PUBLISHED BY THE AMERIGANARABIO, RELAY LEAGUE 7/



The Radio
Amateur’s
Handbook




s ;
R e o

WIMK, HEADQUARTERS STATION OF THE A.R.R.L. AT HARTFORD, CONNECTICUT

Full details of the equipment are given on the last page of Chapter Twenty-one



The Radio
Amateur’s
Handbook

THE STANDARD MANUAL OF AMATEUR RADIO COMMUNICATION
BY THE HEADQUARTERS STAFF OF THE AMERICAN RADIO RELAY LEAGUE

1936
EDITION

PUBLISHED BY THE AMERICAN RADIO RELAY LEAGUE, INC.
WEST HARTFORD, CONN.



COPYRIGHT 1935 BY THE
AMERICAN RADIO RELAY LEAGUE, INC.

Copyright secured under the Pan-American Convention.

All rights of translation reserved.

First Edition, November, 1926 ........ e 5,000 copies
Second Edition, First Printing, January, 1927 .......oivevinienne 5,000 copies
Second Edition, Second Printing, April, 1927 .. ........... .ol 10,000 copies
Third Edition, First Printing, October, 1927 . ..........0vvennnnn 10,000 copies
Third Edition, Second Printing, April, 1928 .. ........covvnnnn, 10,000 copies
Fourth Edition, December, 1928 10,000 copies
Fifth Edition, May, 1929 . .. ...ttt 10,000 copies
Sixth Edition, First Printing, November, 1929............. ...t 10,000 copies
Sixth Edition, Second Printing, March, 1930 . ............o0eeee 10,000 copies
Sixth Edition, Third Printing, June, 1930 .. .........coivinnninne 7,000 coples
Seventh Edition, October, 1930 . ......oieriiiiiiiiienninans 25,000 coples
Eighth Edition, April, 1931 ... .ottt 95,000 copies
Ninth Edition, First Printing, January, 1932............covvnnnt, 30,000 copies
Ninth Edition, Second Printing, September, 1932............... 10,000 coples
Tenth Edition, First Printing, January, 1933 ..........ovinnnnnn 30,000 copies
Tenth Edition, Second Printing, July, 1933 .............coouitln 8,750 copies
Eleventh Edition, First Printing, Januery, 1934 .................. 30,000 coples
Eleventh Edition, Second Printing, May, 1934 .. .. .............. 13,000 copies
Twelfth Edition, First Printing, November, 1934 ................. 40,000 copies
Twelfth Edition, Second Printing, July, 1935.................... 8,000 copies
Thirteenth Edition, First Printing, October, 1935 ................. 40,000 coples

Printed in U. S. A. by
RUMFORD PRESS
CONCORD, N. H.




- T

-

FOREWORD

I~ rresenTiNG the 1936 edition
of THE RADIO AMATEUR’S HANDBOOK the pub-
lishers again express the hope that it will be
found as helpful as the previous editions and
enjoy as whole-hearted a reception at the hands
of the amateur fraternity.

The Handbook is intended both as a refer-
ence work for member-operators of the Ameri-
can Radio Relay League and other skilled
amateurs and as a source of information to
those wishing to participate in amateur radio
activities but having little or no idea how to
get started. The choice and sequence of ma-
terial have been planned with particular
thought to the needs of the practising amateur
but each topic has been so treated as to cover
amateur practice all the way from the most
simple to the most comprehensive. Designed
to be a practical rather than a theoretical work,
theoretical discussions have been made as
simple and fundamental as possible and the
chief effort directed at practical means for
securing results — which, after all, is the
principal aim of the amateur in radio.

The Handbook had its rather modest begin-
nings in 1925 when Mr. F. E. Handy, for
many years the League’s communications
manager, commenced work on a small manual
of amateur operating procedure in which it
was deemed desirable to include a certain
amount of ‘“‘technical” information, since an
amateur’s results are so greatly influenced
by the disposition and adjustment of his
apparatus. When Mr. Handy completed his
manuscript he had written a considerable-sized
book of great value. It was published in 1926
and enjoyed an instant success. Produced in
the familiar format of the League’s magazine,
QST, it was possible to distribute for a very
modest charge a work which in volume of
subject matter and profusity of illustration
surpassed most available texts selling for sev-
eral times its price. Mr, Handy revised several
successive editions as reprinting became neces-
sary. With the fourth edition, in 1928, he was
joined in this duty by the undersigned, who
was directing the technical development pro-
gram which the A.R.R.L. was then conducting
for the special purpose of developing new ap-
paratus and new methods which would meet
the difficulties imposed upon amateur radio
by the provisions of the new international
radio treaty which was to take effect in 1929.
Three editions appeared under this joint au-
thorship. By that time, extremely rapid tech-
nical progress was upon us and it became ap-

parent that the Handbook to serve its purpose
demanded a frequent and comprehensive
rewriting of its technical material. Now in the
headquarters establishment of the League at
West Hartford there are many technically-
skilled amateurs, each a specialist in his field.
It was therefore but natural that with the
preparation of the seventh edition in 1930
the technical chapters of the Handbook should
be given into their hands. Since that time the
publication has been a family affair, the joint
product of the headquarters staff.

To a total of twenty printings the fame of the
Handbook has echoed around the world. More
than three hundred thousand copies have been
distributed at this writing. Its success has been
really inspiring. Quantity orders have come
from many a foreign land; schools and tech-
nical 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 on the globe. But amateur radio moves
with amazing rapidity and the best practices
of yesterday are quickly superseded by the
developments of to-day. The very success of
the book as a publication brings a new re-
sponsibility to us, the publishers — the Hand-
book must be kept up to date.

Because the present year has seen further
revolutionary changes in amateur practice it
has been necessary again to undertake a com-
prehensive revision for this edition. We are
happy at the same time to be able greatly to
expand the size of the book. Most of the
chapters have been entirely rewritten. All of
them have been thoroughly modernized.
Several new chapters have been added and in
the technical chapters a separation has been
made between the discussions of principles
and of construction which we hope will be
helpful to the reader. The edition represents
the collaboration of many members of the
A.R.R.L. staff. The first two chapters are
from the pen of Mr. A. L. Budlong, the as-
sistant secretary of the League. The several
chapters on fundamentals, on receivers and
on radio-telephony are by Mr. James J.
Lamb, the technical editor of QST, Mr. C. B.
DeSoto collaborating on the receiver con-
struction chapter. Mr. George Grammer, the
assistant technical editor, has prepared the
chapters on vacuum tubes, on transmitters and
keying, and on instruments and measurements.
The power supply chapter has been revised by
Mr. Donald H. Mix, of the technical informa-
tion service. Mr. Clark C. Rodimon, managing



editor of QST, contributes the chapter on
assembling the station. Mr. Handy, our com-
munications manager, has prepared the im-
portant chapters on the A.R.R.L. Communi-
cations Department, on operating a station
and on message handling. The chapters on
ultra-high-frequency apparatus are by the
undersigned, and several of us have had a
hand in the antenna chapter.

By no means the least useful feature of this
edition is the quite extensive catalog adver-
tising that accompanies it. It is not generally
regarded as in good taste to make any editorial
reference to the 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
“handbook” — this book must bring the

reader data and specifications on the manufac- ~

tured products which are the raw material
of amateur radio. Our advertisers have col-
laborated with us in this purpose by presenting
here not mere advertising but catalog technical
data. The amateur constructor and experi-
menter should find it convenient to possess
in such juxtaposition both the constructional
guidance he seeks and the needed data on his
matériel. Both are necessary ingredients of the
complete standard manual of amateur high-
frequency communication,

We shall all feel very happy if the present
edition brings as much assistance and inspira-
tion to amateurs and would-be amateurs as
have its predecessors. .

ROSS A. HULL

EDITOR
Wgest HarTFORD, October, 1935.
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THE AMATEUR'S CODE

|

The Amateur is Gentlemanly. e 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 Gov-

ernment.

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

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

Iv

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

‘7
The Amateur is Balanced. Radio is his hobby. He never allows it to interfere

with any of the duties he owes to his home, his job, his school, or his com-
munity.

VI
The Amateur is Patriotic. His knowledge and his station are always ready
for the service of his country and his community.
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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
upwards of fifty thousand people, the most
satisfying, most exciting of all hobbies. Forty
thousand of these enthusiasts are located in the
United States, for it is this country which gave
birth to the movement and which, since the be-
ginning, has repre-
sented its stronghold.

When radio broad-
casting was first in-
troduced to the pub-
lic a few years ago it
instantly caught the
fancy of millions of
people all over the
world. Why? Because
it fired their imagina-
tion —because it
thrilled them to tune
in on a program di-
rect from some dis-
tant point, to hear
speech and music that
was at that moment
being transmittod
from a city hundreds
and even thousands
of miles away. To be
sure there was also a
certain amount of en-
tertainment value,
and it is true that as
the years have passed
this phase has be-
come uppermost in

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, ev-
ery corner of the
globe! Even a low-
power transmitter us-
ing nothing more am-
bitious than one or
two receiving-type
tubes makes it possi-
ble to develop friend-
ships in every State
in the Union, in doz-
ens of countries
abroad. Of course, it
is not to be expected
that the first contacts
will necessarily be
with foreign ama-
teurs. 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 neces-
sary before communi-
cation will be enjoyed

the minds of many
listeners; yet the thrill
of “dx” igstill a major
factor in the minds
of hundreds of thousands of people, as witness
the present growing 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

HIRAM PERCY MAXIM
Founder-President of the American Radio Relay
League

with amateurs of
other nationalities.
But patience and ex-
perience are the sole
prerequisites to foreign contacts; 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 our own skill. The process of design-

.1
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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 or executive in the
commercial radio field got his practical back-
ground and much of his training from his ama-
teur work. So, in addition to the advantages
of amateur radio as a hobby, the value of
gystematic amateur wokk to a student of almost
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every branch of radio cannot well be over-
looked. 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 devel-
opments have brought it to its present status
of a highly-organized and widespread move-
ment?

It started shortly after Marconi had
astounded the world with his first experiments
proving that telegraph messages actually
could be sent between distant points without
wires. Marconi was probably the first amateur
— indeed, the distinguished inventor so likes
to style himself even today. But amateur radio
as we think of it was born when the first private
citizen saw in the new marvel a means for
personal communication with others and set

.2.

about learning enough of the new art to build
a home-made station, hoping that at least one
of his friends would do the same so he could
have someone to talk to. Object: the fun and
enjoyment of “wireless” communication 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-
fore and the second after the World War.

Pre-war amateur radio bore little resem-
blance to the art as we know it today, except
in principle. The equipment, both transmitting
and receiving, was of a type now long obsolete.
The range of even the highest-powered trans-
mitters, under the most favorable conditions,
would be scoffed at by 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 trans-continental DX had to be
accomplished in relays. ‘“Short waves” meant
200 meters; the entire wavelength spectrum
below 200 meters was a vast silence — no sig-
nal ever disturbed it. Years were to pass before
its phenomenal possibilities were to be sus-
pected.

Yet the period was notable for a number of
accomplishments. It saw the number of ama-
teurs in the United States increase to approxi-
mately 4,000 by 1917. It witnessed the first
appearance of radio laws, licensing, wavelength
specifications for the various services. (‘‘Ama-
teurs? — oh yes — well, stick 'em on 200 me-
ters; 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 unheard-of distances as 500 and, in
some cases, even 1,000 miles, with U. S. ama-
teurs beginning to wonder, just before 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 Atlan-
tic 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 government
suddenly needed dozens and hundreds of skilled
operators for war service! Most important of
all, the pre-war period witnessed the birth of
the American Radio Relay League, the ama-
teur organization whose fame was to travel to
all parts of the world and whose name was to
be virtually synonymous with subsequent
amateur progress and short-wave development.
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Conceived and formed by the famous inventor
and amateur, Hiram Percy Maxim, it was for-
mally launched in early 1914 and was just be-
ginning to exert its full force in amateur activi-
ties when this country declared war on Ger-
many 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 dismantled. Within a few months
three-fourths of the amateurs of the country
were serving with the armed forces of the
United States as operators and instructors.

@® Few amateurs today 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 supreme
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. President Maxim
rushed to Washington, pleaded, argued; the
bill was defeated. But there was still no ama-
teur radio; the war ban continued in effect.
Repeated representations to Washington 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 come back. What of those who had re-
turned? Would they be interested, now, in such
things as amateur radio; could they be brought
back to help rebuild the League? Mr. Maxim
determined to find out and called a meeting
of such members of the old Board of Directors
as he could locate. Eleven men, several still in
uniform, met in New York and
took stock of the situation. It
wasn’t very encouraging: amateur
radio still banned by law, former
members of the League scattered
no one knew where, no League,
no membership, no funds. But
those eleven men financed the pub-
lication of a notice to all the former
amateurs that could be loocated,
hired Kenneth B. Warner as the
League’sfirst paidsecretary, floated
a bond issue among old League
members to obtain money for im-
mediate running expenses, bought
the magazine QST to be the
League’s official organ and dunned

officialdom until the wartime ban was lifted
and amateur radio resumed again. Even before
the ban was lifted in October, 1919, old-timers
all over the country were flocking back to the
League, renewing friendships, planning for the
future. When licensing was resumed there was
a head-long 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
aspects. 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 possi-
ble to bridge the continent with but one inter-
mediate relay. Shortly thereafter stations on
one coast 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 unfa-
miliarity 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
American 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-

IN GODLEY’S TENT, ON THE SHORES OF SCOTLAND
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tive: two-way communication across the At-
lantic by amateur radio! It must be possible —
but somehow we couldn’t quite make it. Fur-
ther increases in power were out of the ques-
tion; many amateurs already were using the
legal maximum of one kilowatt. Better receiv-
ers? We already had the superheterodyne; it
didn’t seem possible to make any very great
advance in that direction.

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 1932 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 into 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, and Reinartz, 1XAM, worked for several
hours with 8AB, Deloy, in France, all three sta-
tions 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 commerecial companies were rushing
stations into the 100-meter 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 on 100 meters, League officials
at the first of these conferences, in 1924, came
to the conclusion that the surface had prob-
ably only been scratched, and wisely obtained
amateur bands not only at 80 meters, but at 40
and 20 and 10 and even 5 meters.

Many amateurs promptly jumped down to
the 40-meter band. A pretty low wavelength,
to be sure, but you never could tell about these
short waves. Forty was given a 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 in enabling an east-coast amateur to
communicate with another on the west coast,
direct, at high noon. The dream of amateur
radio — daylight DX!

@ From that time to the present represents a
period of unparalleled accomplishment. The
ghort waves proved a veritable gold mine.
Country after country came on the air, until
the confusion became so great that it was nec-
essary to devise a system of international
intermediates in order to distinguish the na-
tionality of calls. The League began issuing
what are known as WAC certificates to those
stations proving that they had worked all the
continents. Nearly two thousand such cer-
tificates have been issued. Representatives of
the A.R.R.L. went to Paris several years ago
and deliberated with the amateur representa-

_ tives of twenty-two other nations. On

o s

THE FIRST INTERNATIONAL AMATEUR CONGRESS, 1925

R

April 17, 1925, this conference formed
the Internation'al Amateur Radio
Union — a union of national amateur
societies. We have discovered that the
amateur as a type is the same the
world over.

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

p,
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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 com-
paratively unprofitable operating ground. On
ten meters, experiments sponsored by the A.R.
R.L. in directive transmission resulted in sig-
nals from a Cape Cod station being logged for
days on end in New Zealand and reported in
England, Canada and many parts of the
United States; many 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 ‘““horizon
range.”” But the amateur turns even such ap-
parent 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-mc. work by hundreds
of amateurs all over the country and a com-
plete 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-mec. region, some having worked as
many as four or five hundred different stations
on that band at distances up to several
hundred miles.

Most of the technical developments in ama-
teur radio have come from the amateur ranks.
Many of these developments represent valua-
ble contributions to the art. 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 publish-
ing articles in QST urging amateur 'phones to
embrace it and showing them how to do it.
It is interesting to know that these articles
were read as widely in professional circles as
by amateurs with the result that dozens of

broadcast stations besieged the League for
information on how this method of modulation
could be adapted to their own installations.
When interest quickened in five-meter work,
and experiments showed that the ordinary re-
generative receiver was practically worthless
for such wavelengths, it was the A.R.R.L.
that developed practical super-regenerative
receivers as the solution to the receiver prob-
lem. From the League’s laboratory, too, came
in 1932, the single-signal superheterodyne —
the world’s most advanced high-frequency
radiotelegraph receiver. In 1933 came another
great contribution to transmitter practice in
the form of the tri-tet crystal oscillator, sim-
plifying the high-frequency crystal controlled
transmitter by reducing the number of stages
necessary and improving transmitter reliability,
stability and efficiency. 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 demonstration of their advantages.
And 1935 saw the development of the super-in-
fragenerator (S.I.G.) receiver by the League’s
technical staff, giving to ultra-high-frequency
communication a method of reception com-
parable with that available from superhetero-
dynes on lower frequencies.

@® 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.”

MIX, COMMANDER MACMILLAN, AND
WNP, 1923
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We have already seen 3,500 amateurs
contributing their skill and ability to the
American cause in the Great War. After the
war it was only natural that cordial relations
should prevail between the Army and Navy
and the amateur. Several things occurred
in the next few years to strengthen these
relations. In 1924, when the U. S. dirigible
Shenandoak made a tour of the country, ama-
teurs provided 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 communica-
tion 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 forces of the Government
were cemented in 1925. In this year both the
Army and the Navy came to the League with
proposals for amateur coéperation, 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 space limitations
preclude detailed mention of amateur work in
both these classes, for the stories constitute
some of the high-lights of amateur accomplish-
ment. Asitis, only ageneral outline can be given.

Since 1913, amateur radio has been the prin-
cipal, and in many cases the only, means of
outside communication in nearly one hundred
storm and flood emergencies in this country.
The most noteworthy were the Florida Hurri-
cane of 1926, the Mississippi and New England
floods of 1927, and the California dam break
and second Florida hurricane in 1928. During
1931 there were the New Zealand and Nica-
raguan earthquakes, and in 1932 the floods at
Caliente, California and in the upper Guade-
lupe valley of Texas. Outstanding in 1933
wag the southern California earthquake.

In 1934 the Montrose (Cal.) and Washita
Valley (Okla.) floods resulted in notable ama-
teur codperation, and in 1935 the Florida hurri-
cane disaster saw some of the best-organized
amateur participation in the history of emer-
gency work. In these and many others (see
any yearly QST index under “ Emergencies and
Relief Work’'), amateur radio played a major
role in the rescue work, and amateurs earned
world-wide commendation for their resource-
fulness in effecting communication where all
other means failed.

It is interesting to note that one of the
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principal functions of the Army-Amateur
network is to furnish organized and cobrdi-
nated amateur 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 emergency measures
program,

Amateur cooperation 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
contact. The success of this venture was such
that MacMillan has never since made a trip
without carrying short-wave equipment and
an amateur to operate it.

Other explorers noted this success and made
inquiries to the League regarding similar ar-
rangements for their journeys. In 1924 another
expedition secured amateur codperation; 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 service, until now a
total of more than a hundred voyages and
expeditions have been assisted. To-day prac-
tically no exploring trip starts from this coun-
try to remote parts of the world without mak-
ing 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 expecta-
tion of material reward, have made amateur
radio one of the integral parts of our complex
national life.

The American Radio Relay League
@® The American Radio Relay League is today

‘not only the spokesman for amateur radio in

this country but is the largest amateur or-
ganization in the world. It is strictly of, by and
for amateurs, is non-commercial and has no
stockholders. The members of the League are
the owners of the A.R.R.L. and QST.

The League is organized to represent the
amateur in legislative matters. It is pledged to
promote interest in two-way amateur com-
munication and experimentation. It is inter-
ested in the relaying of messages by amateur
radio. It is concerned with the advancement
of the radio art. It stands for the maintenance
of fraternalism and a high standard of conduct.
One of its principal purposes is to keep amateur
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activites so well conducted
that the amateur will continue
to justify his existence. As an
example of this might be cited
the action of the League in
sponsoring the establishment
of a number of Standard Fre-
quency Stations throughout
the United States; installa-
tions equipped with the most
modern available type of pre-
cision measuring equipment,
and transmitting ‘‘marker”
signals on year-’round sched-
ules to enable amateurs every-
where 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 direc-
tor is elected every two years
by -the membership of each
United States division, and a
Canadian General Manager is
elected every two years by the
Canadian membership. These
directors then choose the
president and vice-president,
who are also directors, of course. No one com-
mercially engaged in selling or manufacturing
radio apparatus or literature can be a member
of the Board or an officer of the League.

The president, vice-president, secretary,
treasurer and communications manager of the
League are elected or appointed by the Board
of Directors. These officers constitute an Ex-
ecutive Committee which, under certain re-
strictions, decides how to apply Board policies
to specific matters that arise between Board
meetings.

The League owns and publishes the maga-
zine QST. QST goes to all members of the
League each month. It acts as a monthly
bulletin 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
“amateur’s bible” as well as one of the fore-
most radio magazines in the world. The profits
QST makes are used in supporting League
activities. Membership dues to the League
include a subscription to QST for the same
period.

THE WOUFF-HONG

The extensive field organiza-
tion of the Communications
Department codrdinates prac-
tical station operation through-
out North America.

Headquarters

@® From the humble begin-
nings recounted in the story
of amateur radio, League
headquarters has grown until
now it occupies an entire floor
in a new office building and
employs more than two dozen
people.

Members of the League are
entitled to write to Headquar-
ters for information of any
kind, whether it concerns
membership, legislation, or
general questions on the con-
struction or operation of ama-
teur apparatus. If you don’t
tind the information you want
in QST or the Handbook, write
to A.R.R.L. Headquarters,
West Hartford, Connecticut,
telling us your problem. All
repliesare directly by letter; no
charge is made for the service.

If you come to Hartford,
drop out to Headquarters
at West Hartford. Visitors are
always welcome,

WIMK

@ For many years it was the dream of the
League’s officers that some day Headquarters

would be able to boast a real ‘“he-station.” In

1928 this dream became an actuality, and the

League today owns and operates the station

shown in the frontispiece, operating under the

call WIMK.

The current operating schedules of WIMK
may be obtained by writing the Communica-
tions Department at Headquarters or by con-
sulting the current issue of @ST. While much
of the operating time is devoted to prearranged
schedules, the station is always ready at other
times for a call from any amateur.

Traditions

@ As the League has come down through the
years, certain traditions have become a part of
amateur radio.

The Old Man with his humorous stories on
“rotten radio’ has become one of amateur
radio’s principal figures. Since 1915 his pictures
of radio and radio amateurs as revealed by

.7.



. « s« The Radio Amateur’s Handbook . . . « « .«

stories in QST are characteristic and inimita-
ble. There is much speculation in amateur
circles concerning the identity of T.0.M., but
in twenty years of writing he has not once given
a clue to his real name or call.

The Wouff-Hong is amateur radio’s most
sacred symbol and stands for the enforcement
of law and order in amateur operation. It came
into being originally in a story by T.0.M. For
some time it was not known just what the
Wouff-Hong looked like, but in 1919 The
Old Man himself supplied the answer by send-
ing in to League Headquarters the one and
only original Wouff-Hong, shown here. It is
now framed and hangs on the wall of the Sec-
retary’s office at A.R.R.L. Headquarters.

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 necessary in becoming a
member of the A.R.R.L. Ownership of a sta-
tion and knowledge of the code are nof 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 single simple
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 par- .
ticular section of the country. A sample copy
will be sent you for 25¢ if you are unable to
obtain one at your local newsstand.



CHAPTER TWO
Getting Started

THE AMATEUR BANDS —LEARNING THE CODE —

ORTAINING LICENSES

Havine related, briefly, the origin
and development of amateur radio in this
country, we can now go on to the more practi-
cal business of describing in detail how to get
in on the amateur radio of today. Subsequent
chapters will treat of receiver and transmitter
construction and adjustment, station opera-
tion, etc. This chapter deals with the first two
bétes noires of every beginning amateur—learn-
ing the code and getting your licenses.

A high-frequency (short-wave) receiver
alone will bring you hours of pleasure and will
repay the little effort necessary to assemble it.
Sooner or later, however, it is probable that
you will build yourself either a radiotelephone
or radiotelegraph transmitter. While many
amateurs build ’phone transmitters, the ma-
jority both in this country and abroad operate
radiotelegraph sets. There are several reasons
for this. First, the code must be learned regard-
less of whether you operate a ’phone or tele-
graph set; the United States government

,won't issue any kind of amateur license without
a code test. Secondly, radiotelegraph apparatus
is far less expensive to build and less com-
plicated to adjust than radiophone appara-
tus; less equipment and power are required
and fewer tubes used. And lastly, code signals
will usually cover four or five times the
distance possible from the same or more com-
plicated radiophone equipment, and are less
susceptible to interference, fading and distor-
tion.

There is nothing particularly difficult inci-
dent to taking your place in the ranks of
licensed amateurs. The necessary steps are
first, to learn the code, second, to build a re-
ceiver and a transmitter and third to get your
amateur licenses and go on the air. Don't let
any of these worry you. Thousands of men and
wemen between the ages of 15 and 60 have
mastered the code without difficulty by the
exercise of a little patience and perseverance;
these same thousands have found that only a

" moderate amount of study is necessary to pre-

pare for the examination required by the gov-
ernment of all applicants for the combination
station-operator license which every amateur
must have before actually going on the air. We
will treat of both of these subjects in detail
later in this chapter.

Nor should you doubt your ability to build
short-wave receivers and transmitters. The
simpler types of receiver and transmitter de-
scribed further on in this Handbook can be as-
sembled and put into operation by anyone
capable of using a screwdriver, a soldering iron
and a little common sense. Of course, there are
advanced forms of amateur equipment that
are intricate, complicated to build, and more
difficult to understand and adjust, but it is
not necessary to resort to them to secure results
in amateur radio, and it would be best to
avoid them until the rudiments of the game
have been learned.

Our Amateur Bands

@® Most people, because they have never
heard anything else, are prone to think of
broadcasting as the most important radio
service. 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 mean-
ingless buzzes. There are both telegraph and
telephone signals. Press messages, weather
reports, transocean commercial radiotelphone
and telegraph messages, high frequency inter-
national broadcasting of voice and music,
transmissions from government and experi-
mental stations including picture transmission
and television services, airplane dispatching,
police broadcasts, and signals from private
yachts and expeditions exploring the remote
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parts of the earth jam the short wave spec-
trum from one end to the other.

s «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. These bands are in approximate

G F E D

FROM 110000 Ke.UP  60000-56000Kc. 30000-28000Kc. 14400-14000Kc.

interference. 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. In the

C B A
7300-7000Kc.  4000-3500Kc.  2000-1715Ke.

Phone sub-band  Phone sub-band

Phone sub-band  Phone sub-bond

(28000-29000 Ke.) (14250-14150 Kc.) Nophone sub-bond (4000+-3900 Ke) (2000-1800 Kc.)

5METERS 10 20
(60,000 Kilocycles)

2727 METERS

160 200 METERS

40 80
(1500 Kilocyeles)

- Open for C.W. te/eyra,oﬁy only
B-Open for either C.W. te/egrapﬁy, or phone

harmonic relation to each other; their position
in the short wave spectrum and their relative
widths are shown in the sketch.

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. But in addi-
tion to daily changes, there are seasonal
changes, and in addition a long-time change in
atmospheric conditions which seems to coin-
cide closely with the cycle of sun-spot or solar
activity which is completed approximately
each eleven years. The reliability of communi-
cation 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
choosing his circle of friends with whom he
expects to make contact on schedule, the
amount of interference to be expected at cer-
tain hours, and the time of day available for
operating — all influence the choice of an oper-
ating frequency. Many amateurs can use any
one of the several available frequency bands
at will. Let us now discuss briefly the properties
peculiar to each of them.

The 1715-ke. band, which carried all our ac-
tivity before experimenters opened the way to
each of the higher frequency bands in turn,
always served amateurs well for general contact
between points all over the country. There was
a short period, during the height of develop-
ment of the higher frequencies, when activity
in this band dwindled, but it is again greatly
on the increase.

The band is popular especially for radiotele-
phone work. The very fact that it is less con-
gested and occupied makes it an extremely
attractive band for the amateur operator who
would communicate effectively and avoid
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next year or 8o, it may be expected to take
more of the present properties of the 3500-ke.
region, and its use by amateurs continue to
increase. The band is open to amateur tele-
vision and picture transmission. If you are
just getting on the air, plan to use this band. If
you have been working on higher frequencies
include this band in your plans for 1936 — or
you will be missing an important part of
amateur radio.

The 3500-kc. band has, in recent years, been
regarded as best for all consistent domestic
communication. It is good for coast-to-coast
work at night all the year except for a few
summer months. It has been recommended
for all amateur message-handling over medium
distances (1,000 miles for example). Much of

‘the friendly human contact between amateurs

takes place in the 3500-ke. band. It is the band
from which we have made excursions to the
higher frequencies on occasions when foreign
contacts were desired. At the present time this
band is exhibiting many of its former DX
properties, signals from amateur stations in
this country being reported from South Africa,
New Zealand and other remote points, and
'phone signals heard in Europe. As the winter
evening advances, the well-known ‘‘skip effect”’
(explained in detail in Chap. Four) of the higher
frequencies has madeitself known, theincreased
range of the ‘“sky wave” brings in signals from
the other coast and the increased range also
brings in more stations, so that the band ap-
pears busier.

The ?7000-ke. band has been the most popular
band for general amateur DX work for some
years. It is useful mainly at night for contacts
with the opposite coast, or with foreign coun-
tries. Power output does not limit the range
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of a station to the same extent ag ©®=

when working on the lower fre- ::._..
quency bands discussed above. mmee
However, the band is more handi- 3, ¢
capped by congestion in the early emmme
evenings and more subject to the $9°¢
vagaries of skip-effect and un- oum emmm
certain transmission conditions m=memm
than are the lower frequency om e
bands, but not limited in useful- wme

ness by these things to the same .-_-_-.
extent as the 14-mc. band. The o emeomm
7000-ke. band is satisfactory for emme
working distances of several hun- ::'

dred miles in daylight. It is gener- oo mm
ally considered the most desirable :'_':
night band for general DX work mmee=m
in spite of difficulties due to in- :'_-..-

terference. This band may be ex-
pected to continue good daylight
DX characteristics during 1936 if
predictions based on the sun-spot
cycle are correct, and at the same
time, while great possibilities will
exist for evening work, it is likely
to be inconsistent and unreliable
occasionally during the late eve-
nings.

The 14,000-kc. or 14-mc. band is
the very best frequency to use to
cover great distances in daylight.
In fact it is the only band gener-
ally useful for daylight DX con-
tacts (QSO’s) over coast-to-coast
and greater distances. Commu-
nication over long distances will
usually remain good during the
early evenings and surprising re-
sults 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 eve-
nings 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 diffi-
culty 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-mc. band and some of the
local advantages of the 56-mc. band, butitslong-

PERIOD
INTERROGATION

BREAK (DOUBLE DASH)
WAIT

END OF MESSAGE

END OF TRANSMISSION
RECEIVED (0.K)
INVITATION TO TRANSMIT

EXCLAMATION
BAR INDICATING FRACTION

COLON
SEMICOLON
QUOTES
PARENTHESIS

THE CONTINENTAL CODE continue even stronger in 1936.

distance characteristics are gener-
ally too ‘‘spotty” for reliable com-
munication. The result is that only
a few amateurs to-day operate in
this territory, though it is prob-
able that more attention will be
given to its short-distance proper-
ties as the 56-me. band fills up.
The band was ‘‘hot” from the
DX standpoint for a few months
during the early summer and fall
of 1935, however, and this condi-
tion may be encountered again in
1936.

The 66,000-kc. or 66-mc. band,
made available for amateur ex-
perimentation at the request of
the League, has for many years
been regarded as strictly a local
and short-distance band for dis-
tances of ten to thirty miles. Be-
cause of the cheapness, compact-
ness 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,
cxperiments with directive an-
tennas 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 frequen-
cies during 1935 and is expected to

NAXELCAIV DO VOZIr XC—IOMMONO P

OCVHIOEUNELN—

(GO AHEAD)

(OBLIQUE STROKE)
MMA

Above 110,000 ke. but little prog-
ress has as yet been made, since it was only dur-
ing the summer of 1934 that the A.R.R.L. was
able to secure a regulation permitting general
amateur work on all the higher frequencies
above 110-me. These frequencies have in the
past been generally considered useless for
communication over any appreciable distance,
just as were the frequencies around 56 mec.
But the developments in that region have
resulted in creating considerable interest in
the still higher frequencies, and during 1936 it
is expected that many experimenters will en-
deavor to exploit them to their utmost for
communication purposes.

Memorizing the Code
@ The first job you should tackle is the busi-
ness 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
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all the characters for the alphabet, the most-
used punctuation marks, and the numerals, and
will be ready to practice receiving in 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 constructed.
The net result of such an organized program
should be that by the time the transmitter is
finished you will be able to receive the ten
words a minute required by the government
for your amateur operator license, and can
immediately proceed to studying for the
““theoretical " part of your license examination
without loss of time.

Memorizing the code is no job at all if you
simply make up your mind you are going to
apply yourself to the job and get it over with
as quickly as possible. The complete Conti-
nental alphabet, punctuation marks and nu-
merals are shown in the table given here. The
alphabet and all the numerals should be
learned, but only the first eight of the punctua-
tion marks shown need be memorized by the

BUZZER

fofo
DRY CELLS
CONNECTIONS OF A BUZZER CODE PRACTICE
SET WITH A TELEPHONE HEAD SET

The intensity of the signal can be varied by chang-
ing the setting of the variable condenser. The phone
and condenser are connected either across the coils
of the buzzer or across the vibrator contacts. The
condenser may be omitted and the tone may be
changed by changing the number of dry cells.

beginner. Start by memorizing the alphabet,
forgetting the numerals 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 go
to the numerals, which will come very quickly
since you can see that they follow a definite
system. The punctuation marks wind up the
schedule — and be sure to learn at least the
first eight — the more commonly-used ones.
One suggestion: Learn to think of the letters
in terms of sound rather than their appearance

.].2.

as they are printed. Don’t think of 4 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.

Don’t think about speed yet. Your first job
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 develop speed in receiving code
transmission. The most enjoyable way to do
this is to have two people learn the code to-
gether and send to each other by means of a
buzzer-and-key outfit. One advantage 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 ses-
sions, so that you will know what well-sent
characters sound like.

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

Another good practice set for two people
learning the code together is that using an old
audio transformer, a type '30 tube, a pair of
'phones, key, two No. 6 dry cells, tube-socket,
a 20-ohm filament rheostat, and a 2214-volt
B battery. These are hooked up as shown in the
diagram to form an audio oscillator. If nothing
is heard in the 'phones when the key is de-
pressed, reverse the leads going to the two
binding posts at either transformer winding.
Reversing both sets of leads will have no
effect.

Either the buzzer set or this audio oscillator

SEC. PRI

Two dry cells

CONNECTING AN AUDIO OSCILLATOR FOR
CODE PRACTICE WORK




. « Getting Started . . .

will give good results. The advantage of the
audio oscillator over the buzzer set is that it
gives a fine signal in the 'phones without mak-
ing any noise in the room.

After the practice set has been built, and
another operator’s help secured, practice send-
ing turn and turn about to each other. Send
single letters at first, the listener learning to
recognize each character quickly, without
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 ten
words a minute (50 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.

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. Nor should you make the
mistake of assuming that this is a more difficult
and less-preferred method: it is probable that
the majority of amateurs acquire their code
speed by this method. After building a receiver
and getting it in operation, the first step in
‘“learning by listening’’ will be to hunt for a
station sending slowly. With even the simplest
short-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 indi-
vidual 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
minules or half an hour is long enough for one

sesszon. 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 re-
peated several times, and whole words like
““and” and “the.” After words will come sen-
tences. You now know the code and your
speed will improve slowly with practice.
Learning by this method may seem harder to
gsome folks than learning with the buzzer.
It is the opinion of the writer, who learned in
this way, that the practice in copying actual
signals and having real difficulties with inter-
ference, static, and fading, is far superior to
that obtained Ly routine buzzer practice. Of
course the use of a buzzer is of value at first in
getting familiar with the alphabet.

In “learning by listening’ try to pick sta-
tions sending slightly faster than your limit.
In writing, try to make the separation between
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 pa-
tience will soon make it easy to listen and write
at the same time. Good operators usually copy
several words ‘“behind” the incoming signals.

A word of caution: the U. S. radio communi-
cation laws prescribe heavy penalties for divulg-
ing the contents of any radiograin to other than
the addressee. You may copy anything you hear
for practice but you must preserve its secrecy.

Volunteer Code Practice Stations

@ Each fall and winter scason the A.R.R.L.
solicits voluntcers, amateurs using code only,
or often a combination of voice and code trans-
mission, who will send transmissions especially
calculated to assist beginners. These transmis-
sions 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 favor-
able 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 arc listed regularly in
QST during the fall and winter. Information at
other times may be sccured by writing Head-
quarters. 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 We llcar

@ As soon as we finish our receiver and hook it
up we shall begin to pick up different high-
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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
time of day, remote stations may or may not
be louder than relatively near-by stations.
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U. S. AMATEUR CALL AREAS

The first letters we identify probably will be
the call signals identifying the stations called
and the calling 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.) indicating the country. In this
country amateur calls will be made up of such
combinations as W9GP, WSCMP, W3BZ,
W1MZK, ete., the number indicating the ama-
teur call area (see map) 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 information on the procedure ama-
teurs use in calling, handling messages, and the
like. Many abbreviations are used which will
be made clear by reference to the tables of Q
Code, miscellaneous abbreviations, and “ham”
abbreviations 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.

The commercial stations use a procedure
differing in some respects from amateur pro-
cedure, and to some extent the procedure of
army, naval and government stations is differ-
ent from this, each service having a modified
procedure meeting its own requirements. On
the other hand, the International Radiotele-
graph Convention has specified certain regula-
tions, abbreviations and procedures which
govern all services and insure basic uniformity
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of methods and wide understanding between
stations of all nations, regardless of services.

“Tape” or ‘““machine’ transmission and re-
ception is used to speed up traffic handling to
the limit fixed by relays and atmospheric
conditions. Most beginners are puzzled by
certain abbreviations which are used. Many
code groups are sent by different commercial
organizations to shorten the messages and to
reduce the expense of sending messages which
often runs as high as 25 cents a word. Unless
one has a code book it is impossible to interpret
such messages. Five- and ten-letter cypher
groups are quite common and make excellent
practice signals. Occasionally, a blur of code
will be heard which results when tape is speeded
up to 100 words per minute and photographic
means are used to record the signals.

League 0.B.S. System

@ Official Broadcasting Stations of the
A.R.R.L. send the latest Headquarters’ in-
formation addressed to members on amateur
frequencies. The messages are often interesting
and many of them are sent slowly enough for
code practice between 15 and 20 words a
minute. Lists and schedules appear from time
to time in the membership copies of @ST.

The very latest official and special informa-
tion of general interest, addressed to A.R.R.L.
members, is broadcast twice nightly (except
Wednesday and Saturday) simultaneously on
two frequency bands from the Headquarters’
amateur station, W1MK. The schedule for
these transmissions is as follows:

Sun. 8:30 p.m. EST-13 w.p.m. — 3825 and 7150 kes.
Sun. Midnight EST-22 w.p.m. — 3825 and 7150 kes.
Mon. 8:30 p.m. EST-22 w.p.m.— 3575 and 7150 kca.
Mon. 10:30 p.m. EST~13 w.p.m. — 3575 and 7150 kes.
Tues. 8:30 p.m. EST-13 w.p.m. — 3575 and 7150 kes.
Thurs. 8:30 p.m. EST-13 w.p.m. — 3825 and 7150 kes.
Thurs. Midnight EST-22 w.p.m. — 3825 and 7150 kes.
Fri. 8:30 p.mJEST-22 w.p.m. — 3825 and 7150 kes.
Fri. 10:30 p.m.JEST-13 w.p.m. — 3825 and 7150 kes.

As you can see from this schedule, WI1MK
sends these bulletins simultaneously on two
different frequency bands, so if you are unable
to hear the station on the 3500-kc. band you
may be able to pick it up on the 7000-ke. band,
and vice versa.

These transmissions are sent at the indi-
cated rates of speed and are frequently used by
advanced beginners for code practice work.

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
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rest on the table. A table about thirty inches in
height is best. The spring tension of the key
varies with different operators. A fairly heavy
spring at the start is desirable. The back ad-
justment of the key should be changed until
there is a vertical movement of about one-
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 unde-
sirable. 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.

Sending
@ Good sending seems easier than receiving,
but don’t be deceived. A beginner shouldn’t
send fast. Keep your transmitting speed down
to the receiving speed, and rather 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 special 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 construction will help in this.

When signals can be copied ‘“solid "’ at a rate
of ten words a minute it is time to start prac-
ticing with a key in earnest. While learning to
receive, you have become fairly familiar with
good sending. Try to imitate the machine or
tape sending that you have heard. This gives a
good example of proper spacing values.

When beginning to handle a key do not try
to send more than six or seven words a minute.
A dot results from a short depression of the
key. A dash comes from the same motion but
the contact is held three times as long as when
making & dot. A common mistake of beginners
is to make it several times too long. There is no
great space between the parts of a letter. Par-
ticular care should be exercised when sending
letters such as ¢ to make them ‘‘all at once”
like this (— - — -) and not irregularly spaced
like this (— - — -).

Key practice should not be extended over too
long periods at first. The control of the muscles
in the wrist and forearm should be developed
gradually for best results.

Individuality in sending should be sup-
pressed rather than cultivated. Speed needs to
be held in check. ‘“Copiability’” is what we
want. Repeats waste valuable time. When you
find that you are sending too fast for the other
fellow, slow down to his speed.

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

A word may be said about automatic and
‘““double-action” keys. These make dots auto-
matically. The rate of making dots is regulated
by changing the position of a weight on a
swinging armature. Dots are made by pressing
aleverto the right. Dashes are made by holding
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it to the left for the proper interval. A side
motion is used in both types of keys.

These keys are useful mainly for operators
who have lots of traffic to handle in a short time
and for operators who have ruined their send-
ing arm. Such keys are motion savers. How-
ever, a great deal of practice is neccecssary
before readable code can be sent. The average
novice who uses a ““bug?’’ tries to send too fast
and ruins his sending altogether. The beginner
should keep away from such keys. After he has
become very good at handling a regulation
telegraph key, he may practice on a “bug” to
advantage.

Obtaining Government Licenses

@ When you are able to copy ten words per
minute, have studied basic transmitter thcory
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.

Because 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 frec, but are issued only
to ecitizens of the United States; this applies
both to the station authorization and the
operator’s personal license, with the further
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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 nine
and as old as eighty. Many permanently bed-
ridden persons find their amateur radio a
priceless 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 afflicted.

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 (October, 1935) will be found in
the Appendix. Because the regulations are
subject to occasional changes or additions,
however, it is recommended that your study of
them be from the License Manual already
mentioned, since this latter publication is al-
ways revised, or a ‘‘change sheet’ incorpo-
rated 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’soffice or direct from the Department of
Marine and Fisheries, Radio Branch, Ottawa.
The applicant must also sign a declaration of
secrecy 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.




CHAPTER THREE

Fundamental Eleetrical Principles

ESSENTIAL ELEMENTS IN ALTERNATING AND
DIRECT CURRENT CIRCUITS

A raTEUR radio is a part of the
great field of electrical communication, both
wire and radio, which has its foundation in the
knowledge of electricity that has been in proc-
ess of development for centuries. Although
Marconi’s actual radio communication did not
come into being until the turn of the present
century, its accomplishment resulted directly
from the earlier scientific work of Hertz with
electro-magnetic waves (in the eighteen-
eighties); while this work, in turn, had as its
foundation the still earlier contributions of
Maxwell (in the eighteen-sixties). And preced-
ing these developments, which we associate
more directly with present-day radio, were the
discoveries of Faraday and a host of others,
extending back to Thales in ancient Greece.
The names of many of these builders of our
radio structure remain with us to-day in the
familiar designations of electrical units and
phenomena; the “volt” for Volta, the “am-

pere” for Ampere, the “ohm’ for Ohm, the
“farad” for Faraday, the “henry” for Henry,
and so on.

While it is possible for the practical amateur
to set up and operate a station more or less
successfully by diving into the game with little

‘or no understanding of these fundamental

electrical principles, more certain progress and
greater enjoyment follow when the rudiments
are familiar to him. Starting without them, one
is certain, sooner or later, to be stuck by prob-
lems that demand a knowledge of fundamental
things for their solution, necessitating turning
back to cover the neglected groundwork. Of
course a thoroughly complete treatment of
these principles in all their aspects would be
beyond the possible scope of this book. Hence,
our purpose here is to give essential informa-
tion on those fundamentals which have heen
shown by experience to be most useful in the
practical building and operating of a station.

Abbreviations for Electrical and Radio Terms

Alternating current a.c.
Ampere (amperes) a.
Antenna ant.
Audio frequency a.f.
Centimeter l cm.
Continuous waves c.w.
Cycles per second ©
Decibel db
Direct current ' d.c.
Electromotive force | e.m.f.
Frequency { f.
Ground gnd.
Henry | b.
High frequency i h.f.
Intermediate frequency i.f.
Interrupted continuous waves | i.c.w.
Kilocycles (per second) | ke.
Kilowatt kw.
Megacycle (per second) Me. or me.

Megohm Mq
Meter m.
Microfarad ufd.
Microhenry wh.
Micromicrofarad uufd.
Microvolt uv.
Microvolt per meter puv,/m,
Microwatt uw.
Milliampere ma.
Millivolt my.
Milliwatt mw.
Modulated continuous waves m.c.w.
Ohm Q2
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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For further study the advanced amateur is
referred to the selected references given in the
Appendix and listed in the ¢ Amateur’s Book-
shelf” elsewhere in this volume.

What Is Electricity?

In the not distant past the nature of elec-
tricity was considered something beyond un-
derstanding but in recent years much of the
mystery has been removed. We know now that
what we call electricity is the evidence of activ-
ity of electrons.

“ Electrons in motion constitute an electric
current.”

But what is the electron and what is the
source of those that constitute electric current?
The accepted theory is that the electron does
not ordinarily exist in an isolated state but
normally has & sort of family life, in combina-
tion with other electrons, in the atom. Atoms
make up molecules which, in turn, make up the
substances familiar to us, copper, iron, alu-
minum, etc. Atoms differ from each other in the
number and arrangement of the electrons that
constitute them.

The atom has a nucleus which is considered
to be composed of both positive and negative
electrons, but with the positive predominating
so that the nature of the nucleus is positive.
For purposes of identification the positive elec-
trons are referred to as protons and the negative
electrons simply as electrons. The electrons and
protons of the nucleus are intimately and
closely bound together. But exterior to the
nucleus are negative electrons which are more
or less free agents that can leave home with
little urging. Ordinarily the atom is electrically
neutral, the outer negative electrons balancing
the positive nucleus. It is when something
happens to disturb this balance and when the
foot-loose electrons begin to leave home that
electrical activity becomes evident.

Electron Flow — Electric Current

@ It is considered likely that there is a con-
tinuous interchange of electrons between the
atoms of a solid body, such as a piece of copper
wire, but that the net effect under ordinary
conditions is to make the average in any one
direction practically negligible. If, however,
there is an electric field through the wire, as
when the ends are connected to the terminals
of a battery, there sets in a consistent drift of
the negatively charged electrons, from atom to
atom, towards the end of the wire connected to
the positive battery terminal, somewhat as
shown in Fig. 301. This drift of electrons con-
stitutes an electric current. The rate at which
the current flows will be determined by the
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characteristics of the conductor, of course, and
by the strength of the electric field.

Each electron, and they are all alike irre-
gpective of the kind of atom from which they
come, is unbelievably minute and a measure of
electric current in terms of number of electrons
would be impracticable. Therefore a larger unit
is used, the ampere.

Nucleus Atom

/[ 7
OIMWFIMV

Battery
FIG. 301 — ILLUSTRATING CURRENT CONDUC-

TION IN A SOLID SUBSTANCE SUCH AS A COPPER
WIRE

Electrons are relayed from atom to atom, from the
negative towards the positive end.

A current of 1 ampere represents 10" (ten
million, million, million) electrons flowing past a
point in 1 second; or a micro-ampere (millionth
of an ampere) 10 million electrons per micro-
second (millionth of second).

Direction of Flow

@ There is one point in connection with cur-
rent flow which is likely to cause confusion if
particular attention is not paid to it. The drift of
electrons along a conductor (which constitutes a
current flow) is always from the negative to the
positive terminal. On the other hand, the con-
ventional conception is that of electricity
flowing from the positive to the negative ter-
minal. The discrepancy results from the fact
that the pioneer electrical experimenters,
having no accurate understanding of the nature
of electricity, arbitrarily assumed the direc-
tion to be from positive to negative. However,
just so long as the facts are recognized clearly,
no confusion need result. .

A helpful practical rule to remember is:
The conventionally *‘ negative” (or *‘—"") termi-
nal of a device, such as a direct-current meter, is
always connected to the side of a circuit from
which electrons are flowing. For instance, a d.c.
meter connected in the external circuit of the
vacuum tube illustrating thermionic emission
in Fig. 302, in series with the battery, would
have its negative terminal towards the plate
and its positive terminal towards the cathode,
since the electrons are flowing from the plate
back to the cathode in this ‘“‘return” circuit.
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This would be true whether the meter was
connected between the positive side of the
battery and plate, or between the negative side
of the battery and cathode. A voltmeter con-
nected across the battery to measure the
supply voltage would have its negative ter-
minal connected to the negative of the battery
and its positive terminal to the positive of the
battery, since in this case the electron flow
through the meter would be from the negative
terminal of the battery to its positive, as shown
by the illustration of conduction in Fig. 301.

Conductors and Insulators

@ The ease with which electrons are able to be
transferred from one atom to another is a
measure of the conductivity of the material.
When the electrons are able to flow readily, we
say that the material is a good conductor.
If they are not able to chase off to another
atom quite so readily, we say that the sub-
stance has more resistance. Should it be almost
impossible for the electrons to break from their

normal path around their own nucleus, the.

material is what we term an snsulator. Copper,
silver and most other metals are relatively good
conductors of electricity; while such sub-
stances as glass, mica, rubber, dry wood, porce-
lain and shellac are relatively good insulators.
The resistance of most substances varies
with changes in temperature. Sometimes the
variation is so great that a body ordinarily con-
sidered an insulator becomes a conductor at
high temperatures. The resistance of metals
usually increases with an increase in tempera-
ture while the resistance of liquids
and of carbon is decreased with
increasing temperature.

Conduction in Liquids and
Gases

@ Besides the case of conduction
in the solid copper wire, in which

that have separated into two parts, one of which
has the nucleus of the sodium atom while the
other has the nucleus of the chlorine atom. But
the two parts are not truly atoms because the
chlorine part has one excess electron and is nega-
tive in character while the sodium part is defi-
cient by one electron and therefore is positive in
character. No longer true atoms, they are now
ions and the spontaneous process of disassocia-
tion in solution is one form of sonization. If plates
connected to the terminals of a battery are now
placed in the solution, the positive sodium ions
travel to the negative plate where they ac-
quire negative electrons; and the negative
chlorine ions travel to the positive plate where
they give up their excess electrons; and both
again become neutral atoms. The energy sup-
plied by the battery is used to move the ions
through the liquid and to supply or remove
electrons. Thus there is a flow of electric cur-
rent through the liquid by electrolytic conduc-
tion. This kind of conduction plays a part in
the operation of such radio equipment as
electrolytic rectifiers.

Another type of conduction important in the
operation of radio equipment is that which
takes place in gases. This also involves ioniza-
tion, although here the ionization is not spon-
taneous as in the electrolytic conduction just
described but is produced by rapidly moving
free electrons colliding with atoms, and hence,
is called tonization by collision. Such conduction
is illustrated by the ordinary neon lamp. The
bulb contains a pair of plates and is filled with
neon gas. In addition to the molecules of the
gas, there will be a few free
electrons. If a battery of sufficient
voltage is connected to the two
plates, the initial free electrons
will make a dive for the positively
charged plate, their velocity being
accelerated by the electric field.
In their headlong dash they

there is electron drift from atom

collide with neon atoms and

to atom but with the individual
atoms remaining more or less sta-
tionary and each being but mo-

Lyt

knock off outer electrons of these
atoms, converting the latter to
positive ions. The additional

mentarily deficient in electron Battery free electrons produced by col-

content, there are other forms of lision now join the procession,
) . . . IG. 302 — ILLUSTRATING L.

conduction important in radio EONS{?CTIO]& U;Y THER. and ionize more atoms. As they

communication. The general case
of conduction in liquids is one.

Ionization

@ For instance, take that of con-
duction in a’solution of sodium
chloride (common table salt) in
water. In such a solution there
is a number of molecules of salt

heated electrons are stimu-
lated to fly off from the cath-
ode surface andareattracted
to the positive plate. Cloud-
ing of electrons near the
cathode constitutes what is
known as the space charge.

MIONIC EMISSION OF
ELECTRONS IN A VACUUM
TUBE

When the

are freed, the electrons travel
towards the positive plate. In the
meantime, the more sluggish
positive ions have been traveling
towards the negative plate, where
they acquire electrons and again
become neutral atoms. The net
result is a flow of electrons, and
hence of current, between the
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electrodes, from negative plate to positive
plate. The light given off, it may be mentioned,
is considered incidental to the recombination
of ions and free electrons at the negative plate.
This kind of conduction by jonization is utilized
in the operation of the gaseous rectifiers used in
radio power supplies.

Electron Emission

@ Still another form of econduction very inipor-
tant in radio comnmunication is pure electronic
conduction. In the case of the copper wire we
saw that the individual electrons did not make
the complete trip from one end of the circuit to
the other but that the flow was a sort of relay
process. We also saw that the electrons could
not leave the wire in random directions but,
under the influence of the electric field, pro-
gressed only from the negative towards the
positive end. They were restrained from leav-
ing the surfaces of the conductor. But they can
be made to fly off from the conductor when
properly stimulated to do so, as is illustrated
by the familiar radio vacuumn tube. Here we
have electrons being freed from the cathode, a
conductor that would nominally retain them,
and actually traveling through vacuum to the
plate that attracts them because it is con-
nected to the positive terminal of a battery, as
illustrated in Fig. 302. The reason that the
electrons are freed from the cathode is that it
has been heated to a temperature that acti-
vates them sufficiently to enable them to break
away. This is known as thermionic electron
emission, sometimes called simply emission.
Once free, most of the emitted electrons mnake
their way to the plate, although somne return,
repelled froin traveling farther by the cloud of
negative electrons immediately surrounding
the cathode. This electron cloud about the
emitting cathode constitutes what is known as
the space charge. A few electrons that reach the
plate may have sufficient velocity to dislodge
one or more electrons already on the plate.
This dislodging of electrons from the plate by
other fast moving electrons constitutes second-
ary emission. When it occurs there is actually
simultaneous electron flow in two directions.
The various phenomena connected with elec-
tronic conduction, briefly outlined here, are of
such extreme importance in the operation of
vacuum tubes that they cannot be emphasized
too greatly.

Photoelectric Emission
® Iu addition to the two types of electron
emission just described, there is also a third
type known as photoelectric emission. Such
cmission oceurs when electrons are liberated
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from matter under the influence of light rays.
While it has little practical applieation in
amateur radio, it is utilized widely in other
fields where photo-electric cells or tubes
are used. A photoelectric tube contains a
cathode of material which liberates electrons
readily when exposed to light and an anode
(positive plate) which attracts the liberated
electrons.

Electromotive Foree (e.m.f.)

Just as soon as electrons are removed from
one hody and become attached to a second one,
there is created a firm desire on the part of the
estranged electrons to return to their normal
position. For instance, the excess electrons on
the negatively charged pole of a battery, at-
tempting to return to the positively charged
pole, create an electrical pressure between the
two terminals. This pressure is termed electro-
motive force and the unit of measurement,
widely used in our radio work, is the volt. In the
ordinary dry cell (when fresh) the electromo-
tive force between the two terminals is of the
order of 1.5 or 1.6 volts. Should we have two
such cells, and should we connect the nega-
tively charged terminal of one to the positively
charged terminal of the second cell we would
then have twice the voltage of one cell between
the remaining two free terminals. In this ex-
ample we have connected the cells in serjes and
the combination of the two cells becomes what
we know as a battery. In the common “B” hat-
tery, so widely used with radio receivers, a
great many small cells are so connected in
series to provide a relatively high electromno-
tive force or voltage between the outer ter-
minals.

Another method of connecting a battery of
cells together is to join all the positive terminals
and all the negative terminals. The cells are
then said to be connected in parallel. The volt-
age between the two sets of terminals will then
be just the same as that of a single cell but it
will be possible to take a greater amount of cur-
rent from the battery than would have heen
possible from the single cell.

In practical work we use meters to measure
voltage and current. The voltmeter is connected
across the points between which the unknown
voltage exists while the anmmeter is connected
in series with the conductor in which the cur-
rent flows. With this arrangement, the am-
meter becomes a part of the conductor itself.
In both cases, the reading in volts or amperes
will be indicated directly on the calibrated
scale of the instrument. Such instruments,
and meagurement methods, are treated in a
later chapter.
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Direct and Alternating
Current (d.c. and a.c.)

Of course, all electric currents do not flow
continuously in the same direction along a
conductor. The currents produced by batteries
and by some generators flow in this manner,
and therefore are termed direct currents.
Should the current, for some reason or other,
increase and decrease at periodic intervals or
should it stop and start frequently it is still a
direct current as long as the flow is always in
the same direction, though it would be a
fluctuating or intermittent one.

The type of current most generally used for
the supply of power in our homes does not
flow in one direction only, but reverses its di-
rection many times each second. The electron
drift or flow in a conductor carrying such a
current first increases to a maximum, falls to
zero, then reverses its direction, again rises to a
maximum and again falls to zero — to reverse
its direction again and continue the process.

Frequency (f)

@ In most of the power circuits, the current
flows in one direction for 1/120th of a second,
reverses, flows in the opposite direction for
another 1/120th of a second and so on. In
other words, the complete cycle of reversal
occupies 1/60th of a second. The number of
complete cycles of flow in one second is
termed the frequency of the current. In the
instance under discussion we would say that
the frequency is 60 cycles per second. All cur-
rents which reverse their direction in this man-
ner are known as alternating currents. We are
to find that they are not by any means limited
to the circuits which supply power to our
homes. Telephone and radio circuits, for in-
stance, are virtually riddled with alternating
currents having a wide variety of frequencies.
The currents which are produced by the voice
in a telephone line may have frequencies be-
tween about 100 and 5,000 cycles per second
while the alternating currents which we are
to handle in the circuits of a radio transmitter
may have a frequency as high as 60 million
cycles per second. Because of the high fre-
quencies used in radio work the practice of
speaking in terms of cycles per second is an
awkward one. It is customary, instead, to use
kilocycles per second or, simply, kilocycles (ke.)
— the kilocycle being one thousand cycles.
Yet another widely used term is the megacycle
(me.) — a million cycles.

Alternating current, unlike direct current,
cannot be generated by batteries. For the
supply of commercial power it is almost always
produced by rotating machines driven by

steam turbines. In radio work we make use of
this current for the power supply of our radio
apparatus, while the very high frequency al-
ternating currents in the radio transmitter are
produced by vacuum tubes connected in
appropriate circuits.

Resistance (R)

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
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may proceed to examine its effects in the ap-
paratus 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.

Ohm’s Law

@ When 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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one of such great value that it should be studied
with particular care. With its formula, carrying
terms for current, electromotive force and re-
sistance, we are able to find the actual condi-
tions in many circuits, providing two of the
three quantities are known. When I is the
current 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

R=— I=

7 & E =1IR

The resistance of the circuit can therefore be

found by dividing the voltage by the current; the
current can be found by dividing the voltage by
_the resistance; the electromotive force or e.m.f.
is equal to the product of the resistance and the
current. At a later stage it will be shown just
how valuable may be the practical application
of thislaw to the ordinary problems of our radio
work.
Resistors

@ The resistors used in electrical circuits to
introduce a known amount of resistance are
made up in a variety of forms. One common
type consists of wire, of some high resistance
metal, wound on a procelain former. To obtain
very high values of resistance the wire must be
extremely fine. Because this introduces manu-
facturing difficulties, some of the high value
resistors which are not required to carry heavy
current are made up of some carbon compound
or similar high resistance material.

Series and Parallel Connections
@ Resistors, like cells, may be connected 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. 303 and the fol-
lowing 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 resistance in ohms = R1 + Re + Rz + Ry
Resistances in parallel:

Total resistance in ohms = 1 ] i I

RTRTE TR
Or, in the case of only 2 resistances in

parallel,
RiR
Total resistance in ohms = R+ R il-‘sz
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Resistances in series-parallel:

Total resistance in ohms =
1

1 1 1 1
Ri+R; R3+Rs Rs+Rs Ri+Rst+Rs

Quantity, Energy and Power
Units

In addition to the volt (unit of pressure),
ampere (unit of flow) 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 1 ampere for 1
second. In other words, 1 coulomb equals 1
ampere-second.

One joule represents the work done in moving 1
coulomb against an electrical pressure of 1 voll.
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 watt 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 volts 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=DIR
. E
Also, since I = &
E? E?
IRN= e X R = 3

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
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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

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.

Alternating Current Flow

In all of these examples we have been assum-
ing that direct currents are being considered.
When we impress an alternating voltage on
circuits such as those discussed we will cause an
alternating current to flow, but this current
may not be of the same value as it would be
with direct current. In many instances, such as
that of a vacuum tube filament connected to a
source of alternating current by short wires,
the behavior of the circuit would follow Ohm’s
Law as it has been given and if alternating
current meters were used to read the current
and voltage we could compute the resistance of
the circuit with sufficient accuracy for all
ordinary practical purposes. Should there be a
coil of wire in the circuit, however, or any
electrical apparatus which is not a pure resist-
ance, it would not necessarily be possible to
apply our simple formula with satisfactory
results. An explanation of the reason for this
involves an understanding of the character-
istics of other electrical apparatus, particu-
larly of coils and condensers, which have very
important parts to play in all radio circuits.

Electromagnetism

When any electric current is passed through
a conductor, magnetic effects are produced.
Moving electrons produce magnetic fields. Little
is known of the exact nature of the forces

which come into play but it is assumed that
they are in the form of lines surrounding the
wire; they are termed lines of magnetic force.
It is known that these lines of force, in the
form of concentric circles around the con-
ductor, 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 think of the
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
collapses toward the wire again and disappears.
Thus energy is alternately stored in the field and
returned 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 magnetizing
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 one turn
of wire, the magnetizing effectis10 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 fluzx
(®) will be present. And just as the resistance
of the wire determines what current will flow in
the electric circuit, the reluctance (u) of the
magnetic circuit (depending on length, area
and material) acts similarly in the magnetic
circuit.

I= K in the electric circuit; so

m.m.g

* in the magnetic circuit.

I

The magnetic field about wires and coils
may be traced with a compass needle or by
sprinkling iron filings on a sheet of paper held
above the coil through which current is passing.
When there is an iron core the increased mag-
netic force and the concentration of the field
about the iron are readily discernible.

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 than 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. The
permeability of iron varies somewhat depend-
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ing on the treatment it receives during manu-
facture. Soft iron has low reluctivity, another
way of saying that its permeability is ex-
tremely high. The molecules of soft iron are
readily turned end to end by bringing a
current-carrying wire or a permanent magnet
near. When the influence is removed they just
as quickly resume their former positions.
When current flows around a soft iron bar
we have a magnet. When the circuit is broken
o the current cannot flow, the molecules again
assume their hit-or-miss positions. Little or no
magnetic effect remains. When a steel bar is
subjected to the same magneto-motive force in
the same way, it has less magnetic effect.
However, when the current is removed, the
molecules tend to hold their end-to-end posi-
tions and we have produced a permanent
magnet. Compass needles are made in this
way. Permanent magnets lose their magnetism
only when subjected to a reversed m.m.f,
when heated very hot or when jarred violently.

Inductance (L)

@ The thought to be kept constantly in mind
is that whenever a current passes through a
coil it sets up a magnetic field around the coil;
that the strength of the field varies as the cur-
rent varies; and that the direction of the field
is reversed if the direction of current flow is
reversed. It is of interest now to find that the
converse holds true — that if a magnetic field
passes through a coil, an electro~-motive force
is induced in the coil; that if the applied field
varies, the induced voltage varies; and that if
the direction of the field is reversed, the direc-
tion of the current produced by the induced
voltage is reversed. This phenomenon provides
us with an explanation of many electrical
effects. It serves in the present instance to give
us some understanding of that valuable prop-
erty of coils — self~inductance. Should we pass
an alternating current through a coil of many
turns of wire, the field around the coil will
increase and decrease, first in one direction and
then in the other direction. The varying field
around the coil, however, will induce a varying
e.m.f. in the coil and the current produced
by this induced e.m.f. will always be in the
opposite direction to that of the current
originally passed through the wire. The result,
therefore, is that because of its property of
self-induction, the coil tends constantly to
prevent any change in the current flowing
through it and hence to limit the amount of
alternating current flowing. The effect can be
considered as electrical inertia.

The unit of self-inductance is the henry. A
coil has a self-inductance of 1 henry when a
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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 the microhenry (uh), one-
millionth henry. The practical formula for
computing the inductance of radio coils is
given in the Appendix, while data for iron-
core coils are given in Chapter Fifteen. Stated
generally, the self-inductance of a coil s in-
versely proportional to the reluctance of ils
magnetic circuit and 1is proportional to 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 magnetic 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.

Transformer Action

@® We have seen that if a magnetic field passes
through a coil, an electromotive force is
induced in the coil. Not only does this phe-
nomenon provide us with an explanation of self-
inductance in coils but it also permits an under-
standing of how transformers operate. Trans-
formers are very widely used in radio work. In
many applications their essential purpose is to
convert an alternating current supply of one
voltage to one of higher or lower voltage.
[n transmitters, for instance, there will be one
or more transformers serving to step down the
110-volt supply voltage to 2.5, 6.3, 7.5 or 10
volts for the filaments of the transmitting
tubes. Then there will be another transformer
to step up the 110-volt supply to 500, 1000 or
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perhaps several thousand volts for the plate
supply of the transmitting tubes. These trans-
formers will consist of windings on a core of
thin iron laminations. The 110-volt supply
will flow through a primary winding and the
magnetic field created by this current flow,
because it is common to all windings on the
core, will induce voltages in all the windings.
Should one of the secondary windings have
twice the number of turns on the primary wind-
ing, the secondary voltage developed will be
approximately twice that of the primary volt-
age. Should one of the secondary windings
have one third of the primary turns, the volt-
age developed across the secondary will be one
third the primary voltage. Direct current
flowing in the primary of such a transformer
would build up a magnetic field as the current
started to flow but the field would be a fixed
one. So long as the primary current remained
steady there would be no voltages developed in
the secondaries. This is the reason why trans-
formers cannot be operated from a source of
continuous direct current.

Of course all transformers used in radio
circuits are not of the iron-core type. Many air-
core transformers are employed; and, in more
recent times, cores having powdered iron
molded in insulating materials also have come
into use. More concerning such coils for radio
frequencies will be found in the following
chapters.

Magnetic Energy Storage (W)

@® The above-mentioned tendency of coils to
prevent change 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.
2
Energy slored in cotl =Ii2l )

FIG. 304 — TYPES OF FIXED CONDENSERS (LEFT)
AND VARIABLE CONDENSERS (RIGHT) WHICH
ARE USED IN RADIO CIRCUITS
The schematic symbols are drawn in above the
respective groups. Note that two alternative symbols
are shown for variable condensers, the curved arrow
indicating the rotor plates in the one at the left.

where the energy is in joules or watt seconds,
Listhe 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 (X)

@ As we have learned, a coil tends to limit the
amount of current which an alternating voltage
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 frequeney 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:
X* = 2nfL

where: Xz, is the inductive reactance in ohms

7 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 induc-
tance.

The Condenser or Capacitor

@ In radio circuits condensers play just asim-
portant a part as coils. Condensers and coils, in
fact, are almost always used together. The
condenser consists essentially of two or more
metal plates separated by a thin layer of some
insulating medium from a second similar plate
or set of plates. The insulating medium be-
tween the metal elements of the condenser is
termed the dielectric. Unvarying direct current
cannot flow through a condenser because of
the insulation between the plates. But a steady
voltage applied to the terminals of such a con-
denser will cause it to become charged. The
effect, to return to a discussion of electrons, is
gimply that one element of the condenser is
provided with an excess of electrons — thus
becoming negatively charged — while the other
plate suffers a deficiency of electrons and
is therefore positively charged. Should the
charging voltage be removed and the two ele-
ments of the condenser be joined with a con-
ductor, a flow of electrons would take place
from the negative to the positive plate. In
other words, a current would flow.

.25.



The Radio Amateur’s Handbook .« .« « «+ « .+

Capacity or Capacitance (C)

@ The characteristic which permits a con-
denser to be charged in this manner is termed
capacity or capacitance. The capacity of a
condenser depends on the number of plates in
each element, the area of the plates, the dis-
tance by which they are separated by the di-
electric 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 dielectric constants for differ-
ent materials and the formula used for com-
puting the capacity of condensers are to be
found in the Appendix.

The unity of capacity is the farad. A con-

denser of one farad, however, would be so-

large that its construction would be impracti-
cal. A more common term in practical work is
the microfarad (abbreviated ufd.) while another
(used particularly for the small condensers in
high-frequency apparatus) is the micro-micro-
farad (abbreviated uufd.). The ufd. is one
millionth of a farad; the uufd. is one millionth
of a microfarad.

Types of Condensers

@ 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 platesin-
terleaving. 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 en-
closed in a metal can. Paper impregnated with
oil or Pyranol is used as the dielectric in com-
pact high-voltage units. Units of this type
have capacities of from a fraction of a micro-
farad to four microfarads or more, and voltage
ratings ranging from several hundred to
several thousand volts.

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
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actually serving as the other ‘‘plate”, to
which a conductive connection is made by a
second aluminum electrode immersed in the
electrolyte. The latter electrode is negative.
The electrolyte is usually a solution of borax
and boric acid. The “dry’’ type electrolytic
condenser 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 electrolytic condenser a very high capaci-
tance in small space. But there is one impor-
tant difference between electrolytic condensers
and the other fixed condensers previously de-
scribed. The plate on which the film is formed
always must be maintained at a positive potential
with respect to the other electrode. Hence, these
condensers can be used only with d.c. or pul-
sating d.c. voltage applied. Unlike other types
of fixed condensers, they cannot be used in cir-
cuils carrying only alternating current. They
are ordinarily used in capacitancesranging 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
slightly 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
o on.

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 capacitive
reactance is used to describe this effect in the
case of condensers. Condensers have a react-
ance which is inversely proportional to the
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FIG. 305— DIAGRAMS OF SERIES, PARALLEL
AND SERIES-PARALLEL CAPACITANCE CON-
NECTIONS

capacitance and to the frequency of the ap-
plied voltage. The formula for capacitive
reactance is

1
X6 = 2nCu,
where X¢ is the capacitive reactance in ohms
7 is 3.1416

f is the frequeney in cycles per second
Cua is the condenser capacitance in
farads.

Where the capacitance is in microfarads
(ufd.), as it is in most practical cases, the
formula becomes

Xo = LLL

2nfCusa.

10° 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. 305. However, connecting con-
densers in parallel makes the total capacitance
greater 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=C+C:+0Cs

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

1 1 1
L
C: C3

When but two condensers are connected in
geries, the following expression can be used:

C\C»
C1+C:

Where the net capacitance of a series-parallel
combination is to be found, the capacitance of
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” Calcu-
lator is a useful aid in making such determina-
tions.

Connecting condensers in series increases
the breakdown voltage of the combination al-
though, of course, it decreases the capacity
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
capacity, 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 complete information
on this matter the chapter on Power Supply
should be consulted.

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 was 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 electrostatic energy. The amount
of energy stored by a condenser is given by this
equation:

C =

Energy stored in condenser = C-—2Ej 9

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

Cuta.B®

Energy stored = 2% 108"

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 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,

« 27
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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 ecapacitance
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,
etc. For the voltage to fall to 379 (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
(" 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
ean be found by multiplying RC, as given
above, by 2.4.

Time constant, ¢, for 909, fall in voltage

=24 %, t being in seconds, R in ohms and C

in ufd.

Distributed Inductance, Capacity and
Resistance
@ So far we have considered three very impor-
tant properties of electrical circuits and appa-
ratus: Resistance, inductance and capacity.

Resistors, coils and condensers usually are all -

built to have as much as possible of one of
these properties with as little as possible of the
other two. These “lumped” properties can
then be utilized in a circuit to produce the re-
quired effect on the current and voltage distri-
bution. In every sort of coil and condenser,
however, we find not just the one property for
which the instrument is used but a combination
of all the electrical properties we have men-
tioned. And for this reason most design work
is somewhat of a compromise. Every coil and
transformer winding has resistance and dis-
tributed capacity between the turns in addi-
tion to the inductance that makes it a useful
device. Then, every condenser has some re-
sistance and more or less inductance. Resistors,
as another example, quite often have appre-
ciable inductance and distributed capacity.

.28.

Impedance (Z)

@® We start to realize the importance of these
characteristics just as soon as we endeavor to
apply Ohm’s Law to circuits in which alter-
nating current flows. If inductances did not
have any resistance we could assume that the
current through the coil would be equal to the
voltage divided by the reactance. But the coil
will have resistance, and this resistance will
act with the reactance in limiting the current
flow. The combined effect of the 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:

I-vETX

where R is the resistance of the coil and where
X is the reactance of the coil. The terms Z, R
and X are all expressed in ohms. Ohm's Law
for alternating current circuits then becomes
E E
d Z 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,
Xy, is conventionally considered positive and
X¢ negative.
In finding the current flow through a con-
denser in an alternating current circuit we can

E =17

usually assume that I = g— (X¢ being the ca-
c

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

185 emnne, Voltags
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FIG. 306 — REPRESENTING SINE-WAVE ALTER-
NATING VOLTAGE AND CURRENT
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manner as was the resistance of the coil in the
example just given. The impedance of the
condenser-resistance combination is then com-
puted and used as the Z term in the Ohm’s Law
formulas.

The Sine Wave

In Fig. 306 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 is known as a sine curve, since it repre-
sents the equation

e = Enax 8in wi,

where e is the instantaneous voltage, Fmax
is the maximum voltage and ¢ is the time from
the beginning of the cycle. The term w, or 27/,
represents the angular velocity, there being 2w
radians in each complete cycle and f cycles
per second. All the formulas given for alternat-
ing 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,

Eeff = \/ VZEmnxz‘

9 Complex
s
0 Eofy=\[17+282
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FIG. 307—A COMPLEX WAVE AND ITS SINE-
WAVE COMPONENTS

For this reason, the effective value of an alter-
nating current, or voltage, is also known as the
root-mean-square or r.m.s. value. Hence, the
effective value is the square root of }% or 0.707
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 maxi-
mum (or peak) value of either current or volt-
age. The three terms maximum (or peak), ¢f-
fective (or r.m.s.) 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:

Epax = Bott X 1.414 = Euve X 1.57
Eef( = me X 707 = E.vg X 1.11
Env. = me X .636 = E.n 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
a vacuum tube approximates the average value
of rectified plate current. Maximum values
can be measured by a peak vacuum-tube
voltmeter. Instruments for making such meas-
urements are treated in Chapter Seventeen.

Complex Waves

@ Alternating 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. 307. The
lowest and principal frequency is the funda-
mental. The additional frequencies are whole-
number multiples of the fundamental fre-
quency (twice, three times, etc.), and are called
harmonics. One of double frequency is the sec-
ond harmonic, one of triple frequency the
third harmonic, etc. Although the wave re-
sulting 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 for the com-
plex wave will be equal to the square root of the

.29.
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sum of the squares of the effective values of the
individual frequency components. That is,

E = v Ef+-Ef + EY,

where E is the effective value for the complex
wave, and Eq, Eq, etc., are the effective values

CURRENT OR VOLTAGE

TIME ——

FIG. 308 — PULSATING CURRENT COMPOSED OF
ALTERNATING CURRENT SUPERIMPOSED ON
DIRECT CURRENT

of the fundamental and harmonics. The same
relation also applies where currents of different
frequencies not harmonically related flow in
the same circuit. Further aspects of complex
waves are discussed in connection with dis-
tortion in the following chapter. The subject
is of particular importance in 'phone trans-
mission, as shown in Chapters Eleven and
Twelve.

Combined A.C. and D.C.

@ There are many practical instances of
simultaneous flow of alternating and direct
current in a circuit. When this occurs there is a
pulsating current and it is said that an alter-
nating current is superimposed on a direct
current. As shown in Fig. 308, 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.

I = \/qu + Idc;’
where I., is the effective value of the a.c.
component, I is the effective value of the
combination and I4 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,

.30.

depending on its wave form, as discussed in
the preceding section.

Power With Pulsating Current

@ In a resistance circuit, the power developed
by a pulsating current will be I2R watts, I be-
ing the effective 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 maz-
imum value equal to the d.c., which represents
1009, modulation 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,

I = /12 + 7072
V1.5
1.226-
P = IR
=15R

Hence, when sine-wave alternating current is
superimposed on direct current in a resistance
circuit the average power is increased 509, if the
mazximum value of the a.c. component is 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 Eleven.

Phase

@® It has been mentioned that in a circuit
containing inductance, the rise of current is
£
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FIG. 309 — VOLTAGE AND CURRENT PHASE RE-
LATIONS WITH RESISTANCE AND REACTANCE
CIRCUITS
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delayed by the effect of electrical inertia pre-
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.
309 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

SCHEMATIC SYMBOLS USED IN CIRCUIT DIAGRAMS
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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
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

7’;4{;’/;:%/’% the power in an a.c. circuit we must
orlnein4c®*  take into account any phase differ-
each other

ence between current and voltage.
This is made possible by the use of
a figure representing the power
Jactor.

The power factor is equal to the
actual power tn the circuits (watts)
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
100% (umty) 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 in-
stances, 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
approaching 100 %.
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Reading Diagrams — Schematic Symbols

@ Schematic diagrams show the different
parts of a circuit in skeleton form. Pictures
show the apparatus as it actually appears in
the station or laboratory. A little study of the
symbols used in schematic diagrams will be
helpful in understanding the circuits that
appearinthisbook, QST and in other radio pub-
lications. The diagrams are easy to under-
stand once we have rubbed shoulders with
some real apparatus and read about it.
Schematic diagrams are used in all electrical
work because they save so much space and
time when discussing the various circuits.
Photographs of apparatus show the actual
arrangement used but the wiring is not as
clear as in the schematic diagrams. In building
most apparatus a schematic diagram and a
photograph will make everything clear. It is
suggested that the beginner carefully compare
a few pictures and schematic diagrams if not
entirely familiar with the latter.

The symbols used in schematic diagrams
throughout this book will be easily understood
by reference to the accompanying figure. Most
of the diagrams shown are plainly labelled or
worded so that it is only necessary to know the
general scheme which differentiates coils, con-
densers, and resistors to read the diagram.
Reference to the text will help in understanding
fully what is intended, since diagrams and text
have been prepared to complement each other.
In general, coils are indicated by a few loops of
wire, resistances by a jagged line, and variable
elements in the circuit by arrowheads. If a de-
vice has an iron core it is usually shown by a
few parallel lines opposite the loops indicating
coils or windings.

When you can draw and talk about circuits
in terms of the various conventional symbols
you are on what is familiar ground to every
amateur and experimenter. Then you can meet
the dyed-in-the-wool expert and understand
what he talks about.

Practical Examples

@ There is no greater aid to the understanding
of principles than their actual application to
practical problems. The following typical
examples involving only simple arithmetic,
show how the principles outlined in this
chapter are directly useful in giving the right
answers to many of the problems which arise
in designing and building amateur equipment.
It is suggested that they be worked through by
the reader in connection with study of the
various topics throughout the chapter. The
calculations have been made with practical
‘““slide-rule” accuracy.

032.

Ohm’s Law Calculations
@® 1. Q. — With 10 volts applied across a
resistance of 1000 ohms, how much current
will flow?

A.—I == =-—— = 01 amp. = 10 ma.

2. Q. — What value of resistance should be
used to reduce voltage from 1000 v. to 250 v.
when the current is 50 ma. (.05 amp.)?

A. — The necessary voltage drop is 1000 v.
— 250 v. = 750 v.

3. Q. — If the grid-leak resistance of a
transmitting tube is 10,000 ohms and the
grid current measured with a d.c. milliam-
meter is 15 ma. (.015 amp.), what is the grid-
bias voltage developed across the resistor?

A.—E = IR = .015 X 10,000 = 150 volts.

4. Q. — What power is dissipated by the
grid-leak resistor of Q. 3?

A. — P = I’R = .015% X 10,000 = 2.25
watts
or P = EI = 150 X .015 = 2.25 watts.

5. Q. — What resistance (Rs) should be
connected in series with 7500 ohms (R)) to give
a total resistance (R) of 10,000 ohms?

A.—R =R + R,

Therefore, Ry = B — R; = 10,000 — 7500
= 2500 ohms.

6. Q. — What resistance (R;) should be
connected in parallel with a resistance (R;) of

5000 ohms to give a total resistance (R) of
4000 ohms?

11 1
A —2 ==+
R R + Ry
RR, 4000 X 5000
Therefore, R; = = -
erefore, R Ry — R 5000 — 4000
20,000 ohms.

7. Q. — If the power input to a load circuit
is 25 watts and the load resistance is 10,000
ohms, what will be the voltage and current?

A.—E = VPR = v/25 X 10,000 = 500

volts.
\/:.13 =P [_2L = .06 amp. = 50 ma.
R 10,000

I =
(Check: 500 v. X .05 amp. = 25 watts.)

Coil Calculations

® 8. Q. — What will_be the total inductance
of a filter choke of 30-henry inductance in
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series with another of 20-henry inductance,
the two being separated to eliminate magnetic
interaction?
A.—L = L; + Ly = 30 4+ 20 = 50 Lienrys.
9. Q. — What will be the inductance with
the two chokes of (). 3 counected in parallel?

LiLs  _ 30 X 20
Li+L: 30 +20

(NoTE. — As pointed out in Chapter Fif-
* teen, the inductance of chokes is reduced by
d.c. flowing through the windings. Therefore
the series inductance would tend to be less
than the calculated value, while the parallel
inductance might be higher than that calcu-
lated if the total direct current should be the
same in both cases.)

10. Q. — What would be the approximate
nuntber of turns on the 6.5-volt secondary of a
small filament transformer having a 115-volt
primary of 865 turns?

A.— The secondary-to-primary

. . 6.5
ratio is 5

A.— L= = 12 henrys.

voltage
This is also the approximate

secondary-to-primary turn ratio. Therefore,

No. secondary turns = 865 X % = 49 turns.

11. Q. — How much energy is stored in a
30-henry choke with a current flow of 100 ma.
(0.1 amp.)?

A. — Energy
0.3 watt-second.

12. Q. — What isthe reactance of a 30-henry
choke at a frequency of 100 cycles per second?

A—Xp =2nfL =2X3.14 X100 X 30 =
18,850 ohms.

stored = LI? = 30 X 0.1 =

Condenser Calculations
® 13. Q. — What is the approximate react-
ance of a 2-ufd. condenser at 100 cycles per
second?

A.— X¢

ohms.

14. Q. — What is the total capacitance of a
0.001-xfd. condenser (C';) and a 150-uufd. con-
denser (Cg) in parallel?

A.— C = ) + (2 = .001 ufd. + .00015
ufd. = 00115 pfd.
(Note that both capacitance values must be

converted to the same units.)
15. Q. — What is the total capacitance

108 1,000,000

= omfC T 6.28 X 100 X 2 Gl

when the same two condensers are connected

in series?
. 10, 1000 X 150
A.—C _Cl +C2 = 1000+ 150 = 130;1;1f(].
16. Q. — What is the energy stored in 2-ufd.
condenser with 1000 volts applied?
' CE® 2 X (1000)

108 = 1,000,000

A. — Energy stored =

= 2 watt-seconds.
17. Q. — After the 1000-volt supply was

" shut off, what time would be required for the

voltage across this condenser to drop to 370
volts with a 20,000 ohm resistance connected
between its terminals? To drop to 100 volts?

A. — The time required for the voltage to
fall to 379% is the time constant.

RC
Time for 90% voltage fall = — X 2.4 =

.096 second.

(NoTE. — A painful shock can be obtained
by toucling the terminals of an unloaded filter
condenser long after the power has been shut
off. Without a bleeder resistor the time con-
stant may be as great as several days!)

18. Q. — What would be the approximate
impedance at 100 cycles of a series circuit
consgisting of a 30-henry choke having 100
ohms resistance, a 2-ufd. condenser of negligi-
ble resistance and a 10,000-ohm resistor?

A. — From Q. 12 the reactance of this choke
is 18,850 ohms, and from Q. 13 the reactance
of the condenser is 796 ohms. The net react-
ance is 18,850 — 796 = 18,054 ohms (induc-
tive).

Z - VETX

A/ (10,100)2 + (18,054)?
20,650 ohms.

Complex Wave Calculation
@ 19. Q. What would be the effective voltage
of a complex wave consisting of a fundamental
and third harmonic, when the maximum
value of the fundamental is 10 volts and the
maximum value of the third harmonic is 4
volts?

A. The effective values of the respective
components will be practically 70% of their
maximum values, or 7 and 2.8 volts. The
effcctive value of the complex wave is then:

E = VEZ + E2 = /7 + 2.8 = 1/56.84
7.54 volts.
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CHAPTER FOUR

Radio Circuit and Wave

Fundamentals

PRACTICAL
COUPLED

FILTERS — RBRIDGE CIRCUITS — LINE

PRINCIPLES OF
CIRCUITS — IMPEDANCE MATCHING —

TUNED CIRCUITS —

CIRCUITS —

ANTENNAS — RADIO WAVES

I~ ovUR discussion of fundamen-
tal electrical principles, we have seen how a
flow of electrons through a wire constitutes an
clectric current, and how this current, under
certain conditions, gives rise to electric and
magnetic effects as changes in the current flow
take place. In addition to the effect which
resistance produces in direct and alternating
current circuits, we have learned how an in-
ductance or coil tends to prevent any change in
the current flowing through it because of the
existence, around the coil, of a magnetic field,
which varies in strength with every variation
in the current flow. We have also seen how this
field around a coil can link with the turns of a
second coil, so inducing voltages in it — volt-
ages which vary in accordance with the
changes in the original current flow. Further,
we have seen how a condenser can be charged
by an applied voltage and how the energy
represented by this charge can cause a current
to flow in any conductor which is connected
across the condenser terminals. Lastly, we have
learned that in an alternating current circuit,
inductance causes the current to lag behind the
voltage while capacity causes the current to
lead the voltage.

Equipped with an understanding of these
principles we are now ready to study induc-
tance, capacitance and resistance as combined
in the circuits of our radio transmitters, re-
ceivers and other equipment. Examination of
the circuit diagram of almost any piece of radio
equipment will reveal one or more combina-
tions of coil and condenser (inductance and
capacitance) and, hence, of inductive reactance
and capacitive reactance. Let us now consider
how they work together to form the tuned

circuit.
« 34 .

The Tuned Cireunit

Let us assume that a condenser C and coil
L are connected as shown in Fig. 401, and that
the condenser is initially charged as indicated

B - £lectromagnetic Energy Stored In
o, Magnelss Frord Sweaps Oubword

C - Llectromagnetsc Field of Corl Collgpses
£nergy recurned to Condenser, charging
it ini reverse of injtial polarrty.

FIG. 401 — THE SEQUENCE IN A
HALF-CYCLE OF OSCILLATION
IN A RESONANT CIRCUIT

in A, one plate having a surplus of electrons
and therefore being negative while the other
plate, being correspondingly deficient in elec-
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trons, is positive. The instant that the con-
denser plates are connected together through
the coil L there will start a flow of current as
shown by the arrow in B. The rate of flow of
current will be retarded by the inductive react-
ance of the coil and the discharge of the con-
denser will not be instantaneous even though
the velocity of flow is constant. As the current
continues to flow from the condenser into the
coil, the energy initially stored in the condenser
as an electrostatic field will become stored in
the electromagnetic field of the coil. When sub-
stantially all the energy in the circuit has
become stored in this field the lines of force
about the coil begin to collapse, and thus cause
a continued flow of current through the circuit,
the flow being in the same direction as the
initial current. This again charges the con-
denser but in opposite polarity to the initial
charge. Then, when all the energy again has
been stored in the condenser, the sequence is
repeated in the opposite direction. The process
is one of oscillation. During one complete cycle
the energy is alternately stored in the con-
denser and in the coil twice, and there is one
reversal in the direction of current flow. This
represents a complete cycle of alternating cur-
rent. The process would continue indefinitely
were there only inductance and capacitance in
the circuit but, as has been pointed out in
Chapter Three, all circuits contain some resist-
ance. Therefore during each cycle a part of the
energy will be dissipated in the resistance as
heat, each cycle will be of lesser amplitude
than the preceding one and the process will
finally stop because there is no longer energy to
sustain it. This damping caused by resistance
is overcome in practical circuits by continu-
ously supplying energy to replace that dissi-
pated in resistance of one form or another, as
will be shown later.

Oscillation Frequency

@ In such an oscillatory circuit, the larger the
coil is made the greater will be its inductance
and the longer will be the time required for the
condenser to discharge through it. Likewise,
the larger the condenser and the greater its
capacitance, the longer it will take to charge or
discharge it. Since the velocity of the current
flow is substantially constant, it is clear that
the circuit with the larger coil or condenser is
going to take a longer period of time to go
through a complete cycle of oscillation than
will a circuit where the inductance and capaci-
tance are small. Putting it differently, the num-
ber of cycles per second will be greater as the
inductance and capacitance values become
smaller. Hence the smaller the coil or condenser,

or both, in the tuned circuit, the higher will be
the frequency of oscillation.

Resonance

@ The important practical aspect of all this is
that in any circuit containing capacitance, in-
ductance and not too much resistance, the in-
troduction of a pulse of electrical energy will
cause an alternating current oscillation of a
frequency determined solely by the values of
inductance and capacitance; and that for any
combination of inductance and capacitance
there is one particular frequency of applied
voltage at which current will flow with the
greatest ease. Recalling the explanations of in-
ductive reactance and capacitive reactance
given in. Chapter Three, this becomes readily
understandable. It has been shown that the in-
ductive reactance of the coil and the capacitive
reactance of the condenser are oppositely
affected with frequency. 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 inductive and capacitive reactances
are equal and, since these two reactances op-
pose each other, for which the net reactance
becomes zero, leaving only the resistance of the
circuit to impede the flow of current. The fre-
quency 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 in-
ductive reactance must equal the capacitive
reactance, then

Xp=X¢ 0r21rfL=m
The resonant frequency is, therefore,

1
=—=X10%
4 QWN/LCX

where

f is the frequency in kilocycles per second

2x is 6.28

L is the inductance in microhenries (zh.)

C is the capacitance in micro-microfarads
(pufd.)

LC Constants
@ From this it is evident that the product of
L and C is a constant for a given frequency apd
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-
tance (giving a product of 4 times) would halve

«35.
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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 only
409%,. To double the frequency, it would be

LC Constants for Amateur and Intermediate

Frequencies
L c
o
Frequency Band pry snfd. L X

1750-ke. 90 90 8100

3500-ke. 45 45 2025
7000-ke. 22.5 22.5 508.25
14-me. 11.25 11.25 126.55
28-me. 5.63 5.63 31.64
58-me. 2.82 2.82 7.91

450-ke. 355 355 126,025

necessary to reduce either the capacitance or
the inductance to one-fourth (leaving the other
fixed).

The accompanying table gives LC values for
reference at amateur-band and superhet inter-
mediate frequencies. This table, in combina-
tion with the above general rules, will be 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 micro-microfarads, 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-C

X
|

Wo/tage -

Vorioble

Freguency
~SERIES RESONANCE

Constant

[+

< Vo/toge —
R_T Var/'ag/e
WA

AW

Frequency
B - PARALLEL RESONANCE

r-
bl CLLLY
»

} Constant

[LL1)

ESONANCE

o

CURRENT IN SERIES CIRCUIT~AMPERES
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FIG. 402 — CHARACTERISTICS OF SERIES-RES-
ONANT AND PARALLEL-RESONANT CIRCUITS

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

.36.

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 Reoesonancee

All practical tuned circuits can be treated as
either one of two general types. One is the series
resonant circuit in which the inductance, ca-
pacitance, resistance and source of voltage are
in series with each other. With a constant-
voltage alternating current applied as shown in
A of Fig. 402 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. 402 illustrate this, curve a
being for minimum resistance and curves b and
¢ being for greater resistances.

The second general case is the parallel reso-
nant circuit illustrated in B of Fig. 402. 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 asin 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 im-
pedance of a parallel resonant circuit with fre-
quency isillustrated by the same curves of Fig.
402 that show the variation in current with
frequency for the series resonant circuit. The
parallel impedance is maximum at resonance
and increases with decreasing series resistance.
Although both series and parallel resonant cir-
cuits are generally used in radio work, the
parallel resonant circuit is most frequently
found, as inspection of the diagrains of the
equipment described in subsequent chapters
will show.

High parallel impedance is generally desir-
able in the parallel resonant circuit and low
series impedance is to be sought in series
resonant 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 in-
creased, 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
selectivity (ability to discriminate between
voltages of different frequencies) in such cir-



Radio Circuit and Wave Fundamentals . . .

—

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
efficiency of the coil is the important thing
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FIG. 403 — HOW THE VALUE OF Q IS DETERMINED
FROM THE RESONANCE CURVE OF A SINGLE
CIRCUIT

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 discussed in Chapter Three, and is
designated by Q.

_ 2xfL

9="%

The value of Q is determined directly from
the resonance curve of either a series-resonant
or parallel-resonant circuit as shown in Fig.
403. 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
709, of the maximum value. A @ 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 current tends to concentrate on the outside
of the conductor, leaving the inner portion
carrying little or no current. It 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 con-
centrate at the edges and with square con-
ductors 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 con-
tribute to its effective resistance. The effective
resistance 1s measured as the power in the circuil
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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FIG. 404 — THE IMPEDANCE OF A PARALLEL-

RESONANT CIRCUIT SEPARATED INTO ITS RE-
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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. 404. This figure also shows the parallel
resistance component which combines with the
reactance to make up the impedance. The re-
active nature of parallel impedance at fre-
quencies off resonance isimportant 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. Note that the reactance component
becomes practically equal to half the resistance
component, capacitively above and inductively
below resonance. This occurrence is especially
important in the variable-selectivity action of
the quartz crystal filter circuit used in Single-
Signal superhet receivers, as deseribed in

Chapter Six.
. 37 .
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The maximum value of parallel impedance
which is obtained at resonance is proportional
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.)

20T

shown in Fig. 405-A and the equivalent electri-
cal circuit is shown in Fig. 405-B. It consists of
inductance, L, capacitance, C, and resistance
R, in the series combination, paralleled by Ci,
which is the capacitance between the electrodes
with the quartz as dielectric.

. 2nf,L)? 243 Xtal. £ =525 Ke.
Resonant impedance = % 84 0 Vol lter X%ZA
164 =l 400
Since ZT{ErL - Q, § ) .Rf.lnput
] 3
Resonant impedance = (2xf,L)Q Q124 = Y stance
In other words, the impedanceis  Hi0¢ ! J
equal to the inductive reactance of  § gl ; : !
the coil (at resonant frequency) 4 | I :
times the Q of the circuit. Hence, a | I
the voltage developed across the k4 Iy 0
parallel resonant circuit will be 8 ,1 Ly Iy
proportional to its Q. For this 0 ) ) ) by 'y . )
reason the @ of the circuit is not <100 -80 -60 -40  -20 0 +20 +40  +60
only a measure of the selectivity, FREQUENCY FROM RESONANCE (CYCLES)
but also of its gain or amplification,  F1G. 406 — RESONANCE CURVES OF TWO PRACTICAL CRYS-

since the voltage developed across
it is proportional to Z. Likewise,
the Q of a circuit is related to the frequency
stability of an oscillator in which it is used, the
frequency stability being generally better as the
circuit @ is higher. This is illustrated in prac-
tical applications described in subsequent
chapters.

The Piezo-Electric Crystal Circuit

@ All of the tuned circuits used in radio trans-
mitters and reccivers are not purely electrical
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FIG. 405 — THE EQUIVALENT ELECTRICAL CIR-
CUIT OF THE QUARTZ CRYSTAL PLATE

in nature. Electro-mechanical or peizo-electric
types are used as well. Of the latter, the quartz
crystal is most generally employed. The sche-
matic representation of a quartz crystal plate
mounted between a pair of metal electrodes is

.38.

TAL RESONATORS, SHOWING THEIR HIGH Q

As with any series circuit containing induct-
ance and capacitance, resonance occurs at the
frequency for which the inductive and capaci-
tive reactances are equal. This frequency (fo)
is termed the natural frequency of the crystal.
In contrast to the parallel-resonant case, at
Sfrequencies below resonance the series circuit has
capacitive reactance and above resonance it has
inductive reactance. At a certain frequency
above series resonance in the crystal ecircuit,
the inductive reactance of the series combina-
tion becomes equal to the capacitive reactance
of the parallel capacitance Ci. At this frequency
parallel resonance occurs and the crystal acts as
an anti-resonant circuil.

The ratio of the parallel capacitance C; to
the series capacitance C is approximately
125-to-1, irrespective of the constants of the
crystal, so that this anti-resonant frequency is
always approximately 0.5 percent higher than
the natural series-resonance frequency, as
shown by Curves C and D of Fig. 405. The
value of this frequency is determined by the
dimensions of the quartz plate and the angle of
its cut with respect to the axes of the natural
crystal. Data on cuts and frequencies are given
in Chapters Six and Eight, along with practical
information on the use of quartz crystals as
series circuits in receivers and parallel circuits
in transmitters.

The ratio of equivalent inductance to resist-
ance is very large in a quartz crystal, which
gives it an extraordinarily high Q. This is
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illustrated by the series resonance curves of
Fig. 406, taken for frequencies near resonance
with two apparently identical 525-ke. crystals.
The difference between the two is probably the
result of slight variations in their cutting and

inductance in each determine the coefficient of

coupling. Many turns in two coils very close

together give us tight coupling and a big trans-

fer of power. Few turns at right angles or far

apart give us loose coupling with little actual
energy transfer.

= E T T 3 C T, T S  Coeflicient of Coupling (k)
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DIRECT COUPLING METHODS tual inductance (M). Its
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value is determined by self-
inductance of each of the
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two coils and their position
with respect to each other.
In practice, the coupling be-
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FIG. 407 — BASIC TYPES OF CIRCUIT COUPLING

grinding. But both show @ values running 50
or more times higher than could be obtained
with a good coil at the same frequency. Hence
the wide use of crystals as selective radio-
frequency circuits and for stabilizing oscillators.

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
circuits. It is by such coupling that energy is
transferred from one circuit to another. Such
coupling may be direct, as shown in A, B and C
of Fig. 407, 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 indirect capacitive and trans-
former or inductive shown below the others.
The coupling most common in high-frequency
circuits is of the latter type. In such an ar-
rangement the coupling value may be changed
by changing the number of active turns in
either coil or by changing the relative position
of the coils (distance or angle between them).
The arrangement then performs in a manner
similar to the transformer described in the pre-
vious chapter.

All of the above coupling schemes may be
classified as either tight or loose. Coupling can-
not, however, be measured simply in ‘“‘inches”
separation of coils. The separation between the
coils (distance and angle between axes) and the

E - 7ransformer

tween two coils is given in
terms of their coefficient of
coupling, designated by k.
As was shown for closed iron-
core transformer in Chapter Three, the coupling
is maximum (unity or 100%) 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 ex-
pressed by the following relation:

M

ST

in which % 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 L, 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, the resonance
curve usually having two ‘““humps’ appre-
ciably separated. For good selectivity the
coupling is therefore made considerably less
than the critical value, even though this re-
duces the amplification or gain. With the coil
combinations used in radio receivers, coupling
of the order of k=0.05%, or less is representa-
tive, whereas for critical coupling the coeffi-
cient might be 0.5% to 1.0%,. The value of the
coefficient for critical coupling is also related
to the respective Q’s of the two coils:

1 0
vV’
where the two @ values are for the primary and
secondary, respectively. For instance, if the

.39.
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primary and secondary @’s are equal, the value
of critical & is the reciprocal of the @ for one
coil — 0.01 or 1% where each has a Q of 100.
Therefore, for the same values of self-induc-
tance, K becomes smaller as Q becomes higher.

It should 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 we have been discussing, and
modify the constants that they would have
by themselves, In practice 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 adjustment. However,
the foregoing general information is helpful in
preliminary design or choice of tunea circuit
combinations, and in understanding why cer-
tain changes are likely to cause different be-
havior in circuit performance.

Impedance Matching

It is a well-known principle in radio ecircuit
design that the maximuin gross power of a gen-
erator, such as a vacuum tube, will be delivered
to its load when the load resistance is equal to
the internal resistance of the generator. In
other words, maximum power would be taken
from the generator when its resistance was
matched by the load resistance. Although this
particular statement is literally true, it might
not describe the most desirable condition for
loading the tube. For one thing, the efficiency
would be only 509%, half the power being con-
sumed in the generator and half in the load.
From the principle, however, has grown up a
system of more or less standard practice in de-
signing radio circuits which comes under the
broad heading of impedance matching. The
term means, generally, that the load impedance
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FIG. 408 — METHODS OF TAPPING THE PARALLEL IM-
PEDANCE OF RESONANT CIRCUITS FOR IMPEDANCE

MATCHING

presented to the source is transformed lo suil
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

. 40 .
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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

=
=
=

1T

A Low Z Link

FIG. 409 — METHODS OF USING LINK COUPLING
FOR IMPEDANCE MATCHING

High Z
-|-\

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 look like 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 to the
square rool of the impedance ratio.

E:_.\/Z
N Nz,

where N, and N, 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, incidentally, as was
shown in Chapter Three.

Transformers are also used to provide
proper impedance matching in radio-
frequency circuits, although here the
problem is not one of simply choosing
a calculated turn ratio. Rather, the
right condition is arrived at by adjust-
ment 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
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methods for parallel resonant circuits are il-
lustrated in Fig. 408. 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 tap poinis will be to the total imped-
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FIG. 410 — TYPES OF FILTERS AND APPROXI-
MATE CHARACTERISTICS OF EACH

ance practically as the square of the reactance
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
hetween these points will be (14)% 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 capacitance 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 circuits is
that known as link coupling. 1t is used for
transferring energy hetween two tuned circuits

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. 409. 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. 409-A will be rec-
ognized as an adaptation of the impedance-
tapping method previously shown in Fig.
408-A. It is sometimes called auto-transformer
link coupling, because the link turns are also
included in the tuned-circuit turns. The ar-
rangement of 409-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
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FIG. 411 — CAPACITANCE AND INDUCTANCE-

CAPACITANCE BRIDGE CIRCUITS WIDELY USED

FOR NEUTRALIZING IN TRANSMITTERS AND
RECEIVERS

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 Chapters Eight and Nine.

Filter Circuits

Although any resonant circuit is useful for
selecting energy of a desired frequency and
rejecting energy of undesired frequencies, cer-

.41 .
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tain combinations of circuit elements are better
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 aflenualion and such com-
binations are called filters. Filter combinations
are basically of three types, as illustrated in
the simple forms of Fig. 410. A low-pass filter,
as shown in 4, is used to transmit energy below
a given frequency limit and to attenuate
energy of higher frequencies. 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 4 is known as a “‘#’ or “pi”
section because its appearance rescmbles 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 attenuating lower
frequencies and therefore being designated
high-pass. The one shown is known as a “T"
section, because its form resembles that letter.
Such filters are not used to any great extent in
amateur work.

A type of filter for transmitting over a band
of frequencies and attenuating outside this
band is shown in 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. 407. Similar per-
formance 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 circuits intended to at-
tenuate over a narrow band of frequencies and
transmit at frequencies outside that band is
shown in D of Fig. 410. 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, as described
for use with receivers further on.

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
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reader may refer to any standard communica-
tion or radio engineering text for further in-
formation.

Bridge or Neutralizing
Circuits

Another 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 coupling. 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. 411. 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 Ci
and Cp as shown in 4, or inductances L) and
Lo shown in B. In both cases Cx is the capaci-
tance to be neutralized, while Cp is the
capacitance adjusted to obtain the balance.
With the capacitance arms of 4, balance will be
obtained when

C:C,
Co = 222,
Ch

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

Ca = LCx
Lo
When L; = Lz in A, or when C) = C; in B,
then C, = Cx. This represents a desirable

condition in practical neutralizing circuits, be-
cause balance will be maintained over a wider
frequency range of Ly, Ly or C), C2 tuning.

Bridge circuits are also generally used in
resistance, inductance and capacitance meas-
urement. Such bridges usually have calibrated
resistances in two arms, and a calibrated re-
sistance, inductance or capacitance in the “n”
arm, the unknown being connected in the “z”
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
are the ones of greatest practical use to ama-
teurs, however.
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Cireuits with Distributed
Constants

Antennas and R.F. Chokes

@ In addition to resonant circuits containing
lumped capacitance and inductance, there are
important tuned circuits in which no condens-
ers and coils are to be found. Such circuits
utilize the distributed capacitance and in-
ductance that are inevitable even in a circuit
consisting of a single straight conductor. Our
transmitting and receiving antennas are such
circuits and depend on their distributed capaci-
tance 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 dif-
ferent 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 voltage will be
maximum at the ends and zero at the center. The
explanation of this is that the traveling waves
on the wire are reflected 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 con-
sequence 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
cancel at the ends. A continuous succession of
such incident and reflected waves therefore
gives the effect of a standing wavein 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.
Practically the same results are obtained with
chokes consisting of a number of layer-wound
sections, with all the sections connected in
series. Several types of compact multi-section
r.f. chokes are available from manufacturers
and have largely displaced bulkier single-layer
chokes in recent times.

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 on the wire is nearly the
same as the velocity in space, which is 300,000
kilometers or 186,000 miles per second, the
wavelength of the waves is

_ 300,000
fkc.

where A is the wavelength in meters and fy.. is
the frequency in kilocycles. The length of an
antenna is specified in terms of the wavelength
corresponding to the lowest frequency at
which it will be resonant. This is known as its
Sundamental frequency or wavelength. As will
be shown in the chapter on Antennas, this
length is (very nearly) a half-wavelength for an
ungrounded (Hertz) antenna and a quarter-
wavelength for a grounded (Marconi) antenna.
Therefore it is common to desecribe antennas
as half-wave, quarter-wave, cte., for a certain
frequency (‘‘half-wave 7000-ke. antenna,” for
instance).

Wavelength is also used interchangeably
with frequency in deseribing 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”

A

2nd Narmonic
Fundamental or 15t
Harmonic
3rd Harmonic
a
a
n rd ¢ d e £

a-Current Maxima (anti-nodes)
bedef — Current Nodes

FIG. 412 — STANDING-WAVE CURRENT DISTRI-

BUTION ON AN ANTENNA OPERATING AS AN

OSCILLATORY CIRCUIT AT ITS FUNDAMENTAL,

SECOND HARMONIC AND THIRD HARMONIC
FREQUENCIES

are synonymous. A chart showing the relation-
ship between frequencies and wavelengths, in-
cluding those of the amateur bands, is given in
the Appendix. The resonance equation of a
tuned circuit, previously given for frequency,
is expressed in terms of wavelength as follows:
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- L] =
A = 1.885+/ LuhCupufd, monic and the number of standing waves on
the wire. As noted in the figure, the points of
whers maximum current are called anti-nodes (also

A is the wavelength in meters
Luh is the inductance in microhenries
Cufd is the capacitance in miero-microfarads.

Harmonic Resonance

@ Although a coil-condcnser combination hav-
ing lumped constants (capacitance and in-

Stunding Wave

______ £ of Current
~ o~ N
f— ~ \
Low A , High
Impedarce [~ 4 - Impedance
— //
7

-
_—
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FIG. 413 — STANDING WAVE AND INSTANTANE-
OUS CURRENT CONDITIONS OF A FOLDED RES-
ONANT-LINE CIRCUIT

ductance) resonates at only one frequency,
circuits such as antennas containing distrib-
uted constants resonate readily at frequencies
which are integral multiples of the funda-
mental frequency (or wavelengths that are
integral fractions of the fundamental wave-
length). These frequencies are therefore in
harmonic relationship to the fundamental fre-
queney and, hence, are referred to as har-
monics. In radio practice the fundamental it-
self is called the first harmonic, the frequency
twice the fundamental is called the second
harmonic, and so on. For example, a Hertz
antenna having a fundamental of 1780 ke. (in
the amateur 1750-ke. band) also will oscillate
at the following harmonic frequencies: 3580
ke. (2nd), 5370 ke. (3rd), 7160 ke. (4th), 8950
ke. (5th), 10,740 ke. (6th), 12,530 ke. (7th) and
14,320 ke. (8th). Hence the one antenna can be
uscd for four amateur bands, resonating at its
first, second, fourth and eighth harmonics. A
“free” antenna (Hertz) may be operated at
the fundamental or any harmonic frequency,
odd or even; a grounded (Marconi) type only
at its fundamental or harmonics that are odd
multiples of the fundamental frequency.

Fig. 412 illustrates the distribution of the
standing waves on a Hertz antcnna for its
fundamental, second and third harmonics.
There is one point of maximum current with
fundamental operation, there arc 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 har-
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known as ‘‘loops”) and the points of zero
currcnt are called nodes.

Radiation By Antennas

@ So far we have discussed the antenna with
respect to its ability to perform as a resonant
circuit. We now come to the practical use that
is made of the energy that oscillates in the
antenna. It will be remembered that in the
preceding chapter it was shown that current
flow in a conductor was accompanied by a
magnetic field about the conductor; and 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.
Now this is quite true when the alternating
current is of low frequency, such as the 60-
cyele kind commonly used. But when the fre-
quency 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. This
we know. Just how radiation occurs is not
clearly understood at the present time. But we
know enough for practical purposes about
what happens in the antenna and about how
the waves behave after leaving the antenna.
Some radiation will occur with any con-
ductor that has high-frequency current flowing
in it but the radiation is greatest when the
antenna is resonant to the frequency of the
current. If the antenna is essentially ‘““in free
space’” (isolatcd from other wires, pipes, trees,
etc., that might absorb energy from it), nearly
all the energy put into it will be radiated as
radio waves. As was secn in the paragraph on
“Radio-Frequency Resistance,” the radio-
frequency resistance is equal to the actual power
in the circuit divided by the square of the maxi-
mum effective current. Energy radiated by an
antenna is equivalent to energy dissipated in a
resistor. The value of this equivalent resistance
is known as radiation resisiance. lts average
value for a Hertz (ungrounded) antenna
operating at its fundamental frequency is ap-
proximately 70 ohms; and for a Marconi
(grounded) antenna operating at its funda-
mental is about half this value, or 35 ohms.
Since it is impossible to mcasure radio-fre-
quency power directly with ordinary instru-
ments, the approximate value of the power in
an antenna can be computed by multiplying
its assumed radiation resistance by the square
of the maximum current (the current at the
center of a fundamental Hertz antenna).
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Antenna power (wails) = Radiation resistance
(ohms) X Current Squared (Amperes?)

The antenna must, of course, be coupled to
the transmitting equipment that generates the
radio-frequency power. Practical methods of
doing this are described in Chapter Twelve,
together with details of the antenna systems
most useful in amateur transmission.

The receiving antenna is the reciprocal of
the transmitting antenna in operation. Whereas
radio-frequency current in the transmitting an-
tenna causes the radiation of electro-magnetic
waves, the receiving antenna intercepts such
waves and has a voltage induced in it. This
voltage causes a flow of radio-frequency cur-
rent of identical frequency to the radio receiver
and through its tuned circuits. Generation of
radio-frequency power by the transmitter and
reception of radio-frequency waves will be dis-
cussed in succeeding chapters.

Folded 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 @ is relatively low. However, by
folding the line, as suggested by Fig. 413, the
fields about the adjacent sections largely can-
cel 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.
413, 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 closed
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 Sixteen, as well as for
stable oscillator circuits in ultra-high fre-
quency transmitters, as shown in Chapter
Fourteen. Resonant lines having effective
lengths of odd multiples of a quarter-wave-
length, or multiples on a half-wavelength, are
also widely used by amateurs for coupling be-
tween the transmitter and the radiating por-
tion of the antenna system, as is also shown in
the later chapter on antenna systems.

Non-Resonant Transmission 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

je-por ] be— oasn——] Mogulation
‘“’MW MMMNWW{ -
Modulation Envelope
B

FIG. 414 — REPRESENTING THE MODULATED

CURRENT OF A TELEGRAPH WAVE (A) AND

SINUSOIDALLY MODULATED SPEECH WAVE
(B), AMPLITUDE MODULATION

determined, practically, by the size of the
wires, their spacing and the dielectric between
them. This impedance is called the surge
impedance or characteristic 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-
system radiators. Although somewhat less
adaptable than the resonant type line, they
are considered more efficient for transmission
of radio-frequency power when the line length
is a wavelength or more, the line losses and
incidental radiation being less with the stand-
ing waves eliminated. The practical design
features of these lines also are discussed in
Chapter Sixteen,

Modulation and Detection

For practical communication between our
stations it is not enough simply to generate
radio frequency power continuously and
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radiate 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
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
to make the message understandable to our
human senses. This is accomplished by a
process of detection or, as it is sometimes
known, demodulation. It is necessary because
the modulated radio wave in its transmitted
form cannot be detected directly by our ears,
eyes, feeling or smell, as would be possible with
sound or light waves, slow mechanical vibra-
tions — or even ‘““modulated” odors! Practical
methods of modulation and detection by
vacuum-tube circuits are described separately
in the next and subsequent chapters. Only a
generalized explanation which suggests their
broad gcneral principle and shows their
kindred nature will be given here.

Modulation is the process of varying the radio
wave to impart to it the signal which we wish to
transmil; while detection is the process of ex-
tracting from the wave the signal imparted to it
in the modulating process. In amateur com-
munication 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

Chapter Three, do not tell the whole story.
They only picture the synthesis wave which
actually contains components of more than
one frequency.

In rcality, each modulated wave shown
would contain components of at least three

LOCAL OSCILLATOR
FREQUENCY = r,zoa,mcyc%
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INCOMING SIGNAL
FREQUENCY 81,205,000 mloy
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FIG. 416 — A COMBINATION OF TWO RADIO-
FREQUENCY WAVES OF DIFFERENT FREQUEN-
CIES TO PRODUCE A BEAT NOTE BY HETERO-
DYNE ACTION

The two waves would have to be simultaneously
detected in the same circuit to produce the beat note,
which would not be of sinusoidal wave form unless
one of the combining waves was considerably greater
in amplitude than the other.

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 of the original fre-

Detqufg’j/; ”%‘Z/afed quency and the modulation

LAmpluoe frequency, and equal to the

red lMotW Dyzé- difference between the orig-
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Amp. additional frequencies are
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FIG. 415 — GENERALIZED SYSTEM FOR MODULATION OR DETEC-
TION, INDICATING THE ESSENTIAL ELEMENTS

modulation by these two types of signal are
shown in Fig. 414. 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
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second, so that the side-band
frequencies differ but the
same few cycles from the
carrier frequency. Hence a telegraph wave in
amateur communication requires a relatively
narrow communication band (50 cycles and
less). With speech, however, the essential
modulation frequencies range up to approx-
imately 3000 cycles per second and the side-
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bands extend correspondingly either side of
the carrier. With such amplitude modulation
the communication band is twice the highest
modulation frequency, so that 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. 415 arc 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. 415. In reception of
speech modulated waves the side-band com-
ponents intermodulate or beat with the carrier
to reproduce the orig-
inal modulating signal
(speech) in the out-
put of a circuit which
is essentially a coun-
terpart of that used
for transmission, asis
also indicated in Fig.
415.

Penetrates )
lonosphere —2X _ |
R

Heterodyne Action

@® For reception of
telegraph waves mod-
ulated only by keying,
however, an addition-
al modulation to make
the dots and dashes
come out with con-
tinuous tone is neces-
sary, because the side-
band components
resulting from key-
ing occur only at the
times when the wave
amplitude is being
changed (at the be-
ginning and end of
each dot and dash).
Only a “click” would
be heard at these
times and there would
be no sound in be-
tween if there were no
additional modulation. This tone is obtained by
applying to the detector circuit a modulating
signal from a local source, this signal differing
from the received radio wave frequency by a
frequency equal to the desired tone — say
1000 cycles per second. There will then be
produced in the detector output audible dots
and dashes, corresponding to those trans-
mitted, having a pitch of this frequency. This

FIG. 417—ILLUSTRATING GROUND-WAVE AND
SKY-WAVE TRANSMISSION OF RADIO WAVES
The density of the dots indicates that the electron
density in the ionosphere increases and then decreases as
the altitude becomes greater.

process is called heterodyne detection, and the
tone produced is known as the beat note. The
production of such a beat note by combining
two waves of slightly different frequency is
suggested by Fig. 416. The beat product is not
likely to be of sinusoidal wave-form, however,
unless the locally generated signal is much
greater in amplitude than the wave with which
it is heterodyned.

Polarization and Reflection
of Radio Waves

Radio waves are of the same nature as light
waves, traveling with the same velocity of
160,000 miles or 300,000 kilometers per sec-
ond. They are electro-magnetic waves, having
an electric component and an accompanying
magnetic component,.
These vector com-
ponents are in phase
quadrature, or at a
phase angle of 90 de-
grees, in space. The
wavesare plane waves;
the plane of the elec-
tricand magnetic vec-
tors is always at right
angles to the line
along which thewaves
are traveling. The
waves are said to be
vertically polarized
whenthe wavetravels
with its electric vec-
tor perpendicular to
the earth, and are
said to be horizontally
polarized when the
electric vector is par-
allel to the earth.
The polarization at
transmission will cor-
respond to the posi-
tion of the antenna
which radiates the
waves, vertical or
horizontal, although
the polarization may
shift as the wave
travels through space
or encounters incidental conductors in its path.
The polarization of the waves at the receiving
point is of practical importance because the
voltage induced in the receiving antenna will
be greatest when the antenna is placed to suit
the particular polarization of the wave —
vertical for vertically polarized waves and
horizontal for horizontally polarized waves.

Radio waves, like light waves, can be re-
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flected and refracted. Reflection occurs when
the wave strikes a conductor, such as a wire.
A current is consequently set up in the wire,
which causes the wire to radiate an electro-
magnetic wave of its own. If the reflector wire
is placed near to the antenna giving the pri-
mary radiation, the radiation from the re-
flector may be made to cancel that from the
primary antenna in the direction toward the
reflector. Practical use of such reflection is
described in Chapters Fourteen and Sixteen.
Reflection also can occur in the upper atmos-
phere, as described in the following para-
graphs.

Radio Waves in Space

Radio waves not only travel along the sur-
face of the earth in the more or less depend-
able lower atmosphere, for short-distance com-
munication; they also travel through the upper
regions far above the earth in the highly vari-
able {onosphere, for long-distance communica-
tion.

The general idea of the paths followed by
radio waves for both direct-ray and indirect-
ray communication is illustrated in Fig.
417-A. As would be expected, a direct ray
travels out from the transmitter along the
surface of the earth and will be received
strongly at a relatively near-by point. This
part of the radiation is commonly called the
ground wave. But it is rapidly weakened or
attenuated as it progresses, until finally it is no
longer of useful strength. Moreover, the
rapidity with which the ground wave is at-
tenuated is greater as its frequency is higher
(or as its wavelength is shorter). This is shown
by the “ground wave” curve of Fig. 418. The
short-distance nature of this direct wave is
apparent.

But not all the energy radiated by the an-
tenna is in waves along the surface. The
greater part is likely to be at angles consider-
ably above the horizontal, in fact. These
higher-angle sky waves, however, would travel
on outward into space indefinitely, and would
be of no practical use for our communiecation,
if they were not bent back to earth again.
Just such bending is what makes our long-dis-
tance communication possible. This bending
action is explained by the existence of a region
of ionized atmosphere, known as the fono-
sphere, surrounding the earth. The possibility
of radio waves being returned from such an
ionized region was proposed almost simul-
taneously by A. E. Kennelly in America and
by Oliver Heaviside in England in 1902, many
years before long-distance short-wave com-
munication demonstrated its proof. In honor
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of these two scientists, the ionosphere has been
long known also as the Kennelly-Heaviside
layer. The ionosphere is not strictly a single
layer, however. Dr. Kennelly suggested this in
his original proposal and more recent investi-
gations have shown that there are several vir-
tual layer heights, as will be explained in the
following paragraphs.

How Sky Waves Are Bent by Refraction

@ The ionization of air molecules mentioned
above is the result of bombardment by cosmic
and solar radiation. As has been previously
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FIG. 418 — APPROXIMATE AVERAGE TRANSMIS-
SION PERFORMANCE OF DIFFERENT WAVE-
LENGTHS AT DIFFERENT DISTANCES

The received signal is assumed to have a field-
strength of 10 microvolts per meter at the receiving
point. The transmitter is assumed to have 5000 watts
in the antenna. The chart is explained as follows. To
the left of the line marked “‘limit of ground wave” it
should be possible to receive at all times. After that,
one must pick a pair of curves of the same sort (that is
for the same time) and if the distance is between the
curves one should hear the signal. Thus, a 30-meter
wave should be reliable at all times to 70 miles for the
conditions mentioned. From there to 400 miles its
daylight performance will probably be uncertain
while from 400 on it will gradually die down until at
4600 it will again be below 10 microvolts per meter.
There are, of course, numerous exceptions where one
does hear the signal when it should be absent. The
curves are based on skip-distance observations,
mainly from data by A. H. Taylor.

pointed out, such ionization by collision makes
free electrons and positive ions. These con-
tinuously recombine into neutral molecules
as other molecules are ionized, then recom-
bine, and so on. This ionization is inappre-
ciable in the air near the earth’s surface, to
which the ionizing radiations penetrate to only
a slight extent and in which the electrons and
ions recombine so quickly as to permit the
electrons practically no free path. It is con-
siderable in the thin atmosphere at heights
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extending between approximately 40 and 250
miles (70 to 400 kilometers). It is the presence
of the free electrons resulting from ionization
in this region, and the relatively long free path
there allowed the electron before recombina-
tion, which is principally responsible for bend-
ing of the sky waves.

For the amateur frequencies between 7000
ke, (40-meter band) and 30,000 ke. (10-
meter band), the bending is practically all
refraction. That is, a wave entering the in-
creasingly ionized region from the lower atmos-
phere has its velocity increased by the in-
creased conductivity due to the presence of
the free electrons, and more or less gradually
has its course turned away from the ionized
region, back towards the earth. One way of
visualizing this is to consider the wave as two
adjacent rays, one above the other. The upper
ray travels faster than the lower ray as it
progresses into the ionosphere because it is in
the denser electron atmosphere. Hence, it
tends to gain on the lower ray, with the con-
sequence that the path of the wave is curve
downward to earth — somewhat as the left
wheel of a vehicle turning faster than the right
will cause a change of direction to the right. A
suggestion of this refracting action is given for
skv waves in Fig. 417.

Skip Distance

@ The sharpness with which this bending oc-
curs is the greater as the frequency of the wave
is lower. At 3500 ke. (80-meter band) and
lower frequencies the sky wave usually will
return quite close to the transmitting point,
within the range covered by the ground wave,
as well as at greater distances. At 7000 ke.,
however, the sky wave usually will not return
this close to the transmitter, and there will be a
zone of silence from the farther limit of the
ground wave to the closest point at which the
sky wave returns. This no-signal interval is
known as the skip distance, from the fact that
the signals seem to skip over. The skip dis-
tance increases with frequency, as indicated by
the curves of Fig. 418, until at frequencies in
the 28-me. (10-meter) band it becomes so
great that the returning signal is likely to miss
the earth and not to be heard under ionosphere
conditions prevailing most of the time.

Layer Height

@ When the skip distance becomes so short
that the sky wave returns literally at the

. transmitting point, the effect is that of reflec-

tion. This occurs commonly at frequencies in
the 3500-ke. band and generally in the 1750-ke.
(160-meter) band and on lower frequencies. Of

course less-sharp refraction is also probable at
these frequencies, for waves radiated at lower
angles than the vertical and striking the iono-
sphere at angles correspondingly smaller than
90 degrees. Such effective reflection has made
possible determination of the effective iono-
sphere layer heights by direct measurement of
the difference in time between receipt of the
direct wave from a transmitter and receipt of
the sky wave which has traveled up to the
ionosphere and back. Assuming the velocity to
be 186,000 miles per second, the height is
directly proportional to the time difference.
This gives what is called the virtual height, or
the height the wave would reach if it were
completely reflected by a perfect reflector. The
actual height reached by the wave may be
somewhat less than the virtual height as
measured. Fig. 417-B illustrates the difference
between the two. At present the only height
which can be measured experimentally is the
virtual height, of course.

These measurements have shown that there
are three layers of a major nature, with others
occasionally making an appearance. The three
are called the E layer, the F; layer and the F,
layer. Measurements made at Washington,
D. C.,, by the U. S. Bureau of Standards on
frequencies between 2500 and 4400 ke. show
that the E layer has a virtual height of ap-
proximately 70 miles for the lower frequencics
in this range during daytime. At mid-fre-
quencies the waves penetrate this layer and are
returned from the F; layer at a height of ap-
proximately 125 miles. At the higher fre-
quencies (towards 4000 ke.) the waves pene-
trate both the E and F; layers and are returned
from the F; layer at a height of approximately
180 miles. Towards evening the Fy and F,
layers appear to merge, leaving only the one
layer in the F region at a virtual height of ap-
proximately 150 miles or higher during the
night. At this time the E layer becomes in-
creasingly unable to reflect even the lower fre-
quency (2500 ke.) in this range, as the ioniza-
tion in this region decreases. Later at night
even the F layer becomes less able to give di-
rect reflection, so that the frequencies around
4000 ke. penetrate it so far as reflection is con-
cerned. Occasionally it will not reflect the
lower frequency, either.

From this it is evident that the layer prin-
cipally effective for long-distance communica-
tion at night is the F layer, while any one of the
three may be effective for indirect sky-wave
transmission during the daytime, depending
on the frequency and degree of ionization..It
must be remembered, however, that these
height figures are mean averages and may vary

.4‘9.
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widely as ionization conditions change with
seasons, and as variations in solar radiation ac-
company different degrees of sunspot activity.

Angle of Radiation

@ An important practical lesson to be learned
from these peculiarities of radio wave travel is
that transmission will be most effective when
the energy radiated from the antenna is con-
centrated on the ionosphere at an angle which
will put the best signal down at the receiving
point. For long distance communieation this
means that the transmitting antenna should
concentrate the energy more nearly horizontal
than vertical. That is, low-angle radiation is
preferable, especially on the 7- and 14-mec.
bands where radiation at angles below ap-
proximately 20 degrees is desirable. Certain
types of antennas are more suitable for giving
low-angle radiation than others, as shown in
Chapter Sixteen. Lower-frequency transmis-
sion for intermediate distances may be better
suited by higher-angle radiation, however,
something like 45 degrees being considered
more generally satisfactory for frequencies in
the 3500-ke. band.

Another practical point should be mentioned
with reference to the receiving antenna and
polarization of the waves. On the 7- and 14-me.
band frequencies it has been found that the sky
waves arrive at the receiving point with hori-
zontal polarization, irrespective of how they
were polarized at transmission. It is thought
that this ““ironing out” of the polarization oc-
curs when the wave is refracted in the iono-
sphere, perhaps also as the result of influence
of the ground near the receiving antenna. For
this reason a horizontal receiving antenna is
generally preferable. Also, it appears that most
local electrical interference (from machines,
etc.) is vertically polarized. The horizontal
antenna therefore discriminates against such
interfering waves and further aids reception.

Ultra-High Frequency Waves

@ Although waves of ultra-high frequency
(above 30 me.) are only rarely bent back to
earth by the ionosphere, recent studies in re-
ception of 56-me. transmissions over distances
of 100 miles or so, which are greater thanp the
ground wave or optical range, have shown evi-
dence of bending in the lower atmosphere. In-
vestigations by the A.R.R.L. technical staff
during 1934 and 1935 show that this bending
accompanies the presence below 10,000-foot
altitude of warmer air layers over cooler sur-
face air, or that it accompanies the occur-
rence of temperature inversions in the lower
atmosphere. Apparently there is cause for suffi-
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cient refraction at 56 mec., and at 112 me., to
give “air-wave’ communication at distances
greater than would be possible with only
ground wave transmission. Communication on
these frequencies is treated more fully in
Chapters Thirteen and Fourteen.

Fading

@ Whenever radio waves can travel between
the transmitting and receiving points over
more than one path, there is opportunity for
simultaneously transmitted oscillations to ar-
rive at the receiver at slightly different times,
since one path is likely to be longer than the
other. This is especially so when the short-dis-
tance ground wave and the longer-path up-
and-down sky wave are simultaneously re-
ceived, or when two sky-wave paths differ as
shown in Fig. 417-A. As a result of this time
difference, there will be a difference in phase.
As we saw in Chapter Three, two voltages of
different phase but of the same frequency will
augment or cancel each other in effect when
detected. Such action is the cause of what is
known as fading in radio reception. The two
paths may not have a constant difference, be-
cause there are continuously changing ioniza-
tion conditions in the upper atmosphere for
high frequencies (and of temperature condi-
tions in the lower atmosphere for ultra-high
frequencies). Therefore the phase difference
between the two sets of waves will shift from
instant to instant, causing more or less rapid
fluctuations in the effective received signal.
The difference in path lengths does not have to
vary much to give this effect, since a phase
change of 180 degrees would make the differ-
ence between inphase aiding and out-of-phase
opposition. That is, the corresponding varia-
tion in path length could be only one-half
wavelength. Shifting polarization also can
cause fading effect, although this does not ap-
pear to be so important.

Fading is not always evidenced by a simple
variation up and down in the strength of the
complete signal, but often has this along with
disagreeable distortion or poor quality. The
latter effect is known as selective fading and
results because all the frequency components,
in a speech modulated wave for instance, do
not differ uniformly in path length, some can-
celling more than others.

Many methods of attempting to overcome
fading have been devised, such as the use of
receiving antennas that respond only to waves
arriving over one path, automatic gain control
in receivers, diversity reception, and so on.
Several of these are described in later chapters
in this book.



CHAPTER FIVE

Vacuum Tubes

OPERATING PRINCIPLES — TYPES OF AMPLIFIERS —
RECTIFIERS —=TUBE TYPE DATA

IT CAN be truthfully said that
the art of radio communication as now prac-
ticed is based fundamentally upon the vacuum
tube. The vacuum tube works to change alter-
nating to direct current in our power supplies,
to amplify sound from a whisper to a roar, to
generate the radio-frequency power used in
transmission and to amplify and detect weak
radio waves in our receivers. Vacuum tubes ap-
pear in many sizes and in a variety of struc-
tures, but all operate on the same principle.
Most commonly, the vacuum tube has a glass
bulb from which practically all air and other
gas has been removed, and within which there
are two or more elements, ranging from a fila-
ment (cathode) and plate (anode) on up to
these two in combination with three, four and
even more elements.

The simplest type of vacuum tube is that
shown in Fig. 501. It has but two elements,
cathode and plate, and is therefore called a
diode. As was explained in Chapter Three, the
hot cathode emits electrons which flow from
cathode to plate within the tube when the plate
18 positive with respect to the cathode. The tube
is a conductor in one direction only. If there
should be a battery connected with its nega-
tive terminal to cathode and positive to plate
(the ““B” battery in Fig. 501) this flow of elec-
trons would be continuous. But if a source of
alternating current is connected between the
cathode and plate, then electrons will flow
only on the positive half-cycles of alternating
voltage. There will be no electron flow, and
hence no current flow, during the half cycle
when the plate is negative. Thus the tube can
be used as a rectifier, to change alternating
current to pulsating direct current. This alter-
nating current can be anything from the 60-
cycle kind to the highest radio frequencies,
making it possible to use the diode as a rectifier
in power supplies furnishing direct current for
our transmitters and receivers, as described in
Chapter Fifteen, or even to use it as a rectifier
(detector) of radio-frequency current in re-
ceivers.

Characteristic Curves — Space Charge

@ The 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. A characteristic
curve is one which 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 deter-
mining the output of the tube) with different
d.c. voltages applied to the elements. The curve
of Fig. 501 shows that, with fixed cathode
temperature, the plate current increases as
the voltage between cathode and plate is
raised. For 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. The sam-
ple curve of Fig. 501 shows, however, that
despite the fact that the same number of
electrons always is available, less plate current
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FIG. 501 — THE DIODE OR TWO-ELEMENT TUBE
AND A TYPICAL CHARACTERISTIC CURVE

will flow at low plate voltages than when the
plate voltage is large. The reason for this is that
the electrons emitted from the cathode form a
“cloud” between cathode and plate, much the
larger proportion of them occupying the space
immediately surrounding the cathode. With
low plate voltage only those electrons nearest
the plate are attracted to the plate. The elec-
trons in the space near the cathode, being
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themselves negatively charged, tend to repel
the similarly charged electrons leaving the
cathode surface and cause them to fall back on
the cathode. The repulsion of electrons by the
electron cloud 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. When this
point is reached a further increase in plate
voltage can cause no increase in plate current,
as shown by the flattening of the characteristic.
The point at which all electrons are attracted
to the plate is called the saturation point.

How Vacuum Tubes Amplify —
Tube Characteristics

@ If a third element, called the control grid or
simply the grid, isinserted 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 acquires utility
for more things than rectification. The grid is
usually in the form of an open spiral or mesh of
fine wire. With the grid connected externally to
the cathode and with a steady voltage from a
d.c. supply applied between the cathode and
plate (the positive of the plate or *“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
made less negative (more positive) with respect
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. The important thing
about this is that when a resistance or im-
pedance is connected in the plate circuit, the
variation in plate current will cause 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 which a
tube is capable is known as its amplification
factor, designated by u (mu), an important tube
characteristic. The amplification factor is the
ratio of plate-voltage change required for a
given change in plate current to the grid-
voltage change necessary to produce the same
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change in plate current. Another important
characteristic involving plate current change
caused by grid voltage change over a very
small range is a tube’s mutual conductance, des-
ignated by gm and expressed either in milli-
amperes plate current change per volt grid
voltage change (ma. per volt), or as the cur-
rent to voltage ratio in mhos (inverse of ohms).
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FIG. 502 — OPERATING CHARACTERISTICS OF A
VACUUM-TUBE AMPLIFIER
Class-4 amplifier operation is depicted.
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Since the plate current changes involved are
often very small, the mutual conductance is
also expressed in micromhos, the ratio of
amperes plate current change to volts grid
voltage change, multiplied by one million. Still
another important characteristic used in
describing the properties of a tube is the plate
resistance, designated r,. This is the ratio of a
small plate voltage change to the plate current
change it effects. It is expressed in okhms. These
tube characteristics are inter-related and are
different with tubes of different types, being
dependent primarily on the tube structure
(spacing between elements, spacing and size of
wires in grid, ete.).

Amplifier Operation
@ The operation of a vacuum tube amplifier is
graphically represented in Fig. 502. The slop-
ing line represents the variation in plate cur-
rent obtained at a constant plate voltage with
grid voltages from a value sufficiently negative
to reduce the plate current to zero to a value
slightly positive. It should be kept in mind that
grid voltage is with reference to the cathode or
filament. This is known as the static grid-
voltage plate-current characteristic. Notable
things about this curve are that it is essentially
a straight line (is linear) over the middle sec-
tion 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 o fixed grid voltage (bias) of proper value
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the plate current can be set at any desired
value in the range of the curve.

With negative grid bias as shown in Fig. 502
this point (the operating point) comes 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 current value. This is equivalent to
an alternating current superimposed on the
steady plate current. With 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 so long as the
grid voltage amplitude does not reach values
sufficient to run into the lower- or upper-bend
regions of the curve. If this occurs the output
waves will be flattened or be distorted. If the
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FIG. 503 —A TYPICAL AUDIO-FREQUENCY AM-
PLIFIER USING A TRIODE TUBE

operating point is set towards the bottom or
towards the top of the curve there will also be
distortion of the output wave shapes
because part or all of the lower or upper
half-cycles will be cut off. This kind of
distortion may be undesirable or de-
sirable, as will be shown later.

The major uses of vacuum tube ain-
plifiers in radio work are to amplify at
audio frequencies (approximately 30 to
15,000 cycles per second) and to amplify
at radio frequencies (up to 60,000 ke.
or higher). The audio-frequency amplifier
is generally used to amplify without dis-
crimination at all frequencies in a con-
siderable range (say from 100 to 3000
cycles for voice communication), and is
therefore associated with non-resonant or
untuned circuits. The radio-frequency
amplifier, on the other hand, is generally
used to amplify selectively at a single
radio frequency, or over a small band of
frequencies at most, and is therefore as-
sociated with resonant circuits tunable to
the desired frequency.

The circuit arrangement of a typical

PLATE CURRENT, Ip
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audio-frequency amplifier using a triode is
shown in Fig. 503. The alternating grid volt-
age is applied through the transformer T to
the grid circuit, in series with negative grid bias
furnished by a battery. The a.c. component of
the plate current induces an alternating voltage
in the secondary of the output transformer,
Ts. This output might go on to another similar
audio amplifier for further amplification. In
lieu of the output transforiner, a pair of 'phones
could he connected in place of the primary in
the plate circuit, in which case the alternating
component of the plate current would be re-
produced immediately as sound.

Static and Dynamic Characteristics

@ A tube characteristic of the type shown in
Fig. 502 is meaningless for design purposes un-
less certain operating conditions not shown by
the curve itself are specified. For instance, if
the curve illustrated is a static characteristic, it
will show only the plate current that will flow
at specified plate and grid voltages in the ab-
sence of any output device or load in the plate
circuit. Fig. 504-A illustrates a sample static
characteristic and indicates the method by
which the data are obtained. With the plate
voltage E, fixed, the grid voltage E, is varied,
plate current readings being taken for each
change in grid voltage. A complete series of
readings will give one of the curves at the left.
Several of these may be taken with a number of
different plate voltage values. Since the path
for the flow of plate current consists only of the
plate battery and the plate-cathode circuit of

[
GRID VOLTAGE, Eg

FIG. 504 — STATIC (A) AND DYNAMIC (B) CHARACTER-

ISTICS

The values shown on the curves are purely arbitrary, and
are used simply to illustrate the relative behavior with
different applied voltages or with different load impedances.
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the tube itself, it is plain that no provision has
been made for transferring the plate current
variations with signal input, illustrated in
Fig. 502, to an external circuit. Obviously the
utility of such a characteristic is limited.

A more useful type of curve is the dynamic
characteristic, illustrated in Fig. 504-B. 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 resist-
or; 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 the
terminals of R,; this voltage is the useful out-
put of the tube.

The load impedance or load resistance, R,,
may be an actual resistor or may be a device
such as a headsct or loud-speaker having a
self-impedance, at the frequency being ampli-
fied, of a value suitable to be connected in 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 oper-
ating voltages; its value also depends upon the
type of service for which the amplifier is de-
signed. If the impedance of the actual device
used is considerably different from the op-
timum load impedance, 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. Several different values of load
impedance may be used in making up a set of
dynamic characteristics, as shown in Fig.
504-B, giving the designer a choice of several
values.

In making up a characteristic of this type,
the plate battery voltage, Es, usually is chosen
so that the voltage actually operating between
plate and cathode, E,, is the rated value for the
tube at the normal operating plate current.
E, must therefore equal the sum of E, plus the
drop through R, at rated plate current. To
illustrate, suppose the tube is rated at 250
volts and 30 milliamperes plate, and the load
impedance is 5000 ohms. The voltage drop in
R, is 5000 X 0.03, or 150 volts, E, is 250
volts; E, = 150 + 250, or 400 volts. If the
grid bias is made more negative, the plate cur-
rent will decrease and the drop in R, also will
decrease, leaving more voltage effective at the
plate itself. If the grid bias is made more posi-
tive with respect to the cathode, the converse
will be true. The limit in the negative-grid
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direction would be the cut-off grid voltage,
when the plate current would be zero, the drop
in R, likewise zero, and E, would equal E;, or
400 volts. The limit in the positive-grid direc-
tion would be reached at saturation, when the
plate current is maximum, the drop in R, also
is maximum, and the plate voltage, E,, reaches
its lowest value. When the grid voltage is high
(positive) the plate voltage is low (negative
swing of a.c. component). The alternating
components of the grid and plate voltages are
therefore opposite in phase, or 180° out of
phase.

If the load has high a.c. impedance but low
d.c. resistance, E, may equal E, at normal grid
voltage and plate current, since in the absence
of signal the d.c. drop through the load will be
small. The increase and decrecase of plate vol-
tage with changing grid voltage then comes
about because of the reactive voltage devel-
oped in the impedance. For example, if the
load is assumed to have an a.c. impedance of
5000 ohms but negligible d.c. resistance, the
battery voltage E, in our previous example
would be 250 instead of 400 volts, the whole
250 volts being effective at the plate under no-
signal conditions. When a signal of suitable
amplitude is applied to the grid, the plate
voltage would swing between the same values
as before, reaching a peak of 400 volts at cut
off, even though the supply voltage is only
250, because of the reactive voltage induced in
the load. This would occur only when an al-
ternating voltage is applied to the grid, how-
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FIG. 505 — A TYPICAL “PLATE FAMILY,” SHOW-
ING THE METHOD OF DRAWING A LOAD LINE

ever, and could not be reproduced with fixed
values of grid voltage.

The Plate Characteristic Family
@ The type of characteristic shown in Fig.
504-B is somewhat inconvenient to use because
a separate curve must be plotted for each
value of load impedance considered. A more
general type of characteristic, known as the
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plate-voltage plate-current type, or commonly
called the plate family, is shown in Fig. 505. In
this characteristic, plate voltage is plotted
against plate current for different fixed values
of grid voltage throughout the usable range for
the tube. The load impedance on such a char-
acteristic can be represented by a line drawn
through the operating point chosen, as shown.
The impedance represented by the line is de-
termined by its slope; if the line is extended so
that it intersects both the vertical and horizon-
tal reference lines, the plate voltage at the
point of intersection divided by the plate cur-
rent at its point of intersection will be the im-
pedance. In the drawing these values are 420
volts and 60 milliamperes, giving an impedance
of 420/.06, or 7000 ohms.

The voltage developed across the load and
the value of alternating plate current can be
found from the points of intersection of the
load line with the various grid voltage values.
For instance, if the peak grid voltage swing
about the operating point, B, is 20 volts, the
peak positive grid voltage will be 40 — 20, or
20 volts, and the peak negative voltage will be
40 4 20, or 60 volts. The- plate voltage and
plate current at E; = —20 volts are 200
volts and 30 ma. respectively; at Eg = ~60
volts, 340 volts and 10 ma. The plate voltage
swing is therefore 340 — 200 volts/2, or 70
volts (it is necessary to divide by 2 because the
two values so obtained are the extremes of the
positive and negative — or ““up’’ and ““down”
— swings, while an alternating voltage is meas-
ured with respect to the zero point, which is
the operating point in this case). Similarly, the
plate current swing is 30 ma.-—10 ma./2, or
10 ma.

In the figure, if it is assumed that the grid
voltage is not to go beyond zero in the posi-
tive direction, the maximum grid voltage
swing from the bias of 40 volts would likewise
be 40 volts. It is evident that the maximum
total output voltage and current swings under
the assumed operating conditions would then
be 395 — 130 volts and 41 — 2 milliamperes.
The power output of the tube is then equal to
these two values multiplied together and
divided by 8, or
(Epmaz. - Epmt'n.) X (Ipmaz. - Ipmt'n.)

8
In our example, the power output would be
265 X .039/8, or 1.3 watts, approximately.
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Distortion — Harmonies
@ If the output wave shape is not an exact
reproduction of the signal applied to the grid-
cathode circuit, the wave-shape is said to be

distorted, as already described. It 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. The term ‘““harmonic” already has
been explained in Chapter Three. If the exciting
signal is a sine wave, the output wave, when
distortion is present, will consist of a funda-
mental plus second and higher harmonies. In
triode amplifiers the second harmonic is the
only one of importance.

It has been found by listening tests that the
presence of a second harmonic having an am-
plitude as high as 5%, of the fundamental am-
plitude is undetectable aurally. The greater the
harmonic content tolerable in the output, the
greater is the permissible voltage or power out-
put of the tube. For this reason triode power
amplifiers usually are given an output rating
based on the presence of a second harmonic
having 5% of the amplitude of the fundamen-
tal rather than on the lowest distortion
obtainable; commonly, the output is said to
have 59, distortion. This means that, con-
sidering Fig. 504-B, the load resistance and
grid swing are chosen so that a small part of
the curved portion of the characteristic is
used. Similarly, in Fig. 505 the up-voltage
swing along the load line may be smaller than
the down swing, the difference, if any, be-
tween these two values representing distortion.
If the up-swing (to the right along the load
line) is not less than 9/11ths of the down swing,
the distortion will not exceed 5%,

The load line shown in Fig. 505 represents
59, distortion, because with a peak grid swing
of 40 volts on cither side of the operating point,
the length of line BA is 11/9ths of line BC. As
the load resistance is increased by making the
slope of the load line less, line BC will approach
AB in length and the distortion decreases; con-
versely a lower load resistance than that shown
(greater slope to the load line) will give more
than 59, distortion.

Parallel and Push-pull Amplifiers

@ It is sometimes necessary to obtain more
power output than one tube is capable of
giving. To do this without going to a larger
tube structure, two or more tubes may be con-
nected in parallel, in which case the similar
elements in all tubes are connected together.
When this is done the power output will be in
proportion to the number of tubes used; the
exciting voltage required, however, is the same
as for one tube. Parallel operation of tubes
involves certain considerations which will be
considered more fully in later chapters. It is
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seldom that more than two tubes are connected
in parallel because of circuit considerations.
An increase in power output also can be
secured by connecting two tubes in push-pull,
in which the grids and plates of the two tubes
are connected to opposite ends of the circuit,
respectively. Parallel and push-pull operation
are illustrated in Fig. 506. A “balanced” cir-
cuit, in which the cathode returns are made to

E R 3

e UL
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FIG. 506 — PARALLEL”AND PUSH-PULL AMPLI-
FIER CONNECTIONS

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
negatlve The plate current of one tube there-
fore is rising while the plate current of the
other is falling, in the same way that the
motion of the familiar child’s “see-saw” is
distributed. Hence the name *‘ push-pull.”
The power output with two tubes in push-pull
is the same as with two tubes in parallel, as-
suming the same operating conditions, but
twice a8 much exciting voltage is required.
However, in push-pull operation the second-
harmonic distortion is cancelled in the symmet-
rical plate circuit, so that for the same output
the distortion will be less than with parallel
operation. It follows, of course, that for a given
degree of distortion, the push-pull amplifier
is therefore capable of delivering more power
than a parallel amplifier. Only odd harmonics
are present in the output of a push-pull am-
plifier, and since these harmonics are of small
amplltude with triode tubes, the power output
from a pair of tubes in push-pull can be made
considerably greater than with the same
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tubes in parallel before distortion becomes
objectionable.

Methods of Coupling

@ In multi-stage amplifiers a variety of cou-
pling methods may be used between stages.
Three fundamental forms of coupling are
shown in Fig. 507. That at A is known as
transformer coupling, because a transformer is
used to convey the signal from the output
circuit of the first tube to the input or grid
circuit of the second. The grid of the second
tube cannot be connected directly to the plate
of the first because of the wide difference in
their steady d.c. operating potentials. The
method shown at B is called resistance coupling;
the output voltage of the first tube is developed
across the resistor in its plate circuit and trans-
ferred to the grid of the second tube through
the coupling condenser C, appearing across the
resistor in the grid circuit of the second tube.
The third method, at C, is known as impedance
coupling because a choke coil is used as the
coupling element. There are many variations
of these three circuits. The iron-core trans-
former of A may be replaced by a tuned air-
core transformer in radio-frequency circuits,
the impedance and resistor in C may be inter-
changed, etc. Coupling methods will be con-
sidered fully in the following chapters.

YVoltage and Power Amplifiers

@ Amplifiers may be divided broadly into two
general types, those whose chief purpose is to
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FIG. 507 — METHODS OF COUPLING BETWEEN
AMPLIFIER TUBES
A, transformer coupling; B, resistance coupling, C,
impedance-resistance coupling.
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give a greatly magnified reproduction of the
input signal without regard to the power
delivered, and those which are intended to
deliver a relatively large amount of power
to a load (for example, a loud-speaker, in the
case of an audio amplifier, or an antenna, in
the case of a radio-frequency amplifier). The
former is known as a voltage amplifier, while
the latter is called a power amplifier.

Generally speaking, the last stage of any
amplifier, whether audio or radio, is a power
amplifier, since power is required for the oper-
ation of sound-reproducing devices and for the
excitation of antennas. Amplifier stages pre-
ceding the last may be either voltage or power
amplifiers, depending upon the purpose for
which the equipment is designed. In audio cir-
cuits, the power tube or output tube in the
last stage usually is especially designed to
deliver a considerable amount of audio power,
while requiring but negligible power from the
input or exciting signal. The power amplifica-
{ion — ratio of output power to power sup-
plied the grid circuit — is consequently very
high. Such tubes generally require a large grid
voltage swing for full power output, however,
so that the voltage amplification — ratio of
output voltage to signal voltage —is quite
low. Triode audio power amplifiers of this
type often will give a power amplification ratio
almost infinite, while the voltage amplification
ratio may be less than 3 to 1. To get the volt-
age swing required for the grid circuit of such
a power tube it becomes necessary to use
voltage amplifiers, employing tubes of high «
which will greatly increase the amplitude of
the signal. Although such tubes are capable
of relatively-high voltage output, the power
obtainable from them is small. Voltage ampli-
fiers are used in the radio-frequency stages
of receivers as well as in audio amplifiers.

As explained in the preceding sections, the
portion of the tube characteristic which can be
utilized for distortionless amplification is lim-
ited. In radio-frequency circuits, where the
input and output circuits are resonant, har-
monic distortion of the r.f. wave form often
can be neglected, since most of the harmonics
so generated are filtered out in the tuned cir-
cuits, with the result that the whole tube char-
acteristic can be used. This leads to increased
efficiency and higher power output for a given
tube capacity. To obtain high efficiency in the
plate circuit it is necessary that the grid be
driven positive during part of the exciting
signal cycle; during the time that the grid is
positive with respect to the cathode electrons
are attracted to the grid and a flow of grid cur-
rent results. This in turn requires that the

source of the exciting signal be capable of sup-
plying power. For this reason it is usually
found that all the amplifier stages in a trans-
mitter, where high efficiency and maximum
power output are desirable, are power stages.
The voltage amplification in such a case is
secondary. Certain types of high-efficiency
audio amplifiers to be discussed later also
require some power in the grid input circuit,
so that such amplifiers often will be preceded
by a smaller power amplifier.

Amplifier Classifications —
Class A 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. It is one of three funda-
mental types of amplifiers, the other two being
designated as Class B and Class C.

Certain operating conditions distinguish the
Class A amplifier from other types. As most
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 cur-
rent is constant both with and without an ex-
citing signal. The chief characteristics of the
Class A amplifier are low distortion, low power
output for a given size of tube, and a high
power-amplification ratio. The plate efficiency
— ratio of a.c. output power to steady d.c. in-
put power — is relatively low, being in the
vicinity of 20 to 35 percent at full output, de-
pending upon the design of the tube and the
operating conditions.

Specially designed tubes, capable of being
excited or driven by voltage amplifiers, are used
for Class-A power amplification. In general, a
relatively large signal is required to drive them
to full output, even though no power is consumed
in the grid circuit. It should be understood,
however, that any tube operated so that the
output signal is a distortionless reproduction
of the input signal, and whose operating con-
ditions are such that plate current flows during
the entire cycle of exciting grid voltage, is a
Class A amplifier, regardless of whether or not
grid current is drawn, and whether the tube
is used as a power or voltage amplifier.

Class-A Amplifiers of the power type find
their chief application as output amplifiers in
audio systems, operating loud speakers in radio
receivers and public-address systems, and as
modulators in radio telephone transmitters.
Class-A voltage amplifiers are found in the
stages preceding the power stage in the same
applications, and as radio-frequency amplifiers

in receivers.
« 57



The Radio Amateur’s Handbook . . . .+ . « .

Class-B Amplifiers
@® The Class-B amplifier is primarily one in
which the output current, or alternating com-
ponent of the plate current, is proportional to
the amplitude of the exciting grid voltage.
Since power is proportional to the square of the

PLATE CURRENT Jp

FIG. 508 —OPERATION OF THE CLASS-B AM-
PLIFIER

current, this can be put in another way by
saying that the power output of a Class-B
amplifier is proportional to the square of the
exciting grid voltage.

The distinguishing operating conditions of
Class-B service are 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. 508 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-
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, as indicated on
the drawing. Grid current flows, therefore, and
the driving source must be capable of furnish-
ing power to supply the grid losses.

Class-B amplifiers are characterized by
medium power output, medium plate effi-
ciency (50% to 60% at maximum signal)
and a moderate ratio of power amplification.

Class-B amplifiers 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
radio telephone transmitters after modulation
has taken place. For this service it is essential
that the output power be proportional to the
square of the excitation voltage, which varies
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at an audio-frequency rate. The tube can be
driven into the upper-bend region of its char-
acteristic, giving some flattening of the plate
current pulse at the top, but since the distor-
tion is only present in the radio-frequency
wave and not in the audio-frequency modula-
tion, it can be filtered out in the resonant plate
circuit.

In transmitters, Class-B r.f. amplifiers often
are used where a fairly high power gain is re-
quired even though it is not essential that the
amplification be linear. With the bias set to
cut-off the excitation requirements are not as
severe as with the high-efficiency Class-C
amplifier, now to be discussed.

Class-B Audio Amplifiers
® For audio-frequency amplification, two
tubes must be used to permit Class-B opera-
tion. It is apparent from Fig. 508 that al-
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FIG. 509 — THE CLASS-B AUDIO AMPLIFIER,

SHOWING HOW THE OUTPUTS OF THE TWO

TUBES ARE COMBINED TO GIVE DISTORTION-
LESS AMPLIFICATION

though the plate current pulses are of the same
shape as the positive signal swing, yet con-
siderable distortion at audio frequencies would
be introduced if only one-half of each cycle
were present in the output. For this reason a
second tube, working alternately with the
first, must be included in the amplifier circuit
so that both halves of the cycle will be present
in the output. A typical method of arranging
the tubes and circuit so that this end is achieved
is shown in Fig. 509. The circuit resembles that
of the push-pull Class-A amplifier; the differ-
ence liesin the method of operation. The signal
is fed to a transformer 7 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 T,
with a similarly-divided primary is connected
to the plates of the tubes, the plate voltage
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being fed in at the center-tap. 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 posi-
tive, Tube No. 2 draws plate current while
Tube No. 1 is idle. The corresponding voltages
induced in the halves of the primary of T, com-
bine in the secondary to produce an amplified
reproduction of the signal wave-shape with
negligible distortion. The Class-B amplifier is
capable of delivering much more power output,
for a given tube size, than is obtainable from
a Class-A amplifier. In contrast to the Class-A
amplifier with its steady plate current, the
average plate current drawn by the Class-B
audio amplifier is proportional to the amplitude
of the exciting voltage. Tubes most suitable for
Class-B audio service are generally those with
high u's, for reasons to be discussed in a later
chapter in connection with the design of Class-
B modulators. ’

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 alternating
component of the plate current is directly pro-
portional to the plate voltage. The output
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Fi1G. 510 — CLASS-C AMPLIFIER OPERATION

power is therefore proportional to the square
of the plate voltage. An amplifier so operated
is capable of being modulated linearly by plate
voltage variation, as will be described in Chap-
ter Eleven. Other characteristics inherent 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
excitation. As a result, plate current flows dur-
ing only a fraction of the positive excitation
cycle. The exciting signal should be of suffi-
cient amplitude to drivé the plate current to
the saturation point, as shown in Fig. 510.

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
largely eliminated by the filtering or flywheel
effect of the tuned output circuit.

Class-C amplifiers are used exclusively as
radio-frequency power amplifiers, since the
Class-C type of operation at present has no
audio-frequency application. Although requir-
ing 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 Classifications

@ Since the three fundamental amplifier clas-
sifications represent three distinct steps in the
operation of vacuum tubes, it naturally be-
comes possible to adopt a set of operating con-
ditions which partakes 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-AB amplifier is a push-pull
amplifier in which each tube operates during
more than half but less than all the exciting-
voltage cycle. Its 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 to as great an ex-
tent as in Class-B operation. The Class-AB
amplifier is also occasionally called Class-A
Prime.

The efficiency and output of the Class-AB
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.

Harmonic Generation

@ It has been stated that distortion is eéquiva-
lent to combining the original wave shape with
one or more harmonics of the fundamental
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frequency. Although harmonic generation is
undesirable in audio amplifiers, it has a very
important place in radio-frequency amplifica-
tion, as we shall see in the chapters on trans-
mitters. Hence it is advantageous in some
applications to adjust the tube operating condi-
tions so that the output wave shape is greatly
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FIG. 511 — TWO GENERAL TYPES OF OSCILLATOR
CIRCUITS

distorted. High input-signal amplitude or grid
swing and high negative bias are favorable to
the production of harmonics, as is evident from
study of Fig. 510 in comparison with Figs. 508
and 502. By proper choice of operating condi-
tions and tuning the output circuit to the de-
sired harmonic frequency, a vacuumtube may be
operated as a frequency doubler or frequency
tripler, etc. Harmonics cannot be generated at
frequencies below the fundamental but always
occur at higher frequencies.

Generating Radio Frequency Power —
Oscillators

@ Because 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.
Typieal circuits for this condition arc shown
in Fig. 511. In A the feed-back coupling be-
tween the grid and plate circuits is inductive
(by means of coils), while in I3 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 deterwmined jointly by L,Cy
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and L.Cs. To insure the proper phase relation-
ship between plate and grid voltage, with the
inductive feed-back of A the grid and plate
should be connected to the opposite ends of the
plate and grid coils when these coils are wound
in the same direction, while in the arrangement
of B the plate circuit should be tuned to a
slightly higher resonant frequency than the
grid circuit (plate circuit reactance inductive
with respect to the grid circuit). At the high
radio frequencies used in amateur work the
inherent 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.
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512 — DETECTOR CIRCUITS OF
TYPES
A, plate detection; B, grid detection; C, Regenera-
tive grid detection.

FIG. THREE

There are many other arrangements of os-
cillator circuits but all utilize either the induc-
tive or capacitive feed-back typified in the
two shown here. Several of these other types
are treated in Chapter Eight. A special type
of oscillator of exceptional frequency stability
is the piezo-electric or crystal-controlled type.
Most commonly it resembles the tuned-grid
tuned-plate circuit of B with the exception
that the tuned grid circuit is replaced by a
plate of quartz erystal mounted between metal
electrodes. This crystal acts like a tuned cir-
cuit, its electrical equivalent being shown in
Chapter Four.

Power type oscillators and amplifiers are
used in combination in radio transmitters, both
for radiotelegraphy and radiotelephony, and
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later chapters will describe practical aspects of
these applications.

Detection

@ Since the frequencies used in radio transmis-
sion are much higher than those audible to the
ear, it is necessary to provide a means for mak-
ing the signals intelligible. The process for
doing thisis called detection or demodulation —
the latter because the modulation envelope is
in effect detached from the carrier wave and
made audible. Taking the case of a modulated
wave, such as a radiotelephone transmission,
we find there are three ways of operating tubes
to perform the function of demodulation. All
are essentially the process of rectification, 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 circuit or plate
circuit.

Plate Detectors
@ The circuit arrangement of a typical plate
detector isshown at A of Fig. 512. Its operating
characteristics are illustrated at A of Fig. 513.
The circuit L;C) is tuned to resonanace with the
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radio frequency and the voltage developed
across it is applied between the grid and
cathode in series with the grid-bias battery. A
telephone headset (or the primary of a trans-
former feeding an audio amplifier) is connected
in the plate circuit, a small fixed condenser
being connected across the plate load to by-
pass radio frequency. As shown at A in Fig.
513, 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 modulated
signal as shown there will he a variation in
plate current conforming to the average value
of the positive half-cycles of radio frequency.
This variation corresponds to the envelope,
representing an audio-frequency current 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 diaphragms
vibrate in accordance with it to give a repro-
duction of the modulation put on the signal
at the transmitter.

Itisapparent from the drawing that a carrier
signal will cause an increase in the average
plate current.

This type of detection is called plate detec-
tion because the rectification takes place in the
plate circuit after radio-frequency amplifica-
tion from grid to plate.

Grid Detectors

@®The circuit arrangement of a triode used as a
grid detector (also called grid leak detector) is
shown in B of Fig. 512. Here again we have an
input circuit tuned to the frequency of the
radio wave and connected so that the r.f. volt-
age developed across it is applied between the
grid and cathode. However, there is no fixed
negative grid bias, as in the case of the plate
detector, but instead a small fixed condenser
(grid condenser) and resistor of high value
(grid leak) in parallel are connected between
tuned circuit and grid. The plate circuit con-
nections are 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 voltage
applied to the grid swings it alternately posi-
tive and negative about the operating point.
The grid attracts electrons fron the cathode,
the consequent grid current increasing nore
during the positive half cycles than it decreases
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 variations in
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plate current which are reproduced in the
'phones. In contrast to plate detection, with
grid detection the rectification takes place in
the grid circuit and there is audio-frequency
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514 — AN ELEMENTARY SUPERREGENERA-
TIVE CIRCUIT

FIG.

amplification to the plate circuit. With grid
rectification as shown, the increase in grid cur-
rent when a carrier signal is applied causes an
increasein grid voltage in the negative direction,
consequently the average plate current of the
grid detector decreases when a signal is applied.

Grid detection is generally used in amateur
receivers of limited r.f. amplification because
grid detectors are capable of greater sensitivity
for small signals than plate detectors, using
similar tubes. Plate detection is nore com-
monly used where detector sensitivity is of
minor importance, since a larger signal can be
handled with less distortion than with grid
detection.

Regenerative Deteetors

@ 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. 512, and
re-amplified a number of times. This regenera-
lion gives a tremendous increase in detector
sensitivity and is used in most amateur re-
ceivers. If the regeneration is sufficiently great
the circuit will break into oscillation, which
would be expected since the circuit arrange-
ment is almost identical with that of the os-
cillator shown in Fig. 507-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
controlling regeneration are described in Chap-
ter Six.

Superregeneration

@ The limit to which regenerative amplifica-
tion can be carried is the point at which the
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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 detector is similar to the
ordinary regenerative type but with a com-
paratively low, but 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 relatively
tremendous proportions, and the superre-
generative detector therefore is extremely
sensitive. An elementary form of superregener-
ative circuit is shown in IFig. 514.

Superregeneration is relatively difficult to
attain at ordinary frequencies, and does not
possess the property of discriminating between
signals of different frequencies characteristic
of other types of detectors—in other words, the
selectivity is poor. For this reason the super-
regenerative circuit finds its chief field in the
reception of ultra-high-frequency signals, for
which purpose it has proved to be eminently
successful.

Multi-Element Tubes

@ So far only tubes with two and three ele-
ments have been considered. Other elements
may be added to the structure to make a tube
particularly suitable for certain specialized ap-
plications; likewise two or more sets of ele-
ments 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 called
tetrodes, while if a fifth element is added the
tube is known as a pentode. Many element
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combinations and structures become possible
as the number of electrodes is increased, but
only a few have practical applications. Of the
possible four-element arrangements, the only
one in general use is that known as the screen-
grid type.

Sereen-Grid Tetrodes

® In the section on tube oscillators it was ex-
plained that oscillations could be sustained
through transfer of energy from the plate to
the grid through the electrostatic capacity
existing between plate and grid, the circuit of
Fig. 511-B being used as an illustration. This
circuit without the feed-back condenser is
exactly the one we would want to use 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 fre-
quency. However, the grid-plate capacity of
the triode returns so much energy to the grid
circuit from the plate that it is impossible to
prevent the tube from oscillating. Conse-
quently a triode cannot be used as an amplifier
at radio frequencies without the use of special
circuits. These are not very satisfactory when
a considerable frequency range is to be covered,
as in a receiver.

If a second grid, made in the form of an
electrostatic shield between the control grid
and plate, is added to the tube the grid-plate
capacity can be reduced to a value which will
not permit oscillations to occur. The screen
grid, as it is called, has a definite effect on the
characteristics of the tube. It increases the
amplification factor and plate resistance of the
tube to values much higher than are attain-
able in triodes of practicable construction, al-
though the mutual conductance is about the
same as that of an equivalent triode. The
screen grid is ordinarily operated at a positive
potential about one-third of less 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. A typical screen-grid receiving
amplifier is shown in Fig. 515.

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. It
has very little application in audio-frequency
amplifiers, however.

Pentodes
® The addition of the screen grid in the tet-
rode causes an undesirable effect which limits
the usefulness of the tube. Electrons striking
the plate at high speeds dislodge other elec-

trons which ‘‘splash” from the plate, this
phenomenon being known as seconddry emis-
ston. In the triode, ordinarily operated with the
grid negative with respect to cathode, these
secondary electrons are repelled back into the
plate and cause no disturbance. In the screen-
grid tube, however, the positively charged
screen grid attracts the secondary electrons,
causing a reverse current to flow between
screen and plate. The effect is particularly
marked when the plate and screen potentials
are nearly equal, which may be the case during
part of the a.c. cycle when the tube is deliver-
ing high output voltage.

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

Pentode-type screen-grid tubes are used as
radio-frequency voltage amplifiers, and in addi-
tion can be used as audio-frequency voltage
amplifiers to give high voltage gain per stage,
since the pentode resembles the tetrode in hav-
ing a high amplification factor. Pentode tubes
also are suitable as audio-frequency power
amplifiers, having greater plate efficiency than
triodes and requiring less grid swing for maxi-
mum output. The latter quality can be indi-
cated in another way by saying that the power
sensitivity—ratio of power output to grid swing
causing it—is higher. In audio power pentodes
the function of the screen-grid is chiefly that of
accelerating the electron flow rather than
shielding, so that the grid often is called the
accelerator grid. In radio-frequency voltage
amplifiers the suppressor grid, in eliminating
the secondary emission, makes it possible to
operate the tube with the plate voltage as low
as the sereen voltage, which cannot be done
with tetrodes.

As audio-frequency power amplifiers pen-
todes have inherently greater distortion (prin-
cipally odd-harmonic distortion) than triodes.
The output rating usually is based on a total
distortion of 10%,.

Multi-Purpose Types
® A great many types of tubes have been
developed to do special work in receiving cir-
cuits. Among the simplest of these are full-
wave rectifiers, combining two separate diodes
of the power type in one bulb, and twin-triodes,
consisting of two triodes in one bulb for Class-
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B audio amplification. To add the functions of
diode detection and automatic volume control
—described in Chapter Six—to that of am-
plification, a number of types are made in
which two small diode plates are placed near
the cathode, but not in the amplifier-portion
structure. These types are known as duplex-
diode triodes, or duplex-diode pentodes, de-
pending upon the type of amplifier section in-
corporated.

Another type is the pentagrid converter, a
special tube working as both oscillator and
first detector in superheterodyne receivers.
There are five grids between cathode and
plate in the pentagrid converter; 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 econtrol grid from all
other tube elements. The pentagrid converter
eliminates the need for special coupling be-
tween the oscillator and detector circuits.

Another type of tube consists of a triode and
pentode in one bulb, for use in cases where the
oscillator and first detector are preferably
separately coupled; while still another typeis a
pentode with a separate grid for connection to
an external oscillator circuit. This ‘“injection”’
grid provides a means for introducing the os-
cillator voltage into the detector eircuit by
electronic means.

Receiving screen-grid tetrodes and screen-
grid pentodes for radio-frequency voltage ain-
plification are made in two types, known as
‘““sharp cut-off” and ‘‘variable-x’’ or ‘‘super-
control” types. In the sharp cut-off type the
amplification factor is practically constant re-
gardless of grid bias, while in the variable-u
type the amplification factor decreases as the
negative bias is increased. The purpose 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 frequencies near that of the desired
station 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-x type of
tube is a poor detector in circuits used for r.f.
amplification, hence cross-modulation is re-
duced by its use.

Receiving Tubes — Types of Cathodes

@® In the practical construction of receiving
tubes there are two types of envelopes or ‘“en-
closures”, glass and metal. Glass bulbs have
been the rule since the early days of tube
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manufacture; recently, however, welded metal
envelopes have been introduced. The metal
envelope can be utilized to act as an electro-
static shield for the tube elements.

Receiving tubes can be divided into groups
according to the type of cathode used. Cathodes
have been the subject of much research and
development, so it is but natural to find that
several tube types more or less duplicate each
other except for the type of cathode.

Cathodes 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. In
modern receiving tube types, directly-heated
cathodes are confined to audio power-output
tubes, power rectifiers and the groups intended
for operation from dry-cell batteries, where
economy of filament current is highly im-
portant.

When directly-heated cathodes are operated
on alternating current, the cyclic variation of
current causcs electrostatic and magnetic ef-
fects which vary the plate current of the tube
at supply-frcquency rate and thus produce
hum in the output. Even though the hum can
be reduced considerably by proper circuit de-
sign, it is still too high in level to be tolerated
in multi-tube amplifiers, since the hum ap-
pearing at the first tube is amplified through
the whole set. Hum from this source is elimi-
nated by the indirectly-heated cathode, con-
sisting of a thin metal sleeve or thimble, coated
with electron-emitting material, enclosing a
tungsten wire which acts as a heater. The
heater brings the cathode thimble to the proper
temperature to cause electron emission. This
type of cathode is also known as the equipoten-
tial cathode, since all parts are at the same
potential. The cathode ordinarily is not con-
nected to the heater inside the tube, the
terminals of the two parts being brought out to
separate base pins.

The first receiving tube filaments were in-
tended to be operated from a six-volt storage
battery through a rheostat, hence we find them
designed for a terminal voltage of five volts
d.c. These and a few early dry-battery types
have now been superceded. The first tubes for
a.c. heating of the cathodes were designed for
2.5 volts; a very large number of tubes having
this cathode voltage are available, some di-
rectly and some indirectly heated. When auto
radio sets first became popular, a new series of
tubes designed for operation at 6.3 volts was
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made available. The present tendency is to
make all receiving tubes except dry-battery
types operate at this cathode voltage. The
battery series operates with a terminal voltage
of two volts.

In addition to grouping by cathode voltages,
it is also necessary to make some distinction
between older and newer types of 2.5-volt tubes
according to the heater current consumed, and
also to differentiate between glass and metal
tubes. In each series will be found general-
purpose triodes, sharp cut-off screen grid tubes,
variable-u screen grid tubes, power amplifiers
of the triode or pentode type, and special pur-
pose tubes. There are also rectifier tubes for
the power supply. The logical groupings of
tubes are given in the form of tables with the
essential characteristics and operating condi-
tions of each type.

Ratings and Characteristics

@ The tables give maximum ratings for the
various types of tubes listed. In the interests of
long tube life, filament or heater voltages
should be maintained as nearly as possible at
the rating given (variations not more than 59,
either above or below rated voltage) and the
maximum plate-supply voltage indicated
should not be exceeded. It is important, of
course, that the tube be operated with the
proper negative bias, as indicated by the tables,
applied to the grid. Methods of obtaining bias
will be treated in the chapters on receiver and
transmitter design.

The important characteristics of the tubes,
such as amplification factor, mutual conduc-
tance, etc., also are given. In addition, the
inter-electrode capacitances are listed in the
tables of transmitting tubes. Since transmit-
ting tubes often are large in physical structure,
these capacities can be quite high with 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 between grid and eathode (input ca-
pacity), grid and plate, and plate and cathode
(output capacity). Input and output capa-
cities of receiving tubes usually are quite
small —a few micromicrofarads for most
tubes.

Base Connections and Pin Numbering
@ Excepting the metal tubes, bases will be
found to have from four to seven pins for ele-
ment connections. In all except the five-prong
type, the two cathode pins are heavier than the
others, making them readily distinguishable.
The pins are numbered according to the fol-

lowing 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 num-
bered consecutively in the clockwise direction,
ending with the right-hand cathode pin. The
metal tubes all have 8-pin bases — only those
pins needed for connections being actually
molded into the base, however — conse-
quently a single type of socket will handle any

2

FIG. 516 — TUBE-BASE P'IN NUMBERING SYSTEM

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

tube of the metal series. The base and pin-
numbering diagrams are shown in Fig. 516.
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

FIG. 518 — BASE DIAGRAMS OF METAL RECEIV-
ING TUBES
Legends have the same significance as in Fig. 517
with the addition of SH, shield; the shield is the metal
envelope of the tubae, in all cases connected to pin No.
1. Views are of bottoms of tube bases or sockets.
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TABLE I—6. 3 VOLT GLASS RECEIVING TUBES

' | | | | M | I | |
| Socket | Fil. or Heater | Plate Screen Plate . utes Load | Powe
Type | Name Base 4 | Connec- | Cathode | —————| Use Supply Grid | Scree " Current | Current | Plate Resist- | Conduct- | Resistance| Ou(pu’t Type
Bi Vol | h F
| tions1 | Volts | A [ olts ias ts M. M. | once, ms ance aclor Ohms att
, io o ! mps| | | | | Micromhos [ * |
| | 1 ' 100 | —-6.5 | 100 1.6 9.0 83250 1200 100 11000 0.31 | 6A4
6A43 Pen(ode Power Amplifier | S-pin M. F Fil. -3 | 0.3 | Class-A Amplifier - 180 | —19. 0‘ 180 | 3.9 | 29.0 | 45500 _l_ 2900 100 8000 1.40 |
6A6 | Twin Triode Amplifier l 7-pin M. T | Hew | Class-B Amplifier | 250 o | _ | _ Power output is for one tube at stated 8000 | 8.0 |6A6
{ | | [ 300 | O load, plate-to-plate 10000 [10.0
| ' — - — — — —
6AT | Pentagrid Converter l 7-pin S. P | Htr. 6.3 | 0.3 | Converter 250 | —3.0 | 100 i 2.2 | 3.5 360000 | Anode grid (No. 2) 200 volts max., | 6A7
| | | min. : 0 ma. Grid Ieal: SOOOO ohms
Class-A Amplifier 300 [ 1 65 l 45 24100 2400 58 | 7000 4.0 l
6B5 | Special Power Amplifier 6-pin M. Y Hy. | 6.3 | 0.8 |- — [ { 6BS
| : Push-Pull Amplifier 400 | —13 4.55 [ 40 —_— — | — | 10000 20
Pentode RF. Amplifier| 250 | —3.0 | 125 | 2.3 | 9.0 | 650000 | 1125 | 730 | — | —
6B7 | Duplex-Diode Pentode 7-pin S. Q Hetr. 6.3 | 0.3 [— — 6B7
Pentode A.F. Amplifier; 250 | —4.5 | SO — 0.65 —_— | — — | - | |
’ Sagon-Grid RF. 20 | =3.0| 100 | 0.5 | 2.0 | excends i 1225 exceedsl — | —
q . mplifier 1.5 meg. 1500
6Co | Tiele-Grid Detector 6pinS. | J | Hu |63 03| — —_— | ——L— [ eCe
Bias Detector 250 | —1 .95] 50 | Cathode current _ | Plate coupling resistor
| 65 ma. 250000 ohms
- ) f—— S
Screen-Grid R.F. 250 l —-3.0 l 100 2.0 8.2 800000 | 1600 1280 — —
6D6 | Triple-Grid Variable-u 6-pin S. J Htr. 6.3 | 0.3 Amplifier a ' D6
Amplifier : | — S - 1
Mixer 250 —10 0| 100 -_ — _— l Oscillator pesk volts=7.0
6E5 | Electron Ray Tube 6-pin S. Y4 Htr. 6.3 | 0.3 | Indicator Tube 200 0 — - 0.2 Target Current 4.0 ma. —
. 250 [ - - 0.25 Target Current 4.5 ma. — 6ES
Triode Unit Amplifier 100 [ -3.0 | — -— 3.5 17800 450 8 — -_—
6F7 | Triode Pentode 7-pin S. w Her. 6.3 | 0.3 |Pentode Unit Amplifiery 250 [ —3.0 | 100 | 1.5 6.5 850000 1100 900 | ' 6F7
Pentode Unit Mixer 250 | —10.0, 100 | 0.6 9.8 Oscillator peak volts=17.0 ‘ -—
Screen-Grid R.F. 100 | —1.5 55 = 1.8 550000 850 470
Amplifier 180 | —3.0 90 —_ 3.1 gggggg 1838 ggg —— —
250 | —3.0 90 1.7 3.2 1
36 | Tetrode R.F. Amplifier 5-pin S. | Hy, (6.3 [ 0.3 | — - - L |——] 36
Bias Detector 100 | —-5.0 55 —_ Plate Current to be adjusted to —_
250 | —8.0 90 — 0.1 ma. with no sigml —
90 | —6.0 2.5 11500 800 9.2
Class-A Amplifier 180 | —13.5[ — — 4.3 1224% 1?(0)8 g g — -—
250 | —18.0 1.5 37
37 | Triode Detector Amplifier | .S-pin S. H He. | 6.3 | 0.3 S -
| Bias Detector 90 | —10.0| — — Plate Cunenl to be ad;us(ed to —_
| | 250 | —28.0 0.2 ma. with no signal
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TABLE 1— Continued

H I T T 1
| Socket Fil. or Heater I Plne | Grid Sc | Screen lote Plste R | CMI:;“.' N Load Power |
Type Name Baset | Connec- | Cathode I Use ply | B" ’“" Cunen!!(unen!l ste 6;": onduct- | f MP- | Resistance| Output | Type

tions 1 Volts | Amps \/’ jts | Bies | ance, Ohms | ance | Factor | "Qpms™ | Watts
| | I | Micromhos| |
| . | 100 -9.0| 100 | 1.2 i 7.0 | 140000 875 [ 120 | 15000 0.27
38 ' Pentode Power Amplifier S-pin S. 2 Htr. 6.3 ' 0:3 | Class-A Amplifier 180 |-18.0| 180 | 2.4 |14.0 115000 1050 ] 120 | 11600 ’ 1.00 | 38
250 |—25.0 250 3.8 | 22.0 100000 1200 120 | 10000 2.50 |
T | | | 1 ! |
39 | Verisblo.u RE. Amplifir |5.0ins | 12 | Hu | 6.3 | 0.3 |ScreenGridRF. ’ 15 | =30 30| 14 ; % ’ 750000 | 1000 l 2ol — ; — | 3
44 | Pentode Amplifier 950 | ™. | 90 | 1.4 | 5.8 | 1000000 | 1050 | 1050 =
100 | -7.0| 100 | 1.6 | 9.0 | 103500 | 1450 | 150 | 12000 l 0.33 |
41 | Pentode Power Amplifier | 6-pin S. M2 Hu. | 6.3 | 0.4 | Class-A Amplifier 180 [—13.5 180 | 3.0 |18.5 81000 1850 150 | 9000 | 1.50 | 41
| 250 |—18.0 250 | 5.5 | 32.0 68000 92200 | 150 7600 | 3.40
! S | |
42 | Pentode Power Amplifier | 6-pinM.| M2 | Hi. | 6.3 | 0.7 | Class-A Amplifir | 250 |—16.5| 250 | 6.5 |34.0 | 100000 ; 92900 ’ 290 | 7000 | 3.0 | 42
75 [ Duplex-Diode High-x Triode| 6-pin S. K He. | 6.3 | 0.3 lTriode Amplifier | 250 |-1.35| — — | 0.4 —_— —_ I - —_ — | 75
' | Closs-A Amplifir | 250 ~13.5 — — | 5.0 | 9500 | 1450 | 13.8 | —— | — |
76 | Triode Detector Amplifier | S-pin S. H Hetr. 6.3 | 0.3 R S E— S S 76
I Bias Dehc(or [ 250 |—20.0 Plste current to be adjusted to 0.2 mas. with no signal [
[ |Screen-GndRF | 100 | =1.5| 60| 0.4 | 1.7 | esoo00 | 1100 | 715 ‘
77 ’TripA,e-Grid Detector: 6-pin S. J Htr. 6.3 { 0.3 Amplifier 250 | —3.0 100 | 0.5 2.3 1500000 1250 1500 77
mplifier _ j _
Biu Detector 250 |—1. 95 | Cothode cunent= 0 65 ma.  Plate coupling resistor 250000 ohms |
- : - e - -
[ l 1.3 | 6.4 315000 1275 400 | |
78 Tnple-Gnd Varieble-u 6-pin S. J Htr. 6.3 | 0.3 | Screen-Grid R.F. 180 -3.0 75 I 1.0 4.0 1000000 1100 1100 '
mplifier Amplifier 250 min. | 100 1.7 7.Q 800000 1450 1160 —_— — 78
_ | 195 195 | 2.6 (105 | 600000 | 1650 - | 990
79 | Twin Triode Amplifier . 6-pin S. (o] Htr. 6.3 | 0.6 | Class-B Amplifier 180 1] ' Power output is for one tube 7000 | 5.5 | 719
| 250 1] ot steted load, plate-to-plate 14000 | 8.0 |
| — T
Triode Unit as Class-A 135 0. 5 I 3.7 11000 750 8.3 25000 | 0.075|
85 | Duplex Diode Triode 6-pin S. K Hey. | 6.3 | 0.3 mplifier 180 ‘ -13.5| — — | 6.0 8500 | 975 8.3 | 20000 | 0.160 85
! [ 250 |-g00| | | 8.0 7500 | 1100 | 8.3 | 20000 | 0.350
l Class-A Triode 160 —20.0 17.0 | 3300 | 1495 4.7 [ 7000 0.300
| | Amplifier® 180 |—22.5 — == 20.0 l 3000 1550 ’ 4.7 6500 0.400
' 250 —31.0 | 32.0 2600 1800 4.7 ] §500 | 0.900
89 | Triple-Grid Power Amplifier | 6-pin S. L | He. | 6.3 | 0.4 Class-A Pentode | 100 |-10.0 100 [ 1.6 9.5 104000 | 1200 | 125 | 10700 | 0.33 | .o
Amplifier? 180 |—18.0| 180 3.0 ’ 20.0 ’ 80000 1550 125 l 8000 1.50
250 |—925.0| 250 5.5 |32.0 70000 1800 1925 6750 3.40 f
| Class-B Triode | 180 i 0o | — Power output is for 2 tubes 13600 | 2.50
| Amplifiers at stated load, plate-to-plate ’ 9400 | 3.50

’ Re‘ev to Fig. 517.

of

grid, ted to

d

bne dugum

inside tube, not shown <')n

3 Also known as Type LA.

45.—small;

M.—medium.

5 Current to input plate (P1).

6 Grids Nos. 2 and 3 connected to plate.

7 Grid No.

ri 2, screen; grid

No. 3, suppressor.

& Grids Nos. 1 and 2 tied logeﬂ\m; grid No. 3 connected to plnle
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TABLE It —2.5-VOLT RECEIVING TUBES

=T — '
Socket Fil. or Heater Plate l Screen | Plate . Mutusl toad | Power |
Type Name Base3 | Connec- | Cathode Use \fply (gl' :f %:I;" Current | Current :Il‘:: R':::; c‘:’:i:d' FA":'g’ st Output | Type
tions ! Volts | Amps | a. | Ma. 4 Micromhos Ohms | Watts
= ]
] e - g | Cless-A Amplifier 250 | —45 | — | — |60.0 900 | ses0 | 4.2| 9500 | 3.5
2A3 | Triode Power Amplifier 4-pin M. & Fit. EED | 630 | Push Pull Amplifier 300 | —62 Self-Bias 40.0 Power Qutput for 2 tubes 5000 (10.0. 2A3
[ 300 | —62 Fixed-Bias | 40.0 Load Plate-to-Plate 3000 |15.0
2AS | Pentode Power Amplifier é-pin M. M2 Htr. 2.5 | 1.75 Class-A Amplifier 250 | —16.5 250 | 6.5 | 34.0 100000 2200 220 7000 3.0 | 2AS
2A6 | Duplex-Diode High-u Triode| 6-pin S. K He. | 2.5 | 0.8 | Eiodc as Class-Aim_p. 250 | —1.35| — | — 0.4 _ Gain per stage=50-60 | 2A6
2AT |Pentagrid Converter 7-pin S. P Htr. | 2.5 Converter 9250 | —3.0 | 100 | 2.2 3.5 360000 Anodc grid (No. 2) 200 max. volts, 9AT
| min. 4.0 ma. Grid l“l(, 50000 ohms
2B6 | Special Power Amplifier | 7-pin M.| BB Htr, 2.5 | 2.25 Am.plificr B 950 | —24.0 — | — | 40.0 5150 | 3500 18.0 5000 | 4.0 286
Pentode R.F. 100 | —3.0 | 100 1.7 5.8 300000 950 9285
287 | Duplex-Diode Pentode TpinS. | Q He. | 2.5 | 0.8 | Amplifier 250 |—3.0| 125 | 2.3 | 9.0 | 650000 | 1125 | 730 287
Pentode A.F. Amphfm 250 | —4.5 50 | — 0.65 | —_— —_— | _ —
“Screen-Grid R.F. 180 [-3.0| 90 1.7 | 4.0 | 400000 | 1000 | 400 | ___ |
24-A | Tetrode R.F. Amplifier S-pin M. | | He. | 2.5 | 1.75]  Amplifier 250 | —3.0| 90| 1.7 | 4.0 | 600000 | 1050 | 630 | 1 24.A
B_in Delilor 250 —io 20 Plate current adjusted to 0.1 ma. with no signal
Class-A Amplifier 135 | -9.0| _ | __ | 4.5 9000 1000 9.0 ‘
27 | Triode Detector-Amplifier | 5-pin M. H Ht. | 2.5 | 1.75 | 250 | -21.0 5.2 9250 915 | 9.0 27
) Bias Dal_odior_r . iﬁ} -30.0| — Plala  current adjusted to 0. 0. 2 ma. with no ugml_
35 | Variable-u Tetrode R.F. S-pin M. I Htr. 2.5 | 1.75 Screen-Grid R.F. 180 | -3.0 | 90 | 2.5 6.3 300000 1020 305 35
An_lplifiar_ Amplifier 250 | min. | 90 | 2.5 6.5 400000 1050 | 420 | ]
180 | —31.5/ 180 31.0 1650 2125 3.5 2700 | 0.8¢2
45 | Triode Power Amplifier 4.pin M. A Fil. 2.5 | 1.5 | Class-A Amplifier 950 | —~50.0 250 | — | 34.0 1610 2175 3.5 3900 | 1.60 | 45
| e 275 | —56.0/ 275 36.0 1700 2050_ 3.5 4600 1_2_-2
| Class-A Amplifier 950 | -33.00 — | — | 922.0 2380 | 9350 5.6 | 6400  1.95 |
. " . ’ —— | = —— |- [
46 | Dual-Grid Power Amplifier | 5-pin M. G Fil. 2.5 | 1.75 Class.B Amplifier5 300 0 R Power oulpul for 2 tubes at 5200 ‘ 16.0 46
R B B ‘ | 400 [} i stated load, plale-lo-pla(e | 5800 |20.0 '
47 | Pentode Power Amplifier i | S5-pin M. F Fil. 2.5 | 1.75 Class-A Amplifier 250 | —16.5 250 | 6.0 | 31.0 I 60000 | 2500 | 150 7000 | 2.7 ) 47
53 | Twin Triode Amplifier 1-pm M. ‘ T Htr. 2.5 | 2.0 I Class-B Amplifier 250 1] R Power oufpul for 1 tube at 8000 & 8.0 53
300 /] sl‘aled |oai plate-to-plate | 10000 |10.0 1
Tnoda Unll as Class-A | 135 | —10.5 3.7 11000 750 8.3 925000 | 0.075|
55 | Duplex-Diode Triode I 6-pin S. K Htr, 2.5 [ 1.0 l Amplifier 180 | —13.5| — | — 6.0 8500 975 8.3 | 20000 | 0.160 55
- 250 | —20.0 8.0 7500 1100 B 8.3 20000 0-350'|
| | Clas-A Amplifer | 950 | ~13.5 — | — | 5.0 | 9500 | 1450 | 13.8 —
56 | Triode Amplifier, Detect -pin S. Htr. o .0 TS S— 1)
Han e" etector | H | H o 2541 | Bia Bias Detector 950 | —20.0/ — Plate current ad;usled to 0. 2 ma. . with rith no signal _‘
X X Screen-Grid R.F. 250 [ —3.0 | 100 | 0.5 | 2.0 exceeds | 1995 ]ex:eedsi ! —
57 TnpAl'an-Sir;:i’Deleclor 6-pinS. ) He. | 2.5 | 1.0 | Amplifier 1.5 meg. | | 1500 | i _| 57
- | ‘Bias Detector 9250 | —1.95 SO Calhoda current = 0. .65 ma. | Plate resistor = 250000 oh_ms_ -
58 | Triple-G.rid Variable-x | 6-pin S. J Htr. 2.5 | 1.0 Scraen-GndR F. Amp 950 | —3.0 100 2. 0 l 8 2 800000 | 1600 : 1280 — | s3
| Amplifier IMuer 250 l —10 0 100 L — —_ Os¢:|||alor or peak volts=7.0
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TABLE Hl —2.5-VOLT RECEIVING TUBES

— — — —_— — : -
1 Clm A Triode® 250 | -928.0 — — [ — [0 zaoo | 2600 | 601 5000 1.9
~ g o =l 2
59 TviplQ-G.vi.d Power 7-pin M. N Htr. 9.5 l c|a$$-A Pen(ode I 250 | —IB 0[ 250 9.0 | 35.0 40000 a 7250;0 10(1_| _6000 | 3.70< 59
Amplifier Class-B Triode 8 300 i ] Powev output for 2 tubes at 4600 [15.0
| 400 | 0 | - - stated load, plate-to-plate 6000 (920.0
‘ Refev to Fig. 517. 3§,—small; M.—medium. 8Gnds Nos. 2 and 3 connected to plate.
grid,’ cted to cathode inside tube, not shown on 4 Grid No. 2 tied to plate. rid No. 2, screen; grid No. 3, suppressor.
bcse diagram. 5 Grids Nos. 1 and 2 tied together. 8 Grids Nos. 1 and 2 tied together; grid No. 3 connected to plate
TABLE 11 —METAL RECEIVING TUBES
Socket Fil. or HOI"’? I Plate Grid ISc | Screen | Plate Plate Resi cMudhul A Load Power
Type Name Base2 | Connec- | Cathode Use Supply " re2h Current | Current | | oo s onduct- P | Resistance Outpul Type
Som 1 \)’ Bias | Volts ance, Ohms ance Factor
ions | Volts | Amps | Ma. | Ma. B | © Ohms | Watts
6A8" | Pentagrid Converter 8-pin O. B8 Htr. 6.3 | 0.3 | Converter. 250 | —-3.0| 100 | 3.2 3.3. Anode-gnd {No. 2) 250 volts max. (hm 20,000- 6AS8
min, ohm dvopplng resistor, 4.0 ma.
Class-A Amplifi 250 | —8. — —_— .0 10000 e T 0
6C5 | Triode Detector Amplifier | 6-pin O.| C Hr. | 6.3 |03 | e 50 i 2000 ? I ' | &C5
Bias Detector 250 | —=17.0) — | — Plate current ad;us!ed to 0.2 ma. with no sngnal
6F5 | High-x Triode 5.pin O. D Ht. | 6.3 | 0.3 |Class-A Amplifier 250 | —-1.3 | — | — (0.2 to' 66000 | 1500 100 [ 0.25 to 6F5
| ) 0.4 | | 1.0 meg.
| Class-A Pentode 250 |—16.5 950 | 6.5 | 34 80000 | 2500 | 200 | 7000 | 3.0
| 315 | —29.0| 315 8.0 42 75000 | 2650 | <200 | 7000 | 5.0
| )
. Class-A Triode ? 950 [-90 | — | — | = 2600 | 2700 | 7.0 | 4000 | 0.85 ,' .
6F6 | Pentode Power Amplifier | 7-pin O. E He. [ 6.3 0.7 |— ! e —
[ Push-PullClass-ABAmp. P ¢ b
Pentode Connection| 375 | —26 | 250 | 2.54]17¢ °w°:"i"'5"' |°' 2 tu T’ at l
{ Triode Connection3 | 350 .| —38 | — | — | gg.54|  sttedload, plate-to-plate 18|
6H6 | Twin Diode 7-pin O. F Htr. 6.3 l 0.3 | Rectifier Max. a.c. voltage per plate =100 r.m.s. Max. output current 2.0 ma. d.c. 6H6
S _ : ' . -
: Screen-Grid R.F. 250 | -3.0 ' 100 | 0.5 2.0 exceeds 1225 onceeds _— —_
6J7 Tnplo—Gnd Detector 7-pin O. G Htr. 6.3 | 0.3 Amplifier | 1.5 meg. I | 1500 | | | 67
mplifier |
} Bias Detector 250 | —4.3 I 100 Cathode current 0.43 ma. — == 0.5 meg.: — |
Screen-Grid R.F. 250 | —3.0 | 125 2.6 | 10.5 | 600000 1650 ‘ 990 — —
6K7 | Triple-Grid Variable-x 7-pin O. G Hy. | 6.3 | 0.3 Amplifier | | 6K7
Amplifier ; ]
Mixer 250 [ —10 100 | — —_ —_— Oscillator peak volts=7.0 .
, L 950 |-3.0 | 100 | 5.5 | 5.3 | 800000 | 1100 | — || = l —
6L7 | Pentagrid Mixer 7-pin O. H Htr. 6.3 | 0.3 E — 6L7
Amplifier Mixer 950 | —6.0| 150 | 8.3 3.3 exceeds Oscillator-grid (No. 3) voltage =
1.0 meg. -15.0 l

t Refer to Fig. 518.

* O.—small octal base.

3 Screen tied to plate.

4 Zero signal currents per tube,

sagnjy wunnov 4
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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, ete. Some
tubes are provided with a cap connection on
top, especially when it is desired that the cle-
ment connected to the cap have very low
capacity to other tube elements.

Tube Numbering

@ Until recently arbitrary numbers were as-
signed to tubes as they were placed on the

market. For the past few years, however, a
numbering system has been in effect which to
some extent indicates the nature of the tube.
These designations consist of a number, a let-
ter, and a final number. The first number indi-
cates the cathode voltage, the letter the indi-
vidual tube of the series, the first being desig-
nated A, the second B, and so on, except for
rectifiers, which start with Z and go back-
wards; the last number indicates the number
of useful clements brought out to pin connec-
tions. Cathode voltages are indicated by 1 for

FIG. 517 — BASE DIAGRAMS OF GLASS RECEIVING TUBES

These views are of the bottoms of the bases or sockets. F, filamment; H, heater; C, cathode; G, grid; S, screen;
Sup, suppressor; P, plate. GI, G2, G3, etc., denotes grigs numbered in order from the cathode outward; G, G2,
Py, P, etc., denote grids and plates of> multi-purpose or twin tubes 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.

.70.



TABLE IV —2.0-VOLT BATTERY RECEIVING TUBES

— — —
Socket Fil. or Heater Plate q Screen | Plate . Mutual Load | Power |
Type Name Base 3. Cc_mno::- Cathode Use S{afply S’I’:g %ﬁ:‘" Current | Current f’l::: R“'::; Co.':::d' a:'!:’ Resist: Output | Type
tions Volts | Amps olts Ma, | Ma, g | Micromhos Ohms | Watts |
1A6 | Pentagrid Converter 6-pin S, \% Fil. 2.0 | 0.06 | Converter 180 | —3.0 (67.5 2.4 1.3 500000 ' A;oado gridG(Ndoi 2{1 35 mu.hvo—hs; 1A6
. min, -3 ma. Grid lesk 50000 ohms
- )
1C6 | Pentagrid Converter 6-pin S. v Fil. 2.0 | 0.12 | Converter 180 | —3.0 | 67.5| 2.0 1.5 750000 Anode grid (No. 2) 135 max. volts, | 1C6
min, | 3.3 ma. Grid Leak 50000 ohms
1B5 | Duplex-Diode Triode 6-pin S. X Fil. 2.0 | 0.06 Trizdo C.I‘:u-A 135 | -3.0 — | — 0.8 35000 l 575 ‘ 20 l —_— ’ _— ; 1BS
K _mpb er ‘ l '
19 | Twin-Triode Amplifier 6-pin S, U Fil. 2.0 | 0.26 | Class-B Amoplifier 135 1] —_— = Load plate-to-plate | 10000 [ 2.1 | 19
= O ; I~ |
30 | Triode Detector Amplifier |4-pin S. A Fil. l 2.0 | 0.06 | Class-A Amplifier 30 ' —4.3 gg 1;% ‘ ng | 9.3 | i
. 135 —-9. — — o 1 9 9.3 —— — 30
\ | | 180 | -13.5 31| 10300 | 900 | 9.3 | . l
31 | Triode Power Amplifier | 4-pinS. | A Fil. | 2.0 | 0.13 | Class-A Amplifier 135 | -92.5 _ | _ | 8.0 4100 = 995 | 3.8 7000 0.185
| | | 180 | —30.0 ] | 12.3 | 3600 | 1050 | 3.8 | 5700 0.375 o
| | | | |Screen-Grid RF. 135 | -3.0 67.5 0.4 | 1.7/ 950000 640 | 610 | ___ ' — |
32 |Toode RF. Amplifer  |4pinM.| D Fil. | 2.0 0.06 i 180 | -3.0167.5) 0.4 | 1.7] 1200000 | 650 | 780 | | 32
| | Bias Detector 180 | -6.0 67.5 | — | Plate current adjusted to 0.2 ma. with no signal |
33 | Pentode Power Amplifier S-pin M. i F Fil. 2.0 | 0.26 | Class-A Amplifier 180 | —18.0, 180 [ 5.0 | 22.0 ‘ 55000 | 1700 90 6000 1.4
' I | 135 I--13.5\ 135 3.0 | 145 | 50000 | 14s0 | 70 | 7000 0.7 | 3
34 | Varisble-s Pentode RF. | 4pinM.| D2 | Fil. | 2.0 | 0.06 | Screen-Grid R.F. 135 | -3.0|67.5| 1.0 | 2.8 000000 | 600 | 360 | __ | __ | ,,
Amplifier ' [ Amplifier 180 | min. | 67.5| 1.0 | 2.8 | 1000000 = 620 | 690 1|
| i | Class-A Amplifier* 135 '—zo.o; — 1 — | 60 i 4175 l 1195 | 4.7 | 11000 | 0.17
q s 0 . [ - | {
49 | Dusl-Grid Power Amplifier | 5-pin M. G Fil. 220 I out2 | Class-B Amplifier 180 | 0 — — | Power output for 2 tubes at | 12000 3 S 82
| ' | [ l | | indicated load, plate-to-plate ! |
] ) 1 ! 1 L]

1 Refer to Fig. 517.

2 Suppressor grid connected to filament inside tube, not shown on base diagram.
35, —small; M.—medium.

4 Grid No. 2 tied to plate.

5 Grids Nos. 1 and 2 tied together.

saqnj wunnov (




TABLE V— SPECIAL TUBES

o i ) B .. T ™ N T R I
| Socket F'l or H""" Plate T T Screer | Plate . Mutual Losd | Power
Type Name l Base 3 Connoc- ‘ Cathode | l Use \fply | CB'":" s\c,"fu onl lCuuonl Plate Ro°':'*' Conduct- f‘g"’ Resistance Ou!pu!’ Type
[ ' ' tions 1 l |Vo|u Ampa| ias l ol Ma. | once, Ohms Mi:;::hm actor | -Ohms atts |
- | - |
12AS | Pentode Power Amplifier | T-pin M. | AA l Htr. |0.3 | Closs-A Amplifier 100 | —15 100 | 4.0 | 18 l _— _— - 5000 | 0.7 I 12AS
| | IO 180 | —27 180 | 9.0 40 | = —— — 4500 | 2.8
S ~ [ I A
43 | Pentode Power Amplifier | 6-pin M.| M2 I Htr. I 0.3 I Class-A Amplifier 95 | —15.0| ‘95 | 4.0 | 20.0 l 45000 2000 90 4500 | 0.90 43
l | 135 | —20.0[ 135 7.0 | 34.0 [ 35000 2300 80 ‘ 4000 | 2.00
| —| . — : —
48 Tetrode Power Amplifier b-pin M M | Htr. |30.0 0.4 Class-A Amplifier 9 | —19.0| 96 | 9.0 | 52.0 —_— 3800 | — ; 1500 | 2.0 48
| [ 195 | —20.0| 100 | 9.5 56 0 ! — | 3900 | — | 1500 |2.5 |
- S _ |- _ |
| 1
864 | Triode Amplifier (apinS. | A | Fil | 1.1 |0.25 | Cless-A Amplifier 9 |—45| — | — | 9.9| 13500 | . 610 | 8.2 | —— | — | 864
, 135 [-90 | — | — | 35| 12700 | 645 | B2 | — | — |
885 l Gas Triode S-pin S. I H Htr. 2.5 (1.4 | Sweep-Circuit Oscillator | 200 | — | — | — | | ) Tube voltage dvop 15 v | —_— 885
, ‘ ‘ | Clas-A Amplifir | 250 [ -3 | 100 ’ 0| Excosds | 1400 |Excoods — | —
954 | Pentode Detector, Amplifier None | — Htr. 6.3 {0.15 | I | _| _j_ | 15 mtgohms ' l 954
' Bias Datedov 250 | —6 | 100 Pl-le current to be'ad]usled to 0.1 ma. with no ugnal , i
- | _ { l | _ |
| l Clls&-A Ampllfiov 180 | -5 | — — l 4.5 12500 | 2000 l 25 20000 | 0.135 |
955! | Triode Detector, Amplifier | None - Htr, 6.3 (0.16 |- S — I — - —— 955
| Oulllalor 180 | —35 | — | — {7 : D.C. Grid Current App 1.5 ma. 0.5
RK10 | Triode Powev Ampllﬁev ] 4-pm M. A Fil. 7.5 | 1.25 Characteristics same as Type 1OTolmlile Base RK10
RK15 | Triode Power Amplifier ' 4.pin M. | AS Fil. 25 | 1.75 Characteristics same as '_l'yp; 46 wllh CIus-B connections RK15
_ | | - - |
RK16 | Triode Power Ampllﬁev SpinM.| H | Htr. 2.5 | 2.0 Chnuclenshcs same as Type 59 wnlh Clau-A blodo connections RK16
B | B = — ]
|
RK17 l Pentode Power Ampllﬁu [ S-pin M. 12 | Htr. 2.5 [ 2.0 Ch-uctenshcs same as Type 2A5 RK17
l Class-A Amlifior l 180 | —13. 5, 5 | — | 80| 000 1600 I 80 | 12000 l 035 |
RK24 | Triode Amplifier 4pinM. A | Rl | 20f0d2|—— —— — i RK24
| | | [ Oscillator | 180 | —45 ‘ — | 20 Gnd |el|( 10000 ohms | —_—
RK34 | Twin Triode Amplifier | 5.pin M. | DD¢ Hitr. 1 6.3 | 0.8 | Class-B Amplifier | 180 | —6 I — | — | = | Power Output for one lube ot | 6000 ! 7.2 l RK34
T-pin M. | | I | | 300 | =15 | — | — | stated [oad, plate to plate | 10000 | 12.0
N P Wi | — I —_ S _—
RK100 ' Mercury-vapor Triode |6-pin M. | CC l Her. : 6.3 | 0.6 ] Amplifier : 100 i —92.5 | Cathanode (G1) current 250 ma. I 20000 | 50 I — | — | RK100

! Refer to Fig. 517.

2 Suppressor grid, connected to filament inside tube, not shown on base diagram.

3 M.—medium,- —small.

4" Acorn" type; ministure unbased tubes for ultra-high hequenciu.

5 Grid connection to top cap; no connection to No.

3 pin.

6 Early models; later tubes have 7-pin bases. Connections same as Fig. 517-T except that pins 2 and 6 are unconnected; plate leads brought out to top caps.
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TABLE ViI— MISCELLANEOUS RECEIVING TUBES

Socket Fil. or Heater Plate Screen | Plate 5 Mutual Losd | Power
Type Name Base 2 | Connec- | Cathode Use Supply G,’ id | Screen) ¢ nont Current Plate Resist- | Conduct- | Amp. Resistance| Output | Type
tions! \ﬁ,"’ Bies | Volts| My | Ma, | ance, Ohms [  ance Factor ms | Watts
Volts | Amps Micromhos|
'00-A | Triode Detector 4pinM.| A Fil. 5.0 | 0.25 | Grid Leak Detector 45 | —— | —| — | 1.5 30000 666 20 — | —— |00-A
01-A | Triode Detector Amplifier |4-pin M.| A Fil. 5.0 | 0.25 | Class-A Amplifier 9 [—4.5| __ | | 25 11000 725 8.0 - 01-A
135 | -9.0 3.0 10000 800 8.0 -
10 | Triode Power Amplifier 4-pin M. A Fil. 7.5 | 1.25 | Class-A Amplifier 350 (-31.0 — | 16.0 5150 1550 8.0 | 11000 | 0.9 10
425 | —39.0 18.0 5000 1600 8.0 10200 (1.6
12 | Triode Detector Amplifier | 4-pin M. [ A Fil. 1.1 | 0.25 | Class-A Amplifier 90 | -4.5 2.5 15500 425 6.6 — | 12
135 | —10.5 3.0 15000 440 6.6
20 | Triode Power Amplifier 4-pin S. A Fil. 3.3 | 0.132 Class-A Amplifier 90 | —16.5| __ 3.0 8000 415 3.3 9600 (0.045 | o,
> 135 | —922.5 6.5 6300 525 3.3 6500 | 0.110
2% | Tetrode R.F. Amplifier 4-pin M, D Fil. 3.3 | 0.132) Screen-Grid R.F. 135 | —1.5 | 45.0| 0.6 1.7 725000 375 270 N 92
Amplifier 135 | —-1.5|67.5] 1.3 3.7 325000 500 160
26 | Triode Amplifier 4-pin M, A Fil. 1.5 | 1.05 | Class-A Amplifier 90 | —-7.0 2.9 8900 935 8.3 —_— 26
180 | —14.5 6.2 7300 1150 8.3
40 | Triode Voltage Amplifier | 4-pin M. A Fil. 5.0 | 0.25 | Class-A Amplifier 135 | —-1.5 | __ _ 0.2 150000 200 30 — — | 40
. 180 | —3.0 0.2 150000 200 30
300 | —54.0 35.0 2000 | 1900 | 3.8 | 4600 (1.6
50 | Triode Power Amplifier 4-pin M. A Fil. 7.5 | 1.25 | Class-A Amplifier 400 | —70.0| =— [ = | 55.0 1800 2100 3.8 3670 | 3.4 50
450 | —84. 55.0 1800 2100 3.8 4350 | 4.6
71-A | Triode Power Amplifier A-pin M. A Fil. 5.0 | 0.25 | Class-A Amplifier 9 | -19.0/ ____ 10.0 2170 1400 3.0 3000 |0.1925 1-A
180 | —43.0 20.0 1750 1700 3.0 4800 | 0.790
99 | Triode Detoctor Amplifier | 4-pin S. A Fil. 3.3 [0.063 Class:A Amplifier 90 | —-4.5 | —| — 2.5 15500 425 6.6 — 9
112A | Triode Detector Amplifier | 4-pin M. A Fil. 5.0 | 0.25 | Class-A Amplifier 90 | —-4.5 - 5.0 5400 1575 8.5 112A
| 180 | —13.5 7.7 4700 1800 8.5

1 Refer to Fig. 517.
2 M.~medium; S.—small,
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2-volt tubes, 2 for 2.5 volts, 5 for 5 volts, 6 for
6.3 volts, 12 for 12 volts, and 25 for 25 volts.
In the final number, the filament or heater
counts as one element, although always having
two connections.

For example, the 2A6 is a 2.5-volt tube hav-
ing six elements brought out to connections
(cathode, heater, triode grid, triode plate, and
two diode plates) and is the first six-element
tube of the 2.5-volt series, designated by the
“A”. The 5Z3 is a five-volt rectifier having
three elements (cathode and two plates)
brought out to connections, and is the first
rectifier numbered according to this system.
Other examples readily can be worked out.

Multi-Grid Tubes — Element Connections

@ A number of receiving tubes are so con-
structed that one type can be made to serve
several different purposes simply by re-ar-
ranging the element connections. Thus we find
power amplifier tubes with two or three grids,
which can be connected in various ways to
make the tube suitable for use as a Class-A
triode power amplifier, as a Class-B triode
amplifier, or as a Class-A pentode amplifier.
The Type 59, a triple-grid tube, is an example.
If the inner grid, No. 1, is used as the control
grid while Nos. 2 and 3 are connected to the
plate, the tube is a triode suitable for Class-A
power amplification. If, however, No. 1 grid is
connected to the middle grid, No. 2, while No.
3, the outer grid, is connected to the plate, the
tube can be used without bias as a Class-B
amplifier. Still a third method of connection
makes the 59 a Class-A pentode; Grid No. 1 is
the control grid, No. 2 the screen or accelera-
tor, while No. 3, connected to the cathode,
becomes the suppressor. The connections to
be used with the several types of tubes fall-
ing in this classification are indicated in the
tables.

»
Equivalent Types

@ Although in each series of tubes there will
be found types which correspond more or less
closely with tubes in the other series designed
for the same use, such tubes are not generally
interchangeable; that is, a circuit design based
on one type of screen-grid amplifier, for in-
stance, will not necessarily give identical per-
formance when a screen-grid tube from another
series is substituted. In the 6.3- and 2.5-volt
glass series, however, certain types are dupli-
cated in all respects except for the heaters,
hence these types are wholly interchangeable,
the only adjustment needed being that of pro-
viding the proper heater voltage. The list of
such tubes follows:

e 74 .

2A5 — 42 57 —6C6

2A6 — 75 58 — 6D6

2A7 — 6A7 55 — 85

2B7 — 6B7 56 — 76
53 — 6A6

In addition to those listed above, some tube
manufacturers also make a complete line of
6.3-volt glass tubes corresponding in char-
acteristics to those of the metal-tube series.
These tubes have octal bases and carry the
same type designations with the addition of a
“G”. For example, the glass counterpart of
the 6L7 is known as the 6L7G.

Special Types of Tubes

@ Tubes designed for special purposes or dif-
fering widely in characteristics from those
listed in the other tables are shown in Table V.
Included in these are power tubes intended for
operation from 110-volt d.c. mains. The 43 and
48 are power amplifiers of the vacuum-tube
type for this purpose, while the RK100 is a
mercury-vapor tube of special design built to
give large power outputs at this voltage. The
12A5 is a multi-purpose type particularly de-
signed for use with ‘“‘universal” or a.c.-d.c.
receivers. The 954 and 955 are miniature tubes
— “georn” type — which function well at
ultra-high frequencies where tubes of ordinary
construction are inoperative; they can be used
for amplification, detection and oscillation at
wavelengths as short as 3 meter. The 864 is a
non-microphonic triode amplifier for battery-
operated amplifiers such as are used with con-
denser microphones. The 885, a gas-filled
triode, is used as a relaxation oscillator in
oscilloscope sweep circuits.

In addition to these, there are also available
cathode-ray tubes for oscilloscope use. These
are described in Chapter Seventeen. Many
other types of tubes, including low-grid current
tubes for measurements purposes and grid-
controlled rectifiers, or thyratrons, are manu-
factured, but because of their limited applica-
tion in amateur work or the difficulty of ob-
taining them, are not included in the tables.

Rectifiers
@ Rectifiers for receiving purposes are made
with both directly and indirectly-heated
cathodes, and are provided with one or two
plates depending upon whether the tube is de-
signed for half-wave or full-wave rectification.
The tubes may be either of the high-vacuum
or mercury-vapor type. The latter type has a
small quantity of mercury added after the air
is removed from the tube; when the cathode is
heated the mercury vaporizes. When the tube
is in operation electrons striking the mercury-
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TABLE VII—RECTIFIERS RECEIVING AND TRANSMITTING

el ot | [P | | | |
No. ame Base Connec- Cathod Voltage Output Peak | Plate Type’

!'°"sl Volts | Amps. |Per PI te lCuvrenI Voltage, Current
5Z3 Full-Wave Rectifier | 4-pin M. B Fil. | 5.0 3.0 500 250 | — | — | V
524 | Full-Wave Rectifer? | 5-pin O.| A4 | Hu. | 5.0 2.0 | 400 | 195 | 1100 | — | V
1923 | Holl-Wave Rectifier |4-pinS. | R | Hu. |12.6( 0.3 | 950 | 60 | — | — | V
9525 | Rectifier-Doubler (6pinS. | E | Hv [25.0 0.3 | 185 | 100 | — | — | V
15 | Holl.Wave Rectifier |4-pinS. | R | Hw. | 6.3| 0.3 | 350 | 50 | 1000 | 400 | M
1-V5 | Half-Wave Rectifier |4-pinS. | R ‘| Hi. | 6.3 0.3 | 350 | 50 | — | — | V

80 Full-Wave Rectifier | 4-pin M. B Fil. 5.0 2.0 350 1925 | — | —
5300 | 13 v
81 Half-Wave Rectifier | 4-pin M. C Fil. 7.5 1.25| 700 85 | — | — V
82 | Full-Wave Rectifier |4-pinM.| B | Fil. | 2.5| 3.0 | 500 | 125 | 1400 | 400 | M
83 | Full-Wave Rectifer |4-pinM.| B | Fl. | 5.0 3.0 | 500 | 250 | 1400 | 800 | M
84/6Z4 Full Wave Rectifier | S-pinS. | S | Hu. | 63| 05 | 350 | 50 | — [ — | V
RK19 | Full-Wave Rectifir | 4-pinM.| BS | Hiw. | 7.5 2.5 | 1250  — | 3500 | 600 | V
866 | Hall-Wave Rectifier | 4pin M. | A Rl | 2.5] 50 | — | — | 7500 600 | M
866-A | Hall-Wave Rectifier |4-pinM.| AS | Fil. | 25| 5.0 | — | — l1oooo[ 600 | M
872 | Hll.Wave Rectifer | 4pin). | P5 | Fil | 5.0(100 | — | — | 7500 2500 | M

1 Refer to Flg 517

.—medium; S.—small; O.—small octal; J.—jumbo.
3MeIa| tube series.
4 Refer to Fig. 518.

vapor molecules dislodge other electrons,
‘“‘jonizing” the gas, as explained in Chapter
Three. This increases the conductivity and
results in a lower voltage drop in the rectifier,
giving better voltage regulation (see Chapter
Fifteen) and higher efficiency. Mercury-vapor
rectifiers are likely to cause noise in the re-
ceiver, however, so are seldom used for re-
ceiving purposes.

High-voltage rectifiers for transmitters are
nearly all of the mercury-vapor type, since
voltage regulation and efficiency are more im-
portant than in receiving applications. Recti-
fiers which are designed to handle voltages up
to about 500 usually are made with two plates
and are called full-wave rectifiers; tubes for
higher voltages, however, almost always have
but one plate and are known as half-wave
rectifiers. Their uses are explained in Chapter
Fifteen,

Transmitting Tubes

@ Transmitting tubes are simply larger ver-
sions of the smaller receiving tubes, adapted

"Types 1and 1.V mIevchangeable
6 With input choke of at least 20 henrys.

7M. —Mercury-vapor type; V.—high-vacuum type.
8 Refer to Fig. 5

for the handling of large amounts of power and
for operation at high plate voltages. Receiving
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 construction, and when built for
operation at voltages of 750 or more are uni-
versally provided with thoriated tungsten
filaments.

Transmitting tubes are generally rated by
plate dissipation, which is the amount of power
than can be radiated safely as heat by the plate.
The power output obtainable depends upon the
efficiency of the circuit used. Maximum plate
voltage and maximum plate current ratings
also are given for the various types. The uses
of the various columns in the transmitting
tube tables is explained in the chapters dealing
with transmitters and radiotelephony.

Only three types of transmitting tubes are in

e 15



TABLE VI —TRIODE TRANSMITTING TUBES

- Interelectrode
Mo | Cobode | gy | Mo | B Ly i o el Socket Plue | DC. | 85| Pesk | Qoo
Type | Dissips- - Plate CT"':‘. Grid ag; E’ii - - Base 2 C9nnof- Typical Operation thl‘::s. V?l’:adgo Cﬂnm C?""::“ %r;vms CP)::;‘" CP)ulpu'l Type
B v | Vo | e | S G ) e -\ |
Fil. [Plate| Fil. |-
. : 59 - Class-C Amplifier 500 | —13S 60 10 3 — 20
10° | 45 | 7.5] 1.95|.500 |' 60 | 15 | 80100001 4.0| 7.0 3.0 &pinM. € GridBias Moduleted Amp. | 500 | — | 45 | 12 | 1 0|15 °
841 15 | 7.5| 1.95| 450 | 60 | 20 |30.0| 5000 | 4.0| 7.0|3.0 |4pinM.| € | Class-C Amplifier 450 | -32 | so [12.5] 1.95 | — | 14 | 841
843 15 2.5 | 2.5 450 40 1.5 7.7 /10000 | 4.0| 4.5 4.0 | S-pin M. D Class-C Amplifier 450 ~140 30 L 1 _ 1.5 843
Class-C Amp. (Telegraphy) 600 | -150 65 15 4 —_ 25
) Cless-C Amp. (Telephony) 500 | —190 S5 15 4.5 — 18
801* 20 7.5| 1.95 600 70 15 8.0 /10000 | 4.5| 6.0 1.5 | 4-pin M. C ClossB Amp. (Telophony) 500 | —75 | 45 — - = D 801
. Grid-Bias Modulated Amp. 600 _— S0 Q Q 40 10
Class-C Amp. (Telegraphy) 19250 | —17S 70 15 4 — 65
Class-C Amp, (Telephony) 1000 | —200 70 15 4 — 50
800* 35 7.5 | 3.25| 1250 115 25 15 |10000 | 2.75 2.5 ( 1.0 | 4-pin M. E. Class-B Amp. (Telephony) 1000 -85 49 — — 56 14 800
Grid-Bias Modulated Amp. | 1000 | —150 50 4-5 2 60 15
Class-C Amplifier 750 | —180 | 110 18 7 —_ 55
830 40 |10.0 | 2.15 750 110 18 8.0 (10000 | 4.9 9.9 2.2 | 4-pin M. C | Grid-Bios Modulated Amp. 000 ‘ = o S 5 7 = 830
Rk | 40 | 75| 2.5 | 1350 | 85 | 15 183-;10000; 3.8 5.0i9.0|4~pin M.| F | Class-C Amplifior 1000 | -135 | 85 | 10 | 5 | — | 50 |RKig
RK31* 40 7.5| 3.0 1250 ‘: 85 15 5000 [ I 4-pin M. F Class-C Amplifier 1000 | -50 85 15 5 - | 50 RK31
_| ' Class-C Amp. (Telegraphy) 1250 ! -200 | 100 — _ —_— 85 | .
304-A* 50 7.5| 3.25| 1250 ! 100 20 | 11.0 \ 5000 \ 92.0| 2.5/ 0.7 | 4-pin M. E Class-C Amp. (Telephony) 1000 ! —180 | 100 = — — 65 |304-A
I | Class-B Amp. (Telephony) 1250 | -110 50 | — — | 84 21
o l t | ' R , - | 1000 | —200 | 100 | 25 | PowerOutput | 75
50T* 50 5.0 6.0 100 30 12 (10000 2.0 | 2.0 | 0.4 | 4-pin M. E Class-C Amplifier 2000 | —400 | 100 25 Ratings at 150 soT
| | 1 | 3000 | —600 | 100 | 25 75% EF. 250
l ' [ | rl ' | Class-C Amp. (Telegeaphy) | 1250 | 125 [ 150 | 95 | 7 | — | 130
203A | 100 [10.0] 3. 95| 1250 | 175 | 60 |95 | 5000 | 6.5[14.5 5.5 -pin ). | M | Class-C Amp. (Telephony) | 1000—i —135 | 150 | 50 | 14 | — | 100 [203A
i | | | { l_‘ ] ol - ___' | ClsB ATpﬁopEy) 71—1250 45 | 106 | — | — | 170 | 425
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TABLE Vili — Continued

R — — - - _ _ — T
Cathod M 5 Iatmlocttodo |
Max. ode ax, ecom- apacitances Approx. Approx.
| e Max. | Mo | D |, Imended  Gudd) b | | Plue | Gud | Sl ¢ rD&sa Jesk Carie |
issipa~ ate ri 0 ri - ——!| Base? onnec- ypical Operation urrent - Drivi tput
" I:':;'p'. ‘Voln"lcﬂ‘m c“"'"'l':“m” Leak | Grid | Grid | Plate tions ! Voltage | Voltage [ “p4, C{:an( P:;::fs Ov‘/mw' :wp.u' H yee
Watts | Volts | Amps. | 4| M. hms | to | to | to % | Watts alts atts
! Fil: |Plate| Fil.
e _
| l Class-C Amp. (Telegraphy) 1250 | —9295 | 150 18 7 — 130
211 100 (10.0| 3.95| 1250 | 175 | 50 | 12 | 5000 (6 (14.5 5.5 4pin). | M | Class-C Amp. (Telephony) | 1000 | —260 | 150 | 35 | 14 | — | 100 | 211
{ | Class-B Amp. (Telephony) 1250 | —100 | 106 — —_ 170 42.5
.| Class-C Amplifier 1000 | —150 | 150 —_ -—_ -_ 1925
242A | 100 |10.0| 3.95| 1250 | 150 12.5 | 5000 | 6.5[13.0| 4.0 |4pinJ. | M - j 242A
. Class-B Amp. (Telephony) | 1250 | —100 | 100 | — | — | 125 | 31
‘ Class-C Amp. (Telegraphy) | 1250 | —80 | 150 | 30 6 | — | 130
838* | 100 |10.0| 3.95| 1250 | 175 | 70 3000 | 6.5| 8.0(5.0 [4-pinJ. | M | Cless-C Amp. (Telephony) | 1000 | —135 | 150 | 60 | 16 | — | 100 | 838
‘ Class-B Amp. (Telephony) | 1250 | 0 | 106 J 60 | 10 | — | 425
' Class-C Amp. (Telegraphy) | 3000 | —600 | 85 | 15 | 12 | — | 165
852* | 100 |10.0 | 3.25 | 3000 | 150 | 40 | 12 (10000 | 1.9|2.6(1.0 |4-pinM.| £ | Clas-C Amp. (Telephony) | 2000 | —500 | 67 | 30 | 23 | — | 75 | ss8
Class-B Amp. (Telephony) 3000 | —-250 43 — — | 160 40
354° | 150 | 5.0 7.75 | 3000 | 175 | 40 |11.0 10000 | 9.0| 3.7/ 0.4 [4pin) | N | Claus-C Amplifier 000 | —975 (150 | — | — | — | 300 354
] - 1000 | —200 | 200 | 35 | Power Output | 150
150T* | 150 | 5.0-/10.0 | 3000 | 200 | 50 | 13 (10000 | 3.0(3.5(0.5 {4-pinJ. | N | Class-C Amplifier 2000 | —400 | 200 | 35 Based on 300 | 1507
| ‘ : 3000 | —600 | 200 35 75% ES. 450
F108A*| 175 |10.0 |11.0 | 3000 | 200 | 50 | 12 [15000 | 3.0| 7.0 | 2.0 |4pin). | N | Class-C Amplifier 3000 | -350 | 200 | — | — | — | 400 | F108A
| Class-C Amp. (Telegraphy) | 2000 | —175 [ 250 | — | — | — | 350 ‘
204A | 950 |11.0| 3.85| 9500 | 975 | 80 | 25 | 5000 12.5[15.0 2.3 | Special | Q | Claw-C Amp. (Telephony) | 1800 | 950 | 350 | — | — | — | 300 |s04A
Class-B Amp. (Telephony) | 2000 | ~70 | 160 | — | — | 400 | 100 |
Class-C Amp. (Telegraphy) | 2000 | —200 | 300 | — | — | — | 450 |
8490 | 400 [11.0| 5.0 | 2500 | 350 | 125 | 19 | 5000 | 17 ‘33.5 3 | Special [ Q | Class.B Amp. (Telephony) | 1800 | —300 | 300 | — | — | — | 300 | 849
|| -Class-B Amp. (Telephony) | 2000 | —95 | 265 | — | — | 700 | 175
831 400 [11.0(10.0 | 3500 | 350 | 75 |14.5 1oooo! 3.8 4.0 1.4 Special | R | Class-C Amplifier J 3500 | —400 | 275 | 40 | 30 | — | 590 | 83t
Fi00* | 500 [11.0[95.0 | 2000 | 500 14.0 10000 | 4.0| 10 | 2.0 | Special | R | Class-C Ampliier | 2000 | -300 | 500 [ — | — | — | 600 |Fi00
! Refer to Fig. 519.
2 M,—medium; J.—jumbo,

* Especially suited to high-frequency use.
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TABLE I1X — JETRODE AND PENTODE TRANSMITTING TUBES

S = ‘ ‘
Mox. Interelectrode \ Approx.| Approx,
; me. ( Cathode M“ | S':\“ I [s;,.,n c-wtluﬂtﬂ (uufd.) 8 Socket - 16 Plate | Screen Sup- Grid cPI-lo gcmon cG'id Scmen Dgnd émiov | =
issipa- ate reen |Dissipe-| - . ase © ypical Operetion pressor urrent | Current | Curvent in tput
vee Ilic:n | Voltage Voltage! tion G';d G"d ]P::’l e ::::lc Voltage | Voltage Voltage Voltage | “\q, M. "M.. Resistor| P"' 3 :::' ype
Watts | Volts | Amps. : Watts |Fil | PI.:.' | : | Watts | Watts
| ‘ l l Cluss-C Amp. (Telegraphy) 500 | 250 0 | —100| 45 | 12 2 | szooooI 0.25 16
’ ' Grid- Modulsted Amp. 500 | 200 o | —130| 25 | 8 | 1 | 31500| 0.8 4
802" | 10 | 6.3/ 0.95 | 500 | 250 | 6 |12 | 0.15/8.5 TpinM.| G - - 802
| Suppressor- Modulated Amp 500 | 200 | —45 | —-90 2% | 28 4.5 | 10700 0.5 3.5
N =l -
1| Clu:-B Amp (Telephony) 500 200 ] | —-928 25 7 | 43000, 0.18 3.5 |
RKaa: | 12 15| 20 | 500 200 l 6 [10.0| 0.0410. 0 TpnM.| G Cless-C Amplifier " s00 | 200 | & | ~100| 48 | 15 | — | — Jl — | s |§§2§
95 6. 8 - — L { 9
: . | Suppressor-Modulsted Amp.| 500 | 150 | ~30 | -715 | 0 |15 | — | — 1|
a4 | 15 | 2.5)3.95 | 500 | 175 [ 3 |95 o015 7.5!5-pinM. ICllu-CAmpllﬁu 500 | 175 | — | 135 | %5 | — | — | — | — 9 | 844
| i | [ 'i | [ | Class-C Amp. (olography) | 750 | 135 | — | -0 | 40 | — | 5.5 | 45000 1.0 16
g6s* | 15 l 7.5 2.0 | 7150 | 125 | 3 |85 01 8.5 apin .| 1 | Class-C Amp. (Tolephony) | S0 | 135 T 1% | 40 [ — | ¢ | 20000 2.5 10 | 865
| 14| > Ao Gker |00 | 188 = s |
| | | | | [ l ClauBAmp ﬂolophony) 750 | 125 | — | -30 22 i — — 45000 —— | 4.5 |
954A°| 20 | 5.0 3.95 | 750 | 175 | 5 | 4.6 0.1 9.4 4sinM.| I ClluCAmpllﬁo' 175 | — | 90 | 60 | — | — | — | —— | 25 |%54A
| £ R I | | J_ - |
g548" | 95 | 7.5 2.95| 750 | 150 | 5 |11.2)0. oas. 5.4 5.4 | 4pinM.| 1| Class.C Amplifier 150 | 150  — | —135| 15 | — | — | — | — | 30 | %548
| [ [ I | [
| l l l [ Class-C Amp. (Telography) | 1250 | 300 | 45 | —100| 92 | 33 | 5 | 26000 0.9 | 80 [
\ | l | Class-C Amp (T.l.pho..y) 900 | 300 | 0 | —100| 62 | 50 | 6 | gs000| 1.1 | 35 |
Rkeoe| 40 | 7.5 | 2.0 | 1250 | 300 | 15 | 11 |0.012 10 |S-pinM.| J | Grd-Modulated Amp. 1250 | 300 | 45 | —140 | 44 | 10 | 1.8 | 95000 2.0 21 | RK20
| | | .
| Supprovor-Modulated Amp.| 1250 | 300 | -40 | —100 | 47 | 36 | 5 | 25000 0.9 B |
| t [ | Closs-B Amp. (Telophany) l 1950 | 300 | o0 | —30 ] 4 | 15 | — | e0000l 0.5 16 !
289A°| 70 (10.0| 3.0 | 1000 | 250 | 5 [13.2] 0.2 6.8 4pinM.| | | ClassC Amplifir 71000 | 250 | — | —1s0 | 100 | — | — | — | — | 60 |sg82A
850 | 100 |10.0 | 3.25 | 1250 | 175 | 10 [17.0| 0.2/26.0 mej. O | Class:C Amplifier 1950 | 175 | —— | 150 | 160 | — | 35 | — | 10 | 130 | 850
[ 1 C|mCAmp (Telesrophy) | 3000 | 300 | — | 150 | 8 | — | 15 |esso00] 71 | 165
860° | 100 [10.0| 3.25 | 3000 | 300 | 10 [7.75] 0.08 4pinM.| K | Closs-C Amp. (Telophony) | 2000 | 300 | —— | —225 | 67 | — | 30 (100000 15 75 | 860
ClossB Amp. (Telephony) | 3000 | 300 | — | —s0 | 43 | — | — |ess000| —— | 40
Class-C Amp. (Telegraphy) 2000 400 45 —100 | 140 60 10 26000| 1.8 200
Class-C Amp. (Telephony) | 1500 | 400 0 | —100| 135 | 8 | o | 13000 1.6 | 100
RKes*| 100 [10.0| 5.0 | 2000 | 400 | 35 [15.5| 0.02) 5.5| S-pinJ. | L | Grid-Modulated Amp. 2000 | 400 45 | —140( 80 | 20 | 2.8 | 80000 3.0 75 | RKes
|
Suppressor-Modulated Amp.| 2000 | 400 | —45 | —100 | 85 | 8 | 11 [ 20000 2.0 .| 70
Class-B Amp. (Telephony) 2000 400 [} -38 5 30 - 55000, 0.9 50
Cless-C Amp. (Telephony) | 2000 | 500 40 | -30 | 160 | 42 | 16 | 36000 1.6 | 210
. Grid-Modulsted Amp. 2000 | 600 40 | -80 | 8o | 15 4 |-— | ¢ 53
803° | 195 | 10 | 3.25 | 2000 | 600 | 30 [15.5| 0.15/28.5( S.pinS. | L 803
Suppressor-Modulated Amp.| 2000 | 500 |—135 | -S0 | 80 | 55 | 15 | 27000 1.6 53
Class-B Amp. (Telephony) 2000 600 40 —40 80 15 3 | 1.5 53
861* | 400 |11.0 [10.0 | 3500 | 600 | 35 [17.0( 0.1/13.0| Special | S | ClassC Amplifier 3500 | 600 | — | —950 | 935 | — | 30 | — | 25 | 590 | 861

1 Refor to Fig. 519,

2 M.—medium; J.—jumbo,

1. £
y suited to high
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. . . " . . . . . . . . Vacuum Tubes . . "

general use — triodes, screen-grid tetrodes, rating on the lamp. For example, the 3-watt
and screen-grid pentodes. Triodes are used as lamp rated at 115 volts will glow with 115-50,
oscillators and as power amplifiers in special .or 65 volts a.c., or 115-10, or 105 volts d.c.
circuits, and certain types also are suitable for applied. The }4-watt size is for a.c. only. All
delivering considerable audio
power for modulation pur-
poses. Screen-grid tetrodesand
screen-grid pentodes are used
chiefly as power amplifiers,
although also having special
oscillator applications.

The characteristics and typi-
cal r.f. operating conditions
of transmitting tubes suitable
for amateur use are given
in Tables VIII and IX. The
selection of types for various
purposes is discussed in detail
in later chapters on transmit-
ter design and construction.
In the tables, the tubes have
been listed according to plate
dissipation ratings. Generally
speaking, the higher the plate
dissipation rating the greater
the power output the tube
can deliver. It should be un-
derstood, however, that the
power output obtainable de-
pends considerably on the
way in which the tube is op-
erated; also that at the higher
frequencies certain types of
tubes are capable of better
operation than others. Tubes
especially designed for high-
frequency use (3000 ke. and
higher) are indicated.

Neon Bulbs

@ Neon glow lamps, although
not strictly radio tubes, are
of such general utility around
the amateur station that in-
formation on their character-
:f;‘ﬁecsactszggxlggnyti):g t(;.fblev;ll\lrl:s Fi:rlso;;;: sfs ;gfm of sockets. Legends have the same significance as in
the important characteristics
of General Electric neon bulbs. except the Y4-watt size fit into a regular lamp
The voltage required to start the lamps is  socket; the 14{~watt bulb has the same type of
given in column 4 in terms of voltage below the base as flashlight lamps.

FIG. 519 — SOCKET CONNECTIONS FOR TRANSMITTING TUBES

Min. Operating Volt-

App. Candle Average age — Volts below label  App. Resistance Electrode
Watts Power Current, Amps. A.C. D.C. in Base Shape
3 0.75 0.03 50 10 1900 Round plates
2 0.5 0.02 50 10 3200 Half-round plates
1 0.25 0.01 50 10 4800 Cyl. & Helix
% 0.05 0.005 10 85 3200 Cylinder
Ya 000 0.002 50 10 27,500 Hemisphere

.79.



CHAPTER SIX

Reecceiver Circuit Design

PRINCIPLES OF REGENERATIVE AND SUPER-

HETERODYNE TYPESN

COMPLETE receiver circuits rep-
resent what might appear to be an infinite
variety of types, and therefore are likely to be
confusing when compared with each other.
However, each is made up of combinations of
elements which, taken by themselves, break
down into a relatively small number of basic
units. The purpose of this chapter is to de-
scribe the design features of these elemental
units which can be combined in different ar-
rangements to make up different types of re-
ceivers, and to show how related units work
together. Complete combinations, with con-
structional details, will be given in the next
following chapter.

Types of Reeeivers

Two types of receivers meeting the require-
ments of general amateur work are the simple
regenerative receiver (autodyne), and the su-
perheterodyne. Special types for ultra-high
frequency work, the superregenerative and
the super-infragenerator, are treated in Chap-
ter Thirteen. In the regenerative receiver there
is r.f. feedback in the detector circuit with the
amount of this regeneration controllable to
give either high amplification and selectivity
without oscillation, or to give these together
with oscillation to provide the heterodyne for
beat-note c.w. reception, as has been explained
in Chapter Five. The simplest form of re-
ceiver (Fig. 601-A) would be just one tube in a
regenerative detector circuit, although the out-
put available from such an arrangement is so
small as to be generally unsatisfactory. A single
stage of audio amplification following the de-
tector gives more satisfactory results. A still
further improvement is a stage of tuned radio-
frequency amplification preceding the detec-
tor (Fig. 601-B). This increases sensitivity and
gives somewhat greater selectivity, provides
helpful isolation of the regenerative detector
from the anteuna circuit and allows sensitivity
control ahead of the detector circuit.

Whereas the regenerative receiver’s r.f. cir-
cuits handle the signal at incoming frequency,
in the superheterodyne type receiver the in-

.30 .

coming signal is converted to a lower radio
frequency and then amplified in intermediate
circuits prior to conversion to audio frequency
in the second detector (Fig. 601-C). This
method allows greater r.f. amplification and
the attainment of higher selectivity, since both
of these are more readily obtained in the inter-
mediate-frequency (i.f.) amplifier. This applies
particularly to the single-signal type super-
heterodyne, which obtains extremely high
selectivity in the i.f. circuits either by means of
a variable band-width quartz crystal filter or
by controllable regeneration in an i.f. stage.

The regenerative and superheterodyne types
are used almost exclusively on the lower-fre-
quency amateur bands (1.75 through 30 me.),
but on the higher-frequency bands (56 mec.
and upwards) the superregenerative and
the newly developed super-infragenerator or
S.I1.G. (Figs. 601-D and 601-E) prevail. These
types are described in detail in Chapter
Thirteen.

The simple regenerative type receiver is less
complicated than the superheterodyne, of
course, and is accordingly less expensive. Until
one has gained experience it is advisable to
work with the simpler receiver, progressing
later to the superheterodyne type.

Receiver Performance

® The three important general characteristics
of a receiver are its selectivity, its sensitivity
and its fidelity. These three are interdepend-
ent, with selectivity the controlling factor.
The selectivity is the receiver’s ability to dis-
criminate between signals of different fre-
quencies. The sensitivity is the minimum r.f.
voltage input required to give a specified use-
ful output. The fidelity is the proportionate
response through the audio-frequency range
required for a given type of communication.
Sensitivity is fundamentally limited by the
noise output, which in turn is directly related
to the selectivity, being less as the selectivity is
greater. Only signals that are detectable above
the noise background are useful; therefore, re-
ducing the noise output by increasing the se-




Receiver Circuit Design . . .

lectivity improves the effective sensitivity in
proportion. Sensitivity is thus not solely de-
pendent on the amplification in the receiver
but on the combination of amplification and
selectivity. The fidelity requirement in ama-
teur receivers is essentially different from
broadcast receiver requirements, although
this is not generally 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 intelligible reception can be obtained with
selectivity such that the receiver’s band
width (the ‘‘measuring stick” for selectivity)
is but 20 cycles or less; for 'phone reception
with usable intelligibility the band width must
be proportionately greater, of course, although
still considerably less than for broadcast re-
ception. It is therefore

More complicated receivers, in which a nums-
ber of tuned circuits must be changed for each
range, also employ coil switching systems and
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 as tuning units
than they can be made up individually by the
constructor.

Band Spreading

@® Tuning condensers used in high-frequency
receivers are much smaller than those em-
ployed for the broadcast band and lower fre-
quencies. A 350- or 250-uufd. condenser will, at
high frequencies, cover so wide a frequency
range that tuning becomes extremely difficult.
Many amateurs remove plates from standard-

RF ——> R.F. — AUDIO

evident that the most Aﬂt'Y’ Rls =D Phones
important receiver char- QUNEDICHE TUNED CKT) U QUDIO >
actrt)aristic is the effective _I:" oer REANR R%,%E‘N Ane \\qsmm
selectivity;for the higher ¢./= ! = oL
the selectivity, the great- @ @
er can be the amplifica- Tuning Tuning
tion and the higher the control el
effective sensitivity, to A B
the limitsimposed by the
requirement of intelli-
gible output. MED.OR  MED.OR
. R.F. ———+ R.F. —»LOW I.F. —LOW L.E—AUDIO
Tun'ng systems TUNED CKT TUNED CKL SECOND AUDIO ,rongnﬁ
Since the amateur fre- RFANR FIRST [~ LRAMR =1 %5er [ ame Speaker
quency-bands comprise JL T R
- ; = . equency
narrow slices of territory ! Converter o
widely separated, it is not possible to @--' neose. el
cover them all effectively with one coil y
and condenser combination in the tuner. Many C
schemes have been evolved to provide inter-
changeable coils. The use of a tube-base or a
special form of larger size plugging into a tube ‘Kj'ﬁ—'“l’w
socket is almost universal in amateur built re- e _@
ceivers. Coils of this type are pictured later on DET. |
with the constructional details of the receivers : avenon
in which they are used. Larger coils with a hori- @ 7'0/)//7
zontal row of plugs fitting into a similarly-
arranged row of sockets are also used in some D

cases. The important re-
quirements are that the

R.F ——» R.F ——— MEDI|.F ——HIGH LF———> AUDIO

coils should bereadily in-

; TUNED man LF. 7o Phones
terchangeable; the con- ;f’rf‘fnﬁjl |[ Finsy I {gszlo;r} Im DETH ety I—’;,oea/‘;
tacts should be positive; H e
the coils should be me- = @/ TUNED 2wo QUEKCH
chanically strong so they e ose! 9s¢. rosc' l

o . wunt ——— e
will not be deformed in Gontre First Frequency  Secand Frequency
handling; and they should Converter'  Converter
be small in diameter in E

order to avoid the exis-
tence of an extensive
magnetic field around
them,

FIG. 601 —BLOCK DIAGRAMS SHOWING THE ESSENTIAL UNITS OF
BASIC RECEIVER TYPES. A, SIMPLE REGENERATIVE; B, TUNED R.F.
REGENERATIVE; C, SUPERHETERODYNE; D, SUPER-REGENERATIVE;
E, SUPER-INFRAGENERATIVE. THE LAST TWO ARE ULTRA-HIGH FRE-

QUENCY TYPES
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sized condensers to reduce the maximum ca-
pacity, or else use midget condensers, which
.can be obtained in a variety of capacities. If
the receiver is to cover all frequencies between
20,000 and 3000 ke., common practice is to use
a tuning condenser rated at 150 wufd. with
three plug-in coils, but even this arrangement
crowds the amateur )
bands in very small pro-

portions of the dial 1

scale. Most amateurs A <T CI
prefer to spread the

bands over a large part

of the dial.

The amateur bands
are not entirely in har- ¢
monic relation, and B I 2
therefore a condenser 3
which spreads one band
satisfactorily may not
give the same spread
on others. In order to
make each band cover
a large number of dial ¢
divisions, the ratio of C
maximum to minimum
capacity must be differ-
ent for each band.

Several widely used
band-spreading schemes
are shown in Fig. 602. D
At A isthe parallel-con- <
denser method. C; is

_;;al.-_-

the tuning condenser,
usually with a maxi-
mum capacity of about

FIG. 602 — ESSEN-
TIALS OF FOUR POP-
ULAR BAND-SPREAD

i IN
25 ﬂpfd, 02 is a “band- TUNING SYSTEMS

setting” condenser; its maximum capacity
should be at least 100 uufd. and may be larger.
The setting of Cs will determine the minimum
capacity of the circuit, and the maximum capa-
city will be the maximum capacity of C; plus
the setting of Ca. A different maximum-to-min-
imum 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 Three, the total ca-
pacity 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
capacity. Cy is the band-setting condenser and
is preferably small, perhaps 25 uufd. The
maximum-minimum capacity ratio in the cir-
cuit will be determined by the setting of Ca.
The minimum capacity changes very little for
any setting of Cy, 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 —

.82.

one with two separate stationary-plate sec-
tions and a single rotor. One of the stator sec-
tions is made small enough to give good band
spreading on the 14- and 7-megacycle bands,
and the second stator section, when connected
in parallel with the small stator, will give good
spread on 3500- and 1750-ke. The dotted con-
nection for the two lower-frequency bands
shown in C can be made by using a jumper in
the low-frequency coil forms, the change being
automatically made when the coilsare pluggedin.

The tapped-coil system at D is used in sev-
eral manufactured amateur-band receivers
and has also been adopted by a number of
amateurs in home-built sets. Condenser Cy
may be fairly large — 100 pufd. 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
C2 is not strictly necessary but will be found
helpful in getting the spread just right, and its
use will help eliminate some of the cut-and-try
in winding the coils. It should have a maximum
capacity of 25 to 100 uufd.

Circuit Constants

® The frequency range covered by a coil and
condenser combination will be determined by
the inductance of the coil across which the
capacitance is effective, the minimum value of
the effective capacitance and the maximum
value of the capacitance. The inductance will,
of course, be determined principally by the
number of turns, length of winding and diam-
eter of the coil, but will be affected more or less
by coupling to another coil and by the presence
of shielding and other conductors in its field.
For practical purposes the value of inductance
calculated either by the formulas given in the
Appendix or by the Lighining Radio Calculator
can be taken, provided the shielding is spaced
from the coil by a distance equal to the coil
diameter.

The maximum frequency limit for a given
coil will be set by the minimum capacitance,
which includes the minimum of the tuning

" condenser plus the tube and stray circuit ca-

pacitance. An allowance of 20 to 30 uufd.
usually can be assumed for this minimum.
This is increased by ‘“loading’’ with a trimmer
condenser, or a ‘‘tank’ condenser, in parallel
with the main tuning condenser. There is an
almost infinite variety of combinations pos-
sible, of course, which accounts for the wide
differences in tuning combinations given for
receivers of various designs. Typical values of
constants for high-frequency and broadcast
ranges are given in the table of Fig. 613 and in
the descriptions of Chapter Seven. It is evident
that full band-spread of each of the four bands
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with a single tuning capacitance range re-
quires a relatively tremendous minimum ca-
pacitance on the 7- and 14-me. bands. For this
reason some comprormise is usual in amateur-
built receivers, the spread being somewhat less
on the higher-frequency bands. Several manu-
factured receivers and tuner units, however,
achieve nearly full spread on all bands without
resort to excessively high minimum capaci-
tance. One method combines the features of
the Fig. 602-A and 602-B systems, using a
trimmer condenser in parallel with the coil to
raise the minimum ecapacitance, and another
condenser in series with the main tuning con-
denser to restrict the maximum capacitance
value to the proper value. A series condenser
has relatively small effect on the minimum
capacitance, since the minimum of the tuning
condenser usually will be considerably smaller
than the series capacitance. Therefore the re-
duction by the series method is principally
effective at maximum of the tuning capaci-
tance. Such series combinations are more
widely used in superheterodyne tuning sys-
tems, as will be shown later.

Regeneration Control Methods

@ In the regenerative receiver almost any one
of a number of arrangements of the tickler coil
and feed-back control in the detector circuit
can be depended upon to give similarly loud
signals, but some of them have the advantage
of being more convenient and of permitting
adjustment of regeneration without detuning
the signal. It is also a great 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 oscillate gently all across
the frequency band on which the receiver is
working without the necessity for touching
anything but the tuning control.

Fig. 603 shows two ways in which regenera-
tion may be controlled with a screen-grid
detector. At A the regeneration control is a
variable condenser having a maximum ca-

pacity of 100 or 150 uufd. It acts as a variable .

by-pass between the low-potential end of the
tickler coil and the cathode of the tube. If the
by-pass capacity is too small the tube will not
oscillate, while increasing the capacity will
cause oscillations to start at a certain critical
value of capacity. This method of regeneration
control is very smooth in operation, causes
relatively little detuning of the received sig-
nal and, since the voltage on the screen-grid of
the tube is fixed, permits the detector to be
worked at its most sensitive point. The sensi-
tivity of a screen-grid detector depends a great
deal upon maintaining the screen-grid voltage
in the vicinity of 30 volts.

At B regeneration is controlled by varying
the mutual conductance of the detector tube
through varying its screen-grid voltage. The
regeneration control is usually a voltage-
divider — or so-called “potentiometer’” — with
a total resistance of 50,000 ohms or more.
This circuit causes more detuning of the signal
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FIG. 603 — METHODS OF CONTROLLING
REGENERATION

than A, and the resistor is likely to cause some
noise unless by-passed by a large capacity
(about 1 ufd.) at C. In A, condenser C may be
.5 ufd. or larger. With circuit B it is necessary
to adjust the number of turns on the tickler
coil to make the tube just start oscillating with
about 30 volts on the screen-grid if maximum
sensitivity is desired.

Both the methods shown in Fig. 603 may be
applied to three-electrode detectors, although
these tubes have been largely superseded as
detectors by the more sensitive screen-grid
tubes. To use method B the regeneration-con-
trol resistor should be placed in series with the
plate of the tube and it need not be used as a
voltage-divider but simply as a series variable
resistor. It can also be used as a series resistor
when controlling a sereen-grid tube. Another
type of regeneration control, more suitable for
lower radio frequencies, uses a variable re-
sistance across the feed-back portion of the
r.f. circuit.

In all methods it is essential that the tickler
be mounted or wound at the filament end and
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not the grid end of the tuning coil. In the in-
terests of smooth control it will be found ad-
visable 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 rush-
ing noise, a different value of grid leak resist-
ance should be tried.

Tuned Radio-Frequency Amplifiers

@ A regenerative detector followed by a stage
or two of audio-frequency amplification, when
used for c.w. telegraphic work, will bring in
amateur signals from all over the world on the
higher frequencies. For such work, the sensi-
tivity of this type of receiver usually proves to
be ample. At times, however, a radio-fre-
quency amplifier ahead of the detector is very
desirable. The increase in sensitivity and se-
lectivity provided by it can be put to good use
in the reception of amateur radiotelephone
signals. A further advantage of such an ampli-
fier is that it isolates the detector from the
antenna, reducing the radiation from the
detector in an oscillating condition and making
it impossible for the antenna, swaying in a
wind, to cause the received signal to waver. A
radio-frequency amplifier is also of consider-
able service in the elimination of ‘‘dead-spots’’
—— points on the tuning dial at which the an-
tenna, coming into resonance, might otherwise
stop the detector from oscillating.
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FIG. 604— 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, 35, etc. With non-pen-
tode types the suppressor-grid connection shown
would be omitted. The value of the fixed cathode re-
sistor will depend upon the tube type; values of the
gain-control and bleeder resistors are discussed in the
text.

The three-element tube is almost useless as a
radio-frequency amplifier in the short-wave re-
ceiver. The modern screen-grid tube, however,
is most effective providing the circuit in which
it is used is a suitable one. The circuit of a
tuned r.f. stage is shown in Fig. 604. Examples
of modern practice in such tuned amplifier
stages are also shown in the receivers de-
scribed in the next chapter. When the r.f.
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amplifier uses a screen-grid tube of the vari-
able-mu type (such as the 58, 78, 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. 604. 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 respeet to
the cathode and thereby reducing the amplifi-
cation of the stage. Since the space current of
the tube falls as the grid becomes more nega-
tive, thereby tending to lessen the rate of
increase in negative bias with increasing resist-
ance, it is advisable to provide a bleeder re-
sistor 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 resistance 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.
amplifier 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.

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 magnetic fields about the apparatus
enclosed in the shield cause currents to flow in
it, and since the flow of current is always ac-
companied by some loss of energy the shield in
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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 in-
effective 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 at least a distance equal to
the coil diameter. For this reason small 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 must be grounded.
Although an actual ground connection always
will be best, it is sometimes sufficient to con-
nect the shielding to a point in the receiver at
zero r.f. potential, such as the negative side of
the plate supply. Another point is that shields
must be complete for each amplifier stage or
group of apparatus shielded. Do not attempt
to use a single sheet of metal to form a com-

mon wall for two

Common Aortition

g

E

shields as shown in
Fig. 605; such a wall
will actually couple the
two shielded groups or
pieces of apparatus

together instead of g ¥
shielding them from WRONG
each other.

There are two gen-
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eral methods of shield-
ing. One is to group
all the apparatus form-
ing a single stage of
amplification and put
it in a single shield.
The three-tube receiv-
er described in this

™®

chapter is an example
of this type of shield-
ing. The second meth-
od, exemplified by the
different receivers de-
scribed later, is to use
individual shields
around each piece of
apparatus, connecting
them by shielded leads
where necessary. Only
those leads which are

FIG. 605 — SHIELDING
ALWAYS SHOULD BE
COMPLETE ABOUT
EACH PIECE OR GROUP
OF APPARATUS
SHIELDED

Do not attempt to use
a common partition bee
tween shielded stages,
especially when one of
them contains a regen-
erative detector or oscile
lating circuit.

not at zero r.f. potential need be shielded.
Each method will give good results, and the
choice is usually dictated by mechanical con-

giderations.

Although shielding is not necessary if no
tuned r.f. amplifiers are used, it is often helpful.
A metal cabinet about a simple receiver will
prevent direct pick-up of signals by the coils
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FIG. 606 — AUDIO POWER AMPLIFIERS FOR
LOUD-SPEAKER OPERATION

A— using a single Type 45 tube, B—a single 47
pentode, C— two 45°s in push-pull. Transformer T}
is an ordinary audio transformer having a turns ratio
of 2:1 or 3:1. T2 is an output transformer designed to
couple a 45 tube to the loud-speaker being used. Ts is
for coupling a 47 to the speaker. T is a push-pull
input transformer and Ts a push-pull output trans-
former for a palr of 45°s. It is necessary to know the
impedance of the loud-speaker in order to purchase
theright type of output transformer in all three cases.
R) is a 20-ohm resistor, tapped at the center. R3 is
1500 ohms, rated to carry approximately 50 ma. Rs is
450 ohmes, also to carry about 50 ma. R4 is 750 ohms,
rated at 75 ma. or more. Both C1 and Ci should be
I to 2 ufd. C3, which must be rated to stand the full
plate supply voitage, may not be needed if the plate
voltage for the amplifier comes directly from a filter

d in the p pack.

and wiring of the set, and it will also keep
out “induction hums” from unshielded house
wiring.
Audio-Frequency Amplifiers — Volume
Control

@ A power audio stage can be added to the re-
ceiver intended for headphone output where it
is desired to operate a loud speaker. Alter-
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natively, a power stage of sufficient power
sensitivity can be substituted for the usual
low-output amplifier following the detector.
Several power amplifier combinations capable
of a watt or more output are shown in Figs. 606
and 607, including triodes as single-ended and
push-pull amplifiers, and pentodes of two
types. The latter have the greater power
sensitivity (require less grid excitation for
equal output) and are suited to connection to
the detector output of the usual receiver. The
circuit shown in Fig. 607 is popularly used in
amateur receivers. An audio-frequency volume
level control is advisable. This volume control
is arranged as shown in Fig. 607, being a
variable voltage divider resistor or potentio-
meter connected across the secondary of the
input transformer so that the audio voltage
applied to the grid-cathode circuit of the tube
can be varied from maximum to zero.

Fixed Condensers and Resistors

@ In addition to the principal receiver circuit
elements — coils, variable condensers, gain- or
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FIG. 607 — A TYPICAL PENTODE POWER AMPLI-
FIER CIRCUIT WITH VOLUME CONTROL

This circuit can be used with any of the indirectly
heated cathode pentodes The use of a decoupling
circuit to prevent ‘‘degenerative” effects or loss of
amplification at the lower audio frequencies, also is
illustrated.

volume-control resistors, tubes, etc. — there
are also certain fixed condensers and resistors
that are important. In both audio- and radio-
frequency circuits there will be found fixed con-
densers connected across resistors, from plate
to filament and even across portions of the
circuit that appear in the diagram to be di-
rectly connected. These are by-pass condensers,
provided to give a direct path for audio- or
radio-frequency currents and to prevent these
currents from flowing through other paths
where they might cause undesirable degenera-
tive or regenerative effects. In other cases
fixed condensers are used to serve as paths for
audio- or radio-frequency currents while pre-
venting the flow of direct current, in which
case they are known as coupling or blocking
condensers. Since the reactance of a condenser
is inversely proportional to its capacity and to
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the frequency, radio-frequency coupling and
by-pass condensers are of small capacity while
those for audio frequencies are of relatively
large capacity. Small mica or non-inductive
paper-dielectric condensers of from 100 uufd.
to 0.01 ufd. capacity are commonly used for
r.f. circuits, while capacities of from 0.01 to
several ufd. are used in a.f. circuits. The par-
ticular size used, while not especially critical
as to value, will be determined by the im-
pedance across which the condenser is con-
nected, 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 frequen-
cies also. Typical values are 0.001 ufd. and
smaller. Audio-frequency by-pass condensers,
on the other hand, usually have values ranging
from 34 ufd. for paper condensers to 8 or 10
ufd. for electrolytic types. The latter should be
used only as by-passes in circuits carrying
audio frequency superimposed on d.c., as in
cathode circuits. A fair value for most audio
applications in amateur receivers is 1 ufd.,
although larger values may be used where
better response to lower audio frequencies is
desired.

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, asshown previously.
Plate- and grid-coupling condenser and re-
sistor values depend primarily on the tube
combination with which they are used, values
shown in receivers described in this chapter
being typical. Decoupling resistor and con-
denser combinations, used principally in grid
return circuits, are connected as shown in Fig.
607. They are not critical as to value, 25,000
ohms or higher being satisfactory for the re-
sistor and usual by-pass capacity serving for
the condenser in most instances. Usually such
circuits are necessary only in high-gain am-
plifiers of two or more stages.

Superheterodyne Receivers

As has been mentioned previously, the su-
perhet-type receiver differs from the simpler
regenerative autodyne types in that the in-
coming signal frequency is first converted to a
fixed intermediate radio frequency (usually of
from 450 to 500 ke. in high-frequency super-
hets) and is then amplified at the intermediate
frequency prior to audio-frequency detection.
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Tracing the operation through the circuit,
following r.f. amplification the frequency con-
version is accomplished by a heterodyne proc-
ess; that is, the incoming signal and the
output of the h.f. heterodyne oscillator are
simultaneously detected in the mixer (first
detector) whose output circuit is tuned to
the intermediate frequency. The output prod-
uct selected is the beat between the incom-
ing signal and local oscillator voltages and is
therefore of a frequency equal to the dif-
ference between the signal and oscillator fre-
quencies. Whatever modulation (speech or
code keying) there may be on the incoming
signal wave is identically reproduced in the i.f.
beat output of the first detector. Consequently,
the i.f. circuits and second detector behave
with respect to the i.f. signal exactly as a con-
ventional tuned r.f. amplifier and detector cir-
cuit receiving a signal of the frequency to
which the circuits are tuned. For c.w. tele-
graph reception, the i.f. heterodyne oscillator
is used to beat with the i.f. signal, as de-
scribed in Chapter Four. The second detector
output is then amplified in the audio stage.

Single-Signal Selectivity

@ In ordinary beat-note reception, with either
a regenerative autodyne or the usual superhet
receiver, identically the same beat note can be
obtained with a signal beat-frequency above
the local oscillator frequency as with another
beat-frequency below the local oscillator fre-
quency. For instance, if the beat note on a
desired signal is 1000 cycles (with the oscillator
1 ke. higher than the signal frequency), an-
other signal 2 ke. higher than the desired sig-
nal will also give a 1000-cycle beat note and
interfere as if it were on the same frequency as
the desired signal. This audio-image inter-
ference is eliminated in the single-signal su-
perhet. This type of receiver resembles the
conventional superheterodyne of ordinary se-
lectivity, but has in addition to the conven-
tional tuned i.f. circuits a first 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, of course. 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 repro-
duction of voice modulation.

Frequency Converter Circuits

@ The frequency converter is the heart of the
superhet receiver and on its operation depends
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largely the performance of the whole set. Since
the intermediate-frequency value adopted for
short-wave supers represents a considerable
difference between the signal and local oscil-
lator frequencies, it is not feasible to use a
simple autodyne detector having one tuned
circuit as in the autodyne regenerative re-
ceivers used for beat-note c.w. reception.
Separate circuits must be used, that of the
first detector input being tuned to the signal
frequency and that of the oscillator being
tuned higher or lower by an amount equal to
the intermediate frequency. Because of circuit
convenience and other factors, it is general
practice to have the oscillator tuning inter-
mediate frequency higher than the first de-
tector input circuit.

With the two tuned circuits, oscillator and
first detector, two separate tubes may be used;
or there may be a single tube designed to pro-
vide separate sets of elements for oscillator and
detector circuits. Arrangements of both types
are shown in Figs. 608, 609, 610, 611 and 612.
These figures show standard types of oscillator-
detector arrangements. In the grid injection
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system of Fig. 608, the signal input circuit
L,C, is tuned to the incoming signal and the
oscillator circuit LeCy is tuned intermediate-
frequency higher. The oscillator is of the
electron-coupled type, its output being coupled
to the control grid of the first detector through
a small capacitance. The 100,000-ohm plate
load resistor of the oscillator may be replaced
by a high-frequency r.f. choke in some in-
stances, the operation being equivalent. The
essential feature of this arrangement is that
both the signal and oscillator voltages are
impressed on the same grid. The conversion
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oscillator output, oscillator r.f. voltage is made
considerably less than the maximum limit.
The circuits of Fig. 609 are considerably less
critical in this respect, since the signal and os-
cillator voltages are applied to separate grids.
The circuit at 609-A uses a combined detector-
oscillator tube having internal electron cou-
pling between the two sets of elements, such a
tube being known as a pentagrid converter.
Quite high conversion efficiency can be ob-
tained as well as good input selectivity. The
tube is not a particularly desirable one for
high-frequency work when used in this way,
however, 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
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FIG. 609 — THESE FREQUENCY-CONVFERTER CIR-
CUITS ARE FOR USE WITH PENTAGRID TUBES

The circuit at A shows how the tube is used as a
combined detector-oscillator. A better arrangement
Jor high-frequency work, making use of a separate
oscillator with the pentagrid tube as detector or
“mixer,” is shown at B,

gain (ratio of i.f. voltage output to signal
voltage input) and input selectivity are gen-
erally good, 8o long as the sum of the two voltages
impressed on the grid does not exceed the grid bias
and run the grid positive. Since the i.f. voltage
produced is the product of the signal and
oscillator voltages, it is desirable to make the
oscillator voltage as high as possible without
exceeding this limitation. In practice, with the
circuits tuning over a number of bands and
therefore likely to give wide fluctuations in
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overcomes these defects to a considerable

extent is shown at Fig. 609-B. In this cir-
cuit the oscillator grid (No. 1) of the pentagrid
converter is used as the mixing element, but is
fed from a separate oscillator. The better per-
formance of the 56 or 76 tubes as contrasted
with the oscillator section of the 2A7 or 6A7 at
high frequencies results in more uniform output

over the high-frequency range. In the

circuits of Fig. 609 the oscillator voltage
% is not critical, so long as enough is sup-
plied, and the grid-current limitation of
the circuit of Fig. 608 is absent.

A third type of first-detector-oscillator
coupling is given in Fig. 610. In these dia-
grams the suppressor grid of a pentode-type
detector is used asthe meansforintroducing the
oscillator voltageinto the detector circuit to beat
with the incoming signal. Suppressor-grid cou-
pling offers the same advantages as the circuit
of Fig. 609-B, but usually will require a greater
oscillator voltage because of the lesser control
factor of the suppressor grid as compared to
the inner grid of a pentagrid converter tube.
The oscillator voltage is not critical, however,
and does not affect the input selectivity of the
detector. Since the suppressor must be main-
tained at an average voltage considerably
negative with respect to the cathode, the plate
impedance of the first detector is reduced.
This tends to lower the gain out of the first
detector, compared to the gain the same tube
would give with its suppressor maintained at
cathode potential as is usual in amplifier ap-
plications. The suppressor must have negative
bias, it should be emphasized, since otherwise
the oscillator would be ineffectual in modulat-
ing the first-detector space current.

A circuit which utilizes screen-grid injection
in the first detector, with a separate oscillator,
is shown in Fig. 611. This arrangement re-
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quires somewhat more power from the oscil-
lator, since the screen-grid circuit of the de-
tector has a relatively low resistance compared
to the grids used in other methods. The oscil-
lator voltage swing required is also consider-
able. However, it permits the use of a pentode
type first detector and operates with a higher
plate impedance than a pentode with sup-
pressor injection. The latter feature tends to
keep up the gain at intermediate frequency,
where a high-impedance transformer circuit is
the detector load. Proper proportioning of the
oscillator circuit and coupling to the detector
screen provide uniform voltage injection over
wide frequency ranges with this system, al-
though considerable care in circuit design is
advisable.

Circuits using the 6L7 mixer tube as the first
detector are shown in Fig. 612. This metal type
has features which correct the several minor
deficiencies encountered in conversion circuits
of the other types. The space-charge coupling
between detector input and oscillator circuits
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FIG. 610 — CONVERTER CIRCUITS EMPLOYING
SUPPRESSOR-GRID INJECTION

which characterizes the -A7 and -A8 pentagrids
is largely eliminated, while the lowering of
plate impedance which is characteristic of
suppressor injection in a pentode is absent,
since the oscillator grid (No. 3) is completely
sereened and is backed up by a separate sup-
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pressor grid. Also, & smaller oscillator voltage
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FIG. 611 — CONVERTER CIRCUIT FOR SCREEN-
GRID INJECTION

is negligible as compared to screen-grid injec-
tion. The value of oscillator voltage can vary
over a considerable range without affecting
the conversion gain, which tolerance isadvan-
tageous in multi-band tuning systems. Either
the circuit coupling method of Fig. 162-A or
that of 612-B may be used. The latter is usu-
ally more adaptable with band-switch tuning
systems using standard units, since the addi-
tional tube capacitance of the mixer can be
made less effective in raising the minimum
capacitance of the oscillator circuit. In the
first circuit the No. 3 oscillator grid of the
mixer is automatically biased by the voltage
developed across the oscillator’s grid leak,
while in the second circuit the No. 3 grid is
biased by the rectified voltage developed
across its own leak, the bias being propor-
tional to the oscillator voltage in both cases.

Oscillator Stability and Tracking

- @ Inaddition to the “pulling”’ effects pre-
P viously emphasized,inherentstability in the
high-frequency oscillator of the converter
is highly important in amateur-band receivers,
especially in high-selectivity single-signal
types. Variations in oscillator frequency with
changes in supply voltage, as may occur when
gain adjustment varies the plate voltage be-
cause of power supply regulation, are of par-
ticular importance. It is for this reason that
electron-coupled oscillator circuits, and other
types using screen-grid tubes, are generally
used. A screen-grid type oscillator has an in-
herent tendency to maintain constant fre-
quency with changes in supply voltage because
of the compensating action when both plate
and screen voltages are changed in the same
direction. Special arrangements with triode
oscillators can be made to give similar results;
for instanee, the oseillator plate voltage can be
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taken from a voltage divider in which neon
tubes are used to maintain a nearly constant
drop.

In all these circuits it is essential that the
oscillator be completely shielded from the
detector. Coupling other than by the means in-
tended, especially between the tuned circuits,
will result in ‘‘pulling” and will render accu-
rate tuning difficult. Several types of oscillator
circuits are shown for purposes of illustration;
in many cases one oscillator circuit can be sub-
stituted for another without affecting the func-
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tioning of the detector or mixing circuit, since
the two are generally entirely separate except
for the coupling by which the oscillator volt-
age is introduced into the detector circuit.
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 ac-
complished to a fair extent, with equal-capaci-
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tance condensers in the several tuning circuits,
by ‘simply making the oscillator inductance
sufficiently smaller than the signal-frequency
circuit inductance. For more precise tracking
over the tuning ranges, especially at the lower
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Approximate circuit values for 450- to 465-kc. inter-
mediates with tuning ranges of approximately 2.15-
to-1, Ci and C2 having a maximum of 140 uufd. and the
total minimum capacitance, including Csz or Ci,
being 30 to 35 uufd.

Tuning Range | Ly Ls ’ Cs
1.7-4 mec. 50 ph. 40 uh. 0.0013 ufd.
3.7-7.5 me. 14 uh. 12.2 uh. | 0.0022 pfd.
7-15 mc. 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, Ci and C2 being 350 uufd. maxi-
mum, minimum capacitance including Cs and Cu
being 40 to 50 upfd.

Tuning Range L ’ Ly Cs
1.5~4 me. 32 ph. 25 ph. 0.00115 ufd.
4-10 me. 4.5 ph. 4 ph. 0.0028 pfd.
10-25 mec. 0.8 ph. 0.75 uh. | None used
0.5-1.5 me. 240 ph. 130 ph. | 425 pufd.

|
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frequencies, a tracking capacitance in series
with the oscillator tuning condenser is used to
maintain this difference more uniformly. Two
typical arrangments are shown in Fig. 613.
As indicated on the diagrams, the .tracking
capacitance Cs commonly consists of two
condensers 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 exactly proper value. In practice,
the trimmer capacitance Cjy is first set for the
high-frequency end of the tuning range and
then the tracking capacitance is set for the
low-frequency end of the tuning range. The
tracking capacitance becomes larger as the
ratio of the oscillator to signal frequency be-
comes nearer to unity (that is, as the tuning
frequency becomes higher). Typical circuit
values are given in the accompanying table.

Pre-Selection and Image Suppression

@ A peculiarity of heterodyne action is that
one of the two voltages which are combined
may be either higher or lower than the other
(by the proper frequency difference) and still
give the same beat-frequency product. In the
superheterodyne converter with the oscillator
tuning intermediate-frequency higher than the
signal circuit, there is possibility of first de-
tector i.f. output from a signal intermediate-
frequency higher than the oscillator frequency,
as well as from the desired signal which is
intermediate-frequency lower than the os-
cillator frequency. This will occur if there is
insufficient selectivity ahead of the first de-
tector to prevent signals twice intermediate-
frequency removed from the desired signal
from reaching the mixing circuit. Such un-
desired signals are referred to as images, and
the relative ability of a receiver to diseriminate
against them is described as its image ratio;
that is, the ratio of image-frequency signal
voltage input to desired-frequency signal
voltage required to give the same receiver
output.

Using the conventional 456- or 465-ke. inter-
mediates, image ratios of several hundred are
obtainable at the lower amateur frequencies
with but one non-regenerative input ecircuit;
but to maintain such ratios above 7000 ke.,
and especially above 14 me., considerably
greater input selectivity is required. 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
approximately 1500 at 3.5 ke. and 150 at 7 me.,
to only 50 at 14 me. The apparent ratios can be
made higher by introducing regeneration in the
pre-selecting circuits, which has the effect of
raising the circuit gain at resonance for the
desired signal. One simple way to introduce

this ‘“‘negative resistance ” effect is to connect a
separate regenerative circuit in parallel with
the superhet’s input circuit, as by connecting
the antenna terminal of a simple regenerative
detector to the antenna terminal of the super-
het. The regenerative circuit is tuned to the
same frequency and operated just below the
point of oscillation. Alternatively, the r.f. or
first-detector circuit of the superhet can be of
the regenerative type, using one of the feed-
back arrangements shown for simple regenera-
tive detectors, with control of the screen voltage
for adjustment. Regeneration tends to make
the gain non-uniform over wide frequency
ranges, however, and demands constant read-
justment with tuning. Commercial practice is
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FIG. 614 — CIRCUITS FOR TWO TYPES OF WAVE-
TRAP IMAGE REJECTORS

Type A is fitted with plug-in coils and is intended
for use external to the receiver. The coils, L, are wound
on 1Vs-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 is a 140- or 150-ppfd. midget,
SW is a single-pole single-throw shorting switch.

Type B is more adaptable to mounting within the
receiver, coupled inductively to the antenna lead as
shown or directly in series with the lead. It should be
shielded from the receiver input. For rejection of
images in the 7- and l4-mc. ranges, where image
trouble is likely to be most pronounced, the coil L1
should have 14 turns on a 1%-inch diameter form,
with a tap at the sixth turn from the ‘“‘set” end. A
single-section three-position tap-switch SW1 selects
all or part of the coil, or shorts the trap. C1is a 150-
uufd. midget condenser.
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FIG. 614-C — A SUGGESTED ARRANGEMENT FOR
BALANCED INPUT COUPLING WITH A FARA-
DAY SHIELD TO MINIMIZE CAPACITY EFFECTS

L1 and L3 each may be 4 turns or so on a tube-base
form. The coil sizes and degree of coupling are not
especially critical, one combination being satis-
factory for all bands.

to avoid regeneration and depend on additional
tuned circuits for image suppression, two r.f.
stages being used in several types.

One simple and inexpensive method of sup-
pressing images that is fairly effective and en-

.91,



The Radio Amateur’s Handbook . . . . . . .

tirely practical is a wavetrap placed in the an-
tenna circuit, introducing high impedance right
at the unwanted (image) frequency. It is easy
to install, as shown in Fig. 614-A and -B.
For the usual i.f. of approximately 500 ke. the
images are about 1000 ke. higher than the
desired-signal frequency. Thus a trap circuit
resonating 1000 ke. above the signal frequency
can be used, introducing only low values of
impedance at the amateur-band frequency.
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termination for the two-wire type trans-
mission line now generally used with high-
frequency receivers. The screening can be
made up by space-winding No. 24 d.c.c. wire
on a cylinder of celluloid temporarily sup-
ported on a 3-inch diameter form, and then
treating the winding with liquid Victron, Q-
Max or other dielectric ‘“dope.” When the
winding is thoroughly dry the form is removed
and the cylinder cut length-wise to form a

rectangle. The wire ends along

one edge are soldered together

to a wire for the ground con-

Grid nection, the ends at the other
?t’;?f edge being left separated. Such

screening is also effective in
preventing some noise pick-up
at the receiver’s input circuit.
= A radio-frequency amplifier
is also effective in improving
the signal-to-noise ratio of the
receiver, although some com-
promise is necessary in recon-
ciling the two considerations of
image suppression and sensitiv-
ity. Image suppression will gen-
erally 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, this noise being
partly due to small voltages re-
sulting from thermal agitation
in the tuned circuit and from
electronic variations in the
first tube (“shot effect,” princi-

Grid

WNext

T Jtayc
i

Cathodle =—|
oJ

200042

>
100.0000 3

T0 MAN

GAIN

4
‘ 100,000
+8 AV.C. 48

C

FIG. 615 —~ILF. AMPLIFIER CIRCUITS
TRANSFORMERS. A, DOUBLE TUNED;
HIGH-GAIN IRON-CORE

Such a trap is broad enough so that it seldom
requires adjustment if once set at the center of
the frequency range it is desired to eliminate.
It can be tuned easily for maximum supression
of any particular frequency, however. It pro-
duces an improvement of at least several
times in the signal-to-image ratio.

Capacitive coupling resulting from the stray
capacitance of antenna and tuned-circuit coils
also aggravates image response. This can be
reduced by use of an electrostatic screen be-
tween the two coils, as shown in Fig. 614-C.
This arrangement also provides a balanced
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FOR THREE TYPES OF
B, TRIPLE-TUNED; C,

{—> G#hode  pally). These noise voltages

are distributed throughout the
frequency spectrum, and hence
are converted and amplified
by succeeding circuits along
with the signal. It is therefore
important to make the signal
voltage in the first tuned cir-
cuit aslarge as possible, to com-
pete with the thermal agitation voltages; 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.
A radio-frequency amplifier has more effective
gain than a first detector, as a general rule,
which makes the r.f. pre-selector stage advan-
tageous in overcoming tube noise. Thermal
agitation noise is greater at the lower frequen-
cies, where the tuned-circuit impedance is
higher, and falls off at the higher frequencies.
The tendency, therefore, is for tube noise to

100,000 2
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predominate over thermal agitation noise in
our high-frequency receivers.

Intermediate-Frequency Amplifiers

@ The intermediate-frequency amplifier (i.f.
amplifier) of a superhet is, as mentioned, simply
a tuned radio-frequency amplifier designed to
work at a fixed frequency, generally in the
region of 450 to 500 ke. for
short-wave superhets. The
tuned circuits of i.f. ampli-
fiers usually are built up as
transformers, consisting of a
shielding container in which
the coils and condenscrs arc
mounted. The coils are of the
universal-wound or honoy-
comb type and are very small
in size so that the magnetic
field will be restricted. Both
air-core and powdered-iron
core coils are used, the latter
having somewhat higher Q’s

receivers. One method of accomplishing this is
by variable coupling between the coils of the
transformers, employing mechanical adjust-
ment. Two types of such transformers are
illustrated in Fig. 616, one being a Hammar-
lund air-core model with multi-section primary
and secondary windings, and the other a
Sickles powdered-iron core model. The

and, hence, greater selec-
tivity and gain per unit.
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 temperature. 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 will give
all the gain usable, considering the noise level,
so that additional stages would have no par-
ticular advantage. If regeneration is intro-
duced into the i.f. amplifier — as is done in the
receiver to be described later — a single stage
will give enough gain for all practical purposes.
Typical circuit arrangements for three
types of transformers are shown in Fig. 615.
Alternative methods of gain-control biasing,
by-passing and decoupling are indicated. The
method of returning all by-passes to the cath-
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.
Transformers giving variable selectivity are
being used to considerable extent in current

FIG. 616 — TYPES OF VARIABLE-SELECTIVITY I.F. TRANSFORMERS
HAVING MECHANICALLY ADJUSTABLE COUPLING

coupling is usually adjusted 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 approximately
7-to-1.

Quartz Crystal 1.F. Filters

@ As has been mentioned previously, high i.f.
selectivity can be obtained by the use of a
quartz crystal filter and such filters are used in
a number of s.s. receivers, some of commercial
manufacture. When connected in a suitable
series circuit, a quartz crystal having a reso-
nant frequency corresponding to the receiver’s
intermediate frequency is capable of several
hundred times the selectivity obtainable in
the usual transformer-coupled i.f. amplifier.
The selectivity obtainable is, in fact, consider-
ably greater than is practicable for some types
of communication, especially ’phone, unless
means for modifying it are provided. Such
provision is made in the variable-selectivity
filter circuits of Fig. 617-A and -B.

The resistive component of the variable
parallel impedance of the input transformer
secondary in series with the erystal (which is
equivalent to a high-Q electrical circuit) effects
variation in the effective resistance in the
crystal series circuit, thereby varying the

-selectivity in accordance with the principles of

resonant circuits discussed in Chapter Four.
The applied voltage in the crystal circuit is pro-
portional to the parallel impedance, increasing
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as the effective resistance increases, so that the
gain of the receiver for a single-frequency
signal is but little affected over a selectivity
(band-width) range of approximately 10 to 1.
Minimum selectivity occurs with the parallel
circuit turned to resonance, when it is purely
resistive, and maximum selectivity when the par-
allel circuit is tuned to be considerably reactive.

The crystal is connected in a bridge circuit

Bandwidth control
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FIG. 617 — VARIABLE BAND-WIDTH CRYSTAL

FILTER CIRCUITS ARE SHOWN IN A AND B, WHILE

C IS THE CIRCUIT OF A FIXED BAND-WIDTH
TYPE

FIRST DET.

to provide counter voltage of controllable
phase, through an adjustable condenser, so as
to modify the resonance curve by shifting the
anti-resonant frequency of the crystal as
shown in Fig. 618, thus giving particular re-
jection for an unwanted signal (of a frequency
from several kilocycles above to several kilo-
cycles below the crystal’s resonant frequency),
in addition to the sharply peaked response
given for the desired signal.

The output transformer of the filter consists
of the tuned secondary circuit L3Cs closely
coupled to the primary Ls, which has but a
fraction of the turns on L3. The purpose of this
is to provide an impedance transformation
suitable to match the crystal impedance to
high impedance in the grid circuit of the follow-
ing amplifier and thus improve the efficiency

of the filter.
. 94,

The circuit of Fig. 617-C operates in similar
fashion so far as the rejection action is con-
cerned, but has a fixed band width determined
by the constants of the crystal series circuit. A
variable impedance in the crystal network is
not provided.

Second Detectors and Beat Oscillators

@® The second detector of a superhet receiver
performs the same function as the detector in
the simpler receiver, but usually operates with
a higher input level because of the relatively
great r.f. amplification which is obtained in the
preceding i.f. stages. Therefore, in the second
detector of the superhet the aim is to have
ability to handle large signals without distor-
tion rather than to have high sensitivity in the
detector itself. Grid-leak and plate detection
are used to some extent, but the diode detector
is by far the most popular. It is especially
adapted to furnishing automatic gain or auto-
matic volume control (a.v.c.) as a by-product
of its detector operation, which gives it an
additional advantage. A wide variety of com-
binations will be found, including circuits using
multi-element tubes which include diode ele-
ments, but all are basically the same. Practical
circuits which are preferred are shown in the
receivers described in the next chapter.

A beat oscillator is always the companion
to the second detector in amateur-band super-
hets, being used for heterodyne action in the
detector circuit for c.w. telegraph reception.
The oscillator 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 to the i.f. frequency.
The oscillator may be coupled to the second
detector in any one of a number of ways,
several of which are also shown in the receivers
described in Chapter Seven. One consideration
in the beat oscillator which is especially im-
portant is that every precaution should be
taken to prevent its output, particularly har-
monics of its fundamental frequency, from
reaching the earlier circuits 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 for
good beat-note strength.

Automatic Yolume Control

® With the wide range of signal levels en-
countered in high-frequency reception and the
severe fading which is practically always
prevalent, automatic regulation of the gain of
the receiver in inverse proportion to the signal
strength is a great advantage. This is readily
accomplished in the modern type superhetero-
dyne by using the average rectified voltage
developed by the received signal across a re-
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sistance in a detector circuit to vary the bias
on the r.f. and i.f. amplifier tubes. This voltage
being practically proportional to the average
amplitude of the detector signal, the gain is
reduced as the signal strength is greater.
The control will be more complete as the

Input %

[ -

Xtal
Equivalent
I; ~ \ .

L R
* * O L Oué-
B3 ™ put
= n
b JEL

Co smaller than C,

il

[LLLL X
Tl
Il

| Anti-resonance

V4

|

= e | —-

A FREQUENCY
'

RESPONSE ———wm

I
Resonance
r.—

Cp larger than €,
Anti-

I‘CJ'.\
|

-<—]——+

B rrecuency
1

RESPONSE ——+=

Ch=GC
|
I
|

- -— —

+
C FREQUENCY

RESPONSE —»

FIG. 618 — THE REJECTION ACTION
CRYSTAL FILTER CIRCUIT

OF THE

number of stages to which the a.v.c. bias is
applied is greater. It is hardly feasible to at-
tempt to use a.v.c. on less than two stages,
because the gain regulating action ‘‘can’t keep
up with the signal level,” and control of at least
three stages is preferable. Even then there is
some tendency for the signal level to keep
ahead of the control, since the control voltage

is derived from the detector input signal and is,
in effect, working against itself. This can be
overcome by using a separate amplifier stage
and a separate rectifier for the a.v.c. voltage,
the a.v.c. amplifier being operated at full gain
while the amplifier feeding the detector is
controlled. An arrangement of this kind is
shown in the 12-tube receiver described in the
next chapter. The separate a.v.c. rectifier is
also advantageous in c.w. telegraph reception,
when the beat oscillator is on. With a.v.c.
derived from the audio detector the rectified
voltage from the beat oscillator input will be
quite large, and therefore will act as a very
strong constant signal in reducing the gain.
With the separate a.v.c. rectifier circuit,
however, the oscillator voltage will not affect
the control action, since the oscillator is
coupled to the audio detector and not to the
a.v.c. unit. This permits the use of a.v.c. for
both c.w. and 'phone reception, and allows the
beat oscillator to be switched on for beat-note
checking on a 'phone carrier without disturb-
ing the a.v.c. action. The separate a.v.c. cir-
cuit also allows adjustment of the bias in the
rectifier circuit to give any degree of limit on
initial action which may be desired, as also
shown in the 12-tube receiver of the next
chapter.

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
relatively small time constant is preferable, as
compared to general practice in broadcast-
band receivers. Capacitance and resistance
values given for the superhet receivers de-
seribed in the following chapter are generally
satisfactory. The time constant can be esti-
mated from total resistance effective in the
a.v.c. circuit (including the rectifier load re-
sistance and the grid-feed filtering resistors)
and the total capacitance to ground (including
the grid-return bypasses of the respective
controlled stages). These resistance and capaci-
tance values should be substituted in the time-
constant equation given in Chapter Three.
A value of a few hundredths of a second is
usual.
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CHAPTER SEVEN

Receiver Construcetion

BUILDING, OPERATING AND SERVICING MODERN

TYPES

M Aving examined the funda-
mentals of receiver design, we are now ready to
consider the construction of representative
receivers of the various types now in general
use. The construction and operation of a num-
ber of representative high-performance de-
signs is described in this chapter, beginning
with the simpler types and continuing through
advanced superheterodyne models. Most of
the parts used in the simpler receivers can be
adapted later to use in the more intricate sets;
thus it is possible for the neophyte to pick out a
simple and inexpensive design for his initial
attempt, one which he will find relatively easy
to get working, at the same time realizing that

Tools

@ While it is possible to put a set together
with the aid of only the proverbial jackknife,
a few good tools of the proper sort will be found
invaluable in saving time and helping to make
a good job mechanically. The following list is
typical of the tools which most amateurs con-
sider adequate:

Soldering iron (preferably electric)
Large and small side-cutting pliers
Large and small screwdrivers
Hand drill stock with a few drills of different
gizes (Nos. 11, 18 and 28 will be most useful)
File (not too large)

Knife (Boy-Scout kind)

Hammer

Vise (the small 4" size
will do)

Steel rule (6’ or 12")

With these tools it
is possible to construct
practically any of the
apparatusordinarily
built at home. Others
will be found useful at
times, however. A
small tap-holder, a die-
holder and three or four
taps and dies covering
the 6-32, 8-32 and 10-
32 sizes can be obtained
from a hardware store

FIG. 701 — A TWELVE-TUBE SINGLE-SIGNAL SUPERHETEROD YNE
RECEIVER OF ADVANCED DESIGN

A complete description of this metal-tube receiver is contained in this chopter.

the investment for the equipment in it will
not be wasted. Although it is probable that
the simpler outfits will not be retained as per-
manent receivers in the finished amateur sta-
tion, all of the sets described in this chapter
are thoroughly practicable, capable of giving
excellent service in regular amateur opera-
tion if carefully built and correctly operated.

. 96 .

at reasonable cost.
With the dies you can
thread brass rod and
run over threads that
become ‘bunged-up’’
on machine screws. With the taps you can
thread the holes you drill so that they will take
machine screws to hold the apparatus you wish
to mount. A hacksaw, reamer, center-punch,
scriber, tweezers, square and some other inex-
pensive tools are also desirable but not en-
tirely necessary.

In building equipment for experimental
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purposes and for temporary use it is just
as desirable to use system in laying out
the apparatus and in wiring up as when
the more permanent panel job is built.
Some square “breadboards,” a bunch of
General Radio plugs and jacks, Fahne-
stock clips, some scrap bakelite pieces for
building terminal boards, angles for sup-
ports and an assortment of different sized
brass machine serews, wood screws, nuts,
and washers will make it casy to build up
and try out new circuits, It is a good
idea to keep some hook-up wire on hand,
and various sized spools of magnet wire
will prove useful in doing temporary wir-
ing if you are an experimenter.

A metal chassis is preferable for per-
manent equipment, both for mechanical
rigidity and electrical shielding. Bases
can be formed from aluminum sheet, such
material of approximately 1/16-inch to
3/16-inch thickness being easily worked
in the home workshop. Alternatively,
standard bases of “ Electroloy,” cadmium

FIG. 702— THIS TWO-TUBE RECEIVER HAS A

CONTINUOUS FREQUENCY RANGE OF 1450 TO

41,000 KILOCYCLES AND GIVES COMPLETE
BAND-SPREAD ON FIVE AMATEUR BANDS

It can be used with either 2.5- or 6.3-volt tubes

without change in the wiring. The right-hand dial

gives general coverage and the left gives bandspread.

FIG. 703—THE “CHASSIS” OF THE TWO-TUBE RECEIVER

All parts are mounted orn the square sheet-aluminum
base. Thelocation of the componentsis described in the text.

plated steel, “radio metal,” etc., can be pur-
chased in a variety of dimensions to fit almost
any design. Panels of various metal composi-
tions also can be obtained cut to suitable di-
mensions. With these economical foundation
units, much of the tedious work of construc-
tion is escaped.

A table of drill sizes giving the proper num-
bered drill to use for passing a screw through a
panel or for tapping to take a certain size of
machine secrew is included in the Appendix.
Only the sizes most used in radio construc-
tional work are given.

Soldering and Wiring

@® In wiring different pieces of apparatus a
neatly soldered job will repay the builder in
good appearance and reliable operation. Good
connections may be made without solder, but
a well-soldered joint has low contact resist-
ance.

Making good soldered joints is a quite simple
matter. A few points should be kept in mind for
best results. A hot well-tinned soldering iron,
clean, bright surfaces, and a small amount of
rosin-core solder will do the trick. Tinning the
parts to be soldered before completing a joint
will be helpful.

Soldering flux keeps the clean surface from
becoming oxidized when heat is applied. Acid
fluxes or soldering pastes are especially to be
avoided. They are good for mending tin pans
and gutter pipes but cause corrosion of elec-
trical connections. The melted “paste’” can
cause a set to operate poorly or.to become inop-
erative by adding leakage paths across coils
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and condensers. Use lump or powdered rosin
that can be obtained for a dime from any drug
store, or buy ‘‘rosin-core’’ solder.

“Tinning”’ the soldering iron is done by filing
the point bright and clean and rubbing it in
hot solder with a little flux until the point is
covered with clean solder. Scrape connections
with a knife or file before soldering, to save
time and make a joint good electrically and

connected together to provide an adequate
mechanical joint, and finally heated by the
iron until the parts are hot enough to melt the
solder and cause liquid solder to flow around
the joint. Only in this way can permanent,
uniform, resistance-free soldered connections
be made.

Many skillful constructors wire a receiver in
the following order: First, all filament or
heater connections are wired with
twisted pair (in the case of a.c. cir-
cuits) placed, wherever possible, in
the angles formed by the top and sides
of the chassis, and away from other
circuits. Second, all grid and plate con-
nections are run as directly and with
as short leads as possible from the
tube socket or cap to the indicated

part (preferably to the condenser, in
a tuned circuit), but spaced from,

-8 +8

FIG. 704 — CIRCUIT DIAGRAM OF THE TWO-TUBE
RECEIVER

For 2.5-volt a.c. filament operation, the 57 and 58 are recom-
mended as detectors and the 56 as the audio amplifier. For stor-
age battery operation suitable detectors are the 77, 78, 6C6, 6D6
and 6J7; audio amplifier, 76, 37 or 6C5. These tubes also can be
operated from a 6.3-volt transformer.

Ci, Ca— 100-pufd. midget variable (Hammarlund MC-100-S).
Cs, Ciy Cs— 100-pufd. fixed mica condenser (derovox Type 1460).
Csy, C7 — .5-pfd. or larger.

R1— 5 megohms.

Ry — 50,000-0hm potentiometer (Frost) small size.

R3 — 25,000 ohms, 10 watts (Qhmite).

Ri— 2000 ohms, 1 watt.

Rs— 75 ohms, center-tapped (Ohmite).

RFC — Universal wound short-wave choke (HHammarlund).

L1, Cs, Ry — Screen-grid coupler (National Type S-101). Suitable
values are: Ls, 500 henrys; Cs, .01 ufd.; Rs, 0.5 megohm.

Coil Data

Frequency Range Total turns, Cathode Band-Spread
L Tap Tap
1450 to 3400 kc. (1.75) 5414 V4 2934
3050 to 7100 kc. (3.5) 2% 1Y, 113
6100 to 14,200 kc. (7) 13% 3% 4V,
10,600 to 24,000 kc. (14) V% % 1Y
18,000 to 41,000 kc. (28) 3% s %3

All coils are wound with No. 24 d.s.c. wire on 1%-inch diameter
forms, the length of the coil being 1'% inches in all cases. The
figure in parenthesis after each frequency range indicates the
amateur band for which that coil is used. The taps are counted
off from the lower or ground terminal. Assuming that the tuning
dials have 100 divisions and that the 0 end of the scale represents
maximum condenser capacity, the setting of C: to give amateur
band coverage on C) will be approximately as follows, using ap-
propriate coils: 1.75 mc., 44; 3.5 mc., 38; 7 mc., 28; 14 mc., 54;
28 mc., 78. See text on coil construction.

or run at right angles to, other cir-
cuit elements. Finally, the plate and
grid return circuits, with their vari-
ous filter elements, are placed in a
neat, orderly and non-conflicting
array. Insofar as possible, a single
common ground point should be used
for each stage, by-pass condensers
should be placed right at the socket
terminal or by-passed element, choke
coils should be mounted so that their
fields do not mutually interact, and
as much spacing between the parts
in adjacent stages should be provided
as the general design permits. If ordi-
nary push-back wire is used for plate
and grid connectionsin high-frequency
sets, it should be kept away from the
chassis or other parts, since the insu-
lation at high frequencies is none too
good. Spaghetti or varnished cambric
insulation is satisfactory at the or-
dinary amateur frequencies.

The underlying thoughts to keep
in mind in wiring the receiver are
that damaging reactions between
stages due to stray coupling between
circuit elements should be avoided,
that too much dependence must not
be placed on ordinary forms of insula-
tion in marshalling the elusive high

mechanically. The soldering iron must be re-
tinned occasionally if it becomes overheated.
It should always be used when very hot, but
not allowed to become red hot. A hot iron
makes soldering easy.

Solder should not be carried to the work on
the tip of the iron when using rosin-core solder;
the prolonged heat of the iron ruins the flux,
and an improperly soldered joint often results.
Instead, the parts should first be tinned, then

« 98 .

frequency currents, and that the resistance in-
troduced by a single improperly soldered con-
nection can ruin the performance of the entire
receiver.

A Two-Tube Pentode Receiver
@® A two-tube receiver of advanced design
and good performance is illustrated in Figs.
702 to 707, inclusive. A pentode regenerative
detector and one stage of audio are employed,
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and the set is intended for headset reception.
It is also adapted to either 2.5-volt or 6-volt
a.c. or d.c. filament supply with heater-type
tubes, or to 2-volt low-current filament supply
with slight modifications.

The circuit diagram of the receiver is shown
in Fig. 704 as intended for heater-type tubes
and in Fig. 707 as modified for 2-volt filament-
type tubes. Additional views demonstrating
the constructional details are given in Figs. 703
and 705. The actual layout used is not par-
ticularly important except that, as always, it
is desirable to have short leads in the r.f.
circuit. Metal chassis construction is strongly
recommended, since the shielding thus afforded
is helpful in reducing capacity effects and in
cutting out hum pickup from the induction
fields which permeate most homes having a.c.
wiring. For these same reasons a metal cabinet
is advantageous, and since it is possible to
purchase metal boxes for less than the cost of
the aluminum that would go into making one
of the same dimensions, the set was made to

FIG. 705 — THIS UNDERNEATH VIEW SHOWS THE
REGENERATION CONTROL RESISTOR AND THE
VARIOUS BY-PASS CONDENSERS AND RESISTORS

The positive-*‘B" terminalison a small piece of fibre
which insulates it from the base. Each filament lead
in the six-wire cable consists of two wires soldered
together to lower the voltage drop. All ground con-
nections from the tuning condenser and coil are
bonded together.

fit such a box, in this case a National Type
C-SRR. The aluminum base or chassis on
which all the parts, including the tuning
condensers and the regeneration control, are
mounted measures 714 by 714 inches. Quarter-
inch square brass rods, drilled and tapped for

6-32 screws, are fastened along two edges of
the base to furnish a convenient means of se-
curing it in place in the cabinet.

The two tuning condensers are mounted
along the front edge of the base with their

7 Grd. 7o Cathode
Q
Jo’c, 70°C,
COIL CONNECTIONS (from £op)

FIG. 706 — COIL SOCKET CONNECTIONS AND THE
METHOD OF BRINGING OUT COIL TERMINALS

shafts projecting beyond the edge so the dials
can be fastened to them when the set is put in
the box. Behind the tuning condensers is the
socket for the plug-in coils, an isolantite socket
mounted on metal pillars so the socket prongs
clear the base. The grid condenser and leak are
just behind the right-hand tuning condenser,
the far end of the condenser being supported
from the base by a small piece of bakelite drilled
and tapped to serve as a mounting.

To the rear of the grid condenser is the de-
tector tube socket, and in the rear right-hand
corner the binding posts for the phones. The
audio tube socket is next, and occupying the
rear left-hand corner is the audio coupler.
The antenna and ground terminals are along
the left edge of the base mounted on a bakelite
strip.

The coil socket is mounted so that the leads
to the tuning condensers are short and con-
venient. The rear right-hand socket terminal
(No. 4) is connected to the cathode of the de-
tector tube; the wire from the coil socket drops
down through a hole in the base and runs
underneath to the tube socket. A wire from this
same prong also runs through another hole in
the base to the antenna post. The connection
to the ground terminal is similarly made to
the rear left-hand terminal (No. 2) on the coil
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socket. The feedback coil — the part of the
coil included between the cathode tap and
ground — is thus made to serve as the antenna
coupling coil as well. Experiment has shown
that this method provides just about the right
amount of coupling,® keeping antenna effects

R, 32

marked and holes drilled to correspond. These
may be made fairly large, and small inaccura-
cies will not matter. The next step is to drill
small holes along the sides of the box for the
screws which fit into the brass-rod mounting
strips. Drilling and tapping of these rods for the
side screws should be left until after

30 the holes in the sides of the box have
been drilled, so that their exact loca-
tion can be easily spotted when the
set is in its final position. The dials
should not be fastened in place until
all the other mechanical work has
been finished; if dials similar to those

shown (National Type B Midget) are

used, the drilling template should be

-A A+ +8 +8 -C
-8 22'%V. 90 To 4270
+C TO 45V. 136 V. 9V

FIG. 707— THE TWO-TUBE RECEIVER DIAGRAM
ADAPTED FOR TWO-VOLT TUBES

Components have the same values as indicated in
Fig. 704. The filament supply may be from an Air-Cell
Battery or from two dry cells connected in series; in
the latter case a 10-ohm rheostat should be connected
in series with the ‘4>’ battery so the voltage applied
to the filaments can be regulated to the proper value.
The detector filament choke, RFC. is wound with
No. 30 s.5.c. wireon a half-inch form toa length of two
inches.

to a minimum while providing plenty of signal
strength.

Parts mounted below the base include the
regeneration control, the plate by-passcon-

lined up with the condenser shafts
after the receiver is securely mounted
in the box. This will avoid the em-
barrassment of having condenser
shafts and dials refuse to line up. The only
precaution to be observed in connection with
the regeneration-control shaft is to see that it
does not touch the box as it comes through.
Fig. 706 shows how the connections arc
made on the coil forms, while the specifications
are given under Fig. 704. In all cases the grid
and ground ends of the coils come through the
forms directly over their respective pins, and
the tap specifications are given in turns and
fractions of turns from the ground end. The
length of the winding should be exactly 1%
inches on all coils, and on all but the 1.75-me.

densersand plate choke, and the screenand
audio cathode by-pass condensers. This
last is a double condenser having two sec-
tions of 0.5 ufd. each. Increasing each to 1
ufd. will reduce regeneration-control resis-
tor noisc and aid in amplification of the
lower audio frequencies. The audio cath-
ode resistor and the screen dropping resis-
tor also are mounted underneath the
base. The regeneration control resistor is
mounted on a bracket made from half-
inch brass strip, from which it must be
insulated. An extension shaft gives the
necessary length so that this resistor can
be controlled from the panel.

Fitting the set to the box requires a
little care, but presents no particular prob-
lems. The back and bottom of the box
should be removed, after which the re-
ceiver can be pushed in from the rear. A
space of about two inches between the
bottom and the base will be sufficient;
lines should be ruled along the inner sides
of the box as guides so the chassis will be square
with the box. Then the points at which the
shafts of the tuning condensers and regenera-
tion control go through the front should be
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FIG. 708— A TWO-TUBE RECEIVER HAVING THE

EQUIVALENT OF THREE ORDINARY STAGES

Construction of the power pack, which is suitable for use
with any of the regenerative receivers described in this chap-~
ter, is detailed in Chapter Fifteen.

coil the turns should be separated to give an
even spacing throughout. The 1.75-me. coil is
close-wound with the wire specified. Different
brands of wire vary a bit in insulation thick-
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ness, so if the completed close-
wound 1Y4-inch coil has a turn or
two more or less than indicated in
the coil table it is quite in line
with what would be expected. A
small variation in the total num-
ber of turns on this coil is unim-
portant so long as the taps are
counted off from the ground end
as specified. The turn spacing on
the 3.5-me. coil is adjusted by put-
ting another winding of the same
size wire between the turns of the
actual coil, the auxiliary winding
being removed after the coil ter-
minals are soldered in place. Spac-
ing on the higher-frequency coils
Is adjusted by hand. Taps are
made by drilling a hole through the
form at the proper point, cutting
off the wire and running it down
to the proper pin. A new piece of
wire with its end fastcned in the
same pin continues the winding.
When finished, the windings
should be given a coat of “dope’.

FIG, 709 — REAR VIEW OF THE MULTI-PURPOSE
TUBE RECEIVER

With the coils specified, the band-spread is
between 80 and 100 dial divisions on the band-
spread condenser on all except the 3500-ke.
coil. In this case the tap has been adjusted to
spread the 400-ke. c.w. portion over the dial.

FIG. 710 — BOTTOM VIEW OF THE 6F7-41 TUBE RECEIVER

CHASSIS

The audio coupling choke is visible in the center, flanked by the
audio coupling and regeneration-control by-pass condensers. The
antenna terminals are mounted on a bakelite plate at the back of
the chassis, where also are mounted the headphone tip jacks.

Any desired degree of spread can be obtained
by changing the position of the tap. Moving
the tap toward the ground end will increase the
spread — decrease the frequency coverage —
on Cy, while moving the tap toward the grid end
will make C; cover a wider frequency range.
Unfortunately the position of the tap for a pre-
determined amount of band-spread cannot
be readily calculated, and the work must be
done experimentally.

Electrically, there are only two pitfalls to
avoid. The first is to make sure that the part of
the coil included between the cathode tap and
ground end is as close to specifications as pos-
sible. It does not take much ‘‘tickler’ in this
circuit to provide all the nceded feedback, and
too much feedback not only reduces the sensi-
tivity but also may lead to howls.

The second thing to avoid is the use of a
make-shift audio coupler between the detector
and amplifier. While audio transformers can be
pressed into service as coupling impedances, a
good many of them show a pronounced tend-
ency to produce fringe howl. Trouble of this
sort can be sidestepped by acquiring a coupler
made especially for the job of coupling a screen-
grid detector to an audio amplificr. There are
several of them on the market.

The receiver can be used with either 2.5- or
6.3-volt tubes of the types enumerated under
the circuit diagram, and is suitable for either
a.c. or storage-battery operation of the fila-
ments of 6.3-volt tubes. Plate voltage can
come either from a “B” pack or batteries,
with voltages from 90 to 250 volts being satis-
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factory. Somewhat greater signal strength will
be obtained at the higher “B’’ voltages.
The set should first be tested with the an-

receiver is quiet and stable throughout the en-
tire range, the antenna may be connected. If
hum and body capacity now appear at some
part of the range, different
antenna lengths should be
tried. It should not be diffi-
cult to find a length which
will permit stable operation
in the amateur bands.

A circuit diagram of the
receiver arranged for opera-
tion with battery-type 2.0-

Ls

=z Switch

©3v ~180 or 250V.+

AL.orD.C.

FIG. 711 — CIRCUIT DIAGRAM OF THE ADVANCED
TWO-TUBE RECEIVER

The following parts, or their equivalents of different

manufacture, are required:

Ly, Li, Li— Three-winding coil kit (Ilammarlund
SWK-6).

Li— Screen-grid plate impedance, 1080-henry in-
ductance at 0.5 ma. (Thordarson T-2927).

Ls— Output coupling impedance, 30-henry induc-
tance at 25 ma. (Kenyon KC-800).

C1 — 140 pufd. midget variable condenser (Hammar-
lund MC-140-8).

Ci:— 20 uufd. Midget variable (Hammarlund MC-20-

S).
Cs, Cs, Cs— 100-pufd. midget fixed mica condensers.
Ci— 0.01 pfd. 200-volt tubular paper condenser.
C1 — 0.5-uyf d. 200-volt can-type paper condenser.
Cs, Cy~— 0.1-ufd. 400-volt tubular paper condenser.
Cio— 5-ufd. 35-volt tubular electrolytic condenser.
C11 — 0.5-pufd. 400-volt can-type paper condenser.
Ri1— 2-megohm Y-watt grid leak.
R:— 50-ohm l-watt fixed resistor.
R3— 50,000-ohm midget potentiometer.
R4 — 50,000-0hm l-watt resistor.
Rjs — I-megohm Y,-watt resistor.
R¢— 0.5-megohm Ve-watt (0.1 meg. without Li).
R;— 0.25-megohm Y,-watt resistor.
Rs — 0.5-megohm midget potentiometer.
Ry — 1000-ohm Y;-watt resistor.
RFC — Receiving-type short-wave r.f. choke (Ham-
marlund CHX).

If it is desired to build the coils, L1, L, Ls, they can
be wound with No. 30 double-silk-covered wire on
standard 1V,-inch plug-in forms, allowing about 1/16-
inch between windings. L1 should be wound at the
top of the form, with the terminal marked ““I’’ at top.
The remaining windings and terminals follow pro-

.

&r ly d as sh The turns-per-wind-
ing specifications are as follows:

L L Ly Frequency Band
No.l.......... 70 20 10 1750-Ke.
N0 & 600000000 30 10 10 3500-Kc.
No.3.......... 11 7 5 7000-Kc.
No.4.......... 5 5 5 14,000-Kec.

tenna disconnected to make sure that it goes
into oscillation smoothly, and, incidentally, to
make sure that the plate power-supply, if an
eliminator, is free from tunable hums. If the
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volt tubes is shown in Fig.
707. The differences between this and the cir-
cuit of Fig. 704 are principally in the filament
circuits, the directly-heated filaments of the
2.0-volt tubes requiring somewhat different
treatment. The mechanical construction and
operating features remain unchanged from the
other model, however.

When batteries are used for “B’’ supply
with the heater-type tube model, a switch
should be installed in the negative ‘“B’’ lead so
the batteries can be disconnected from the
voltage divider when the receiver is not in use
and thus avoid unnecessary drain on the bat-
teries. In the 2.0-volt tube model the filament
switch is all that is necessary, since the voltage
divider is omitted from the receiver.

A Two-Tube Receiver With Multi-Purpose
Tube

@ The conventional form of two-tube receiver
employs one tube as a regenerative detector
and the other as an audio amplifier. However,
with the multi-purpose tubes now available, in
which two or more receiving tube functions are
combined in one envelope, it is possible to
build a two-tube receiver very nearly the
equivalent of three stages.

A representative receiver of this type em-
ploys a 6F7 tube, which combines a triode and
a pentode in the same envelope. While a num-
ber of different applications of this tube sug-
gest themselves, undoubtedly the simplest and
most trouble-free method of utilizing the two
sections of the tube is to employ the pentode
section as a regenerative detector with screen-
grid regeneration control, and the triode as an
audio amplifier stage, in which position it con-
tributes a measured gain of 5.

The mechanical layout of the set is shown in
Figs. 709 and 710. The chassis is made by tak-
ing a piece of !/1e-inch sheet aluminum 8 inches
square, and bending down two 124-inch sides.
The panel is made of ¥-inch sheet aluminum,
7 by 8 inches. Viewed from the front, the con-
trols are: upper left, audio gain; upper right,
band-settings; lower left, regeneration; and
lower right, the send-receive switch. In the
center, of course, is the main tuning control.
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On top of the sub-panel can be seen the two
tubes, the 6F7 being shielded, the tuning con-
densers, the coil and socket; and, beneath the
band-setting condenser, the detector plate
impedance. Underneath is the impedance
which couples the headphones to the plate cir-
cuit of the final audio tube, a type 41 power
pentode used as a voltage amplifier with a
large bias in order to provide high gain, and the
numerous fixed condensers and resistors re-
quired in the circuit.

The circuit diagram is given in Fig. 711. L,,
Ly and L; are all wound on the same

additional apparatus and the added construc-
tion.

The three-tube receiver illustrated, and dia-
grammed in Fig. 713, has a tuned r.f. stage
with controllable sensitivity. The circuit ar-
rangement differs a little from those previously
described, but the operating principles are the
same. The band-spreading system will be
recognized as the first of those outlined early
in this chapter. It is used in this set because it
is one of the easiest systems to get working
when the tuning of two stages is to be ganged,

form. These coils are a commercially-
manufactured kit; similar kits are
supplied by a number of different
manufacturers. Alternatively, home-
wound coils can be used, as specified
in the table with Fig. 711.

It will be noticed that the d.c. grid
return of the 6F7 pentode section is
to the cathode terminal of the socket.
This is necessary in order to provide
bias for the triode (audio) section of
the tube, derived through Rj. The bias
for the 41 is taken through this resis-
tor, as well, in order to hold the 6F7
bias fairly constant despite the cath-
ode current variation in that tube
due to the plate current changes with

detection. The two audio stages pro-
vide a large over-all gain, and it will
be found necessary to retard the audio
gain control for most headphone re-
ception. A loudspeaker can be oper-
ated at moderate volume on strong
signals.

The antenna connection is so ar-
ranged that a doublet receiving an-
tenna or an ordinary single wire can
be used at will. If an antenna of some
length is used, it will be found that the load-
ing of the antenna is so great the 6F7 may
refuse to oscillate. In this event, a series con-
denser should be placed in the antenna lead.
Any condenser that may be available will be
satisfactory, provided it has a maximum
capacity of 100 ufd. or more. It need be ad-
justed only once for each band.

The power supply requirements are 6.3 volts,
a.c. or d.c., at 0.7 amp. for the heaters, and
from 150 to 250 volts at 30 ma. for the plate
supply.

A Tuned R.F. Regenerative Receiver
@® The progressive amateur is rarely content to
operate a receiver not fitted with at least one
stage of radio-frequency amplification. The in-
crease in sensitivity and the general improve-
ment in performance made possible by a stage
of r.f. amplification is usually well worth the

FIG. 712 — A MODERN THREE-TUBE TUNED R.F. AMATEUR

BAND RECEIVER

It comprises a stage of t.r.f. amplification with controlled
sensitivity, a stable regenerative detector and one-stage audio.
It uses heater-type tubes for a.c. or 6-volt d.c. operation.

The tuning dial is placed at the left so the receiver can be
operated without getting in the way of papers, log books, etc.
To the right and below the dial is the regeneration control.
The two upper knobs are the band-setting condensers. The
sensitivity control is in the lower right-hand corner. The audio
tube and the *phone binding posts can be glimpsed behind the
drum dial on the sub-base.

and because the relatively large capacity in the
tuned circuits makes the detector oscillate
more stably and thus prevents the signals from
wavering should the “B” supply voltage
change slightly.

The panel is of M4-inch aluminum and
measures 7 by 14 inches. The sub-base is made
of a single piece of 3§2-inch aluminum with the
corners cut out and edges bent down in a vise
so that the top surface is 1314 by 714 inches
and the vertical sides are two inches high. The
two shield boxes are made of }g-inch alu-
minum, each measuring 434 inches high, 414
inches wide and 7 inches deep. The panel con-
stitutes the front of both boxes. The pieces
making up the sides of the boxes are fastened
together by being screwed to vertical pieces
of ¥4-inch square brass rod which have been
drilled and tapped to take small machine
screws at appropriate points. Similar rods
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A

also are used to fasten the boxes to the
panel.

It is important, in building up the chassis, to
make certain that good contact is made be-
tween all metal parts, Loose panels in the
shield boxes will result not only in poor shield-
ing but will undoubtedly be the source of many
noises.

The tuning condensers are Hammarlund

dial are connected together by means of pieces
of quarter-inch shafting and small flexible
couplings.

The detector circuit is designed to permit the
use of 5-prong coil forms. Only three terminals
are needed for the oscillating circuit, the other
two being available for the coupling coil from
the r.f. stage. As in the two-tube receiver, the
tickler in this circuit comprises the portion of
L between cathode and ground, and is smaller

midgets, mounted as shown in Fig. 714. To
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FIG, 713 — CIRCUIT DIAGRAM OF THE THREE-TUBE RECEIVER

The tube filaments (heaters) and the dial light are wired in parallel. The tubes indi-
cated on the diagram, are for 2.5-volt a.c. operation. The 58’s would be replaced by
78’s or 6D6’s, the 56 by a 37 or 76, and a 6-volt dial light should be used for 6-volt d.c.
operation. With battery B supply resistors Riand Rs should be omitted, and the posi-
tive terminal of the regeneration control Rio should be connected to the plus-45-volt
battery tap; also, a d.p.s.t. switch should be included to cut off both sides of the B
supply when the receiver is not in use, in addition to a switch in the filament circuit.
The negative-B connection is made to the chassis (ground). Heavy lines indicate
“ground’’ connections which should be made to a single common point on the chassis,
Power-pack design for a.c. operation is given in Chapter Fifteen.

C, 1 — 35-pufd. midget condensers (lam- Rj;— 10,000-ohm wire-wound poten-
marlund MC-35-S). See text. tiometer, tapered.
Cs, «— 100-pufd. midget condensers (Ham- R.(— 50,000 ohms, 2 watt.
marlund M C-100-8S). Ry — 14,000 ohms, wire-wound, 5 watt.
Ciy 4 1, 8 — 0l-ufd. mica condensers. Re¢— 5000 ohms, wire-wound, 5 watt.
Cy, 1o — I-ufd. non-inductive paper condens- Ry — 100,000 ohms, 1 watt.
ers. Rs— I megohm.
Cu, 11— 100-uufd. fixed mica condensers. Ry — 2000 ohms, 1 watt.
Cu ~— 250-pufd. mica condenser. Riy— 50,000-0hm potentiometer.
R — 5-megohm resistor.
Rs~— 250 ohms, 2 watt.
Coil Data

Li, Ls on same form; Li, L. ditto.
Band Ly L, Ls L

1750 10 55 30 55 tapped at 3rd turn

3500 6 28 20 28 “ ¢ Jst ¢
7000 5 11 9 11 “ oy o
14,000 3 5 5 5 ooy o«

All primaries (L1 and Li) are wound with No. 36 d.s.c. wire. The 3500-kc. grid colls
are wound with No. 20 d.c.c.; 1750-kc. grid coils with No. 28 d.c.c.; both close-wound.
The 7000- and 14,000-kc. grid coils are wound with No. 18 enamelled wire spaced to
occupy a length of 1Y inches. Tap turns are from the ground end of detector coils.
National 5-prong coil forms (diameter 1Y4 inches) are used. Spacing between coils on
each form is approximately Yg inch,

than the tickler of
more usual regen-
erative circuits.

A small audio
transformer is used
to couple the detec-
tor to the audio
amplifier. A coupler
such as the one
used in the two-
tube receiver can
be substituted, pro-
vided changes are
made in the me-
chanical arrange-
ment of the set so
it can be fitted in.

The wiring dia-
gram, Fig. 713, is
for operation from
an a.c. power pack
which will deliver
2.5 or 6.3 volts a.c.
for the filaments
and 200 volts d.c.
for the plates. Volt-
ages for thie screen
grids are obtained
by means of voltage
dividers and series
resistors. If “B”
batteries are to be
used resistors R
and R¢ may be
omitted and a sepa-
rate lead brought
out from Rjgto the
45-volt tap on the
“B"” battery.

Resistor R3 con-
trols the amplifica-
tion of the r.f. tube
by varying the bias
applied to its grid.

gang the two condensers the spring contacts
which wipe on the shaft should be removed so
that a flexible coupling can be slipped over the
shaft. The connection to the rotor plates of the
condenser so altered should be made through
the front bearing when this is done, because the
rear hearing may be noisy. The condensers and
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The advantage of such a control is that it per-
mits reducing the strength of strong signals
and thus prevents the detector from ‘‘block-
ing” or “pulling in.” A strong signal will oc-
cupy much more space on the dial than a weak
one unless its strength can be reduced. The
sensitivity control does this and thereby
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greatly increases the effective selectivity of the
receiver.

The antenna input has been arranged so that
a doublet antenna can be used with the re-
ceiver. With an ordinary antenna
and ground, one of the antenna
posts should be connected to the
ground post to complete the cir.
cuit.

Should the set not work right
at the first trial, check over the
wiring and apply the tests out-
lined later in this chapter. These
tests also apply to the two-tube
receiver previously deseribed.

A Metal-Tube T.R.F. Receiver
® The widespread publicity at-
tending the introduction of
metal tubes for use in commercial
broadcast receivers has naturally

The receiver to be described can be built to
use either metal or glass tubes; it is not espe-
cially a ‘““metal-tube’’ receiver. Conversely, it
is possible to adapt almost any of the receivers

generated corresponding interest
on the part of amateur construc-
tors concerning the applicability
of these tubes to home-built
sets. Metal tubes seem to pos-

FIG. 715 — UNDER THE BASE OF THE THREE-TUBE RECEIVER

Resistors, by-pass condensers, chokes; all placed where most con-
venient. The only thing to keep in mind in this sub-base wiring is to
make all the r.f. grounds at one point on the chassis. The audio
coupler is mounted on the side at the left.

sess several very definite"advan-

tages which indicate their increasing use and
popularity, especially in short wave receivers.
While these advantages are most apparent in

thus far described to employ metal tubes, with
only slight, if any, modification of circuit
constants.

The construction can be seen
in Figs. 718-720. Tho chassis is
12 inches long, 7 inches wide,
and 2 inches high. It is made by
bending two 2-inch sides down
on an 11 by I12-inch sheet of
1{e-inch aluminum. The panel is
of Y-inch aluminum, 8 by 12
inches. The dial and coil shields
are mounted on the panel; all
other parts, including the tuning
condenser, are mounted on the
sub-base. Mounted between the
r.f. coil shields and the tuning
condenser are the audio coupling
impedances. The ‘antenna termi-
nal strip is located on the left side
of the chassis. Headphone or

FIG. 714 — PLAN VIEW OF THE THREE-TUBE AUTODYNE WITH
SHIELD COVER REMOVED

The detector stage is next to the drum dial. The ganged tuning
condensers are mounted on the left-hand wall of each shield. The
Isolantite coil sockets are mounted on small pieces of brass tubing
which lift them far enough above the base to prevent grounding of
the contacts. The detector grid condenser and leak are just behind
the coil in the detector compartment. The tubes, also mounted in
sub-panel sockets, have individual shields.

speaker connections are made to
tip jacks on the rear. Left to right,
the controls along the bottom of
the front panel are: r.f. gain,
trimmer, regeneration, and send-
receive switch.

While front-of-panel® plug-in
coils are employed, this feature
can be dispensed with in the in-

superheterodyne design, it is possible to use the
tubes with benefit in an ordinary regenerative
receiver having tuned radio-frequency am-
plification.

terests of economy, if desired, since its pri-
mary advantage is merely convenience. In this
event, coils similar to those in the receiver just
described can he used. The front-of-panel coils
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used are those supplied with the National
pre-selector. No change is made in the r.f.
coils, hut some modification of the detector
coils is necessary. In order to accomplish this,

supported by its leads, soldered into the pins
connected to the secondary winding; these
must be removed while the new windings are
being made, and then replaced.

First of all, new primary
windings L3 are required.
These are inter-wound with
the main windings on the
coil form, and connected
to the same pins on the
form asthe original antenna
windings. The following
number of turns will be

Lg
%
J?_

required on the different
coils, wound from the bot-

Rn Rz fsw “"Ru w_l
l—-o + O l J)
=-22.5 -8 3V. +e15 +135 +45 -9

+C

FIG. 716 — THE TIIREE-TUBE RECEIVER CIRCUIT
MODIFIED FOR USE WITH TWO-VOLT TUBES

Components have the values given in Fig. 713 with
the following additions: Ru, 50,000-ohm potentiom-
eter; Riz, 5000 ohms, I-watt rating; Ru, I0-ohm
rheostat; RFC., same specifications as given in Fig.
707. Ru1 and Riz constitute the gain control circuit
in ther.f. amplifier; Ri:is used to make certain that a
small amount of grid bias will be applied to the tube
even though Ru is set at its minimum-bias end.
Filament supply may be from an Air-Cell battery
or from two dry cells connected in series.

To prevent ““B” and “C” battery discharge through
the voltage-dividers when the receiver is not in use,
switches may be installed in series with the *“—22.5”
and ““+45".

the fibre cylinder protecting the coil windings
is first removed by twisting it on the form, so
as to break the cement holding it in place. The
coil handle is disassembled by taking out the
mounting screws. The trimmer condenser is

tom end of each form:

1.75 me. — 42 turns No. 32 d.s.c.

3.5 me.—22 ¢ “ 28 o«

7 me. — 10 13 [ [ (13
14 mc‘ 4 143 (13 143 (g

In addition, a cathode winding Ls is also re-
quired on each detector coil. This winding has
one end connected to the ground end of the
tuned circuit winding, and is wound in the slot
at the bottom of the form in the opposite direc-
tion to the main winding, as indicated on the
circuit diagram. The cathode end is connected
to the blank pin on the form. This cathode
winding has the following number of turns on
the respective coils:

1.75 me. — 614 turns No. 28 d.s.c.

3.5 me. — 3% 7] [T “
7 me. — 2 It TR “@
14 me. — l% « [T “@

The number of turnsin the cath-

ode winding is fairly critical and
some readjustment may be nec-
essary in individual receivers. If
regeneration is not smooth over
the entire range of each coil, fur-
ther experimentation is indicated.

The same power supply can be
used for this receiver as for the
previous two-tube receiver, and
described in detail in Chapter
TFifteen. In common with nearly
all regenerative receivers, a
power pack incorporating an r.f,
filter for the elimination of tunable
hum is desirable.

A Regenerative Single-Signal
Superheterodyne
@ While the simple regenerative
receiver is the ideal beginner’s set,

FIG. 717-718 — A METAL-TUBE T.R.F. RECEIVER

Such distinctive features as front-of-panel plug-in coils and

metal tubes characterize this receiver design.

.]_06.

and the tuned r.f. regenerative re-
ceiver is adequate for certain types
of amateur operation, ideal opera-
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tion under present-day conditions demands a
receiver that is capable of considerably greater
selectivity than is afforded by any of these
simpler types. The superheterodyne receiver
is the answer to this problem.

In even the simplest forms, a superhetero-
dyne receiver is a relatively complex device,
much more difficult to build and adjust than a
regenerative set. For this reason, experience
with the simpler forms is

age supply to the receiver. Next is the c.w. beat
oscillator “on-off”’ switch, SWs, cutting the
screen voltage. The knob below the illuminated
dial is the main tuning control operating the
ganged condensers Cp and C3 with the gain
control, R3, next. The knob at the right oper-
ates the i.f. selectivity control, the regenera-
tion attenuator Ry.

Doublet antenna connections are made to

urged before the amateur
constructor attempts the
construction of a superhet.
However, given careful
construction and intelligent
adjustment and operation,
there is no reason why the
typical amateur could not
successfully build a satis-
factory superheterodyne
receiver; and the receivers
to be described have all
been built by amateurs and
made to function. They
represent, in this respect, as
nearly troubleproof designs
as can be devised.

The six-tube regenerative
single-signal superhetero-
dyne shown in Figs. 721,
722 and 724 is illustrative
of the design and construc-
tion of amateur high-fre-
quency superhets. It has a
preselector stage, first de-
tector with separate oscil-
lator, a single stage of high-
gain regenerative i.f., power second detector,
and separate beat oscillator.

The photographs show the general arrange-
ment and Fig. 723 gives the wiring diagram.
The left-hand shield in Fig. 721 contains the
high-frequency oscillator. Directly behind the
drum dial is the 2A5 second detector. In the
center compartment is the first detector and
its tuning circuits, with the oscillator coupling
condenser, while in the right-hand compart-
ment is the r.f. preselector-amplifier.

On the back deck, at the extreme left, is the
c.w. beat oscillator coil and condenser unit, 7',
with the beat control knob projecting at the
top. Next is the c.w. beat oscillator tube. The
center can contains the i.f. transformer assem-
bly, T, with the i.f. amplifier tube to its right.
At the extreme right is the regenerative i.f.
transformer assembly, 7.

Looking at the front of the panel, the upper
row of knobs are, left to right: h.f. oscillator
tank, Cs; first detector tank, C4, and r.f. tuning
condenser, C). At the bottom of the panel, the
left-hand switch, S1), controls the high volt-

FIG. 719 — UNDERNEATH THE CHASSIS

All ground returns are brought to a central ground point in the middle
of the chassis, to eliminate stray couplings; resistors and condensers are
mounted wherever convenient, with all leads as short and direct as possible.
The shielding on the long plate lead should have a diameter of 34-inch.
The metal tubes require no individual shields.

insulated binding posts on the outside shield
of the r.f. stage, with the ground binding post
nearby on the main deck. With a conventional
single-wire antenna connected to one insulated
post, the other is connected to ground. Of
course the doublet antenna should be used if
possible, since it makes possible considerable
additional gain.

Insulated 'phone tip jacks on the left end of
the chassis provide connections for ’phones
and speaker.

Once the tank condensers have been set for a
given band, the selectivity adjusted to the de-
sired degree, and the c.w. beat note fixed, the
receiver is in effect single-dial tuning with
operating controls for volume, frequency and
c.w. note convenient for one position of the
hand.

The structural part of the receiver is all of
sheet aluminum. The chassis or main deck is
made from a piece of 3/32-inch aluminum 21
inches by 12 inches. From two corners on one
long side of this piece, 2-inch squares are cut out
and then three sides are bent down at right
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angles so as to form the sides and back of a
deck 17 by 10 inches and 2 inches high.

All of the inter-stage box shields are cut from
1/16-inch aluminum. The six sides are 7 inches
long by 434 inches high, while the three ends
are 414 inches wide by 434 inches high. The
shields are held together at the corners by

The National 500-ke. i.f. transformers each
require minor alterations to adapt them to the
circuit, and they should be removed from their
cans for this purpose. The first operation is on
the regenerative i.f. transformer, T).

As supplied, the grid coil, Ly, is at the upper
end of the dowel, nearest the condensers, and

F1G. 720 — CIRCUIT DIAGRAM OF

Ly, L, Li, Li Ls— National Pre-Selector coils; see
text.

Ls — Detector coupling impedance,
(Thordarson T-2927).

L3 — Output coupling impedance, 22-henry at 35 ma.
(Thordarson T-1892).

Ci, C1— Trimmer condensers mounted inside coil
forms,

C3, Cs— 100-pufd. gang condenser (National 2SE-
100

1080-henry

Cy — 20-pufd. midget variable (Hammarlund MC-
20-8).

Ci— 0.1-ufd. 200-volt tubular paper.

Cyy Cs— 0.01-yfd. 400-volt tubular paper.

14-inch square brass rods drilled and tapped for
6/32 machine screws. The corner posts are
fastened to the main deck by screws into their
lower ends.

The front panel is of }§-inch thick aluminum,
18 inches long by 7 inches high. It is fastened
by screws to the front posts of the shield boxes.
A cover fitting over all the shields is a sheet of
1/16-inch aluminum 16 inches by 7 inches held
in place by flat springs on its under side, press-
ing against the sides of the shield boxes.

The Isolantite five-prong coil sockets are
mounted above-deck on pillars long enough to
clear the contacts. Similar tube sockets (six-
prong) are mounted below the base under their
1%-inch holes. With this arrangement a mini-
mum of wires need pass through the base.
Complete tube shields are provided for all
tubes. A %-inch length of }4-inch rubber tub-
ing slipped over each grid wire, before solder-
ing on the grid clip and afterwards pushed up
on the clip, prevents any possible grounding
of the grid on the grid-cap shield.
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Cy, C11, C13 — 100-pufd. midget mica, fixed.
Cis — 0.5-ufd. 200-volt can-type paper.

Cis — 0.1-ufd. 400-volt tubular paper.

Cu — 5-ufd. 35-volt tubular electrolytic.
C1s — 2-ufd. 400-volt can-type paper.

R1 — 300-ohm %-watt.

Ry — 5000-ohm variable resistor.

R, Ry — 50,000-ohm Y4-watt.

R4, Ry— 50,000-0hm I-watt.

Ry — 2-megohm %-watt.

Rs— 50,000-ohm potentiometer.

Ry— I-megohm %-watt.

RFC — Receiving-type short-wave r.f. chokes.

the plate coil at the bottom. In order to couple
the tickler coil, L, to the grid coil, the external
connections from the unit 7'; must be changed
so that the grid coil is the lower one. This
means that one of the wires that normally
passes out through the bottom of the can should
be brought out the top through a piece of
shield braid; and the wire originally at the top
is brought out through the bottom.

A one-inch length of Y-inch dowel is fast-
ened by means of a wood screw to the end of
the dowel carrying the coils in the unit. At the
lower end of the new dowel, the tickler Ls is
bunch-wound with 25 turns of No. 30 d.s.c.
wire. If this tickler is wound in the same direc-
tion as the other coils, the final connections
from T are as follows: Inside end of upper or
plate coil L¢ to B+, outside to first detector
plate through shield braid; inside end of mid-
dle or grid coil L7 to ground, outside through
shield braid from top of can to grid cap of
i.f. amplifier; inside end of lower or tickler coil
Ls to i.f. suppressor, outside end through
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shielded lead to i.f. cathode. If the i.f. circuit
cannot be made to oscillate with Ry in the
maximum resistance position or disconnected,
then the tickler connections
should be reversed at the coil
terminals. If oscillation should
fail with the tickler connected
either way, the number of tickler
turns should be increased a few
at a time until oscillation is ob-
tainable.

For T3 the connection out of
the top of the shield is removed
and brought down inside to the
detector grid condenser and leak
which are placed within the can.
Plate and grid leads from T,
also should bhe shielded with flexi-
ble eopper braid.

In the beat oscillator unit the
grid condenser and leak are also
mounted within the can. The
only other operation required is
to shield the grid lead from the
top of the can to the oscillator
tube.

The high-frequency oscillator
coupling condenser C1is made of
two brass angles, having faces about 34 by 33
inch, mounted on a small piece of bakelite in
the detector compartment with the facesspaced
14 inch. The connection from the plate of the
h.f. oscillator to C7is in shielded braid but may
be left unshiclded.

The coils are wound on National 5-prong
forms according to specifications given in the
table. No attempt has been made to make the

FIG. 722— A REAR VIEW OF THE REGENERATIVE SINGLE-

SIGNAL SUPERHETERODYNE .

This supplements the front view of Fig. 721 and shows more clearly
the construction of the intermediate-frequency amplifier.

tuned circuits track exactly. The over-all gain
of the receiver is high enough so that, by judi-
cious use of the gain control, c.w. reception is

FIG. 721 — A SIX-TUBE REGENERATIVE SINGLE-SIGNAL SUPER-

HETERODYNE RECEIVER

A pre-selector stage, a separate high-frequency oscillator, anda high-
gain i.f. stage with controllable regeneration make this receiver an
outstanding performer. (W1EAO),

possible throughout an entire amateur band
without touching the tank condensers. Better
tracking can be secured easily by removing a
few turns of wire from the oscillator coils Ls. A
further refinement would be to gang an addi-
tional condenser, similar to C; and Cs, for the
r.f. amplifier.

The power supply leads are brought in
through a flexible cable in the rear. The B+
voltage is conveniently distribu-
ted from a terminal strip at-
tached to SWj. Although only
four wires are essential to the
power supply cable, cables with
four wires having two which are
of suitably low resistance for
heater currents are not readily
available. Accordingly, a stand-
ard 8-wire cable is used with
three wires in parallel for each
of the heater leads. By this
means the filament voltage
drop from power supply to set
is kept to a value of less than
0.1 volt. Care must be taken,
however, that all the paralleled
wires are securely soldered to
the terminal plug at the supply
end of the cable.

The power supply may be
of the type described in Chap-
ter Fifteen. The filament wind-
ing of 2.6 volts should be capa-
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ble of delivering the 8 amperes necessary for
the tubes and dial light. High voltage under 50-
ma. load should be approximately 180 volts.
To align the i.f. amplifier, set the selectivity
control at minimum selectivity, and apply a
500-ke. signal to the grid of the i.f. tube. The
second if. transformer is then adjusted to
resonance as indicated by maximum second-

C.W.BEAT OSC.

detector output, an insulated socket wrench
being used to tune the condensers Cg at the
top of the can. The oscillator is then coupled to
the first detector grid and the same procedure
is used to tune the first i.f. transformer. The
beat oscillator may be isolated from the second-
detector circuit and used as a signal source, but
preferably a separate test oscillator should be
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FIG. 723 — CIRCUIT OF THE SIX-TUBE REGENERATIVE S.S. RECEIVER
Dotted lines indicate shielded leads.

Ly, Ly, Ly, Liand Ls— See coil table.

Ls and L1~— 500-kc. i.f. transformer windings.

Ls— See text.

Ly — 500-kc. beat oscillator coil. (See text.)

Ci — 140-pufd. midget condenser (Hammarlund MC-
140M).

Cs, C3— 25-pufd. midget condenser (National SE-50
cut down to 3 stator plates).

Ciy, Cs— 100-pufd. midget condensers (Hammarlund
MC-100M).

Cs— 70-ppufd. midget condenser (in National i.f.
units).

Ci1— H.f. oscillator coupling condenser. (See text.)

Cs— 0.01-yfd. r.f. by-pass condensers, tubular paper.

Cs and Cio~— 250-pufd. mica grid condensers.

Ci1 — 1-pfd. audio by-pass and coupling condensers.

C12 — 250-pufd. plate by-pass condensers, tubular
paper.

R1— 50,000-0hm 1-watt oscillator grid leak.

R:— 5,000-ohm 1-watt first detector cathode resistor.

Ri:— 12,000-ohm variable resistor, right-hand taper
(Electrad).

R¢— 100,000-0hm 1-watt.

Rs— 10,000-ohm 5-watt.

R¢— 7,000-0hm 2-watt.

R7— 3,000-ohm 2-watt.
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Rs — 50,000-ohm 1-watt.

Ro— 2,000-ohm variable resistor, left-hand taper
(Electrad).

Rio— 300-ohm 1-watt (i.f. amplifier cathode resistor).

Ry — 50,000-ohm 1-watt.

Ri: — 1-megohm Ya-watt second detector grid leak.
R;3— 50,000-0ohm Y4-watt beat oscillator grid leak
(Integral with National oscillator unit).

Ry~ 2,500-0hm 2-watt.

Ris~— 50,000-0hm 2-watt.

Ris— 25,000-ohm 5-watt.

R17— 20-ohm center-tap resistor (in power supply).

Ris— 50,000-ohm 1-watt.

Ris — 300-ohm 1-watt r.f. cathode resistor.

T1 and T: — National 500-kc. air-tuned i.f. transform-
ers. (See text.)

T3 — National 500-kc. beat oscillator assembly.

Ty — Universal push-pull output transformer (Ken-
yon).

RFC, — 2Y%-mh. sectional choke (National No. 100).

RFC;— 10-mh. single-section universal wound r.f.
choke.

RFC3— 60-mh. single-section universal wound r.f.
choke.

SW1and SW.— Single-pole panel switches.
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used. If 8 modulated signal is used, the output
can be judged by ear. For an unmodulated
signal & 0-50 milliammeter should be placed
in the plate circuit of the second detector,
when resonance will be indicated
by plate current dip to minimum.

After aligning thei.f., the high-
frequency circuits are aligned,
using an oscillator or frequency
meter giving a signal in an ama-
teur band. The three condensers
Cj, Czand Cswill have nearly the
same settings, although the os-
oillator (being tuned 500 ke.
higher than the detector) will
have a somewhat lower capacity
setting.

When everything is aligned the
c.w. beat oscillator should be set
so as to give about a 1000-cycle
tone when heterodyning a sig-
nal tuned in ‘“on the nose.”
Then the selectivity control
should be brought up to just
below oscillation, as indicated
by the “‘ringing’’ sound. The
signal will increase in intensity
and, with tuning through zero
beat, the audio image or ‘“‘other
side of zero beat’ should be hardly audible.
Careful manipulation of the alighment adjust-
ments will bring out this desired single-signal
feature to its fullest.

HIGH-FREQUENCY COIL DATA

Band L L3 L2, L4 and Ls 7;5 ”0: ff:r:
Ke. Turns| Turns Turns Ground End
1,750 10 30 | 55, No. 28 d.c.c.! 18
3,500 6 20 | 28, No. 20 d.c.c.! 9
7,000 5 9 |11, No. 18 enam.? 3

14,000 5 5 5, No. 18 enam.? 2

1Close-wound.

2 Spaced to make coil length 11 inches.
L1 and Lg all close-wound with No. 36 d.s.c., spaced
14-inch from L2 or Li. Forms are National R-39, five-prong.

The value of the tickler Lg has intentionally
been left so that oscillation in the i.f. circuits
can occur with the control resistor Ry almost,
but not quite, at its point of highest resistance.
The receiver never should be operated with
the i.f. self-oscillating.

Superheterodyne With Band-Switching
@® Perhaps the major problem of amatecur-
band tuner design is that of providing tuning
ranges covering all the amateur bands. As has
been seen, it is impossible to tune over a range
having a frequeney ratio much greater than

3-to-1 with a single condenser; 214-to-1, or even
2-to-1, is much nearer the average for all-wave
coverage. This condition necessitates some
method of coil changing. Two methods of ac-

FIG. 724 — A BOTTOM VIEW OF THE SIX-TUBE SUPERHET

By-pass condensers and resistors are placed in the most conven-
ient locations. The detector output transformer is mounted on the
side wall of the chassis, and can be seen in the lower right-hand
corner.

complishing this are in common use. One con-
sists of plug-in coils; this method has been ex-
emplified in thereceivers previously described in
this chapter. Its major advantages are flexibility

- and good efficiency. Another system is that of

coil-switching, with all the necessary coils per-
manently mounted in the tuner and selected at
will by mcans of a multiple rotary switch; con-
venience is the major advantage, and so
highly is this asset prized by amateurs that
they are usually willing to sacrifice some
flexibility and efficiency in its attainment.

The superheterodyne receivers to be de-
scribed in the balance of this chapter employ
commercially-built band-changing units. While
it might be possible for a skilled amateur to
successfully design, construct and adjust a
coil-switching system, covering the necessary
frequency ranges, the labor and expense in-
volved would exceed considerably the cost of
ready-made units. The two units described are
typical of current practice of manufacturers of
similar equipment. Equivalent products of
other manufacturers may be substituted, pro-
vided constants and quality are similar.

The seven-tubce receiver contains a tuned r.f.
pre-selector stage, an elcctron-coupled penta-
grid mixer, a triode-connected pentode oscil-
lator, a single i.f. stage with controllable regen-
eration, a duo-diode detector and high-mu a.f.
amplifier in one envelope (one diode being used
for rectification, and the other for automatic
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gain control and beat-frequency injection), and
s pentode audio amplifier with capacity-in-
ductance coupling to headphones or magnetic
speaker, or, through a suitable output trans-
former, to a dynamic speaker.

The construction of the receiver is shown in
Figs. 725-727, and the circuit in Fig. 728. In-
stallation of the tuner unit is discussed in an

FIG. 725 — SEVEN-TUBE SUPERHETEROD YNE
WITH BAND-SWITCHING

To the left of the chassis appears the coil-switching
unit; then, in order, the antenna, r.f., and oscillator
coil shields. Directly to the rear is the output coupling
choke and 42 output tube. From left to right, around
the rear and right side, are the 42, 75 second detector
and first a.f., second i.f.t., 6D6 i.f., first i.f.t., 6D6
oscillator (triode-connected), 647 mixer, 6D6 r.f. In
the center is the beat-frequency oscillator tube, a
6D6, and associated tuned circuit, as well as the dual
three-gang tuning condenser.

instruction sheet which accompanies the de-
vice; as will be seen by reference to the circuit
diagram, which shows the tuner sections
blocked off, four connections to each section
are required. The wiring of the balance of the
set follows no particular pattern, leads being
run as directly as possible and at the builders’
convenience. All parts are used as they come
from the dealer’s shelves, with the exception
of the b.f.o. transformer T4, which must be dis-
assembled in order that a lead may be con-
nected to the stator of the trimmer condenser
for attachment to Css, the b.f.o. panel control.

After all the parts have been mounted and
the receiver has been wired it is advisable to
check all circuits with an ohmmeter, in order
to ascertain that all connections have been
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properly made and that no unintentional short-
circuits, especially of the high-voltage cir-
cuits, exist. Following this, it is desirable to
secure some sort of service oscillator which will
provide modulated radio frequencies in the
range 500-18,000 kc., for alignment purposes.
The construction of a suitable home-built test
oscillator is described in Chapter Seventeen.
The circuit alignment procedure is as follows:

Set the modulated test oscillator at 507 ke.,
the intermediate frequency of the receiver.
Remove the grid clip of the 6D6 i.f. tube, con-
nect a 250,000-ohm resistor from the tube cap
to ground, and connect the cap to the oscil-
lator through a 250-uufd. fixed condenser.
Adjust the trimmer screws in the i.f. trans-
former, diode first and then plate, until maxi-
mum response is heard in the loudspeaker or
until maximum deflection is observed on an
output meter connected across the headphone
terminals. Replace the 6D6 grid clip, remove
the 6A7 grid clip, and repeat the procedure,
touching up both transformers very carefully
until peak response is obtained. Keep the out-
put of the oscillator low, in order that the
stages will not be overloaded, and set the r.f.
gain control at maximum. When the i.f. stages
have been aligned turn on the beat oscillator,
set the panel control at mid-scale, and adjust
the trimmer condenser in the shield can until
a sharp whistle of moderate pitch is obtained
with the modulation removed from the test
oscillator. Finally, turn off the beat oscillator,

. set the regeneration control at maximum, and

adjust the trimmer in T until oscillation occurs
and the sharp whistle is heard again. Back off
the regeneration control until the oscillation
stops and touch up the trimmer adjustment
again, until oscillation occurs at the lowest
point on the scale. In operation, oscillation is
never allowed to occur, the control being ad-
vanced until the very point of oscillation, when
regeneration, and consequently selectivity, is
greatest. If oscillation occurs at too low a point
on the scale a fixed resistor of suitable value
can be shunted across the potentiometer, in
order to lengthen the useful control range.
Ordinarily very little readjustment of the
coil assembly will be required. To check its
alignment, the output of the test oscillator
should be connected to the antenna and ground
posts. Setting the band switch to position 4
(on a left-to-right scale), set the test oscillator
at 3,000 kc. Slowly adjust the antenna and r.f.
trimmers until maximum response is obtained,
keeping the output from the oscillator as low as
possible. The padding condensers (at the rear
of the unit) are adjusted by varying their
settings slightly while rotating the tuning con-
denser, observing the point at which maximum
responseisobtained. Thesame procedureshould
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be repeated on the other bands. Adjust antenna
and r.f. trimmers first, at the high frequency
end of the band. Then adjust the padders,
setting the oscillator and tuning the set to the
low-frequency end of the band.

After these adjustments have been com-
pleted the set is ready to use. Replace the test
oscillator with the actual antenna and ground,
and listen for signals. Rough tuning can be
done with the right-hand knob, but band-
spread tuning in the amateur bands should be
done with the left-hand tuning knob. Any type
of single-wire antenna can be

Fig. 730, the tuner unit is centered in the chaes-
sis with the other components grouped to give
a logical circuit sequence from antenna input
to audio output. Referring to this plan view,
progressing backward from the panel, the r.f.,
mixer and oscillator tubes are to the left of the
tuner unit. At the extreme left, next to the
panel, is the crystal-filter unit, with the first
i.f. tube immediately behind it. The first i.f.
transformer is at the rear, in line with the
three high-frequency tubes. To the right of this
transformer are the second i.f. amplifier tube

used; if a doublet of one of
the commercial varieties now
on the market is used, the
impedance-matching trans-
former at the set can be elim-
inated.

A Crystal-Filter S.S.
Superhet

@® The most advanced type
of amateur superheterodyne
for both c.w. and 'phone re-
ception is the single-signal
type with a variable selec-
tivity crystal filter. A modern
version of this varioty of
receiver i3 illustrated in the
first figure of this chapter
and will now be described in
detail. The complcte sche-
matic diagram of the receiver
circuit is given in Fig. 729.
Employing a total of 12 metal
tubes in the receiver proper,
several effective operating
advantages are obtained in
addition to high selectivity
and sensitivity. Principal of
these is the independent
a.v.c. action achieved by
use of the separate a.v.c. am-
plifier and rectifier combina-
tion, as previously outlined
in Chapter Six. The signal-meter arrangement
used is also advantageous, being operative
on all signals, whether the beat oscillator is on
or off, and being 'adaptable to indicating audio
signal level as well asr.f. carrier strength. As is
readily apparent from the schematic diagram,
the separate a.v.c. and signal-meter circuit can
be dispensed with if the constructor desires.

The high-frequency end, comprising the r.f.
amplifier stage, the mixer and separate oscil-
lator, utilizes a coil-switching unit which tunes
the 1.75-, 3.5-, 7- and 14-mec. amateur bands
exclusively. As with the superhet previously
described, other tuners of suitable design could
be used instead. As shown in the plan view of

FIG. 726 — PANEL LAYOUT OF THE SEVEN-TUBE SUPERHET

Left to right the controls along the bottom of the panel are: send-
receive switch, band-change switch, audio-frequency volume control.
beat-frequency oscillator control, radio-frequency gain control, regenera-
tion control, and a.v.c.-b.f.0. switch (a.v.c. being used on ’phone, the b.f.0.
Sor c.w.). To the left, above, is the bandspread tuning control, with the
main control to the right. Individual drive mechanisms for each con-
denser unit are contained in the dial.

(immediately behind the tuner), the second i.f.
transformer 7T'; and the second detector ; while
along the rear of the chassis in corresponding
positions are the a.v.c. amplifier, its coupling
transformer 74 and the a.v.c. rectifier. In the
extreme right-hand corner is the c.w. beat
oscillator tuning unit 7's and the oscillator tube.
Progressing from this point toward the panel
again are the first audio amplifier, the pentode
output amplifier and the signal-meter tube.
The controls are identified by reference to
the panel view of Fig. 701. The main tuning
control is the large knob immediately below the
tuning scale in the center. The upper knob to
the left of the tuning scale is the band-width
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control of the filter, with the rejection control
below it. The control below the meter at the
right is for the signal-meter adjustment. In
the bottom row, from left to right, are the
knobs for r.f. gain, a.v.c. limiter or delay, band
switch (center), audio volume and beat-note.
In line beneath these, also from left to right,
are the B-supply switeh, beat oscillator switch
and ’phone jack.

The base is formed of aluminum sheet, the
top being 174 inches across and 12 inches from

FIG. 727 —BOTTOM VIEW OF THE BAND-SWITCH-
ING SUPERHETERODYNE

A key to the tube line-up and control order can be
obtained by reference to Figs. 725 and 726. The baffle
shield at the rear of the chassis, made of 1/16-inch
aluminum 3 inches high, carries the a.f. gain and
regeneration controls, as well as isolating the i.f.
stage. In the right-hand rear corner can be seen the
cathode by-pass and output coupling condensers.
Care should be taken to mount the beat-frequency
oscillator control condenser — as well as all other
parts — solidly.

front to back. The ends are, folded down to
give a depth of 3 inches, the back being covered
by a 3-inch wide piece of 1/16-inch thick stock
screwed to 14-inch square brass rods bolted in
the two rear corners. The hole for the tuner will
be cut to accommodate the particular type
used. The front panel is also of aluminum
3/16-inch stock, 19 inches by 1034 inches high.
The panel dimensions are made suitable for
standard 19-inch relay-rack mounting. A
standard base and panel could be used if one
of suitable dimensions is obtainable. In the
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present instance, the 12-inch depth of the base,
made necessary by the double row of eompo-
nents along the back, could not be met by the
standard bases available.

The construction and wiring follow the same
general practices as have been previously
outlined. As shown in the bottom view, a
baffle of thin aluminum sheet is placed around
the a.v.c. amplifier-rectifier circuit to prevent
undesirable coupling to the detector input cir-
cuit. Special precaution should be exercised to
keep the signal from the beat oscillator from
getting into the a.v.c. by stray coupling. The
lead from the beat oscillator to the detector
circuit is shielded, as shown in the schematic
diagram. The lead from the crystal-filtor unit
to the first i.f. amplifier grid is also shielded
with braid. The beat oscillator condenser and
audio volume resistor are operated from the
panel by quarter-inch bakelite shafts. These
components are placed as near as possible to
their associated circuits to eliminate long
leads. The antenna terminal strip, with two
connections for the doublet antenna and a
third connection for ground, is on top of the
base to the right of the first audio tube. The
plate output terminals of the pentode power
amplifier are tip jacks on the right side of the
base. The power-supply cable is fitted with a
standard four-prong plug for connecting to the
socket in the power pack.

After proving the circuil connoctions, the
first step in testing the receiver is to align the
i.f. stages to the frequency of the filter erystal,
which is 456 ke. This might be done with a test
oscillator tuned to resonance with the crystal
frequency. However, the more certain pro-
cedure is to use the crystal in a scparate osecil-
lator circuit temporarily rigged for the pur-
pose. This oscillator may be a triode or screen
grid tube in any of the standard circuit ar-
rangements shown in Chapter Eight, the plate
tank consisting of a 1-mh. or so i.f. coil and
100-uufd. tuning condenser, or a broadcast-
band coil and a 500-uufd. tuning condenser.
The a.v.c. circuit is first aligned. With all the
tubes in place and the set switched on, the
signal-meter potentiometer should be adjusted
to give full-scale reading on the meter. Then
the test oscillator should be coupled to the
grid of the a.v.c amplifier tube by looping one
end of an insulated wire around its grid tap
and looping the other end of this insulated
wire around the plate coil of the 456-ke. crystal
oscillator. The crystal oscillator will first have-
been tested for oscillation, of course, by tuning
for the dip of a milliammeter connected in its
plate circuit.

Coupling transformer 7', is tuned for maxi-
mum dip of the signal meter, the coupling to
the oscillator being loosened if the meter dips
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to zero over a broad range of adjustment. The back off the r.f. gain control to get a sharp
coupling is then transferred to the grid of the minimum reading for resonance. Following this
first i.f. tube and the primary and secondary the crystal should be replaced in the receiver.
of transformer T, are similarly adjusted for With the rejection condenser turned all the
maximum dip of the meter. Then the coupling  way to the left, which shorts out the erystal, a
is transferred to the grid of the mixer tube, this rough adjustment of the detector coupling
grid being disconnected from the tuner. The transformer T;can be made. With the gain and
output tuning of the crystal filter circuit, on volume controls full on, a peak of “hiss”
top and toward the back of the filter unit, is should be noticeable by listening carefully
also adjusted for maximum dip of the meter. with a headset or loud speaker connected to
For this adjustment it may be necessary to the appropriate output circuit. At the same
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FIG. 728 — CIRCUIT DIAGRAM OF THE 7-TUBE SUPER

The sections marked “Ant”, “R.F.”’, and *‘Osc” are contained in Gen-Ral coil assembly No. 34, 18 to 1.6 mc.

See text for further details.

T1 — National 500-ke. air-tuned i.f. transformer, interstage type.

T2 — National 500-ke. air-tuned i.f. transformer, diode type.

T3 — Sickles No. 801 456 kc. single-tuned i.f. unit in 1Y-inch can, with plate (untuned) winding removed.

Ti— National 500 kc. beat-frequency oscillator unit, modified as described in text.

C1~Cs-Cu, Co-C1-Cis — De Jong dual three-gang tuning condenser, 33 and 140 upfd. per section respectively,
supplied with dual tuning dial. Separate condenser gangs of proper capacity ranges and separate dials
can be substituted.

Gy, Ci, Cs, Cs, C11, Ciz, C1z, C19, Ca8, C30— 0.01-pfd. 400-volt tubular paper.

Cs, Cis, C18, Cos— 0.1-pfd. 400-volt tubular paper.

Cro— 75-pufd. midget mica. R3, Ry — 100,000-ohm Vs-10att.
Cu, Ce1 — 100-pufd. midget mica. Rs, Ris, R21— 50,000-0hm V,-watt.
Cr0 — 50-pufd. midget mica. Ri0— 50,000-0hm variable.
Cay, C22— Dual 10-ufd. 35-volt electrolytic. Ri12 — 500,000-ohm variable pot.
Cu— l-yfd. 400-volt can-type paper. R, R11, Rys— 1-megohm -watt.
C.s— 4-ufd. 450-volt tubular electrolytic. Ris— 5,000-ohm Ys-watt.
Cis— 20-pufd. midget variable (Hammarlund MC- Riy — 500-ohm I-watt.
20-S). Ra0— 5,000-ohm I-watt.

C— Contained in T.. R22— Contained in T..
R1, Ru, R1s— 250,000-ohm Y, -watt. SW1— S.p.s.t. toggle, send-receive switch.
Rz, Ry— 500-0hm Ya-watt. SWi:— D.p.d.t. toggle, a.v.c.-b.f.0. switch.
Ri, R4, Ry, Ry — 50,000-0hin I-watt. Ly — 22-henry 35-ma. choke (Thordarson T-6808).
R — 10,000-ohm variable. RFC — 25-millihenry r.f. choke.
Rs— 300-ohm V2-watt.

Field supply within the capabilities of the p pack is obtainable directly from the speaker plug (an ordi-

nary speaker requires about 6 watts through 10,000 ohms, or 25 ma. at 250 volts; a “‘high-fidelity” type usually
requires from 12 ¢o 15 watts, or 50 ma. at 250 volts through 5000 ohms).
Shielding of the 6D6 r.f. stage plate lead and 75 grid lead should not be overlooked; at least 34-inch diameter
shielding braid should be used, carefully grounded to chossis.
® ]. ]. 5 [ ]
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Cs — Series band-spread and tracking condensers (in
tuner).

Cr — Parallel trimmer condensers (in tuner).

C1— Triple-gang tuning condenser, approximately
30 upfd per section (in tuner).

Cas — 0.01-ufd. grid by-pass condensers, 200-volt
tubular.

Cyv— 0.01- to 0.1-ufd. plate by-pass condensers, 400-
volt tubular.

FIG. 729— CIRCUIT OF THE 12-TUBE SINGLE-
SIGNAL RECEIVER

The tuner is a Tobe amateur-band unit, the com-
ponents inside the dash line being included in the
manufactured assembly.

Cy — 50-uufd. oscillator grid d

Cs~— 100-uufd. oscillator plate blocking condenser,
mica midget.

Cs~— 50-uufd. osc. plate coupling condenser, mica
midget.

Cr1—0.01- to 0.1-ufd. cathode by-pass condensers,
200-volt tubular.

Cr— 0.01- to 0.1-ufd. screen by-pass condensers, 400-
volt tubular.

6.3V. ~250V. +

, mica midget. Cpy— 0.25-ufd. main high-voltage by-pass, 600-wolt

tubular (may not be required).

Ci9— 0.01- to 0.1-pfd. filament by-pass, 200-volt tubu-

Ci — 250-uufd. a.v.c amp. coupling condenser, mica

midget (inside shield of T:).

(may be omitted).

Cit — 50-pufd. detector load by-pass, mica midget

JOOqQPUD] § INIIDWY O1PDY Y | .
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setting.
(lower
ishing 4

Y

ipable of fur

ter for

Rss — 50,000-0hm meter limiting resistor
Jf. transformer (Hammar-

e
e constant).
Ty— Variable band-width crystal filter (National

000-ohm a.v.c. filtering resistor (higher res.

or rejection control in unit).
SW; — S.p.s.t. B-supply toggle switch.

value for higher range meter).
R3s — 100,000-0hm a.v.c. rectifier load resistor.
SW.— S.p.s.t. b.f.o. toggle switch.

lund ATT-465).
Ty — Single air-tuned full-wave diode coupling trans-

Type HRO).
Capacitance values in uufd. are indicated by figures

volume- on diagram.

Sformer (Sickles 456-ke.).

for larger tim.
Ti— Same as T:.

The power pack should be
amps at 6.3 volts and approximately 100 ma. at 225

SW3:— S.p.s.t. crystal switch (ganged with phasing
to 250 volts.

M — 0-1 d.c. milliammeter. A 0-5 meter may be used.

Ty — Beat oscillator unit, 456-kc. (National BFO).
SW1— Coil switch (in tuner unit).

Ry — 50,000-0hm pot
T2 — Double air-tuned i

voltage divider for mixer screen).
Ris — 10,000-0hm osc. plate load resistor.

control type.

3-plate (beat-note Riu— I-megohm volume control.

trol.
Rig — 2000-0hm signal-tube cathode resistor.

Ry — 75,000-0hm 1-watt (These two resistors make up Ris— 100,
Rz¢ — 100,000-ohm.

Ru — 50,000-0hm osc. screen-voltage divider resistors.
Ry — I-meg. a.v.c. amp. grid resistor (inside T1).

R7 — 100,000-0hm screen grid dropping resistors.
Ry — 5000-0hm potentiometer for a.v.c. delay con-

Rs — 10,000-0hm 1-watt.
Rjs; — 50,000-0hm b.f.0. screen divider resistors.

R:y — 50,000-0hm beat osc. leak (in Ts).

R13— 50,000-0hm c.w. osc. coupling resistor.
R — 20,000-ohm I-watt.

-pass, 100-uufd. or larger, Ris— I-megohm audio-coupling grid resistors.
Ry — 5000-ohm audio cathode resistor.

Ry — 500-ohm cathode resistor.
delay circuit by-pass. Ry — 450-ohm pentode cathode resistor.

mica R;— 350-ohm cathode resistors.
See R,7 — 100,000-ohm audio plate resistor.
14« Rao — 100,000-ohm beat osc. plate drop resistor.

400-volt

(2 midgets in parallel Riy— 5000-0hm manual r.f. gain control,

25-volt electrolytic.
condenser (in Ts).

-pass, 50-volt electrolytic.

resistance may be used to increase time con-

stant of a.v.c.).
R« — 2000-ohm I-watt plate decoupling resistors.

depending on time constant wanted.
Ry — 50,000-0hm grid leaks.

Chapter Six.
Cn — 0.1-ufd. 200-volt tubular,

200-volt tubular.
Cs — 5-pfd. cathode by-pass,

inside Tjs).
Cie — 20-pufd. midget variable,

tubular.
Ciy— 25-ufd. cathode by

control).
Cs1 — A.v.c. rectifier load by

midget.
Cis — 0.1-yfd. detector output coupling condenser,

Cis — 50-uufd. beat osc. coupling condenser,
Ri—— 100,000-ohm grid decoupling resistors (higher

_ Unless otherwise noted, fixed resistors may be

Cia— 0.1-ufd. audio coupling condenser,
watt type or higher rating.

R1— 10,000-0hm grid resistors (in tuner).

Cia ~— 0.001-ufd. beat osc. grid
€Cis — Beat osc. tank cond.

time, the selectivity or band-width control of
the filter should be tuned for maximum noise
output.

The next step is to check the alignment of
the high-frequency tuner circuits. This proce-
dure is covered in detail in the instruction
sheets which go with the particular tuner used.
The general procedure, preferably using a test
oscillator, is to adjust the r.f. and detector in-
put circuits for maximum response, first by
making careful adjustment of the parallel
trimming condensers with the tuning at the
high-frequency end of each band. Adjustment
of the series condensers with the tuning con-
trol at the low-frequency end of each band
also will be necessary on the r.f. and first detec-
tor input circuits for the two higher-frequency
ranges (7 and 14 me.) with the Tobe amateur-
band tuner. The oscillator trimming and track-
ing condensers will not need adjustment unless
the band coverage is not properly placed on the
tuning scale.

With these adjustments completed, the
final alignment of the i.f. circuit to exact reso-
nance with the series peak of the crystalis neces-
sary. To do this, a steady signal from a test
oscillator or from an amateur-band crystal os-
cillator should be used. This signal is tuned in
with the filter crystal in its series connection,
the phaging and band-width controls being set
at approximately mid-scale with this particu-
lar filter unit. Peak resonance with the crystal
will be indicated by bottom dip of the signal
meter. Keeping the signal tuned in ‘“right on
the nose” and adjusting the gain control for a
suitable dip deflection, the tuning adjustments
of T., T;and the filter unit should be made for
peak resonance in all circuits. The adjustments
are likely to be slightly different from those
obtained in the first alignment, with the crys-
tal in a separate oscillator, because the fre-
quency at which a crystal oscillates in the
usual circuit is not the same as its frequency as
a series resonator, as has been previously ex-
plained in Chapter Four.

When these adjustments have been com-
pleted, the beat oscillator should be switched
on and its tank circuit set to give zero beat
with the test signal on crystal resonance, the
panel beat-note control being turned all the
way to the right. These tank adjustments are
at the top of the beat-oscillator shield can. A
beat-note range from zero beat to several
thousand cycles then should be obtainable by
adjustment of the panel control. The final ad-
justment for resonance of T's is most conveni-
ently made by listening for maximum volume
from a modulated signal or adjusting for maxi-
mum indication on an output meter connected
across the speaker circuit.

Throughout these adjustments the a.v.c.
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delay control will have been set for full a.v.c.
action (no positive bias between the a.v.c.
rectifier cathode and ground). In operation,
this control may be set to suit the type of sig-
nal and the receiving condition. As the cathode
is made more positive with respect to ground,
the initial signal level at which the a.v.c. action
begins is raised. With this control turned to
give maximum positive bias (all the way to the
left) the a.v.c. is practically switched off. For
'phone reception, it will be usual to operate
with the a.v.c. full on, while for c.w. it will be
found more satisfactory to use an intermediate
setting such that the a.v.c. becomes operative
only on strong signal peaks. The manual r.f.
gain control, as well as the audio volume control,
can be independently set to suit conditions.

The user of a Single-Signal receiver of this
type should become thoroughly acquainted
with the operation of the crystal filter control
so that he may realize the full benefit of this
useful feature. The selectivity control (the
upper one) governs the band-width of the crys-
tal filter, as previously described. With the
crystal in circuit, minimum selectivity (maxi-
mum band width) will occur with this control
at approximately mid-scale. Either side of this
point, the selectivity increases as evidenced by
a reduction in noise level and a tendency to
“ringing” pitch of noise crashes and strong
signals. The mid-setting is the one to use for
'phone. The rejection control is operated in
conjunction with the selectivity control for the
particular purpose of eliminating heterodyne
interference caused by signals within a kilocycle

FIG. 730 — PLAN VIEW OF THE 12-TUBE S.S. SUPERHET DESCRIBED

IN THE TEXT

A panel view of the same receiver is given in Fig. 701 at the beginning of

this chapter. Locations are described in the text.
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or so of the desired signal. This adjustment
normally will also be set near mid-scale. When
heterodyne interference occurs, this rejection
control should be adjusted carefully for the
point at which the heterodyne beat-note is
minimum in strength or disappears entirely.

It is advisable to check over the alignment
of the receiver occasionally, once a month or so,
to make sure that none of the adjustments have
drifted or have been jarred from their proper
values. This applies particularly to the high-
frequency tuning circuits.

Servicing Receivers

@® The most useful instruments for locating
faults in a defective receiver are a multi-range
ohmmeter and a high-resistance d.c. voltmeter.
A simple combination chmmeter and d.c. volt-
meter suitable for general receiver testing is
shown in Chapter Seventeen. The ohmmeter
should never be connected across a circuit
in which current is flowing; that is, the receiver
power should be turned off when resistance
measurements are made. Lacking such an in-
strument, rough checks for circuit continuity
(indicated by audible clicks) can be made with
a pair of 'phones and a ‘““B”-battery in series,
connected across the circuit under check; or
with a low-range d.c. voltmeter and battery in
series. An a.c. voltmeter should be used for
checking the line and filament voltages in a.c.
operated sets.

If the tubes do not light, check the filament
supply (transformer or battery) and connec-
tions. Zero voltage across the
primary will result with a
blown fuse in the primary of
an a.c. supply. Check the
voltage at the socket ter-
minals of a single tube that
fails to light when others
come on. If voltage checks
OK, the tube may be burned
out or there may be a defec-
tive contact in the socket.

Unreasonable hum in an
a.c. receiver usually indicates
either an open filament cen-
ter-tap resistor or a tube
with low resistance (leakage)
betwecn heater and cathode.
Such a tube should be re-
placed. Less likely causes of
excessive hum are an open
filter or by-pass condenser
in the supply circuits, or
a defective rectifier tube.
An open receiving tube grid
circuit also may cause
bad hum, usually accom-
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panied by low output and
serious distortion. Periodic
clickingaccompanied by poor
sensitivity in a regenerative
receiver may indicate an
open detector grid leak or
one of excessively high resis-
tance. Replace theleak, using
one of lower resistance if
neeossary.

If the filaments light but
there is no output (set
““dead”), first check the B-
supply voltage and connec-
tions to the output stage.
Even with no signal coming
through there should be
strong clicks when the head-
set or speakor is connected
and disconnected. If the out-
put circuit checks OK, clip
a pair of 'phones across the
output of each preceding
audio stage, including the
detector, until the signal is
picked up, thus locating the circuit in which the
fault lies. Check the tube, resistors, bypass and
coupling condensers, etc., in the defective
stage, both for shorts and opens, using an ohn-
meter or its equivalent.

If strong clicks result when the grid of a
regenerative detector is touched, but there is
no signal or only very weak signal output, it is
likely that the fault is in a r.f. circuit ahead of
the detector. Check the r.f. tube or tubes and
the plate circuits of preceding stages for opens
and shorts. An open secondary circuit or grid
coil may cause periodic clicking like that re-
sulting from a defective detector grid leak, in
which case the grid circuit should be tested for
open circuit with an ohmmeter or 'phones and
battery. If a circuit should test neither shorted
nor open but does not ‘‘tune,” look for a defec-
tive connection between coil and tuning
condenser.

Noticeably weak signal response will result
with an open antenna coupling coil or open
connection in the antenna-ground circuit. A
shorted grid condenser, either in a detector cir-
cuit or an r.f. amplifier using capacitive cou-
pling, will have the same effect. This may be
checked by removing the grid resistor, which
should cause the periodic clicking sound in the
output. Shorts of this kind can be caused by a
blown condenser or by soldering paste smeared
between the terminals. Needless to say all
soldered connections should be thoroughly
wiped with a clean cloth to prevent such
leakages.

A regenerative receiver may ‘““howl” just as
the detector starts to oscillate. This “fringe

FIG. 731 — THE UNDER-CHASSIS ASSEMBLY OF THE RECEIVER

The location of the components can be readily checked by referring to
the plan view and the text.

howl” is most likely to result with transformer
or impedance-coupled detector output and the
best precaution against it is to use an audio
transformer or choke of the better grade rather
than one of the cheaper type with inadequate
primary windings. If it does occur with the
transformer that must be used, however, it can
be reduced or climinated by connecting a resis-
tor across the secondary of the audio trans-
former. In most cases a resistance of 100,000
ohms will be sufficiently low. A grid leak of
lower value also may help in some cases.
These expedients reduce the receiver out-
put, of course, and must be considered
as less desirable than the substitution of
an audio coupler having better characteris-
ties.

“Stringy quality” or poor base-note re-
sponse usually can be traced to an open or in-
adequate bypass capacitance in a detector or
audio amplifier circuit. Too-small capacitance
across a cathode resistor is a common source.
An open or too-small grid condenser in a grid-
leak detector also may be the cause of this
trouble.

Servicing Superheterodyne Receivers °

@ In addition to the general receiver servicing
suggestions given in the preceding section,
there are a few others for troubles peculiar to
superhet type receivers. Generally poor per-
formance, characterized by broad tuning and
poor sensitivity, calls for checking of the cir-
cuit tuning and alignment as previously de-
scribed. The procedure is to start with the re-
ceiver output (audio) and work back through
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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
baflle 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. Improper screen-grid
voltage, as might result with a shorted or too-
low screen-grid series resistor, 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 c.w. beat oscillator on, will result from simi-
lar defects in i.f. amplifier circuits. Inadequate
cathode resistor bypass capacitance is a very
common cause of such oscillation. Additional
bypass capacitance, 0.1 to 0.25 ufd., usually
will remedy this type of oscillation. The same
applies to screen-grid bypasses of i.f. tubes.

‘‘Birdies”’ and **mush” occurring with tun-
ing of the high-frequency oscillator may in-
dicate 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. If the latter,
replace with a new resistor, using one of lower
resistance if necessary.

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. cir-
cuits. 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, of course, as a result of the i.f.
noise components beating with the carrier it
furnishes in the second detector. The oscillator
input to the second detector should be just
enough to cause a noticeable change in second
detector plate current. (About 0.05 ma. in-
crease in the case of a self-biased triode second
detector, for instance.)

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,
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they are almost certainly traceable to the beat
oscillator. They are not likely to occur with the
circuits shown in the receivers of this chapter,
and are prevented by the design precautions
which have been given. Other ‘birdies”
which show up in the operation of the receiver
are most likely to result from image interfer-
ence. 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 posi-
tive 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 7s 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., & defective tube, open load resistor or
leaky by-pass condenser may be at fault.
Insufficient 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
receivers.

A somewhat similar motorboating effect can
occur with a crystal-filter receiver operating at
high selectivity when a strong signal is tuned a
few cycles off crystal resonance. Under such a
condition, the crystal is shocked into excitation
at its own frequency, slightly off the i.f. signal
frequency, and a slow beat between the two
frequencies results. This constitutes overload
of the crystal and is entirely normal. It is
avoided by precise tuning and by keeping the
input to the crystal circuit at a reasonable level
by proper setting of the r.f. gain.

Judging Receiver Performance

@® 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 selectivity
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(band width) this is determined by the gain in
the first circuit. With the antenna discon-
nected, a rough check on this gain can be made
by shorting the first tuned circuit of the re-
ceiver through a large capacitance, leaving the
other circuits unaffected, and noting the varia-
tion in noise output on a rectifier-type volt-
meter 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 detuning, showing that the first
circuit has appreciable impedance as evidenced
by thermal agitation voltage. If it does not de-
crease, the gain of this circuit is negligible. This
test should be made on each frequency band.
Little change is likely on 14 me., but should
become appreciable on 3.5 and 1.7 me. The test
should be made on r.f. amplifier and detector
stages. Unchanged noise output with the first
detector (mixer) input shorted would indicate
that the first detector tube 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. Alter-
natively, a “Variac” can be connected in the
a.c. supply circuit and the line supply voltage
varied approximately 10 percent plus and
minus normal (say from 100 to 130 volts). The
beat note should remain similarly steady. A
change of a kilocycle or more would indicate
poor stability. 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 ama-
teur band can be judged by the tuning rate
and the calibration spread. Tuning rate is the
average number of kilocycles covered with
each rotation of the tuning knob, while calibra-
tion 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 sat-
isfactory in high-selectivity s.s. receivers, as-
suming a knob of ‘‘natural” size (approxi-
mately 214-inch diameter). Calibration spread
of 10 ke. or less per scale division is satisfac-
tory for reset and logging purposes.
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CHAPTER EIGHT

Principles of Transmitier Design

and Operation

OSCILLATORS — AMPLIFIERS — NEUTRALIZATION
AND TUNING — FREQUENCY MULTIPLICATION —

TROUBLE SIHHOOTING

l.BESEN'I‘-DAY amateur trans-
mitters are of two general types: those which
employ “‘self-controlled” oscillators and those
in which a crystal-controlled oscillator is used.
The first of these types is called ‘‘self-con-
trolled” because the frequency of the oscilla-
tions generated in the transmitter depends on
the constants of the circuit. In thesecond type a
piezo-electric crystal determines the frequency
on which the transmitter operates.

When an oscillator of either type is used to
feed the antenna directly, the transmitter is
said to be “‘self-excited.” If, however, the os-
cillator drives one or more amplifier tubes
which in turn feed the antenna, the arrange-
ment is known as an “oscillator-amplifier”
transmitter. One may have either a self-con-
trolled or a ecrystal-controlled oscillator-
amplifier transmitter.

Transmitting Tubes

@ An excellent variety of power tubes is avail-
able to the amateur contemplating the con-
struction of a high-frequency transmitter.
The large number of tubes is, in fact, often a
source of confusion to the beginner because it is
difficult for him to decide upon the type best
suited to his particular purpose. Broadly
_ speaking, however, tubes may be classified
according to the power output to be expected
from them. Thus, a group of small tubes for
use in low-power transmitters show power
outputs of the order of 10 to 25 watts; a group
of medium-power tubes is rated at 35 to 50
watts output; a third group carries a nominal
rating of 100 watts, and so on. Obviously, then,
the first decision the amateur has to make in
the choice of a transmitting tube is that of the
power output he wants. The tables of trans-
mitting tubes in Chapter Five give the impor-
tant characteristics and operating ratings of
the tubes most suitable for use as radio-
frequency oscillators and power amplifiers.
The tubes are listed in two classifications,
triodes or three-element tubes comprising the
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first. They are useful as oscillators or power
amplifiers. All are capable of working well on
the four lower-frequency amateur bands which
carry the bulk of amateur communication —
the 1.75-, 3.5, 7- and 14-me. bands. The
types marked with an asterisk (*) are es-
pecially designed for very high frequency work,
and in addition to giving excellent performance
on the four bands just mentioned, also will be
found to be well suited to work on 28 and 56
megacycles.

The tetrodes and pentodes listed in the
second classification are intended particularly
to be used as radio-frequency power amplifiers.
They are of the screen-grid type and can be
used without neutralization (see later section).
They are also useful in certain types of os-
cillator circuits. :

In addition to the tubes designed especially
for transmitting, practically all of the power-
amplifier type receiving tubes have been
adapted by amateurs to use in transmitters.
Popular types include the 45, 46, 59, 47, 2A5,
53 and 42. The pentodes are widely used as
crystal-oscillator tubes, while both triodes and
pentodes are in general use as buffers and
doublers, and even as final stages in low-power
transmitters. With plate voltages of about
400, all these tubes are capable of outputs of
five or ten watts.

Self-Controlled Oscillator Circuits

@® There are two general divisions of self-
controlled oscillator circuits; those employing
capacitive coupling to feed back energy from
the plate to the grid circuit, and those using
inductive coupling for the same purpose. All
circuits are modifications of these two general
classes.

The operation of the vacuum tube as an os-
cillator has been explained in Chapter Five.
The maximum amplitude to which oscillations
will build up depends upon the characteristics
of the tube, the circuit constants, the grid bias
and the plate voltage. The frequency of oscil-
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lation will be determined principally by the
inductance and capacity values in the tuned
circuit — called the ‘tank” circuit because
it acts as a reservoir of radio-frequency energy
— although other circuit constants such as the
interelectrode capacitances of the tube also
will affect the frequency.

The circuits in most general use are the Hart-
ley, Armstrong or tuned-grid tuned-plate, Col-
pitts and ultraudion. They are shown schemat-
ically in Fig. 801.

The Hartley Oscillator

@ In the Hartley oscillator, shown in Fig. 801,
the tuned circuit has its ends connected to the

ELECTRON-COUPLED

FIG. 801 — SELF-CONTROLLED OSCILLATOR
CIRCUITS

All are capable of giving good Sfrequency stability
and efficiency with careful design and adjustment.
For the benefit of the experimenter, the following sug-
gestions are given for circuit constants: L1, C1, de-
pending upon frequency band to be used; consult coil
table for inductances, using a 500-uufd. condenser at
C1. The grid condenser, C2, may be from 100 to 250
pufd. in all circuits; its value is not generally critical.
The plate blocking condenser, Cs, should be .002 ufd.
or larger. Filament bypass condensers, Cs, may be
-002 yfd. or larger. For value of grid leak, Ry, consult
tube table in Chapter Five. In the ultraudion circuit
the excitation control condenser, Cs, should have a
maximum capacity of 100 to 250 uufd. The output tank
circuit, L3, Cg, in the electron coupled circuit should
be designed for low-C operation; use a 250- or 100-pufd.
condenser for Cg and corresponding inductance from
the coil table for the frequency in use.

In the circuits using parallel feed, the r.f. choke
coils shown should not be omitted.
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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. In
this way the coil is divided into two sections,
one in the grid circuit and one in the plate cir-
cuit. Oscillations are maintained because of the
inductive coupling between these two sections.

The frequency of oscillation is determined
chiefly by the constants of the tank circuit,
L,Ch. It is influenced to some extent, however,
by the interelectrode capacities of the tube,
which are connected across the tank. The
amount of feedback or grid excitation is ad-
justed by moving the tap on L;; 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.

Blocking and Bypass Condenser Functions

@ The plate blocking condenser, Cj, is used to
provide a low-impedance path for r.f. currents
while preventing the d.c. plate voltage from
being short-circuited to the filament center-
tap through L,. Its value is not critical. Cq,
the grid condenser, similarly insulates the grid
from filament center-tap to permit the bias
voltage to develop in the grid leak, R;. The
filament by-pass condensers, Cy, are used to
provide an r.f. center-tap for the filament so
that radio-frequency currents flowing in that
circuit will divide equally between the two
halves of the filament. Grid and plate blocking
or bypass condensers and filament bypass
condensers have the same general function
in all the oscillator circuits shown.

Tuned-Plate Tuned-Grid and ““TNT*’
Oscillators

@ The tuned-grid tuned-plate circuit has two
tank circuits, one connected between the grid
and the filament of the tube and the other be-
tween the plate and filament. These two cir-
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, although the
grid tank affects the frequency to a lesser ex-
tent. The chief function of the grid tank is that
of controlling the feed-back or excitation. It
should be set to a slightly lower frequency than
the plate tank in normal operation.

A variant of the t.p.t.g. circuit is the so-
called “TNT” circuit, also shown in Fig. 801.
In the TNT, the grid tank is replaced by a coil
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which, with its own distributed capacity and
the capacity of tube and wiring connected
across it, is broadly resonant at the operating
frequency. Its chief advantages are its economy
and the fact that it is a very simple circuit to
tune once the proper size for the grid coil has
been determined.

Colpitts and Ultraudion

@® The Colpitts circuit is arranged so that the
filament is connected to the junction of two
condensers which are in series across the coil.
In this way the grid and plate circuits share the
voltage drop across the condensers.

Excitation with the Colpitts circuit is con-
trolled by varying the capacity ratio of the
two tuning condensers, the total capacity of
the two in series being maintained constant to
retain the same frequency of oscillation. The
larger the capacity of the condenser between
grid and filament compared to that between
grid and plate, the lower is the excitation volt-
age, and vice versa. With most tubes the
“grid” condenser will have about twice the
capacity of the “plate’ condenser for normal
operation.

The ultraudion circuit, a member of the
Colpitts group, is seldom used except at the
ultra-high frequencies. Excitation is controlled
by C's; the larger the capacity of Cs, the lower
the excitation. The division of r.f. voltage
across the tube elements is secured through the
interelectrode capacities of the tube and the
method of connecting the tank circuit.

The Electron-Coupled Circuit

® The electron-coupled circuit is a develop-
ment from the fundamental circuits already
discussed, made possible by the screen-grid
tube. This circuit gives in one tube some of the
beneficial effects of the oscillator-amplifier ar-
rangement. The control-grid, cathode and
screen-grid, the latter being used as a plate, are
combined in a conventional triode oscillating
circuit with the screen at ground potential for
r.f. voltage. The output of the oscillator is
taken from the regular 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 Hartley circuit is used in the oscil-
lator portion of the circuit shown in Fig. 801,
although the Colpitts could be substituted if
desired. Excitation is controlled in the same
way as in the ordinary Hartley circuit.

With suitable care in design and operation,
electron-coupled oscillators will provide a high
order of frequency stability. The plate’or out-
put circuit may be tuned to a harmonic of the
oscillator circuit as well as to the same fre-
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quency. The output usually drops off rapidly on
harmonics above the second, however.

“Grounds’’ and Ground Potential

® Throughout this chapter reference fre-
quently will be made to ‘“ground” or the
“grounded’’ part of the circuit. In many in-
stances this does not mean that an actual
ground connection is necessary, but simply re-
fers to the part of the circuit which is at the
same radio-frequency potential as the earth,
and which therefore could be connected to
earth without in any way disturbing the opera-
tion of the circuit. The “grounded” part of the
circuit nearly always will be the part which is
connected to the negative terminal of the high-
voltage power supply. Parts of the circuit at
ground potential usually are connected to-
gether with direct wire connections or through
bypass condensers, the latter being used when
the two parts so connected are at the same r.f.
potential but have different d.c. or a.c. volt-
ages on them. For instance, the condenser (3 in
the electron-coupled circuit of Fig. 801 con-
nects the end of the tank coil opposite the
plate to the filament center-tap, thus bringing
the lower end of the tank coil to the same po-
tential as the filament.

Oscillator Bias

If the rectified grid current is made to flow
through a resistor connected in the d.c. circuit
between grid and filament, there will be a volt-
age drop in the resistor which can be utilized
as grid bias, since the direction of current flow
is such that the end of the resistor or grid leak
nearest the grid is negative with respect to the
end connected to the filament. The bias volt-
age developed in the grid leak will be equal to
the product of the leak resistance in ohms by
the d.c. grid current in amperes. If the grid
current through a 5000-ohm leak is 10 mil-
liamperes, for example, the bias will be 5000 X
0.010, or 50 volts.

The bias on an oscillator is a function of the
excitation and grid-leak resistance. Oscillator
bias is self-regulating, adjusting itself to meet
varying conditions of excitation. In general,
grid leak values are not critical. A resistance
of 10,000 ohms is suitable for most tubes work-
ing as self-controlled oscillators, although
tubes having very low amplification factors
may require 25,000 or 50,000 ohms, while
tubes with very high u's may operate best
with values of 5000 ohms or lower.

Series and Parallel Feed
® Iu the Hartley oscillator circuit of Fig. 801,
the positive d.c. plate voltage lead is shown
connected to the plate through a radio-fre-
quency choke coil, RFC. The tank circuit is
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then connected to the plate through the block-
ing condenser, C3. This method of supplying
d.c. power to the plate is known as ‘‘parallel
feed” because the r.f. and d.c. plate-filament
circuits are in parallel. Parallel feed requires
the use of an r.f. choke having high impedance
at the operating frequency so that none of the
r.f. power generated by the tube can leak back
to the power supply instead of going to the
tank circuit where it belongs.

D.c. plate power for the t.p.t.g. oscillator is
shown fed through the plate tank coil to the
plate, a bypass condenser, Cs, being connected
across the positive and negative high-voltage
terminals. The d.c. and r.f. plate_circuits are
thus in series, and this method of supplying
d.c. power to the tubeis known as ““seriesfeed.”
With parallel feed, the plate power is fed in at
a point of high r.f. potential; with series feed,
the feed point is at low r.f. potential.

Series feed is usually to be preferred from
the standpoint of circuit efficiency because it is
not necessary to depend upon an r.f. choke to
prevent leakage. With an effective choke,
however, there will be negligible loss with
parallel feed. With series plate feed, the shaft
of the plate tank condenser usually is at d.c.
plate potential above ground so that with high
plate voltages there is an element of danger to
the operator of the transmitter unless the con-
denser shaft is adequately insulated from the

P2

"

FIG. 802 — TYPICAL HIGH-C COILS FOR THE
SELF-CONTROLLED /OSCILLATOR

The copper-tubing coils, P1, P2 and P3, are for the
3.5-, 7~ and I4-mc. bands, respectively. They will be
satisfactory for any of the circuits shown in Fig. 801.
The smaller coils ar¢ of the type often used for the
resonantgrid coll in TNT oscillators.

-

control knob. With parallel feed there is no
d.c. voltage on the condenser shaft.

Series and parallel feed may be used in other
circuits than the plate as well. For example, the
grid bias for the t.p.t.g. circuit is series fed,
while the grid bias for the Colpitts circuit is
parallel fed. In some cases series feed may be
quite difficult, if not impossible, to attain. This
is the case of the grid feed for the Colpitts cir-
cuit; the grid leak cannot be connected across
the grid condenser to give series feed because
there is no d.c. path from the grid condenser
to filament.

Frequency Stability

The causes of frequency instability can be
roughly divided into two groups, those which
are ““mechanical’’ in nature and those which
are ““dynamic.” Mechanical instability results
from variations in the circuit constants due to
mechanical vibration and thermal effects.
Mechanical vibration will cause rapid fluctua-
tions in frequency by varying the spacing be-
tween condenser plates, the separation be-
tween coil turns or the distance between the
tube elements. These are avoided largely by
rigid construction, by reducing the vibration
and by mechanically isolating the oscillator.

Frequency fluctuation (‘‘creeping”) due to
thermal effects results from variation in spac-
ing of the tube elements (variation in inter-
element capacity) or circuit components with
changes in temperature. Creeping can be
minimized by keeping the power dissipated in
the tube at or below its normal rating, by
choosing tubes having internal construction
particularly intended to reduce frequency-
creeping (low internal capacities), and by
using circuits which have large capacities in
parallel with the tube’s input and output ca-
pacities. Such circuits are popularly known as
“High-C "’ circuits. The use of a large shunting
capacity in the plate circuit is particularly
effective.

“Dynamic’’ instability is caused by any-
thing which affects the tube’s characteristics,
especially its plate impedance, during opera-
tion. A variation in plate impedance will cause
a change in frequency. The principal cause of
dynamic frequency instability — sometimes
called ““frequency flutter’’ — is the variation
in plate voltage which results when a poorly-
filtered plate supply is used. The variations in
plate voltage under these conditions take place
at an audible rate, causing the oscillator fre-
quency to vary or be modulated at the same
rate. The result is a broad, rough signal, un-
pleasant to the ear and illegal under the ama-
teur regulations.

To prevent dynamic instability it is essen-
tial that the plate supply be the best ‘‘pure
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d.c.” obtainable and that the grid bias — or
grid leak — be sufficiently high in value. More-
over, too much care cannot be
exercised in adjusting the grid
excitation. Dynamic instability
can be reduced by careful cir-

densers (or a split-stator condenser) and pro-
vides no means of excitation control except
through variable grid conden-
sers. The push-pull Hartley is
seldom used because the large
number of taps on the coil makes

cuit design; the use of a High-C
plate tank isespecially effective.

a cumbersome mechanical job
with the small coils used in

Such a tank circuit is capable
of reducing the amplitude of
frequency fluctuations with va-
riations in plate impedance.

High-C Tank Circuits

@® For low-power transmitters
a circuit is sufficiently high-C if
the actual condenser capacity in
use is approximately 400 to 450
uufd. at 3500 and 1750 ke., 250
to 300 uufd. at 7000 ke., and 200
to 250 uufd. at 14,000 ke. Typi-
cal tank coils for high-C cir-
cuits of low-power transmitters
are shown in Fig. 802. They are

high-C circuits.

The unity-coupled circuit
resembles the Hartley except
that separate coils, very closely
coupled, are provided for the
grid and plate circuits. In ac-
tual practice the grid coils are
similar to the copper-tubing
coils shown in Fig. 802, while
the plate coil is made of small,
well-insulated wire run through
the center of the tubing. A hole
is drilled in the center turn of

the copper-tubing coil to allow
a connection to be made to the
center of the plate coil inside.

made of quarter-inch copper
tubing for the sake of rigidity
and also because the circulat-

ing currents in high-C circuits
are quite large, even with low
power, hence considerable cur-
rent carrying capacity is
needed. The smaller coils illus-
trate the way in which grid
coils for the TNT circuit can

Where a large number of turns
is required, as for a 1750-ke.
coil, the two coils may be
wound of No. 14 wire on an in-
sulating form, one coil being
wound between the turns of the
other.

Crystal-Controlled
Oscillators

be made; they can be wound
with fine wire because of the
low current flowing inthe low-C

grid circuit.

Push-Pull Oscillator Circuits

@ Push-pull oscillator circuits
are developed from the single-
tube circuits already described.
Scveral push-pull circuits are
given in Fig. 803. Their simi-
larity to the fundamental cir-
cuits from which they are
derived will be recognized after
inspection. The push-pull Col-
pitts requires two tuning con-

+hy
FIG. 803 — PUSH-PULL SELF-CONTROLLED
OSCILLATOR CIRCUITS

Circuit constants are much the same as those for
the single-tube circuits given in Fig. 801. Tank tuning
condensers, C1, should have a maximum capacity of
250 to 500 pufd. Specifications for L1 may be taken
from the coil table, or coils similar to the copper-
tubing coils shown in Fig. 802 may be used. Since the
two tubes are in series in a push-pull circuit, a some-
what higher LC ratio than is generally recommended
Sor single-tube circuits can be used without detri-
ment to the dynamic stability. The actual condenser

pacity in use should be approximately 250 yufd. at
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UNITY -COUPLED

@ Although closely rescmbling
the self-controlled oscillator in
principles of operation, the con-
trol of frequency in the crystal
oscillator is, as the name im-
plies, lodged in a specially-
ground slab of piezo-electric
crystal, usually quartz. The
piezo-electric crystal and its
properties have already been
discussed briefly in Chapter
Four,

The piezo-electric crystal, be-
cause of its electro-mechanical
properties, will oscillate at a

the operating frequency, and coils may be propor-
tioned accordingly. Grid condensers, C2, may be 100
to 250 uufd., except in the Colpitts circuit, where
variable condensers (Cs) having a maximum capacity
of 50 upfd. should be used, the correct operating value
being determined by experiment. Plate blocking and
filament bypass condensers, C3 and Ci, should be
002 ufd. or larger, although the values are not
critical.

The resistance of the grid leak, R1, will in general be
half that recommended in the tube table for a single
tube. Slightly higher values may be found to give
better efficiency and a better note.
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frequency determined almost entirely by its
dimensions. When it is properly connected in
the controlling oscillator circuit, the line volt-
age can vary, the antenna can swing, and the
tubes may heat without seriously affecting the
output frequency of the transmitter. A ripple
in the plate-supply voltage will cause ampli-
tude modulation of the output of such an os-
cillator but can cause practically no frequency
flutter.

Crystal Cuts

@ A quartz crystal has three major axes, des-
ignated X, Y and Z. The Z axis is the optic
axis. The Y axis is the mechanical axis. The X
axis is the electric axis and is the one used as a
reference in designating the cut of the plates
used in oscillators. A plate cut with its major
surfaces perpendicular to an X axis is known as
an X-cut plate. This cut is also referred to as
the “perpendicular’ and ‘‘Curie” cut. Plates
cut with their major surfaces parallel to an X
axis are known as ‘““Y,” “parallel,” and ‘‘30-
degree” cuts. The most accepted terms for
these two cuts are X-cut and Y-cut. In Fig.
804 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 euts, 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

FIG. 804 —DRAWING OF AN IDEAL ()
QUARTZ CRYSTAL SHOWING LOCA-

TION OF AXES AND ORIENTATION

OF “X”” AND “Y” CUTS

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 practically
zero. These cuts demand extreme accuracy in
cutting and grinding if the special character-

istics are to be obtained. The exact way in
which some of the cuts are taken from the
crystal are known only to the manufacturers.

Crystal Grinding

@ Reliable crystals are available at reasonable
prices, so that the ordinary amateur does not
attempt to cut and grind his own crystals.
Cutting crystals requires special equipment
and an accurate means for locating the crystal
axes; because of the complications amateurs
seldom attempt to cut crystal blanks from raw
quartz. However, unfinished X- and Y-cut
blanks (slices of quartz which can be ground
into oscillating crystals) can be purchased
cheaply, and some experimenters like to finish
them into crystals which will oscillate at a
desired frequency. Again, it is sometimes de-
sired to change the frequency of an already-
ground crystal, so that a working knowledge of
the method of grinding crystals often is helpful.

When an unground blank is purchased, a
statement of the cut should be obtained from
the seller, because the grinding cannot be done
so easily if the ratio of thickness to frequency
is not known. Fig. 805 gives the frequency-
thickness relationships. A good micrometer
such as the Starrett No. 218-C, 14 inch,
should be used for making measurements.
This tool also can be used to make sure that the
crystal is the same thickness at all points and
that bumps or hollows are not being ground in.
The best crystals are usually about 1’/ square,
perfectly flat, and the two major surfaces are
parallel.

Grinding can be done by rotating
the crystal in irregular spirals on a
piece of plate glass smeared with a
mixture of No. 200 carborundum
y and water. It is better to have the
crystal stuck to a perfectly flat piece
of thin brass or a glass microscope
slide than to bear down on the sur-
face of the crystal with the fingers.
Even pressure over the whole area
of the crystal is essential for flat
grinding. The crystal will stick to
the flat brass plate or slide if the
top of the erystal is moistened with
kerosene. The crystal should be fre-

) quently tested for oscillation in a

test circuit such as one of those
shown in Fig. 807. If the crystal should stop
oscillating during the grinding process, grind-
ing the edges slightly may make it start
again. The frequency can be checked by
listening to the signal in a receiver and measur-
ing the frequency as described in Chapter 17.
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.
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The FF and FFF or No. 900 grades are suitable
for the final grinding.

Temperature Effects

@ In Chapter Four it was pointed out that the
piezo-electric crystal is a mechanical vibrator.
As a result of molecular friction when the
quartz plate is vibrating at the tremendous
rate required for the production of radio-
frequency oscillations, heat is developed. This
heating of the crystal causes it to change its
characteristics slightly so that the frequency
varies with the temperature. The rate of fre-
quency change with temperature depends
upon the type of cut, the precision with which
the crystal was cut and ground, its size and
shape, and individual characteristics of the
quartz used.

The temperature coefficient of a Y-cut
crystal usually is positive — that is, the fre-
quency of oscillation increases 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 million per degree C. The
temperature coefficient of an X-cut plate

almost free from them, hence is capable of
handling more power than either the X- or
Y-cut.

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
ther.f. current flowingin 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-mec. 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

is negative — frequency decreases with an 10—
increase in temperature — and lies be- I—
tween minus 15 and minus 25 cycles per 8i S
million per degree C. For example, if T \\
through heating the temperature of an K AN
X-cut 7-me. crystal changes from 70 deg. AN N,
F. to 120 deg. F., the frequency change G5 AN N AN
may be nearly five kilocycles. Should the 4 AN .
crystal be followed by a doubler to 14 me., Y4 \‘ X-|CUr PraTEs
the frequency change on the higher-fre- ¥ N\ A
quency band would be twice as great — NN N
. 5 RIPTE 3 AN
enough to shift the signal out of audibil- 33 \y_ N
ity. AT-and V-cut crystals have very low 3 > PLATERN]
temperature-frequency coefficients, as do ﬁ : A-Thcur A Arfk\ N
some other cuts, so that the frequency 3 2 NN N
change with temperature is practically é‘ GENERAL FORMULAE: \\‘\ \\
igible. -Cur: FXT = J12.
L | framaree | NN
Power Limitations j_’.:r,_.fgq’ ”’: 4 =;fy'f/e_r N \\ N
@ Heating is greater the greater the am- Iz Thickness in Thousondths \\\ \\
plitude of the crystal vibration; in other | I | \\,\
words the greater the r.f. voltage across ! 2 OB ORE =0 coR 0 01500
the crystal. The vibration of a quartz THICKNESS - THOUSANDTHS OF AN INCH
crystal is extremely complex; in addition g, 805 — FREQUENCY-THICKNESS RELATIONSHIPS

to vibrations of the type wanted for fre-

quency control, there may also be pres-

ent vibrations of other types which contrib-
ute to the heating and produce mechanical
stresses in the crystal. When the vibration
amplitude is high these stresses may be great
enough to shatter the crystal, hence the power-
handling capabilities of the crystal are limited.
Secondary vibrations are always present in
X- and Y-cut crystals; the AT-cut crystal is
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OF X-, Y- AND AT-CUT PLATES

the top plate and the crystal and the other in
which both plates are in contact with the crys-
tal. The latter type is simpler to construct and
is generally used by amateurs. It is essential
that the surfaces of the metal plates in contact
with the crystal be perfectly flat. Satisfactory
mountings can be purchased from most dealers
in crystals or can be made up by the amateur.
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Grit or an oily film on the surface of a crystal
will affect its operation and will sometimes pre-
vent oscillation. The crystal should be cleaned
whenever erratic behavior or stoppage of oscil-
lation gives evidence of a dirty condition.

cillator will depend upon the type of tube used,
the plate voltage, and the amplitude of vibra-
tion of the crystal, or more precisely, the ampli-
tude of the r.f. voltage developed as a result
of the mechanical vibration, as we have seen.

FIG. 806 — CRYSTALS AND CRYSTAL HOLDERS

Several manufactured types of crystal holders are shown. The circular crystal in the foreground is a 20-

meter plate.

Carbon tetrachloride (Carbona) or alcohol are
the best cleaning fluids. Plain soap and water
will do quite well, however. Handling of the
crystal is especially likely to give it an oily sur-
face, and the crystal 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-
vantageousin radiating quickly the heat gener-
ated 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. With Y-cut plates it is often
possible to cause the crystal frequency to
“jump” simply by changing the pressure of
the top plate or by moving it about on the
crystal. The present tendency with manufac-
tured crystals is to sell them in individual
holders to insure retaining calibration and to
protect the crystal from dust and dirt.

Triode Crystal Oscillators

@ The simplest crystal oscillator circuit is the
triode circuit shown in Fig. 807. 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 the tube excites the grid
circuit, and the crystal oscillates at approxi-
mately its natural frequency.

The power obtainable from the crystal os-

In the simple triode oscillator circuit of Fig.
807, the limit of plate voltage that can be used
without endangering the crystal is about 250
volts for X- and Y-cut crystals, although this
figure will vary with the crystal itself, its
mounting, and the type of tube used. Tubes
with low amplification factors ~— the 45, for
instance — should be operated at lower plate
voltage than tubes with medium or high u’s,
because low-u tubes require a relatively large
exciting grid voltage for a given output.

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,
the power output obtainable from triode
crystal oscillators is about five watts. The sim-
ple triode oscillator has been generally super-
seded by more suitable types.

The 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 of the crystal, obvi-
ously the greatest power output can be secured
without danger to the crystal by choosing a
tube of high power sensitivity (see Chapter
Five). The power pentode is such a tube,
hence we find that pentodes are widely used as
crystal oscillators in amateur transmitters.
Along with high power-gensitivity, the pres-
ence of the screen grid in the pentode 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 crystal
oscillators can be operated at higher plate
voltages than triodes.
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The pentode tubes designed for audio power
work, such as the 47, 2A5, 41, 42, and 59 (with
proper element connections), are excellent
crystal oscillator tubes. For a given plate volt-
age the crystal heating will be less with a pen-
tode than a triode as the oscillator tube; alter-
natively, for the same amplitude of crystal
vibration, higher plate voltages can be used
with the pentodes, resulting in greater power
output. A typical pentode oscillator circuit is
shown in Fig. 807. It has been found best to
operate the screen grid at approximately 100
volts; plate voltages up to 500 may be used
without danger to the crystal. Power out-
puts of ten to fifteen watts can be obtained
quite readily with 400 to 500 volts on the
plate.

High-Power Pentode Oscillators

@ Transmitting pentodes also can be used as
crystal oscillator tubes, the larger tubes giving
large outputs. Since these tubes have quite
thorough screening, it may be necessary in
some cases to provide additional feedback
between plate and grid to ensure oscillation.
This feedback can be secured by bringing a
wire from the plate of the tube close to a simi-
lar wire connected to the grid of the tube to

a
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form a very low-capacity condenser, or by con-
necting a variable condenser of the type used
to neutralize low-capacity triodes (such as the
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FIG. 808 — CIRCUIT FOR A HIGH-POWER PEN-
TODE OSCILLATOR WITH EXTERNAL
FEEDBACK

This circuit is suitable for use with RK20, RK28 and
803 tubes. Suitable values for C1are .001 or .002 ufd.,
Cz as in text, and Ca, 100 upfd. The grid leak, R,
should be about 15,000 ohms, while L is wound to be
resonant, in conjunction with C3, at the frequency
of the crystal used. The r.f. crystal current should
not exceed the safe value for the type of crystal used.

neutralizing condensers illustrated in Figs. 923
and 924 in the next chapter) between control
grid and plate.

Push-Pull Crystal Oscillators
@® Two tubes may be connected in
push-pull in the crystal oscillator,
if desired; likewise, tubes may be
connected in parallel. Just as with

L

PENTODE

+5G +HV.

self-controlled oscillators, parallel
operation entails no circuit
changes other than tying all iden-
tical tube elements together. In
the push-pull circuit, the crystal
is connected between the grids of
the tubes, as shown in the typi-

)

Ca

cal push-pull pentode circuit of
Fig. 807.
Push-pull oscillators are useful

PUSH-PULL
PENTODE

TRI-TET

+5G +H.V.

FIG. 807 — CRYSTAL OSCILLATOR CIRCUITS

In crystal oscillator output tank circuits it is gen-
erally advisable to use a fairly high LC ratio for best
output and efficiency. The plate tuning condensers,
C1, may have a maximum capacity of 50 to 100 yufd.,
with tank coils, L1, having suitable inductance to
make the circuit resonant at the crystal frequency.
Coil specifications can be taken from the coil table.
The cathode tank circuit, C3L2, in the Tri-tet oscilla-
tor is adjusted as described in the text; the output
circuit, C1L3, will be similar to the output circuits
used in the other crystal oscillators. Plate and screen
bypass condensers, C2, may be .002 pfd. or larger. The
resistance of the grid leak, R1, should be 5000 or 10,000
ohms except in the Tri-tet circuit, where a leak of
25,000 to 50,000 ohms will be found advisable, espe-
cially if the output circuit is tuned to a harmonic.
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for exciting a following push-pull
amplifier on the same frequency.
Since push-pull amplifiers are not
suited to frequency doubling, however, the
push-pull crystal oscillator is seldom used in
ulti-stage amateur transmitters.

= ¥HV,

Crystal Oscillator Circuit Constants

@ Triode and pentode crystal oscillator cir-
cuits are practically identical except for the
screen supply in the pentode circuit. The
sereen, however, plays no part in the operation
of the circuit except to perform its usual func-
tion of accelerating electron flow to the plate;
it is bypassed to the cathode through a con-
denser of low reactance at the operating fre-
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quency and therefore has the same r.f. poten-
tial as the cathode.

Since quartz is an excellent insulator, paral-
lel feed (see earlier section) must be used in the
grid circuit to provide a path for the flow of d.c.
grid current. In all circuits shown a grid leak
furnishes the operating bias when the tube is
oscillating; the r.f. choke in series prevents r.f.
current from flowing through the leak. Occa-
sionally the r.f. choke is omitted in cases where
a high-resistance leak is called for —if the
oscillator tube is a 45, for example — but it is
usually good practice to include the choke.
The choke should never be omitted except
when a non-inductive grid leak is used, and
then only when the leak resistance is of the
order of 20,000 ohms or higher. Lower values
place a considerable load on the crystal and
may reduce the power output or even prevent
the crystal from oscillating. With the receiv-
ing-type pentodes previously mentioned, a
leak resistance of 5000 to 10,000 ohms is gen-
erally satisfactory. A power rating of one or
two watts is sufficient.

In the pentode circuits using small tubes,
the screen voltage may be supplied from a
separate source of about 100 to 150 volts, from
a voltage divider across the plate supply, or
through a series resistor from the positive side
of the plate supply. With the latter method, a
resistance of 50,000 ohms, two- to five-watt
rating, is commonly used.

It is unnecessary to use a high-C tank circuit
in the crystal oscillator for the sake of stability,
since the stability is determined almost solely
by the crystal itself. Greater ease of oscillation,
better efficiency and higher harmonic output
are usually secured when the tank has a high
L-C ratio, all of which are desirable in the case
of the crystal oscillator. A tank condenser, (),
having a maximum capacity of 50 to 100 uufd.
is large enough. A receiving-type midget con-
denser has ample plate spacing.

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 C.
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 with a high L-C ratio when
handling the amount of power developed by
the usual crystal oscillator.

Tuning Adjustments

@® A crystal oscillator is quite easy to adjust,
since there is little the operator can do to
change the frequency or to have an adverse
effect on the frequency stability. Tuning there-
fore becomes chiefly a matter of obtaining the
optimum amount of power from the oscillator.

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

PLATE CURRENT

"X rumING capAaciTY M

FIG. 809 —D.C. PLATE CURRENT VS. PLATE
TUNING CAPACITY WITH THE TRIODE OR
PENTODE CRYSTAL OSCILLATOR

Solid line, oscillator unloaded; dashed line, loaded.

will dip when the plate condenser is tuned
through resonance at the crystal frequency.
Fig. 809 is typical of the behavior of plate
current as the tank condenser capacity is

" varied. As the capacity is increased from mini-

muin, there will be a rather gradual decrease
in plate current when oscillations commence.
This continues until the point A is reached,
when there will be a sharp rise in plate current,
followed 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, since the oscillator will
be more stable and there is less likelihood that
a slight change in loading will throw the circuit
out of oscillation. This is likely to happen
when operation is too near the critical point,

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 lessis 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. The r.f. crystal current
also is less when the tuning is in the region
B-C, Fig. 809, than at A, furnishing an addi-
tional reason for slight detuning on the high-
frequency (or low-capacity) side of resonance.
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Harmonic Generation — The Tri-Tet

@ Since the crystal is a single-frequency de-
vice, many circuits have been devised to ob-
tain harmonic output from the oscillator tube.
One of the most successful is the ‘“Tri-tet’’ os-
cillator, which utilizes a multi-element tube to
act both as oscillator and frequency multiplier.
The circuit is shown in Fig. 807, arranged for
use with a screen-grid tube having an indi-
rectly-heated cathode, such as the 24-A. In the
Tri-tet oscillator circuit the screen grid is oper-
ated 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
well-screened tube such as the 24-A must be
used, otherwise the tube may oscillate as a
t.p.t.g. oscillator. For harmonic generation
only, the 59, 2A5 or equivalent tubes will de-
liver good output, but are not sufficiently well
screened for fundamental operation. Because
of the way in which the circuit operates, a rela-
tively large r.f. voltage appears across the
crystal under some conditions. This will cause
heating of the crystal if certain operating pre-
cautions are not observed. The cathode tank
circuit, L2C3, should not be tuned to the fre-
quency of the crystal, as might be expected, but
to a considerably higher frequency. For exam-
ple, LyC3 will be tuned to approximately 5000
ke. when working with a 3500-ke. crystal, and
the circuit constants should be proportioned
accordingly. A circuit designed to be high-C
at the crystal frequency will give best results.
Tuning off in this manner not only reduces
crystal strain but usually also increases the
output on harmonics. The second factor affect-
ing erystal heating is the voltage on the screen
grid, which must be kept at the correct operat-
ing value for the type of tube in use. The screen
voltage should not exceed 125 volts with tubes
of the 59, 89, and similar types. Plate voltages
up to 350 may be used.

With pentode-type tubes having separate
guppressor connections, the suppressor may be
tied directly to the screen or may be operated
at about 50 volts positive. The latter method
will give somewhat higher output than with
the suppressor connected to ground or the

" cathode. More than 50 volts usually does not
increase the output perceptibly.

Tri-Tet Circuit Constants and Tuning
@ The importance of using a high-C (for the
crystal frequency) cathode tank circuit in the
Tri-tet oscillator has been emphasized in the
preceding section. The constants of the plate
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tank circuit, C1Ls, will resemble those of ordi-
nary crystal oscillators; that is, the circuit
will have a high L-C ratio. For harmonic gen-
eration, the tuning condenser need not have a
maximum capacity of more than 50 wufd., the
inductance being proportioned accordingly for
the frequency used.

The tuning procedure is as follows: With C}
at a random setting, turn C3 downwards from
maximum capacity until there is a sudden
change in plate current. Reduce the capacity a
bit more, then turn C; until there is a sharp dip

PLATE CURRENT

TUNING CAPACITY

FIG. 810 —D.C. PLATE CURRENT VS. PLATE
TUNING CAPACITY WITH THE TRI-TET
OSCILLATOR

in the plate current, indicating that the plate
circuit is in resonance. Set C1 80 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 C; when
the load is coupled to bring the plate current
to a new minimum, Fig. 810 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 Cs should be readjusted to obtain op-
timum power output. The setting of Cs 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-
monic, but the output drops off rapidly on
higher harmonics. Consequently higher har-
monics than the second are seldom used.

High-Power Tri-Tet Oscillators
@ Transmitting pentodes of high power sen-
sitivity such as the RK-20, RK-28 and 803 are
suitable for use with the Tri-tet circuit at a
quite high power level. From experimental
work with the tubes it has been found that
plate voltages as high as 1000 volts can be used
without danger to the crystal provided the
instructions in the preceding section with re-
gard to cathode tuning are rigorously followed.
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R.F. Power-Amplifiers

@® Amplifiers intended for operation on the
same frequency as the exciting source are of
two types — triode and screen-grid. When a
triode is used as a straight amplifier provision
must be made in the circuit for cancelling out
the effect of feedback to the grid circuit through
the grid-plate capacity of the tube. This proc-
ess is called ‘“neutralization.” If the tube is
not neutralized, it will oscillate as a tuned-
plate tuned-grid oscillator because its output
tank circuit and the tank circuit of the preced-
ing stage — the driving stage or driver — to
which the amplifier's grid circuit is coupled,
are tuned to the same frequency.

Screen-grid tubes (either tetrode or pentode
type) do not require neutralization because of
the action of the screen in reducing grid-plate
capacity, as described in Chapter Five. To
prevent self-oscillation, however, it is essential
that there be no coupling, either magnetic or
through stray capacities, between the grid
and plate circuits. This often calls for the use
of shielding.

Amplifier Operating Requirements

@® The usual object of adjustment of an r.f.
amplifier is that of obtaining maximum r.f.
power output consistent with tube ratings and
requirements as to purity of emissions im-
posed by the amateur regulations. Assuming
fixed filament and plate voltages, the adjust-
ments which affect the output are those of grid
bias, excitation voltage, and plate loading.
These three are all interrelated, a change in one
requiring a change in the other two for opti-
mum results.

Tank-Circuit Impedance

R.F
Excitation
Vo/taye

o —
il

1|ihi)
FIG. 811 — A SIMPLIFIED AMPLIFIER CIRCUIT

The resistor connected across the coupling coil
represents the load to which the amplifier is delivering

power; it may be an antenna or a following amplifier
stage.

A simplified amplifier circuit, including only
essentials and neglecting the necessity for neu-
tralization, is shown in Fig. 811. The discussion
centered about it will apply equally well to
screen-grid tubes, since the screen (and sup-
pressor, if the tube is a pentode) are at ground

potential and hence have no effect on the r.f*
operation of the circuit aside from establishing
the tube characteristics. The tuned tank cir-
cuit in series with the plate of the tube con-
stitutes the load for the tube. When tuned to
resonance it is practically equivalent to a pure
registance, as explained in Chapter Four. The
value of equivalent resistance represented by
the tank is dependent upon the ratio of indue-
tance to capacity and the resistance inherent
in the tank itself, and upon the effective resist-
ance coupled into the tank from the external
load circuit, which may be an antenna or a
following amplifier tube grid circuit. The tank
resistance or impedance decreases as the cou-
pling to the external circuit is increased, and
also decreases as the ratio of capacity to in-
ductance is increased.

For every condition of bias and excitation
voltage there is an optimum value of load re-
sistance or impedance which will give best
output and efficiency.

Measurement of Excitation

@ Since measurement of r.f. excitation voltage
is rather difficult without special apparatus
such as a vacuum-tube voltmeter, it is cus-
tomary 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 in the value of d.c. grid current
for the same excitation voltage, so that read-
ings taken under different operating conditions
are not comparable.

Effect of Excitation

@® The value of excitation voltage has a
marked effect on the operation of the amplifier.
A typical set of performance curves, showing
behavior of power output, power amplification
ratio, and efficiency as & function of d.c. grid
current are shown in Fig. 812. Fixed values of
load resistance and grid bias are assumed.
Inspection of the curves shows that output and
efficiency increase rapidly at first as the exci-
tation is increased, then more slowly. The grid
driving power curve rises rapidly beyond the
maximum power amplification ratio, showing
that a relatively large increase in excitation is
necessary to produce a comparatively small
increase in power output and efficiency once
the optimum point — just to the right of the
bend in the output and efficiency curves — is
passed.

Assuming fixed plate voltage and load re-
sistance, there is an optimum bias value which
will give best results for every value of excita-
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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 exciter, is dissipated in
the grid-filament circuit of the tube, appearing
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FIG. 812— EFFECT OF GRID EXCITATION ON

POWER AMPLIFIER PERFORMANCE

as heat at the grid, in the bias supply, and also,
particularly at the higher frequencies, as di-
electric loss in the glass of the tube.

Efficiency and Output

® The attainable plate efficiency is of great
importance in determining the operating
conditions for the amplifier. If the safe plate
dissipation rating of the tube were the only
consideration, it would be desirable to obtain
the highest possible plate efficiency, since the
power output would be limited solely by the
efficiency. For example, a tube having a plate
dissipation rating of 100 watts operating

additional 67 watts of output, an increase of
about 279, would require inordinately large
driving power because, as shown by Fig. 812,
the efficiency increases very slowly beyond the
optimum point, while the reverse is true of the
driving power required.

A second factor which limits the usable effi-
ciency is the fact that high values of efficiency
are attained only through the use of high
values of load resistance, 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 normal, while from an eco-
nomic standpoint a high-voltage power supply
may represent greater cost than the installa-
tion of a second tube operating at lower voltage
to give the same order of power output at
lower plate efficiency.

Most tubes are designed for operation as
r.f. power amplifiers under average conditions,
where the plate efficiency is in the vicinity of
70%. This corresponds to the optimum point
on the curves of Fig. 812. They will deliver
their rated power output at moderate plate
voltages, considering the size of the tube, and
with fairly low values of driving power. A few
tubes available to amateurs, however, can be
operated at relatively high plate voltages and
are provided with oversize filaments to stand
up under high-voltage operation. They can be
operated at moderate plate voltages with
normal efficiency or can be used by the experi-
enced amateur for obtaining large power out-
puts at high plate efficiency.

Tank Circuits — L-C Ratios
@ As we have said, for a given set of operating
conditions there is a value of plate load resist-
ance which will give highest efficiency. So far
as the plate efficiency of the tube itself is con-
cerned, it does not matter how this load resist-

&
&

at a plate efficiency of 909 could handle
an input of 1000 watts, giving 900 watts
output, while the same tube at 709, effi-
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ciency could handle an input of only 333
watts, giving an output of 233 watts. The

v

plate dissipation — the difference be-
tween input and output — is the same in
both cases, 100 watts.

o
o
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S
o

There are other considerations, how-
ever, which limit the useful plate efficien-
cy. Assuming that the plate input is not
to exceed the manufacturer’s ratings for
the tube, the difference between 709 and
909, efficiency is not so great. For in- °
stance, taking the same 100 watt tube and
assuming that the 709, efficiency condi-
tion corresponds with the ratings, an effi-
ciency of 909, would increase the output
to only 300 watts (333 watts input). The
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This curve and those of Fig. 812 are from data by H. A.
Robinson, W3LW.
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ance 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
between the tank circuit and the load is
affected by the inherent (unloaded) impedance
of the tank circuit. Since power consumed in
the tank circuit is a loss, this is the same thing
as saying that the efficiency of the tank circuit
in delivering power from the tube to the ex-
ternal circuit is affected by the unloaded tank
impedance.

The impedance of the tank circuit at reso-
nance is equal to L/CR, where L is the induc-
tance, C the capacity, and R the resistance.
The higher the tank impedance, the greater
the transfer efficiency; the relationship is
shown by the curve of Fig. 813. It is evident
that the impedance of the tank alone should be
at least ten times the optimum load impedance
for high transfer efficiency. The tank imped-
ance can be raised 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
circuits, it is much easier to raise the tank
impedance by increasing the L-C ratio than by
attempting to reduce the resistance.

Under normal conditions of operation, with
efficiencies of the order of 709, and a fairly
low value of optimum load impedance, a satis-
factory L-C ratio results when the tank capac-
ity actually in use is approximately 200 ppufd.
at 3.5 me., 100 uufd. at 7 me., 50 uufd. at 14
mc., and proportionate values on the other
bands. For this type of opecration higher L-C
ratios will give a comparatively slight increase
in transfer efficiency.

Tank Impedance and Harmonic Output
@® When a high-impedance tank circuit is
used, combined with high grid bias and large
values of excitation voltage, a large proportion
of the power output is on harmonics of the
fundamental frequeney. The harmonic power,
although contributing to the plate efficiency,
is not useful for signalling purposes and often
is inadvertently radiated by the antenna sys-
tem, causing interference on other frequencies.
Since our bands are not wholly in harmonic
relation, at some operating frequencies this
may mean that the transmitter is radiating
on a frequency not assigned to amateurs.

Push-Pull and Parallel Operation

Other things being equal, the power output
from two tubes will be the same regardless of
whether they are connected in parallel or
push-pull. The same is true of the power re-

quired from the driver. However, there are
certain practical considerations which may
make one method of connection preferable to
the other.

Although the excitation power required is
the same with either method of connection,
for the balanced circuit the r.f. voltage must be
twice as high as with parallel operation. This
may require a relatively high L-C ratio in the
tank circuit connected to the grids of the
tubes. Fortunately the reduction in effective
tube capacity with push-pull favors the use of a
sufficiently high L-C ratio so that this require-
ment usually can be met without difficulty.
In either parallel or push-pull operation the
d.c. grid current for the two tubes should be
twice that drawn by one tube alone.

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 — up to 14 me., at least — tubes de-
signed for high-frequency work (the types
marked with an asterisk in the triode tables of
Chapter Five) can be paralleled without par-
ticular difficulty.

Plate efficiency is favored to some extent by
parallel operation as contrasted to push-pull.
The optimum load impedance for two tubes in
parallel is just half the value for one tube
alone, since the total plate resistance of the
two tubes is half that of either by itself. A
tank having a given L-C ratio therefore will
have greater transfer efficiency with two tubes
in parallel than with one alone. Conversely,
the L-C ratio can be halved for the same trans-
fer efficiency, with a corresponding reduction
in relative harmonic output.

The opposite is true with tubes in push-pull.
The balanced ecircuit makes it necessary that
each plate-cathode circuit be connected across
only half the tank; the impedance into which
each tube is working is only one-quarter that
of the whole tank circuit with this method of
connection. So far as the tube is concerned,
this is equivalent to a 4-to-1 reduction in L-C
ratio. Since the impedance of the part of the
tank across which one tube is connected
recaches the optimum value with looser cou-
pling than is the case when the tube is con-
nected across the whole tank, the power output
will be less, which means a reduction in effi-
ciency. To bring the efficiecncy back to a value
comparable with the single tube, the L-C
ratio must be quadrupled — that is, the
capacity should be halved and the inductance
doubled. On the basis of the optimum values
previously given for normal operation, the
total tank capacity in use with tubes in push-
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pull should be 100 ppufd. at 3.5 mec., 50 pufd. at
7 me., and 25 upfd. at 14 mec., with propor-
tional values at other frequencies.

The higher effective impedance of the tank
circuit with push-pull operation does not have
an appreciable effect on the harmonic
output because the even harmonics
are balanced out as an inherent prop-
erty of the push-pull connection.
Thus only the odd harmonics are
present in the output, assuming that
the circuit is well balanced and that

DRIVER

amplifier. The plate of the driver is series fed;

condenser C serves both to provide r.f. cou-

pling and 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
+B

DRIVER ERFC
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tubes having identical characteristics
are used. The third harmoniec, which
is the one of greatest importance, is
relatively small compared to the
second harmonic. Thus push-pull
operation may be advantageous from
the harmonic standpoint even though
higher L-C ratios are used.
Push-pull is usually to be preferred
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to parallel operation because a bal-

anced circuit is often found easier to ©

handle than a single-ended or unbal-
anced circuit, especially at high fre-
quencies. This is especially true in
the case of neutralized amplifiers.

Interstage Coupling
Methods

@ With any amplifier tube, some
means must be provided for feeding
into its grid circuit the r.f. power
generated by the preceding oscillator
or driver. To do this effectively many types of
inter-stage coupling have been devised. Cou-
pling methods may be divided into three general
classes, capacitive or direct, inductive, and
transmission line.

The problem of coupling two stages is com-
plicated by the differing characteristics 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, and from push-
pull to single tube. Tubes in parallel can be
considered to be equivalent to one tube so
far as drawing the circuit is concerned; in
actual practice, however, parallel operation
may call for modification of the coupling
system.

Capacitive Coupling
@ Capacitive coupling systems are probably
the simplest of all and require the least amount
of apparatus. Several systems are shown sche-
matically in Fig. 814, The circuit at A is widely
used; coupling is through condenser C from the
plate tank of the driver to the grid of the
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FIG. 814 — DIRECT OR CAPACITY-COUPLED
DRIVER AND AMPLIFIER STAGES

Coupling condenser capacity may be from 250 uufd.
to .002 ufd., not critical, except under conditions
described in the text.

through an r.f. choke. Since the negative
gide of the driver plate supply and the positive
side of the amplifier bias supply meet at the
common filament connection between the two
tubes, the coupling condenser C must have in-
sulation good enough to stand the sum of these
two voltages without breakdown. The fact that
the condenser also is carrying a considerable
radio-frequency current makes it desirable that
it have a voltage rating giving a factor of safety
of at least 2 or 3.

Circuit B is practically equivalent to Cir-
cuit A; the coupling condenser has been 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 cir-
cuits the excitation can be controlled by mov-
ing the tap on the tank coil; the nearer the tap
is to the plate end of the coil the greater will be
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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 a reduction
in the L-C ratio of the driver tank circuit and
reducing the efficiency at the very high fre-
quencies. They operate quite satisfactorily
with ordinary tubes at frequencies of 7 me. and
lower, and at 14 mec. with tubes having low
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FIG. 815 — INDUCTIVE INTERSTAGE COUPLING

interelectrode capacities, such as the 852, 800,
50T, 150T, RK18 and others with compara-
ble capacities. The variable tap for regulating
excitation is sometimes responsible for parasitic
oscillation in the amplifier, a condition which is
harmful to the efficiency.

The effect of paralleling the input and out-
put capacities of driver and amplifier tubes
can be avoided by using circuits like those of
Fig. 814-C and -D. Since the ground point is
between 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 capac-
ity 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 Cs, keeping the total capacity con-
stant to maintain resonance.

A balanced driver circuit also can be used
for coupling to a following push-pull amplifier,
as shown in Fig. 814-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 center-tap on the coil,
if desired.

The use of capacity coupling between push-
pull stages is shown in Fig. 814-F. The taps are
equidistant from the center in this _circuit
also.

Capacity-Coupling Considerations
@® When an r.f. amplifier is operated at high
efficiency its grid or input circuit consumes
power, which must be furnished by the driver.
Since power is consumed, the grid circuit of
the amplifier has a definite impedance (¢nput
impedance), which may be high or low accord-
ing to the type of tube used. A high-u tube
usually will have low input impedance, be-
cause grid current starts to flow at relatively
low exciting voltages. Conversely, a low-u tube
will have 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
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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-
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 without much difficulty, 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 (discussed in a later sec-
tion) which impair the operation of the ampli-
fier. 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.

Inductive Coupling

® Many of the disadvantages of capacity
coupling can be overcome by the use of indue-
tive coupling between stages, several typical
circuits being shown in Fig. 815. Inductive
coupling requires separate tank circuits for
the plate of the driver and grid of the amplifier
and also a means for varying the coupling be-
tween them. The two circuits are tuned to the
same frequency, regardless of whether the am-
plifier is a straight amplifier or doubler.

Excitation can be adjusted by varying the
coupling between the two tank coils, the cir-
cuits being kept tuned to resonance as the
coupling is varied.

For simplification a self-resonant coil may
be used in the grid circuit of the amplifier.
When this is done, the grid coil usually is
wound on the same form as the driver tank coil,
the coupling thus being fixed. The number of
turns is then adjusted to give maximum power
transfer to the amplifier grid circuit. The coil
should resonate at a frequency somewhat lower
than the operating frequency if very close
coupling is used. The self-resonant or untuned
grid coil will work over a fair range of fre-
quency without readjustment, although there
is likely to be some loss of excitation if one coil

. 138 .

is used to cover a band as wide as the 3500—
4000 ke. band.

Inductive circuits for coupling single-ended
to push-pull amplifiers and vice versa, as well
as push-pull to push-pull, also are shown. The
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FIG. 816 — TRANSMISSION-LINE OR “MATCHED
IMPEDANCE” COUPLING

untuned grid coil arrangement also may be
uscd in these circuits. The operating princi-
ples and method of adjusting excitation are
the same.

Inductive coupling provides smooth adjust-
ment of excitation and driver loading and is an
excellent system for use at the higher amateur
frequencies. The chief disadvantage is the
necessity for providing a mechanical means for
varying the coupling between plate and grid
tank circuits.

Transmission Line or Link Coupling

@® The advantages of separately-tuned plate
and grid tanks for driver and amplifier can be
retained without the necessity for providing
inductive coupling between the stages by the
use of a transmission line terminating at the
two tanks. The form of transmission-line
coupling utilizing a low-impedance line (such
as a twisted pair) with coupling loops of a
turn or two at cach end is popularly known as
“link” coupling. The transmission line may be
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of any convenicnt length — from a few inches
to several feet — without appreciable loss of
power in the transfer. This is a highly conven-
ient feature if, as in some layouts, the ampli-
fier must he located at a distance from the
driver.

DRIVER
:l Link l I
DRIVER
;: ; Link E } g
DRIVER

+B
FIG. 817 — LINK COUPLING, USING A LOW-
IMPEDANCE TRANSMISSION LINE

These circuits belong to the same family as those of
Fig. 816.

Several forms of transmission-line coupling
are shown in Figs. 816 and 817. In the direct-
coupled circuits of Fig. 816 the excitation is ad-
justed by varying the positions of the taps on
the two tank coils, the object being to obtain
the maximum r.f. power at the grid of the
amplifier without overloading the driver. The
farther the taps from the ground ends of the
coils the greater the loading on the driver.
Moving the taps up from ground also will in-
crease the excitation until the limit of driver
output is reached.

In the circuit of Fig. 816-A, one side of the
coupling line is the cathode connection be-
tween the two stages. For this reason the dis-
tance between stages should not be too great
because there is an r.f. drop in the line, thus
putting the cathode circuits of the two stages
at different r.f. potentials. In circuits B and C
the length of line is immaterial, since two
wires are used and no current flows in the com-
mon cathode connection. The condensers

marked C are for insulation purposes; their
capacity is not critical but should be of the
order of .002 ufd.

If a balanced linc of the type shown in Fig.
816-B and C is run for a distance of more than
a foot or two, it should be uniformly spaced
throughout its entire length.

Link-Coupled Circuits

@® Circuits for a low-impedance line, usually
twisted pair, are shown in Fig. 817. The prin-
ciple of operation is the same as with the direct-
coupled lines except that inductive coupling
usually is provided between the line and the
tuned circuits. This coupling ordinarily is by a
turn or two of wire, its ends connected to the
twisted pair, closely coupled to the tank in-
ductance. Because of the low impedance of the
line, one turn usually 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 circuits at a point of low r.f. potential, as
indicated 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 a
single turn wound close 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.

Properly-adjusted transmission line cou-
pling causes no increase in the capacities shunt-
ing the tank eircuits. This type of coupling
is therefore especially advantageous at the
higher frequencies.

Neutralizing

® As we have already explained, a three-
electrode tube used as a straight radio-fre-
quency amplifier will oscillate because of radio-
frequency feed-back through the grid-plate
capacity of the tube unless that feed-back is
nullified. The process of 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 cir-
cuit in such a way that it effectively ‘‘bucks”
the voltage operating through the grid-plate
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capacity of the tube, thus rendering it im-
possible for the tube to supply its own excita-
tion. For complete neutralization it is neces-
sary, 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 value.

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 may be called ‘‘grid-neutralizing”
circuits, while if the neutralizing voltage is
obtained from a balanced plate tank and fed
to the grid of the tube, the circuit is known as a
¢ plate-neutralized”’ circuit.

A neutralizing circuit is actually a form of
bridge circuit, the grid-plate capacity of
the tube and the neutralizing condenser form-
ing two capacitive arms, while the halves of the
balanced tank circuit form the other two arms.

Plate-Neutralizing Circuits

@ Several plate-neutralizing circuits are given
in Fig. 818. 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, Cn. 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-
able in that it tends to keep a better voltage
balance over a range of frequencies. The only
reason for using the circuit of A is to get as high
impedance as possible in the part of the tank
circuit included between the filament return
and plate for the sake of efficiency.

In both the circuits already described the
division of r.f. voltage between plate and
neutralizing portions of the circuit has been
by balancing the tank coil. The balance also
can be capacitive, by the use of a split-stator
tank condenser with grounded rotor, as shown
in Fig. 818-C. The r.f. 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
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of zero potential, might cause circulating cur-
rents which would reduce the plate efficiency
of the amplifier.

The push-pull neutralizing circuits shown at
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FIG. 818 — PLATE NEUTRALIZING CIRCUITS

D and E are known as ‘‘cross-neutralized” cir-
cuits, the neutralizing condensers being cross-
connected from grid of one tube to plate of the
other. With proper physical arrangement of
parts, a more exact balance can be obtained
with push-pull than with a single tube because
both sides of the circuit are symmetrical.
Hence these circuits often are easier to neutral-
ize than single-tube circuits. The split con-
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denser circuit of E is to he preferred for push-
pull amplifiers.

Grid Neutralization
@ Typical grid-neutralizing circuits are shown
in Fig. 819. They resemble closely the plate-
neutralizing circuits except that the neutraliz-
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FIG. 819 — GRID NEUTRALIZING CIRCUITS

ing voltage is obtained from a balanced input
tank and fed to the plate of the tube. Circuit
A is used with capacity coupling between
driver and amplifier. The grid coupling con-
denser, being large in comparison to the tube
and neutralizing capacities in most circuits,
will have negligible effect on the operation of
the neutralizing circuit.

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-
cause only half the r.f. voltage developed in
the tank is available for the grid-cathode cir-
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. An

advantage of the grid-neutralizing systems is
the fact that the single-ended plate tank circuit
has higher impedance, and hence gives greater
plate efficiency, than a balanced plate tank in
which the plate-cathode circuit is connected
across only half the turns or half the capacity.

Values in Neutralizing Circuits

@ In all these circuits, by-pass condensers 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 tube so that for perfect balance the
capacity required in the neutralizing condenser
theoretically will be equal to the grid-plate
capacity of the tube being neutralized. If, in
the circuits having tapped tank coils, the tap is
more than half the total number of turns from
the plate end of the coil, the required neutral-
izing capacity will increase approximately in
proportion to the relative number of turns in
the two sections of the coil.

The paragraph above should make it clear
that the neutralizing capacity required at C,
will depend upon the type of tube and the
choice of circuit. For those tubes having grid
and plate connections brought out through the
bulb, such as the 800, 852, 50T, 150T and a few
others, a condenser having at about half scale
a capacity equal to the grid-plate capacity of
the tube should be chosen. Where the grid and
plate leads are brought through a common
base, the Cs capacity needed is greater because
the tube socket and its associated wiring adds
some capacity to the actual inter-element
capacities. In such cases a slightly larger con-
denser should be used. For most small triodes,
a condenser having a minimum of about 5
ppfd. and a maximum of approximately 20
ppfd. will suffice. Such condensers are readily
obtainable in the midget sizes.

When two or more tubes are connected in
parallel, the neutralizing capacity required
will be in proportion to the number of tubes.

Neutralizing Adjustments

® The procedure in neutralizing is the same
regardless of the tube or circuit used. To do
the job satisfactorily it is essential that some
form of fairly sensitive r.f. indicator be avail-
able; a flashlight lamp with its terminals con-
nected to a loop of wire, a neon bulb, or a ther-
mo-galvanometer connected to a wire loop are
suitable.

The first step in neutralizing is to disconnect
the plate-voltage from the tube. Its filament
should be lighted, however, and the excitation
from the preceding stage should be fed to its
grid circuit. Couple the r.f. indicator to the
plate tank circuit (if a neon bulb is used, sim-

. 141 .



The Radio Amateur’s Handbook . . .« .« .+ .« .

ply touch the metal base to the plate terminal)
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 neu-
tralizing condenser which makes the r.f. in the
plate tank drop to zero. Turning the neutraliz-
ing condenser probably will throw off the
tuning of the driver tank slightly, so the pre-
ceding stage should be retuned to resonance.

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 pre-
ceding 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 tube is
neutralized.

The aim of neutralizing adjustments is to
find the setting of the neutralizing condenser
which eliminates r.f. in the plate circuit when
the plate circuit is tuned to resonance. It is not
at all difficult to neutralize a tube after a few
practice trials, provided the circuit is laid out
properly and provided the neutralizing con-
denser has the right capacity range. It some-
times happens that while a setting of the neu-
tralizing condenser 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 ca-
pacities 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, widely-spaced leads,
or with coils so placed that
coupling between them is
minimized — 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.

AMP

(A)

Neutralizing Indicators
@ In theneutralizing procedure outlined above,
the use of a neon bulb or other r.f. indicator
has been assumed. In circuits in which the
neutralizing bridge is entirely capacitive, as in
those circuits using split-stator condensers,
touching the neon bulb to a high-potential
point of the circuit may introduce enough stray
capacity to unbalance the circuit slightly, thus
upsetting the neutralizing. This is particularly
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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
rectified grid current 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 unaffected as the plate
tank is tuned through resonance is the correct
one. If the circuit is slightly out of neutraliza-
tion the grid meter needle will give a noticeable
flicker. With single-ended circuits having split-
stator neutralization 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 will show a gradual rise and fall as the
plate tank is tuned through resonance, reach-
ing a maximum right at resonance when the
circuit is properly neutralized. A sharp flicker

AMP AMP
=
FEcr it =
_Esatt. -c Su=
= =@

®) ©

FIG. 820 — METHODS OF CONNECTING A MILLIAMMETER IN THE
GRID RETURN LEAD TO MEASURE RECTIFIED GRID CURRENT

at resonance indicates that the circuit is not
neutralized.

Tuning an Amplifier

Amplifier tuning is quite simple, and the
adjustments are similar regardless of the type
of circuit used. It is also immaterial whether
the tube is a neutralized triode or a screen-grid
tube requiring no neutralization. In describing
the process, however, it will be assumed that
the neutralizing, if required, has been carried
through to a satisfactory conclusion. A tube
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which is not properly neutralized islikely to be-
have erratically when plate voltage is applied.

Before applying plate voltage to the ampli-
fier, the plate circuit of the preceding stage
should be tuned to give maximum output.
Perhaps the most satisfactory indicator of the
excitation power delivered by the driver stage
is a d.c. milliammeter connected in series with
the grid return circuit of the amplifier. The

Unloaded
——

PLATE CURRENT

—

TUNING CAPACITY

FIG. 821 — TYPICAL BEHAVIOR OF D.C. PLATE
CURRENT WITH TUNING OF AN AMPLIFIER

higher the rectified grid current indicated by
such a meter, the greater is the excitation. The
method of connecting the meter will depend
upon the type of grid circuit used; Fig. 820
gives some examples. The connections at A
would be used with amplifier grid circuits like
those in Fig. 814-A, C, D, E and F; those at B
with Fig. 814-B; and those at C with Figs. 815,
816 and 817. The method of connecting the
grid meter in the push-pull circuits is obvious
from inspection of Fig. 820. The plusand minus
signs indicate the proper way to connect the
meter in the circuit.

The first step is to adjust the driver stage
tuning for maximum amplifier grid current.
Then the coupling between the stages should
be adjusted to give a further increase, if pos-
sible. Methods of varying the coupling have
been indicated in the discussion of the various
coupling systems. The driver circuit should
be retuned to resonance every time the cou-
pling is changed, no matter what the coupling
system used, since a change in coupling is
likely to throw the tank circuit slightly off
tune. If there is a tank circuit in the grid of the
amplifier, as in Figs. 815, 816 and 817, it too
should be retuned for the same reason. A
few minutes spent in changing coupling and
readjusting tuning should show quickly the
optimum coupling for maximum grid current.

Once the proper grid-coupling adjustment
has been found, the amplifier plate tank con-
denser should be set approximately at reso-
nance. With the excitation connected, the plate
voltage may then be applied and the plate tank
circuit tuned to resonance, which will be indi-
cated by a very pronounced dip in plate cur-
rent. This adjustment should be made quickly,
since the tube filament will be damaged by
continued application of plate voltage with the

tank circuit tuned off resonance. (In prelim-
inary adjustments it is a good idea to use low
plate voltage until the amplifier is properly
tuned.) The off-resonance plate current usually
will be considerably higher than the rated
plate current for the tube — sometimes sev-
eral times as great — but at resonance should
drop to ten or twenty percent of the rated
value. The higher the excitation power, the
greater will be the dip in plate current at reso-
nance. If the dip in plate current is not very pro-
nounced, the excitation may be low or the tube
may not be properly neutralized, if a triode.

When the tuning process has been carried.
this far, the output load circuit may be con-
nected to the amplifier. This load circuit may
be the antenna itself, through the coupling
apparatus, or the grid circuit of a following
amplifier. When the load is connected the
amplifier plate current will rise. The plate tank
circuit should be retuned for minimum plate
current — this ‘“minimum,’’ however, will no
longer be the low value obtained at no load
but a new value nearer the rated plate current
of the tube -— since connecting the load proh-
ably will detune the tank circuit to some ex-
tent. The coupling to the load circuit should be
adjusted so that the new minimum plate cur-
rent value is approximately the rated plate
current of the tube. Fig. 821 shows typical
behavior of plate current with tank tuning
and loading. If the load is an antenna circuit,
the methods of adjusting coupling outlined
later in this chapter should be followed; if an-
other amplifier, the coupling may be adjusted
as already described. In the preliminary
tuning of an amplifier it is often desirable to
use a lamp bulb of suitable power rating, con-
nected across a few turns of the plate tank
coil, as a dummy load. The lamp will give
some indication of the actual power output of
the amplifier.

Screen-Grid Amplifiers

@ The general principles of amplifier opera-
tion apply equally well to screen grid tubes as
to triodes. Since neutralization is not required,
the circuits of screen-grid amplifiers are rela-
tively simple. Typical circuits for tetrodes and
pentodes are given in Fig. 822.

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. Although the tubes are shielded from
internal feedback, self-oscillation through feed-
back external to the tube is possible if these
two circuits are not isolated from each other.
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Complete shielding is advisable, although not
always absolutely necessary, with the screen-
grid amplifier.

Tuning adjustments are carried out in the
same way as with triodes. The power output is
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FIG. 822— TYPICAL SCREEN-GRID AMPLIFIER
CIRCUITS

The upper diagram is used with filament-type
screen-grid power tubes such as the 865, 860, 282-4,
850, 254-A and 254-B. Important points to observe in
the operation of the screen-grid amplifier are that the
screen bypass condenser, C3, should have law im-
pedance at the operating frequency (capacity of at
least .002 ufd. for amateur transmitters) and that the
output tank circuit L1C1 must be isolated from the
input circuit, either by shielding or by physical spac-
ing great enough to prevent feedback. Bypass con-
densers C2 and Ci may be the usual values used in
power-tube circuits; .002 ufd. will be sufficient. Any
type of input coupling may be used in place of the
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The lower diagram is for use with screen-grid pen-
todes. It is essentially the same as the upper circuit
except for the additional connections for the sup-
pressor grid, which should be supplied a small posi-
tive voltage for maximum output. Values are the same
for similarly-labelled components in both circuits.
Cs should have the same value as C3.

considerably affected by the d.c. potentials on
screen and suppressor; adjustment of these
voltages after the circuit has been tuned may
result in a further increase in power output.
Care should be taken, however, to see that the
rated screen dissipation, listed in the table
in Chapter Five, is not exceeded.

Screen-grid pentodes have high power sen-
sitivity and usually require much less grid driv-
ing power for full output than does a triode of
comparable ratings.

Frequency Multipliers

@® Since at the present time the most satis-
factory crystals are those ground for the lower
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amateur frequencies — 1.75, 3.5 and 7 mega-
cycles — it becomes necessary to resort to
other means than straight amplification to
obtain crystal-controlled output on the higher-
frequency bands. Many amateurs make a
practice of operating in three or more bands
with only one crystal, usually one having a
frequency toward the lower end of the 3.5-mo.
band so that its harmonics will fall in the
higher-frequency bands. To do this it is neces-
sary to use harmonic generators or frequency
multipliers. The frequency multiplier is simply
a straight amplifier whose plate circuit is tuned
to a multiple of the driving frequency, oper-
ated under conditions which produce relatively
high harmonic output. Since its input and out-
put circuits are not tuned to the same fre-
quency it cannot self-oscillate, hence a triode
frequency multiplier does not need neutraliza-
tion. The plate efficiency of a frequency multi-
plier is considerably less than that of a straight
amplifier, and decreases rapidly when the plate
circuit is tuned to a harmonic higher than the
second. For this reason most frequency multi-
pliers are designed to give output only on the
second harmonic; since the frequency is
doubled the tube is appropriately called a
“doubler.”

Doubler Operating Conditions

® To obtain maximum output and efficiency
from the doubler it is necessary to use high
negative grid bias on the tube — considerably
more than double cut-off —and excite it
with a correspondingly high radio-frequency
voltage. This accentuates harmonic generation
in the plate circuit, as explained in Chapter
Five. A low-C tank in the plate circuit is also
desirable. In general, a tube having a rela-
tively large amplification factor is to be pre-
ferred as a doubler because relatively low bias
and excitation voltage will give high distor-
tion. Tubes such as the 46 and 59 with Class-B
connections, the 841, RK18, 800, 838 and
203-A are most suitable. Other types, such
as the 10, 801 and 830, will work satis-
factorily but require higher bias and greater
excitation voltage than the high-x tubes,

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 regenera-
tion, provided the process is not carried so far
that the tube breaks into self-oscillation. One
of the most satisfactory ways of introducing re-
generation is through neutralizing the frequency
multiplier by one of the methods in which the
neutralizing voltage is fed from the plate cir-
cuit to the grid. The single-tube circuits of
Fig. 818 are examples. When the tube is prop-
erly neutralized it cannot oscillate, yet the
feedback at the harmonic frequency is suffi-
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cient to increase the output and efficiency of
the doubler to a worth-while extent.

Almost any single-ended amplifier — single
tube, or tubes in parallel — will operate as a
doubler if the plate circuit is tuned to the
second harmonic of the driver frequency. The
bias voltage should be raised either by adding
more battery voltage or by using a higher re-
sistance grid leak. The grid leak for a doubler
may in general have a resistance from two to
five times that recommended for the tube as a
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FIG. 823 — FREQUENCY MULTIPLYING CIRCUITS

The regular doubler circuit (A) is the simplest, The
plate tuned circuit should be fairly low-C for best
results; the capacity actually in use at Ci should not
exceed 50 pufd. at the lower amateur frequencies and
25 pufd. at 14 mc. and higher. C3 is a plate bypass
condenser having a capacity of about .002 ufd. The
capacity C3, the grid coupling condenser, depends
upon the type of tube; see the discussion on interstage
coupling. Any of the recommended grid-coupling
arrangements may be used instead of the simple
capacity coupling shown.

Values in the “push-push’ doubler (B) are in gen-
eral identical with those in (A). This circuit requires
push-pull input.

In the circuit at (C) tank circuit values should be
the same as recommended above. C3 and Cs are the
usual .002-yfd. bypass densers. C¢, which controls
the regenerative effect, usually should be approxi-
mately 100 pufd.; so also should Cs with the tubes
most likely to be used in this circuit, the 59, 245, and
their 6-volt equivalents. Grid leak, Ri, should be
50,000 ohms and cathode resistar, R2, 1000 ohms.

Suitable coil specif ions for the capacity in use
at Ci can be found by referring to the coil table.

straight amplifier. The driving power required
for good doubling efficiency will be two or
three times greater than that necessary for
efficient straight amplification. A properly-
operated doubler can give a power gain of
about five, provided the tube is capable of
handling the power. A small tube excited by
one of similar ratings usually cannot give such a
gain. At the higher frequencies — 14 and 28
me. — small tubes used as doublers often do
not give any power gain at all; the output on
the second harmonic may be just about the
same as the output of the driver tube, or even
less. This may be no particular disadvantage
in some transmitter designs, as will be ex-
plained later.

Push-pull amplifiers cannot be used as dou-
blers because the second and other even har-
monics are cancelled in the output of such
amplifiers. They can be used as triplers, how-
ever, the output circuit being tuned to the
third harmonic. They are not very often used
in this way because both efficiency and output
are low, and because the frequency relations of
the amateur bands are such that even-har-
monic output is necessary.

Doubler Circuits

@ The simple doubler circuit is shown in Fig.
823-A. Neutralized circuits such as those in
Fig. 818 also can be used. Special circuits for
frequency doubling also have been employed.
One which is often used is shown in Fig. 823-B.
In this circuit two tubes are used; the excita-
tion 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 out-
put circuit receives two impulses for each r.f.
cycle at the grids, resulting in all second-
harmonic¢ output. This circuit gives quite good
efficiency, although requiring two tubes. It is
often called a ‘‘push-push’ doubler. In low-
power stages, twin triodes such as the 53 and
6A6 can be used as single-tube push-push
doublers. The high amplification factors of
these two types make them especially suitable
for this purpose.

A regenerative circuit, especially suitable for
indirectly-heated cathode tubes such as the 59,
2A5, etc., is shown at Fig. 823-C. It is really a
controlled oscillator, its characteristics being
such that it readily ‘“locks in’’ with the fre-
quency of the driving source when the plate cir-
cuit is tuned to the harmonie. The circuit may
not actually oscillate at the lower frequencies,
but enough regeneration is supplied to increase
both the output and efficiency of the doubler.

Tuning of Frequency Multipliers
@ Frequency multipliers are tuned in much the
same way as straight amplifiers. Once the bias
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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
harmonie, 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
maximnum 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. Since the opti-
mum value will depend upon the type of tube
used and the excitation available, it is not pos-
sible to give very definite specifications along
these lines.

Locked Oscillators

@ If two oscillators operating on frequencies
differing by only a small percentage are
coupled together, they will tend to synchro-
nize, or both oscillate at the same frequency. In
such a case the less stable oscillator of the two
will be pulled into step with the more stable
one. This phenomenon is generally called
“locking.” Advantage can he taken of it to
make a fairly powerful oscillator operate un-
der the frequency control of a relatively weak
crystal oscillator and thereby secure the stabil-
ity of ecrystal control without having to build
up the output of the erystal oscillator in sue-
cessive stages of amplification. Since the locked
oscillator or ‘““amplifier” supplies its own grid
losses, relatively little erystal-controlled power
is needed for high output.

A typical locked anplifier eircuit is shown in
Fig. 824. The oscillating amplifier circuit will
be recognized as the TNT, a circuit which is
readily put to this use. The crystal oscillator

LOCKED AMR

CRYSTAL OSC

FIG. 824 — TYPICAL LOCKED AMl’LlFiER
CIRCUIT

The oscillating amplifier circuit is the TNT. Circuit
constants will be the same as those recommended in
the section on self-controlled oscillators. Ly and Ci
are the usual tank inductance and capacity. C2 and
C3 are the plate and grid condensers, respectively;
L2 is the untuned grid coil and R the grid leak.
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may be any of the types previously described;
the Tri-tet (Fig. 807) is especially suitable
since it is capable of locking the amplifier on
two bands with any one crystal. A short trans-
mission line (lamnp cord is satisfactory) with a
turn or two at each end provides a simple and
effective way of coupling the two oscillators.

Sourcees of Grid Bias

It is necessary to make provision in the
circuit for the application of proper negative
grid bias voltage to the grid of the amplifier or
doubler tube. The transmitting tube tables in
Chapter Five indicate the value of grid bias
which should be used under representative
operating conditions for normal plate voltage.
If the tube is operated at a plate voltage other
than that indicated, the grid bias should be
incrcased or decreased accordingly.

Battery Bias

@ Batteries have the advantage of giving prac-
tically constant voltage under all conditions of
excitation or lack of it, although the grid cur-
rent flow does have a charging effect which
tends to raise the battery voltage. This effect
increases as the batteries age and their in-
ternal resistance increases.

Besides the constant-voltage feature with
varying grid currents, battery bias also pro-
tects the amplifier tube or tubes in case of
excitation failure. This advantage is common
to all fixed bias (as contrasted with biasing
systems which depend upon the flow of grid
current) systems. Should excitation stop with
plate voltage applied, the plate current will
drop to zero or a low value, depending upon
whether the amplifier is biased beyond or near
cut-off.

Grid-Leak Bias

@ Grid-leak bias is economical, since no ex-
penditure for batteries is necessary, and has
the desirable feature that the bias regulates
itself in accordance with the amount of excita-
tion available, thereby tending to give opti-
mum amplifier operation under varying condi-
tions of excitation. When there is no excitation
at all, however, there is also no grid bias, and
in the case of tubes operating at fairly high
voltages, especially those having low and
medium values of amplification factor, a large
plate current will flow if the excitation should
for any reason fail or be removed while the
plate voltage is connected to the tube. This
may seriously damage the tube and possibly
ruin it if not corrected in time.

The advantages of battery and grid-leak
bias can be secured and their disadvantages
eliminated by using a combination of both.
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Many amatcurs use just enough battery bias to
reduce the amplifier plate current to a safe
value should excitation fail, and connect in
series with the battery a grid leak to obtain the
additional bias needed under operating condi-
tions. In general, the leak values recommended
in the tube table may be used without change
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FIG. 825 — AMPLIFIER BIASING METHODS
A “B” eliminator or “C” power pack can be sub-
stituted for the battery providedits bleeder resistance
is not too high. See Chapter Fifteen for information
on the design of “C’’ power packs.

Fived

when used in conjunction with a small amount
of ‘‘safeguarding’ battery bias. The bias
power pack, when properly designed, offers the
advantages of a battery grid-leak combination.

When grid-leak bias is used the bias under
operating conditions may be calculated by
multiplying the leak resistance by the grid
current in amperes (ma. <+ 1000). If a battery
is in series with the leak, the battery voltage
should be added to the voltage obtained by the
calculation.

Cathode Biasing

@ Transmitting tubes also may be biased by
the method universally used in receivers — by
inserting a resistor of suitable value in series
with the cathode or filament and using the
voltage drop resulting from the flow of plate
current through the resistor as bias. Correctly
applied, this method of biasing combines the
self-adjusting features of grid leak bias with
some measure of protection to the tube in case
of excitation failure. The voltage drop in the
biasing resistor causes a reduction in plate
voltage by the same amount, however, so that
the plate supply should be designed to have a
terminal voltage equal to the desired operating
plate voltage plus the grid bias voltage. For a
tube intended to be operated with 1000 volts
on the plate and 200 volts negative bias, for
example, the plate supply voltage should be
1200 volts.

The value of the biasing resistor, R; in Fig.
825, should be calculated for normal operation.
For example, if the tube is rated to draw 130
ma. plate current and 20 ma. grid current, and

requires 150 volts grid bias, the resistance re-
quired will be
E 150
R 7015~ 1000 ohms.

The plate current that will flow with no excita-
tion can be found by cut-and-try methods from
the tube’s characteristic
curves. Assume some value of
plate current, calculate the
bias resulting, and then check
with the curves to see if that
particular bias value will cause
the assumed plate current to
flow, keeping in mind the re-
duction in plate voltage due to
bias. A few trials should give
an approximate result. The
power input should then be
figured to make sure it is be-
low the safe plate dissipation rating of the tube.

Other Methods

@ Power amplifier bias may also be obtained
from the plate supply used for low power stages
when conditions permit. A diagram showing
the essentials is given in Fig. 826. The low-
voltage and high-voltage supplies are not con-
nected together at negative, as is usually the
case, but the positive terminal of the low-
voltage supply goes to negative high-voltage.
Since this places the filament of the power
amplifier and the filaments of the low-voltage
tubes at opposite terminals of the low-voltage
supply, a separate well-insulated transformer
winding must be used for the amplifier fila-
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FIG. 826— USING THE LOW-VOLTAGE PLATE
SUPPLY FOR BIASING THE POWER AMPLIFIER

ment. The tapped resistor, used to permit
varying the bias, may be the regular bleeder on
the low-voltage supply.

Circuit Values in Amplifiers
@ The values of circuit components other than
those already discussed (tank constants and
coupling condensers) are seldom critical. By-
pass condensers, for example, are used simply
to provide a low-impedance path for the flow
of r.f. current, and so long as the reactance of
the condenser is low compared to the im-
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pedance of the part of the circuit across which
the condenser is connected, this requirement
will be met. The question is therefore simply
one of getting a condenser large enough.
Values from .001 to .01 ufd. are regularly
used.

In the larger sizes, .01 ufd. and up, con-
densers often will exhibit some inductance as
well as capacity, introducing the possibility
that the condenser may be self-resonant at
some high frequency. A condenser having such
resonance will cause the circuit to work poorly
at frequencies near the condenser’s natural
period. It is advisable to use mica or glass
condensers in high-frequency circuits, although
non-inductively wound paper condensers will
give good service.

In the diagrams given in this chapter the
filament return circuit has been shown with a
center-tapped resistor, the plate and grid re-
turns being brought to the center-tap. The
purpose of the center-tap is to prevent hum-
modulation of the tube’s output by balancing
the voltages on both sides of the filament with
respect to the grid return. In practical trans-
mitters this balancing may be done either by a
resistor, as generally shown, or by a center-tap
on the filament-supply winding. The results arc
the same with either method. If a non-induc-
tive center-tapped resistor is used, it may be
mounted close to the filament terminals on the
tube socket and used as an r.f. return as well.
However, filament bypass condensers usually
replace the resistor for the r.f. return in all but
low-power circuits using 2.5-volt tubes, and in
all circuits where the center-tapped resistor or
filament transformer has to be located at some
distance from the tube. The resistor
shown in these drawings is simply a con-
vention, used to represent either a re-
sistor or bypass condensers or both; in
other words, it is a diagrammatic ‘“short-
hand” for the complete filament cir-
cuit.

Filament bypass condensers usually
have a capacity of .002 ufd. or more.
The larger the condensers the better (if
they are non-inductive) since they are
called upon to bypass a low-impedance part
of the circuit.

Coupling to the Antenna

® To some extent the choice of an antenna
coupling system is dictated by the type of
antenna (and feeder system) to be used. There
is also a factor of legality involved, since cer-
tain types of antenna-coupling arrangements
are prohibited by the amateur regulations.

As with other radio-frequency circuits, there
are three possible types of coupling — direct,
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inductive and capacitive, together with their
variations. A good antenna coupling system
should transfer power with the least possible
loss, and should discriminate against harmonics
to prevent off-frequency radiations.

Impedance Relations

@® As we have seen, there is a load impedance
value for the r.f. power amplifier which, for any
particular set of operating conditions, will give
optimum results. The impedance offered by the
antenna or feeder system at the point at which
power is to be fed into it may be widely dif-
ferent from this optimum value. The optimum
load impedance value may be anything from
1000 up to several thousand ohms, depending
upon the operating conditions; the higher
values accompany high-voltage, high-efficiency
operation. This value also is secondarily
dependent upon the type of tube used, al-
though two tubes of widely different char-
acteristics will take approximately the same
load impedance if both are operated at the
same plate voltage and current and are driwen
to saturation. The antenna or feeder im-
pedance at the feed point, on the other hand,
may vary from a few ohms to a few thousand
ohms. It is the function of the antenna cou-
pling system to match these impedances. The
general theory of impedance matching has been
discussed in Chapter Five.

Direct Coupling
@ Direct coupling methods for single- and two-
wire feeders are shown in Fig. 827. Direct
coupling between tank and antenna is pro-
hibited by the regulations, but may be used

Jmgle-wi
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FIG. 827 — DIRECT COUPLING TO THE ANTENNA
OR FEEDERS

The blocking condenser indicated by dotted lines
is desirable for keeping the plate voltage off the an-
tenna system when series feed is used; its value may
be .001 or .002 ufd.

when a non-radiating transmission line is used
to feed the antenna. It is ordinarily used only
with untuned-type transmission lines, the
other methods being preferred for tuned lines.

Adjustment is quite simple. The tap is
moved along the tank coil to change the cou-
pling, increasing coupling being indicated hy the
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direction of the heavy arrow. The single-wire
feeder can be coupled on either side of the
ground point with balanced tank -circuits.
While the two wire line can be coupled to a
single-ended tank circuit by connecting one
wire to the ground end of the tank, the indue-
tive coupling system shown at Fig, 828-D is
preferable in such a case.

Push-pull amplifiers can be used with direct
coupling; the connections are the same as those
already discussed.

Low-impedance lines usually will be tapped
on the coil close to the ground end, while high-
impedance lines will find the optimum cou-
pling point nearer the plate end of the tank coil.

Inductive Coupling

@ Inductive coupling circuits are shown in
Fig. 828. Inductive coupling is widely used
with tuned transmission lines and also for
working directly into the antenna itself with-
out & feeder system. They are fairly easy to ad-
just and are readily adaptable to quite wide
range of impedance matching.

The circuit of Fig. 828-A is used for coupling
to a low-impedance point on the antenna sys-
tem (series tuning), while B is used for coupling
to a high-impedance point (parallel tuning).
Coupling increases in the direction of the ar-
row. The coupling with series tuning is usually

t Iwo-wire

+HY. t __“ feeder
®)

FHV. ’

Antenna

=
g feeder
=

The circuit of Fig. 828-D can be used to
couple a single-ended tank circuit to a bal-
anced two-wire untuned feeder. The degree of
coupling can be changed by moving the
coupling coil in relation to the tank coil and
also by changing the feeder taps on the cou-
pling coil.

The saine general procedure is followed in the
adjustment of all inductively-coupled systems.
Starting with very loose coupling between the
coils, the plate tank should be set at resonance
and the antenna condenser (or condensers, if
two are used) tuned to cause a rise in plate
current. The coupling is then slightly increased
and both tank and antenna-coupling circuit
retuned to resonance, the plate tank for mini-
mum plate current and the coupling cireuit for
maximum plate current. This process is con-
tinued until the rated plate current for the
tube is reached, or until the output, if an r.f.
indicating means is available, is maximum,
If the coupling is made too tight it will be
found that a slight readjustment of the antenna
tuning condenser will cause a ‘‘jump” in the
tuning of the tank condenser, resonance being
found at two places. This ‘‘two-point’’ tuning
should be avoided. Always use the loosest
coupling which gives the desired plate current
or optimum output.

If coupling is to a low-impedance point on
the antenna system the r.f. cur-
rent will be quite high and may be
measured by an r.f. ammeter of
suitable range. Such 'an ammeter
makes an excellent indicator of r.f.
output.

Two-wire

Low-Pass Filters
@® A third type of antenna cou-
pling arrangement is the low-pass
filter, two forms of which are
shown in Fig. 829. The function

= Twoswire of impedance matching is provided

o
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FIG. 828 — INDUCTIVE ANTENNA-COUPLING CIRCUITS

fairly close and a relatively small coil is re-
quired. With parallel tuning, the coupling
usually will be quite loose and a large coil with
small tuning capacity should be used in the
coupling system.

The arrangement of Fig. 828-C, used to
couple a transmitter to an end-fed antenna,
is also parallel tuning (high-impedance feed
point). The coupling tank may be grounded as
shown by the dotted.lines, provided a short
ground lead can be obtained.

“e%”  for in the ratios of the capacities

of the two condensers, C; and Cs,
which are variable over a range
sufficient to take care of most
transmitting tubes and antenna-
feeder systems. Two types of filter
are used, one for those antenna
systems which involve bringing but a single
wire into the station, and one for balanced or
two-wire systems.

Adjustment is as follows: With the filter
disconnected, tune the amplifier or oscillator
to resonance — the point of plate current
minimum. Set the taps on Ly (and Ly, if used)
approximately as indicated under the circuit
diagram for the band in use. Connect the filter
to the tank circuit, placing the taps about mid-
way between the ground point and the end of
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the coil. Apply plate voltage and rotate C,
rapidly to find the point of plate current dip.
This dip will not be to the no-load plate cur-
rent value but prohably will be to a value
nearer therated plate current of the tube. If the
minimum plate current is too high, decrease
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FIG. 829 — ANTENNA-COUPLING FILTERS

Their use and adjustment is explained in the text.
Condensers C1 and C2 should have a maximum
capacity of 250 uufd. or more, with plate spacing suf-
ficient to withstand the r.f. voltages developed by the
transmitter. For powers up to 50 watts, receiving-
condenser spacing will be satisfactory; for higher
power, transmitting-type condensers should be used.

For operation from 1.75 to 14 mc., the inductance
should be 30 turns wound to a 2V,-inch diameter and
514 inches long, tapped every five turns. Approximate
settings are 30 turns for 1.75 mc., 15 turns for 3.5 mnc.,
10 turns for 7 mc., and 5 turns for 15 mc. L1 and L2
should have half the turns specified for L. The coils
may be wound with No. 12 or No. 14 wire.

the capacity of C2 and retune C, to resonance;
if the plate current is too low, reverse the pro-
cedure. The amplifier or oscillator tank con-
denser should not be touched during these
adjustments.

In making these adjustments to the antenna
filter the amplifier tank condenser should not be
touched. When the filter is properly adjusted
it will present a pure resistance load to the
tube’s tank circuit, hence the latter will not
require retuning. Should retuning the tank
give a new minimum plate current point, the
filter is not correctly adjusted.

Should it be impossible to make the tube
draw normal plate current at any setting of
Cy (with C) set for minimum plate current)
the tap or taps on the plate tank coil must be
moved. The filter is designed for approximately

. 150 .

600 ohms input impedance, hence the same
proportionate number of turns hetween tap
and ground will not hold for all types of opera-
tion because of differences in optimum load
impedance for different operating conditions
and types of tubes. Moving the tap toward
the plate end will increase the load on the
tube, while moving it in the other direction
will decrease it. Hence if the minimum plate
current is too low, the tap or taps should be
moved toward the plate end and if too high,
toward the ground point. In the balanced cir-
cuit, the taps should be maintained equidis-
tant from ground.

Antenna current will be indicated by the am-
meter A. The object of adjustment is to obtain
the highest antenna current with the lowest
plate current to the tube or tubes. Varying the
inductance of L, and L, probably will help in
attaining this result, although the inductance
values usually are not critical.

Link-Coupled Antenna Tuning Unit

@® A modification of inductive coupling re-
sembling the link line used in interstage cou-
pling circuitsisshown in Fig. 830. Thissystemis
particularly useful where tuned feeders are to
be used and their length does not permit run-
ning right to the transmitter. The twisted line
may be any reasonable length, so that the
transmitter and antenna-tuning apparatus can
be some distance apart.

The antenna tuning unit indicated is ar-
ranged for either series or parallel tuning, as
described in Chapter Sixteen. To adjust the
system, the plate tank is first tuned to reso-
nance. The line is then coupled to the tank
(a turn or two usually will be enough), and the
antenna tuning adjusted to bring the plate cur-
rent to maximum. Coupling can be changed
by increasing the spread between the taps
on the antenna coil or by increasing the num-
ber of turns in the link coil at the transmitter
end. '

As a variation, a link turn can be used at the
antenna tuning-unit end with the taps on the
plate tank coil, or inductively-coupled links
can be used at both ends.

Amtr

Ant, Tuning
Unit
T § |
el ! Feeders
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FIG. 830 — LINK COUPLING BETWEEN THE TRANS-
MITTER AND ANTENNA TUNING APPARATUS
This system eliminates variable inductive coupling
and permits placing the antenna tuning apparatusat
any convenient point.



Transmitter Design and Operation . . .

—_—

Band-Switching

@ For the sake of convenience in changing
bands many amateurs are turning to band-
switching in transmitters. This not only is an
operating convenience, but also avoids the
necessity for having a large number of plug-in
coils on hand.

The chief requirement of a good band-
changing scheme is that the plate circuit shall
be switched to the proper band without the
introduction of undue losses in the tank circuit.
Two practicable methods are shown in Fig.
831. At A, a separate tank circuit is used for
each band to be covered; the switch simply
selects the one desired. If the switch has low
capacity between points, this system will give
good efficiency, since each tank circuit can be
designed for optimum results. The chief dis-
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FIG. 831 —METHODS OF SWITCHING THE AM-
PLIFIER PLATE TANK CIRCUIT FOR CHANGING
BANDS

Band-switching methods are most suited to screen-
grid or pentode amplifiers because the complications
involved in switching neutralized circuits are avoided.

advantage is the necessity for providing a
separate tank condenser and coil for each
band, which may be a considerable expense in a
high-power stage. If the amplifier is an output
stage, separate coupling coils, if used, can be
coupled to each tank and switched in similar
fashion, or coupling taps on the various tank
coils can be selected.

In the system shown at B, the inductance of
the tank coil is changed to a suitable value for
each band by shorting out a portion of the
coil. Thus only one tuning condenser is needed.
The coil should be designed for the lowest-
frequency band to be covered, the positions of
the taps for the higher frequencies being found
by experiment.

Since the shorted-out portion of the coil is
very closely coupled to the active section, the
voltage induced in the shorted section is con-
siderable and an r.f. current of some magnitude
will flow. If the resistance of the shorted section
is low, the losses caused by this circulating
current will likewise be low. It is necessary
also to use a switch or other shorting device
having low contact resistance to keep down
the losses.

If more than three bands are to be covered, it
is better to arrange the coil in two sections, as
shown in Fig. 831-C. In this case the coil L,
is designed for optimum inductance at the sec-
ond from highest-frequency band to be cov-
ered; the inductance of Lgis then made such
that the two in series will give optimum induc-
tance for the lowest-frequency band. For
example, if the amplifier is to cover the four
bands 3.5, 7, 14 and 28 mec., L, would be de-
signed for 14 mc., while L plus L, would give
optimum inductance at 3.5 me. The taps then
can be set for the other two bands. The two
coils should be arranged so that there is no
inductive coupling between them, thus avoid-
ing the loss that would be introduced at the
higher frequencies if all shorting were done on
a single coil.

The method shown at 831-C also can be used
for covering five bands if Ls is made large
enough to resonate with the tank condenser
to 1.75 mec. The 3.5- and 7-me. taps would
be on Lg; L) and its tap would cover 14 and
28 me.

Turns may be shorted by using copper clips
of low resistance and large contact surface with
the wiring or tubing composing the induc-
tances. Special switches designed for the pur-
pose also are available. In making a band-
swithing amplifier it is important that the
switch leads be as short as possible and that
the capacity to ground or the transmitter
chassis be small.

Push-pull circuits may be switched by the
method shown at Fig. 831-D, shorting out-
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ward from the center. The taps should be
equidistant from the center-tap or ground
point. Three bands can readily be covered by
this method without appreciable loss of power
at the highest frequency.

Harmonic Suppression

@ Because operating a power oscillator or
amplifier at high efficiency results in a plate
output having a greatly-distorted wave form,
harmonics are present in considerable strength
in the output. Since harmonics often will fall
outside the frequency bands assigned to ama-
teurs, there is danger of off-frequency opera-
tion. The amateur regulations require that the
transmissions shall be as free from harmonics
as the state of the art permits.

The use of an output tank circuit having a
relatively large capacity-to-inductance ratio
(high-C) will reduce harmonics. While this is
quite usual practice in self-controlled transmit-
ters, the use of low-C tank circuits in oscillator-
amplifier transmitters is general because the
efficiency is higher with low-C. Nevertheless,
slightly lower efficiency with high-C is prefer-
able to off-frequency operation. Loosening the
antenna coupling also will reduce harmonic
radiation.

The push-pull amplifier possesses the char-
acteristic of suppressing the even harmonics in
its output circuit, although odd harmonics will
be present to the same degree as in single-tube
amplifiers of equivalent power output. Since
the second harmonic is the most serious of-
fender, however, the use of push-pull will do
much to eliminate har-
monic radiation. Those
circuits utilizing a /*
grounded-rotor split-sta-
tor tuning condenser —
see Fig. 818-E — are more
effective in eliminating
harmonics than the type
shown in 818-D.

Aside from those steps A "
which can be taken to re-
duce harmonics in the ﬁ
plate circuit of the final +
amplifier stage, beneficial
results can be secured by
using certain types of an-
tenna coupling and feeder
systems. Inductive cou-
pling to the feeder is pref-
erable to direct coupling,
from the standpoint of
harmonic elimination.
Likewise, the coupling coil
should be coupled to the
tank at a point of low r.f.
potential — at the fila-
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ment end in output systems which are not
balanced with respect to ground; at the center
of the coil in balanced systems —to prevent
electrostatic coupling between the tank and
feeder circuits. Feeder systems having a cur-
rent loop at the coupling apparatus will dis-
criminate against even harmonics; a quarter-
wave Zepp feeder is an example of this type of
feeder system. Directly-coupled feeders will do
little to prevent the radiation of harmonics;
the directly-coupled single-wire fed antenna is
practically as good a radiator at harmonics as
at the fundamental frequency. :

As for the antennas themselves, those sys-
tems which are center-fed through a low-
impedance untuned transmission line will dis-
criminate against even harmonics; an end-fed
antenna or one fed through a high-impedance
line such as the single-wire system and the
doublet with fanned feeders will not, practically
speaking. Grounded antennas (Marconi type)
and center-fed antennas without transmission
lines (sometimes called antenna and counter-
poise) also are poor radiators of even harmonics.

The antenna-coupling filter previously de-
scribed is effective in preventing harmonic
radiation. Because of the properties of the
filter, frequencies higher than the fundamental
are practically short-circuited and do not reach
the antenna.

To check for harmonic radiation it is neces-
sary to enlist the codperation of another ama-
teur station a few miles distant from the trans-
mitter. Have the other operator listen for the
harmonics to check their strength relative to
that of the fundamental frequency. If a strong
harmonic is detected, steps should be taken to
reduce its strength. The discussion above
should be of assistance.

If it is inconvenient to make major changes
to the apparatus or antenna and feeder system,
harmonics often can be brought to satisfacto-
rily low strength by the use of tuned trap cir-
cuits. One method which has proved successful
in a number of cases is shown in Fig. 832. The
trap circuits are tuned to the frequency of the
harmonic to be eliminated; a simple unilateral
connection is used between the trap and the
antenna or feeder. Best results will be secured
by listening to the harmonic in the monitor
while the trap condenser is slowly varied; the
minimum point should be quite clearly de-
fined. The tuning can be checked by having
another station listen while the trap is tuned.
A low-C trap seems to be most effective. The
trap will not affect the fundamental output of
the transmitter.

Designing the Transmitter

@ Although all the foregoing discussion has
dealt principally with parts of circuits and
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methods of accomplishing some particular end
desired in building a transmitter, the reader
who has followed the discussion closely will
have a fair knowledge of some of the consid-
erations underlying complete transmitter de-
sign. The advantages and disadvantages of
various types of interstage coupling, of neutral-
izing circuits, of different antenna-coupling
methods and the like have been considered in
detail.

The power to be delivered by the transmitter
determines to a considerable extent the types
of tubes to be selected, the number of exciting
stages to be used, and the choice of circuits
and components. The frequency or frequencies
on which the transmitter is to be worked like-
wise exerts its influence on these same factors.

Driving Stages

@ The number of driving stages will be de-
pendent upon the grid requirements of the
final stage, the type of oscillator used, and the
number of bands to be covered. Assuming
that a crystal oscillator having an output of
a few watts is to be used — almost universal
practice — it becomes necessary to provide
enough intermediate stages, straight ampli-
fiers and doublers, to build up the power out-
put of the oscillator to a value sufficient to
drive the final stage. There are numberless
ways of going about solving this problem. In
general, there are two methods; one is to build
an “exciter unit,” whose purpose is to deliver
approximately the same output, usually a few
watts — about the same as could be obtained
from the crystal oscillator — on a number of
frequency bands, following the exciter unit by
straight amplifiers. The second is to use as few
tubes and circuits as possible, getting the
greatest possible power gain in each stage,
including the doublers. Both methods have
their advantages, the former in wide frequency
range and convenience in operation, the latter
in economy of tubes, circuit components and
power supply apparatus.

If a number of bands is to be covered, the
number of intermediate stages will depend
not only on the power gain needed but also
on the oscillator frequency. For 14-me. work,
for instance, it is possible to start out with a
crystal oscillator on 1.75 me.; three multipli-
cations of frequency and possibly additional
straight amplification will be required. Two of
the doublers can be eliminated if the oscillator
uses a 7-me. erystal, thus considerably simplify-
ing the design. It may therefore be greater
economy to purchase two or three crystals in
different frequency bands rather than to use
one crystal of low frequency followed by a
large number of doubler and amplifier stages.
Too, the smaller the number of stages the fewer

the troubles likely to be encountered in con-
struction and operation.

In planning the drivinglayout, it is better to
err on the side of having too much excitation
rather than too little. At the higher frequencies,
especially, more driving power is required for a
given output, not only because the tube losses
increase but also because the circuit losses go
up considerably. The efficiency of a doubler,
for instance, is noticeably less in going from 7
to 14 me. than from 3.5 to 7 mec., and is still
poorer when doubling from 14 mec. to the 28-
me. band. For this reason it is always well to
allow something for unexpected losses at the
higher frequencies. If a tube is rated at say 20
watts as a straight amplifier it is best not to
calculate on more than 10 watts of useful out-
put from it as a 7-mec. doubler, perhaps 7
watts as a 14-me. doubler and 5 watts as a
28-me. doubler. This reduction in frequency-
multiplying efficiency at the higher frequencies
must be taken into account in deciding on the
number and type of driving tubes. Also, since
a doubler requires more exciting power than a
straight amplifier, the driving power values
given in the tube tables must be increased if
the tube is to be used as a doubler.

The general method of design is to use the
grid driving power required for the final stage
as a starting point, selecting a tube which will
deliver that power for the next-to-the-last
stage. This tube may be either a straight am-
plifier or doubler, depending upon the condi-
tions and the amount of power required. The
third-from-last stage may then be chosen to
deliver the grid power necessary for the driver,
and so on, working back to the oscillator, its
expected power output and frequency.

The field of choice is so wide that it is diffi-
cult to be more specific. The examples of trans-
mitters in Chapter Nine illustrate different
designs; a study of them should enable the
builder to plan a layout which will meet his
particular conditions satisfactorily.

Transmitter Troubles

It is often the case that when the building
of a transmitter is completed, at first trials its
behavior and power output are not what were
expected or hoped. Erratic or unsatisfactory
performance can be accounted for in many
ways. One common fault is lack of sufficient
grid excitation for the final stage, occasioned
either through some circuit defect or because
of “skimpy”’ design. If the tube layout is not
one that will give the requisite power gain at
the desired frequency, no amount of fussing
with the transmitter will cure it. Excitation
can be quickly checked by measuring the grid
current of the stage under consideration; if it is
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not at or near the value given in the tube
tables, assuming that the plate and bias volt-
ages are approximately as given, it is time to
look for circuit defects, if the tube line-up is
reasonable, or to alter the design in accord-
ance with the principles outlined in the preced-
ing section.

Occasionally a driver stage will give all the
signs of operating efficiently and appear to be
capable of delivering the required output, but
the excitation is deficient. In such cases the
trouble often can be traced to the interstage
coupling circuit used. Some methods of cou-
pling are preferable to others with certain
types of tubes and at certain frequencies, as
explained earlier in this chapter. Also, im-
proper arrangement of return leads, particu-
larly those acting as r.f. ground leads, often
will cause a reduction in excitation. All grounds
should be made to a single point for each stage,
with these ground points connected together
between stages. Loops in common ground
connections or unduly long ground leads
should be avoided. This point is considered
further in Chapter Nine.

Improper adjustment is another cause of
inefficiency. Particular attention should be
paid to link-coupled circuits, for instance, to
make sure that maximum power is transferred.
The number of turns in the link is likely to be
rather critical, and time spent in making ad-
justments to the end of greater power transfer
is well worth while. In capacity-coupled cir-
cuits, particularly those in which the coupling
condenser is attached to the plate end of the
driver tank, overloading because of the use of
too-large coupling capacity should be avoided.
When a stage is overloaded, its plate current
will be higher than normal and the resonance
dip will not be pronounced.

Parasitic Oscillations

@ If the circuit conditions in an oscillator or
amplifier are such that oscillations at some
frequency other than that desired can and do
exist, such oscillations are appropriately
termed ‘‘parasitic.”” The energy required to
maintain a parasitic oscillation is wasted so
far as useful output is concerned, hence an
oscillator or amplifier afflicted with parasitics
will have low efficiency and frequently will
operate erratically. In addition, parasitic os-
cillations in the self-controlled oscillator can
ruin the frequency stability and spoil com-
pletely the character of the note.

Parasitic oscillations may be higher or lower
in frequency than the nominal frequency of the
oscillator or amplifier. Low-frequency parasit-
ics are relatively uncommon, but occasionally
exist as the result of unfortunate choice of by-
pass condenser and r.f. choke values. One way
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in which such a parasitic oscillation can be
generated is shown in Fig. 833. A driver and
neutralized amplifier are indicated, but this
type of oscillation can exist in any circuit
having r.f. chokes in both the plate and grid
circuits. There is always some capacity shunt-

2z
|
= ( M ) < N )
N RFC TJ.C-
£ ]
®) Ene, i
tsl, -C ;8 8,
Ca
Ev
RFC, T
(8)

FIG. 833 — HOW LOW-FREQUENCY PARASITIC
OSCILLATIONS CAN BE GENERATED

ing the chokes; if the inductances of the chokes
and the shunting capacities happen to be such
that both chokes are tuned to approximately
the same frequency, a tuned-grid tuned-plate
type of oscillation may be set up. The normal
tank circuits will have but little effect on the
oscillation. If oscillations of this type occur
they can be avoided, usually, by changing the
size of the plate bypass condenser or by re-
moving a choke in series-feed circuit. In gen-
eral, it is better to omit r.f. chokes with series
feed and depend upon the bypass condensers
to keep the r.f. currentsin the right path. If the
bypass condensers are large enough the chokes
will not be necessary.

A type of parasitic oscillation peculiar to the
neutralized amplifier is indicated in Fig. 834.
It results from the use of a tapped plate tank
coil for neutralizing and a similar tap on the
driver tank coil for control of excitation. The
parasitic circuit, again a t.p.t.g. type of oscil-
lation, is through the shaded parts of the tank
coils. This is a particularly vicious type of
parasite; it is a persistent oscillator and usu-
ally requires a change in the design of the
transmitter for its cure. A neutralizing circuit
using a split-stator condenser (Fig. 818-C) will
cure it; so also will discarding the tap on the
driver tank, feeding the amplifier grid through
a smaller coupling condenser connected di-
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rectly to the plate end of the driver tank coil.
The latter scheme does not result in particu-
larly efficient coupling between driver and
amplifier, however. A change to inductive or
transmission-line interstage coupling also will
be beneficial.

Fig. 835 shows one way in which ultra-high
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FIG. 834 — A HIGH-FREQUENCY PARASITIC CIR-
CUIT RESULTING FROM THE USE OF A TAPPED
EXCITATION COIL

frequency parasitic oscillations can be set up
in a neutralized amplifier; the same type of os-
cillation could exist in a Hartley oscillator with
too-long leads. The leads to the tank circuit,
if more than a few inches long, possess enough
inductance to tune the shaded circuit in the
three- to five-meter region; an ultraudion-type
oscillation is set up. Changing the physical
layout to shorten the leads should climinate
the parasitic.

A great many combinations of lead lengths
can cause the generation of ultra-high fre-
quency parasitic oscillations, particularly
with tubes having large physical dimensions
and large interelectrode capacities. When this
trouble occurs, it is often possible to kill the
parasite by inserting a wave trap, tuned to the
ultra-high frequency region, in one of the
leads. A representative example is given in
Fig. 836. The trap condenser is adjusted to
resonance at the parasitic frequency, causing it
to stop. Such a trap will have negligible effect
on the normal operation of the circuit.

Neutralizing Difficulties
® Trouble is sometimes experienced in getting
a triode amplifier completely neutralized. In
cases of this kind the circuit should be checked
over carefully to make sure that all connec-
tions are good and that there are no shorted

turns in the inductances. Different sizes of
neutralizing condensers may also be tried,
since circuit conditions vary considerably with
different physical layouts. If a setting of the
neutralizing condenser can be found which
gives minimum r.f. in the plate tank circuit
without completely eliminating it, the chances
are that there is some magnetic or capacity
coupling between the input and output circuits
external to the tube itself. Short leads in neu-
tralizing circuits are highly desirable, and the
input and output inductances should be so
placed with respect to each other that magnetic
coupling is minimized. Usually this means that
the axes of the coils should be at right angles
to each other. In some cases it may be neces-
sary to shield the input and output circuits
from each other. Magnetic coupling can be
checked for quite readily by disconnecting the
tank from the remainder of the circuit 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.

Although the neutralizing circuit itself is a
well-defined bridge and consequently should
be capable of perfect balance, in practice there
are many stray capacities left uncompensated
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
unconsidered capacity between plate and fila-
ment. Similarly, capacities existing between
parts of the socket enter into the picture with
tubes having all three elements brought out to
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FIG. 835 — ULTRA-HIGH-FREQUENCY OSCILLA-

TIONS CAN BE GENERATED IF THE LEADS FROM

THE AMPLIFIER TUBE TO THE TANK CONDENSER
ARE TOO LONG
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the same base. With large tubes, especially
those having relatively high interelectrode
capacities, these commonly neglected stray
capacities can prevent perfect neutralization,
or can operate in such a way that the amplifier
will be neutralized with the plate tank set
exactly at resonance but will go out of neu-
tralization if the tuning is changed slightly.
Symmetrical arrangement of a push-pull am-
plifier is about the only way to obtain a prac-
tically perfect balance throughout the amplifier.

Coil Specification Table

@ Turns specifications for various popular
types of transmitting coils are given in the
Table. The approximate tank capacity re-
quired for resonance is indicated. If a con-
denser having a maximum capacity rating near
that specified is chosen, the band will be found

near the full-capacity end of the condenser-
scale.

Parasitic
N\ 7rap

FIG. 836 — ULTRA-HIGH FREQUENCY TRAP TO
ELIMINATE PARASITIC OSCILLATIONS

The trap is quite effective when ultra-high fre-
quency parasitic oscillations cannot be avoided by
suitable circuit layout. Suggested values for the trap
are a variable condenser of about 25 yufd. maximum
capacity and a coil having about three turns, two in-
ches in diameter, with about a quarter inch between
turns.

SOME SUGGESTED COIL SPECIFICATIONS

{
Band m»>——» ' 1750 l 3500 7000 14,000 28,000

Max. condenser capacity—upfds.|500 250 100 1500 250 100 50 [500 250 100 50 |250 100 50 {250 100 50
*1 et id. 1147 _ - - |- = - —|9 17 — —| 5 11 —1 2 4 6
1K' et id. 27 _ = — |18 - — — 6 10 22 — 4 7 12 | — 3 35
1 et., id. 2" = = =||¥ = = = 5 7 15 — 3 6 9| — 2 4
¥ e, id. 37 _ - =10 17 - — 4 6 12 — | — 5 7| — — 3
1" e.t., id. 4 120 — = 7 1 24 — | — — 8 15| — — S]— — —
' e, id. 6" 2 20 —| - - — 24— - — WO|—- - —|— - —
*3/16" ¢.t., i.d. 115" = = ll= = = = 8 13 — — 5 10 16 2 4 6
3/16" c.t., i.d. 2 —_- - —1 = = 3 9 20 — 4 7 10| — 3 4
3/16" c.t., i.d. 214" — — — |11 20 — — | 4 6 14 24 3 5 71— 2 3
3/16” ¢.t., i.d. 3" 27 — - 9 15 — — = - 10 20 | — 4 6| — — —
3/16" c.t., i.d. 4" 18 32 —|— 10 22 40 |- — — B|— — == —~ —
No. 12 wire, spaced! 1% | — — — | 16 28 > = 6 9 19 — 4 7 11| — 3 4
No. 12 wire, spaced! 2’/ 34 — — |10 19 40 — 4 7 13 24 3 5 8| — 2 3
No. 12 wire, spaced! 2143"" [ 24 45 — 8 14 29 50 | — 5 10 16 2 4 6 — 2 3
No. 12 wire, spaced! 3’/ 18 34 — | — 11 22 40| — — 8 12| — — —|— - —
No. 12 wire, spaced! 3}4” | 16 26 54 | — 9 15 30| — — — |- - —]=— - —
No. 14 wire, d.c.c. 114" 30 583 — |10 17 35 — | — 7 11 22 3 6 8| — 2 4
No. 14 wire, d.c.c. 2" 20 35 75 8 12 24 40| — 5 9 16 2 4 6| — — —
No. 14 wire, d.c.c. 214" 16 25 53 7 10 19 32| — 4 8 12| — 3 §|— — —
No. 14 wire, d.c.c. 3/ | 14 22 40| — 9 16 24| — — 7 0| — — —|— - —
*Spacing between turns (not centers) is 44’ for these coils. Abbreviations — Copper tubing, c.t.; inside diameter, i.d.

1 Sgacing between turns, in this case, equals wire diameter.
Where blanks appear in the above table, coils of this construction are not recommended for that frequency and con-

denser capacity.




CHAPTER NINE

Building Transmitters

TYPES OF CONSTRUCTION — WIRING
OSCILLATORS — EXCITER

POINTERS —
UNITS — AMPLIFIERS —

COMPLETE TRANSMITTERS

Tue construction of a trans-
mitter, whether small or large, offers an excel-
lent opportunity for the exercise of ingenuity
along both mechanical and electrical lines.
Mechanically, the design of a transmitter is not
so restricted as that of a receiver, which is cus-
tomarily constructed so that its controls are
continually within reach on the operating
table. The transmitter, however, can be built
for table or floor mounting, for direct or re-
mote control; it may be run horizontally or
vertically, in one piece or unit style.

Transmitter construction usually follows one
of several general types. For experimental
work the ‘“breadboard’’ type of construction,
in which the apparatus is mounted on a flat
wooden board and arranged for best per-
formance, has long been popular. In recent
years metal chasses have been made available
to set constructors, and these have been
adapted to use with transmitters. Again, many
amateurs like to mount their apparatus on
shelves which are stacked one above the other
in a wooden or metal frame, usually with
controls brought out to a panel covering the
front. The vertical type of construction
reaches its highest development in the relay
rack, a unit-type rack-and-panel method of
building in which separate units are self-
contained and completely interchangeable,
since relay-rack dimensions are standardized.

Breadboard and Metal Chassis

® The breadboard type of construction offers
many advantages. It is inexpensive; circuit
components can be arranged for electrical effi-
ciency rather than for ease of control, since
there is no panel to which all controls must be
brought; and all parts are readily accessible
for adjustment or replacement. Insulation pre-
sents no great difficulties, since the baseboard
itself is a good insulator, for supply voltages at
least. On the other hand, the breadboard
transmitter collects dust very readily and
hence must be frequently cleaned. It does not
have the finished appearance of the more ad-

vanced types of construction, although careful
layout and workmanlike wiring undoubtedly
can be combined to make an attractive job.

The metal chassis is closely related to the
breadboard, at least when used for open con-
struction without a panel. Unlike the bread-
board, however, the metal chassis offers a
means for making grounds and serves as a
basis for shielding. Then too, most of the wir-
ing and small parts are conveniently mounted
underneath the chassis so that the appearance
of the set is improved. Present day compo-
nents, such as tube sockets, bypass condensers,
resistors, etec., utilized in low-power trans-
mitters are more suitable for mounting on
metal than wood. A metal chassis unit of the
proper size and provided with a panel can very
easily be adapted to relay-rack style of con-
struction.

Metal chassis pans are available in many
sizes, from two inches deep and about seven
by seven inches square up to three inches deep
and 23 by 10 inches.

The Vertical Frame

® Eventually most amateurs come to the ver-
tical frame or rack type of construction, in
which all parts of the transmitter are grouped
together in one unit. This type is preferable
for a permanent outfit, but usually is not so
readily accessible for experimenting and trying
out different tubes and circuits as the bread-
board type. Since most of the apparatus is
concealed by the panel, good external appear-
ance can be attained even though the construc-
tor does not have the knack of making layout
and wiring in commercial style.

Frames usually are four-posted affairs made
from 1 by 2, 2 by 2 or even larger wood, de-
pending upon the weight to be carried. The
shelves holding the apparatus may be bread-
boards or similar flat boards; they can be
fastened to the corners of the frame by small
metal angles or mounted on cross-strips
screwed to the posts. Provision should ybe
made for removing the shelves for alterations
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or replacements without too greatly disturbing
the remainder of the transmitter. The panel,
usually in one piece, can be made from ply-
wood or from one of the wood-pulp products
such as Presdwood.

In mounting apparatus in the frame the
power supply equipment, being heaviest, usu-
ally occupies the bottom section, with the r.f.
equipment above. The antenna-

1/32nd inch for clearance. Thus a panel four
rack units high will measure 7 inches less a
32nd. The channel uprights of the rack are
drilled to take 10-24 mounting screws at
standardized intervals as shown in Fig. 901.
The edge of a panel always comes midway
between two holes spaced one-half inch apart.

Although the apparatus usually is mounted

tuning apparatus usually is at the
top.

7oP BAR
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The Relay Rack

@ The relay rack type of construc-
tion offers many advantages not to
be found in the other stylese Its appearance
is good, parts are quite accessible, and altera-
tions which change the physical size of one
section of the trafsmitter can be made with-
out requiring corresponding alterations in
other sections, as would be the case with a
frame-mounted transmitter. The reason for
this is that each section of the transmitter —
such as a power supply unit, exciter, amplifier,
and so on — ig provided with its own mount-
ing shelf and panel and thus is in itself a com-
plete unit, quickly removable after disconnect-
ing supply wires. All the apparatus of the unit
is supported by the panel.

The true relay rack has two uprights made
of channel iron, mounted on an iron base.
Panels are also of metal, usually steel or
aluminum, and generally are 3{g or !4 inch
thick. The universality of the relay rack is
attained because dimensions have been com-
pletely standardized. Panels are 19 inches
wide, and of varying heights measured in
‘‘rack units,” a rack unit being 134 inches. To
allow for stacking and slight inaccuracies in
cutting, a relay-rack panel is always made to
be a certain number of rack units high less

.
-
-
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"DISH"” TYPE MOUNTING

FIG. 902— THE “DISH” TYPE OF SUB-PANEL
MOUNTING FOR THE RELAY RACK
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FIG. 901 — DRILLING AND PANEL DIMENSIONS
OF THE STANDARD RELAY RACK

on a shelf suspended from the rack panel, an
alternative type of construction, using a ver-
tical sub-base, also may be used. This type of
construction, known as ‘‘dish’’ mounting, has
several advantages. Parts and tubes are more
readily accessible than on a shelf; also, the
apparatus usually will take up less room when
mounted in this way.

Home-Made Racks

® Commercial relay racks may be obtained
either for floor or table mounting. The floor
type is quite expensive and comparatively few
amateurs can afford it, while the table size
may not be large enough to contain a complete
transmitter, Nevertheless the advantages of
the relay rack type of construction are well
worth having, especially the standardization of
sizes and interchangeability of units.

An acceptable substitute for the iron rack
can be made by following the standard dimen-
sions and using wooden uprights. Two by three
dressed lumber, when properly braced at the
bottom, will serve quite satisfactorily. The
heavy power supply apparatus should be
mounted at the bottom, of course. A sugges-
tion for this type of rack is given in Fig. 903.
Panels and shelves can be made of metal,
wood or other suitable materials, adequately
braced to carry the weight. It may be neces-
sary to brace the shelves to the wooden up-
rights. Other arrangements than those sug-
gested will readily occur to the constructor.
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Materials for Construction

@ Besides the metal chassis pans already men-
tioned, many other useful ‘“gadgets’” and ma-
terials are available to the constructor. Metal
frames suitable for holding transmitters of
moderate size are marketed by a number of
manufacturers. Some types come complete as

W/ hu
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FIG. 903 — SUGGESTED CONSTRUCTION OF AN
INEXPENSIVE WOODEN RELAY RACK
AND SHELF

The height of the uprights will depend upon the
number of panels to be used. The space available for
panels should be some multiple of a rack unit (134
inches). See Fig. 901 for standard dimensions.

one unit, with a single panel, while others have
separate panels. One manufacturer furnishes
panels suitably drilled to take a considerable
number of circuit arrangements, thus saving
the builder the labor and necessity for acquir-
ing tools and equipment for cutting holes in
metal.

Relay rack panels of various sizes, made of
aluminum or steel finished in crackie, also can
be obtained from amateur suppliers. Wood-
fibre panels, likewise finished in the popular
black crackle, also are available. These are
eagily worked, besides being relatively in-
expensive.

Winding Transmitting Inductances

@ Although most circuit components can be
purchased at quite reasonable prices, .many
amateurs wind their own transmitting induc-
tances. This is partly because the inductance
of the coil must be adjusted to fit the particu-
lar condenser used, and partly because of
mechanical considerations.

Coils for low-power stages, handling ten
watts or less, can be wound on ordinary re-

ceiving coil forms, using relatively small wire.
However, when the power to be handled is
fairly large, heavier conductors must be used
to avoid heating. Number 14 or 12 wire,
properly spaced, will carry the output of most
medium-power amplifiers without undue heat-
ing, especially when the optimum or higher
L-C ratio is used. In high-C circuits or in
high-power tank circuits copper tubing is
generally used; sizes of tubing range from
14 to ¥4 inch.

The chief requirements for a good trans-
mitting coil are that its resistance be low (large
conductor and proper proportioning of dimen-
sions) and that it be mechanically rigid. The
turns should not be ‘““floppy’ because if
vibration occurs the inductance will change at
the same rate, modulating the output of the
transmitter. 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 terminals. Plug-in coils larger than those
wound on receiving coil forms usually are pro-
vided with G.R.-type plugs fitting into jacks
mounted in a strip of bakelite or in special
stand-off insulators.

The easiest way to wind copper tubing is to
clamp one end of a piece of the requisite
length in a vise, and fasten the other end to a
piece of iron pipe approximately the desired
diameter of the finished coil, and then wind by
turning the pipe in the hands while pulling
hard on the tubing to keep it straight. The
turns should be wound tightly together, spac-
ing being adjusted after the coil is finished by
spreading the turns with the shaft of a screw-
driver,

A second type of coil construction utilizes
thin bakelite strips, drilled at proper intervals
to give the desired turn spacing, to support
the turns. Three or four such strips will be
sufficient. Coils of this type are illustrated later

FIG. 904 — COILS WOUND ON CELLULOID STRIPS,
SHOWING TIIE WORKING MATERIALS NEEDED
FOR CONSTRUCTION

The coil on the bakelite form is in the middle of the
winding process, about to be spaced with the heavy
string before tightening and cementing.
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them. After spacing the
turns should be tightened
up and the other end of
the winding fastened to
the forin. Duco cement is
run in between the turns
along the celluloid strips
and allowed to dry for an

hour or two, when another
application of cement is
made. The second coat
should be allowed to dry
overnight, after which the
turns will be firmly ce-
mented to the celluloid
strips. The paper may
then be pulled or cut out
and the finished coil slid
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FIG. 905 — LEADS CARRYING RADIO-FREQUENCY
CURRENT, INDICATED BY THE HEAVY LINES,
SHOULD BE AS SHORT AS CIRCUM-
STANCES WILL PERMIT

in the chapter. To make them, the strips 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 diameter.
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. It is not
difficult to do, although taking a little time.
The holes in the strips should be large enough
to pass the wire or tubing without binding.
After threading through the strips the turns
may be fastened firmly in place with Duco
cement.

A third type of coil is shown in Fig. 904. In
this case the supporting
strips are celluloid, ce-
mented to the coil turns. A
winding form such as a bake-
lite tube of proper diameter
should be covered with sev-
eral layers of paper; the wire
is fastened 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
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off the form. The coils are
quite strong and rigid.
Even large-size copper-
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tubing coils can be made
by this method, although
it is generally used with wire coils.

Arrangement of Circuit Components

@ In fixing upon a layout for the parts of the
circuit, care should be taken to make those
leads carrying r.f. as short as possible. The
leads carrying supply voltages need not be so
short, although they should be kept well re-
moved from r.f. parts of the circuit.

Fig. 905 indicates the leads which should be
short in two typical diagrams. It is not enough
to have short leads in the tank circuits; by-
passes should be made as directly as possible
to the ground point. Neither should ‘““hot” r.f.
leads be close together; this introduces stray
capacity coupling and may cause feedback or
prevent neutralization of an amplifier. Con-
siderable thought should be given to the ar-
rangement of apparatus to obtain short r.f.
leads and yet keep each component isolated as
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FIG. 906 — THE RIGHT AND WRONG WAY TO MOUNT COILS

IN THE SET
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much as possible. The time thus spent will be
well repaid in improved performance.
Unnecessary losses can be caused by im-
proper placement of inductances. Whenever a
metallic object is introduced into the field of a
coil, currents are induced in the object which
cause heating and resultant power loss. Fig.
906 shows the right and wrong
way to mount inductance coils

together with a single wire. This is important
in frame or rack type construction, where
several stages may be mounted one above the
other. There should be only one ground wire;
loops and circuitous returns up and down the
opposite sides of the frame should be avoided.
If a ground is made to a metal frame, it should

in relation to other circuit com-
ponents. The field of the coil
is strongest at the ends and
weakest at right angles to the
axis, hence the ends of the coil
should be isolated from other
parts of the circuit whenever

T 5

possible. To confine the field ) [ )
of the coil to a small space,

its length should be two or
three times its diameter.

Coils for r.f. circuits, par-
ticularly at the higher frequen-
cies, should be space wound.
The distributed capacity of the
coil is reduced by spacing the
turns. Since at high frequencies
an appreciable current can flow

P b

AS THE CIRCUIT LOOKS

between turns because of dis-
tributed capacity, the current
and hence the losses can be re-
duced by spacing. Spacing equal to the diam-
eter of the conductor used is sufficient.

D.C.ONLY

Grounds

@ The way in which ground returns are made
can have a considerable effect on the operation
of the circuit. It is good practice to make all
grounds in a single circuit to one point, as
indicated by Fig. 907. If grounds are made at
different points, the reactance of the leads
between two of them may be sufficient to
cause an appreciable r.f. voltage drop, which
may cause regeneration or degeneration. If the
former, the amplifier may break into oscilla-
tion or be difficult to neutralize; if the latter,
it may be impossible to drive the tube prop-
erly even though the output of the driver is
sufficient for adequate excitation.

On metal chasses the same principle should
be followed. Even though the base is metal and
therefore apparently a good conductor, all
ground returns should be made to one point.
Otherwise different parts of the chassis may
be at different r.f. potentials, causing the same
difficulties to arise.

Because of the necessity for physical spacing
hetween stages, it may not be possible to
bring all the grounds in the transmitter to one
single point without having unduly long leads.
In such cases, each stage should have its own
ground point, and these should be connected

\One line between stages

AS THE GROUNDS SHOULD BE MADE

FIG. 907 — GROUND LEADS FOR EACH STAGE
SHOULD BE BROUGHT TO ONE POINT, WITH
GROUND CONNECTIONS BETWEEN STAGES
MADE AS SHOWN

be made at one point only, if circumstances
will permit. Poor grounding can account for
many transmitter eccentricities, particularly
inadequate excitation in a transmitter layout
which on paper has ample driving power.

Practical Examples of Transmitter Design

@® The following examples of oscillator, am-
plifier and complete transmitter construction
have been selected to illustrate different types
of mechanical arrangement and representative
methods of circuit design. The amateur who
does not wish to duplicate a particular trans-
mitter or unit undoubtedly will find many ideas
which will be of value to him in planning a
layout to fit his individual needs.

A Practical Low-Power Crystal Transmitter
@ Since it is possible to obtain an output of
five watts or more from a crystal oscillator, its
use without auxiliary amplifiers is perfectly
practical for low-power work. Using the tri-
tet oscillator circuit for harmonic operation
and the regular pentode circuit for the funda-
mental, a single tube and crystal can be made
to work equally well on two bands so that a fair
degree of flexibility is obtained. A circuit dia-

.].6]..
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Power supply connections are
brought out to a bakelite strip
mounted flat on the baseboard at
therearleft-hand corner. Ordinary
6-32 machine screws are used as
terminals. Five half-inch holes in
the baseboard underneath the
screw terminals give plenty of
room for the screw heads and for
running in the connecting wires.

The output posts at the right
are National Type GS-1 insula-
tors. Fahnestock clips are
mounted underneath the metal
heads to hold the antenna coil.

The self-supporting coils used
with the transmitter are wound

FIG. 908 — A SIMPLE CRYSTAL OSCILLATOR SUITABLE FOR

LOW-POWER WORK

It will operate on two bands with a single crystal.

gram of such an oscillator using a Type 59 tube
is given in Fig. 909. Photographs of the set
appear in Figs. 908 and 910. Since interchange-
able coils are used, the transmitter can be used
on any frequency for which a crystal is avail-
able. Breadboard-type construction is used.

The change from tri-tet to pentode circuit is
made by short-circuiting the cathode tuning
condenser, C) which is done by bending the tip
of one rotary plate so that it touches the stator
when the condenser is turned with the plates
fully interleaved. The screen grid and sup-
pressor grid of the 59 are connected together at
the tube socket to act as a single element.

The apparatus is mounted on a baseboard
measuring 10 by 14 inches. The two tuning
condensers, C, and Cz are mounted along the
front edge, each 214 inches in from the edge,
with C) at the left. The grid and plate coils,
L) and Ly are mounted on small porcelain
standoff insulators located behind their re-
spective condensers.

The screen and plate by-pass condensers, C3
and Cj respectively, are mounted end to end
just to the rear of and between C; and the
socket for the 59 tube, by machine screws
which pass through the condenser lugs to the
under side of the baseboard. The tube socket
is mounted slightly to the left of the center of
the board to accommodate the length of the
by-pass condensers so mounted. The junction
between C3 and Cy is used as a common ground
point for the circuit. Just behind the parallel
to C; is the grid leak, R), and next to it the
radio-frequency choke, RFC, which is con-
nected between R, and the grid of the tube.
The tube socket is mounted with the filament
terminals (the two large holes) facing the front
edge of the board. The socket for the crystal
holder is mounted behind the tube socket.
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with double cotton-covered wire
on a celluloid base. In making the
coils, a piece of sheet celluloid is
wrapped around a cardboard tube

59
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FIG. 909 — CIRCUIT OF THE SINGLE-TUBE
CRYSTAL TRANSMITTER

C1, C2— 100-pufd. variable tank tuning condensers
(National Type ST-100).

C3, Cs— 0.005-uf d. fixed mica screen and plate bypass
condensers (Dubilier Type 3).

11, L2 — Cathode and plate coils. See coil table.

L3 — Antenna coil; see text.

Ry — Grid leak, 50,000 ohms, 2-watt (I. R. C.).

RFC— High-frequency choke (National Type 100).

The key is connected in the negative lead at the
point marked with an “‘x.”’

COIL DATA
No. Wire Size Turns Diameter
I 22 d.c.c. 75 I54 inches
2 TR 45 K Y]
3 16 d.c.c. 40 “ ¢
4 6 a6 18 e e
5 T 16 “ T
6 TERT 7 e T
7 “ 13 B ‘e [
All coils close-wound.
Crystal Coil at Coil at Output
Frequency L Ly Frequency
1750-2000 kc. s No. 1 1750-2000 kc.
¢ “ No. 2 No. 3 3500-4000 kc.
3500-3650 kc. s No. 3 3500-3650 kc.
¢ “ No. 4 No. 5 7000-7300 kc.
7000-7200 kc. s No. 5 7000-7200 kc.
“ o No. 6 No.7  14,000-14,400 kc.

“s" indicates short circuit across Ci.
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of the proper diameter and held in place with
string or rubber bands; the winding is then put
on and given several coats of lacquer or pre-
pared coil dope. After drying, the excess cellu-
loid can be trimmed off and the coil ends bent
to fit the mountings. Winding data are given
under Fig. 909, together with information on
using the coils with crystals of various frequen-
cies. Limits of erystal frequencies for harmonic
operation are indicated in the table; for opera-
tion at the fundamental a crystal having any
frequency inside the band can be used.

The tuning procedure for both the pentode
and Tri-tet connection is explained in Chapter
Eight. The method of antenna tuning will de-
pend upon the antenna system; complete in-
structions are given in Chapters Eight and
Twelve. The oscillator plate current should
rise to 30 or 40 milliamperes when the antenna
circuit is tuned to resonance. After adjusting
the antenna circuit, C2 should be retuned to
give maximum output and to make certain
that the oscillator ‘“‘starts’ quickly each time
the plate circuit is closed. The transmitter
should be keyed and the signals monitored to
make certain that the keying is clean. It may
be necessary to set Cz slightly off the maximum
output point to get the necessary keying
stability.

When operating as a Tri-tet for second-
harmonic output the plate current should
again be in the vicinity of 40 to 50 milliamperes
with the antenna connected and tuned.

The 350-volt power supply shown in Chapter

Ten can be used with this transmitter provided
a voltage divider is installed to give 100 volts
for the screen grid. A satisfactory divider can
be made by connecting a 7000- and 10,000-ohm
resistor in series across the output of the sup-
ply, with the 7000-ohm unit at the negative
side. The tap between the two will give ap-
proximately the correct voltage. It is im-
portant that the screen voltage be kept as
nearly as possible at 100 volts. Lower voltage
will reduce the output while higher voltage is
likely to cause the tube to heat and perhaps
stop oscillating after a few minutes’ operation.

* An RK20 Tri-Tet Oscillator

@® An example of the use of the RK20 as a
medium power Tri-tet crystal oscillator is
shown in Figs. 911-915, inclusive. Although a
complete transmitter in itself, this set also can
be used to excite a more powerful amplifier re-
quiring grid driving power of the order of 25
to 50 watts. The construction is of the vertical
open-frame type.

The RK20 transmitter can be used on three
bands with crystals ground for two, 3.5 and
7 me. Provision also is made for the use of
14-me. crystals if available. No plug-in coils
are used, band-changing being accomplished
by the use of tapped coils and shorting devices.
The set is capable of delivering an output of
about 60 watts on the 80- and 40-meter bands
and about 25 watts on 20 meters, using only
80- and 40-meter crystals. It can be used for
c.w. on all three bands, break-in operation be-

ing possible, and for 75-meter ’phone

LR ]
() .

with a suitable modulator.

The upright and cross-panel layout
combines the conveniences of both
breadboard and rack-type construction
in that controls are panel-inounted
yet all parts are readily accessible. The
uprights are pieces of 3{ by 1l4-inch
wood, each being 13 inches high. Tri-
angular shaped pieces of thinner wood
screwed to the bottom of each upright
preclude the possibility of upsetting the
transmitter by accident. The panels
each measure 9 by 3 inches, and are of
3/16-inch bakelite.

The circuit diagram, Fig. 913, is the
Tri-tet arranged for tapping of both
plate and cathode tank coils for quick
band changing. The cathode coils, L;
and Ly, are wound on a short piece of
2-inch bakelite tubing. The wire used is

FIG. 910 — A TOP VIEW OF THE CRYSTAL OSCILLATOR
WITH THE TUBE AND CRYSTAL HOLDER REMOVED
The coils in place are those used to operate the transmitter

as a Tri-tet oscillator for 7000-kc. output from a 3500-kc.

crystal. The 3500-kc. output coil and the Bliley crystal holder

are in the foreground.

No. 14 d.c.c., with Lz wound on the
form and L;, which is tapped, wound
right on top of L.. The very close cou-
pling thus obtained between L, and L,
makes it unnecessary to tap both coils,
since the short-circuited portion of L
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also short-circuits the magnetic flux about the
corresponding portion of Ls. The four ends of
the two windings are brought through the coil
form to machine screw terminals along the

FIG. 911 — AN RK-20 TRI-TET OSCILLATOR

This transmitter will give a crystal-controlled out-
put of 60 watts on 3.5 and 7 mc. and about 25 watts on
14 mec. Its 'phone rating in the 4-mc. band is 15 watts
carrier for 100% modulation.

bottom edge. The drop in filament voltage
through the windings is negligible.

The lower panel contains the plate milliam-
meter, the crystal mounting, and the cathode
tank circuit tuning condenser, C;. The crystal
mounting is made by drilling two holes, of a
size sufficient to pass the holder pins and the
proper distance apart (34 inch) in the panel,
and mounting behind them a pair of pin-grips
taken from a discarded wafer socket. The
plate tank tuning condenser and plate-coil
band-changing switch are mounted on the
upper bakelite panel.

Bypass condensers and other parts are
mounted on a skeleton frame made of pieces
of quarter-inch square brass rod. The rear and
bottom views, Figs. 912 and 914, indicate the
construction. The main ‘‘girder” runs hori-
zontally across the bottom of the transmitter.
On it are mounted the plate, screen and sup-
pressor by-pass condensers. The brass-rod
frame forms a common ground and negative
bus for the transmitter. The socket for the tube
is set on top of two upright pieces of rod, long
enough for the socket to clear the condensers
underneath, fastened to the main crosspiece.
The filament by-pass condensers are mounted
horizontally from these uprights. Additional
bracing for the socket is provided by lengths of
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rod which connect the uprights on which the
socket is mounted with the front panel. All
power leads (properly insulated) are run
through holes drilled in the crosspiece and go
to the rear of the set where they connect to the
terminal strip. The cathode coil assembly is
held in place by short pieces of copper strip
which serve hoth as eonnections and mechan-
ical braces between the lower coil terminals
and the filament hy-pass condensers.

The plate tank coil, L; is mounted between
the plate tuning condenser and the left-hand
wooden upright (rear view) by means of brass
pieces. The coil is wound of No. 14 bare wire
threaded into strips of thin bakelite pre-
viously drilled to give the desired turn spacing
(J4-inch center to center). The method of
making coils of this type is described earlier in
this chapter. The wire is cut six turns in from
one end to provide an output coupling coil
insulated from the plate coil. The coupling coil
is at the “dead’’ end of the plate coil to avoid
capacity effects and reduce harmonic transfer,
the turns being shorted from the plate or
“hot” end.

The shorting switch has three contacts,
only two of which are used, the unconnected
tap being the 80-meter position, when the
whole of the tank coil is used.

Assuming a 3.5-me. crystal is to be used,
set the switch in the open position, leave the
cathode-coil clip floating, and turn C; down
from maximum until the plate curreni drops,
indicating that oscillations have started. Con-

FIG. 912 — A REAR VIEW OF THE RK-20 TRI-TET
TRANSMITTER

The plate coil, at the top, is wound on a 2-inch form
before being threaded through the supporting strips.
The springiness of the wire makes the diameter of the
finished coil 2V, inches.
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tinue to decrease the capacity of C; until the
plate current rises to a maximum and then
adjust Cy for the plate current dip which indi-
cates resonance. With C; at about half scale
the off-resonance plate current will be 100
milliamperes or more; at resonance it should
drop to about 20 ma. The antenna may then
be coupled and its tuning cireuits adjusted for
maximum output. After tle antenna is tuned,
('y and €, should be readjusted to determine
the optimum settings. An antenna coupler of
the type shown in Figs. 939 and 940 may be
used with this transmitter.

For operation on the second harmonic the
procedure is the same exocpt that the plate-
coil switch is set on the 7-me. tap. The dip in
plate current when C; is adjusted to resonance
will not be so great as when the output is on
the fundamental frequency of the crystal nor
will the output be as high. Also, a slightly
higher-capacity setting of C, will give greater
output on the harmoniec.

To use the set with a 7-me. crystal, both the
plate switch and the cathode-coil clip should be
set on the proper taps. The tuning procedure is
identical with that just described. The second-
harmonic plate current dip on 20 is compara-
tively small and the output drops to about
25 watts. A 14-mec. crystal can be used if the

L L

o
+SUP. +5.6. tHV

=L 1.5v.
FIG. 913 — THE RK-20 TRANSMITTER CIRCUIT

DIAGRAM

C) — 350-pufd. variable, receiving type.

C2 — 100-pufd. variable, transmitting type.

C3, C4 — .005 ufd. (value not critical).

Csy Co — .002-pfd. mica condensers, receiver type.

C7 — .002-pfd. mica condenser, 2500- or 5000-volt
rating.

R1 — 15,000 ohms, 2-watt rating.

RFC — Short-wave choke, universal wound.

L1 — 10 turns No. 14 d.c.c. wire, close wound on 2-inch
form. 7-mec. tap at 5 turns from lower (fila-
ment supply) end; 14-mc. tap at 2 turns from
lower end.

L2 — Same as L1, but without taps. L) is wound di-
rectly over L2 on the form.

L3 — 28 turns of No. 18 bare wire, turn spacing Y%
inch center-to-center; coil diameter 2V,
inches; 7-mc. tap 12 turns from plate end.
14-mec. tap 23 turns from plate end.

L4s— 6 turns same as L3. Lsis a continuation of Lz, the
wire being cut at the appropriate turn.

M — 0-200 milliammeter.

FIG. 914— A BOTTOM VIEW OF THE RK-20 TRI-TET

By-pass condensers are mounted on the brass-rod
supporting structure.

The resistor near the panel is the grid leak. The grid
choke is fastened by its pigtail connections between
the grid prong on the tube socket and one end of the
leak.

cathode clip is set on the proper tap. The out-
put should be higher than when doubling from
a 7-mec. crystal.

Before the tuning operations are attempted,
the section on Tri-tet oscillators in Chapter
Eight should be read carefully.

This transmitter requires a power supply
delivering 7.5 volts at 2 amperes for the fila-
ment, 1000 volts at 80 ma. for the plate, 300
volts at 40 ma. for the screen, and 50 volts at
negligible current for the suppressor. A suitable
voltage divider to supply screen and sup-

—-—— 0 +H.V.

3 +
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FIG. 915 — SUGGESTED VOLTAGE DIVIDER FOR
SUPPLYING SCREEN AND SUPPRESSOR VOLT-
AGES FROM 1000-VOLT PLATE SUPPLY

R1 -~ 2500 ohms, 5-watt rating.
Rz — 12,500 ohmns, 25-watt or higher rating.
R3 — 12,500 ohms, 40-watt rating.

The resistors may be standard units of the values
specified, or individual adjustment may be made to
the voltages by using variable resistors of the type hav-
ing sliding taps.

pressor currents from the high-voltage source
is suggested in Fig. 915.

A Six-Band Exciter Unit
@® We have seen in Chapter Eight that the
purpose of the exciter unit is to provide a small
but uniform output on several bands for the
excitation of following amplifier stages. An
exciter unit which delivers power output of the
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following amplifier stage should be provided
with plugs 1o fit the output jack-strips on the
exciter. Plate current to each tube should be in
the vicinity of 30 ma. at the plate voltage
specified.

Tuning of oscillator and doublers is as
described in Chapter Eight.

FIG. 916 — A PANEL-MOUNTED EXCITER UNIT
USING TWO TYPE 53 TUBES
This unit, with appropriate crystals, will give suf-
ficient output in five bands to excite a following low-
or medium-power amplifier.

order of three to five watts is shown in Fig.
916. It uses two Type 53 tubes, each of which

has two separate triodes in one
bulb. The two tubes are there-
fore equivalent to four. Relay-
rack type construction is used.
The circuit diagram is given in
Fig. 917.

Referring to Fig. 916, the
tuned circuits run in regular
order from left to right, starting
with the crystal circuit at the
left. The tuning condensers are
insulated from the subpanel
and are connected to the tuning
dials by insulated couplings
and extension shafts. The 56-
me. coil is mounted on the tun-
ing condenser at the extreme
right. Each of the plug-in coils
is provided with an output link
winding which connects to
jacks on the small strips at the
rear of the chassis. In this cir-
cuit the number of stages in use
is determined by the frequency
at which output is desired and
by the frequency of the crystal,
as shown in the table at the top
of the next page.

If 56-mc. output is not
wanted (the efficiency in dou-
bling to this band islow and the
output is therefore quite small)
a fourth coil socket can be in-
stalled and the regular coils
plugged in at L7 and Lg. This
will make it possible to double
once more from any crystal
and thus increase the flexibility
of the exciter for five-band
operation.

The excitation taps on the
plate coils are used to give
maximum power transfer and
to avoid overloading of the pre-
vious stage. The link line to the
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A Band-Switching Exciter Unit

® Convenience in band-changing is very de-
sirable in the exciter unit, especially when the

THIRD DOUB. SECOND DOUB. FIRST DOUB. 0scC.
ouTPUT OuTPUT TPUT ouTPUT
84) 4) 2f) f)
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FIG. 917 — CIRCUIT DIAGRAM OF THE 53 EXCITER UNIT

C1 — Oscillator tuning condenser, 100 ppfd. (National Type SE-100).

Cz, C3, Cs— Tuning condensers for first, second and third doublers.
respectively; 20 pufd. each (National Type SEU-20).

Cs, Co C7— Interstage coupling condensers, .001 pfd. each.

Cg — Insulating condenser, .00l ufd.

Cy, C10, C11, C12— Plate by-pass condensers, .01 ufd. each.

Ri1 — Oscillator grid leak, 5000 ohms, 2-watt, non-inductive.

Rz — First doubler grid leak, 20,000 ohms, 2-watt, non-inductive.

R3 — Second doubler grid leak, 10,000 ohms, 2-watt, non-inductive.

Rs — Third doubler grid leak, 10,000 ohms, 2-watt, non-inductive.

RFC — R.f. chokes (National Type 100).

Jacks are of the single-closed-circuit type.

Coil specifications are given in the table below. All are wound on 1,-
inch diameter receiving-coil forms with the exception of the 56-mec. coil.
Link windings for output coupling (L2, L4, Le, Ls) are each two turns of
the same size wire as the main winding, and are wound between the
turns of the latter at the ground end. Pin and socket connections should
be the same for each coil and stage so that the coils will be interchange-
able to give proper combinations with different crystals. The 56-mnc. coil
is a self-supporting winding of No. 10 wire, diameter of coil 1’4 inches.

L75 3.5 7 14 28 56
Frequency me. me mce. mc. me. me.
Total Turns 60 35 20 10 4 3
Tap Turns * 20 12 6 3 14 —
Length e 14" ny g " %u 1
Wire Size No. 28 No.22 No.16 No.16 No.lt No.10

* Excitation tap turns are counted from grid end of coil.
** The turns are spaced to occupy the winding length given.
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L] L] L L] L} L] L] L] L L]
Output Crystal Coil At Output
Frequency Freguency ILn Ly Ls Ly From
1.75 1.75 1.75 — — — Ly
3.5 1.75 1.75 3.5 _— — L,
B 3.5 3.5 — — — L,
7 1.75 1.75 3.5 7 — Le
" 3.5 3.5 7 — — Ly
“ 7 7 — —_ — La
14 3.5 3.5 7 14 _— Lg
" 7 7 14 — — Ly
28 7 7 14 28 — Ls
56 7 7 14 28 56 Ly

transmitter is shifted frequently from one
band to another. A band-switching exciter for
four bands —3.5 to 28 mec. —is shown in
Figs. 918 and 919. Also of relay-rack construe-
tion, this exciter is similar in design to the 53
exciter just described with the addition of a
screen-grid pentode amplifier, thus raising the
output level to the order of 10 to 15 watts on
all bands. Fixed tuning is used in all stages as

ke. and 3575 ke. It will be necessary to retune
the oscillator rank condenser for a crystal in
the 3.9 me. 'phone band.

The four seetions of the two 53’s are per-
mitted to run constantly. Capacity feed is
used, with the tap coming directly off the
plates of the 53’s, through a four-point switch
the arm of which is hooked to the RK23 grid.

A feature of the exciter is the use of separate
tank circuits for each band for the RK23. The
tank condensers are mounted at the tops of
the shield cans, the tank coils being suspended
below. The coil turns indicated are quite
critical; and in the case of the 14- and 28-mec.
combinations, the tanks will not tune to
resonance until the load of the final stage is
added. For simplicity, the plate of the RK23
is shunt-fed, so that one side of the coil and
condenser may be grounded. One lead from the

high side of each coil is brought out

through a grommet in the side of the coil
shield and is fed through a four-point
switch to the RK23 plate.

Referring to the rear view, Fig. 919, at
the right are six crystal holders along the
edge of the chassis. The mounting is a strip
of Victron, using wafer socket clips for
contacting the holder prongs. Along the
rear of the chassis, from right to left, are

FIG. 918 — A BAND-SWITCHING EXCITER UNIT FOR

FOUR BANDS

The output of the unit is approximately 10 watts on all
bands covered. A feature of the circuitis pre-tuning of various
stages, so that tank condensers need not be readjusted when

shifting bands. This unit was built by W9DRD.

a further aid to con-

the 3.5-me. oscillator coil, the first 53, the
7-mc. coil, the 14-me. coil, the second 53,
and the 28-me. coil. The tuning condensers
are mounted on the bakelite strip which
forms the back edge of the chassis. In
the center is the RK23 buffer with its
four tank circuits.

venience.

The circuit of the
exciter is shown in Fig.
920. The first triode
section of the first 53
serves as the crystal
oscillator; provision is
made for using up to
six crystals, any of
which may be selected
by the six-point switch.
The second triode sec-
tion of the same 53 is
tuned to 7 mec. The
first section of the sec-
ond 53 is tuned to 14
me. and the second sec-
tion of the same tube
to 28 mec. These four
tanks once peaked will
require no retuning

with crystals whose
fundamental frequen-
cies fall between 3500

FIG. 919 — A REAR VIEW OF THE BAND-SWITCHING EXCITER

Showing oscillator and doubler coils as well as the shielded tank ciscuits for the
RK23. The knobs in the foreground tune the oscillator and doubler circuits.

.].67.
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Since both 53’s are always in circuit, band-
changing is simply a matter of selecting the
proper tap on the RK23 grid switch and the
corresponding tap on the plate switch. The
tank circuits ordinarily should be resonated at
about the centers of the various bands unless

The circuit diagram is given in Fig. 922.
The baseboard measures 11 by 14 inches. The
split-stator tank tuning condenser is centrally
located on the baseboard; to its left are the
plate blocking condenser, the plate r.f. choke,
the tube socket, and the neutralizing conden-
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FIG. 920 — CIRCUIT DIAGRAM OF THE BAND-SWITCHING EXCITER

Cy — 100-uufd. midget air condenser.

Ca, C3, C4 — 50-pupfd. midget.

Cg — 100-uufd. midget.

Co — 50-uufd. midget.

C1, Cg — 35-uufd. midget.

Co — C20 inc. — .001-uufd. mica condensers.

C21 — Cas, inc. — .01-ufd. mica condensers.

R1 — 5000 ohms, 2-watt.

Rz — 10,000 ohms, 2-watt.

R3 — 20,000 ohms, 2-watt.

R4, Rs, R¢ — 10,000 ohms, 2-watt.

L1 — 3.5-mc. oscillator coil; 35 turns No. 22, diameter
14 inches, winding length 14 inches.

L2 — 7-mc. doubler coil; 20 turns No. 16, diameter 1V,
inches, winding length 14 inches.

only one crystal is used, when they may be
tuned exactly to resonance.

Plate currents for the various 53 sections
should be in the vicinity of 25 to 35 ma. The
RK23 will draw approximately 50 ma. when
loaded. The RK23 output circuits may be
coupled to the following amplifier stage by
appropriate methods described in Chapter
Eight. Link coupling is especially suitable.

A Low-Power Neutralized Triode Amplifier
® An example of breadboard construction for
the neutralized amplifier is shown in Fig.
921. This unit can be used with any type
of triode having all element connections
brought out to a 4-prong receiving-type base,
such as the 10, 841, 802, 830, etc. It is arranged
for capacity coupling to the preceding stage,
and uses the split-stator circuit for neu-

tralization.
. 168 .

L3 — 14mc. doubler coil; 10 turns No. 16, diameter 1'4
inches, winding length 1Y inches.

Ly — 28 mc. doubler coil; 314 turns No. 14, diameter
1Y, inches, winding length 34 inch.

Ls — 3.5-mc. buffer coil; 30 turns No. 16, diameter 14
inches, winding length 114 inches.

Le — 7-mc. buffer coil; 16 turns No. 14, diameter 1'4
inches, winding length 1Y inches.

Ly — 14-mec. buffer coil; 9 turns No. 10, diameter 1%
inches, winding length 1Y inches.

Ls — 28-mc. buffer coil; 3Y4 turns No. 10, diameter 1YV,
inches, winding length 34 inch.

RFC — Secti l d hok high-frequency
type.

The tuning condensers, C1-Cs, inclusive, are Cardwell
Trim-Aires.

ger. Toward the rear are the grid r.f. choke and
the two input coupling condensers. The cou-
pling condenser in the input lead to the fila-
ment center tap, Cy, is an insulating condenser
in case the filament of the tube is not at the
same d.c. potential as the filament of the driver
tube. It may not be needed.

Filament and plate power and bias leads are
brought in through a terminal strip at the rear
left edge of the board. Connections from these
terminals run under the baseboards to appro-
priate parts of the circuit. By-pass condensers
for the filament are mounted vertically on a
piece of brass strip located close to the fila-
ment terminals on the tube socket. The r.f.
input and output terminals are Isolantite
stand-off insulators at the rear center and rear
right, respectively. All circuit components
carrying r.f. potentials are mounted on small
porcelain stand-offs. The placement of parts is
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such that the wiring is as short
and direct as possible.

The final amplifier tank coils
are a factory-made product.
They are wound on grooved
forms provided with a slot into
which special clips can be in-
serted, thus making it possible
to tap any turn without the
neoessity for goldered tabs. The
coils are fitted out with plugs
which are inserted in jack-top
stand-off insulators. The turns
specifications are given under
Fig. 922. The inductances are
such that rcsonance will be
reached in each band with a tun-
ing capacity of about 70 uufd.

The grid choke RFC,, should
be designed to be most efficient
at 14 me., the frequency at which
the excitation is lowest in the
normal course of events. A home-
wound choke is used to avoid

the possibility of parasitic oscil-
lations of the low-frequency
t.p.t.g. type (see Chapter Eight)

FIG. 922 — THE SINGLE-TUBE AMPLIFIER
CIRCUIT PIAGRAM

Cy — 70-pufd. mica grid coupling condenser.

C2 — 500-pufd. mica blocking condenser.

C3, C4— .005-ufd. mica filament bypass condensers.

Cs — 500-pufd. mica plate blocking condenser,
2500-volt rating. .

Cs — Split-stator variable tank condenser, 350-uufd.
each section (National).

RFC) — Grid choke; 3-inch winding of No. 34 s.s.c.
on half-inch bakelite form.

RFCz— Plate r.f. choke (Hammarlund).

L1 — Plate tank coil 1.75 mc.: 45 turns No. 14 wire on
3-inch diameter form, winding length 4%
inches.

3.5 me.: 30 turns No. 14 wire on 2V;-inch diam-
eter form, winding length 334 inches.

7 me.: 15 turns No. 14 wire on 2%-inch diameter
form, winding length 33 inches.

14 mc.: 10 turns No. 14 wire on 2-inch diameter
form, winding length 4 inches.

FIG. 921 — A NEUTRALIZED AMPLIFIER FOR USE WITH A

10, 801 OR 830 TUBE

likely to be set up when chokes of approxi-
mately the same inductance are used in both
grid and plate circuits.

The amplifier is neutralized and tuned as
described in Chapter Eight. Output connec-
tions are by clips from the plate tank coil.
This unit can be used to excite a following
high-power amplifier or to work into an an-
tenna. The clips make possible the use of either
the filter network described in Chapter Eight
or the antenna tuning unit shown in connection
with the push-pull transmitter described later
in this chapter.

Plate currents and voltages should be the
rated values for the type of tube used. With a
Type 10 or 801 tube the output should be in
the vicinity of 25 or 30 watts; with an 830, 50
to 60 watts, assuming proper excitation.

A Push-Pull Band-Switching Amplifier for
50T°s or 800°s
@ A typical example of breadboard layout for
the push-pull amplifier is shown in Figs. 923
and 924. This amplifier unit, arranged so that
three bands can be covered without changing
coils, is adaptable to either a pair of 50T’s or
800’s. With 1000 or 1250 volts on the plates,
the power output obtainable will be between
130 and 150 watts with normal excitation. An
output of better than 200 watts can be secured
from the 50T’s if the plate voltage is increased
to 2000 or more and suitable circuit compo-
nents are substituted to take care of the higher

voltage.
. 169 .
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FIG. 924 — TOP VIEW OF
PUSH-PULL AMPLIFIER
SHOWING ARRANGE-
MENT FOR SYMMETRY
AND SHORT LEADS

This arrangement may
be used with type 50-T,
RK 18, 800 or similar tubes.

The complete circuit of the amplifier
is shown in Fig. 925. Provision is made

for link coupling to the grids and similar —,
output coupling to an antenna tuning S =
unit. Any of three bands, 3.5, 7 and 14 fxatation| &
me., can be selected by proper placement S
of the shorting clips on the grid and plate =
coils; shorting is from the center out- —

FIG. 925 — CIRCUIT OF THE PUSH-PULL AMPLI-
FIER

C1— Cardwell Midway — MT70GD — total capacity
35 ppfds., air gap .070.

C2 — National — TMC-100D — total
ppfds., air gap .077.

C3 — Sangamo .01 ufds., 2500 volt.

Cy — Sangamo .01 pfds. receiving type.

Cs — National — NC-800 — low capacity neutralizing
condenser.

R — Ohmite — 5000 ohms, 25 watts.

L1 — 48 turns No. 12 bare wire 3 inches diameter,
turns spaced diameter of wire; tapped at 4%
turns from each end for 14 mc., and 10V turns
from each end for 7 mc.

Lz — 35 turns No. 12 bare wire 3inches diameter, turns
spaced diameter of wire; tapped at 3% turns
from each end for 14 mc., and 13'%% turns from
each end for 7 mc.

RFC; — National type R-100.

RFCa — Ohmite r.f. choke (large size).

. 170 .

capacity 50

FIG. 923 — A PUSH-PULL
AMPLIFIER FOR 50T’S
OR 800’S

Band changing is ac-
complished by short-cir-
cuiting turns in both grid
and plate tank coils.

Hov.

ward, the taps being kept symmetrical about
the center of the coil.

Referring to the photographs, the grid tank
circuit is to the left and the plate tank to the
right, with the neutralizing condensers and
filament bypasses between the two tubes. The
grid and plate tuning condensers are mounted
above the baseboard on brass strips, the length
of the strips being adjusted so that the shafts
are on the same level. The plate choke, a
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solenoid winding on a ceramic core, is on the
baseboard underneath the plate tank con-
denser. The grid leak resistor, R, is held above
the board by two midget porcelain standoffs,
located between the grid coil and its tuning
condenser. Power supply connections are
brought out to a terminal strip at the rear of
the board. The tuning dials, National Type B,
are mounted on vertical pieces of aluminum,
held to the baseboard by small aluminum an-
gles. Both dials are insulated from the con-
denser shafts by isolantite couplings.

For operation at more than 1250 volts on
the plates, it is recommended that a tank con-
denser, Cq, having greater plate spacing than
that shown be used, although the total capacity
should be the same. The blocking condenser,
Cj3, also should have an appropriately high
voltage rating. The grid circuit need not be
changed for high-voltage operation. Since both
800’s and 50T’s take rather heavy filament
current, it is essential that the sockets used
have large pin contacts with low resistance.

Adjustment and neutralization should be
carried out as described in Chapter Eight for
the type of circuit used. The positions of the
input and output taps for maximum excitation
and maximum output are likely to be found
quite critical. If the center-tap of the amplifier
is keyed, the bias may be supplied wholly by
the grid leak, but it is preferable to have some
fixed bias as well. This can be done satisfac-
torily by connecting a
“B” eliminator-having
an output of 180 to
250 volts across the
leak terminals. If 50T’s
are operated at high
plate voltage, extreme
caution should be used
in making adjustments,
since it is possible to
run the plate dissipa-
tion to dangerous val-
ues with a slight mis-
adjustment.

The driver should
have un output of 10
or 15 watts for opera~
tion at 1000 or 1250
volts. Grid current un-
der operating condi- .,
tions should be be-
tween 30 and 50 ma.
This amplifier can be
excited without diffi-
culty by the general-
purpose transmitter
described later in this
chapter, using a pair of
10’s at about 500 volts.

unit of Fig. 918.

It could also be excited by an amplifier of the
type shown in Fig. 921, using an 801 properly
driven. For high-voltage operation, more driv-
ing power will be required.

An 803 Pentode Amplifier with Band-
Switching

® A screen-grid pentode amplifier using a
Type 803 tube having an output of approxi-
mately 200 watts and requiring driving power
of the order of only a few watts, is shown in
Figs. 926 and 928. It is built on a metal chassis
measuring 17 by 10 by 3 inches, and is ar-
ranged for mounting on a relay-rack panel. The
metal construction is preferable to wooden
breadboard for a screen-grid amplifier, since
shielding is advisable to prevent feedback in
the circuit external to the tube itself.

The layout is indicated in the rear view
photograph, Fig. 926. The tube is at the left,
mounted through a hole in the chassis on a
socket suspended from brackets about an inch
below the chassis. The lower part of the tube is
enclosed in a shield can (National Type B30)
with a hole cut in the top so the tube can pro-
ject through. The spacing between tube socket
and chassis should be adjusted so that the top
of the shield surrounds the cylindrical shield
plate in the tube just below the elements.

The plate tank condenser, C, is mounted on
ceramic standoffs to insulate it from the chassis,
since series feed is used. An insulated coupling

FIG. 926 — AN 803 BAND-SWITCHING AMPLIFIER FOR 3.5, 7 AND 14 MC.

This unit will give an output of approximately 200 watts with grid excitation of
but a few watts. It can be used as an amplifier following the band-switching exciter
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also is used between the condenser shaft and
the tuning dial to avoid danger to the operator.
The plate choke, RF(Cq, is behind the tube, (to
the front in the photograph); beside it is the
plate bypass condenser, C3.
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FIG, 927 ~— CIRCUIT DIAGRAM OF THE 803 AM-
PLIFIER

Ct = 150-pufd. variable condenser, high-voltage type
(National Type TMA-1504).

C2~ Grid coupling condenser, 100-uufd. mica.

Cg— .002-ufd. 5000-volt mica condenser.

C4, Cs — .002-pfd. mica condensers.

Cs, C7—.002 to .005 ufd., mica condensers.

Cg — .002-pfd. 5000-volt mica condenser.

RFCi— R ing typ iversal d
tional Type R100).

RFCz~ Transmitting-type universal-wound choke
(National Type R154).

S1, S2— Ohmite band switch, type T-503.

Li — 8 turns Y4-inch copper tubing, diameter 2inches,
length 4 inches.

L2— 28 turns Mi-inch copper tubing, diameter 254
inches, length 7 inches. Tapped at 20th turn
from ground end for 7 mec.

MA4 — 0-300 d.c. milliammeter.

holk

(Na-

The two sections of the amplifier tank coil,
L, and Ly, are at the right in the photograph.
The two coils are in series for 3.5-mec. opera-
tion; part of L. is shorted out for 7 me., and
L, is used alone for 14 mec. The coils are ar-
ranged so that coupling between them is
minimized. The band switch shorts out turns
from the ground end. Output coupling is pro-
vided for by a second switch, ganged with the
shorting switch with an Isolantite coupling
between, and clips with flexible leads for ad-
justment. The taps may be adjusted to fit the
load into which the amplifier is working. Fig.
928 shows the details of the inductances,
switches and wiring. The switches are mounted
on standoff insulators because they work in
the high-voltage circuit. An Isolantite shaft
coupling insulates the switch assembly from
the controlling knob on the front of the panel.

Filament, screen and suppressor bypass con-
densers are mounted underneath the chassis,
as are also the grid coupling condenser, C2, and
grid choke, RF(C). These condensers should be
mounted close to the tube socket. It is also
advisable that all be grounded at the same
point on the chassis. Power supply terminals,
with the exception of the high-voltage ter-
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minal, are brought out to a bakelite strip with
binding posts at the rear. The high-voltage
terminal is a porcelain feed-through insulator.

The 803 amplifier can be driven by any
exciter unit having an output of the order of

3 to 5 watts. The band-switching exciter of

Fig. 918 is a fitting unit for driving this am-

plifier. Tuning is simply a matter of setting

the switches on the band desired and adjust-
ing Cy to resonance, indicated by the usual
dip in plate current. With proper excitation

the plate current should drop to about 30

ma. with no load at resonance. Under load

conditions the rated plate current, 160 mil-

liamperes, can be drawn. Grid current should

be about 15 ma. with the amplifier loaded,

assuming 500 volts on the screen and 40 on
the suppressor. Grid bias should be 30 to 40
volts negative.

The settings of the output taps must be ad-
justed according to the load. The amplifier can
be worked into a non-resonant transmission
line (see Chapter Sixteen) or into a link-
coupled antenna tuner.

A High-Power Amplifier

@® High power demands larger tubes, larger
apparatus, and a consequent modification of
the construction. An amplifier unit using a
204-A tube is illustrated in TFig. 929.- It is
capable of outputs of the order of 350 to 500
watts, depending upon the frequency. Because
of the high input and output capacities of the
204-A, care must be used in circuit design at
high frequencies. The circuit of this amplifier,

W)
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FIG. 928 — A CLOSE-UP OF TIIE COIL AND SWITCH
ASSEMBLY

The shorting leads are made from copper tubing.
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FIG. 929 — THREE VIEWS OF THE HIGII-POWER AMPLIFIER

LEFT — Visible in this photograph are the plate blocking condenser, to the right of the plate terminal of
the tube, the fixed neutralizing condenser to the left and the terminal connections. CENTER — Panel switching
of plate and grid circuits plus fixed neutralization make rapid frequency shifts easy with thisrig. RIGHT — The
frame consists of three main decks holding the equipment. The tuned grid circuit equipment is supported by
the lower deck, with plate circuit on the central deck. The feeder tuning condensers and coils are mounted

at the top.

shown in Fig. 930, has been quite successful.
Link coupling is used for feeding excitation to
the amplifier. An antenna tuning unit, in-
corporated in the amplifier, also is link-
coupled to the plate tank.

Features of the circuit are the use of tapped
coils for band-switching — the amplifier covers
3.5, 7 and 14 me. — and a special neutralizing
arrangement using a fixed neutralizing con-
denser.

The frame is constructed of 1- by 2-inch
stock while the panel is a single piece of
quarter-inch plywood. The four vertical corner
posts are 45}4 inches long, the cross-members
running from front to rear 1534 inches long and
those running from left to right 1334 inches
long. The panel is 1534 inches by 4514 inches.

The lower deck contains the grid circuit coil
and condenser with the grid end of the 204-A.
The central deck serves as a mounting for the
plate circuit condensers, the fixed neutralizing
condenser, r.f. choke, plate blocking condenser,
and the plate end of the tube. The third and
top deck supports the plate circuit tank coil
and the antenna tuning equipment. Horizontal
cross-members below the lower deck hold the

grid coil switch and grid circuit link coil. The
plate coil switch is mounted on a vertical strip
running between the central and upper decks.
This construction results in an extremely rigid
frame. All units are insulated from the frame
and controls by means of stand-off insulators
or insulating flexible shaft couplings. Filament
by-pass condensers are mounted directly upon
the lower tube mounting by means of small
pieces of brass strip one-half inch wide.

The grid circuit and antenna circuit coils are
constructed by threading the No. 12 wire
through drilled bakelite strips, as described
earlier in this chapter. Holes are spaced 5/32-
inch between centers.

The plate tank coil is made in a similar
manner except that the conductor is 3/16-inch
copper tubing. The holes for the tubing are
made with a quarter-inch drill and the hole
centers spaced 5/16-inch. The link coupling
coil for the grid circuit and the one for the
plate circuit are constructed similarly to the
other wire-wound coils, using short pieces of
fibre strips for separators. The grid circuit link
coil is mounted upon a pair of stand-off insu-
lators close to the ends of the coil.
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In winding the plate circuit link coil, several
turns more than the number required should be
added. After the strips have been threaded to
the center of the coil, the extra turns at each
end should be straightened out and bent

around as shown in the photographs. By using -

two large binding posts with holes for the wire
a simple variable coupling arrangement- is
provided. To vary the coupling, the two post
tops are loosened and the end wires of the coil
slid through the holes in the posts.

The fixed air dielectric condenser C3 is con-
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FIG. 930 — CIRCUIT DIAGRAM OF THE 204-A

AMPLIFIER

C1 — 150-ppfd. maximum. Hammarlund TC-150-B,
0.08-inch spacing.

C2 — 200-ppfd. maximum. Hammarlund TCD-100-4
with sections connected in parallel —0.192-
inch spacing.

C3— Fixed air condenser, capacity approximately 25
uufd. (See text.)

Cq— 100-pufd. maximum. National type TMC-100 —
0.077-inch spacing.

Cs — Plate blocking condenser. .0015-ufd. 5000-rolt
Dubilier Type 86.

Cs — Fixed neutralizing condenser. 20-uufd. 3000-volt
Dubilier type P1-370-54.

C7 — .001-pfd. fixed by-pass condenser — Sangamo
mica, receiving type.

Cs — 230-pufd. maximum. National TM-230 — 0.077-
inch spacing.

L1 — 24 turns No. 12 wire, 2V, inches diameter, turns
spaced 5/32 inch center to center, tapped at 3V}
and 10Y,; turns from filament end. (See text.)

L2— 20 turns 3/16 inch diameter copper tubing, 254
inch inside diameter, turns spaced 5/16 inch
center to center, tapped at 3V and 114 turns
from neutralizing end. (See text.)

I.3— 3 turns No. 12 wire 3 inches diameter, turns

" spaced 5/32 inch center to center. (See text.)

L4 — 4V} turns No. 12 wire, 173 inches diameter, turns
spaced 5/32 inch center to center. (See text.)

Ls — 12 turns No. 12 wire, 21 inches diameter, turns
spaced 5/32 inch center to center. (See text.)

Lg — 24 turns No. 12 wire, 21/ inches diameter, turns
spaced 5/32 inch center to center. (See text.)

M\ — Grid circuit milliammeter — 0-200 scale.

Ms — Plate circuit milliammeter — 0-500 scale.

S — Inductance tap switch — Ohmite transmitting.
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structed from pieces of aluminum sheet with
four National Type GS-1 stand-off insulators
as the mounting posts. Each plate is 2 inches
by 274 inches. Holes are drilled in two edges of
_each plate 3/16-inch from the edge with a No.
28 drill to pass a long 6-32 screw. Brass spacers
5/16-inch long and }4-inch outside diameter
geparate each set of plates, giving plate sepa-
ration of approximately 5/32 inch. Similar
spacers Y4-inch long are used between the top
of the insulator and the first one of set of plates.
. A total of five plates is used for this condenser.
The four insulators carrying the plates
are mounted on a bakelite base 3
inches square. A similar condenser
might be constructed for the neutraliz-
ing condenser Cs. One with 5 or 6
plates 3 inches by 314 inches spaced
14-inch should be satisfactory.

The leads between the grid and
plate coils and their short-circuiting
switches should be made as short as
possible. This is also true of the re-
mainder of the r.f. wiring, but with
high-power tubes of this type and the
necessarily larger dimensions of the
circuit equipment,longer than normal
leads cannot be avoided. Long leads
with high tube capacities are likely to
lead to parasitic oscillations in the
5-meter region. Should such a para-
sitic be observed, it can be eliminated
by connecting a trap circuit, tuned to the fre-
quency of the parasite, in series with the grid
of the tube as described in Chapter Eight in
the section on parasitic oscillations.

The amplifier can be excited to full output
by any of the transmitters described in this
chapter having an output of about 50 watts on
the desired frequency. Tuning and other ad-
justments are carried out as described in
Chapter Eight, with the exception of the neu-
tralizing. Because of the circuit employed, neu-
tralizing is accomplished by adjusting Cyin the
same way as though it, instead of Ce, were the
neutralizing condenser. The purpose of this
arrangement is to ensure having a neutralizing
capacity approximately equal to the tube
capacity, thus making it necessary to have a
capacity at C4 which will be equal to C3 plus
the output capacity of the 204-A. This ar-
rangement avoids capacity unbalance in the
circuit as a whole because it compensates for
the capacity of the tube, neglected when a
regular split-stator condenser is used. Adjust-
ment of C4 affects the tuning of the plate tank
circuit, so Cz must be readjusted each time the
setting of C4 is changed during the neutralizing
process.

Fixed bias of the order of 90 volts has been
found to be preferable to grid-leak bias.
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A Two-Stage Transmitter

@ A complete transmitter of moderate output,
simple in construction, can be built by using
tubes which give full output with low grid
driving power such as the screen-grid pen-
todes. The transmitter shown in Fig. 931 is an
example. The metal-chassis type of construc-
tion is illustrated.

The transmitter consists of but two tubes —
a 59 pentode-Tri-tet oscillator, and an RK-20
amplifier. With 3.5- and 7-me. crystals, it can
work in any of three bands, and can be used
for either c.w. or 'phone, giving up to 100
watts output on the former and approximately
20 watts carrier (suppressor-grid modulation)
on the latter. The small number of tubes and
stages reduces operating complications to a
minimum; thus band-changing becomes rela-
tively simple. Provision for using the oscillator
electron-coupled for output on 7 and 14 me.
also is built into the set, so that frequency
changes within a band can be made quickly
and easily.

A cadmium-plated steel chassis is the foun-
dation; its dimensions are 23 by 10 by 3 inches,
allowing ample room and a reasonable space
between oscillator and amplifier so that inter-
stage shielding is unnecessary.

All sockets are Isolantite wafer type. Three
4-prong sockets are required, for the e.c.
cathode coil, Tri-tet cathode coil

through. The amplifier coil forms are pro-
vided with small G.R. plugs and the large
stand-off insulators supporting the tank coil
are fitted with G.R. jacks to facilitate coil
changing.

The RK-20 is mounted vertically through
the chassis. A hole large enough to give 14 inch
clearance for the tube is cut in the chassis; the
5-prong socket is mounted on the bottom of a
small aluminum box, open at the top and
fastened to the chassis underneath the hole
for the tube. The height of the box is just
sufficient to bring the tube’s internal shield
(the cylindrical plate near the bottom of the
envelope) flush with the top of the chassis.
This provides a simple buffer shield between
the input and output elements of the RK-
20.

On 3.5 me. and 7 me. the oscillator is op-
erated as a straight pentode, the cathode coil
being shorted. This is done by bending over a
corner of one rotary plate of C; so it touches
the stator when set at full capacity. Two crys-
tals (3.5 and 7 mec.) are needed for operation on
three bands, 3.5, 7 and 14 me. On 14 me. the
oscillator is operated Tri-tet, doubling in the
plate circuit of the 59. Two coils are used in the
amplifier; one exclusively on 14 mec. the other
for 3.5 and 7 me. A small copper clip, with its
jaws slightly extended, shorts out 4 turns of
the 3.5 me. tank coil very handily and permits

and plate coil, respectively. One
7-prong socket, for the 59, and
one 5-prong, for the crystal
mounting, also are needed. The
amplifier uses another 5-prong
socket, making six in all. The
oscillator coils are wound on
Hammarlund Isolantite coil
forms, the amplifier coils on
General Radio forms.

The variable condensers are
mounted on a combination of
tinymite stand-offs and feed-
throughs of the same height. In
the case of the oscillator tuning
condensers, the forward ends
are supported by stand-offs, the
rear by the small feed-throughs.
The rotor connections are made

to these feed-throughs. Because
none of the condensers are
worked at ground potential,
feed-through insulators are
mounted adjacent to the rear
condenser feed-through supports to ‘carry the
stator connections through the chassis. The
amplifier tank condenser is supported on three
legs by stand-offs and the fourth leg by a feed-

WIAF,

FIG. 931 — A TIHIREE-BAND TWO-STAGE PENTODE TRANSMITTER

A 59, pentode or Tri-tet, drives an RK-20 amplifier, using 3.5- and
7-mec. crystals. No buffer stages are needed. This outfit was built by

very low C operation of the tank at 7 me. With-
out the clip, approximately 85 uufd. tunes the
combination to 3.5 mec. It is but a matter of
seconds to shift bands with this line-up.
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Any of the speech-amplifier modulator com-
binations described in Chapter Twelve capable

59

RK 20

Y ad

=

of delivering audio power of the order of a

watt or so will fully modulate the RK-20's

output for ’phone operation.

Adjustment for complete modu-

lation is described in Chapter
L Eleven.

— Typical operating conditions

= E: are 400 volts plate and 110 volts

f— screen on the 59; 1000 to 1250

volts plate and 350 volts screen

on the RK-20; grid bias to the

|
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FIG. 932 — CIRCUIT DIAGRAM OF THE TWO-
STAGE PENTODE TRANSMITTER

C1 — 250-pufd. cathode ing di (National
TMS-250).

C3 — 100-pufd. oscillatar plate condenser (National
TMS-100).

C3 — 150-uufd. amplifier plate condenser (National
TMC-150).

C4— 002-ufd. mica condenser, receiving type (San-
samo).

Cs — .004-ufd. mica condenser, receiving type (San-
gamo).

Cs — 100-pufd. mica condenser, receiving type (San-
gamo).

C7 — .002-4fd. mica condenser, 5000-volt (Sangamo).
R1 — 50,000 ohms, 2-watt rating (I. R. C.).

Rz — 15,000 ohms, 2-watt rating (I. R. C.).

RFC— S.w. chokes (National Type 100).

See separate table for coil data.

Ant tuning equip t will d d upon the
type of antenna system used. With series tuning of
Zepp feeders, tuning condensers of 250-uufd. each
will be satisfactary.

P

COIL TABLE
Length of

Coil Turns Winding Tap Wire Size

A 35 1, 4 No. 22 d.c.c.
B 15 1173 2 No. 18 bare
C 7 (A g

D 6 8% g

E 21 . No. 12 bare
F 17 (1] (1]

G 6 (1]

OPERATION WITH CRYSTAL CONTROL
Output L L2 Lg Crystal

3.5 me. C)shorted CoilA Coil E 3.5 mc.

7 me. C) shorted CoilB Coil F 7 mc.
14 mc. Coil C CoilD Coil G 7 mc.
ELECTRON COUPLED

Output L L3 Ls
7 mc. Coil A Coil B Coil F
14 mc. Coil B Coil D Coil G

Electron-coupled control not used on 3.5 mc.

Coils A, B, C and D wound on Hammarlund
Isolantite forms.

* Coils for amplifier plate wound on G.R.
Forms, 2Y4-inch diameter, 7 grooves per inch.

** Coil E actually is used, a tap being taken
off at 17 turns.

+90 #1300
or=90

RK-20, 45 negative by battery
to limit plate current without
excitation plus a grid leak of
15,000 ohms; optimum grid cur-
rent 5 to 6 mils. Plate current to the 59 oscilla-
tor is of the order of 20 to 25 ma.; to the RK-20
amplifier 100 ma. on ¢.w. Tuning adjustments
are made as described in Chapter Eight.

A General-Purpose 50-Watt Transmitter

@ A transmitter for operation in five bands, in
which several types of tubes may be used
according to the wishes of the operator, is
shown in Figs. 934-940, inclusive. Breadboard
and panel mounting are combined in its
construction.

This transmitter is a three-stage outfit hav-
ing a pentode crystal oscillator, a second stage
which operates either as a self-neutralized
straight amplifier or as a back-to-back dou-
bler, and a permanently-neutralized push-pull

Cs
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FIG. 933 —ALTERNATIVE OSCILLATOR GRID
CIRCUIT CONNECTIONS FOR SELF-CON-
TROLLED OPERATION

Shifting the cathode coil to an appropriate socket
and plugging in either a crystal or grid condenser
gives a choice of either crystal or electron-coupled
operation. The grid condenser, Cs, is a 250-uufd.
r iving-type mica condenser.
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final amplifier stage using 801’s, 10’s or 830’s.
A separate antenna-tuning unit transmission-
line coupled to the transmitter, also is provided.

The circuit diagram of the transmitter is
given in TFig. 936. The oscillator uses the
regular pentode circuit with

cross-neutralized, and because of the grounded-
condenser plate circuit will be neutralized for
all frequencies once the neutralizing adjust-
ments have been correctly made on the first
frequency tried. A pair of clips tapping on the

a Type 2A5 tube. Its plate
tuned circuit, L;Cy, is coupled
inductively to the tuned and
balanced grid circuit of the
gsecond stage, LoC'j1. In this
stage a pair of 2A5 tubes is
arranged with the grids in
push-pull and the plates in
parallel. A switch Sw, is cut
in one heater leg of one of the
tubes; when it is open this

tube does not operate but
simply serves as a neutraliz-
ing capacity for the other for
operation on the same fre-
quency as the oscillator. For doubling, Sw, is
closed, whereupon the two tubes work together
to produce second-harmonic output. The out-
put circuit is tuned by CaLj, the inductance
L; being coupled to Ly, the final amplifier grid
coil.

The grid coil of the final stage is, in all cases
except one, tuncd only by the tube and circuit
capacities and its own distributed capacity.
The single exception is the 1750-ke. coil, where
the physical dimensions of such a coil would
be so large as to make the untuned coil im-
practicable with ordinary coil forms. Therefore
for this band only an auxiliary condenser, Cis,
is used to tune the grid circuit.

The plate circuit of the final stage uses a
split-stator condenser with grounded rotor.
The plate coil is tapped at the center and fed
d.c. through an r.f. choke. The amplifier is

FIG. 934 — A GENERAL VIEW OF THE 50-WATT TRANSMITTER AND

THE ANTENNA TUNING UNIT

amplifier tank coil provide for transferring the
r.f. output to the antenna tuner.

Grid-leak bias is used on all three stages.
A combination of battery and leak bias might
be used on the last stage, the battery being for
protective purposes. The 2A5’s in the second
stage need no protection of this type, since
their plate current drops to a very low value if
excitation fails. These tubes are not used as
pentodes but as Class-B triodes, the control
grid and screen in each tube being tied to-
gether.

Plate power for the oscillator is secured from
the second-stage supply through a dropping
resistor, Bs. A second dropping resistor, Ry,
reduces the voltage to the right value for the
oscillator screen. Jacks are provided in all
three circuits for measuring plate currents.

The fixed apparatus on top of the baseboard
consists almost exclusively of sockets of

FIG. 935 — THIS PLAN VIEW OF THE TRANSMITTER
SHOWS THE LAYOUT ABOVE THE BASEBOARD

Coils for all stages are plug-in to facilitate frequency
changing and the use of crystals ground for different bands.
The final stage neutralizing condensers are screwdriver-
through the holes in the baseboard just to the
left of the 801’s. The coils shown are for straight-through

adjusted,

operation from a 14-mc. crystal.

various descriptionsinto which tubes, coils
and crystals can be inserted. The excep-
tions are the plate milliammeter, which is
mounted on a small bakelite panel, and
the output terminal standoffs. The pro-
gression is from left to right; the oscillator
tube is at the extreme left front, with the
crystal socket directly behind it. Next is

. the plug-in coil for the oscillator plate,
then the two tubes in the second stage,
followed by the plate coil for that stage,
then the amplifier tubes, the standoff-
sockets for the amplifier tank coils, and
finally the output posts.

The panel controls, from left to right,
are the oscillator tuning condenser, on-
off switch, Sw; second-stage tuning con-
denser, plate current jacks, and finally the
amplifier tuning condenser.

In the bottom view of the transmitter
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ment center-tap resistor, Rs, is

mounted on the baseboard be-
hind Co.

T The resistor mounted on the

[T K.

-8 2.5V.

FIG. 936 — CIRCUIT DIAGRAM OF THE TRANS-
MITTER

C1 — 100-pufd. variable (Cardwell Type 404-B).

Cz — 100-pufd. variable (Cardwell Type 412-B).

C3— 100-pufd. (net) split-stator transmitting con-
denser (Cardwell Type 157-B).

Cy. Cg— 25-pufd. variables, transmitting type (Na-
tional SEU-25).

Ce, C7, Cs, Co, C10— .002-ufd. paper by-pass con-
densers, 1500-volt transmitting type (Sprague
Type SW-22).

*Cn — Air-padding condensers; for 1.75-mc. coil, 100
pufd. (Hammarlund APC-100); for 3.5, 7, and
14 mc., 50 upfd. each (Hammarlund APC-50).

*C2 — 100-pufd. air padding condenser (Hammarlund
APC-100), used only on 1.75-mc. coil.

Ry — 5000 ohms, 2-watt (I.R.C.).

Rz — 1250 ohms, 5-watt (I.R.C.).

Rs — 10,000 ohms, 5-watt (Ward- Leonard 507-206).

Ry — 50,000 ohms, 2-watt (I.R.C.).

Rs — 5000 ohms, 15-watt (Ward-Leonard 507-341).

Re — 20 ohms, center-tapped.

RFCi1, RFC2 — High-frequency chokes (National Type
100)

Ji, J2, Js— Single circuit-closing jacks.

Sw) — S.p.s.t. toggle switch.

MA — 0-300 d.c. milliammeter.

Winding data on coils is given in the Table.

* Mounted in coil forms.

the order is reversed. The oscillator tuning con-
denser, C), is at the right, mounted on the
panel. Just above it in the photograph are the
r.f. choke RFC, and the resistor, R), in the
oscillator grid circuit. A little to the left of
these components are the screen by-passlcon-
denser, Cs, and dropping re-
sistor, R;; beside them to

Above the jacks on the base-
board are the plate by-pass con-
denser Cyand the amplifier grid
resistor, R3.

‘"The two neutralizing condens-
ers, C4 and Cjs, are mounted on
a 1- by 4-inch bakelite strip
elevated about a half-inch from
the baseboard. The condenser shafts, which
are slotted by a hacksaw, project through
half-inch holes in the baseboard so they can
be adjusted with a screw-driver from the
top. The filament by-pass condensers, Cio,
for the final stage are fastened to the base-
board underneath the neutralizing condens-
ers, as is also the amplifier plate choke,
RFC,.

The split-stator tuning condenser for the
final stage is at the extreme left. All power leads
are brought to the terminal strip at the upper
right. Bus bar is used for the r.f. wiring, while
the filament circuits are wired with heavy
flexible rubber-covered wire.

The overall dimensions of the transmitter
(with tubes in place) are 1814 by 11 by 8 inches.
The control panel measures 18 by 4 inches and
the baseboard 1814 by 614 inches.

Complete winding data for the coils are
given in the Table.

The oscillator plate and buffer grid wind-
ings, L; and Lg, are on the same form. A buffer
grid tuning condenser, C1), is mounted inside
each coil form. These condensers are adjusted
by means of a screwdriver when the set is in
operation. One setting will suffice for work in
any one band. The grid circuit LCy; is tuned
to a frequency considerably higher than that
of the crystal; it cannot be tuned to resonance

two nearer jacks is the oscilla-
%RFC:
—

tor plate dropping resistor, Rs.
Js

+600

the left is the oscillator plate
by-passcondenser, C7. All by-
pass condensersin the set are
of the tubular paper type
made for transmitting use.
The second variable con-
denser in line is the second-
stage tuning condenser, Cz,
also mounted on the panel.
Between this and the oscil-
lator condenser is the toggle
switch, Swi. The condenser
and resistor just above Cz are
the grid resistor Re and by-
pass condenser Cg. The fila-
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with the circuit LiCi because of the tight
coupling between L; and L.

The buffer plate coils and amplifier grid coils
are wound on the same type of form. In this
case the grid coils are untuned, being wound

and Cyq4, are at opposite ends of the panel with
the tuning coil, Lg, mounted between them on
National Type GS-1 insulators. A pair of sim-
ilar insulators at the lower edge of the panel
serves as input terminals and as supports for

I

S

FIG. 938 — A COMPLETE SET OF COILS FOR OPERATION IN FIVE BANDS WITII CRYSTALS GROUND
FOR FOUR BANDS
For workmg in two bands with a single crystal, only five coils will be needed, one for the oscillator, two for the
buffer-doubler and two for the final amplifier. Other combinations readily can be worked out.
The coils are grouped according to frequency. The air padders can be glimpsed in the ends of the oscillator

coils, lying on their sides.

to be self resonant, except for the 1.75-me. coil.
This grid coil is tuned by a 100-pufd. air-
dielectric midget. All other coils are wound to
be resonant at a frequency slightly below the
particular band for which they are designed.
In winding the grid coils, care should be taken
to have the same number of turns each side of
the center tap, otherwise the circuits may not
neutralize properly.

Specifications for the amplifier plate coils
also are given in the Table. The coils for the
1.75- and 3.5-mc. bands are wound with
enamelled wire on celluloid strips as described
earlier in this chapter. The ends of the coils are
looped around G.R. plugs for the two outer
connections. The center tap is made by cutting
off most of the threaded shaft of a similar plug
and soldering it directly to the center turn.

The 7-me. plate coil is made of }4-inch cop-
per tubing. Lugs madé from 3/16-inch tubing
slip over the ends of the winding and are
flattened and drilled so the plugs can be bolted
in place. The center plug is fastened to a small
strip of copper which is formed around the
center turn and soldered in place. These ex-
pedients are necessary because the tubing is too
thin to permit drilling to pass the plug shanks.

The 14- and 28-mec. coils are wound with
3/16-inch tubing with the ends bent and
flattened to fit the sockets. The center taps are
made simply by drilling through the center
turn and holting the plug in place.

Antenna Tuning Unit

@® The antenna tuner is mounted on a 7 by 12
bakelite panel. The two tuning condensers, C1s

the coupling coil, Ly, which is concentric with
Lg. The method of construction of Lgis identi-
cal with that of the 3.5-mc. amplifier tank coil.
Taps are made by soldering wire ‘‘ears’’ to the
turns. There are four taps, the first pair being
four turns in from the ends of the coil, and the
second pair four turns in from the first. The
output terminals to the feeders or antenna
system are at the top of panel. A double-pole
single-throw switch for changing the tuning
condensers from series to parallel is mounted
on the front panel just below the r.f. ammeter.

Small copper spring-clips are used to make
connections to the taps on the coil Lg and also
to the amplifier tank coil, Ls.

Tuning and neutralizing adjustments are in
general as described in Chapter Eight. The one
special adjustment is that of tuning the grid
circuit of the second stage. Starting with Cn

Cu
N e
Ant.or

ers

FIG. 939 — WIRING OF THE ANTENNA TUNER
Ci13, Cuu— 300-pufd. variables (National Type TMS-
300)

Swa— D.p.s.t. knife switch.

A — Antenna ammeter, 0~-2.5 amp.

Ls — 24 turns No. 12 enamelled wire, turns spaced to
occupy a winding length of 3% inches, coil
diameter 2 inches, tapped as described in text.

L7 —2 turns No. 12 enamelled wire, diameter 2%
inches. With Sw2 open, tuning condensers are
in series with Ls, with Swe closed, in parallel.
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at minimum, and with L3 out of its socket, the
plate voltage should be applied to the oscilla-
tor and C, adjusted for oscillation. The capac-
ity of Cy then should be increased in small

F1G. 940 — A REAR VIEW OF THE ANTENNA
TUNER

This unit may be mounted on a wall or beside the
window through which the feeders enter.

steps, with corresponding readjustments of Cy,
until the oscillator is drawing about 25 ma.
with C,setin the optimum operating region as
described in Chapter Eight. Lz may then be
plugged in and the doubler adjusted to reso-
nance, bearing in mind the use of Sw) in
connection with straight amplifica-

ferent types of construction and circuit design.
Specific tube types in which the reader is in-
terested may not have been shown, however;
therefore some additional representative trans-
mitter diagrams are given in Fig. 941.

These circuits are offered chiefly as sugges-
tions; parts of one circuit can be combined
with parts of another, different oscillator cir-
cuits can be substituted for those shown for
feeding one type of amplifier if the same or a
similar-power driver tube is retained, or differ-
ent interstage coupling and neutralizing ar-
rangementis can be substituted in the ampli-
fiers, and so on. For example, in the circuit at
(G a pair of Type 10 or 801 tubes could be
substituted in the final amplifier; in fact any
{hree-element tubes could be used. Similarly,
an 841 or a 46 with Class-B triode connections
could replace the 10 buffer-doubler. Plate and
grid voltages suitable for the tube used should
replace those indicated, of course. If more than
one doubler stage is needed, a circuit identical
with one of those shown could be placed be-
tween the existing doubler and amplifier dia-
grams. Simple changes in the filament wiring
would make it possible to use tubes having
indirect instead of direct-heated cathodes.

For proper tuning procedure to follow with
any of these circuits, refer to Chapter Eight.
Various antenna-coupling systems shown in
Chapter Eight can be substituted for the induc-
tive coupling shown.

tion and doubling. The other ad-
justments are carried out in the Band L.75 me.|3.5 mc.| 7 me. | 14 me. | 28 me.
regular way. —
With applied voltages as in- |Oscillator
i illator o Ly |No.of turns..| 55 31 18 7
dicated, the oscillator plate current Wire sise. ... . No. 26 | No. 18 | No. 18| No. 18
should be 20 to 25 ma., second Length of
stage, 50 to 100 ma. depending on winding (in.)| 0.850 | 1.300 | 0.750 | 0.300
the band in use and whether the Space between
stage is used as an a.mpliﬁer or L Li~L3 (in.) .| 0.250 | 0.300 | 0.300 0.400
2 No. of turns.. . 40 26 12 6
doubler, and up to 150 ma. on the Wire sise.. . ... No. 26| No. 26 | No. 26 | No. 26
final stage when loaded. Adjust- Length of
ment of the antenna coupling unit i winding (in.)| 0.600 | 0.400 | 0.175 | 0.100
. . . . u
also is descnbeq in Chapter Eight. Tz |No.of turns..| 50 2 16 6 3
This transmitter may be used Wire size. . ... No. 26 | No. 18 | No. 18| No. 18 | No. 18
as an exciter for a higher power Length of . 3 o
ampliﬁer such as the push-pull 50T winding....| 0.850 150 | 0.650 | 0.250 .100
. . Space between
amplifier or the 204-A amplifier Ls-Li....... 0.100 | 0.200 | 0.250 | 0.400 | 0.500
described in this chapter. Ly [No.of turns..| 80 60 28 12 6
Wire size. . ... No. 26 | No. 30 | No. 26 | No. 26 | No. 26
Other Transmitter Length of
Combinations JR— winding ....| 1.250 | 0.600 | 0.425 | 0.180 | 0.200
@ Obviously it is impossible even Ls |No.of turns..| 44 26 16 8 4
to begin to describe the many pos- Ere s}i.zej". ...|No. 14| No. 12| V5" ¢t. |3/16" t. |3/16" t.
. o ek nath o
mblp tubg and c1rcu}t combinations winding....| 375 | 8.5 o 25 2.5
which will result in a successful

transmitter. In presenting the ap-
paratus descriptions already given,
the aim has been to illustrate dif-
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Oscillator and buffer coils are wound on Hammarilund Type X P-
53 coil forms, diameter 14 inches. Amplifier coils are self-support-

ing.
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FIG. 941 — SOME CRYSTAL-
CONTROL TRANSMITTING
LAYOUTS

Substitutions or modifica-
tions can be made in any of
these circuits.

The simple crystal oscillator
and amplifier shown at A is
good for operation in only one
or at the most two bands with

-9 T a single crystal; the amplifier

2 can be used as a doubler for
operation on the second har-
DOUBLER monic of the crystal fre-
quency. The arrangement at
B will work on two bands.
Circuit C illustrates the use
of the Tri-tet oscillator, neu-
tralized buffer or doubler,
and changing from a single-
ended stage to push-pull. In
D the power step-up in each
stage is greater than in the
first three circuits; this trans-
mitter could be used with
-8 good results on three bands.

®)

Circuit values should be ap-
proximately as follows:
! '
0sC | BUFFER OR DOUBLER H G-P. AMP. C1— 250-pufd. variable con-
59 : [ 10 [ G denser. X
il T i} ch _l_{ o4 C2— 100-ppfd. variable con-
RrcE | 7: ¢ : RFC & L denser q
G | ,{ = J[L = Cs— 100-pufd. fixed mica con-
(C) Re [ B Q4 [ree 1< denser.
= - :ch T i 1 J T C4— .002-ufd. or larger fixed
[5 Cy — mica condenser.
+T | =F | |
\C‘ ; ] [ Cs — 50-pufd. fixed mica con-
1 recf (= RFC. CELETR 5
| | Ce — 350-uufd. variable con-
! ' #300r AKIB densers
400 +350 | -90 34 +500 [-90 ST, C7 — 100-pufd. (both sections
+< in series) split-stator
condenser.
Car — Neutralizing condenser;
] see Tube Table and sec-
0s¢. | SOBOPGFZFSER OR DOUBLER : S.G.AMP tion on *“‘Neutralizing.”
| 830 or K1 ) R1 — 20 ohms, center-tapped.
f 1.6 Rz — 10,000 ohms.
| R3— 50,000 ohms.
©) = | a2 G R1— 100,000 ohms.
faec A I Rs — 5000 ohms.
| C Py lurc e
] ST 4y Tank coil sizes will be found
| 5 : 4 in the table of coil specifica-
Ry | RFCEE ' tions in Chapter Eight; select
| 1 a coil which will tune to the
| | desired frequency in conjunc-
t400 | 90 c1. +150 <150 +250 +2000 tion with the variable con-
8 10 1000 i . e
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CHAPTER TEN

Keying Methods

AND ELIMINATION OF
RECEPTION

Tue output of a continuous-
wave transmitter cannot be utilized for the
communication of intelligence until & means is
provided for breaking it up into the dots and
dashes corresponding to the characters of the
International Morse Code. This rapid turning
on and off of power is the most elementary
form of modulation. While keying may at first
thought seem so essentially simple that de-
tailed treatment is hardly required, there are
many considerations which make it a very
important subject indeed. These concern not
only the simple act of forming dots and dashes,
but the possible undesired effects that may
result from so breaking up the transmitter’s
output.

Satisfactory keying, from the standpoint of
code-character formation, results if the keying
method employed reduces the power output to
zero when the key is “‘open’ and permits full
power to reach the antenna when the key is
““closed.” Several obvious methods of doing
this will occur to the reader; the key could be
connected in series with the primary of the
plate power transformer, in series with one of
the d.c. plate supply leads to the tube itself,
and so on. While any number of methods will
fulfill the primary purpose of turning the power
on and off, all have their inherent advantages
and disadvantages. Certain methods also will
appeal to one individual more than to others.
We shall discuss a number of different keying
systems in this chapter so that the amateur
can weigh their merits according to his own
particular set of conditions and make his choice
accordingly. The selection of a keying system
is distinctly an individual proposition; almost
any keying method can be applied to almost
any transmitter,

Fundamental Keying Methods

@® Methods by which the output of a vacuum
tube can be controlled may be divided into two
groups. These are, respectively, direct control
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INTERFERENCE

WITH BROADCAST

of the plate input by turning the plate power
on and off; and control of the excitation sup-
plied to the tube’s grid circuit. A combination
of the two also may be used. With multi-
element tubes such as tetrodes and pentodes,
the same result may be achieved by proper
application of keying methods to the additional
elements in the tube.

Three varieties of plate-keying methods are
shown in Fig. 1001. In the first, the key is
connected in series with the primary of the
plate power transformer. The second diagram
shows the key connected in the center-tap lead
from the secondary of the plate transformer,
making and breaking the circuit between the
transformer and rectifier-filter input. The
lower drawing shows the key placed in the

WA A
e

HOW DIFFERENT TYPES OF KEYED
SIGNALS LOOK

The upper drawing shows a signal with pronounced
keying transients at the beginning and end of a char-
acter. Such a signal would cause considerable inter-
ference locally and at a distance as well. The middle
drawing is the ideal type — no variation in amplitude
at the start or ending of a character, no keying tran-
sients. Thelower drawing shows the effect of using lag
circuits for eliminating key clicks; the signal builds
up gradually and stops gradually.

These drawings are copies of oscillographic records
taken on actual signals.



. Keying Methods . . «

negative lead from the plate supply to the
tube; it could be placed in the positive lead if
desired, but since the latter connection places
the key at the plate potential it is seldom used
except when a keying relay is available.

The operation of these keying methods is

, RrcC —
Rectifier [
&
< Filter
. RFC
—
Rectifier [
A &
Filter
N RFC
—
'_

o

FIG. 1001 — PLATE-KEYING METHODS

easily understood, since the key alternately
connects and disconnects the source of plate
power.
Grid Keying

@® Grid keying methods operate on the prin-
ciple of controlling plate current flow through
application of proper bias values with the key
open and closed. Three representative ar-
rangements are shown in Fig. 1002. The upper
drawing shows the key inserted in series with
the grid leak or grid return circuit. With the
key closed, the amplifier or oscillator operates
normally; with the key open, there is no d.c.
path between grid and filament, consequently
the electrons drawn to the grid by the exciting
voltage remain trapped on the grid causing it
to assume a highly negative charge. If there is
no leakage in the grid-filament circuit the
negative charge will be sufficient to cut off
completely the flow of plate current and there-
fore the power output.

Another method of accomplishing the same
result, in this case through supplying addi-
tional fixed bias of sufficient value to cut off
plate current flow despite excitation, is shown
in the middle drawing of Fig. 1002. Grid-leak
bias for normal operation is shown, although a
battery or other bias source could be substi-

tuted for the leak. With the key closed, the
lower end of the leak is connected to the
filament center tap. When the key is opened,
additional bias from the battery is connected
in series with the leak through the resistor E.
The chief function of R is to limit the flow of
current from the battery when the key is
closed, since without R the key would be a
direct short circuit for the battery. The value
of R is not critical but should be quite high —
at least 5000 ohms for every 45 volts of battery
— to limit the current to a safe value. A “C”
power pack can be substituted for the battery
if desired. The additional bias voltage required
to cut off plate current (or ‘“block” the grid)
will depend upon the amplification factor of
the tube and the amplitude of the excitation
voltage; it must at least be equal to the peak
positive grid swing plus the bias required to
cut off plate current without excitation. Since

FiL. SUP.

FIL.SUP

RFC

b
—
+

-] R,

A}
FIL.S5UP

FIG. 1002 — THREE METHODS OF BLOCKED-GRID
KEYING

In all these diagrams a center-tapped filament
transformer can be substituted for the center-tapped
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it is difficult to measure or calculate the grid
swing, the operating value of keying bias had
best be determined experimentally. If the
amplifier or oscillator is operating Class-C, the
keying bias required probably will be two or
three times the normal operating bias (twice
cut-off). For example, if the Class-C operating
bias is 200 volts the total bias required to
block the grid probably will be 400 or 500
volts. Smaller bias would serve for an amplifier
with less excitation.

The lower drawing of Fig. 1002 shows a
method of blocked-grid keying in which the
keying or blocking bias is obtained from the
plate supply, thus eliminating the need for a
separate bias source. Resistors R) and R2 are
in series across the output of the power supply,
R) being the regular power supply bleeder.
The filament center-tap is connected to the
junction of B) and Rp and the grid return to the
negative terminal of the power supply, the
key being connected across R.. With the key
open, the voltage drop across R» is applied to
the grid of the tube as blocking bias; when the
key is closed, however, the negative power
supply terminal is connected directly to fila-
ment center-tap, thus leaving only the regular
operating bias — in this case supplied by the
flow of grid current through the grid leak — in
the circuit. As before, a battery or other bias
source may be substituted for the leak. The
blocking bias may be made as great as desired
by choosing a suitable value of Bz with respect

RFC
= it 2£004- [ =
MYV

o et

FIL. SUR
FIG. 1003 — CENTER-TAP KEYING

to R). For most oscillators or amplifiers, suffi-
cient keying bias will be obtained when the
resistance of R, is one-third to one-half that
Of Rl.

Center-Tap Keying

@ A combination of both grid and plate circuit
keying is shown in Fig. 1003. This method,
known as center-tap keying, has attained wide
popularity, although recently the grid-blocking
methods have been gaining in favor. In center-

. 184 .

tap keying, one side of the key is connected to
the midpoint of the filament center-tap re-
sistor or to the center-tap of the filament
transformer; the grid and plate returns connect
to the other side of the key. In this way both
grid and plate returns are opened when the key

is open.
f ; IS %

Sall

]

3 o]
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+ = PLATE SUPPLY
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FIG. 1004 — SUPPRESSOR KEYING OF A PENTODE
TRANSMITTING TUBE

The keying system is arranged to put positive bias
on the suppressor grid with the key open, and negative
bias with the key closed.

Center-tap keying combines some of the
good and bad features of both grid and plate
keying.

Keying Multi-Element Tubes

@ All of the foregoing keying methods can be
used with tetrode and pentode type transmit-
ting tubes, since they operate on d.c. circuits
common to all types of tubes. With multi-
element tubes, however, additional keying cir-
cuits are possible.

In screen-grid tubes, whether of the tetrode
or pentode type, the screen potential has a very
marked effect on the plate current, and there-
fore the output of the tube. Screen-grid tubes
often can be keyed by inserting the key in the
positive screen lead, especially when the screen
voltage is obtained from a supply separate
from that furnishing the plate power. If the
screen voltage is obtained from the plate
supply through a dropping resistor, this
method of keying is unsafe with high-voltage
tubes unless a keying relay is used, because the
potential on one side of the key rises to the full
plate potential when the screen current is cut
off. Opening the screen circuit does not always
reduce the output to zero, however, so screen
keying is seldom used.

If the keyed tube is a pentode, the sup-

‘pressor-grid offers a means of satisfactory

keying. Maximum output with pentode tubes
ordinarily is secured when the suppressor grid
is biased positive a small amount — 50 to 100
volts. Merely inserting the key in the sup-
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pressor lead is not sufficient to cut off the power
output, so it is necessary to arrange the keying
circuit to put negative bias on the suppressor
when the key is open. This can be done much
in the same way as in the grid-keying methods
already described. Fig. 1004 illustrates one
method, using a separate power pack which
supplies operating bias for the control grid and
keying bias for the suppressor grid. With the
key open, the suppressor receives negative
bias through the 50,000-ohm resistor, the value
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FIG. 1005 — A SUPPRESSOR KEYING SYSTEM IN
WHICH KEYING BIAS IS OBTAINED FROM THE
’ GRID LEAK

of bias being adjusted to cut off plate current.
When the key is closed, the suppressor bias is
made positive through connection to a suitable
tap on the plate-supply bleeder. The 50,000-
ohm resistor prevents short-circuiting the bias
supply, performing the same function as
registor R in Fig. 1002. A bias supply delivering
200 volts or more will be sufficient for keying
any of the pentode transmitting tubes now
available.

Another method of suppressor keying is
shown in Fig. 1005. In this case no additional
bias source is needed, the keying bias for the
suppressor being obtained from the voltage
drop caused by the flow of rectified grid
current through the grid leak. The leak there-
fore replaces the separate bias supply. For this
method to be successful, it is essential that the
drop across the leak be large enough to cut off
plate current when applied to the suppressor.
This usually calls for a fairly high-resistance
leak (about 15,000 ohms) and a grid current of
5 to 10 milliamperes, depending upon the type
of tube used.

Sources of Bias for Grid Keying

® In many respects grid-blocking systems
(including screen- and suppressor-grid as
well as control-grid systems) are to be preferred
to other types of keying. The chief objection to
their use is the cost of the keying bias supply.
In the lower diagram of Fig. 1002 this objection
is overcome through obtaining keying bias

from the plate supply; the suppressor keying
method of Fig. 1005 likewise is an economical
one. It is also possible to obtain keying bias
without extra cost from the power supply used
for low-power stages in multi-stage trans-
mitters, when the keyed stage has its own
separate supply. The way in which this can
be done is illustrated in Fig. 1006. The plate
power supply for the exciter tubes is utilized as
a keying bias supply for the keyed amplifier.
Since this entails connecting the positive
terminal of the low-voltage supply to the nega-
tive terminal of the high-voltage supply, the
filament circuits of the tubes working from the
two supplies cannot be connected together. In
Fig. 1006, the condenser C serves to put all
cathodes at the same r.f. potential without
direct connection between them. Resistor R
limits the current when the key is closed, as
already explained. A value of 50,000 chms will
suffice for a low-voltage supply of 400 volts or
so. It should have a rating of about five watts.

General Considerations in Keying

® A good keying system should fulfill three
requirements — it should prevent completely
the radiation of energy from the antenna when
the key is open and should give full power out-
put when the key is closed; it should do this
without causing keying transients, or *“clicks,”
which cause interference with other amateur
stations and with local broadcast reception;
and it should not affect the stability of the
transmitter.

From various causes some energy may get
through to the antenna during keying spaces.
The effect then is as though the dots and dashes
were simply louder portions of a continuous
carrier; in some cases, in fact, the ‘‘back-
wave,” or signal heard during the keying
spaces, may seem to be almost as loud as the
keyed signal. Under these conditions the key-
ing is hard to read. A pronounced back-wave
often results when the amplifier stage feeding
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FIG. 1006 — UTILIZING THE LOW VOLTAGE
POWER SUPPLY FOR BLOCKING BIAS IN
BLOCKED-GRID KEYING
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the antenna is keyed; it may be present because
of incomplete neutralization of the final stage,
allowing some energy to get to the antenna
through the grid-plate capacity of the tube, or
because of magnetic pickup between antenna
coupling coils and one of the low-power stages.
In such cases it can be remedied by proper
neutralization or by rearranging the tank cir-
cuits to eliminate unwanted coupling. Shield-
ing also will help.

A back-wave also may be radiated if the
keying system does not reduce the input to the
keyed stage to zero during keying spaces. This
trouble will not occur in keying systems which
cut off the plate voltage when the key is open,
but may be present in grid-blocking systems
if the blocking voltage is not great enough. If
the plate current does not go to zero when the
key is open, more blocking voltage is required.
In the upper circuit of Fig. 1002, the tube will
not be completely blocked if there is any
leakage between grid and cathode of the tube.
This leakage may take place in the tube itself
or its base, in the socket, through poor in-
sulating material on which any of the parts
may be mounted, in the key, or in the leads
running to the key. If the leakage resistance is
even as high as a few megohms a small plate
current may flow, producing an evident back-
wave.

Choosing the Stage to Key

@ Radiation of a back-wave often can be
prevented by keying a buffer stage preceding
the final amplifier. Naturally in such a case
there will be less likelihood that energy will
get through to the antenna, since it would have
to go through two stages instead of one.
Keying the oscillator also will prevent radia-
tion of a back-wave.

If one of the early stages in the transmitter
is keyed, the following stages must be provided
with fixed bias sufficient to cut off plate cur-
rent, or at least to limit the current to a safe
value. Complete cut-off is preferable, since the
possibility of back-wave radiation is reduced
when no plate current at all is drawn by the
tubes following the keyed stage. If sufficient
bias for cut-off is not available, the plate
current should be reduced to a value such that
the d.c. input does not exceed the rated plate
dissipation of the tube. Cathode bias, explained

in the chapter on transmitter design, may be

used for this purpose.

The stability of the transmitter can be ad-
versely affected by keying if the keyed stage
follows the oscillator. Practically all oscillators,
including crystal-controlled types, will exhibit
some frequency change with changes in load.
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In a multi-stage transmitter the load on the
oscillator is of course the input circuit of the
following tube; since the resistance repre-
sented by this load changes when the tube is
keyed, there will be a corresponding change in
oscillator frequency. So long as the frequency
is stable with the key closed, this will not do
particular harm, although if a back-wave is

= 2.5V

1007 — PENTODE CRYSTAL OSCILLATOR
KEYING TO ELIMINATE CHIRPS

Essential to the system is the use of a voltage divider
instead of series resistor for obtaining screen voltage.
A center-tapped resistor may be ted across the
filament leads if the filament transformer has no
center-tap.

FIG.

radiated the back-wave will give a beat note
differing slightly from that of the keyed signal.
However, if a lag circuit — to be described
later — is used with the keying system the
change in frequency will be gradual instead of
instantaneous, giving rise to a chirpy or
“yooping’’ signal, which is highly undesirable.
For this reason it is good practice to have a
buffer stage between the oscillator and the
keyed stage. Electron-coupled or Tri-tet
oscillators are less subject to this difficulty
than straight self-controlled or crystal oscilla-
tors because of the buffering action of the
separate output circuit used in these oscillators.
When the oscillator itself is keyed there is no
variation in load, although the keying may be
chirpy for other reasons. In general, an oscil-
lator will tend to chirp under keying if the
loading is too great or, if a crystal oscillator,
with the plate condenser set too near the point
where oscillation stops. In pentode crystal
oscillators, chirps also may result if the screen
voltage varies when the key is open and closed,
as may be the case if the screen voltage is
obtained through a dropping resistor from the
plate supply. Separate screen supply, or supply
from a voltage divider across the plate supply,
often will prevent chirps in such a case. A
“chirpless” circuit using center-tap keying of
the erystal oscillator is shown in Fig. 1007.
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Keying Transients or Clicks

@ When power is applied or removed from a
circuit very suddenly, as is the case when a
transmitter is keyed, the energy thus instan-
taneously released surges back and forth in
the circuit until equilibrium is reached. This is
called ““shock excitation.” A familiar mechani-
cal analogy is the vibration of a tuning fork or a
bell when tapped with a small hammer or
mallet. Shock-excited oscillations are highly
damped in most circuits and therefore have no
sharply-defined natural period. In other words,
such an electric oscillation, if radiated, can be
detected in receivers tuned to frequencies
widely different from that on which the actual
transmitting is being done. Since the duration
of the oscillation isshort, it is heard as a “‘click ”
or ““thump” in the affected receiver. The click
on closing the key usually is much more pro-
nounced than on opening, although under cer-
tain conditions the reverse may be true.
Because the amount of energy involved is
small and is distributed over a wide band of
frequencies, the interference-producing effects
of keying transients usually are confined to an
area quite close to the transmitter except on
frequencies within a few kilocycles of the trans-
mitting frequency. In other words, key clicks
are likely to be observed on only those broad-
cast receivers located within a hundred yards
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FIG. 1008 — A TYPICAL LAG CIRCUIT FOR
ELIMINATING KEY CLICKS OR THUMPS
The primary of a bell-ringing transformer often
will serve at L in low-power transmitters. See text for
discussion of values.

or so of the transmitter, but may cause inter-
ference to amateur stations hundreds of miles
away working in the same portion of the same
band.

Obviously it is to the interests of the ama-
teur himself to prevent key clicks, not only
because of a possible unfavorable reaction on
the part of nearby broadeast listeners but also
to prevent unnecessary interference in the
amateur bands.

Prevention of Key Clicks

@ There are two general methods of attack in
preventing keying transients. The first is by
feeding the power to the transmitter at a
comparatively slow rate on closing the key and
shutting it off gradually instead of suddenly
on opening the key. The second is by the use of
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FIG. 1009 — AN R.F, FILTER FOR THE
ABSORPTION OF KEYING TRANSIENTS

It is ordinarily used without a condenser directly
across the key. Hi s @n impr t sometimes
results when a condenser of about .002 ufd. is con-
nected as shown by the dotted lines.

radio-frequency filters which absorb the tran-
sient before it can get to a part of the circuit
from which radiation is possible. Both methods
have been very successful.

In the first method, an inductance of a few
henrys is inserted in the circuit, usually in
series with the key. As explained in Chapter
Three, an inductance coil possesses the prop-
erty of opposing a sudden change of current in
a circuit. Regardless of the method of keying
used, insertion of inductance in series with the
key will have the effect of causing the plate
current to build up to its final value at a com-
paratively slow rate, since some current, no
matter how small, always flows in the key
circuit.

The energy stored in the electromagnetic
field of the inductance when the key is closed
is suddenly returned to the circuit when the
key is opened. If the current in the circuit is
appreciable, the inductive discharge will cause
an arc or spark to form at the key contacts at
the moment of opening. The spark not only
causes undue wear on the contacts but also is a
secondary cause of key clicks, since the key
circuit acts somewhat like a miniature spark
transmitter. An effective remedy for this con-
dition is to shunt a condenser (usually from
0.25 to 1 ufd.) across the key to absorb the
spark. The energy stored in the inductance is
released through the condenser instead of at
the key contacts and thus tends to prevent the
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sudden cessation of power on opening the key.

In most keying circuits there is an appreci-
able voltage across the key contacts when
open, hence the condenser in the key-click
filter will receive a charge. On closing the key
the charge is dissipated in the key contacts,
again causing a spark, unless a resistor of suit-
able value is put in series with condenser and
key to absorb most of the energy. The value of
the resistor will depend, as is apparent from
the foregoing discussion, upon the capacity of
the condenser and the voltage appearing
across it when the key is open. Because of the
variable nature of these factors it is difficult
to give definite specifications. However, a
resistor of from 50 to a few hundred ohms
usually will be found to absorb the spark
satisfactorily.

A complete key-click filter of this type —
often called a ““lag” circuit because of the de-
lay or lag in application of power to the trans-
mitter — is shown in Fig. 1008. In general, all
values, L, C and R, must be determined ex-
perimentally for the particular transmitter
and local conditions. Identical values may not
give the same performance with different
transmitters or at different locations where
wiring conditions, location of receivers, ete.,
are seldom duplicated. They usually will be
found to lie in the ranges already mentioned,
however. A variable resistor, shown connected
by dotted lines in Fig. 1008, can be used to
vary the effect of the inductance. A variable
resistor also is useful as the spark absorber,
permitting quick adjustment to the most
desirable operating value.

The values of L and C should be the smallest
that will give satisfactory key-click elimina-
tion. If the inductance and capacity are too
great, the slowing-up will be so pronounced
that the dots and dashes will not be cleanly
defined. This will make the signals hard to
read.

R.F. Filters
@ With an r.f. key filter the transient oscilla-
tions set up at the key are prevented from
reaching the transmitter and being radiated.
To be most effective, this type of filter must
be installed right at the key, since connecting
leads of even a few feet between key and filter
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FIG. 1010 — R.F. FILTER FOR THE POWER LINE
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are long enough to permit radiation of clicks
and consequent interference to nearby receiv-
ers. In fact, the same thing is true of the lag
circuits previously described — even though
they perform their intended function of pre-
venting the sudden application and cessation
of power, transients in the keying circuit itself
may be radiated to cause interference. Short
leads usually will prevent such a condition,
although in some cases it may be necessary to
install an r.f. key filter as well.

An r.f. key filter usually consists of a pair of
r.f. choke coils having an inductance of ten
millihenrys or so, connected in series with each
of the key contacts and shunted by a con-
denser as shown in Fig. 1009. The condenser
ordinarily will have a capacity of 0.1 to 0.5 pfd.
The combination acts like a low-pass filter,
preventing transients at broadcast or higher
frequencies from getting to the transmitter
itself and being radiated. As with the lag
circuit, some experimenting with different
inductance and capacity values probably will
be required for effective elimination of clicks in
individual transmitters.

Other Considerations in Key Click
Prevention

@ It is reasonable to expect that less trouble
will be encountered in eliminating key clicks if
the power supply for the keyed stages has good
voltage regulation (see Chapter Fifteen). If
the voltage regulation is poor, the plate voltage
with the key open may be 509, to 100% higher
than with the key closed; hence, at the instant
of closing the key there is an impact at much
higher than normal voltage. This intensifies
the key click. If the power supply regulation is
good — that is, if the plate voltage is sub-
stantially the same whether zero or full plate
current is being drawn — the tendency towards
clicks is lessened.

Key clicks are less likely to be radiated if
the antenna or feeder system is inductively
coupled to the transmitter rather than directly
or capacitively coupled. If the feeders are
tapped on the final tank coil or are conductively
or capacitively coupled through a low-pass
filter, comparatively little impedance is offered
to transients covering the broadcast band. A
considerable improvement in key click reduc-
tion often can be secured simply by changing a
non-inductively coupled system to one in
which the transmitted energy must be air-
transferred at some point before reaching the
antenna. Care should be taken to prevent
stray capacitive coupling.

Not all key-click interference with broadcast
reception is radiated from the antenna. It may
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be radiated from the transmitter itself or from
connecting wires. Shielding of transmitter and
wiring often will result in a considerable im-
provement in this respect, although it is not
always necessary.

FIG. 1011 — A VACUUM-

TUBE KEYING METH-

OD TO PREVENT
CLICKS

One or more keyer
tubes may be used; the
larger the number the
greater the plate current
that can be safely passed.
Condenser C may be be-
tween .25 and 1.0 ufd.
Resistor R should be ad-
justed to cause the plate
current to drop to zero
when the key is open. 4
variable resistor of about
50,000 ohmas should give
enough range.

It is always desirable and in some cases may
be necessary to run the 110-volt leads to the
transmitter in BX cable, grounding the outer
shield. Shielding of the keying leads also may
be helpful, especially if a long line is run be-
tween the transmitter and the key. Whenever
shielded wire is used the shield should be con-
nected to a good ground, otherwise the shield-
ing is likely to be ineffective.

To prevent keying transients from being
carried over house wiring and power lines from
the transmitter to nearby receivers, a filter
may be installed in the 110-volt line which
feeds the power transformers. Such a filter is
shown in Fig. 1010. It consists of a pair of
radio-frequency choke coils, one in each leg of
the line, and a pair of condensers in series
across the line with their mid-connection
grounded.

The wire of which the chokes are wound
must be heavy enough to carry the current
taken by the power-supply system. No. 14 or
No. 16 will be sufficient in most cases. Mailing
tubes make good winding forms for these
chokes. Between 100 and 300 turns will be re-
quired. The condensers may be 0.1-gfd. units
rated at 200 volts or more.

Power transformers with electrostatic shields
between the primary and secondary windings
are helpful in preventing interference from
being carried by the supply lines, provided the
shield is connected to a good ground, and often
will make extra chokes and condensers un-
necessary.

Keying transients are less likely to get
through to the antenna if the keying is done in
a stage preceding the final amplifier. The tank

circuits following the keyed stage give a
band-pass effect which tends to reduce the
amplitude of the transient. Keying the os-
cillator is desirable from this standpoint, since
the oscillator is the lowest-powered stage and
the transients are therefore of comparatively
small amplitude in the first place. Also, the
maximum r.f. filtering in following-stage tank
circuits is secured when the oscillator is keyed.

Keyer Tubes
@® A vacuum-tube lag-circuit keying arrange-
ment which has attained considerable popu-
larity is shown in Fig. 1011.

In this system a vacuum tube is placed with
its plate-filament circuit in the center-tap of
the tube to be keyed, while the key itself is in
the grid circuit of the auxiliary or *keyer”
tube. When the key is open, high negative
bias is placed on the grid of the keyer tube so
that the plate current is completely cut off;
when the key is closed the grid of the keyer
tube is connected to its filament and the tube
acts like a resistance of low value, thus per-
mitting plate current to flow to the oscillator or
amplifier being keyed. The time-constant of
the inductance and capacity in the grid circuit
of the keyer tube provides the slow build-up
of power output which prevents clicks. Since
the key is in a low-voltage low-current circuit,
the transients set up in the key circuit itself
are of small intensity. The keyer tube has some
resistance even though the grid is connected
to the filament, so the plate voltage on the
oscillator or amplifier will be lower than with
other keying systems. To overcome this several
tubes may be connected in parallel. Tubes of
the 45 type are excellent for low-power trans-
mitters because their plate resistance is low.
One 45 should be used for each 50 ma. of plate
current required by the tube being keyed.
The filament transformer for the keyer tubes
need not be center-tapped; in fact, the fila-
ments may be connected in series if desired.

Keying Methods From the Standpoint of
Click Prevention

@ Generally speaking, it is easier to prevent
clicks if the keying method used is one in
which the current in the keyed circuit is small,
although there may be occasional exceptions
to this rule. First choice, then naturally would
fall to those methods which key a grid rather
than the plate circuit, since grid current is
usually small compared to the plate current
for the same tube. This has an economic ad-
vantage as well, since the chokes comprising
the key-click filter are less expensive the
smaller the current they have to carry.
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Probably the worst keying circuit from the
standpoint of click elimination is simple plate-
circuit keying of the type shown in the lower
diagram of Fig. 1001. Sparking at the key
usually is excessive with this circuit, which
makes the problem of key-click prevention
more difficult. The two upper circuits of Fig.
1001 are ideal for introducing a time lag in the
keying, the power-supply filter being utilized
for this purpose. However, the lag ordinarily is
so great that the transmitter can not be keyed
at more than a few words per minute when
a filter adequate to give pure d.c. is used.
With a single-section filter it may be possible
to get clean keying at reasonable speeds; this
type of filter may in fact be quite satisfactory
to give a d.c. note if the lower-power stages are
fed with well-filtered d.c. Only a trial can show
whether either of these systems will work out
to the operator’s satisfaction. Both are prone
to give rise to transients which feed back
into the power line and therefore require r.f.
filters at the key. In the middle drawing, the
current broken by the key is much less than in
the upper, so that the problem of getting suit-
able chokes is less bothersome.

Center-tap keying, Fig. 1003, usually is less
troublesome in producing clicks than simple
plate or negative high-voltage keying. How-
ever, the current interrupted by the key is
comparatively large. The fact that the grid
circuit is keyed along with the plate tends to
lessen keying impacts.

There is little to choose between the grid-
keying methods shown. In general, however, it
is easier to eliminate clicks with grid keying
than with either plate or center-tap keying.
The keyed current usually is fairly small. The
chief objection to grid-keying methods is the
necessity for providing additional keying bias.
This can be overcome, however, as has already
been explained.

Blanketing

@ Keying transients or clicks are not the only
source of interference to nearby broadcast
reception, although probably the most preva-

2T
70 Ant. Post

FIG. 1012— HOW A WAVE-TRAP CAN BE IN-
STALLED TO PREVENT CERTAIN TYPES OF
INTERFERENCF
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lent and the type requiring the most careful
attention. A second type of interference, called
“blanketing’’ because it causes the program to
disappear or come in at reduced strength when-
ever the key is closed, also is common. It is
simply a proximity effect, the affected receiver
picking up enough of the radiated energy to
cause overloading of one or more of the receiver
tubes with a consequent reduction in amplifi-
cation. This type of interference can be mini-
mized by moving the broadcast antenna away
from the transmitting antenna or by changing
its direction. The pick-up will be least if the
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FIG. 1013 — A LOW-PASS FILTER FOR REDUCTION
OF INTERFERENCE WITH BROADCAST
RECEPTION

It should be installed at the receiver Constants are
as follows: L1, 54 turns of No. 24 d.s.c. on 1%-inch di-
ameter form; L2, 33 turns same; C, 500 pufd. fixed.
Cutoff frequency is approximately 1600 kc.

two antennas are at right angles to each other.

In severe casesit may be necessary toinstall a
wave-trap at the receiver to prevent blanket-
ing. A wave-trap consists simply of a coil and
condenser connected as shown in Fig. 1012.
The condenser may be an old one with about
250 or 350 pufd. maximum capacity and need
not be especially efficient. Most amateurs have
“junk boxes’ with several such condensers in
them. The size of the coil will depend upon the
frequency on which the transmitter is working.
Representative values are given in the table.

Frequency of

Interfering Signal Coil (3" dia.)

1,715-2,000 ke. 20 turns
3,500-4,000 kc. 8-10 “
7,000-7,300 ke. 4-5 ¢

14,000-14,400 ke. 3 “

Bell wire (No. 18) or a size near to it may be
used. When the trap is installed the trans-
mitter should be started up and the condenser
in the trap adjusted to the point where the
interference is eliminated. This trap will not
affect the operation of the broadcast receiver.

Blanketing may be and generally is accom-
panied by key clicks. Thc wave trap may help
to eliminate the clicks but usually a key click
filter will be needed as well. A key click filter
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alone cannot eliminate or even alleviate the
blanketing effect.

Low-Pass Filters For Blanketing

@ The chief disadvantage of the wave-trap is
that it has to be retuned if the transmitting
Ly Ly Ly  Bant

post on set.
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FIG. 1014 — CIRCUIT DIAGRAM OF SHARP CUT-
OFF LOW-PASS FILTER

Inductance in Microhenries

Type L L2 L3
A 38 28 19
B 40 6 20

Coil Specifications
Microhenries Turns
6 10 No. 28 d.s.c. wire

’9 ’8 3 (13 (13
20 ’9 [ (1] (13
28 24 (13 (1} 13
38 29 (1] (13 (13
‘0 30 (13 (13 (13

Coils wound on 1 34"-diameter form.

frequency is changed from one band to another,
and sometimes also if the frequency change is
only from one end to the other of the same
band. In such cases a better arrangement is the
low-pass filter, designed to reject all received
frequencies except those below a certain criti-
cal frequency. If the critical frequency is
chosen just below the lowest amateur fre-
quency used, the transmitter can be shifted
from one band to another without the necessity
for readjustment of a wave trap. A typical
low-pass filter is shown in Fig. 1013. The con-
stants given are for a cut-off frequency of 1600
kilocycles. The filter is designed for terminating
impedances of 400 ohms.

Another type of filter which has a sharper
cut-off than the one just described is shown in
Fig. 1014. This is of particular advantage for
'phone stations operating in the 1800- and
3900-ke. bands, since maximum attenuation
is in the middle of those bands, the nominal
cut-off being somewhat lower. The type A
filter has greatest attenuation at 1930 ke., with
cut-off beginning at 1670 ke. Type B has
greatest attenuation at 3950 ke., with cut-off
beginning at 2470 kc. The type A is recom-
mended for work in several bands.

Superheterodyne Harmonics

@ A third type of interference is peculiar to
superheterodyne broadcast receivers. A strong
signal from the transmitter will be heard at
three or four points on the dial, while over the
rest of the tuning range there may be no sign of
interference. The explanation lies in the fact
that the transmitted signal is picked up by
beating with harmonics of the superheterodyne
oscillator and amplified by the i.f. stages in the
receiver. If the receiver is properly shielded and
the oscillator is isolated from the antenna
circuit, the signal from the transmitter cannot
get into the oscillator circuit to be mixed with
its harmonics and this type of interference
cannot occur. When it does occur the fault
does not lie with the transmitter but with the
broadcast receiver, and nothing can be done to
the transmitter to prevent such interference.
A wave-trap may help if the transmitter signal
is brought into the receiver through the
antenna, but in some cases the pick-up is direct
because the receiver is inadequately shielded,

FIG. 1015 — DEVICES FOR ELIMINATING NOISE
FROM MERCURY-VAPOR RECTIFIER TUBES
The r.f. chokes in series with each plate should be

placed inside the shields enclosing the rectifiers. The

hok hould hove an induct of about 10 milli-
henrys each. Small honeycomb-type windings are
suitable.

and the interference is just as strong whether
the antenna is connected to the receiver or not.

Rectifier Noise

@ Mercury-vapor rectifiers often are the source
of a peculiar and easily indentifiable type of
interference which takes the form of a raspy
buzz with a characteristic 120-cycle tone (100
cycles on 50-cycle power lines and 50 cycles
on 25-cycle lines) often broadly tunable in
spots on the broadcast receiver dial. At the
instant the mercury vapor ignites on each
half cycle of the power frequency an oscillation
is set up, the frequency depending upon the
characteristics of the power supply apparatus.
Unless suitable precautions are taken the
oscillations will be radiated or will travel back
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over the power line and be detected in receivers
connected to the line.

The line filter shown in Fig. 1010 usually will
suppress this type of noise. Sometimes the
condensers alone will do it, no chokes being
necessary. Transformers with electrostatic
shields between primary and secondary are
not likely to transmit the oscillations to the
line. Other ways of curing this type of interfer-
ence are shown in Fig. 1015. They include
shielding of the rectifier tubes, connecting a
radio-frequency choke between each plate and
the transformer winding, and shunting fixed
condensers of about .002 ufd. capacity between
the outside ends of the transformer winding
and the center-tap. The condensers should be
rated to stand at least 509, more voltage than
the r.m.s. voltage delivered by half of the
secondary winding.

Checking for Interference With
Broadcasting

@ One’s own broadcast receiver, if of modern
design, is a good ‘‘subject” for experimenting
with key click filters and other interference-
prevention methods. If interference can be
eliminated in a receiver in the same house,
operating from the same power line and with
an antenna close to the transmitting antenna,
the chances are good that there will be no
general interference in the neighborhood. The
amateur should ascertain, however, whether or
not interference is caused in nearby broadcast
receivers. If your neighbors appreciate that
you are as much interested in preventing inter-
ference to their enjoyment of broadcast pro-
grams as they are, much more can be ac-
complished than by acrimonious disputes. It is
better to settle the interference problem right
at the beginning than to trust to luck with the
possibility of an unfavorable reaction towards
amateur radio in general and yourself in par-
ticular on the part of nearby broadcast listeners.

In searching for causes of interference, it is a
good idea to have someone operate your trans-
mitter while you listen on the affected receiver.
Remove the antenna from the receiver, and if
the interference disappears it is certain that it
is coming into the set through the antenna,
which simplifies the problem. The various
types of interference prevention already de-
scribed should work under these conditions.
If the interference persists when the antenna is
removed, however, it is probably getting into
the receiver through the power lines. This hap-
pens occasionally with a.c. operated broadcast
receivers.
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House wiring may pick up r.f. either directly
from the antenna or through the power-supply
system of the transmitter. If the 110-volt line
is found to be picking up energy directly from
the antenna it is advisable to change the loca-
tion of the antenna, if possible, or run it in a
different direction, not only because of inter-
ference to broadcast reception but because
energy so picked up is useless for radiation and
decreases the effective range of the transmitter.
This is particularly important when, as often
happens, electric lamps in different parts of
the house are found to glow when the key is
pressed. The energy used in lighting the lamps
is wasted.

If r.f. is found to be getting into the line
through the power-supply equipment, a line
filter such as is shown in Fig. 1010 should be
used, together with powerleadsin grounded BX.

Interference usually decreases as the trans-
mitter frequency is raised. In many cases
where bad interference is caused on the 1750-
and 3500-ke. bands, changing to 7000 or
14,000 ke. will cure it. If none of the usual
methods is wholly effective a reduction in pow-
er often will allow the station to be worked
during the evening hours without bothering the
neighbors.

Radiophone Interference

@ Key-click filters are naturally of no value on
transmitters used exclusively for 'phone trans-
mission, since clicks do not occur. A phe-
nomenon similar to key clicks can take place if
the transmitter suffers from frequency modu-
lation or from over-modulation, because both
these defects cause the radiation of side-bands
often far removed from the band of frequencies
normally required for the transmission of
speech. These abnormal side-bands can and
frequently do cause interference in the broad-
cast band, often just as a series of unintelligible
noises when the transmitter is modulated.
The obvious remedy is to use a radio frequency
system in the transmitter whose frequency
does not vary when modulation is taking place,
and to adjust the transmitter so that over-
modulation or “lop-sided” modulation does
not occur. Chapter Eleven covers this subject
thoroughly.

Blanketing and other forms of interference
caused by r.f. pickup can be treated in exactly
the same way as described previously. Wave-
traps or low-pass filters in the receiving an-
tenna lead-in and r.f. filters in the power lines
will prove effective in eliminating this type of
interference.




CHAPTER ELEVEN

Fundamentals of Radiotelephony

PRINCIPLES OF MODULATION AND °PHONE TRANS-

MITTER CIRCUIT DESIGN

Iy tue discussion of modula-
tion and detection in Chapter Four, it was
pointed out that both radio telegraph and
radio telephone transmission require modula-
tion in order that the transmitted wave may
convey intelligence to the receiver. In subse-
quent, chapters we have seen how this modula-
tion is applied in relatively simple form for
c.w. telegraph, In this chapter we shall take up
the principles and methods involved in speech
modulation for radio telephone communica-
tion. It must be realized that radiotelephony
is much more complicated than c.w. teleg-
raphy, not only in the amount of apparatus
involved but also in its technical aspects. The
'phone transmitter not only must have radio-
frequency equipment typical of the good c.w.
set and additional audio-frequency equipment
to accomplish voice modulation, but also there
must be careful coérdination of the r.f. and
audio sections to insure that the outfit’s per-
formance meets modern requirements. Satis-
faction of these requirements can be realized
by following the established and proved design
and adjustment procedure which will be given.
The information is based on actual experience
in practical amateur transmitter construction
and operation.

Principles of Modulation

Amplitude modulation for voice transmission
13 the process by which the amplitude of the trans-

mitted radio-frequency wave is varied in accord-
ance with the sound waves actuating the micro-
phone. When such a wave is detected in the
receiver, as explained in Chapter Four, there
should result a true reproduction of the
original modulating signal which, in amateur
'phone, would be the speech of the operator at
the transmitting station. The degree of ampli-
tude modulation is described in terms of the
amplitude variation of the transmitted wave,
and is usually given as a decimal modulation
factor or as a percentage. The modulation
factor, expressed in percentage, is 100 times the
mazximum departure (posilive or negative) of the
envelope of a modulated wave from its unmodu-
lated value, divided by its unmodulated value.
If the modulation is undistorted or linear, the
average amplitude of the modulated wave is
the same as its unmodulated value, so long as
the modulating signal also is symmetrical.
These basic definitions are very important
and should be thoroughly memorized and
understood.

Graphic illustration of modulation of a radio
wave is given in Fig. 1101, in which C shows an
actual cathode-ray oscilloscope reproduction
of the unmodulated carrier, D shows this
carrier modulated approximately 50 percent,
and E shows the carrier completely modulated
by a single-tone signal of the good waveform
pictured in A. The picture B of this figure
shows undesirable distortion of the modulating
signal.

FIG. 1101 — PICTURE A SHOWS THE WAVE FORM OF THE 500-CYCLE MODULATING SIGNAL WITH THE
AUDIO STAGES OPERATING PROPERLY

B shows the same audio signal with distortion from over-excitation of the Class-B driver stage. C pictures

the unmodulated carrier and D the carrier modulated approximately 50% with good wave form. E represents

the carrier properly modulated 100 per cent.
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Fig. 1102 gives conventionalized sketches of
amplitude modulation, with the amplitude
relations for determining percentage modula-
tion indicated. In form of an equation, the
expression for percentage modulation is

‘md - iear

i
% M = - X 100,
Teor
where imoa is the maximum amplitude (the
Peak modulated
¢/ Amplitude
T

N

B- LESS THAN 1007. MODULATED

over /007.
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C = OVER MODULATED
FIG. 1102 — GRAPHICAL REPRESENTATION OF
THE AMPLITUDE MODULATED WAVE

C illustrates the condition of overmodulation, the
negative peak of the envelope being cut off. The out-
line of ther.f. peaksis the envelope and should corre-
spond to the wave shape of the modulating signal,

positive peak), or the minimum amplitude
(the negative peak), and ., is the unmodu-
lated carrier amplitude. In the case of over-
modulation as shown by C, the positive per-
centage is greater than 100, However, the
negative percentage can never be greater than
100 because the amplitude cannot become less
than zero. Such a condition results, obviously,
in a distortion of the wave envelope — the
envelope being the outline of the radio-
frequency cycle peaks.

Such distortion not only affects the quality
of the received signal but also broadens the
communication band of the transmission and
causes needless interference. This broadening
results from the fact that unnecessary side-
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band frequencies are generated. As was pointed
out in Chapter Four, the process of modulation
produces additional radio frequencies in pairs
either side of the carrier frequency, constitut-
ing the side bands. There will be one such pair
for each frequency component in the modu-
lating signal. If the wave form is distorted, asit
will be with overmodulation, there will be
further side bands generated and these spu-
rious radiations will broaden the wave accord-
ingly. It is for this reason that government
regulations prohibit overmodulation.

In connection with the dual nature of side
bands in the type of transmission under dis-
cussion, it should be pointed out that the in-
telligence conveyed by the modulated wave is
all contained in the side-band components.
Our present technical methods necessitate the
transmission of the carrier and both side
bands, although it is theoretically possible to
communicate with the carrier suppressed and
only the two side bands transmitted, or with
the carrier and a single side band transmitted,
or even with the carrier suppressed and only a
single side band transmitted. The carrier is
only useful for beating with the side-band com-
ponents to reproduce the original signal in the
receiving detector. Hence, it is possible to dis-
pense with transmission of the carrier and use a
locally-generated carrier in the receiver to
serve the purpose. However, single-side-band
technique is not yet sufficiently developed to
make it economically feasible for amateur
work, although it is being used on high fre-
quencies to a limited extent in experimental
commercial communication.

Amplitude and Power Relations

® The maximum permissible modulation
factor, imposed by the requirements that the
modulation envelope shall not be distorted, is
100 percent. This limit is reached when the
total amplitude of the two side bands equals
the amplitude of the carrier, each side band
therefore having a total amplitude equal to
one-half the carrier amplitude. Since the am-
plitude is doubled at 100 percent modulation,
the instantaneous peak power will be four
times the unmodulated power, power being
proportional to the square of the current.
With continuous modulation by a single pure
tone the average power will be 50 percent
greater than the unmodulated power, in ac-
cordance with the effective evaluation for
complex waves which was given in Chapter
Three. That is, the carrier and the two side
bands represent three different frequency
components of which the carrier would have
an effective value of 1 and the side bands each
an effective value of 0.5. The square root of
the sum of the squares of these three effective



» Fundamentals of Radiotelephony . . .

current (or voltage) values would be 1.226.
Power being proportional to the square of the
current, the average power value at 100 per-
cent sinusoidal modulation would be 1.2262
or 1.5. Speech, however, is of complex form.
Experience has shown that for the most
practical purposes it can be taken as equiva-
lent to two tones of equal amplitude. The
maximum total amplitude restriction necessi-
tates, therefore, that the total amplitude of
the four equivalent side-frequency components
shall be no greater than the carrier amplitude;
the two frequency components in the modulat-
ing signal are altogether likely to be in phase
aiding at least occasionally. With such a modu-
lating signal, the instantaneous peak power at
100 percent modulation also would be four
times the unmodulated power. However, the
average power, by the root-sum-square calcu-
lation, would be 1.25 times the unmodulated
power, or 25 percent greater than the un-
modulated power. The effective current would
be 1.12 times the unmodulated effective current
value. Hence, although a radio-frequency
ammeter in the antenna circuit would show an
increase in current reading of slightly more
than 22 percent with 100 percent sustained
modulation by a sinusoidal signal, the sus-
tained speech-equivalent signal would give an
effective current reading only 12 percent
greater than the unmodulated reading. More-
over, the varying nature of speech modulation
would give a considerably smaller percentage
increase in practical operation, because of the
sluggishness of such measuring instruments
and their inability to indicate truly the maxi-
mum effective current value. From experience,
a reading increase of only about 5 percent
should be obtained with usual speech.

Modulation Capability And Stability

@® It is entirely possible for the modulation
envelope to be distorted at less than 1009,
modulation, as in a transmitter which was
incapable of increasing the maximum amplitude
to twice the unmodulated amplitude. Modula-
tion capability is the mazimum percentage
modulation that is possible without objectionable
distortion. It is apparent that the modulating
system, whatever type, must be able to effect
an undistorted variation in the amplitude of
the modulated wave ranging from zero to
twice the carrier amplitude if the set is to have
a modulation capability of 100 percent. Since
the effectiveness of a modulated wave as
measured by receiver response depends on the
variation in amplitude, it is desirable that the
transmitter’s modulation capability be high,
As a specific instance, a ten-watt carrier modu-
lated 100 percent is practically as effective as
a 40-watt carrier modulated 50 percent.

With transmitters of high-percentage modu-
lation capability, particular care must be ex-
ercised to prevent variation in the carrier fre-
quency as an accompaniment to amplitude
modulation. Such variation constitutes fre-
quency modulation. It has been shown that
frequency instability is a serious defect in
c.w. telegraph transmission, and it must be
realized that frequency modulation is far more
objectionable in 'phone transmission. It not
only causes unnecessary interference with
other stations working on adjacent frequencies
in the same amateur band, but also can cause
interference with services operating on greatly
different frequencies. An amateur 'phone work-
ing on the 3900-ke. band is even likely to cause
interference on the broadecast band, as a result
of frequency modulation accompanying ampli-
tude modulation. The combination may cause
radiation of spurious frequencies over a band
as wide as several hundred kilocyecles. Fre-
quency modulation is also a cause of distortion
in reception. Modulation of the oscillator in
amateur transmitters is therefore prohibited
except on the ultra-high frequency bands.
Even when a radio-frequency amplifier follow-
ing an oscillator is modulated, precautions are
necessary to insure against affecting the oseil-
lator’s frequency. An extremely stable oscil-
lator is necessary, with provision for isolating
it from the modulated stage as by an inter-
vening buffer amplifier.

Methods of Modulation

The most widely used type of modulation
system is that in which the modulating signal
is applied in the plate circuit of a radio-fre-
quency power amplifier (plate modulation). In
a second type the audio signal is applied to the
control-grid ecircuit (grid-bias modulation). A
third system involves variation of the sup-
pressor-grid voltage of a pentode-type power
tube (suppressor-grid modulation). Other sys-
tems are occasionally used for special purposes
but are not generally suitable for amateur
work. Among these is screen-grid modulation
in an amplifier using that type tube (limited
to approximately 60 percent modulation capa-
bility). Practical arrangements illustrative of
plate and grid-bias methods are diagrammed in
Fig. 1003. The suppressor-grid modulation
system is shown in Fig. 1104,

In A of Fig. 1103 is shown the circuit of what
is known as the Heising or constant-current
system of plate modulation. The plate power
for the modulator tube and modulated ampli-
fier is furnished from a common source through
the modulation choke, L, which has high imped-
ance for audio frequencies. When the grid
circuit of the modulator tube is excited at
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audio frequency, the modulator operates
as a power amplifier with the plate circuit
of the r.f. amplifier as its load, the audio

posed on the d.c. power supplied to the

(111}
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amplifier. The r.f. output of the amplifier
is therefore identically modulated. For
1009 modulation the modulator audio
voltage applied to the amplifier plate cir-
cuit across the choke, L, must have a peak
value equal to the d.c. voltage on the mod-
ulated amplifier. To obtain this without
distortion, the amplifier must be operated
at a d.c. plate voltage less than the modu-
lator plate voltage, the extent of the volt-
age difference being determined by the
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MODULATED R.F. AMPLIFIER
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type of modulator tube used. The necessary
drop in voltage is provided by the resistor I,
which is by-passed for audio frequencies by the
condenser C.

In Fig. 1103-B is shown another system of
plate modulation in which a balanced (push-
pull Class-A, Class-AB or Class-B) type modu-
lator is transformer-coupled to the plate ecir-
cuit of the modulated r.f. amplifier. When the
grids of the modulator tubes are excited, the
audio-frequency power generated in the plate
circuit is combined with the d.c. power in the
modulated-amplifier plate circuit by transfer
through the coupling transformer, T. The
power output of the modulated amplifier varies
exactly with the power input to its plate, and
the carrier power is therefore varied in ac-
cordance with the signal at the grids of the
modulator tubes. For 1009 modulation the
audio-frequency output of the modulator and
the turns ratio of the coupling transformer
must be such that the voltage at the plate of
the modulated amplifier varies between zero
and twice the d.c. operating plate voltage.
The plate efficiency with plate modulation of
Class-C amplifiers is practically constant at
approximately 65%.

In C of the same figure is the diagram of a
typical arrangement for grid-bias modulation.
In this system, the secondary of an audio-fre-
quency output transformer, whose primary is
in the plate circuit of the modulator tube, is
connected in series with the grid-bias supply
for the modulated amplifier. When the grid
bias, radio-frequency excitation and load cir-
cuit of the modulated amplifier are properly
adjusted, power output will vary in accordance
with the audio-frequency signal applied to the
control grid. In this- method of modulation
the modulator stage furnishes relatively small
power to the r.f. amplifier’s control-grid cir-
cuit. The carrier plate efficiency of the modu-
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lated stage is considerably lower than with
plate power modulation, being of the order of
30 percent or somewhat less in usual practice.
At 100 %, modulation it rises to approximately
60%.

The circuit arrangement for suppressor-grid
modulation of a pentode type tube is shown in
Fig. 1104. In this system the modulating signal
is also applied to a grid, in which respect it is
akin to control-grid modulation. However, it
differs in that the r.f. excitation and modu-
lating signals are applied to separate grid ele-
ments. This gives the system a simpler oper-
ating technique. Best adjustment for proper
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FIG. 1105 — CIRCUIT OF A SINGLE-ENDED CLASS
B LINEAR R.F. AMPLIFIER

The grid-regulation resistor, R, should be capable
of dissipating a fair proportion of the exciting am-
plifier’s power output. The excitation can be regu-
lated by the coupling condenser, C., or by adjust-
ment of theregulating resistor,or a tap on theexciting
amplifier tank coil. The circuit values can be as usual
Jor the frequency and power.

excitation requirements and, simultaneously,
proper modulating circuit requirements, are
more or less independent, whereas they are
intermingled in the control-grid circuit of the
previously outlined system. The carrier plate
efficiency figure is approximately the same
as for control-grid modulation, approximat-
ing 30 percent, rising to approximately 609,
at full modulation, With tubes having suit-
able suppressor-grid characteristics, linear
modulation up to practically 100 percent
can be obtained with negligible distortion.

Class-B Linear Amplifiers

@® When the final r.f. stage of the trans-

mitter is modulated, it is considered as a

high-level system, since modulation takes place
at the highest powerlevel in the transmitter, If
the modulation takes place in an intermediate
stage with a higher-power r.f. amplifier stage
or several such stages following, it is called
low-level modulation. Amplifiers so used to in-
crease the power output from a low-level stage
are operated as linear amplifiers. Such ampli-
fiers are operated under Class-B conditions, as
described in Chapter Five, with minor modifi~
cations in the circuit to maintain the output

power proportional to the square of the excita-
tion voltage over the range of amplitude with
modulated excitation. The circuit of a Class-B
linear amplifier stage is shown in Fig. 1105.
The principal modification usually required is
the r.f. load resistor R which serves to improve
the r.f. voltage regulation of the modulated
exciter’s plate circuit. Some such stabilization
is necessary because the input impedance of the
linear stage varies considerably with variation
in the amplitude of the modulated r.f. excita-
tion. A Class-B linear stage should be operated
as a ‘‘straight” amplifier; that is, its output
should be on the same frequency as the input.
If operated as a frequency doubler, the depth
of modulation will be increased in the output,
and spurious frequencies are likely to be
generated. Plate efficiency is of the same order
ag with grid modulation.

Controlled-Carrier Transmission

@ In the above systems as outlined, the carrier
amplitude is maintained constant and the per-
centage modulation varied in accordance with
the modulating signal. That is, these systems
are conslani-carrier types, and the carrier
power radiated is always the same regardless
of whether the modulation is shallow or deep,
or even when there is no modulation at all.
Since speech is not only of varying amplitude
but is also intermittent, the average efficiency
with constant-carrier transmission is quite
small. Also, the heterodyne interference created
is just as bad when the carrier is unmodu-
lated as when it is fully modulated, and its
nuisance effect is disproportionate to its
utility. The deficiencies can be overcome to a
considerable extent if the carrier amplitude is
automatically varied to maintain it just suffi-

R F Carrer
/ Level \

A-CONSTANT CARRIER

FIG.1106— CONTRASTING MODULATED WAVES OF THE
CONSTANT-CARRIER TYPE (A) AND CONTROLLED-

B~ CONTROLLED CARRIER

CARRIER TYPE (B)

cient to accommodate the various modulating
signal amplitudes as they occur. A system in
which this is accomplished is called a controlled-
carrier system.

The essential difference, so far as the modu-
lated wave is concerned, between constant-
carrier and controlled-carrier is illustrated in
Fig. 1106. The principle is to vary an operat-
ing control in the transmitter automatically
by the modulating signal so that the carrier
amplitude is approximately proportional to the
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average of the modulating signal. This control
must be fast enough in operation to follow
normal syllabic variations in speech intensity,
but not so fast as to follow the individual
cyclic variations of audio frequency. The most
satisfactory methods of control for voice
transmission employ vacuum tubes as speech-
operated variable resistances to vary the aver-
age plate power input of transmitters using
plate modulation, or to vary excitation to a
grid-bias modulated stage, or to vary the
suppressor-grid bias with that system of modu-
lation. Practical details of controlled-carrier
transmitting circuits are given in the next
chapter.

The Plate-Modulated R. F.
Amplifier

For distortionless or linear plate modulation
with 100-percent modulation capability (sinu-
soidal signal), the modulated r.f. amplifier
should operate with a steady d.c. power input
equal to twice the modulator’s maximum
rated undistorted power output and should,
simultaneously, present a load or modulating
impedance to the modulator equal to the
modulator’s rated plate load impedance. To
satisfy these conditions it is necessary that the
modulated r.f. amplifier operate so that its
plate circuit presents a constant resistance of
proper value as viewed from the modulator’s
output, the value of this load resistance in
ohms being the r.f. amplifier d.c. plate voltage
(volts) divided by its d.c. plate current
(amperes).

This condition obtains when the modulated
stage operates as what is known as a Class-C
amplifier; that is, so that its power output is
proportional to its plate power input, as de-
scribed in Chapter Five. The plate current and
output current vary as the plate voltage be-
tween the limits of zero plate voltage and
twice the mean plate voltage. This is ac-
complished by operating the modulated
amplifier with a negative grid bias more than
sufficient to reduce the plate current to zero
with no excitation (usually twice ‘‘cut-off”’
bias) and by supplying the grid with r.f.
excitation sufficiently ample to cause plate
current saturation. Grid bias may be obtained
from a fixed-voltage source (batteries), or by
means of a grid leak, or by a combination of
fixed and leak bias in series, or by a dropping
resistor in the negative (cathode) circuit. A
combination of automatic grid-leak bias and
cathode-drop bias is desirable for full-range
linear modulation.

When the amplifier’'s operation is truly
Class-C, its plate circuit input resistance, as
viewed from the modulator output, will be
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equal to the mean plate voltage divided by the
plate current. Also, the product of the plate
voltage and current is the unmodulated power
input, equal to twice the modulator’s maximum
audio power output for 1009, modulation.
Therefore, regardless of the type, size or
number of tubes used in the Class-C amplifier,
its mean plate voltage and plate current will
be the same for a given modulator.

The tubes most suitable for use in modu-
lated Class-C amplifiers are those designated
for r.f. power amplifier use, such as are listed in
the transmitting tube table of Chapter Seven.
Triodes in a neutralized circuit, are capable of
making best use of the modulator audio power
output. Screen-grid tubes are also used but
require simultaneous modulation of both plate
and screen voltages. Tubes chosen for Class-C
amplifier operation should have plate voltage
and current ratings that will not be exceeded
in modulated service. Excessive plate voltage
or plate current will not only shorten the life of
the tube but also may cause non-linear modu-
lation, distortion and interfering spurious
radiation. This applies particularly to receiv-
ing-type tubes (such as the 46) when operated
as modulated Class-C r.f. amplifiers.

It must be remembered that the power input
to the Class-C modulated stage is not just the
d.c. plate voltage and plate current product.
The audio-frequency power is superimposed
on this average input, and with 100 percent
modulation by a sinusoidal signal will be 50%
greater than the average power indicated by
d.c. meters and approximately 259%, greater
with a speech signal, in accordance with the
explanation of pulsating current calculation
given in Chapter Three. Hence, the maximum
plate dissipation may be 50 percent greater
than the d.c. meter readings might lead one to
believe. Allowance for this additional dissipa-
tion should be made in choosing the plate
voltage. Plate-voltage ratings for Class-C
modulated amplifiers are usually about 25
percent less than the maximum allowable for
c.w. service with the same tubes.

Coupling Calculations for Plate Modulation

@® With a modulator of given power output
and load resistance (or impedance) require-
ment, calculation of the proper plate input to
the Class-C amplifier and of coupling circuit
values can be made quite easily. Determination
of Class-A load impedance and power output
from the tube plate characteristics is described
in Chapter Five. In the case of a Class-A
modulator with choke coupling to the Class-C
amplifier plate circuit, as shown in Fig. 1103-A,
the procedure is as follows:

As has been stated, for 100 percent sinu-
soidal modulation the Class-C amplifier d.c.
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input power should be twice the modulator’s
rated maximum undistorted power output
(u.p.o.). Thisinput will be equal to the product
of the Class-C amplifier’s mean (d.c.) plate
voltage and plate current. At the same time,
the mean plate voltage divided by the plate
current gives the modulating impedance, which
in this case should equal the modulator’s rated
load impedance. By Ohm’s law,

[P _b
I, = E;andEb T

where P, = unmodulated d.c. power input to
r.f. stage =twice modulator power
output, waltls.
Ry = optimum load
modulator, ohms.
I, = mean current to r.f. amplifier
plate, amperes d.c.
E, = r.f. amplifier mean plate voltage,
d.c.
For the case of a Type 845 tube operating as
a Class-A modulator with plate supply of 1000
volts at 75 ma. (grid bias— 147 volts), the rated
power output with negligible distortion is 23
watts for a load resistance of 7500 ohms (See
Table I in next chapter). Substituting in the
above equations,

2%23
I = 4 I% = 0.078 amp. = 78 ma.,

the Class-C amplifier d.c. plate current.

2X23
b = %78 = 590 volts,
the Class-C amplifier d.c. plate voltage.

The plate voltage drop for the Class-C
amplifier is, therefore, 1000—590=410 volts.
The proper resistance value for the dropping
resistor, R of Fig. 1103-A, is this value divided
by the Class-C amplifier plate current,

resistance for

410
=0.078 = 5256 ohms (5250 ohms
satisfactory).

The dissipation rating of this resistor should
equal the voltage drop multiplied by the cur-
rent, or 410X0.078 =32 watts. A 50-watt
type resistor therefore would be satisfactory.
It should be by-passed for audio frequencies
by condenser C (2-pfd. or larger). A coupling
choke, L, of 30-henry effective inductance at
150-ma. d.c. will be suitable. Any one of several
tubes capable of operating with 78 or 80 ma.
input at 590 or 600 volts could be used in the
Class-C amplifier; an RK-31, 830, RK18 or 800
would be a likely choice.

In the case of transformer coupling between
the modulator and Class-C amplifier, as shown
in Fig. 1103-B, the procedure is somewhat
different. This method of calculation is gener-

ally applicable to any type of modulator;
Class-A or Class-B, with transformer coupling,
The purpose is to calculate the turns ratio of
thetransformer to match the modulatingimped-
ance of the Class-C amplifier to the required
load impedance of the modulator. For illus-
tration, take the case of a modulator using a
pair of Type 800 tubes in Class-B, operating
at a plate voltage of 1000 volts (Table II of
next chapter). The rated power output with
negligible distortion is 100 watts and the
plate-to-plate load impedance is specified as
12,500 ohms. The Class-C amplifier using two
similar tubes is to operate at the same plate
voltage, 1000 volts, with a mean (d.c.) power
input of twice the modulator’s rated maximum
output, or 200 watts. The Class-C amplifier
plate current is, therefore,

Po _ 2X100
Ih==— = 210 _ amp. = 200 ma.

The modulating impedance of the Class-C
amplifier is

I = =02 = 5000 ohms.

The transformer therefore must match a
5000-ohm load to the modulator’s 12,500-ohm
load requirement. This calls for a step-down
transformer having an impedance ratio of
12,500 to 5000. The turns 'ratio, total primary
to total secondary will be the square root of the
impedance ratio:

12,500
tio = U = =
Turns Ratio \/ 5000 V2.5=1.58t01

(or 1 to 0.63).

In the case of Class-B output transformers
it is customary to specify the turns ratio of 14
primary to total secondary, which would be 1 to
1.26 in the example given. In the actual design
of the transformer the secondary turns would
be increased slightly over the theoretical calcu-
lated value, to allow for losses. Manufactured
types having suitable characteristics for
standard modulator combinations are widely
available at reasonable prices. The trans-
former may be designed to carry the Class-C
amplifier d.c. plate current through its second-
ary without saturating the core. Otherwise it
will be necessary to feed the amplifier plate
d.c. through an audio-frequency choke and
couple the transformer, across the choke,
through a large condenser.

Economy Class-B Modulation for
Speech Only
@ Although it is customary to calculate
modulator power requirements on the basis of
a sine-wave modulating signal, a somewhat
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smaller modulator power capability is possible
in the case of the Class-B modulator which is to
be used only for speech transmission. We have
shown that the average power in a speech signal
is approximately half as great as the average
power in a sinusoidal signal of equal amplitude.
Hence, although the maximum amplitude and
peak power values are the same with either
type of signal, giving the same amplitude
limitation in the design procedure for both, the
power dissipation limitation is modified in the
case of speech. With Class-A modulators this
does not apply because the power ratings have
to be based on the no-signal condition, during
which the plate must dissipate the entire d.c.
input.

In general, doubling the unmodulated
Class-C amplifier input for a given Class-B
modulator tube combination necessitates an
increase in the modulator plate voltage, an
increase in audio driving power and perhaps
also a change in the output transformer ratio.
The modulator tubes must be capable of oper-
ating at this increased plate voltage and
supplying the peak emission demanded. The
application is thereby restricted to certain
types of tubes as Class-B modulators, the
design being determined from the character-
istic curves and ratings. Details of such a
modulator unit are given in the next chapter.

Speech Input Circuiis —Types
of Microphones

A microphone is the device used to convert
the sound waves of speech into corresponding
alternating currents or voltages which, after
amplification, excite the modulator. Typical
circuit arrangements of five types of micro-
phones generally used in amateur transmitters
are shown in Fig. 1107. The arrangement of A
is for a single-button carbon microphone; B is
for a double-button carbon microphone; C is
that of a condenser microphone; D is for a
ribbon (velocity) type; and E is for a piezo-
electric (crystal) type microphone.

Carbon-grain microphones, both single- and
double-button, convert sound waves into pul-
sating electrical current by the variation in the
resistance with pressure between carbon gran-
ules in contact with a metal or graphite dia-
phragm which is caused to vibrate by the sound
waves striking it. In the single-button micro-
phone, M) of A, one connection is made to the
diaphragm and the other is made to the cup
containing the carbon granules, called a but-
ton. The microphone terminals are connected
in series with a variable resistor (to adjust
microphone current), which is connected
across a battery, and the primary winding of a
transformer. The current through the primary
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is a pulsating direct current which induces
alternating voltage in the secondary winding.
This voltage in turn is applied to the grid
circuit of the speech-amplifier tube. In the
double-button microphone, M3 of B, there is a
cup of carbon granules on each side of the dia-
phragm. These “buttons” are connected to
the two ends of the primary winding of the
microphone transformer and the diaphragm is
connected in series with a battery to the center
of the winding as shown in B. The granules in
one button are compressed and their resistance
is reduced while the granules on the other side
loosen and their resistance is increased when
the diaphragm is vibrated, with the result that
there is an increase in current flow between one
button and the diaphragm while there is a de-
crease in current flow between the other button
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FIG. 1107 — SPEECH INPUT CIRCUIT ARRANGE-
MENTS FOR FIVE GENERALLY USED TYPES OF
MICROPHONES

M, single-button carbon; M, double-button car-
bon; Ms, condenser; My, ribbon or velocity type; M;
crystal type.
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and the diaphragm. The average current flow
through the common circuit and the battery
will remain constant if the buttons have been
properly adjusted. The diaphragm of the
‘“high-quality’’ double-button microphone is
‘“stretched”” to make its natural resonant fre-
quency well above the normal audio-frequency
range. This makes the microphone’s sensitivity
comparatively low but improves its frequency
characteristic. More sensitive double-button
microphones have an ‘‘unstretched’” metal
or graphite diaphragm.

The condenser microphone illustrated in C
utilizes an entirely different principle — that
the variation in electrostatic capacity between
two plates causes a change in the potential
difference between them. In the microphone
one of the plates is fixed and incapable of
vibration but the other is of thin metal, tightly
stretched, separated from the fixed plate by
about a thousandth-inch. A high d.c. potential,
which may be obtained from the amplifier
“B” supply, is applied between the plates and
the variation in the potential which results
when the thin plate vibrates in response to a
sound wave is applied across a high resistance
(several megohms) in the grid circuit of an
amplifying tube.

The velocity or ribbon-type microphone,
M,, operates on the electromagnetic principle.
A light corrugated ribbon of conductive mate-
rial, such as dural, is suspended with slight
tension between the poles of an electromagnet
so that its motion will be transverse to the
magnetic field. When vibrated by sound waves,
the ribbon conductor cuts the magnetic lines
of force and a corresponding alternating cur-
rent flows through the ribbon and the primary
of a transformer in its external circuit. The
impedance of the ribbon is very small, a few
ohms, permitting the use of a transformer with
a small primary and large turns (voltage)
step-up ratio for coupling to the grid of the
first amplifier. The frequency response of this
type microphone is very uniform over the audio
range, since its inherent characteristics are
such that the voltage generated is proportional
to the amplitude of the sound wave and nearly
independent of frequency, the velocity of the
ribbon being proportional to the sound-wave
intensity. For this reason this type of dynamic
microphone is also known as the ‘“velocity”
microphone. A somewhat different type of
dynamic microphone has a low-impedance coil
mechanically coupled to a diaphragm, the
electrical current being induced in the coil by
motion caused by sound waves. The moving-
coil type microphone is relatively more com-
plex and expensive than the ribbon type and is
not so widely used for amateur work.

The input circuit for a piezo-electric or erys-

tal type microphone is shown in Fig. 1107-E.
The element in this type consists of a pair of
Rochelle salts crystals cemented together, with
plated electrodes. In the form diagrammed, the
crystalis mechanically coupled to a diaphragm.
Sound waves actuating the diaphragm cause
the crystal to vibrate mechanically and, by
piezo-electric action, to generate a correspond-
ing alternating voltage between the electrodes,
which are connected across the grid circuit of a
vacuum tube amplifier as shown. This electro-
mechanical action is the reverse of that uti-
lized with the quartz crystals used in trans-
mitters and described in Chapters Eight and
Nine. Unlike the other microphones de-
scribed, the erystal type requires no separate
source of current, polarizing voltage or mag-
netic field. The diaphragm type illustrated has
frequency characteristics entirely. adequate
for speech transmission. Another type, which
has no diaphragm and in which the crystal is
directly actuated by sound waves, has more
uniform response over a wider range of audio
frequencies (up to 10,000 cycles or more) as is
required for program transmission.

Wide-frequency response speech input equip-
ment is not required for voice transmission,
uniform frequency response up to 2800 or 3000
cycles being adequate. It is therefore satis-
factory to choose a microphone intended par-
ticularly for speech transmission, rather than
one designed primarily for broadcast program
use. Since the high r.f. selectivity of modern
amateur 'phone receivers and the use of “‘tone
controls’’ in receiver audio systems cut off the
higher frequencies anyway, the transmitted
modulation frequencies above 3000 cycles are
largely wasted.

A microphone of any type is a piece of ap-
paratus deserving careful handling. The car-
bon types should never be moved or even
touched while current is flowing through them
because the slightest jar will give the dia-
phragm a jolt far greater than that caused by a
loud sound. The carbon microphone should
never be operated with excessive current
through the buttons because the heat gen-
erated by high current may fuse the carbon
granules together, causing ‘‘freezing.” The
current to each button of a double-button
microphone should be of the same value and
sometimes adjustment of the pressure on
the buttons may be necessary to make it so.
This adjustment must be made very carefully,
preferably by an experienced microphone
repair man.

If a carbon microphone should become
‘“frozen’’ the granules may be loosened by
lightly tapping the frame with one finger after
the microphone battery circuit has been opened.
The microphone should be suspended by

. 201 .



The Radio Amateur’s Handbook . « « « « «

springs in a frame or hung froin the ceiling in
preference to having it unprotected from shock
and vibration on the operating table. A good
shock-proof mounting will eliminate a lot of
the ‘““background” noise which afflicts many
amateur outfits. Crystal microphones are much
less affected by vibration and ‘‘cord noise.”

Microphone OQutput Levels

@ The sensitivity of the microphone — that is,
its electrical output for a given speech in-
tensity input — governs the amount of ampli-
fication required between the microphone and
the modulator. Sensitivity varies greatly with
microphones of different basic types, and also
varies between different models of the same
type. The output is also greatly dependent on
the character of the individual voice and the
distance of the speaker’s lips from the micro-
phone, decreasing approximately as the square
of the distance. It also may be affected by
reverberation in the room. Hence, it is prac-
tically impossible to give rigid speech output
values which will be reproducible in every in-
stance. At best, only approximate values based
on averages of ‘‘normal’’ speaking voices can
be attempted. These have been obtained
through the codperation of several micro-
phone manufacturers and are representative of
the types of microphones most popularly used
by amateurs. They are based on close talking;
that is, with the microphone six inches or less
from the speaker’s lips, or with the microphone
against the cheek, slightly to one side of the
speaker’s lips.

Good quality single-button carbon micro-
phones give outputs ranging from 0.1 volt
across 50 or 100 ohms to 0.3 volt across 50 to
100 ohms; that is, across the primary winding
of the microphone transformer. With the step-
up of the transformer, a peak voltage of be-
tween 2 and 3 volts across 100,000 ohms or so
can be assumed available at the grid of the
first tube. These microphones are usually oper-
ated with a button current of about 100 ma.

The sensitivity of good-quality double-
button microphones is considerably less, rang-
ing from 0.025 volt to 0.07 volt across 200
ohms. With this type microphone, and the
usual push-pull input transformers, a peak
voltage of 0.4 to 0.5 volt across 100,000 ohms or
so can be assumed available at the first speech
amplifier grid. The button current with this
type microphone ranges from 10 or 15, to 50
ma. per button. The operating conditions
recommended by the manufacturer should be
followed.

The output of condenser microphones varies
widely from one model to another, the high
quality type being about one-hundredth to
one-fiftieth as sensitive as the standard double-
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button carbon mike. Usually an additional
resistance-coupled amplifier having a voltage
gain of approximately 100 (40 db) is satisfac-
tory as a ‘‘pre-amplifier” for adapting a
double-button set-up to condenser mike input.

The sensitivity of the velocity or ribbon-type
microphone is between that of the standard
double-button carbon and the condenser type.
With a suitable microphone coupling trans-
former, about one stage of pre-amplification
having a tube gain of 10 or so will bring the
level up to that obtained at the grid of the

CRYSTAL MICROPHONE OUTPUT LEVELS FOR
CLOSE TALKING

Type Microphone Load Impedance Volts Across Load

Astatic Type D-104 1 megohm 0.02 v
Shure Type 70-H 1 megohm 0.036 v.
Shure Type 70-S 0.5 megohm 0.054 v.
Shure Type 73-A 1 megohm

5 megohms
5 megohms

Turner Type G
Turner Type S4-MX

first tube with a standard double-button
microphone. The sensitivity of piezo-electric
crystal microphones also varies from type to
type. Useful data from coéperating manu-
facturers of representative types popularly
used by amateurs are given in the accompany-
ing table. The figures are for 7-foot connecting
cords. The voltage available at the grid of the
first tube is decreased by lengthening the con-
necting cable, although the frequency charac-
teristic is unaffected. The lower values of load
resistance (1 megohm and less) affect the
frequency response by attenuating the lower
frequencies, but this is not disadvantageous for
speech transmission since the loss is principally
effective below 100 cycles, which tends to
lessen the high-amplitude peaks without de-
tracting from the intelligibility.

Speech Amplifiers

® The speech amplifier of the 'phone trans-
mitter includes the audio stages between the
microphone and the grid circuit of a Class-A
modulator or the grid circuit of the Class-A
power driver stage for a Class-B modulator.
The speech amplifier stages are operated as
Class-A voltage amplifiers; that is, they are
designed to give high undistorted voltage am-
plification and their output circuits are of high
impedance, as contrasted with audio power
amplifiers. The tubes used are the smaller re-
ceiving types having medium to high amplifi-
cation factors, resistance or transformer cou-
pling being generally used with the medium-n
types and resistance coupling with the high-u
types.

Knowing the approximate value of voltage
output obtainable from the microphone and
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the voltage excitation requirement of the
Class-A modulator or driver stage, the total
voltage amplification necessary can be esti-
mated. The voltage swing required by the

SPEECH AMPLIFIER
V.G.=10

R T

v.6.=l10

the skeleton diagram of Fig. 1108. The voltage
step-up in a coupling transformer is assumed
the same as its turns ratio, while the approxi-
mate gain of a tube is taken as 60 or 65 percent

|
! DRIVER
vG.23 |
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FIG. 1108 — SKELETON DIAGRAM OF SPEECH-AMPLIFIER AND DRIVER STAGES, SHOWING APPROXI-
MATE VOLTAGE GAIN AND PEAK VOLTAGE PER STAGE

Class-A power stage will be approximately
equal to its grid bias in the case of a single tube
or tubes in parallel, and approximately twice the
bias value for tubes in push-pull. The approx-
imate voltage gain required of the speech am-
plifier therefore will be the ratioof thismaximum
grid swing to the peak voltage across the micro-
phone. This gain will include amplification of
the tubes and step-up in coupling devices such
as transformers. The method is illustrated by

of its rated amplification factor (u) in the case
of a triode, and about 10 percent in the case of
a screen-grid (pentode) tube. The combination
chosen should show a calculated maximum
gain of 50 to 100 percent greater than will
actually be required, to allow for reserve, the
excess being compensated for in operation by
adjustment of the volume or gain control. Volt-
age amplifier data for popular combinations
are given in the table.

HIGH-GAIN VOLTAGE AMPLIFIER DATA

] B ' . . )
Grid Bias Approz.
Type Tube Element Plate Supply Plate Load Volts or Screen ‘%,’;Z’ao; Peak
Connection Volts Resistance Cathode Volts Am Voltage
D.
Res. Output
57, 6C6, or 6J7 Pentode 275 250,000 ohms | 3500 ohms 50 100 65 V.
Same Triode (Screen 275 50,000 ohms | 2200 ohms 50 14 65V,
tied to plate)
79 Cascade Triode 265 250,000 ohms 2V. oo 2100 65 V.
(2-stage amp,) (for both sections)
S _ |-
53, 6A6 .. 250 3V. B0 720 58 V.
l (for both sections)
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CHAPTER TWELVE

Building Radiotelephone

Transmitiers

CONSTRUCTION OF TYPICAL AUDIO SECTIONS AND
ADJUSTMENT FOR PROPER MODULATION

Mee general design principles
outlined in the previous chapter serve as the
basis for an almost infinite variety of trans-
mitter combinations. Descriptions of every
possible arrangement that might be used for
amateur 'phone would fill a book even larger
than this one. However, there is a group of
established types which includes the combina-
tions most generally adapted to amateur use,
with r.f. sections for both the high- and ultra-
high frequency ’phone bands as described in
Chapters Nine and Fourteen. These will be
described as examples. No one combination
need be duplicated in its entirety, of course.
The speech input circuits may be interchanged
to suit the microphone and tubes available,
other styles of assembly can be adopted, power
tubes of equivalent capability can be substi-
tuted. To facilitate individual choice, various of
Class-A and Class-B audio combinations are
given in Tables I and II, while voltage ampli-
fier data are given in the previous chapter and
data for r.f. tubes in grid-bias and suppressor
modulated stages,
and for Class-B lin-

bias or control-grid, or any one of these with
Class-B linear amplification and perhaps with
controlled-carrier operation. Each has its en-
thusiastic supporters, and all technically will
give equivalent results. The choice is therefore
mostly a matter of first cost, which will depend
somewhat on the equipment already available.
Transmitters of 100-watt or so r.f. output us-
ually can be most economically adapted to
Class-B plate modulation, which gives the most
watts per dollar. Higher-power r.f. units may
be readily adapted to grid-bias modulation at
relatively small cost, although the 'phone out-
put will be necessarily reduced to about a quar-
ter of the c.w. code capability. With a power
pentode final stage, suppressor-grid modulation
is easily applied, with practically the same re-
quirement, of reduced output as with grid-bias
modulation. Plate modulation might be added
later to give full 'phone output, employing the
grid modulator in a driver unit for the Class-B
modulator. High-level plate and suppressor-
grid modulation systems are the most tolerant

ear amplifier serv-
ice, are given in
the tube tables of
ChapterFive. With
all this informa-
tion, an amateur
transmitter of al-
most any conceiva-
ble type can be
built up.

What Type I'rans-
mitter?

@ Transmitters are

usually distin-

guished by the

method of modu-

lation they use —
Class-A plate,
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FIG. 1201 — AN EFFECTIVE AMATEUR °*PHONE TRANSMITTER
A The general-purpose transmitter of Chapter Nine equipped with grid-bias modula-
Class-B plate, gnd- tor, as described in the following pages.
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in adjustment and maintenance. Grid-bias
modulation is somewhat more complicated,
while the Class-B linear stage with low-level
modulation is the least tolerant. The Class-B
linear is used by amateurs to only a limited
extent, and less than formerly in commercial
transmitters.

General Construction Practice

@ Audio units for simple transmitters can be
built up bread-board style, although a metal
chagsis foundation is preferable for a perma-
nent job. Present practice tends toward unit
construction on metal chassis, with rack
mounting. Foundation units of the type used
for modern receivers are admirably suited.
Shielding is important where high-gain audio
systems are used, it being especially important
to keep r.f. from overloading the low-level grid
circuits. When two or more stages of speech
amplification are used, particular care must be
taken to prevent motorboating and distortion
resulting from inter-stage feed-back. Coupling
transformers should be isolated from each
other or placed for minimum reaction between
their magnetic fields. Proper positions can be
determined by turning the transformers, one
with respect to the others, until minimum hum
or instability is obtained with the unit in oper-
ation at full gain. It is advisable to keep modu-
lation chokes and transformers well away from

other audio equipment because the strong
magnetic field about the high-level audio unit
is likely to cause trouble. Transformer cases
should be grounded to the negative side of the
circuit.

Microphone cables should be shielded and
the shield connected to ground. It is generally
good practice to shield the high-gain input
circuit separately and keep it away from the
high-level audio and r.f. sections of the trans-
mitter. It is well to couple a speech-input
amplifier by a step-down transformer (tube-to-
line) in its output, through a twisted-pair to a
line-to-tube step-up transformer into the
higher-level audio circuit. Such an impedance
matching combination is especially recom-
mended with high-impedance microphones
which require short leads to the first audio
stage or pre-amplifier. Interconnecting leads
and cables should be thoroughly shielded and
the shields grounded. Radio-frequency chokes
may be necessary between modulator and
modulated amplifier in high-voltage supply
leads.

A.c. filament and power-pack high-voltage
supplies may be used for all stages, although
more than ordinary filtering should be used for
high-gain amplifiers. Filtering or decoupling in
individual plate- and grid-feed circuits is ad-
visable, as illustrated in the high-gain circuits
which will be described.

TABLE I—CLASS-A AMPLIFIER AND MODULATOR OPERATING DATA

Type Fil. Piate | Plate Neg. Grid ' Load Audio
Tube Volts, Volts, Ma., Volts,1 Imp,? Output,3
Ey By ! Iy E. [ Ohms | Watts
— ‘ ’ ' _
50 | 7.5 300 | 0 | 100 ‘ 7500 5.5
|
T R E— | — B —
243 (P.p.)4 2.5 300 | 80 62 3000 15.0
B I N I (I -
l ' I
211,
242A, ’ 10.0 1000 I 65 52 ] 7000 10.0
276A
845 | 10.0 1000 75 150 | 7500 23.0
_ I _ | ‘
2844 | 10.0 1250 60 228 10,000 1.5
849 [ 11.0 ( 2000 125 | 75 12,000 { 42.5
2500 110 104 12,000 81.0
100 132 | 20,000 100.0

3000 |

With exception noted, ratings are for a single tube. For tubes in parallel multiply Is and Output Watts by number used,
and divide Load Impedance by number used. For 2 tubes in push-pull, multiply Is, Load Impedance and Output Watts by

2, taking peak audio grid voltage twice bias value.

1 Peak audio grid voltage equal to bias value for single tube or tubes in parallel.
2,3 To be used in determining Class-C amplifier operating conditions by method described in text.
4 Two tubes in push-pull. Peak audio grid voltage twice bias value.
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Plate Modulator Construction

@ Class-A modulators for low-power trans-
mitters can be the Class-A drivers of the units
described in this chapter; or can be planned for
larger tubes in the choke- and transformer-
coupling circuits shown in Chapter Eleven,
from the operating data given in Table I.
Their construction is simple and straight-
forward, requiring no special description. As-
semblies of the same style shown for the
Class-B units in this chapter are recommended.
Speech-amplifiers for Class-A modulators do
not furnish power to the modulator grid cir-
cuit, and therefore can be worked out quite
readily. The maximum output voltage of the

osc .
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FIG. 1202 — CIRCUIT OF THE 10-WATT 53 MODU-
LATOR UNIT FOR LOW-POWER ’'PHONE TRANS-
MITTERS (W9FVM)

Constants for the r.f. section correspond with de-
signs of Chapter Nine.

Cio— 25-volt 10-ufd. electrolytic (derovox or similar).

Ci — 8-ufd. 500-volt electrolytic condensers (Sprague
or similar).

Rs— 250,000-ohm Y2-watt.

Rs — 1,000-ohm I-watt.

R1— 25,000-ohm 20-watt.

Tirand T: — See text.

T; — Single-button microphone transformer.

T.— Class-B input (Collins 754X or similar).

T; — Class-B output (Collins 740Z or similar).

My — 0-150 d.c. milliammeter.

Mz — 0-100 d.c. milliammeter.

Chi and Chy— Small replacement-type filter chokes
to carry 80 to 100 ma.

Sw1 and Sw; — S.p.s.t. toggle switches. .

Swi;— D.p.s.t. toggle switch.

Swi — Milliammeter switch, d.p.d.t.
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speech-amplifier should be approximately
equal to the modulator grid-bias in the case of
a single modulator tube or two or more tubes
in parallel, and should be approximately twice
the Class-A modulator grid bias for tubes in
push-pull. Because of their relatively low effi-
ciency, Class-A modulators are seldom used in
amateur transmitters at the present time,
having been largely superseded by the higher-
efficiency Class-B type. (See Table IL.)

A 10-Watt Class-B Unit

@ A simple and inexpensive Class-B modulator
unit suitable for 20- or 25-watt Class-C ampli-
fier input is diagrammed in Fig. 1202. The
speech-amplifier is a 53 with both its grids tied
together, and both plates also tied to-
gether. It operates as a Class-A driver.
With single-button microphone input,
this driver is adequate to excite the
Class-B modulator to its full 10-watt
or slightly greater output. Both the
driver and the Class-B modulator use
the same plate supply, shown below the
audio unit in the diagram. In this par-
ticular combination, a separate power
supply is used for the r.f. section, which
is generally good practice in transmit-
ters using Class-B modulation because
the varying plate power taken by the
modulator causes variation in the sup-
ply voltage which might affect the fre-
quency of an oscillator taking its plate
power from the same supply. The r.f.
section shown may have the constants
of similar tube combinations given in
Chapter Nine. This modulator could be
used with any Class-C amplifier operat-
ing with a plate input of 60 ma. or so
at a plate voltage approximating 350
volts. With a more sensitive type mi-
crophone, a 1- or 2-stage high-gain unit
would be used ahead of the 53 driver
stage. The no-signal plate current of the modu-
lator is 35 to 40 ma., kicking up to approxi-
mately 50 ma. at 100 perecent modulation with
speech.

Economy Modulator for 50-Watt Trans-
mitters

® The modulator illustrated in Fig. 1203 and
diagrammed in Fig. 1204 is intended especially
for speech modulation of a Class-C amplifier
operating with a plate input of 140 ma. at 600
volts (approximately 85 watts). Although the
modulator tubes have a normal output rating
of only 20 or 25 watts, 100 percent speech
modulation of this Class-C input is obtained
with negligible distortion, following the prin-
ciples outlined in the preceding chapter. This
is accomplished by operating the modulator at



Building Radiotelephone Transmitters . . .

slightly higher than usual plate voltage and by
proper output transformer ratio (total primary
to total secondary turns ratio of 1.15-1). The

driver stage requirement of 50 volts peak grid
swing is easily delivered by the two-stage
speech amplifier with crystal microphone in-
put. The total voltage amplification for the
two stages is approximately 1400, adequate
for close talking.

The complete assembly is built up on a
chassis measuring 7 by 11 by 2 inches. The
first-stage 57 is at the rear left corner ; midway
on the left-hand edge is the second 57 (triode
connected) with the 45 driver at the left front.
The Class-B input transformer is behind the
meter panel, with the 46 modulator tube

FIG. 1203 — THE ECONOMY MODULATOR UNIT
CONTAINS A CRYSTAL-MICROPHONE SPEECH
AMPLIFIER, DRIVER AND CLASS-B MODULATOR,
AS WELL AS A POWER SUPPLY FOR THE LOW-
POWER STAGES

While the 46’s in the Class-B stage normally would
be considered to have an audio output in the vicinity
of 20 watts, for speech work they can readily be made
to modulate a Class-C input of 80 watts, as explained
in the text.

Output

FIG. 1204 — CIRCUIT DIAGRAM OF THE SPEECH AMPLIFIER AND ECONOMY CLASS-B MODULATOR
The power supply furnishes plate and filament power for the first three tubes only; the Class-B stage must be
supplied from a separate source. If a power transformer having an additional 2.5-volt winding is used, filaments

of the 46’s may be heated from the second winding.
R1— 5 megohms, 14 watt, C:— 0.1 ufd.
R:— 3500 ohms, % watt.

Ci1— 0.1 ufd., 400-volt.

turns ratio should be be-
tween 1.05:1 and 1.3:1, total

R3: — 250,000 ohms, Y% watt.
Ri— 500,000-0hm volume control.
Ris— 50,000 ohms, 1 watt.

Re— 0.5 megohm, % watt.

R1— 0.1 megohm, 4 watt.

Rs— 2250 ohms, I watt.

Ry — 10,000 ohms, I watt.

Rio— 50,000 ohms, Y, watt.

R — 250,000 ohms, Y watt.
R12— 50,000 ohms, Y4 watt.

Ri3 — 1500 ohms, 2 watt.

Ri— 20-ohm center-tap resistor.
C1 — 0.1 ufd., 400-volt.

Ciy Cs, Cs— 2-ufd. electrolytic, 400-
volt.

C1, Cy— 10-ufd. electrolytic,25-volt.

Co, C10—8-ufd., electrolytic, 400-
volt.

T1, T: — Class-B input and output
transformers;(National Type
Bl and BO respectively).
Theinput transformer should
have a turns ratio, total pri-
mary to one-half secondary,
of 2:1. Output transformer

primary to total secondary.
Ts— Midget power transformer,

275 volts each side center-tap
with 5-volt and 2.5-volt
windings. (Thordarson type
T-5002.)

L — 22-henry, 35-ma. filter choke
(Thordarson type T-1892).

J — Single closed-circuit jacks.

MA—0-200 d.c. milliammeter.

RFC — Short-wave choke (National
type 100).
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directly behind. The Class-B output trans-
former is in the rear right corner, the power
transformer for the spcech-amplifier and driver
stages being at the front, beside the 80 rectitier.
With the transformers placed as shown, hum

pick-up at the input is imperceptible, although
diffcrent orientation of the power transformer
with respect to the output transformer brings
the hum up considerably. In a compact as-
sembly of this type, the location of the respec-
tive transformers for minimum hum can
be checked readily by listening with a
pair of 'phones connected to one of the
audio transformer windings while mov-
ing the transformers about slightly with
the amplifier in operation. The smull
filter, in conjunction with the resistance-
capacitance filtering of Ry2 and Cs, is sat-
isfactory. It is especially important in the
first stage that the screen voltage be
maintained at the proper value. The volt-
age divider RBio-R1 serves this purpose.
Particular care should be taken to see
that the screen voltage is not too high,
since this will reduce gain, cause distor-

FIG. 1205 — ‘THE SPEECH-AMPLIFIER AND 100-WATT  tion and may even give rise to supersonic

CLASS-B MODULATOR

Although this compact unit contains a three-stage speech
amplifier, Class-B 800 modulator with all transformers, and
a power pack for the speech stages, careful design and con-
struction has made the assembly humless and free from

feedback (W4UP).

oscillation.

With speech modulation of the Class-C
amplifier input specified, the plate cur-
rent should swing no higher than ap-
proximately 80 ma. on speech peaks.

7o Mod Amp.

Ta

523

-10V.

Hnov.

4HY.

ot
nov. m
g\ua&
56’5 and 575

||“—

¥FIG. 1206 — CIRCUIT OF THE 100-WATT AUDIO SECTION

C1, Cy— .001 yfd.

Cs — 25-pfd., 25-volt electrolytic.
Ciy Cs, Cs— .1 pfd.

C7 — 8-ufd. electrolytic.

Cs— .1 pfd.

Cs, C10— 8-pfd. electrolytic.

Cu, Cis, C1s — .1 pfd.

Ci4, Cis, Ci6 — 8-pfd. electrolytics, 300-rolt
C — .01-uyfd. mica condensers.
Ri— 100,000 ohms, 1-watt.

R: — 1500 ohms, 2-watt.

R3, Ry — 50,000 ohms, 1-watt.
Rs, Re— 200,000 ohms, 1-watt.
R7 — 10,000 ohms, 2-watt.

Rs, Ry — 200,000 ohms, 1-watt.
Rio, R1i1 — 500,000 ohms, 1 watt.
Ri: — 100,000 ohms, I-watt.
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Ris — 1500 ohms, 2-watt.

Ris— 3000 ohms, 5-watt.

R s — 40,000 ohms. 2-watt.

Ris — 50,000 ohms, 2-watt.

P, — 250,000-ohm (each section) dual potentiometer.
P, — 500-ohm, 10-watt potentiometer.

P: — 1000-ohm, 2-watt potentiometer.

/i to Js, inc. — Single circuit-closing jacks.

Js — Open-circuit jack.

T1— Microphone transformer (W.E.).

Ty — Audio transformer, 1:3 ratio.

Ty — Class-B input transformer.

T4y — Class-B output transformer.

Ts— 7.5-volt filament transformer.

T¢ — Power transformer, 250 watts, 600 volts c.t.
RFC — 8-nih. r.f. chokes.
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Class-B grid current should be between 10 and
20 ma. under corresponding conditions. The
Class-C plate current should remain constant,
of course. Because of the different voltages
on the Class-B and Class-C stages, separate
power packs of good regulation are advisable.

A 100-Watt All Push-Pull Audio Section

@ The speech-amplifier and modulator unit
shown in Fig. 1205 and diagrammed in Fig.
1206 has an audio output capability of 100 watts
with double-button carbon microphone input.
It employs a number of features to minimize
distortion, including push-pull speech amplifi-
cation. It is designed for use with a Class-C
amplifier using 1000-volt tubes, such as a pair
of 800’s or RK-18’sin parallel or push-pull, or a
single 100-watt type. By careful adjustment,
with speech modulation it also can be used to
modulate still higher Class-C input than the
usual 200 watts, having been used successfully
by its designer (W4UP) to modulate a pair of
261-A tubes in push-pull operating at a plate
input of 300 watts (230 ma. at 1300 volts).

As in the smaller unit just described, al-
though a compact assembly is used hum and
feed-back are eliminated by careful placement
of the components and shielding. Tube shields
are used on the input stage and copper braid
shields the grid-leads, while resistors such as
Rl and Rz, R3 and R4, R12 and Rla, Rs and Rg,
etc., are paired in individual shield cans with
braid covering the entering wires. All these
precautions may not be necessary, but they
contribute to the over-all stability and distor-
tionless operation that can be attained.

Adjusting taps are shown on the Class-B in-
put and output transformers, although stand-
ard types with single pairs of connecting ter-
minals can be used as well. The chassis of the
unit is built up on strips of - by 2-inch

size modulator, with a high-quality “Tri-
adyne’ 6B5 driver and high-gain pre-amplifier,
is shown in Fig. 1208. Fig. 1207 is a rear view
of the driver-modulator assembly which also
contains the power supply for the pre-amplificr
unit.

The speech-amplifier circuit follows the de-
sign principles previously outlined and is in-
tended for use with a crystal microphone, gain
being controlled at the input to the second
stage. The driver is of particular interest, em-
ploying 6B5 tubes on which data are given in
the tube tables of Chapter Five. This driver
also could be used as the modulator for a low-
power Class-C stage operating with 40 or 50
watts input, the 6B5 combination having a
rated output capability of 20 watts. The pre-
amplifier is built as a separately-shielded unit.
Power supply connection between the two
units is made through the corresponding ter-
minals of the two sockets indicated, using four-
prong plugs with a 4-wire cable.

The Class-B output transformer shown
would be used with 1000-volt type tubes in the
Class-C amplifier. For 2000-volt tubes a trans-
former of the type having two secondary
windings which may be connected in series for
this voltage or in parallel for 1000-volt Class-C
tubes would be used. If 838 zero-bias tubes are
used in the modulator, the plus and minus “C”’
terminals would be connected together di-
rectly. The plate supply for the modulator
should be capable of furnishing 350 or more
ma. at 1000 or 1250 volts, and of course should
have good regulation (10 percent or less).

Plate Modulation of Pentode Class-C Ampli-
fiers

@ Pcntode-type screen-grid tubes such as the
802, RK-23-25, RK-20, RK-28 and 803 also

plywood stock, the top being covered by
a piece of 16-gauge aluminum. Battery
bias is used for the Class-B modulator
stage. The plate power supply should
have good regulation (swinging-choke in-
put filter) and be capable of delivering
200 to 250 ma. at 1250 volts to obtain
the specified performance. For normal
operation, the plate current should kick
to a maximum of approximately 100 ma.
at 100-percent modulation.

A 250-Watt High-Gain Class-B Unit

@ A popular type of modulator in higher-
power amateur stations uses a Class-B
stage employing 203-A’s or 838’s. This
modulator is suitable for a Class-C stage
using either 1000~ or 2000-volt tubes of
the 100-watt type (203-A, 838, 852, 803
or RK-28). A typical circuit for this

FIG. 1207 — REAR VIEW OF THE 250-WATT DRIVER-

MODULATOR UNIT

The Triad 6B5 driver tubes are at the extreme right, the
rectifier of the 400-volt driver and pre-amplifier supply
towards the center, and the 203-4 Class-B stage at the left.
Although the equipment appears crowded, hum and feed-
back troublesare prevented by careful arrangementt{ WIBMT-
WIBES).
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can be used as Class-C modulated amplifiers
provided the modulation is applied to both the
plate and screen grid. Such use of these tubes is
increasing, since they offer the advantages of
requiring no neutralization and but small r.f.
driving power as compared to triodes of similar
capability. Modulation of the screen grid en-
tails consumption of audio power additional to
that supplied to the plate circuit by the modu-
lator.

Two methods of feeding the screen grid with
the necessary d.c. and modulation voltage are
shown in Figs. 1209-A and 1209-B. The drop-
ping-resistor system of 1209-A entails dissipa-
tion of audio power as well as d.c. in the drop-
ping resistor R. This arrangement is fairly
economical with the smaller pentodes (RK-
23-25 and 802), but the power loss reaches
considerable proportions with the larger types.
Two of the smaller pentodes operating at 600
volts can be handled nicely by the ‘‘economy”’
Class-B modulator previously described, the
total Class-C current being 84 ma., including
both plate and screen input. A carrier output
of approximately 40 watts would be obtained.

With the larger pentodes, such as the RK-20,
RK-28 and 803, power loss in the screen drop-
ping resistor makes this circuit uneconomical.

PRE AMPLIFIER

For these tubes the arrangement of Fig. 1209-B
is preferable. This requires a special Class-B
output transformer having an additional sec-
ondary winding for coupling to the screen

RFC

Le. |
T

=C tsup. -B R
+C

+8

FIG. 1209-A — PENTODE PLATE-MODULATION
CIRCUIT WITH SCREEN-DROP RESISTOR

Screen and plate by-passes should be about .001
ufd. The value of the screen dropping resistor, R, is
25,000 ohms for RK-23-25 and 802 tubes.

circuit. This auxiliary winding has approxi-
mately 20 percent as many turns as the plate
secondary. Transformers of this type are avail-
able as standard units. These secondaries

P N DRIVER CLASS -B MOD.
: 6c6 ¢ cé 6B5 03-A
| }l-—‘ _le |
. — C‘ g
| l rﬁ/ 2 [r ot o K Ty
/‘/' ] (Y ] E [k Jo loss-C
Atal Mike SR, Lles ¢ Le 2Ry ! 3 [ J Amp. Plate
| L to'SRy 2 Re 23Ry 3 T l CKL.
| ' = ;
. é +CJ —+’Cz I !
= v i ses + b i
| Rs A5y |,s\ [o. 400 volts ~ o-VYoilage
I p//au/y/,ts PG ;i 523 -ev [ o (wo0arizsoy)
‘ 6.3 Volt Healers: - I , POWER SUPPLY 1.
s
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i * ool L ST 6.3velt Heaters
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FIG. 1208 — COMPLETE CIRCUIT OF THE 250-WATT DRIVER-MODULATOR
AND PRE-AMPLIFIER UNITS

R1— 4 megohms.

Ra— 1000 ohms. Ci—0.02 ufd.
Ri— 2 megohms. Cy— 0.1 ufd.
R(— 500,000 ohms. Cs— 0.005 ufd.

R — 50,000 ohms.

Re¢ — 500,000-ohm tone control.
R7;— 500,000-0hm volume control.
Ry — 1000 ohms.

Ry — 100,000 0hms.

Rio— 140 ohms. ;:
R1 — 60-ohm center-tapped. T'
‘

C1— 20-ufd. low-voltage electrolytic.
Cz — 8-ufd. electrolytic.

Cs— 0.5 ufd.
. 210 .

C1, Cs, Cy — Three-section electrolytic.

L., L+ — 100-ma. filter chokes.

Li— 20 ma. filter choke.

T1— Any good audio step-up transformer, about 3-1

turnsratio.

— Coto C I 402 Triadyne output transformer.
— Coto C I 403 Class-B output transformer.
— Power transformer.

Ts— 203-A filament transformer.

J_

Plate meter jacks.
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should be connected so that the audio voltage
on the screen is in phase with that on the plate
of the Class-C amplifier. With this type of
coupling, the modulator load can be figured

L =
RFC T E E:
3 L3
CT IIc
Ll
L T
)
-¢ i j Mod,
52
+HV, +5.6.

FIG. 1209-B — MODULATION OF PLATE AND
SCREEN THROUGH A SPECIAL OUTPUT TRANS-
FORMER HAVING AN AUXILIARY WINDING

A considerable saving in both d.c. and audio power
results from the use of this type of transformer, since
the power loss in the screen dropping resistor is
eliminated.

neglecting the screen consumption, since it is
relatively small compared to the plate load.
The 100-watt modulator previously de-
seribed can be used with a pair of RK-20's in
push-pull or parallel
in the Class-C ampli-
fier, plate voltage
and current being
the same as speci-
fied for triodes. A
250-watt modulator
such as the one
shown in Fig. 1208
will handle a pair of

o R.F
Excrter

SPEECH AMP

Docox 3

Tracing the control action in Fig. 1210, it is
seen that the d.c. supply path of the Class-C
amplifier is from the negative (gnd) ter-
minal to the filaments of the 841 modu-
lators, thence through their two filament-plate
circuits in parallel to the center-tap of the
output transformer, from there through the
secondary of this transformer to the filament
center-tap of the Class-C stage. The positive
connection is made to the center-tap of the r.f.
tank circuit. The plate resistance of the two
modulator tubes in parallel is therefore in
series with the d.c. feed to the Class-C stage.
This plate resistance varies inversely with the
signal level, as the modulator grids are swung
from nearly zero to considerably positive, the
Clasgs-C amplifier plate circuit resistance re-
maining practically constant. Condenser Cy
filters off the audio-frequency ripple in this
circuit, while the normal audio-frequency out-
put of the modulator is super-imposed on the
d.c. flowing in the series circuit in normal
fashion. The circuit of Fig. 1211 is the same in
principle, the only difference being that the
secondary of the Class-B output transformer is
in the positive side of the supply circuit instead
of the negative. Resistance R)s of Fig. 1210
and R of Fig. 1211 may be used for the same
purpose; that is, to pre-load the output circuit
of the modulator to reduce the audio peak level.

¢ Ci2
n

CLASS €
AMP.

Ly
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Lg Cau,a/iné

Ls ;Cu
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i¢
Ci2
CLASS-B MOD.

+ 1400

803's or RK-28's in
the Class-C stage,

L L
R IC Rio

TC

+300

841

also under the same
operating condi-
tions outlined for
triodes. Screen volt-

Rs

Mike
Trans.

I

Pl

3

age can be taken
from a separate 400-
or 500-volt supply
in the transmitter.

Ry

4s

Controlled-Carrier
Plate Modulation

® The most prac-
tical method for con-
trolled-carrier trans-
mission adapted to
Class-B modulation
is illustrated by the
diagrams of Figs.
1210 and 1211.

C71— 0.1 ufd. paper.
Cs — 1.0-ufd. paper.

Ci10 — Double 35-pufd. midget

Ri— I-meg. vol. control.
Ri— 0.1-meg. V4-watt

Ls, Le, L1, Ly — To suit frequency.

Cy — 2- to 3-ufd. 2000-volt. (See text.)

Cy1 — Split-stator double-spaced, 50-uufd. per section.
Ci2 — Double-spaced 20-upfd. midgets.

FIG. 1210 — CLASS-B CONTROLLED-CARRIER CIRCUIT FOR
500-VOLT TYPE TUBES (W2CTK)

Re— 240,000-ohm Y2-watt.

R1— 10,000-0hm %-watt.

Rz — 3000-ohm Y4-watt.

Ry — 250,000-ohm Y4-watt.

Ri0 — 50,000-ohm 14-watt.

Ry — Y4-meg. Y4-watt.

Ryi3 — 25,000-ohm 20-watt,
variable

Ry — 8000-ohm 15-watt.
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In the adjustment of such systems, the
negative grid hias of the modulator determines
the “idling”’ carrier output. This bias should
be no greater than for modulator plate-current
cut-off at one-half the total plate supply
voltage, because the modulator plate voltage

o RF _‘ /
Exciter g T:/‘I‘

L
T 3

MODULATED CLASS-C AMP

3t
[
{

Leok

Separote
ﬁ'/.PIqrans ==

Hov.
CLASS-B MOD,

/0
Driver

BRIDGE
RECT.

Adjustment of Plate-Modulated Amplifiers

@ After the audio section of the transmitter,
including the modulator, has been checked for
specified output with good quality (say with a
fixed resistance equal to the specified load
value across the modulator output transformer
secondary), the r.f. stage should be adjusted
to present the proper load to the modulator
output. All transmiiter lesting excepting final
tuning of the antenna circuit should be carried
on with a dummy antenna load. Otherwise,
needless and unlawful interference will be
caused. Tuning and neutral-
izing are the same as for
c.w. transmitters, described
in Chapter Nine. Neutral-
ization should be exact,
because even slight regen-
eration can cause nonlinear
modulation. Tank circuits
for Class-C modulated am-
plifiers should be ““medium
low-C’’, having L/C ratios

1OV,

M
== Trons.

+2000V.~|

corresponding approxi-

Bleeder-—»

Separate J_—

Lagdoo
m\i’[ Trans. =

110v.

-C +C

1211 — CONTROLLED-CARRIER CIRCUIT
FOR 1000-VOLT TUBES (W2HLM)

FIG.

falls to this value when the effective series
plate resistance of the modulator tube becomes
equal to the Class-C amplifier plate circuit
resistance, which is the condition at full modu-
lation, If the bias is greater than cut-off,
audio cycle bottoms will be clipped with result-
ing distortion.

In the circuit of 1210, a power pack utilizing
two 700-volt rectifier-filter units in series is
used. The plus 700-volt terminal is connected
to the midpoint of this supply system. Closing
switch SW, places a fixed voltage of this value
on the modulator and equal voltage on the
Class-C stage for constant-carrier operation.
In the system of Fig. 1211, the negative feed
lead to the Class-C stage would be opened at
X and half-voltage similarly applied to both
modulator and r.f. amplifier for continuous-
carrier operation and adjustment. Tubes of
similar voltage and plate-dissipation ratings
should be used in both modulator and Class-C
amplifier in controlled-carrier combinations of
this type. The adjustment is not especially
critical, once the circuits have been tuned in
normal procedure. Condensers Cg of Fig. 1210
and C of Fig. 1211 should have a capacitance
of approximately 2 or 3 ufd. No direct ground
connection should be made to the Class-C
filament circuit.
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mately to the optimum
values recommended for
c.w. transmitters. Ex-
tremely low-C will aggra-
vate harmonic radiation, which may fall out-
side the amateur bands and attract unfavora-
ble attention of the government monitoring
stations.

Class-C modulated amplifiers require some-
what higher excitation than for the same un-
modulated output in c.w. telegraph transmis-
sion. As in c.w. transmitters, no single figure of
grid current can be specified as indicating
proper excitation for a given tube. Excitation
must be sufficient to maintain the output
linear for plate-voltage variation up to twice
the mean value. Operating checks, using either
cathode-ray oscilloscope or carrier-shift in-

F T
FIG. 1212 —CIRCUIT OF THE SIMPLE DIODE-
TYPE CARRIER-SHIFT INDICATOR (W. C. Lent)

Tvpical circuit values are as follows:

L — Coupling coil to suit frequency. It may be tuned
by a midget condenser and coupled to the
transmitter by a link.

Ci, C2— 0.001-mfd. fixed condensers.

R — 10,000-0hm non-inductive resistor, minimum
value for 56, 59 or 89 tubes. Lower minimurm
value of 5000 ohms may be used with 53, 79 or
243 (all diode connected).

M — 0-1 d.c. milliammeter.

V — One of above tubes with grid (or grids)and plate
tied together.
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dications, are the most certain. Oscilloscope
patterns, obtained with a unit of the type
described in Chapter Seventeen, are shown in
Fig. 1212. These trapezoidal patterns result
with the oscilloscope connected to the trans-
mitter as shown in Fig. 1220. The leads marked
‘“‘sweep terminals’’ connect to the horizontal
cathode-ray plates, while the r.f. leads marked
“signal terminals” connect to the vertical
plates. The audio input to the oscilloscope
should be taken from the modulator output
circuit to avoid phase difference between the
modulation applied to the carrier and the
audio signal applied to the oscilloscope. Such

stage using a single 211 tube. The latter is suc-
cessfully used in a popular manufactured
transmitter (Collins 30FX). A simple speech
amplifier and modulator unit for use with the
amplifier of Fig. 1214 is diagrammed in Fig.
1216. In both arrangements the secondary of
the modulation transformer is in series with the
grid-bias supply to the modulated amplifier.
Grid-bias for the amplifier of Fig. 1214 may be
from batteries, a separate bias power pack or
can be taken from the power supply for the r.f.
exciter stages as shown in Fig. 1215. In this
arrangement a separate filament winding is
used for the 211 amplifier tube and its center-

E
RN

FIG. 1213 — SKETCHES OF TYPICAL TRAPEZOIDAL FIGURES REPRESENTING VARIOUS OPERATING
CONDITIONS
The normal trapeszoidal figure obtained with a medium degree of modulation is shown by “4*”. The modula-
tion percentage is obtained by measurement of the dimensions D1 and D3, and substituting in this simple
equation:
D1—Ds

», Pt
Percent modulation "‘+sz 100

Qutput containing even harmonics is represented in B; and Cis typical of odd-harmonic content. Flat-topped
positive peaks of the modulation envelope, as would occur with insufficient Class-C amplifier excitation, are
represented in D, while E shows this condition combined with distortion of the negative peaks. F shows over-
modulation, with the negative peaks cut off and with *‘whiskers’’ on the positive peaks. Arrows indicate carrier
position without modulation. Further explanation of these figures is given in the text.

phase shift gives patterns which are difficult
to interpret.

The patterns concerned with Class-C am-
plifier adjustment are Figs. 1213 D, E, and F,
which show improper adjustment, and Fig.
1213-G showing proper 1009, modulation.
The overmodulation shown in F is particularly
to be avoided. The harmonic distortion indi-
cated by 4, B and C, revealed by streaking and
shifting of the pattern, would most likely be
traceable to the audio circuits and should be
cleaned up by checking Class-A speech am-
plifier grid bias, audio overloading, ete. in the
preliminary audio-unit testing.

The carrier-shift indicator is simply a linear
rectifier, such as that diagrammed in Fig. 1212,
showing flattening of the positive peaks like
that illustrated in Fig. 1213-D by a drop in
meter reading, or overmodulation as shown
in F by an upward shift in meter reading.

Grid-Bias Modulated Amplifiers
@® The final amplifier circuit of the ‘““general-
purpose” transmitter described in Chapter
Nine is shown modified for grid-bias modula-
tion in Fig. 1214, while Fig. 1215 gives the
circuit for grid-bias modulation of a 100-watt

tap is mot connected directly to ground. Ad-
justable bias is taken off a voltage divider
across the 400-volt supply so that the modu-
lated-amplifier filament can be biased positive

FIG. 1213-G — ACTUAL PHO-

TOGRAPH OF TRAPEZOIDAL

FIGURE FOR PROPER 100%
MODULATION

with respect to ground, which is the same thing
as biasing the control-grid negative with
respect to the filament.

In adjusting a grid-bias modulated ampli-
fier, the grid-bias voltage is initially set slightly
more negative than a cut-off value for the
particular tube and plate voltage (see tube
data in Chapter Five). Next, input tuning and
coupling to the r.f. exciter, and antenna cou-
pling and tuning, are adjusted for maximum
possible antenna current. Then, leaving all
other adjustments alone, the negative grid
bias is increased until the plate current drops
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off to the proper operating value. This value is
given for a number of tubes in the tables of
Chapter Five. Generally, it should be the
current corresponding to rated plate dissipa-

7o iRt
0 optpul™
termin% on
modulator

FIG. 1214 — GRID CIRCUIT CHANGES IN THE
FINAL AMPLIFIER OF THE GENERAL-PURPOSE
TRANSMITTER TO FIT IT FOR GRID-BIAS
MODULATION

Legends on components are the same as those
given in Chapter Nine.

tion of the amplifier at the particular plate
voltage used. When modulation is applied, it
should be possible to cause the antenna current
to increase and the plate current to rise simul-
taneously. This is not the operating condition
for spcech modulation, however. With speech

20002, .
Non-inductive

47 2-46's Lo

(left) and synchronized linear sweep (right).
1f the antenna current cannot be made to rise,
either there is insufficient audio modulation
available, or the modulation characteristic is
flattening equally on positive and negative
peaks, as shown in Fig. 1217-C. The latter
should be corrected by adjustment of coupling
to the antenna and variation of the r.f. excita-
tion. The grid-bias modulator should not be
adjusted for maximum efficiency. In fact, for
proper modulation the antenna loading will be
somewhat greater than is ordinarily the case,
the efficiency being necessarily reduced.

Suppressor-Grid Modulated Amplifiers

@ Pentode-type transmitting tubes can be
grid-bias modulated as well as triodes, the
same adjustment procedure being applicable.
However, it is more convenient and usually
more desirable to use suppressor-grid modula-
tion with these types. The data of Chapter
Five give the recommended ratings for this use
of r.f. pentodes, as well as for grid-bias modula-
tion. The suppressor-modulated amplifier
behaves much like the grid-bias amplifier just
described with respect to excitation and load-
ing. In general, excitation should be somewhat
higher and the load coupling somewhat
greater than for maximum output conditions
in c.w. telegraph operation, with correspond-
ingly reduced efficiency. The oscillograph

patterns given for grid-bias

modulation in Fig. 1217 are

21 also typical of the suppres-

-

220000

sor-modulated amplifier for
corresponding condi-
tions.

The suppressor-grid modu-
lated amplifier is readily

f
s

T

adaptable to controlled-car-
rier operation employing a

| 1
.

circuit arrangement such as

¢

P~ that shown in Fig. 1219. The
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FIG. 1215— SIMPLIFIED SCHEMATIC +

OF A 40-WATT GRID-BIAS MODU-
LATED TRANSMITTER (W9CXX)

250V.

modulation the antenna current should show
rise of not more than 5% on peaks, while the
plate current of the amplifier should no more
than flicker. Inability to obtain antenna cur-
rent rise with test modulation shows that the
positive peaks are being flattened off as shown
in Fig. 1217-B. This figure shows oscillograph
patterns for both audio-frequency a.c. sweep
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suppressor grid is normally
biased excessively negative
so that the no-signal carrier
output is quite small. A
2s0000n  bucking  voltage, obtained
from a second transformer

T2 of 1:1 ratio and rectified

F‘ by the bridge arrangement
shown with R as the load re-

sistor, reduces the bias in

proportion to the audio signal level across the
modulator output circuit. The capacitance C
across the rectifier load resistor filters out the
audio-frequency component in the control cir-
cuit and, with B, determines the time constant.
In the arrangement used by the designer, R is
4000 ohms and C is 0.1 ufd. Metal-type 6H6
duo-diodes might be used instead of the 25Z5’s
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125040
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in the bridge rectifier. The system should first
be tested with the suppressor connected directly
to the positive side of the rectifier circuit so that
audio output from the modulator is not effec-
tive. Under this condition, it should be possible
to cause the antenna current to swing from a
low minimum value to normal full-carrier value
by speaking into the microphone, while no
voice modulation should be discernible on the
carrier. The values of R and C should be ad-
justed to give this result, possibly increasing
the value of either one. With the circuit nor-
mally connected as shown, the action should
be fast enough to follow the syllabic variations
in speech, but not so fast as to follow the audio-
frequency cyclic variations, as previously
specified in Chapter Eleven.

Overmodulation Indicators

@ The most generally useful device for meas-
uring modulation and for continuous checking
against overmodulation is the cathode-ray
oscilloscope described in Chapter Seventeen,
connected to the transmitter circuit as shown
in Fig. 1220. The carrier-shift indicator dis-
cussed in connection with Class-C amplifiers,
and schematically diagrammed in Fig. 1212, is
the simplest device for continuous monitoring
against overmodulation with constant-carrier

57 2A5
F:\ -
Crystal 1Ca [ g ‘
Microphone U] g
/np’fzt K
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FIG. 1216 — CIRCUIT DIAGRAM OF THE SIMPLE
GRID-BIAS OR SUPPRESSOR-GRID MODULATOR
SHOWN IN FIG. 1201

Ci1— .1 pfd.
Ci, C1, Cs — 2-ufd. electrolytic, 450-volt rating.
Ci— .1 pfd., 500-volt rating.
Cs — 10 ufd., 50-volt rating.
R, — 500,000-ohm potentiometer.
R: — 100,000 ohms, 4 watt.
Ry — 3500 ohms, % watt.
Ri— 100,000 ohms, 14 watt.
Rs— 250,000 ohms, V2 watt.
Re¢— 500,000 ohms, Y%, watt.
R7— 400 ohms, 2 watt.
Rs— 7500 ohms, 5 watt.
Ry — 50,000 ohms, 4 watt.
T — Class-B input transformer, ratio approximately
1:1.
A power supply furnishing 2.5 volts at 3 amperes
and 180 to 250 volts at 40 milliamperes is required.

T
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CAUSED BY EX~
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FIG. 1217 — OSCILLOSCOPE PATTERNS REPRE-
SENTING PROPER AND IMPROPER GRID-BIAS
OR SUPPRESSOR-GRID MODULATION

The pattern obtained with a correctly adjusted
grid-bias modulated amplifier is shown at A. The
other two drawings indicate non-linear modulation,
accompanied by distortion and a broad signal.

transmission, although it will not indicate
conditions such as that illustrated by Fig.
1217-B where the average amplitude of
the modulated wave may remain con-
stant even though modulation distortion
is occurring. This particular type of dis-
tortion represents a more or less special
case, however, and the carrier-shift indicator
would be considered a generally satisfactory
means to insure against overmodulation. It in-
dicates positive-peak overmodulation by an
upward shift in current reading, and flattening
of positive peaks (accompanying modulation
capability less than 100 percent) by a decrease
in current reading. If such carrier shift should
be observed at very low modulation levels,
with speech input or with a test signal from
an audio source of known pure tone, it is
likely that even-order harmonic distortion is
occurring in the speech-amplifier ot driver
stages. This results in & ‘‘lop-sided’” modulat-
ing signal waveform, which will give a corre-
spondingly unsymmetrical modulation en-
velope. Such distortion commonly oceurs with
a short-circuited cathode-bias resistor in an
early audio stage.

With controlled-carrier operation, the carrier-
shift indicator is useless because the carrier is
continuously varying. The cathode-ray oscillo-
scope picture also becomes less useful because
there is no fixed average reference line. It will
show overmodulation on the negative peaks,
however. A simple negative-peak indicator
which can be used as a suitable substitute is
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FIG. 1218 — SPEECH AMPLIFIER AND PUSH-PULL
MODULATOR CIRCUIT FOR SUPPRESSOR-GRID
OR GRID-BIAS MODULATION

T — Single button microphone transformer.

T3 ~ Push-pull input transformer.

T3 — Push-pull output transformer.

Ri — Y4-megohm metalized grid leak.

R; — 2000-ohm 5-watt biasing resistor.

R3 ~ 750-ohm 10-watt biasing resistor.

R¢— Filament center-tap resistor.

Cy— 0.5-ufd. low-voltage paper by-pass condenser.

diagrammed in Fig. 1221, This consists essen-
tially of rectifier, VT, connected to the output
side of the modulation choke of a Class-A
system as shown, or to the corresponding side
of the secondary of a modulator output trans-
former. When negative-peak modulation ex-
ceeds 100 percent, current will flow through the
rectifier circuit, although no current will flow
a8 long as the filament of the rectifier tube
is positive with respect to ground (minus B).
The rectifier tube should have insulation capa-
ble of withstanding the maximum peak voltage
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FIG. 1219 — CARRIER CONTROL WITH SUPPRES-

SOR GRID MODULATION (VE2BC)

Suppressor bias is controlled in accordance with

average speech amplitude by means of a bucking cir-

cuit, the bucking voltage being obtained by rectifying

and filtering part of the audio put of the di

lator. Circuit constants are discussed in the text.
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(d.c. plus audio) applied to the
modulated amplifier. The rectifier
filament winding must be corre-
spondingly insulated from the pri-
mary. Rectifiers of the vacuum
type are preferable. Type 45, 80,
10, ete., tubes will be satisfactory
for most amateur transmitters
using controlled-carrier. The indi-
cator, M, may be a low-range mil-
liammeter, or even small glow
lamp.

In addition to these checking
devices, the meters in the modu-
lator and modulated amplifier cir-
cuit of the transmitter itself may be used to ad-
vantage, particularly when the set is periodi-
cally checked by a cathode-ray oscilloscope for
proper conditions and the corresponding meter
readings noted for operating reference. It can-
not be emphasized too strongly that improper
modulation, with its consequent spurious
emissions, must be prevented.

Checking Class-B Linecar
Amplifiers

As previously mentioned, Class-B linear am-
plifiers are seldom used in amateur transmitters,

>
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although they offer
some advantages with
controlled-carrier
transmission. If a linear
stage is to be used, it
should have a carrier
output rating at least
several times that of the
exciting amplifier.
Otherwise, no appreci-
able gain is to be real-
ized. As compared to
the grid-bias or sup-
pressor-grid modulated
amplifier, the Class-B
linear may have a rela-
tively high-impedance
plate load; that is, a

FIG. 1221 —SIMPLE
NEGATIVE-PEAK
OVERMODULATION
INDICATOR (WSAGW)

lower-C tank circuit. Provision also should be
made to give good r.f. excitation voltage regu-
lation, as described in Chapter Eleven. For best
linearity, grid bias should be somewhat less
than that required for actual plate current
cut-off. Zero-bias tubes such as the 838 are well
suited, as for Class-B modulators. In operation
at rated input, flattening of positive modulation
peaks or downward carrier shift indicates too
high an output impedance, insufficient negative
bias, excessive r.f. excitation, or poor grid-cir-
cuit r.f. voltage regulation. Upward carrier
shift or flattening of negative modulation cycle
peaks usually indicates overmodulation, re-
generation, too low an output impedance, ex-
cessive negative bias or a combination of these
defects.

TABLE II—CLASS-B MODULATOR AND DRIVER DATA

o P ar. e Lo T t Trans. . i

P S| e | B um | G| g T | g | B
e ZSor | 300 65 0 10000 | 10 | 251 | %8 Clase | gh
46 (2) 2.5 400 108 o | 7000 | 2 | 31 | 45Gmp) | 225
59 (2) 2.5 400 124 o | 6000 | 28 31 | 45(pp) | 225
841 (2) 75 500 108 -13.5 | 8000 | 29 51 | 45(pp) | 250
210* (2) 7.5 600 153 —67 | 8000 | 57.5 1.6:11 | 45(pp) | 250
801 (2) 7.5 600 130 ~75 10000 | 45 1.6:1 |45 (pp) | 250
800 (2) 7.5 1000 164 —55 12,500 | 100 1:1 | 2A3(pp) | 250
RE-18(2) | 7.5 1000 164 —45 | 12,000 | 100 2:1 | 45(pp) | 250
RE-31(2) | 7.5 1250 160 0 17,000 | 140 21 | 45(pp) | 250
830-B (2) | 10.0 1000 280 —33 10,000 | 190 1:14 | 2A3 (p.p) | 250
50T (2) 5.25 1500 200 —125 15000 | 175 2:1 | 2A3 (p.p) | 250
203-A%(2) | 10.0 1000 366 —40 5800 | 240 1.6:1 | 2A3 (p.p) | 250
838 (2) 10.0 1250 320 | 0 | 11200 | 260 1.6:1 | 2A3 (p.p) | 250
150T (2) 5.25 2000 400 | 165 | 12000 | 500 20-watt driver

* Graphite anode types. ! Sinusoidal signal values; speech values are approximately one-half for negatively biased tubes
and 80% for zero-bias tubes. ?Plate-to-plate, both sections or two tubes, 3 Use this power value and plate-to-plate imped-
ance for calculating output transformer ratio by method described in Chapter Eleven.

.2].7.



CHAPTER THIRTEEN

Receivers for the Ultra-High

Frequencies

GENERAL ASPECTS

OF ULTRA-HIGIHI FREQUENCY

WORKING —=SUITABLE RECEIVER TYPES — SUPER-
REGENERATION — ADVANCED RECEIVERS — BUILD-

ING

SUPERREGENERATORS — R.F.

AMPLIFIERS —

BUILDING “SUPER> RECEIVERS

I~ amateUr WORK, all frequen-
cies higher than 56 megacycles have become
known as the ultra-high frequencies. In this
territory, relatively little intensive work was
done until a few years ago. Naturally, only a
few of its possibili-

the ultimate. Even as this is being written we
can see developments on the horizon which are
likely to result in many revisions of our present
ideas. Our aim and our only hope is to present
the details of well-tried ultra-high frequency
equipment, together

ties for amateur
communication
have so far been
revealed. The lower
frequencies have
been studied and
re-studied for so
many years that
the expericnced
amateur of today
knows fairly well,
ahead of time, just
what to expect in
the way of perform-
ance with a given
installation at a
given time of day,
month or year. In

with the general
principles of its op-
eration, knowing
that the sincere
worker will keep
himself abreast of
the new develop-
ments as they are
presented from
month to month in

QST.

What to Expect
@® It is important
that the amateur
about to undertake
ultra-high fre-
quency work should

this respect, the
ultra-high frequen-
cies are different.
On them, it is often
the unexpected that
happens, and be-
cause of this, ultra-
high frequency workers are frequently provided
with thrills over and above those experienced in
the normal routine of amateur communication.

Equipment Constantly Changing
@ Because ultra-high frequency working is
still very much in its infancy, it is subject to
particularly rapid growth and change. Ap-
paratus considered to be ideal today is quite
likely to become antiquated tomorrow. It is
therefore absurd to suggest that this chapter
should be considered a complete survey of the
field or that the equipment illustrated in it is
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AN ULTRA-HIGH FREQUENCY RECEIVER OF
ADVANCED DESIGN (SEE FIG. 1321)

The newly-developed system used in this receiver com-
bines the desirable characteristics of the superregenerator,
and the superheterodyne. It provides any desired selec-
tivity with extreme sensitivity and noise discrimination.

realize that the very
high frequency
waves behave in a
different manner to
those of lower fre-
quencies. On fre-
quencies of 56 me.
and above, a bending of the waves in the Ken-
nelly-Heaviside layer only infrequently brings
the waves to earth at far-distant points. Dur-
ing brief, occasional periods during the summer
and fall, 56-me. signals have covered distances
in excess of 500 miles. Such working, however,
is likely to be extremely ‘‘spotty’’ and remains
a field of activity valuable only to the
experimenter.

Until recently, it was considered that only
the ‘““ground wave” was of any value for ultra-
high frequency communication and that the
range to be obtained from a low-lying station
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would be restricted substantially to the range
of vision from that point. During the later part
of 1934, experimental work at A.R.R.L. Head-
quarters revealed that ultra-high frequency
waves were bent very appreciably in the lower
atmosphere under certain atmospheric condi-
tions. This work indicated that, on occasions
when warm, moist tropical air was overrunning
relatively cold and dry Polar air, communica-
tion could be had, even from low-lying stations,
over distances of a hundred and sometimes
two hundred miles. It was also shown that con-
siderable bending of the waves in the lower
atmosphere occurs at all times when a layer of
warm air overruns a layer of colder air. Since
this effect is to be found almost every night,
one can expect to find that communication
with points beyond the visible range is prone
to become much more effective at night than
during the day.

These circumstances make it impossible to
forecast the actual range of communication
possible on the ultra-high frequency bands.
It is generally considered, however, that the
range to be obtained reliably with a very low-
power transmitter and a normal type of an-
tenna is about 10 percent greater than the
visual range from the antenna. An in-
crease of power immediately extends
this range irrespective of whether the
additional effective power is gained
by using a bigger transmitter or a di-
rective antenna. The combination of
a fairly powerful transmitter (say 100
watts input), and a good directive
antenna immediately permits a con-
siderable extension of the range. A
Headquarters experimental station
with such a transmitter set-up, with
the antenna approximately 300 feet
above sea level has, for example,
maintained daily schedules over a dis-

FIG.

Suitable Receiving Equipment

@ The problems in devising receivers for the
ultra-high frequencies differ considerably from
those met on the low-frequency bands. In the
early days of u.h.f. working the first equipment
used was adapted from the straight autodyne
receiver and the superheterodyne. These re-
ceivers suffered from poor sensitivity, tuning
difficulties and severe interference from igni-
tion and other similar noise. A big step for-
ward was made by utilizing Armstrong’s
superregeneration principle for u.h.f. reception.
Superregeneration immediately provided a
receiver of tremendous sensitivity and a re-
ceiver in which an inherent operating charac-
teristic resulted in invaluable discrimination
against ignition noise. This type of receiver
tuned very broadly and therefore removed, for
the time being, the tuning difficulties. The
superregenerative receiver has played probably
the biggest part of all in popularizing ultra-
high frequency working. It was, and remains,
one of the most extraordinary pieces of radio
equipment ever developed — from the point
of view of performance from a given amount
of equipment.

42
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1301 —A SIMPLE SELF-QUENCHED SUPERREGEN-

ERATIVE RECEIVER

tance of about 90 miles for more than
a year. A great many amateurstations
with plain antennas, lower-powered
transmitters and lower elevation have
communicated over even greater dis-
tances but it is obvious that a reduc-
tion of elevation, of transmitted
power or a simplification of the an-
tenna makes for a sacrifice of reliabil-
ity over such long ranges.

This inability to forecast the range
of an ultra-high frequency station is,
in the minds of many, the very thing
which makes the work of special inter-
est. With equipment being improved
every day and a more thorough
knowledge of the effect of the at-
mosphere being gained, the unex-
pected is happening right along.

C1— 10 or 15 pufd.

C2 — 50-uufd. fixed midget condenser.

C3— Between .002 and .006 ufd.; experiment usually necessary to
determine best value.

C4 ~— 10-ufd. electrolytic low-voltage condenser.

L1 — 8 self-supporting turns of No. 18 wire, V4-inch inside diam-
eter. Turns spaced diameter of the wire. Best position for
tap is usually near center of coil.

RFC — 40 to 50 turns of No. 26 d.c.c. wire on Y4-inch rod, the rod
being removed.

R1 — As high as possible — 20 megohms has been found best in
some instances.

R2 — 50,000-ohm potentiometer.

R3 — 50,000-ohm I-watt fixed resistor.

R4 — 2000-ohm, 1-watt. This value is higher than normal but has
been found desirable.

T — Good audio transformer with ratio of 1:3 or less.

All grounds must be brought to a single point on the chassis.
The detector tube is mounted horizontally with the plate prong
soldered at the junction of the condenser and coil, and just
enough space between the grid prong and the other end of the
coil to accommodate the midget grid denser. The r
should be considered unsatisfactory unless the detector operates
with 25 volts or less on its plate. The antenna coil is a 5-turn
spiral with adjustable coupling to L.
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While the early superheterodynes, using
autodyne first detectors and very low fre-
quency resistance- or transformer-coupled
intermediate amplifiers, proved efiective, they
fell into disfavor because the performance was
not in any way proportional to the complexi-
ties. Further, they always made a poor showing
in comparison to the superregenerative type in
locations where ignition interference was at all
severe. More recent superheterodynes using
intermediate frequency amplifiers operating
between 4 and 10 me. have shown their value
in providing a high order of selectivity. They
still suffer, however, from an inability to dis-
criminate against noise.

The most recent receiver development is that
resulting from experimental work done at
A.R.R.L. Headquarters in combining the
superregenerative principles with the super-
heterodyne. Receivers of this type (to be
described later in this chapter) provide any
desirable order of selectivity, extreme sen-
sitivity and also possess the excellent a.v.c.
action and noise discrimination characteristic
of the straight superregenerator.

The Superregenerative Receiver

@ Though Armstrong announced the principle
of superregeneration in 1922, it found little
application in any actual receiving equipment
until serious work began on the ultra-high fre-
quencies. Strangely, the principle has been
given very little attention on the part of re-
search engineers, and as a result, the principle
of operation is still only partly understood. At
the present time, superregeneration is being
given very serious consideration in the engi-
neering world and it would appear probable
that the principle will play a very big part in
receiving equipment of the future.

The general outline of superregenerative
action is treated briefly in Chapter Five.
The student of the subject anxious to have
a more thorough knowledge of theoretical
considerations might well study the excellent
technical treatment by Ataka in the August
1935 issue of The Proceedings of the Institute of
Radio Engineers.

From a practical aspect, superregenerative
receivers may be divided into two general
types. The first, in which the quenching volt-
age is developed by the detector tube itself —
so-called “‘self-quenched” detectors. Second,
the receivers in which a separate oscillator tube
is used to generate the quench voltage. The
self-quenched receivers have found wide favor
in amateur work. Usually, however, they do
not equal in performance the separately
quenched receivers. The simpler self-quenched
types are particularly suited for portable
equipment and instances where the apparatus
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must be kept as simple as possible. However,
it is our strong recommendation that the sep-
arately quenched type be used in all cases
where the ultimate performance is expected.
One enormous advantage of the separately
quenched type is that it is readily possible to
adjust the operating conditions so that the
receiver is extremely sensitive even under
conditions when relatively little hissing or
“mush” noise is had. In the separately
quenched superregenerative detector it would
appear to be of little consequence just how the
quench voltage is introduced into the circuit
providing the voltage is of the correct order
and that quench frequency is something near
the optimum value. Many amateurs have
‘‘pet” circuits which are claimed to be superior
to all others. The probability is that the ar-
rangement of their particular circuit has led to
the use of correct operating conditions. It is
certainly a fact that any of the various sepa-
rately quenched circuits can be made to operate
in substantially the same fashion by careful
adjustment. Likewise, the self-quenched cir-
cuits are all capable of a somewhat similar per-
formance. The latter, however, though very
simple in appearance, require particularly
careful handling in order to obtain smooth
operation and a freedom from howling and
generally irregular performance.

Building Self-Quenched Receivers

@ The circuit given in Fig. 1301 is represent-
ative of a very successful type. The entire
receiver consists merely of a superregenerative
detector feeding, through an ordinary audio
frequency transformer, a pentode audio output
tube. Such a receiver can be built inexpen-
sively and quickly yet it is capable of an en-
tirely satisfactory performance. The sensitivity
of even this simple type of set is such that the
normal background noise is the limiting factor
in the reception of weak signals. A feature of
considerable importance in this receiver is that
the grid leak R; runs between the grid and a
point connecting to the positive high voltage
supply. For reasons which are not yet thor-
oughly understood, this results in improved
selectivity and usually results in a smoother
operation than with the leak running to the
cathode in the conventional manner.

In this, and for that matter all other ultra-
high frequency receivers, the mounting of the
components and the location of the various
leads are prone to play a curiously important
part in the behavior of the set. Because no two
layouts are likely to be precisely the same, it is
therefore always advisable to experiment with
the resistance and connection of the grid leak;
taps on coils; the value of any r.f. choke and
the size of placement of by-pass condensers. It
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is good practice always to run ground leads to
a single point on the chassis of the set. Often,
attention to this one detail results in the elim-
ination of all instability problems.

The receiver shown in Fig. 1301 is suitable
for operation on the 56- and 112-me. bands.
In order to allow operation on 112 me., how-
ever, it is essential to keep the connections be-
tween the tuned circuits and the elements of
the tubes extremely short. This process is
facilitated by mounting the tubes horizontally
somewhat in the manner shown in Fig. 1307.
In other respects, conventional constructional
practice may be used. Should howling be found
at the point where the detector goes into
superregeneration, it can usually be cured by
connecting a resistor of about 250,000 ohms
across the secondary of the audio transformer
((T'!‘

One very important requirement in this, and
all superregenerative receivers, is that the de-
tector grid circuit be loaded very heavily. It is
very advisable to provide variable coupling
between the antenna coil and the grid coil or
to provide means for tuning the antenna
circuit. In this way it becomes possible to load
the detector so heavily as to prevent it from
oscillating. An adjustment of coupling slightly
less than this usually provides a very desirable
operating point.

A Three-Band Acorn-Tube Receiver

® In Fig. 1302 is illustrated a somewhat simi-
lar type of receiver cxcept in the type of de-
tector tube used. In this case the acorn de-
tector, because of its extremely small elements
and short leads, allows operation on frequen-
cies as high as 300 mec. The receiver to be
described is therefore a particularly useful one
in cases where experiment is to be conducted

FIG. 1302 — THE THREE-BAND “ACORN” RECEIVER

on the bands higher in frequency than 112 me.
The circuit itself is quite similar to that of Fig.
1301 except that the grid leak is shown re-
turned to the cathode. As previously men-
tioned, a connection of this leak to the other
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FIG. 1303 — CIRCUIT OF THE SIMPLE THREE-
BAND RECEIVER

L1 — Five turns of No. 14 wire Vj-inch inside diameter,
with turns spaced diameter of wire, for
224 mc. Five similar turns Yi-inch diameter
for 112 mc. Fourteen turns of same diameter
for 56 me.

C1 — Special split-stator tuning condenser — two ro-
tor and one stator plate — the latter sawed in
two.

C2-—~ Very small grid condenser (see text).

Cs— Brass strip 3/16 inch wide mounted close to the
exposed surface of Cz (see Fig. 1304).

Cy — .002 pfd. fixed condenser.

Cs — 10 ufd. electrolytic condenser.

Co— 1 pfd.

Ri—1 to 5 megohms.

Ra— 1200 ohm, one-watt resistor.

R3 — 100,000 ohm potentiometer. Note that this resis-~
tor is across plate supply and that, if batteries
are used, the supply should therefore be dis-
connected when switching off set.

A 41 tube is used as the audio amplifier and allows
speaker operation. A transformer or chake-condenser
coupling unit must be used with this tube. For head-
phone work, a 37 audio tube would probably be more
appropriate.

Quieter operation may sometimes be obtained by
putting a .5 megohm resistor across the transformer
secondary.

side of the grid condenser often results
in improved performance. The other
important difference in this circuit is
that the tuning condenser is of the
split-stator type. By splitting the
stator plates of the small tuning con-
denser used, the path through the
condenser is reduced in length and
extremely short connections between
the coil and condenser are made pos-
sible. The connection of the condenser
in this circuit is indicated in Fig. 1303
and the mechanical arrangement is
shown in Fig. 1304. The acorn tube
itself is mounted on a socket made
with small strips of National Victron.
,One of the excellent acorn tube sockets
inow available could, of course, be used
instead. It is obvious from the illus-
tration that a special attempt has been
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FIG.

made to reduce the length of leads in the r.f.
circuit. This procedure is very necessary in any
tuning unit which is intended for operation on
the 112-and 224-mec. bands. The grid condenser
Cy is made with two pieces of light brass or
copper about 34inch square cemented with
Duco cement to a thin piece of mica. One of
the very small midget condensers of 50 pufd.
will serve instead. The suggested sizes for coils
for the three bands are, of course, approxi-
mate only. Slight variation of the length of
the leads within the tuned circuit will result in
modification of the coils. Fortunately, small
variations of the inductance can be made
readily by spacing the
turns until the de-
sired tuning range is
obtained.

Three Detectors —
Three Bands

@® A novel receiver of
particular interest to
the experimenter en-
gaged in operation on
more than one of the
ultra-high frequency
bands is that given in
Fig. 1306 and illus-
trated in Figs. 1307
and 1308. The receiver
is actually an exten-
sion of the circult
given in Fig. 1301 in
that the arrangement
of the detector tube is
very similar. This re-
ceiver was built for
the particular purpose

. 222,

and the tuned circuit.

KIG. 1305 — UNDERNEATIL THE “ACORN" RECEIVER

All the items not above the chassis channel can be seen in
this photograph. The location of the detector voltage control
potentiometer is unconventional but convenient.

1304 — THE *‘ACORN”’

DETECTOR TUBE AND ITS
TUNING EQUIPMENT

The grid condenser may be seen immediately to the right of
the coil. The brass strip of the antenna coupling condenser can
be seen apparently touching the right-hand coil connection.

of observing signals on three different bands at
the same time and hence is fitted with three
separate potentiometers for the control of
detector voltage. Should very rapid change
from one band to the other not be essential, a
single potentiometer could be used. This would
dispense with the second of the two three-way
section switches. It will be noted that the an-
tenna is coupled to the detector through small
coupling condensers. The padding condensers
used for this purpose are operated with the
upper leaf pulled at about 45 degrees to the
fixed leaf. Adjustment is, of course, essential in
each case in order to obtain the right order of

FIG. 1307— A TOP VIEW OF THE SELF-QUENCHED RECEIVER USING A
SEPARATE DETECTOR FOR EACH BAND

The Acorn detector for 224 mec. is at the left, the remaining detectors operating

on 112 and 56 mc. The horizontal mounting of the Type 37 tubes and their place-

ment at an angle greatly reduce the length of leads between the tube terminals
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37 conditions are obtained.

Gz'?-l .
7 The important factors are

L3
~

the screen and plate volt-

¢, ages on the detector, the

order of quench voltage
applied to the detector and
the frequency of the

quench voltage. Of these
factors, probably the least
critical is the quench fre-
quency but it has been
shown that there exists
an optimum frequency for
each signal frequency. The
normal superregenerative
receiver is very tolerant in

-HV

L1 — Five turns of No. 14 wire V;-inch inside diameter
turns spaced about twice the diameter of wire.
(For 224 me.)

L2 — Five turns of same wire 7/16-inch inside diam-
eter with slightly less spacing. (For 112 me.)

L3 — Eight turns of same wire Va-inch inside diameter
with spacing about equal to diameter of the
wire. (For 56 me.)

C1— Cardwell Type ZV5 TS split stator Trim-Air

condenser.

Cz— Cardwell Type ZR15 condenser with stator plates
split.

C3s— Cardwell Type ZRI5 condenser without modi-
fications.

Cs, 5, 6 — 100 pufd. fixed midget condensers.
Cy — .1 ufd. 400-volt paper-type condenser.
Cs — 10 ufd. low voltage electrolytic condenser.

antenna coupling. It will also be noted that an
acorn tube is used for the 224-me. band but
that Type 37 tubes serve for 112 and 56 mec.
The latter tubes are mounted horizontally in
order to allow the shortest possible connec-
tions between the tube terminals and the tuned
circuits. In a receiver of this type, considerable
care must be taken with the adjustment of the
taps on the tuning coil and with the size of the
r.f. chokes. It is by no means simple to obtain
smooth operation on the three widely-sepa-
rated bands with this type of circuit.

Receivers With Separate Quenched Oscillators

@® While the self-quenched receivers just
treated are entirely satisfactory for much
experimental work and have the merit of ex-
treme simplicity, it must be admitted that a
considerable improvement in performance can
almost invariably be obtained by using a
separate tube to produce the required quench-
ing voltage. Innumerable circuits have been
devised to provide appropriate coupling be-
tween the quench oscillator and the detector
itself and it is, of course, obviously impossible
to cover them all. It should be realized that
the performance of all the various circuits is
very similar providing the optimum operating

-
+H.V,
FIG. 1306 — WIRING OF THE TIIREE-BAND RECEIVER WITH SEPARATE DETECTOR UNITS

Co — I pfd. 400-volt paper type condenser.

C10, 11, 12 — National M 30 padding condensers.

R, 2,3 — 5 megohm, Ya-watt fixed resistors.

Ry, 5, ¢ — 100,000-0hm potentiometers.

R7 — .25 megohm Y,-watt resistor (A lower value may
be found necessary in some cases of bad “fringe
howl!’’).

Rg — 50,000-ohm Y4-watt fixed resistor.

Rg — 600-0hm 5-watt resistor.

RFC)— 30 turns of No. 30 double-silk-covered wire on
Sformer Yj-inch diameter.

RFC2 — 20 turns of similar wire on 33-inch diameter
Sformer.

RFC3— 35 turns of similar wire on 3-inch diameter
Sormer. Experiment with these values for the
r.f. chokes may be necessary if severe ‘“dead-
spot” trouble is encountered.

this respect and it is usually found that a
quench frequency of about 100 ke. is entirely
suited for 56-mec. and 112-mec. operation. A
slight increase in the quench frequency may be
found desirable for 224-me. operation and
work at still higher frequencies. Fig. 1309 is
probably the most effective of the various
circuits available and, because it has per-
formed so splendidly in practice, we will use

— R T TR T aa T T
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FIG. 1308 — SHOWING THE ARRANGEMENT OF

THE AUDIO TRANSFORMER, DETECTOR VOLT-

AGE-CONTROL POTENTIOMETERS AND WIRING
OF THE THREE-BAND RECEIVER

« 223 .
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FIG. 1309 — ONE OF THE MOST SAT-

ISFACTORY GENERAL TYPES OF

SEPARATELY-QUENCHED SUPER-
REGENERATIVE CIRCUITS

This arrangement of an r.f. pentode
detector with separate quench oscillator
is both tolerant in its adjustment and
effective in its operation. It is strongly
recom mended for operation with acorn,

metal or normal glass tubes on any

[frequency for which the detector tuhe

is suited.

Thefollowingare average values for the
ermponents but are naturally subject
to minor variations in individual cases:
Ly — For 954 detector tube. Nine turns

of bare or tinned No. 14 wire Ys-
inch inside diameter with turns
spaced to occupy 1 inch of length
for 56-60 mc. Four turns of sim-
ilar wire with slightly greater
turn spacing for 112 mec. Four turns of similar
wire Y4-inch inside diameter with similar
spacing for 224 mc. These coils are suited for
use with a tuning condenser of small mechan-
ical size and about 15 pufd. capacity. Trouble
will be had in reaching 224 mec. unless the
r.f. wiring is extremely short.

Li — For conventional tubes. Eight turns of
No. 14 wire Y, inside diameter with
turns spaced to occupy 1 inch for 56 mc.
Four similar turns with about twcice the
turn spacing for 112 mc.

L2 — Subject to variation to suit the antenna
and frequency used. About four Ys-inch
turns will usually be effective.

L3, Li— Windings of National quench oscil-
lator coil unit. In this circuit, the cail
connections should be reversed — put-
ting the coil intended for the grid cir-
cuit in the plate circuit.

Ls — National Type R90 choke.
millihenrys.)

C1— 15 pufds. a suitahle value for 56- or 112-mec. op-
eration. The unit should be small mechani-
cally. A split-stator condenser is useful for
the very high frequencies. See Figs. 1303
and 1304.

C2 — 100 pufds. a good average value.

C3— .002 yfd. fixed condenser located near the de-
tector screen terminal.

Cs— .1 pfd. 100-volt paper type condenser.

Cs —.1 ufd. paper condenser — low-voltage type
suitable. :

Ce— 150 upfd. or larger mica trimmnier condenser.

C7— 250 to 350 ppfd. fixed midget condenser. These
two condensers serve to tune the quench filter
to resonance. Their size depends on the in-
ductance of ILs and the actual quench fre-
quency.

Cg ~ 500 pufd. fixed midget condenser.

Cy — 10 ufd. electrolytic low-roltage condenser.

Ci10 — (If used instead of Lz) Small two-plate leaf-
type trimming condenser.

Ry — 5-megohm half-watt resistor.

R2 — 2000 ohms for 37 or similar tube.

R3 — 500,000-0hm potentiometer.

R4 — 600 ohms for 41 tube. Consult tube tables.

Rs — 100,000-ohm potentiometer. 4 25,000-ohm re-
sistor is often useful when connected between
the top of this potentiometer and the positive
high-voltage lead. This resistor makes it im-
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(Inductance 90

ible to put

ive voltage on the detec-
tor screen and limits the load on Rs.

R.F.C. — Subject to variation in individual sets. A
National Type R90 is usually effective.

Ch. — Any good coupling choke designed for the plate
circuit of a screen-grid detector.

C

Ry t180V.

25V.AC

FI1G. 1310 — AN ALTERNATIVE CIRCUFT FOR THE
THREE-TUBE 56-MC. RECEIVER
) — Very small compression type mica trimmer con-
denser.
C2— 15-ppfd. variable condenser.
3 — 100 ppfd. condenser.
4 — .001- to .002-pfd. condenser.
5 — .001-pfd. condenser.
C7 — 5-pfd. or more.
s — 3-pfd. or more.
Co — .01-pfd. or more.
Cio — .5-pfd. or more.
Ry — Y5-1watt, 5 megohunt.
Rt2 — 50,000-0hm rheostat.
Ry — 2,000 ohm, 1 watt.
Rs — 12,000-0hm voltage divider.
Re — 50,000-0hm 2-watt resistor.
R7; — 2,000-ohm, 1 watt.
1.1 — Detector coil. Two turns, 1-inch diameter. Tap
one-quarter turn from grounded end.
L2 — 90 millihenry r.f. choke.
L3, Ceé, Rz — Parts of National S101 coupling unit.
Ly, Ls — National quench oscillator coils.
The 57, 36 or 77 would suit for the detector, 50’s or
37’s being used for the other tubes. A 245 or 41 audio
tube and would be useful for speaker operation.
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it as representative of good practice. In this
circuit the quench voltage is introduced into
the screen circuit of the screen-grid detector.
It will be noted that the grid of the quench
oscillator is grounded and that since the plate
of the oscillator is
connected directly to
the screen of the de-
tector, the condenser
Cj3 serves as a tuning
condenser across both
quench oscillator coils.
A further feature of
the circuit is that by
adjustment of the po-
tentiometer Rs the

% burns
—

Fig. 1310 shows an alternative method of
connecting the quench oscillator to the de-
tector as well as several other minor circuit
modifications. In this case a separate voltage
control is inserted in the screen lead of the

TRIODE SECTION
OF 6F7 Ca

Rq

G
L

voltage on the quench

oscillator and the
screen of the detector
are varied simultane-
ously. This, at first
glance, would appear
to make adjustment of conditions in the de-
tector circuit difficult. In practice, however,
this is not so. The connection of the quench
oscillator to the screen of the detector (which
serves as the anode of the signal-frequency por-
tion of the circuit) readily provides the high
quench voltage necessary. Adjustment of the
cathode tap on Lj and variation of the antenna
coupling then readily allows a setting in the
detector circuit which results in superregenera-
tive action with a normally high screen voltage.
The procedure is to adjust the cathode tap on
L; until smooth superregenerative action is
had across the band with no antenna connec-
tion. Then the antenna is coupled and the
setting of Rs increased until the receiver can
be held just on the edge of superregeneration
with Rs at about 24 of its full setting. A further
feature of this circuit is the filter circuit pro-
vided by Ls, C7 and Cs These components
tune to the quench frequency and filter out the
quench voltage before it has an opportunity
to reach the grid circuit of the audio tube.
While the receiver may be operated without
this filter, there is always the possibility that
the audio tube will be loaded considerably
with quench voltage. This, of course, impairs
the operation of the audio tube and prevents it
from performing in normal fashion.

The layout of receivers of this type may well
follow the practice already discussed for self-
quenched detectors as far as the detector and
audio tubes are concerned. The location of the
quench oscillator and the wiring of its circuit
is not of particular importance in view of the
low frequency being handled. This general
type of circuit is suitable for operation on any
of the three bands — an acorn tube being de-
sirable for 112- or 224-mc. operation.

~HV, +6V. =

+H.V.
(200v)

FIG. 1311 — CIRCUIT OF THE POLICE-TYPE SU-
PERREGENERATIVE RECEIVER

L1 — R.f. coil. For 30-mc. range, 12 turns No. 12 enam-
eled on Y4-inch diameter Mycalex dowel, turns
spaced diameter of wire. Tap adjusted to suit
antenna used. Total turns reduced approxi-
mately 4 for 56-mc. band.

Lz — Detector coil. For 30-mc. range, 9 turns No. 12
enameled on 34-inch diameter Mycalex dowel,
turns spaced diameter of wire. Approximately
1% as many turns for 56 mec.

Ls — Filament choke. 22 turns No. 16 enameled close-
wound on $4-inch diameter bakelite dowel.

C) and Cs — 50-pufd. or smaller midget tuning capac-
itors (Hammarlund APC).

C2 — 0.006-pfd. cathode r.f. by-pass.

Cs— 1-ufd. cathode a.f. by-pass.

C4 — 0.006-ufd. screen-grid by-pass.

Cs — 50-uufd. mica grid capacitor for detector.

C7 — 0.006-ufd. quench oscillator grid capacitor.

Cs — 0.002-pfd. fixed, quench oscillator plate tuning
capacitor.

Cy — 0.006-ufd. audio primary by-pass.

Cro — 500-pufd. audio secondary by-pass.

Cy — 0.02-pfd. audio grid coupling capacitor.

Ci2 — 0.001-ufd. audio grid by-pass.

C13 — 8-ufd. audio cathode by-pass.

Cy4 — 0.05-ufd. tone-control capacitor.

Ci15 — 4-ufd. plate supply audio by-pass.

Ci6 — 0.006-pfd. plate supply r.f. by-pass.

Cy7 — 0.006-ufd. filament supply r.f. by-pass.

T1 — Quench frequency oscillation transformer (Na-
tional Type ORS connected as shown by circled
letters).

T2 — Interstage audio transformer with static shield
between windings. Connect by trial for best
audio quality.

13— Pentode output
speaker.)

Ry — 500-0hm V,-watt cathode bias resistor.

Rz — 100,000-0hm 4-watt screen-grid resistor.

R3 — 2-megohm Ys-watt detector grid leak.

R4 — 10,000-0hm Ya-watt quench oscillator grid leak.

Rs — 100,000-ohm h-watt audio transformer load
resistor.

Re — 50,000-0hm V4-watt audio plate load resistor.

Ry — 100,000-0hm variable volume control.

Rs — 500-ohm Y4-watt audio cathode bias resistor.

Ry — 25,000-ohm variable tone control.

« 225 .

transformer. (Included in
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detector, thus permitting variation of the
screen voltage without affecting voltage on the
quench oscillator. This arrangement has also
proved thoroughly effective in practice.

Superregenerative Receivers With R.F.
Amplifiers

@ One important disadvantage of the simple
superregenerative receivers just described is
that they are capable of severe radiation. Also,
as we have already stated, they are extremely
unselective. Prevention of the radiation and
some improvement in selectivity is made pos-

1312— A MOBILE RECEIVER EMPLOYING
THE CIRCUIT GIVEN IN FIG. 1311

The tube shields have been removed.

FIG.

sible by adding an r.f. amplifier stage ahead of
the superregenerative detector. Fig. 1311 is an
excellent example of circuit design in a re-
ceiver of this type. It is the circuit used in the
General Electric ultra-high-frequency police
receiver. It will be seen that the r.f. amplifier
is the pentode section of a 6F7 tube — the triode
section of this tube being used as the first of
the two audio amplifiers. A further novel fea-
ture is that one section of a 6A6 is used as the
detector — the other section serving as the
quench oscillator. In this particular arrange-
ment of the detector the same voltage is ap-
plied to the quench oscillator and the detector
itself. For amateur work, it is probable that a
potentiometer in the high voltage supply to the
quench and detector tubes would be of some
value in providing optimum adjustment over
the wide range of frequencies to be covered.
The dotted line running through the audio
transformer T: represents an electrostatic
shield between the transformer windings. Some
difficulty may be had in securing a trans-
former fitted with such a shield — the purpose
of which is to reduce the amount of quench
voltage passed along to the audio system. An
alternative would be the use of a quench volt-
age filter such as that shown in Fig. 1309.
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Fig. 1313 is presented as a typical example of
the use of the 954 acorn pentode tube as an r.f.
amplifier. In this particular example it is used
in conjunction with a 995 acorn self-quenched
detector. Obviously, however, the same gen-
eral arrangement could be used with a sepa-
rately quenched detector of either triode or
pentode types. The receiver is built in two
sections — the upper box, containing the r.f.
amplifier and detector, and the lower inverted
“U?” chassis containing the audio stage and
miscellaneous wiring. The 954 is mounted in
the detector compartment with the grid end of
the tube projecting through the partition. A
short piece of tubing squeezed into the hole in
the partition improves the shielding at this
point. The tuning condensers are mounted in
each compartment and interconnected with
flexible coupling. The coils are mounted di-
rectly on the condensers. All r.f. bypass con-
densers are returned to a single poiut on the
partition alongside the 954 amplifier tube.

The most important adjustments are in the
location of the grid and plate taps for the 954
and in lining up the two coils so that satis-
factory tracking is obtained. The adjustable
antenna condenser is an aid in this tracking
adjustment. Even though an r.f. amplifier of
this type is capable of giving a very appreci-
able gain at frequencies even as high as 224
me., this gain is not usually accompanied by
any increase in the strength of stronger signals.
The gain is made evident, though, by the way
in which weak carriers push down the charac-
teristic noise produced by the detector.

It is not very well understood by many
ultra-high frequency workers that this super-
regenerative noise, when the detector is operat-
ing correctly, is of a very low level and that the
receiver can be operated in a superregenerative
condition even when the noise is substantially
inaudible. There is no excuse for the terrific
hissing which is so often tolerated.

Planning Other Combinations

@ This review of several types of superregener-
ative receivers obviously covers but a small
fragment of the field. The ultra-high frequency
worker, as he gains experience, will find it
readily possible to combine many of the minor
circuit details in order to provide a receiver
which suits his particular fancy. We would
reiterate a firm recommendation that, in re-
ceivers where space is not a very important
consideration, a separate quench tube be used.
In the adjustment of any of the receivers it
should not be thought that a loud hissing noise
in the output is proof of satisfactory operation.
This, indeed, is very far from the truth. High
sensitivity and good signal-noise ratio can be
obtained only by loading the input of the
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detector very heavily —
then operating the receiver
on the fringe of the super-
regenerative condition. A
well-adjusted receiver will
slide in and out of the super-
regenerative condition with-
out any thumps, squeals or
other irregularities. The self-
quenched detector will

“HV. $HV.

FIG. 1313— THE CIRCUIT OF THE RECEIVER
WITH 954 R. F. AMPLIFIER

C1, C2— 15-pufd. Cardwell Trim-Air condensers.

These cover an un ily wide freq 'y
band. Some workers will prefer to remove one
or even two of the three rotor plates,

C3 — 30-pufd. leaf type trimmer condenser.

Cyy 5y 6 — 250-pufd. fixed midget condensers.

C7 — 100-pupfd. fixed midget.

C3 — 250-pufd. fixed midget.

Cy — .001-pfd. fixed midget.

Ci0 — .5-pfd. fixed condenser.

C11 — 2-ufd. low voltage electrolytic condenser.

Ci2 — .001-pufd. fixed midget (number not marked on
diagram).

R1 — 1500-ohm half-watt resistor.

R2 — 1-megohm half-watt resistor.

R3 — 600-ohm 1-watt resistor.

R4 — 100,000-0hm half-watt resistor.

Rs — 100,000-ohm potentiometer.

L1, Ly — Eight turns of No. 14 bare wire Y,-inch inside
diameter. The location of the taps can be de-
termined only by experiment. In the original
receiver the grid tap is two turns from the end,
the plate tap one turn. Experimental coils for
the 112-mc. band had three Y-inch diameter
turns. In this case the taps were adjusted to
within a fraction of a turn.

R.F.C. — 25 turns of No. 28 d.s.c. wire on Y-inch
diameter bakelite rod.

FIG.
SHOWING THE ARRANGEMENT INSIDE THE
SHIELD BOX

1315— A SIDE VIEW OF THE RECEIVER

FIG. 1314 — A GENERAL VIEW OF THE PENTODE-~
ACORN RECEIVER
Representing a tasty problem for the skilled set
builder, this r is capable of a high order of
performance. The acorn r.f. amplifier plays the major
role.

usually produce louder signals as
the voltage on the detector is
increased. It is a very good plan,
however, to operate the detector
with very low voltage even
though the signal output may
not be of the highest level
available.

The Superheterodyne Receiver

@® While the superregenerative
receiver has unique and unparal-
leled advantages in the matter of
discrimination against ignition
and similar noises, a.v.c. action
and extreme sensitivity, it does
suffer from severe lack of selec-
tivity. R.f. amplifiers ahead of
the superregenerative detector
provide an improvement in selec-
tivity but the improvement is
naturally very slight. Further, it
is considered that the use of
tuned circuits ahead of a superregenerative
receiver, operated at the frequency on which

o 227 o
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the detector is operating, handicaps the opera-
tion of the detector, particularly with respect
to its ability to discriminate against noise.
The obvious method of obtaining high selec-
tivity is to adopt the superheterodyne princi-
ple, changing the signal frequency to a lower
one, then passing it through a selective am-
plifier operating at the low frequency. Early
superheterodynes, in the interests of simplicity,
used an autodyne first detector together with
an intermediate frequency amplifier operating
on about 30 ke. This type of superheterodyne
remains an effective one even to-day but it has
an inherent defect in that the signal tunes in
two places — each point being 30 ke. removed
from the actual signal frequency. A much more
effective superheterodyne is provided by the
use of a separate oscillator tube operating in
conjunction with the first detector to provide
an intermediate frequency somewhere between
1500 and 10,000 kc. In this way, single-spot
tuning is obtained, while the selectivity and
gain of the intermediate frequency amplifier
can be held at reasonable values. Two impor-
tant disadvantages are seen in this type of
receiver for amateur work, the first being an
inherent inability to discriminate against the
man-made noise which constitutes such a
severe problem on the ultra-high frequencies.
The second disadvantage is the difficulty of
building an intermediate frequency amplifier
with sufficiently high gain while still retaining
the essential stability.

Practical experience with many receivers of
this type leads us to suggest that the straight
superheterodyne be used only in cases where
interference from noise is a problem of no con-
sequence. This state of affairs is likely to

FIG. 1316 — THE UNDER SIDE OF THE PENTODE-
ACORN RECEIVER

The audio equipment is tossed in helter-skelter,
providing just enough room for the detector voltage
control and the output jacks. The location of the po-
tentiometer has proved to be more convenient in
actual operation than the conventional one.
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prevail when the location of the station is well
removed from highways and from electrical
machinery. A further suggestion resulting from
practical experience is that the amateur be
content to use, as the intermediate frequency
amplifier, a not-too-selective broadcast re-
ceiver operating at the high-frequency end of
the broadcast band. The construction of the
complete receiver will then only rotate around
the circuits operating on the signal frequency.

Building a 56-me. Superhet Adaptor

Fig. 1317 is the circuit of the converter unit
illustrated in Fig. 1318. It is designed for use
with a broadcast receiver operating as the
intermediate frequency amplifier and contains
a preselector, a first detector and its companion
oscillator, The illustration of the converter
shows the manner in which the r.f. amplifier is
mounted horizontally in order that the con-
nection between the amplifier plate and the
grid circuit of the detector may be kept as
short as possible, and in order to facilitate the
important business of isolating the grid and
plate circuit of the r.f. tube. It will be noted
that screen-grid injection is used in the first
detector. It is obviously possible to exploit
other methods of coupling the oscillator either
to the control grid or the suppressor grid of the
6C6. A review of the general considerations in
converter design given in Chapter Six will re-
veal almost endless possibilities in the way of
circuit arrangement. Because the screen of the
detector is connected across the tuned circuit
of the oscillator, this circuit is loaded somewhat
by the screen-to-ground capacity. Condensers
C4 and Cj serve to load .the two other tuned
circuits in similar fashion in order that the
three circuits will track. Additional pre-
cautions would have to be taken in order
to securo perfect tracking over a wide
range of frequencies, hut with the arrange-
ment shown it is readily possible to obtain
effective tracking over the 56- to 60-me.
band. A more advanced type of converter
suitable for the same work is that deseribed
later and shown in Fig. 1320.

The Super-infragenerator Receiver

While the superheterodyne receiver
provides a ready solution to the problem
of selectivity it fails to give us a univer-
sally valuable receivor simply booause of
its undue response to noise. The most
recent development at A.R.R.L. Head-
quarters is an entirely new type of receiver
in which all the valuable features of the super-
regenerative receiver are combined with those
of the superheterodyne. Experimental receivers
of this type are, at this writing, only just
emerging from the laboratory but their
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performance has been so satisfactory in pre-
liminary trials that we are led to present com-
prehensive details. It is certain, of course, that
this basic type of receiver will be subject to
many modifications in the early future and it

70 1.F Amplifier

6D6 6C6

Ant.

is therefore suggested that the interested
reader should follow developments as they are
recorded from time to time in QST

In the new receiver the incoming ultra-high
frequency signal frequency is converted in the
first detector (or
mixer) to an appro-
priate low first inter-
mediate frequency.

G -t

R 1
L, 1 2 1 Rs Cio

This permits the im-
mediate establishment
of a desirable order of
selectivity. The sec-
ond detector, instead
of giving audio-fre-
quency output con-
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FIG. 1317— A GLASS-TUBE INPUT CONVERTER
SUITABLE FOR THE 56-MC. SUPERHETERODYNE

L1 — Seven turns of No. 16 enameled wire with very
slight turn spacing. Inside diameter 34 inch.

L2, 3, 4 — Each eight turns 7/16-inch inside diameter
of No. 14 tinned wire. Turns spaced to occupy
one inch.

C1, 2, 8 — 15 ppfd. Cardwell Trim-Air condensers.

Csy 5 — National M30 mica padding condensers.

Ce, 7— .002 pyfd. midget fixed condensers.

Cg — 100 ppfd. midget condenser.

Cp — .001 pfd. midget condenser.

C10— .01 pfd. paper-type condenser.

C11 — National M30 padding condenser.

Ci12— .01 pfd. paper-type condenser.

C13— 100 pufd. midget condenser.

Ci14— .001-pfd. midget condenser.

R; ~— 300-ohm half-watt resistor.

Rz — 100,000-0hm half-watt resistor.

Rg — 2000-ohm half-watt resistor.

Rqa— 1-megohm half-watt
resistor.

Rs—50,000-0hm half-
watt resistor.

Re¢—100,000-0hm half-

watt.
R7—50,000-0hm half-
watt.
Rs —25,000-0hm half-
watt.

Experiment with values
of Cu, Rs and Rs may be
necessary to get most ef-
fective converter opera-
tion.

When the output of the
converter is to feed into
the antenna-ground ter-
minals of a broadcast
chassis, a transformer
should be connected be-
tween the output of the
6C6 and the broadcast
receiver input. The pri-
mary may be 70 close-
wound turns of No. 30
d.s.c. wire tuned with a
150 ppfd. mica padding
condenser. The secondary

verts the i.f. signal
to a veryqmuch higher frequency suited for
thoroughly effective superregenerative action.
This second high-intermediate frequency is
tremendously amplified and its audio frequency
components made audible by the superregen-
erative 3rd detector. It is then amplified with
the conventional audio frequency tube. The
receiver therefore consists primarily of three
detectors operating on three widely separated
frequencies and interconnected with nothing
more than appropriate tuned circuits.

The frequency sequence diagram of Fig.
1319 will make the arrangement clearer. In
this diagram, the first converter unit com-
prises a pre-selector, an oscillator and a
mixer tube. In this unit, the incoming fre-

winding, wound close to
the ““B plus” end of the
primary, should be about
20 similar turns. The
optimum size will depend
on the individual broad-
cast set used.

FIG. 1318 — THE GLASS-TUBE CONVERTER UNIT

The chassis is of folded aluminium and measures 10 by 4 by 1 inches. The parti-
tions are 3%, inches high. The unit is designed to be mounted behind the same
panel as the intermediate frequency amplifier which, as suggested in the text, may
well be a broadly tuning broadcast receiver. Needless to say, a good vernier dial will

be essential on the converter.
).
. 229,
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quency is amplified very considerably by the
pre-selector stage, fed to the mixer tube and
there converted to a low-intermediate fre-
quency of the order of 1500 ke. (1.5 me.). The
second converter unit consists of the tuned cir-
cuits necessary to provide the desired selectiv-
ity together with a second oscil-

chapter. Trimmer condensers are used in
parallel with the tuning condensers of the r.f.
and detector grid circuit in order to compen-
sate for the loading effect of the suppressor
grid on the oscillator tuned circuit.

The main chassis of the receiver, which meas-

lator and mixer tube. The fre-
quency of the oscillator in this
second converter unit is such
that the output frequency from  ioo.0001
the mixer is of the order of
22.5 megacycles. This second or
high-i.f. is fed directly to the
superregenerative third detec-
tor. The modulation compo-
nents then pass to the audio
amplifier. As is indicated on the
diagram, the first converter unit
serves to provide appreciable
gain, an improved signal-
noise ratio and the suppression
of images. The second con-
verter has as its only function

10,000 +
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the provision of the required  pyg, 1319 — ILLUSTRATING THE PRINCIPLE USED IN THE
selectivity. The superregenera- SUPER-INFRAGENERATOR RECEIVER

tive third detector is, of course,

the heart and lungs of the receiver, providing,
as it does, enormous gain, effective suppression
of ignition noises and the like, together with a
very high order of automatic-volume-control
action.

Building an S.I.G. Receiver

@ For the advanced worker, the metal tube
receiver shown in Figs. 1320 to 1323 will pro-
vide an interesting constructional job. It is
obviously a complex receiver (though not as
complicated as some straight superhetero-
dynes) but it is perfectly straightforward in
its circuit arrangement and in the general
process of adjustment and operation. It is es-
sential, however, that the builder should have
a very clear understanding of the manner in
which the receiver operates.

Fig. 1320 reveals the input converter unit as
being very similar to that already shown in
Fig. 1317. It is, indeed, a perfectly conven-
tional input converter, fitted with acorn tubes
in order that it may be operated on the higher
frequency bands. The components of this unit
are mounted on a shallow folded aluminum
chassis which, as shown in Fig. 1322 is sepa-
rate from the main chassis. The three acorn
tube sockets are mounted on vertical parti-
tions immediately alongside the three tuning
condensers and all leads are kept very short
and direct. In the completed receiver this unit
is covered with a folded aluminum dust cover
which also serves as a shield. This can be seen
in the illustration given at the beginning of this
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ures 12 x 614 x 2}4 inches, carries the two inter-
mediate frequency sections of the circuit and
the audio equipment. In Fig. 1322 the i.f.
transformer, into which the first detector
feeds, is shown at the upper right. It consists of
a remodelled Tobe Type T1 intermediate fre-
quency transformer which, in its original
form, had three tuned units each fitted with
coils made up of three separate windings con-
nected in series. In order to permit the trans-
former to be tuned to 1500 ke., two sections of
each coil unit are removed, the remaining
single coils being spaced approximately 114
inches apart. The result is a transformer which
gives about as much selectivity as can be used
at the present time. Doubtless special 1500-kec.
transformers will be available in the early
future. A variable selectivity transformer of
this general type would be of considerable
benefit in this receiver. The oscillator unit at
the lower left of Fig. 1321 is tuned to approxi-
mately 21 me. and operates in conjunction
with the mixer tube above it to produce the
high-i.f. of 22.5 megacycles. The superregenera-
tive 6J7 tube is tuned to this frequency. The
oscillator tube shown below this detector in
the diagram provides the quench voltage. The
audio frequency section of the circuit is quite
conventional.

Having constructed and wired the receiver,
the first procedure is to operate the super-
regenerative third detector and the audio tube
alone. The cathode tap on Ly is adjusted so
that smooth superregenerative action is ob-
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tained and the remaining two tubes of this
unit are then inserted in their sockets. At this
stage, the second oscillator tube is tuned by
means of (15 in order to determine whether
or not it can be placed on the same frequency
as that on which the superregenerative detec-
tor is operating. Now, an antenna is connected
to the grid of the 6L7 tube and C,s is varied
slowly until some broadcast station signal is
heard. The difference-frequency between the
second oscillator and the third detector may
then be determined by identifying the broad-
cast station. Usually, under these conditions,
the sensitivity of the receiver is very great and
it should be possible to pick up many mis-
cellaneous signals. A weak one will serve to al-
low adjustment of the primary Lg of the input
circuit to the third detector. This primary
should be very closely coupled to L7 - the
increasing coupling being carried to the point
where the third detector will only super-
regenerate toward the maximum setting of the
potentiometer R,s. Excessive coupling is, how-
ever, possible at this point. Such a condition
will not allow the second oscillator to be tuned
to a frequency 1500 ke. different from that of
the third detector. Experiment will soon reveal
the optimum adjustment. A weak broadcast
signal near the high frequency end of the
broadcast band may now serve to allow tuning
of the intermediate-frequency transformer by
connecting the antenna, preferably through a
very small capacity, to the input winding of
the transformer. The exact intermediate fre-

954
Ant.
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quency used is not of any particular conse-
quence providing it is not that of some very
powerful local broadcasting station.

Having tuned at least two of the circuits of
the i.f. transformer, the input converter unit
may now be connected. By loosening the
flexible coupling on the oscillator condenser,
and rotating only the condensers across the
r.f. and detector grid circuits, it should now
be possible to receive background noise or,
preferably, the signal from a superregenera-
tive receiver or a special modulated test oscilla-
tor. Now, the primary of the i.f. transformer
should be tuned carefully and the padding
condensers on the input tuned circuits also ad-
justed. Needless to say, a modulated test oscil-
lator operating both on 1500 ke. and also the
ultra-high frequency range is of great value in
the alignment of the receiver. The use of such
test oscillator is not absolutely essential, how-
ever.

Having lined up the input circuits and the
i.f. transformer, experiments may now be
undertaken with the setting of the second
oscillator. It will be possible to find two set-
tings of C)5 at which the receiver is operable.
The settings, of course, are each 1500 ke. re-
moved from the frequency of the third detec-
tor. It may be found that one of the settings
gives a better signal than the other. Likewise,
in the input converter unit it is possible to
tune the oscillator either on the low frequency
or high frequency side of the signal frequency.
Usually, the high setting is to be preferred.

70 L.£ Transformer
Primary

O
=HV. +H.V.

FIG. 1320 — WIRING OF THE ACORN INPUT UNIT
OF THE SUPER-INFRAGENERATOR RECEIVER

L1 — Seven turns of No. 15 enamelled wire Y-inch
inside diameter. Very slight spacing between
turns.

L2, 38, 4 — Each eight turns of No. 14 bare or tinned
wire Y%-inch inside diameter with turns
spaced to occupy one inch. The best position
Jfor the plate tap on L3 is usually 3 or 4 turns
down from the grid end of the coil. Cathode
tap on L4 at 1Y4 or 2 turns from the grounded
end of coil. These coilsare for 56-mc. operation.

C1 2, 3 — National Type UMA condensers with four
stator and five rotor plates. These are unnec-
essarily large for the 56- to 60-mc. band but
give convenient coverage of about 4 mc. on
each side of the amateur band.

C4, 5 — National Type M30 padding condensers (Max.
capacity 30 uufds.).

C¢, 7 — 500 pufd. fixed midget condensers.

Cs — 100 pufd. fixed midget condenser.

Co — 500 uufd. fixed midget.

C0y 11, 12— .01 pfd. 400-volt paper-type condensers.
C10 may be low-voltage type.

C13 — 100 pufd. fixed midget condenser.

Cr — 1000 pufd. fixed midget.

R1— 1500-0hm half-watt fixed resistor.

R2 — 100,000-0hm half-watt fixed resistor.

R3 — 2000-ohm half-watt fixed resistor.

R4 — I-megohm half-watt fixed resistor.

Rs — 2000-ohm half-watt fixed resistor.

Re¢ — 100,000-ohm half-watt fixed resistor.

R7 — 50,000-ohm half-watt fixed resistor.

Rg— 100,000-ohm half-watt fixed resistor.
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Now comes the all-important setting of the
second intermediate frequency. The ideal
method, of course, is to measure this fre-
quency with a frequency meter. Since few ama-
teurs are likely to possess frequency meters
tuning in this range, it will usually be neces-
sary to accomplish the tuning by cut-and-try.
The general procedure is to find a high if.
which will produce no serious beats as the re-
ceiver is tuned across the band. When a strong
beat is located somewhere within the limits of
the band, C;; and Cys are both turned in the
same direction by a slight amount, the test
oscillator signal recovered and a further search
being made for the beat. Two or three tests of
this type will soon reveal the direction in
which the interferring beats are moving and
will indicate the direction (5 and Cjg should

I.F. TRANSFORMER

be tuned in order to place the beats beyond the
tuning range of the receiver.

The original model illustrated has shown a
very excellent performance and it is certain
that the discriminating amateur, particularly
if he experiences severe interference, will be
well repaid for any effort spent on this type of
equipment.

Possible Modifications

@ In the receiver described, no attempt was
made to ‘‘simplify” the layout by using
double-purpose tubes. It is the view of many
workers that, while double-purpose tubes re-
duce the number of sockets in the receiver,
they do not mean any appreciable simplifica-
tion of the circuit nor of the process of adjust-
ment. Rather do they tend to increase the
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FIG. 1321 — THE WIRING OF THE INTERMEDIATE-
FREQUENCY SECTION

Ls — Eight close-wound turns of No. 22 double-silk-
covered wire on a 4-inch diameter former. A
National R39 former of this size was used in
the original set. Cathode tap is 2 turns up from
the grounded end of coil.

Le — Twenty close-wound turns of No. 30 d.s.c. wire
on a National Va-inch diameter R39 coil form.
This coil is wedged into L7 with small pieces of
celluloid and the assembly made firm with
““Duco” cement or acetone. See text for details
of adjustment.

L7 —— Ten turns of No. 14 bare or tinned wire 34-inch
inside diameter with turns spaced diameter of
wire. Cathode tap at about third turn from
grounded end.

Ls, 9 —— Windings of National quench oscillator unit.
Improved performance is had in this circuit by
using the small coil in the grid circuit. The
“P* lug is therefore connected to the tube
grid, the “G” terminal going to the tube plate.

C15, 16 — Hammarlund AT7575 pufd.

C17 — .01 ufd. 200-volt paper-type condenser.

Ci18 — .01 ufd. 400-volt paper-type condenser.

C19 — 100 uufd. fixed midget condenser.

C20 — 1000 upfd. fixed midget.

C21 — .01 ufd. 400-volt paper-type condenser.

C22— 100 pufd. midget fixed condenser.
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C23— .002 ufd. fixed midget condenser.
Cz4— .1 ufd. 400-volt paper-type condenser.
C25— .1 ufd. low-voltage paper-type condenser.
Cz8 — 1000 ppfd. fixed midget.
C271 — .1 ufd. 400-volt paper-type condenser.
Cas — 10 ufd. electrolytic condenser.
Rg — 50,000-ohm half-watt resistor.
R10 — 350-ohm half-watt resistor.
R11 — 50,000-0ohm 1-watt resistor.
Ri2 — 15,000-0hm 2-watt resistor.
R13 — 100,000-0ohm half-watt resistor.
Ri4 — 5-megohm half-watt resistor.
Ri15 — 2000-ohm half-watt resistor.
R — 100,000-0ohm potentiometer.
R17 — 50,000-0hm half-watt resistor.
Ri1s — 500,000-0hm potentiometer.
R19 — 600-0hm 5-watt resistor.
L.F. Transformer — See text for details.
R.F.C. — National Type R90 choke.

L10, C20and C30 comprise the quench frequency filter
— a very desirable but not essential addition. L1 is a
National Type R90 choke (90 millihenrys). Cz0is a 150
wufd. or larger mica padding condenser while C29is a
fixed condenser of 250 uufd. The filter is tuned with a
rectifier type voltmeter across the output of the set
until minimum reading is obtained with no signal
input to the set. C15 and L5 are mounted on the os-
cillator tube socket and covered with a small shield
can.
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FIG. 1322 — THE NEW RECEIVER WITH TIIE SHIELD COVER REMOVED

On the partitions, reading left to right, are the first oscillator, first detector and

in accordance with

glass or metal tube

ceiver described,

input r.f. stage. Reading from right to left, along the rear of the set, are located instance, theoverall

the second oscillator; low-i.f. transformer; second converter; superregen. input
coil; superregen. detector; quench oscillator coil; quench oscillator and audio

amplifier tubes.

this case, the proposed i.f.
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— Future Developments

higher useable sensitiv-
ity. This amplifier could
be used in conjunction
with a pair ot double-
tuned i.f. transformers
and could be connected

the

circuit given in Fig.
1324. An amplifier of
this type would be in-
valuable in instances
where a conventional

had

to be used as the pre-
selector in the first con-
verter unit. In the re-

this

preselector tube pro-
vides an appreciable
gain and has the duty of
offsetting, byitsgain,the
negative gain obtained
in the first two convert-
ers. Should the gain on
the first tube of the re-
ceiver be cut in half, for

sen-

sitivity of the receiver
would be impaired.

In
am-

plifier would immediately re-
store or, for that matter, better

@ We would emphasize again
that the entire field of ultra-
high frequency working is in a

FIG. 1323 — A SUGGESTED CIRCUIT FOR TIIE 6A8 CONVERTER state of extreme flux. New
developments are appearing al-
most every day and equipment
which is now modern is likely
to be superseded in the very

R1— 50,000-ohm half-watt resistor.

R2 — 250-ohm half-watt resistor.

Ra — 20,000-ohm half-watt resistor.

Rs — 50,000-ohm half-watt resistor.

C1— 100 pufd. midget condenser.

C2— .01 ufd. paper-type condenser.

C3— 75 pufd. oscillator tuning condenser.

C4 — 01 ufd. paper-type condenser.

Cs — .001 ufd. midget condenser.

Cs — .01 ufd. paper-type condenser.

I, — Eight close-wound turns of No. 22 d.s.c. wire
on half-inch diameter former. Tap at ap-
proximately the center of coil.

operating difficulties. Nevertheless, one possi-
ble modification of value would be to use the
Type 6A8 tube as the second converter. Fig.
1323 illustrates the manner in which the tube
would be wired.

Another modification of value is the addi-
tion of an i.f. amplifier operating at the low
intermediate frequency. Such an amplifier
would provide the receiver with still greater
gain and in some instances this may result in a

early future.
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FIG. 1324 — WIRING OF THE SUGGESTED LF.

AMPLIFIER

R1— 350-0hm half-watt resistor.
R2 — 100,000-ohm half-watt resistor.
C1,2, 3 — .01 ufd. paper-type condensers.
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CHAPTER FOURTEEN

Ultra-High-Frequency

Transmitiers

THE SIMPLEST CIRCUITS — FREQUENCY STABILITY
CONSIDERATIONS=LINEAR OSCILLATORS —SHORT-
LINE-CONTROLLED OSCILLATORS — OSCILLATOR-
AMPLIFIER TRANSMITTERS

T RaNsMITTER practice on the
ultra-high frequencies differs quite consider-
ably from that followed on the lower frequen-
cies. One important reason for this is that
conventional transmitting tubes are very poor
amplifiers at frequencies of 56 me. or above.
1t is actually possible to use a relatively low-
frequency controlling oscillator and to follow
it with a series of harmonic amplifiers until
the desired ultra-high frequency is reached.
However, the efficiency obtained in the ampli-
fiers at the ultra-high frequency end of the
transmitter is usually extremely low and such a
set-up would represent a very considerable
expenditure of time and money. In the early
days of ultra-high frequency working, common
practice was to use a simple oscillator circuit
for the transmitter, then modulating the
oscillator directly. Transmitters of this type,
indeed, are still widely used today but, unless
special precautions are taken, they exhibit
very serious frequency modulation which
causes their signal to occupy an unnecessarily
wide band of frequencies and which prohibits
the use of even a reasonably selective receiver.
The trend, today, is toward the use of stabil-
ized oscillators of one form or another, or
oscillator-amplifier transmitters. In the latter
case, the best stations employ a crystal-con-
trolled oscillator but reasonable freedom from
frequency modulation can be obtained even by
the use of a simple oscillator and amplifier both
operating on the same frequency.

Before proceeding with the details of actual
transmitting circuits, it would be well to out-
line the frequency bands in which these trans-
mitters are to operate and to submit some
general suggestions with respect to the prob-
lem of determining the frequency at which
the transmitter is operating.

Finding the Bands

® On the ultra-high frequencies the amateur
has available the territory between 56 and 60
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me. and also all the frequencies higher than 110
me. In order to facilitate contact and communi-
cation in the enormously extensive territory
higher than 110 me., however, it has been sug-
gested that the amateur endeavor to operate in
bands related harmonically with the 56-me.
band. The so-called ultra-ultra high frequency
bands to which particular attention is being
given are therefore 112 to 120 me.; 224 to 240
me. and 448 to 480 me.

In mentioning these bands we have so far
adhered to the usual practice of stating the
frequencies involved. This practice, however,
is prone to be very inconvenient when speaking
of and working with the ultra-high frequencies.
Antennas, linear tuning rods, reflectors and di-
rectors are all to be measured in terms of wave-
length and it is most inconvenient to be obliged
to convert frequency to wavelength before pro-
ceeding with such measurements. Then, the
most practical means of frequency determina-
tion on the ultra-high frequencies is by actually
measuring the wavelength directly from a
standing wave on wires. It is obviously a
handicap to be obliged to convert direct
measurements so obtained back to frequency.

For these reasons we will find it desirable to
make use of wavelength very frequently in this
chapter and can only hope that the reader
will find it reasonably simple to acquire the
habit of thinking in terms of frequency and
wave-length simultaneously.

The 56-me. band covers from 5.357 to &
meters. This means that the harmonically
related 112-mec. band will be from 2.678 to 2.5
meters while the next band down — the 224-
me. band — will be from 1.339 to 1.25 meters.

The future will certainly see amateur activ-
ity on the frequencies higher than these but,
at the moment, most of the interest is concen-
trated in exploring the wide ‘‘wastes’ between
5 and 1.25 meters.

The methods of frequency measurement and
checking described in Chapter Seventeen are,
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generally speaking, unsuited for the ultra-high
frequencies. Fortunately, simpler (though
probably less accurate) methods are available.

The simplest method is merely to cut the an-
tenna wire to 95 per cent. of the actual wave-
length desired, then tuning the transmitter
until the antenna is operating most effectively.
This scheme is, of course, extremely approxi-
mate and would serve only as a preliminary
measure,

The next simple scheme is to compare the
frequency of one’s own transmitter by tuning it
on the receiver and comparing the setting with
other stations of known wavelength. This is
readily possible in districts where plenty of
signals are available for the purpose but at
present would be impractical on the 214 or 114-
meter bands. On the latter bands, of even on 5
meters, the problem is readily solved if a linear
type oscillator is used. With this type of oseil-
lator (to be described later) the wavelength
can be measured directly from the rods which
constitute the tuning circuit.

For the very short waves, probably the most
practical method involves the use of two par-
allel wires — known as Lecher wires — on
which standing waves may be measured di-
rectly. Such a Lecher system may be set up
readily and forms a valuable addition to the
ultra-high frequency worker’s equipment.

A typical Lecher system consists of two No.
18 bare copper wires spaced about two inches
and mounted on stand-off insulators on a
length of board. The wires should be several
wavelengths long. The wires are left free at one
end while at the other they are connected to a
one- or two-turn coupling coil of about the
diameter of the tank coil of the transmitter.
This coupling coil is placed near the transmitter
coil. In operation, a sliding bridge — consisting
of a piece of stiff bare wire on the end of a
two-foot wooden dowel — is run slowly down
the length of the wires until a point is reached
where the oscillator plate current makes a
sudden fluctuation. The point is marked. The
bridge is then moved farther down the wires
until a second node is located. This also is
marked. The same procedure is then followed
to locate a third node. At this stage, the dis-
tance between each pair of marks is measured.
If the Lecher system is operating correctly and
if it is mounted well clear of surrounding ob-
jects, the distances will all be the same and
will represent quite accurately one half of the
wave-length being measured. An alternative
sliding bridge — useful when the oscillator has
plenty of output — is & flashlamp bulb with
wires soldered to its contacts. These wires are
hooked over the wires of the Lecher system
and the lamp moved along until the various
points are located at which the lamp lights

brightest. The points will be extremely critical.

The same general procedure may be used to
calibrate a receiver — the indication in this
case being obtained by the receiver going out of
oscillation as the bridge passes over the various
nodes.

Once the approximate calibration has been
obtained in this way, it can be readily checked
by comparing harmonies produced by oscil-
lators on harmonically related lower frequency
bands.

Simple Oscillator Circuits

® One of the simplest and most practical
circuits for experimental work is that shown in
Fig. 1401, It is the type of circuit which can be
set up in quick time and hence is of especial
value to the experimenter. However, in com-
mon with all similar circuit arrangements, the
inherent stability is of a low order. When mod-
ulation is applied, the output frequency will
change in accordance with the modulation
voltage and, as a result, the signal will occupy
a wide band of frequencies. The circuit is
therefore not recommended for ultra-high
frequency communication purposes except in
instances where the equipment must be kept as
compact and light-weight as possible.

A further simple circuit particularly suited
for single-tube operation is that shown in
Fig. 1402. This particular circuit is suited for

' Il
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FIG. 1401 — A SIMPLE 56-MC. OSCILLATOR
CIRCUIT

L1 — Single turn of Y4-inch copper tubing, 4 inches in
diameter, mounted on stator terminals of
tank condenser,

L2— 4 turns No. 14 enamelled antenna wire, I’ in
diameter, and about 2" in length. Turns are
squeezed together or separated until set oscil-
lates with minimum plate current at the de-
sired frequency of operation.

C1 — National split-stator condenser, Type TM P-100.
Net maximum capacity (sections in series)
100 pufd.

RFC— 18 turns of No. 24 d.c.c. on Y4-inch wooden
dowel, 1/16-inch spacing between turns.

R1 — 10,000-0hm non-inductive grid-leak 5-watt size
or larger.

These constants are for Type 10 tubes. Slight modifi-
cation of Lz may be necessary when Type 45, 71-A or
801 tubes are used. A tank tuning condenser of lower
voltage rating would be satisfactory for the smaller
tubes. Ar type cond may be used when the
plate voltage does not exceed 250 or 300 volts.

«235.
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experimental work, with conventional tubes,
on frequencies even as high as 224 me. The
frequency stability of this type of circuit,
though, is also very poor.

RFC,
+HV.
Ll
G
RFC,
R2
Jo Feeders R, | [
HV.
RFC,_% %RFC,
1.5V,

FIG. 1402— CIRCUIT SUITABLE FOR EXPERI-

MENT ON 112 OR 224 MC.

The W.E. 3044 has been used with this circuit on
224 mec. Other types of tubes will require modifica-
tion of the constants suggested.

C1 — National Type NC800 condenser.

L1 — Single turn tank coil of very small copper tubing
or No. 12 gauge wire. Actual length of con-
ductor in one experimental transmitter for
224 me. was 7 inches —the turn l-inch
diameter.

R1 — 20,000 10-watt resistor.

Ra— 50- or 100-0hin center-tapped resistor.

RFC) — 15 turns of No. 18 wire wound on a pencil —
the turns being pulled apart slightly.

RFC2— About 10 turns of the filament leads wound
on a pencil.

Linear Oscillator Circuits

@ The circuits just deseribed, and many simi-
lar to them, are satisfactory for experimental
work on the uh.f. bands. However, they
become increasingly unsatisfactory as the fre-
quency is increased. Another type of circuit,
admirably suited for all the bands mentioned,
and having considerably greater inherent
frequency stability, is that of Fig. 1403. 1t is
one of a large group of so-called ‘“‘linear”
oscillators. In Fig. 1403, the conductors L,
and Ly are made of such dimensions that the
entire length of each conductor — including
the elements and leads within the tube —
correspond to a half wavelength. The plate
and grid feeds are then connected at the nodal
point in the electrical center of the system.
The conductors may be made of No. 14 wire
but a great improvement in performance is
made possible by using large diameter copper
tubing — the two conductors being spaced
approximately the diameter of the tubing.
Several methods of coupling the feeder
system are possible. That indicated is one
possibility. In this case, the tuned feeders of a
Zepp system are clipped on the plate rod, one
on each side of the nodal point. Variation of
the spacing of the two clips then permits varia-
tion of the coupling to the feeder. Untuned

0236.

fecders may be attached in the same manner,
the spacing of the clips being varied to give the
necessary impedance mateh.

In this type of oscillator, the adjustment of
the length of the rods is the one very important
matter. It is probably a good scheme to start
out with rods a full half-wave long, then cutting
them down until the desired wavelength is
reached. The actual length of the rods will
depend upon the type of oscillator tube used.

The mounting of the rods is another import-
ant matter. Probably the simplest method is
to support them hetween two stand-off insu-
lators on a strip of good insulating material.

7o
Feedlers,
1

+

C,
< ,%—ﬂm.v.
L
7 |

L2

R, RFC's

~H.vV CT.
FIL.VOLTAGE

FIG. 1403 — AN OSCILLATOR CIRCUIT SUITED
FOR THE VERY HIGH FREQUENCIES

L1, L2— Copper rods or tubes slightly less than a half-
wave long. Tubing Y-inch outside diameter
spaced 1 inch between centers is suggested
though smaller or larger conductors will serve.

C1— Feeder tuning condensers. Three-plate midgets
would be satisfactory for 24 meters or below.
Condensers several times this capacity would
serve for 5 meters.

R1 — Grid-leak of resistance and power rating to suit
oscillator tube. 25,000 ohms is a good average
value.

RFC’s — About 25 turns of No. 11 wire %-inch diame-
ter with turns spaced the diameter of the
wire. These chokes are absolutely essential.

Almost any of the usual triodes will operate in this
circuit down to at least 2V meters. The Type 800 or

W.E. 3044 are suggested for satisfactory performance

at 1Y, meters.
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FIG. 1404 — A PUSH-PULL VERSION OF THE
LINEAR OSCILLATOR
The same values may be used as given under Fig.
1403. The length of the rods mmust be reduced, however,
to allow for the loading effect of the second tube.
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The support should preferably be at the nodal
point.

A Push-Pull Linear Oscillator

@ The circuit of Fig. 1404 shows how the
linear oscillator may be adapted for push-pull

C o~

C < 1
r Lubes s/l Jess t/yan
& /ﬁ ~actual /ant% RFC's
ng :m oscrilator tube u.red R,
-ll‘ V. CT.
FIL.VOLTAGE
e Vollage Yo
~¢Lotieg |/,

= z

224 me. i 2

______ . Yoltage

tHV.
~—.

C
name.

FIG. 1405 — A THREE-BAND ULTRA-HIGH-
FREQUENCY TRANSMITTER

The rods are of Yz-inch copper tubing spaced 1 inch
center to center. Their length is slightly less than a
Sull wave at 1Y meters. The actual length is deter-
mined by the type of tube used. With a W.E. 3044,
the rods are 113 centimeters (about 34 inches) long.
They would be slightly shorter for the 800 and most
of the smaller tubes. An adjustable bridging con-
denser of about 25 uufds. between the grid and plate
Jeed points may be found desirable on 112 and 224 mec.

working. Instead of having one end of the
half-wave lines open, they are connected to the
grid and plate of a second tube. This means, of

course, that the actual length of the rods will
be decreased to allow for the loading provided
by the second tube. The full length of each rod
will be twice the distance from the node to the
tube terminals in Fig. 1403. The nodal point,
where plate and grid feeds are attached, will
now be in the center of the system. The an-
tenna feed methods may be the same as those
previously mentioned.

Sctting up a Linear Oscillator

@ The construction and tuning of transmitters
of the type just mentioned is very simple.
The only essential need is to develop the habit
of visualizing the voltage distribution along
the rods so that the actual operating conditions
in the circuit can be determined rapidly. The
most suitable tubes for these circuits, and for
the 214 and 14 meter bands, are probably the
800 and the W.E. 304A. Other tubes such as
the 45, 10 or 37 have been shown to be effective
but a little more difficulty may be had in ob-
taining stable operation and reasonably long
tube life.

The use of a plate current meter is, of
course, cssential. If the circuit is oscillating,
this meter will show current fluctuations when
the rods are touched with a pencil or screw-
driver at points other than the voltage nodes.
This very method, indeed, is probably the best
one to reveal the actual location of the nodes.
Another practical way of locating the best
position for the plate and grid feed clips is to
move the clips until the plate current drops to
a minimum value.

A Three-Band Transmitter

@® Fig. 1405 illustrates a transmitter of this
general type suited for operation on the 5,
214 and 1Y4-meter bands. It is similar to the
arrangement of Fig. 1403, being identical, in
fact, when the set is operated on 21% meters.
The plate and grid conductors are made a
full-wave long at 114 meters and the circuit

FIG. 1406 — AN EXPERIMENTAL SET-UP OF THE CIRCUIT OF FIG. 1405

The pipes of the resonant line are supported on small pieces of National Victron, these, in turn, being sup-

ported by the stand-off insulators. The tube is the W.E. 304A.
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will oscillate at that wave length when the
plate and grid-feed clips are connected one
quarter-wave (at 114 meters) from the tube
elements. Sliding the feed clips out near the
center of the rods will put them one quarter-
wave (at 214 meters) from the open end and
the system will then operate at 214 meters.
For 5-meter operation, the feed clips are run
down to the ends of the rods and a by-pass
condenser is clipped across them. Since the
entire rod length is one quarter-wave at §
meters the node will be at the far end and the
system will oscillate at 5 meters. It will be
necessary, of course, to change the location of
the antenna feeder clips when changing from
one band to another. On the 214 and 114 meter
bands they may be on either side of the plate
feed connection. On 5 meters, one feeder may
be clipped on the plate rod near the feed end,
the other feeder opposite it on the grid rod.

Short-Line Control
® In the circuits just discussed, improved
stability is made possible by the use of-high-Q
resonant-line or linear circuits. However, since
the tube or tubes in the circuit are attached to
the free end of the line, the Q of the complete
circuit is considerably less than that of the line
by itself. A large family of circuits has been
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FIG. 1407 — THREE BASIC CIRCUITS
FOR THE SHORT-LINE-CON-
TROLLED OSCILLATOR

The pipes in the grid circuit play the
major part in providing frequency sta-
bility and the greater their diameter the
better. They should be of hard-drawn
copper and particular attention should
be given to the method of making con-
tact between them at the shorted end.
L) — Approximately three turns of Ya-

inch copper tubing, turns 2
inches diameter for 56 mec. A
single turn for 112 mec. Actual
coil size will depend greatly on
type of tubes used, arrangement
of wiring and type of tuning
condenser.

Lz — Each a single turn 2 inches in
diameter. They must be wound
so that the two turns, though
separated, are in the same
direction.

Ci— at “A" — split-stator condenser
of voltage rating to suit supply
used. 15 to 35 pufd. total effective
capacity suitable.

Ci —at “B” and “C” — 15 to 75 ppfd.
receiving type condensers. The
smaller order of capacity suit-
able for the highest frequency
bands.

Ri— 10,000 to 50,000 ohms depending

& on type of tubes used.

RFC — Usually necessary only on 112
and 224 mec.

Approximately 15 turns of No. 14
wire Ys-inch inside diameter for 112
me. Seven similar turns for 224 mec.
Careful adjustment of these chokes in
each individual layout is usually

+H.V,

+H.Y,

necessary.

Allowance must be made for the filament voltage

drop in these chokes, especially when the more
powerful tubes are used.
B It is as well to start out with the grid line a full
quarter-wave long, then moving up the bridge and
adjusting grid taps until desired frequency is reached.
One quarter-waveis approximately four feet for 56-mc.
band; two feet for 112-mc. band and one foot for
224-mc. band. The plate lines will be considerably
shorter because of the loading effect of the tubes.
The same full quarter-wave might well be used at
the start, however.

devised in which a very high-Q line is used as
the frequency controlling element, so con-
nected into the tube circuit as to avoid any
really serious reduction in effectiveness.

The basis of the scheme can best be ex-
plained by comparing it with crystal control.
In the normal crystal oscillator, the grid circuit
consists of the crystal itself, serving as the fre-
quency controlling element. In the short-line
controlled oscillator, the crystal is displaced
by a high-Q resonant line along which the grid
or grids of the oscillator tube or tubes are
tapped. The grid connection is made as near to
the voltage node of the line as possible, in
order to reduce the influence of variations in
the tube circuit on the characteristics on the
line. Circuits of this general type are quite
simple in construction and are capable of pro-
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viding very excellent frequency stability when
the line itself is correctly designed. Assuming
that the optimum spacing is used between the
conductors of the line, the Q of the line is pro-
portional to the diamecter of the conductor
used. It is also interesting to note that Q
is proportional to the square root of the fre-
quency and, unlike conventional tuned cir-
cuits, therefore increases with frequency. A
line made up of copper tubing of about 4 inches
in diameter has, at 60 mc., a Q of more than
6000. Such a line is thercfore capable of provid-
ing a selectivity performance comparable with
that of a crystal-controlled oscillator. Tubing
of such dimensions is, though, quite expensive,
and current amateur practice is to use con-
ductors of 1-inch diameter or less. Such a line
does not provide the highest possible order of
selectivity but it allows quite a tremendous
improvement over oscillators not fitted with
this type of frequency control.

Fig. 1407 illustrates three practical arrange-
ments of push-pull oscillators employing
short-line frequency control. The controlling
element, marked “grid line” on the diagram
consists of a pair of copper pipes slightly less

FIG. 1408 — A TRANSMITTER FOR 112-MC. OPERA-
TION USING CIRCUIT “A” OF FIG. 1407

The antenna coil in this case is a single turn. The
two series feeder tuning condensers can be seen at the
left. Type 800 tubes are shown.

FIG. 1409 — THE TUBE END OF A TRANSMITTER

EMPLOYING THE CIRCUIT *“B” OF
AND OPERATING ON 56 MC.
The mounting of the grid line in this example is not
ideal because of the long grid leads. It is better, when
possible, to drop the line over the edge of the bench
in the manner shown in Fig. 1113. While Type 800
tubes are shown, the arrangement is equally suited
Jor tubes of lower power.

FIG. 1407

than a quarter wavelength long and with the
pipes spaced approximately their own diam-
eter. The bridge across the voltage-node end of
the line must be given careful consideration.
At this point very large r.f. currents are flow-
ing and it is readily possible to destroy the
cffectivencss of the line if poor clectrical con-
tact cxists at this point. For experimental
work this bridge may consist of copper strips
clamped in place with machine screws (to
permit adjustment of the effective length of the
line) but a much more effective scheme for the
permanent transmitter is to solder or braze the
pipes at this point into a copper plate, then
providing sliding extension pieces in the free
ends of the pipes to allow adjustment of the
length.

In setting up the type of transmitter shown
in ““A” of Fig. 1407, it is as well to start out
with the resonant line a full quarter-wave
long. Then, with the grid connected about one-
third the line length from the shorted end, the
plate tank is tuned until the plate current
takes a sharp drop — indicating oscillation.
The bridge on the line and the grid taps are
then varied until oscillation is obtained at the
desired frequency with the lowest possible
value of plate current. The oscillator is then
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coupled to the antenna circuit in the usual
manner. The closer the grid taps approach the
bridge the greater will be the stability and the
longer will the line be for a given frequency.

FIG. 1410 — THE FAR END OF THE PLATE LINE OF
THE TRANSMITTER SHOWN IN FIG. 1409

The antenna coupling ‘‘hairpin® is mounted on
the two series feeder tuning condensers. The high-
voltage feed line drops down from the bridge on the
line. The hairpin coupling has been found somewhat
more convenient to adjust than the sliding contacts
shown in Fig. 1407.

High stability can only be obtained by very
careful adjustment of thesc grid taps.
Considerable improvement in the overall
efficiency of this type transmitter can be oh-
tained by replacing the conventional plate tank
with a second recsonant line. In this case, it
is usually convenicnt to connect the plates
directly to the frce end of the line, then cou-
pling the antenna to the bridge end of the line.

FIG. 1411 — A 112-MC. TRANSMITTER EMPLOY-
ING THE CIRCUIT *“C” OF FIG