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FOREWORD

IN PRESENTING the 1937 edition
of THE RADIO AMATEUR'S HANDBOOK the publishers 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 reference work for member-

 operators of the American Radio Relay League and other skilled ama-
teurs 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 material 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.

As in previous editions, a particular effort has been made to restrict
the material treating apparatus design and construction to examples of
modern, sound and well-tried practice. Planned as a practical rather
than a theoretical work, theoretical discussions have been made as sim-
ple 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 beginnings 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 ““tech-
nical”’ 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, @ST, 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 several times its price. Mr. Handy revised several suc-
cessive editions as reprinting became necessary. With the fourth edition,
in 1928, he was joined in this duty by the undersigned, who was direct-
ing the technical development program which the A.R.R.L. was then
conducting for the special purpose of developing new apparatus 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 author-
ship. By that time, extremely rapid technical progress was upon us and
it became apparent that the Handbook to serve its purpose demanded a
frequent and 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 edi-
tion in 1930 the tecbnical 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-two printings the fame of the Handbook has
echoed around the world. More than three bundred and seventy thou-
sand copies have been distributed at this writing. Its success has been
really inspiring. Quantity orders have come from many a foreign land;
schools and technical classes have adopted it as a text; but most impor-
tant 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 publica-
tion brings a new responsibility to us, the publishers — the Handbook
must be kept up to date.

Because the present year has seen further sweeping changes in ama-
teur practice it has been necessary again to undertake a comprehensive
revision for this edition. We are happy at the same time again to ex-
pand the size of the book. Most of the chapters have been entirely re-
written. All of them have been thoroughly modernized.

This edition again 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 assistant secretary of the League. The several chapters on
fundamental principles, on receiver design and construction and on
radio-telephony are the work of Mr. James J. Lamb, the technical
editor of QST. Mr. George Grammer, the assistant technical editor of
QST, has again been responsible for the chapters on vacuum tubes and
those treating the design and construction of transmitters. The general
subjeet of instruments and measurements has, in this edition, been
covered by Mr. Clinton B. DeSoto while the chapters on antennas,
power supply and keying have been rewritten by Mr. Donald H. Mix,
of the League’s technical information service. Mr. Clark C. Rodimon,
managing editor of @ST, has again revised the chapter on station as-
sembly while Mr. Handy, our communications manager, has rewritten
the chapters on the A.R.R.L. Communications Department, on opera-
ting a station and on message handling. The chapters on ultra-high-
frequency working have been prepared by the undersigned.

By no means the least useful feature of this edition is the quite
extensive catalog advertising that accompanies it. It is not generally
regarded as in good taste to make any editorial reference to the exist-
ence of advertising, but tbis case we believe to be different. To be truly
comprehensive ag a handbook — to fill all the functions one visualizes
with the word ‘‘handbook” — this book must bring the reader data
and specifications on the manufactured products which are the raw
material of amateur radio. Our advertigers have collaborated with us in
this purpose by presenting here not mere advertising but catalog tech-
nical data. The amateur constructor and experimenter should find it
convenient to possess in such juxtaposition both the constructional
guidance he seeks and the needed data on his matériel. Both are neces-
sary ingredients of the eomplete standard manual of amateur high-
frequency communication.

We shall all feel] very happy if the present edition brings as much
assistance and inspiration to amateurs and would-be amateurs as have
its predecessors. 4

ROSS A. HULL
EDITOR
West HarTrFoRD, October, 1936.
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OUR GODE

|

The Amateur is Genilemanly. He never knowingly uses the air for his own
amusement in such a way as to lessen the pleasure of others. He abides
by the pledges given by the A.R.R.L. in his behalf to the public and
the Government.

1l

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

1111

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

v

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

spirit.

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

VI
The Amaleur is Patriotic. His knowledge and his station are always
ready for the service of his country and his community.
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The Story of Amateur Radio

HOW IT STARTED; THE PART PLAYED BY THE

A.R.R.L.

Auareur radio represents, to
upwards of fifty-five 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-

amateur’s table is his short-wave receiver; on
the other side is his private (and usually home-
made) short-wave transmitter, ready at the
throw of a switch to be used in calling and
“working” other amateurs in the United
States, in Canada, Europe, Australia, every

corner of the globe!

sented its stronghold.

Even a low-power

When radio broad-
casting was first in-
troduced to the pub-
lic some 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 transmitted
from a city hundreds
and even thousands
of miles away. To be
sure there was also a
certain amount of en-
tertainment value,

MATEUR radijo is the means of communi-
cation with others on equal terms, of
finding friendship, adventure and prestige
while seated at one’s own fireside. In picking
his human contacts out of the air the amateur
is not seen by them. He is not known by the
clothes he wears but by the signals he emits.
He enters a new world whose qualifications
for success are within his reach. There are no
century-old class prejudices to impede his prog-
ress. He enters a thoroughly democratic world
where he rises or falls by his own efforts. When
he is WIXYZ, a beginner, the radio elders
help him willingly, and when he becomes
W9XYZ the record-breaker and efficient
traffic-handler, he willingly helps the younger
generation. Without a pedigree, a chauffeur,
or an old master decorating his living room
he can become a prince — of the air. At the
close of the day, filled with the monotonous
routine of the machine age, he can find adven-
ture, vicarious travel, prestige and friendship
by throwing in the switch and pounding his
signals into the air.
DR. RAYMOND V. BOWERS,
Yale University

transmitter using
nothing more ambi-
tious than one or two
receiving-type tubes
makes it possible to
develop friendships in
every State in the
Union, in dozens of
countries abroad. Of
course, it is not to be
expected that the first
contacts will neces-
sarily be with foreign
amateurs. Experience
in adjusting the sim-
ple transmitter, in us-
ing the right fre-
quency band at the
right time of day
when foreign stations
are on the air, and
practice in operating
are necessary before

and it is true that as the years have passed
this phase has become uppermost in the minds
of most listeners; yet the thrill of “dx’’ is still
a major factor in the minds of hundreds of
thousands of people, as witness the present
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
these distant points! On one side of your radio

communication will be enjoyed with amateurs
of other nationalities. But patience and experi-
ence are the sole prerequisites; neither high
power nor expensive equipment is required.
Nor does the personal enjoyment that comes
from amateur radio constitute its only benefit.
There is the enduring satisfaction that comes
from doing things with the apparatus put to-
gether by our own skill. The process of design-
ing and constructing radio equipment develops
real engineering ability. Operating an amateur
station with even the simplest equipment like-

. 1.
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wise develops operating profieiency 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
systematic amateur work to a student of al-
most every branch of
radio cannot well be over-
looked. An increasing
number of radio services,
each expanding in itself,
require additional person-
nel, technicians, operators,
inspectors, engineers and
executives and in every
field a background of ama-
teur experience is regarded
as valuable.

.

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

It started shortly after
Marconi had astounded
the world with his first
experiments proving that
telegraph messages actu-
ally 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 per-
sonal communication with others and set 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 enjoy-
ment 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

2.

DR. EUGENE C. WOODRUFF, WgCMP
President, A.R.R.L.

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 possibili-
ties were to be suspected.

Yet the period was no-
table for a number of ac-
complishments. It saw the
number of amateurs in
the United States increase
to approximately 4,000 by
1917, It witnessed the
first appearance of radio
laws, licensing, wave-
length specifications for
the various services.
(* Amateurs? — oh, yes —
well, stick ’em on 200 me-
ters; it’s no good for any-
thing; 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. 8. amateurs beginning to wonder, just be-
fore the war, if there were amateurs in other
countries across the seas and if — daring
thought! — it might some day be possible to
span the Atlantic with 200-meter equipment.
Because all long-distance messages had to be
relayed, it saw relaying developed to a fine art
— and what a priceless accomplishment that
ability turned out to be later when our gov-
ernment suddenly needed dozens and hun-
dreds of skilled operators for war service!
Most important of all, the pre-war period wit-
nessed the birth of the American Radio Relay
League, the amateur organization whose fame
was to travel to all parts of the world and
whose name was to be virtually synonymous
with subsequent amateur progress and short-
wave development. Conceived and formed by
the famous inventor and amateur, the late
Hiram Percy Maxim, it was formally launched
in early 1914 and was just beginning to exert
its full force in amateur activities when this
country declared war on Germany and by that
act sounded the knell for amateur radio for the
next two and one-half years. By presidential
direction every amateur station was disman-
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tled. Within a few months three-fourths of the
amateurs of the country were serving with the
armed forces of the United States as operators
and instructors.

@ Few amateurs 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 su-
preme authority over all communications in
wartime, was more than half inclined to keep
it; indeed, the war had not been ended a month
before Congress was considering legislation
that would have made it impossible for the
amateur radio of old ever to be resumed. Presi-
dent Maxim rushed to Washington, pleaded,
argued; the bill was defeated. But there was
still no amateur radio; the war ban continued
in effect. Repeated representations to Wash-
ington met only with silence; it was to be
nearly a year before licenses were again to be
issued.

In the meantime, however, there was much
to be done. Three-fourths of the former ama-
teurs had gone to France; many of them would
never 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 ecalled 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 publication
of a notice to all the former amateurs that
could be located, hired Kenneth B. Warner as
the League’s first paid secretary, floated a bond
issue among old League members to obtain
money for immediate running expenses, bought
the magazine QST to be the League’s official
organ and dunned officialdom until the war-
time ban was lifted and amateur radio resumed
again. Even before the ban was lifted in Octo-
ber, 1919, old-timers all over the country were
flocking back to the League, renewing friend-
ships, 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 — in-
terest in amateur radio was as great as ever!

From the start, however, it took on new as-
pects. The pressure of war had stimulated
technical development in radio; there were new

types of equipment, principally the vacuum
tube, which was being used for both receivers
and transmitters. Amateurs immediately
adapted the new apparatus to 200-meter work.
Ranges promptly increased; soon it was 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 unfamil-
iarity with 200-meter equipment had some-
thing to do with it. So in December, 1921, the
A.R.R.L. sent abroad one of our most prom-
inent amateurs, Paul Godley, with the best
amateur receiving equipment available. Tests
were run, and thirty American amateur sta-
tions were heard in Europe! The news electri-
fied the amateur world. In 1922 another trans-
Atlantic test was carried out; this time 315
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-
tive: two-way communication across the At-
lantic by amateur radio! It must be possible —
but somehow we couldn’t quite make it.

« 3.
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Further inereases in power were out of the
question; many amateurs already were using
the legal maximum of one kilowatt. Better re-
ceivers? We already had the superheterodyne;
it didn’t seem possible to make any very great

IN GODLEY’S TENT, ON THE SHORES OF SCOTLAND

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 1923 the
A.R.R.L. sponsored a series of organized tests
on wavelengths down to 90 meters and it was
noted that as the wavelength dropped the
reported results were better. A growing excite-
ment began to filter 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 commercial companies were rushing
stations into the 100-meter region. Chaos
threatened until the first of a series of radio

.4‘0

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 probably only been secratched,
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 responded 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 possibilities 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
short 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

DON

MIX, COMMANDER MACMILLAN, AND
WNP, 1923
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and deliberated with the amateur representa-
tives of twenty-two other nations. On April 17,
1925, this conference formed the International
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 interna-
tional amateur communication. The experi-
mentally-minded amateur is constantly at
work conducting tests in new frequency bands,
devising improved apparatus for amateur re-
ceiving and transmitting, learning how to oper-
ate two and three and even four stations where
previously there was room enough for only one.

In particular, the amateur experi-
menter presses on to the development
of the higher frequencies represented
by the wavelengths below 20 meters,
territory only a short time ago re-
garded by even most amateurs as
comparatively unprofitable operating
ground. On ten meters, experiments
sponsored by the A.R.R.L. in direc-
tive transmission resulted in signals
from a Cape Cod station being
logged for days on end in New Zea-
land and reported in England, Can-
ada 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 par-
ticularly favorable for this frequency.

The amateur’s experience with five
meters is especially representative of his initia-
tive and resourcefulness, ‘and his ability to
make the most of what is at hand. In 1924 first
amateur experiments in the vicinity of 56 me.
indicated the band to be practically worthless
for distance work; signals at such frequencies
appeared capable of being heard only to ‘“hori-
zon range.”” But the amateur turns even such
apparent disadvantages to use. If not suitable
for long-distance work, at least it was ideal for
‘“‘short-haul” communication., Beginning in
1931, then, there took place a tremendous
amount of activity in 56-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

* * * * L 4 * > L 4 L 4
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deal to do with 5-meter DX, many thousands of
amateurs are now spending much of their time
in the 56-me. region, some having worked as
many as four or five hundred different stations
on that band at distances up to several hun-
dred 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, and the articles
about them are as widely read in professional
circles as by amateurs. At a time when only a
few broadcast engineers in the country knew
what was meant by ‘1009 modulation” the
technieal staff of the A.R.R.L. was publishing

.

articles in QST urging amateur 'phones to em-
brace it and showing them how to do it. When
interest quickened in five-meter work, and ex-
periments showed that the ordinary regenera-
tive receiver was practically worthless for such
wavelengths, it was the A.R.R.L. that devel-
oped practical super-regenerative receivers as
the solution to the receiver problem. From the
League’s laboratory, too, came in 1932, the
single-signal superheterodyne — the world’s
most advanced high-frequency radiotelegraph
receiver. In 1933 came another great contribu-
tion to transmitter practice in the form of the
tri-tet erystal oscillator, simplifying 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 stafi’s urging and dem-
onstration of their advantages. 1935 saw the
development of the super-infragenerator (S.1.G.)
receiver by the League’s technical staff, giving
to ultra-high-frequeney communication a

¢
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method of reception comparable with that
available from superheterodynes on lower fre-
quencies. And in 1936 came the ‘“noise-silencer”’
attachment for super-heterodynes, permitting
for the first time satisfactory high-frequency
reception through the more common forms of
man-made electrical interference.

® 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 deseribed by the words ‘“public
service.”

We have already seen 3,500 amateurs con-
tributing their skill and ability to the American
cause in the Great War. After the war it was
only natural that cordial relations should pre-
vail between the Army and Navy and the
amateur. Several things occurred in the next
few years to strengthen these relations. In
1924, when the U. 8. dirigible Shenandoah
made a tour of the country, amateurs pro-
vided continuous contaet between the big ship
and the ground. In 1925 when the United
States battle fleet made a eruise to Australia
and the Navy wished to test out short-wave
apparatus for future communication purposes,
it was the League’s Traffic Manager who was
in complete charge of an experimental high-
frequency set on the U.S.8. Seaitle.

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. As it is, only a general outline can be-

given.

Since 1913, amateur radio has been the prin-
cipal, and in many cases the only, means of
outside communication in nearly one hundred
storm and flood emergencies in this country.
Among the most noteworthy were the Florida
hurricanes of 1926, 1928 and 1935, the Missis-
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sippi and New England floods of 1927 and the
California dam break of 1928. During 1931
there ‘were the New Zealand and Nicaraguan
earthquakes, and in 1932 floods in California
and Texas; outstanding in 1933 was the earth-
quake in southern California. In 1934 further
floods in California and Oklahoma resulted in
notable amateur codperation. In 1936 the
floods of the eastern United States saw the
greatest emergency effort ever performed by
amateurs and the story of this work in the May
and June, 1936, issues of QST should be read
by every amateur. In all these and many
others, amateur radio played a major role in
the rescue work and amateurs earned world-
wide commendation for their resourcefulness
in effecting communication where all other
means failed.

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

Amateur cooperation with expeditions started
in 1923, when a League member, Don Mix, of
Bristol, Conn., accompanied MacMillan 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 Mac-
Millan has never since made a trip without
carrying short-wave equipment and an ama-
teur to operate it.

Other explorers noted this success and made
inquiries to the League regarding similar ar-
rangements for their 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. Today praec-
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 expectation of
material reward, have made amateur radio one
of the integral parts of our national life.
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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 larg-
est amateur organization in
the world. It is strictly of, by
and for amateurs, is non-com-
mercial and has no stockhold-
ers. 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 leg-
islative matters. It is pledged
to promote interest in two-way
amateur communication and
experimentation. It is inter-
ested in the relaying of mes-
sages by amateur radio. It is
concerned with the advance-
ment of the radio art. It
stands for the maintenance of
fraternalism and a high stand-
ard of conduct. One of its
principal purposes is to keep
amateur activities 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;
installations equipped with the most modern
available type of precision measuring equip-
ment, and transmitting “marker” signals on
year-"round schedules to enable amateursevery-
where to accurately calibrate their apparatus.

The operating territory of the League is di-
vided 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 man-
aged by a Board of Directors. One director is
elected every two years by the membership of
each United States division, and a Canadian
General Manager is elected every two years by
the Canadian membership. These directors
then choose the president and vice-president,
who are also directors, 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

THE WOUFF-HONG

of Directors. These officers
constitute an Executive Com-
mittee which, under certain
restrictions, decides how to
apply Board policies to specific
matters that arise between
Board meetings.

The League owns and pub-
lishes the magazine @QST.
QST goes to all members of
the League each month. It
acts as a monthly bulletin of
the League’s organized activi-
ties. It serves as a medium for
the exchange of ideas. It fos-
ters amateur spirit. Its techni-
cal articles are renowned.
QST has grown to be the
“amateur’s bible” as well as
one of the foremost radio mag-
azines 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 extensive field organ-
ization of the Communica-
tions Department codrdinates
practical station-operation
throughout 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 build-
ing and employs more than two dozen people.

Members of the League are entitled to write
to Headquarters for information of any kind,
whether it concerns membership, legislation, or
general questions on the construction or oper-
ation of amateur apparatus. If you don’t find
the information you want in QST or the Hand-
book, write to A.R.R.L. Headquarters, West
Hartford, Connecticut, telling us your prob-
lem. All replies are directly by letter; no charge
is made for the service.

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

International Amateur Radio Union

The IL.A.R.U. is a federation of twenty-
seven national amateur radio societies in the
principal nations of the world. Its purposes are
the promotion and cobrdination of two-way
communication between the amateurs of the
various countries, the effecting of codperative
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agreements between the various national
societies on matters of common welfare, the
advancement of the radio art, the encourage-
ment of international fraternalism, and the
promotion of allied activities. Perhaps its
greatest service lies in representing the
amateurs of the world at international tele-
communications conferences and technical
consulting committee (C.C.I.R.) meetings.

The headquarters society of the Union is the
American Radio Relay League. All corre-
spondence should be addressed to 38 LaSalle
Road, West Hartford, Conn., U. S. A. )

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

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 a thoroughly modern ama-
teur station, operating under the call W1MK.

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 Q87. 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” was one of amateur radio’s
principal figures. Beginning in 1915 his pic-
tures of radio and radio amateurs as revealed
by stories in QST were characteristic and in-
imitable. There was much speculation in ama-
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teur circles concerning the identity of T.0.M.,
but in twenty years of writing he never once
gave 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 sending
in to League Headquarters the one and only
original Wouff-Hong, shown here. It is now
framed and hangs on the wall of the Secre-
tary’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 not prereq-
uisites. They can come later. According to
a constitutional requirement, however, only
those members who possess an amateur station
or operator license are entitled to vote in
director elections.

Learn to let the League help you. It is organ-
ized solely for that purpose, and its entire head-
quarter’s personnel is trained to render the best
assistance it can to you in solving your amateur
problems. If, as a beginner, you should find it
difficult to understand some of the matter con-
tained in succeeding chapters of this book, do
not hesitate to write the Information Service
stating your trouble. Perhaps, in such a case, it
would be profitable for you to send for a copy of
a booklet published by the League especially
for the beginner and entitled ‘“ How to Become
a Radio Amateur.” This is written in simple,
straightforward language, and describes from
start to finish the building of a 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 wuse
short-wave radio for contact with this country,
and the latest ‘“ham’ news from your par-
ticular seetion of the country. A sample copy
will be sent you for 25 cents if you are unable
to obtain one at your local newsstand.



Getlting Started

THE AMATEUR BANDS —LEARNING THE CODE —

OBTAINING LICENSES

) W avine related, briefly, the ori-
gin 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, ete. 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 women 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-
seribed 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 commerecial radiotelephone
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 broadeasts, 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.

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 KcUP  60000-56900Kc. 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.  2000-1Ti5Kc.

Phone sub-band  Phone sub-band

Phone sub-band  Phone svb-bond

(28000-29000Kc,) (1425012150 Kc,) Nophone sub-band (4000-3300Ke,) (2000-/800 Kc,)

2127 METERS

SMETERS 10 20
(60,000 Kilocycles)

40 80 160 200 METERS

(1800 Kilocycles)

-Open for C.W. telegraphy only
8- Open for erther C.W. te/eyra,oﬁ_y, 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 ecarried 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 so, 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 1937 — 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-kc. 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 made itself known, the increased
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-kc. band has been the most popular
band for general amateur DX work for some
years. It is useful mainly at night for contaects
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 as
when working on the lower fre-
quency bands discussed above.
However, the band is more handi- ===
capped by congestion in the early
evenings and more subject to the
vagaries of skip-effect and wun-

o8 w=
certain transmission conditions mme
than are the lower frequency .-_.'
bands, but not limited in useful- =me
ness by these things to the same "o!i--o
extent as the 14-me. band. The us umeosm

7000-ke. band is satisfactory for emme
working distances of several hun- see

dred miles in daylight. It is gener-
ally considered the most desirable
night band for general DX work
in spite of difficulties due to in-
terference. This band may be ex-
pected to continue good daylight
DX characteristics during 1937 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-

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 and 1936, however, and
this condition may be encountered
again in 1937.

The 56,000-ke. or 56-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

vazr—xl‘-—xmﬂ}nonm)»
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nings. P A GATION the latter part of 1934, however,
The 14,000-kc. or 14-mec. band is l:f:ﬁk(DOUBLEDASH) experiments with directive an-
the very best frequency to use to END OF MESSAGE tennas by the technical staff of the

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

END OF TRANSMISSION

RECEIVED (0.K)

INVITATION TO TRANSMIT
{GO AHEAD)

EXCLAMATION

BAR INDICATING FRACTION
(OBLIQUE STROKE)

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

and greater distances. Commu- SMEsmore Qe tremendous impetas was given to
nication over long distances will e A experimentation at these frequen-
usually remain good during the memsmmems earentHESS cies and is expected to continue

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-kc. (28-mc.) band is principally
an experimental amateur band at the present
time. It combines both the long-distance char-
acteristics of the 14-me. band and some of the
local advantages of the 56-me. band, but itslong-

THE CONTINENTAL CODE even stronger in future.

Above 110,000 kc. 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 me.
But the developments in that region have
resulted in creating considerable interest in
the still higher frequencies, and during 1937 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 buazzer, 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 governnient
for your amateur operator license, and ean
immediately proceed to studying for the
‘‘theoretical ” part of your license examination
without loss of time. B
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

A[elo|-
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
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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-
siong, 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 22 14-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

F- 3
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Two dry cells

CONNECTING AN AUDIO OSCILLATOR FOR
CODE PRACTICE WORK
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will give good results. The advantage of the
audio oscillator over the buzzer set is that it
gives a fine s1gnal in the 'phones Wlthout 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 2 little patience you will soon be
getting every character, and in a surprisingly
short time will be receiving at a good rate of
speed. When you think you can receive 13
words a minute (65 letters a minute) have the
sender transmit code groups rather than
straight English text. This will prevent you
from recognizing a word ‘““on the way’ and
filling it in before you've really listened to the
letters themselves.

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 everlastmgly at it. Twenty
manutes or half an hour is long enough for one

session. This practice may be repeated several
times a day. Don’t become discouraged. Soon
you will copy without missing so many letters.
Then you will begin to get calls, which are 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
some folks than learning with the buzzer.
It is the opinon of the writer, who learned in
this way, that the practice in copying actual
signals and having real difficuities with inter-
ference, static, and fading, is far superior to
that obtained by 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. 8. radio communi-
cation laws prescribe heavy penalties for divulg-
ing the contents of any radiogram to other than
the addressee. You may copy anything youhear
for practice but you must preserve its secrecy.

Volunteer Code Practice Stations

® Each fall and winter season the A.R.R.L.
solieits volunteers, 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 are listed regularly in
QST during the fall and winter. Information at
other times may be secured 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 Hear

@ As soon as we finish our receiver and hook it
up we shall begin to pick up different high-

13 .
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[requency 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,
WI1MK, etc., 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 hetween
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 eode
will be heard which results when tape is speeded
up to 100 words per minute and photographie
means are used to record the signals.

League 0.B.S. System

@ Official Broadcasting Stations of the
A.R.BR.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 QST

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, WIMK/WI1INF. The sched-
ule for these transmissions is as follows:

Sun. 8:30 p.m. EST — 15 w.p.m. — 3825 and 7150 kes.
10:30 p.m. EST — 25 w.p.m. — 3825 and 7150 kcs.
Mon.  8:30 p.m. EST — 20 w.p.m. — 3575 and 7150 kes.
10:30 p.m, EST — 15 w.p.m. — 3575 and 7150 kes.
Tues. 8:30 p.m. EST — 15 w.p.m. ~— 3575 and 7150 kes.
10:30 p.m. EST — 25 w.p.m. — 3575 and 7150 kes.
Thurs. 8:30 p.m. EST — 15 w.p.m, — 3825 and 7150 kes.

9:30 p.m. EST — 20 w.p.m. — 3825 and 7150 kes.

10:30 p.m. EST — 25 w.p.m. — 3825 and 7150 kes.

Fri. 8:30 p.m. EST — 25 w.p.m. — 3825 and 7150 kes.
10:30 p.m. EST — 15 w.p.m. — 3825 and 7150 kes.

As you can see from this schedule, W1IMK
sends these bulletins simultaneously on two
different frequency bands, so if you are unable
to hear the station on the 3500-ke. 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
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table and about on a line with the operator’s
right shoulder, allowing room for the elbow to
rest on the table. A table about thirty inches in
height is best. The spring tension of the key
varies with different operators. A fairly heavy
spring at the start is desirable. The back ad-
justment of the key should be changed until
there is a vertical movement of about one-
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 encrgy.
The contacts should be spaced by the rear
serew on the key only and not by allowing
play in the side screws, which are provided
merely for aligning the contact points. These
side serews 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 13 words a minute it is time to start prae-
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 a 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 ecare 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
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swinging armature. Dots are made by pressing
a lever to the right. Dashes are made by holding
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 havelots 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 necessary
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 & “bug” to
advantage.

Obtaining Government Licenses

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

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 free, but are issued only
to citizens of the United States; this applies
both to the station authorization and the
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operator’s personal license, with the further
provision in the station license that it will not
be issued where the apparatus is to be located
on premises controlled by an alien. But the re-
quirement of citizenship is the only limitation,
and amateur licenses are issued without regard
to age or physieal 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, 1936) 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’s office 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.



Fundamental Eleetrical Principles

ESSENTIAL ELEMENTS IN ALTERNATING AND
DIRECT CURRENT CIRCUITS

Avareor 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 communiecation 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
Mazxwell (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 “obm” 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 prineiples, 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. Megohm Ma
Ampere (amperes) ' a. Meter m.
Antenna ant. Microfarad ufd.
Audio frequency a.f. Microhenry whe
Centimeter cm. Micromicrofarad upfd.
Continuous waves c.w. Microvolt uv.
Cyecles per second e.p.s. Microvolt per meter uv/m
Decibel db Microwatt LW,
Direct current d.c. Milliampere ma.
Electromotive force e.m.f. Millivolt mv.
Frequenecy f. Milliwatt mw.
Ground gnd. Modulated continuous waves m.c.w
Henry h. Ohm Q
High frequency h.f. Power P.
Intermediate frequency i.f. Power factor p-f.
Interrupted continuous waves i.c.w. Radio frequency r.f.
Kiloeycles (per second) ke. Ultra-high frequency w.h.f.
Kilowatt kw. Volt (volts) v.
Megacyele (per second) Mec. or me.  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 molion constitute an eleclric
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 a sort of family life, in combina-
tion with other electrons, in the afom. Atoms
make up molecules which, in turn, make up the
substances familiar to us, copper, iron, alu-
minum, ete. Atoms differ from each otherin 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
electrong, 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-
spective 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 Iarger unit
is used, the ampere.*

Nucleus Atom

/ il
Tirweccy syml

| ——
Directron of Electron Flow

=€ &)
-/
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) 4s 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 acecurate 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 ** — ) termsi-
nal of a device, such as a direct-current meler, is
always connected to the side of a circuit from
which electrons are flowing. For instance, a d.e.
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 conduectivity 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 insulator. Copper,
silver and most other metals are relatively good
conductors of electricity; while such sub-
* stances as glass, miea, 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 hecomes a conductor at
high temperatures. The resistance of metals
usually increases with an increase in tempera-
ture while the resistance of lig-
uids and of carbon is decreased

with increasing temperature. ot
Cathode
Conduction in Liquids and
Gases

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

Fundamental Electrical Principles

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 neg-
ative 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 fonization. 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 electrie 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 Zonization by collision. Such conduection
is illustrated by the ordinary neon lamp. The
bulb containg 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
aceelerated by the electric field.
In their headlong dash they

there is electron drift from atom

collide with neon atoms and
knock off outer electrons of these

to atom but with the individual
atoms remaining more or less sta-
tionary and each being but mo-
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atoms, converting the latter to
positive ions. The additional

mentarily deficient in electron Battery free electrons produced by col-
content, there are s form, isi joi i

, " lothel .for 8 9f FIG. 302 — ILLUSTRATING hslor} now join the procession,
conduction important in radio coNDUCTION BY THER. 20d ionize more atoms. As they

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

Tonization When

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

MIONIC EMISSION OF
ELECTRONS IN A VACUUM
TUBE

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

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 tonization is utilized
in the operation of the gaseous rectifiers used in
radio power supplies,

Electron Emission

@ Still another form of conduction very impor-
tant in radio communication 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 vacuum 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 & 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 make
their way to the plate, although some return,
repelled from 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 elee-
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
® In addition to the two types of electron
emission just described, there is also a third
type known as pholoelectric emission. Such
emission occurs when electrons are liberated
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from matter under the influence of light rays.
While it has little practical application 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 body 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
MMMMMM
wm&iﬂw
pole, create an elecirical pressure between the

two terminals. This pressure is termed electro-
molive 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 series and
the combination of the two cells becomes what
we know as a batlery. In the common “B”’ bat-
tery, so widely used with radio receivers, a
great many small cells are so connected in
series to provide a relatively high electromo-
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 been
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 ammeter 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 measurement methods, are treated in a
later chapter.
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Direct and Alternating
Current (d.e. and a.e.)

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 conduector 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 thaf
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 cyeles per second
while the alternating eurrents 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 eycles.

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 (RB)

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

R, Rz Rs, Ry
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FIG. 303 —DIAGRAMS OF SERIES, PARALLEL
AND SERIES-PARALLEL RESISTANCE CONNEC-
TIONS

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 itsformula, carrying
terms for current, electromotive force and re-
sistance, we are able to find the actual condi-
tions in many ecircuits, providing two of the
three quantities are known. When I is the
current in amperes, F is the electromotive
force in volts and R is the circuit resistance in
ohms, the formulas of Ohm’s Law are:
E E
' R = 7 I= 7
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 ourradio
work.

E =1IR

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 porcelain 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 A4
and B in each case.
Resistances in series:

Total resistance in ohms = Ry + R + Rs + R4
Resistances in parallel:
1
1 1
BT TR TR
Or, in the case of only 2 resistances in
parallel,

Total resistance tn ohms =

Total resistance in ohms =

o 22 .

Resistances in series-parallel:

Tolal resistance in ohms =
1

1 1 1 1
Bi+Ry  Bs+Ry Rs+Re Ri+Bs+Ro

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 I
second. In other words, 1 coulomb equals 1

Wt ra—
ampere-second.

One joule represents the work done in moving I
cottlomb against_an electrical pressure of 1 wolt.
T other words, it is a current flow of 1 ampere
for 1 second between two points baving a
potential difference of 1 volt.

Power is the rate at which work is done.
Hence, one watt ts_equal to I joule per second.
Tn 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 1in _walts equals wvolts multiplied by
amperes.

Heating Effect and Power (P)

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

equations:
Since P =EJ
and E =]IR
Therefore, P=IRXI=IR
E
Also, since I = B
E? B?
P = i X R = I

P being the power in watts, £ the e.m.f. in
volts, and 7 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 caleulated by the following equations
derived from the power formulas given above:

E= VPR

I=\/£
2

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.

Eleetromagnetism

When any electric current is passed through
a conductor, magnetic effects are produced.
Moving electrons produce magnetic fields. Little

Ls known of the exact na’cure_gﬁ t_h_e_ 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.
Tt s 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 enerqy 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_nwfg:ﬁm_ot'w_reﬂggm.m.f.)
which depends on the nuimber 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 magnetizingeffectis 10 ampere-turns.
Should one ampere flow in ten turns of wire, the
magnetizing effect is also 10 ampere-turns.

The length of the magnetic circuit, the
material of which it is made and the cross-
sectional area, determine what magnetic flux
(@) 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.

1= ‘gin the electric cireuit; so

® = in the magnetic circuit.

o

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.

Permeabtlity 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 magnef. When the circuit is broken
so 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 eoil;
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 direetion 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 (asin
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 is in-
versely proportional to the reluctance of its
magnetic circutt 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 indue-
tance 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
understanding of how transformers operate.
Transformersare very widely used inradio work.
In many applications their essential purpose is
to convert an alternating current supply of one
voltage to one of higher or lower voltage.
In 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
t6 steB 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.

L
2

Energy stored in coil = =’

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 curvedsarrow
indicating the rotor plates in the one at the left.

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

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

Inductive Reactance (X7)

@ 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 frequency current. We know, then, that
the characteristic of a coil in retarding an
alternating current flow depends both on the
inductance of the coil and on the frequency of
the current. This combined effect of frequency
and inductance in coils is termed reactance, or
inductive reactance.
The inductive reactance formula is:

X1 = 2afL
where: Xz, is the inductive reactance in ohms
w is 3.1416

f is the frequency in cyecles 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 as im-
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
simply 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.
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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 pfd.) while another
(used particularly for the small condensers in
high-frequency apparatus) is the micromicro-
farad (abbreviated wpufd.). The pfd. 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 plates in-
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 dieleetric 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 sev-
eral 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.e. 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-
cuits carrying only olternating current. They
are ordinarily used in capacitances ranging
from 5 to 16 microfarads per unit, although a
few types have capacitance of 100 pfd. 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 dielectrie.
Hence, an air-dielectric type is called an ‘“air’’
condenser, one having paper impregnated with
Pyranol is called a ‘“‘Pyranol” condenser, and
S0 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 ecircuit 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 ¢nversely proportional to the
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capacitance and to the frequency of the ap-
plied voltage. The formula for ecapacitive
reactance is

1
Xe = Qrfod.
where X ¢ is the capacitive reactance in ohms
T is 3.1416

f is the frequency in cycles per second
Ciq is the condenser capacitance in
farads.
Where the capacitance is in microfarads
(ufd.), as it is in most practical cases, the
formula becomes ;

108
Xo =

2mfCutqa.

)

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=0C+C+Cs

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

1 1 1 1
o= +
C Cy Cy (3

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

e
C1+Cs

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” Caleu-
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 assoeciated 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:
. CE?
Energy stored in condenser = 5
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.E?
2% 108’
108 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.

Energy stored =

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 capacitance
and resistance, the time required for the poten-
tial difference between the charged plates of a
condenser to fall to a definite percentage of its
initial value is determined by the capacitance
of the condenser and the value of the resistance.
The relation is of practical importance in many
circuit applications in amateur transmission
and reception, as in time delay with automatic
volume control, resistance-capacitance filters,
ete. For the voltage to fall to 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
C is the capacitance in microfarads. RC should
be divided by 1 million to give the answer in
seconds. This is called the t¢me constant of the
combination. The time required for the voltage
to fall to one-tenth (109;) of its initial value
can be found by multiplying RC, as given
above, by 2.4.

Time constant, 7, for 909, fall in voltage

=24 %r { being in seconds, R in ohms and C
6

in upfd.

Distributed Inductance, Capacity and
Resistance

@ So far we have considered three very impor-
tant properties of electrical eircuits 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. Lhe combined effect of the resistance and

reactance is termed Zmpeda in_the case of
oth coils and condensers:” The symbol for

impedance is Z and it is computed from this
formula:

Z = +/R* + X*
e e e

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
1=2 3_E g_z
R Sl S Sk
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_ﬁndmgﬁthe current flow through a con-
denser in an alternatlng current cucult we can

usuall asgume that_ I = —)? (Xe¢ belng the ca-
—Xc .—
pacitive reactance of _the c_o_ggg:n ser). The use
of the té&Tm Z (lmpedance) 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

The A.C Meters read the
effective valves of current
and vollage (rm s = 707 of
max valve of Sine wave )

Curt)
yia A Time
Q | s0°—f
S b—— 180°
N .
¥ p————270°
X

360" \ g

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 cyele 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 = Enx sin o,

where e is the instantaneous voltage, Emax
is the maximum voltage and { is the time from
the beginning of the eycle. The term w, or 2xf,
represents the angular velocity, there being 2«
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 gn aliernating current has an
effective value of one ampere when i _produces

Teal al the same average rate as one ampere of
continuous direct curreni jlowing  through a
—~— - - . o
giver resislor. This effective value is the square
e .

Toot of the mean value of the instantaneous
current squared. For the sine-wave form,

Eeff = \/ %Emuxz'

9r Complex
Wave
0
Eolf= \/ 12+28%
=75V
01—
& Fundamental
2o
N Eeff=1v.
Q -e
3
" Third
K 4+ Harmanic
to "
=2.8v.
] cyc/es‘—»’ et

FIG. 307 —A COMPLEX WAVE AND TS 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 14 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 mazimum (or peak), ef-
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:

Enax = Eotit X 1.414 = Eape X 1.57
Eer = Emax X 707 = Eave X111
Eove = Eumx X 606 = Eeit 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. Xven 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 see-
ond harmonic, one of triple frequenecy the
third harmonic, ete. 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 effeciive 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 E*+E? + B,
where E is the effective value for the complex
wave, and E1, E, 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 cireuit. 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 = VIMZ + [dcv2

where 1., is the effective value of the a.c.
component, I is the effective value of the
combination and 4 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,
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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 IR 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 = 1t + 707?
= V15
= 1.226
P=I'R
=15R

Hence, when sine-wave alternating current is
superimposed on direct current in a resistance
cireuit the average power 1s increased 509, of the
maximum volue of the a.c. component 1s 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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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 indue-
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 sald to be 2n 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 ecyele). In the third example, with a
capacitive load, the voltage is lagging one
quarter eycle 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

i

Resistor
(¢ F/xedyn‘d/:a&, etc/

Yorrable ond

5 a Tapped Resistors
k/cp/zona: (Potentiometer,
P Yacuum Tube ///amcnt rtheostat
O S
FF e frase Inductor
Vacuum Tirbe (Fixed Inductonce

with Screen Grid Cort or 11 choke)

G -Screen Grid

P
50
3
FF
o Pentode Vlt.‘m/m ﬁ/be
X-Suporessor
mnected & ﬂ/ament
Inside the tube when
X Gt is monutactured.
FF

—@—- Ammeter

Var/ab/e ond

/ﬂdu:tar.r
—

m Prezo Crystal
T
—] Phone Jack

—@—- Milliommelter - Sy £2 :
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Yo/tmeter L{J + Laxed cer g ‘
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lron Core

Transformer
%

(%//:ﬂ;rmef/

:..P_. 5/}77/5 cell
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'—Dou%/.e-ﬁlraw

j .Sm /s fhraw

Double-Pole
T Double-Throw
—  Switch

fron Core

Rﬂ Microphone

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
Air-Core

Franstemer  the power in an a.c. circuit we must
orfmedioi”  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
factor.

The power factor is equal to the
actual power in the circutt (walls)
divided by the product of the current
and voltage (voll-amperes). In terms
of a circuit property, ¢ is equal to
the resistance divided by the tmpedance
in the circuit. In the case of a circuit
containing resistance only, the ratio
is 1 and, hence, the power factor, is
1009, (unity). If there is reactance
only in the circuit (zero resistance),
then the power factor is zero. In
circuits containing both resistance
and reactance the power factor lies
between these two values. As 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
heipful in understanding the circuits that
appear in this book, @87 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.
Tt 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
‘“‘glide-rule’ accuracy.
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Ohm'’s Law Calculations

@1 Q. — With 10 volts applied across a
resistance of 1000 ohms, how much current
will flow?

A—r=E__190

R 1000

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.

E 750
R=—==— =150 hms.
7 05 ,000 ohms

= .01 amp. = 10 ma.

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 = PR = .015® X 10,000 =
watts
or P = EI = 150 X .015 = 2.25 watts.

5. Q. — What resistance (R2) should be
connected in series with 7500 ohms (Rj) to give
a total resistance (&) of 10,000 ohms?

A —R =R+ R
Therefore, Rz = B — R; = 10,000 — 7500
= 2500 ohms.

6. Q. — What resistance (R;) should be
connected in parallel with a resistance (Rs) of
5000 ohms to give a total resistance (R) of
4000 ohms?

2.25

1 1 1
A ——= ==+
R R; R
RR: 4000 X-5000
Therefore, B = = -
herefore, B1 Rs — 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 = V/PR = /25 X 10,000 = 500
volts.

I =\/_;i = 4 f__25_ = .05 amp. = 50 ma.
R 10,000

(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 + 20 = 50 henrys.

9. Q. — What will be the inductance with
the two chokes of Q. 3 connected in parallel?

IiLy 30 X 20
Li+Ls 30 +20

(Nore. — 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
number 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 —-
11

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.)?

LI 30 % 0.12

A. — Energy stored = Lo 99 X0L =

2 2

0.15 watt-second.

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

A. — Xg =22fLL =2 X 3.14 X 100 X 30 =
18,850 ohms.

Condenser Calculations

@® 13. Q. — What is the approximate react-
ance of a 2-ufd. condenser at 100 cycles per
second?
1,000,000
A — Xo= s, = —t———— =796
ohms.

14. Q. — What is the total capacitance of a
0.001-pfd. condenser (C1) and a 150-gufd. con-
denser (Cq) in parallel?

A.—C = C1 + Cy = .001 pfd. + .00015
pfd. = .00115 pfd.

(Note that both capacitance values must be
converted to the same units.)

15. Q. — What is the total ecapacitance

when the same two condensers are connected
in series?

A= CiCs 1000 X 150
: T C14+Cy 1000 -+ 150

16. Q. — What is the energy stored in 2-pfd.
condenser with 1000 volts applied?

CE? 22X (1000)*
2% 10° ~ 2,000,000

= 130 pupfd.

A.—Energy stored =

= 1 watt-second.

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 909, voltage fall = 108 X 2.4 =

.096 second.

NoTeE. — A painful shock can be obtained
by touching 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
consisting 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 (induec-
tive).

z=+R+X

il

\/(10,100;2 + (18,054)2
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 709, of their
maximum values, or 7 and 2.8 volts. The
effective value of the complex wave is then:

E=~E? +E? = /7 + 2.8 = 1/56.84
7.54 volts.
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CIRCUITS —IMPEDENCE MATCHING —
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ANTENNAS — RADIO WAVES

K« our discussion of fundamen-
tal electrical principles, we have seen how a
flow of eleetrons through a wire constitutes an
electric 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 eoil 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

circut.
« 34 .

The Tuned Circuit

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 -Electromagnetic Energy Stored in
ot Hagnelss Frctd Swoht Ostmerd.

C = Llectromagnetic Freld of Corl Colfgpses
Energy returned o Condenser.charging
it ird Peverse 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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troms, 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 eyeles per second will be greater as the
inductance and capacitance values become
smaller. Hence the smaller the coil or condenser,
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or both, tn the tuned circuit, the higher will be
the frequency of oscillation.

Resonance

@ The important practical aspect of all this is
that in any circuit eontaining 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 low 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
beeomes 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 ecircuit
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

1
— [
X =Xcorenfl=5—

The resonant frequency is, therefore,

f= L X108

T 2xvIC

where

f is the frequency in kilocyeles per second

2r is 6.28

L is the inductance in microhenrys (zh.)

C is the capacitance in micro-microfarads

(upfd.)

LC Constants
@ From this it is evident that the product of
L and C'is a constant for a given frequency and
that the frequency of a resonant circust 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
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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 indue-
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 v

Frequency Band b, wufd. LXC

1750-ke. 90 90 8100

3500-ke. 45 45 2025
7000-kc. 22.5 22.5 506.25
14-me. 11.25 11.256 126.556
28-me. 5.63 5.63 31.64
56-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 ecircuits. 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

-

Voltage -
Var/;%/e
F/eyuenr,y
A-SERIES RESONANCE
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,'.'.«'{. ol Freguency

B~ PARALLEL RESONANCE

RESONANCE

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

INCREASING FREQUENCY =

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 higherfrequency 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 Resonance

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 Le
determined by the resistance in the circuit.
The curves of Fig. 402 illustrate this, curve «
being for minimum resistance and curves b and
¢ being for greater resistances.

The second general case is the parallel reso-
nant cireuit 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 as in A. Here we are not primarily
interested in the current flowing through the
circuit but in its characteristics as viewed from
its terminals, especially in the parallel im-
pedance it offers. The variation of parallel im-
pedance of a parallel resonant circuit with fre-
quency is illustrated by the same eurves 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 diagrams 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 sharpmess of tuming or
selectivity (ability to diseriminate between
voltages of different frequencies) in such cir-
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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

5

&
-

CURRENT IN SERIES CIRCUIT OR
VOLTAGE ACROSS PARALLEL CIRCUIT

[}
FrEQ. —» T3 Ty £}

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.
_enfL

=%

The value of @ 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 frequeneies 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 eurrent 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, dielectrie 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 is measured as the power in the circuit
divided by the square of the maximum effective
radio-frequency current.

Parallel-Resonant Circuit Impedance (Z)

@ The parallel-resonant circuit offers pure
resistance (its resonant impedance) between

Resistance

"4
\ +28
A_/ \_0

Nl

- — 4
FREQUENCY

FIG. 404 — THE IMPEDANCE OF A PARALLFL-

RESONANT CIRCUIT SEPARATED INTO ITS RE-

ACTANCE AND RESISTANCE COMPONENTS. THE

PARALLEL RESISTANCE IS EQUAL TO THE PARAL-
LEL IMPEDANCE AT RESONANCE
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Resonance

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 is important in a number
of practical applications of parallel-tuned
circuits, in both transmitters and receivers,
and it will be helpful to keep this picture in
mind. 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 erystal filter circuit used in Single-
Signal superhet receivers, as described 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.)

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

207
. 2ufe L) 243 Ktal, £=525 Ke.
Resonant impedance = % 84 1 Va,'g;e‘tf, ; ”314
. 2nfr L NI T orl e =//400
Since T =0Q, E |41 Gl
. 3 =
Resonant impedance = (2xf:L)Q Q124 LA ! ngg"w
In other words, the impedance is 2 IOJ- | . ! )
equal to the inductive reactance of g 84 ; : ¢
the coil (at resonant frequency) < f | I :
times the Q of the circuit. Hence, " ‘T - I
the voltage developed across the K41 I by
parallel resonant circuit will be NP ! i Iy
proportional to its Q. For this 0 ! { ) : J , )

reason the @ of the circuit is not
only a measure of the selectivity,
but also of its gain or amplification,
since the voltage developed across
it is proportional to Z. Likewise,
the @ of a circuit is related to the frequency
stability of an oscillator in which it is used, the
frequeney stability being generally better as the
circuit @ is higher. This is illustrated in prac-
tical applications described in subsequent
chapters.

=100

The Piezo-Electric Crystal Circuit

@® All of the tuned circuits used in radio trans-
mitters and receivers are not purely electrical

Ci
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FIG. 405 — THE EQUIVALENT ELECTRICAL CIR-
CUIT OF THE QUARTZ CRYSTAL PLATE

in nature. Electro-mechanical or piezo-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 .
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FIG. 406 — RESONANCE CURVES OF TWO PRACTICAL CRYS-
TAL RESONATORS, SHOWING THEIR HIGH Q

As with any series circuit containing induct-
ance and capacitance, resonance oceurs at the
frequency for which the inductive and capaci-
tive reactances are equal. This frequency (f;)
is termed the natural frequency of the crystal.
In contrast to the parallel-resonant case, at
Jrequencies below resonance the series circuit has
capacitive reactance and above resonance it has
inductive reactance. At a certain frequency
above series resonance in the erystal circuit,
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 circuit.

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 @. 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
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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.

- r—-!—’
= =L L E E J_I;_ J.-E E T T § Coefficient of Coupling (k)
= = s Lley SRy = @ The common property of
c = = 3 = two coils which gives trans-

A- /nductive B~ Capacitive
DIRECT COUPLING METHODS

Cnm

C - Resistive

former action is their mu-
tual inductance (M), Its
value is determined by self-
inductance of each of the

it Fif

two coils and their position
with respect to each other.
In practice, the coupling be-

D- /ndlrect Capacitive

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 ¢hanged
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 1009,) when all of the
flux produced by one coil links with all of the
turns of the other. With air-core coils in radio-
frequency circuits the coupling is much
“looser” than this, however. It is generally ex-
pressed by the following relation:

M
vL.L'
in which k is the coefficient of coupling ex-
pressed either as a decimal part of 1, or, when
multiplied by 100, as a percentage; M is the
mutual inductance; L; is the self-inductance
of one coil; and 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
lessencd 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 ¥ =0.05%, or less is representa-
tive, whereas for critical coupling the coeffi-
cient might be 0.5%, to 1.09%,. The value of the
coeflicient for critical coupling is also related
to the respective @’s of the two coils:

k=

1
keaite = ——s,
crit ‘\/QpQg
where the two @ values are for the primary and
secondary, respectively. For instance, if the
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primary and secondary Q's are equal, the value
of critical k is the reciprocal of the @ for one
coil — 0.01 or 19, where each has a @ of 100.
Therefore, for the same values of self-induec-
tance, k becomes smaller as @ becomes higher.

1t 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 ecircuit 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 tuned 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 circuit
design that the maximum gross power of a gen-
erator, such as a vacuum tube, will be delivered
to its load when the load 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 eircuits which comes under the
broad heading of tmpedance matching. The
term means, generally, that the load impedance

Z.
. }zo% z

A

FIG. 408 —METHODS OF TAPPING THE PARALLEL IM-
OF RESONANT CIRCUITS FOR IMPEDRANCE

PEDANCE
MATCHING

presented to the source is transformed to suit
given requirements. This is accomplished by
transformers and other coupling devices.
Iron-core transformers are widely used for
coupling between load and vacuum-tube in

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

T

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 root of the impedance ratio.

IE_\/Z
No “ 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 tmpedance
between the tap points 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 poinis is to the total reactance of
the branch in which the tapping is done. That is,
if the coil is tapped in the center the reactance
between the tap points will be one-half the
total induective reactance and the impedance
between these points will be (Vz)2 or one-
fourth the total parallel impedance of the cir-
cuit. The same will apply if the tap is made
across one of two equal eapacitance condensers
connected in series. If the condenser across
which the tap was made had twice the capaci-
tance of the other, however, the impedance
Z, would be one-ninth the total, since the re-
actance between the tap points would then
be but a third — capacitive reactance decreas-
ing as the capacitance is incereased.

Link Coupling
@ Another coupling arrangement used for im-
pedance matching radio-frequency circuits is
that known as link coupling. It is used for
transferring energy between two tuned circuits
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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 eapacitive coupling between the two
circuits due to the distributed capacitance of
the windings, thereby minimizing the transfer
of undesired harmonie 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 onec
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 induetively coupled
to the tuned-circuit turns. The latter system is
somewhat more flexible in adjustment than the

w/zen Cr=Ca
ﬁ n=Cx
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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-cireuit coils. Practical applications of
such link coupling in various forms are de-
scribed in Chapters. Eight and Nine.

Filter Cirecuits

Although any resonant cireuit is useful for
selecting energy of a desired frequency and
rejecting energy of undesired frequencies, cer-
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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 allenuation 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 A, 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 A is known as a “x”’ or “pi”’
section because its appearance resembles that
of the Greek letter. A section of the type il-
lustrated in B is of opposite character to that
shown in A, passing frequencies above a
designated cut-off limit and 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 eou-
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 eombination 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 caseade, 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
Cireuits

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 ecapacitance, 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
erystal. 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 C,
and C: as shown in A4, or inductances L, and
L, shown in B. In both cases Cyx 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

_ Calx
'’

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

Cl‘l

L.C,
L,

When Ly = Ly in 4, or when C; = C; in B,
then Cn, = C, This represents a desirable
condition in practical neutralizing circuits, be-
cause balance will be maintained over a wider
frequeney range of L,, L, or Cy, C; tuning.

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

C =
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Circuits 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 curremt
will be mazimum at the center and zero at the
ends. On the other hand, the voltage will be
mazimum at the ends and zero af 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 wave in the circuit.

A similar standing-wave or straight-line
resonance effect is experienced even when the
conductor is wound in a long spiral, or coil
having diameter small in proportion to its
length. A single-layer radio-frequency choke is
such a coil. It offers particularly high im-
pedance between its ends at its resonant fre-
quency and also, as will be presently shown for
antennas, at multiples of its fundamental
resonant frequency. Fither side of these
resonance peaks it has fairly high impedance,
if it is a good choke, and therefore is useful
over & 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 desecribe the con-
stants of such line circuits in terms of in-
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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 tnversely 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

A = 300,000
fkc.

where M is the wavelength in meters and fie. 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
fundamental 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 describe antennas
as half-wave, quarter-wave, ete., for a certain
frequeney (‘‘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, ete. Thus the terms ‘“high-
frequency receiver’” and ‘‘short-wave re-
ceiver,” or ‘“75-meter fundamental antenna’
and ‘‘4000-kilocycle fundamental antenna’’

2nd Harmonic

Fundamental or 15¢
Harmonic
3rd Harmonic

a-Current Maxima (anti-nodes)
bed.ef — 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:

.43 .



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

X = 1,885+ LuhCupid,

where
X is the wavelength in meters
Lph is the inductance in microhenrys
C'uufdisthe capacitanee in miero-microfarads.

Harmonic Resonance

@ Although a coil-condenser combination hav-
ing lumped econstants (capacitance and in-
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FIG. 413 — STANDING WAVE AND INSTANTANE-
OUS CURRENT CONDITIONS OF A FOLDED RES-
ONANT-LINE CIRCUIT

ductanece) 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-
quency 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 1790 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
used 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 antenna for its
fundamental, second and third harmonies.
There is one point of maximum ecurrent with
fundamental operation, there are two when
operation is at the second harmonic and three
at the third harmonie; the number of current
maxima corresponds to the order of the har-
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moni¢ and the number of standing waves on
the wire. As noted in the figure, the points of
maximum current are called anit-nodes (also
known as ‘“loops”) and the points of zero
current 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-magnetie
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’’ (isolated from other wires, pipes, trees,
etec., that might absorb energy from it), nearly
all the energy put into it will be radiated as
radio waves. As was seen 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 resistance. Its 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 measure 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 (watls) — 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 ow 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.
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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
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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
at 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 earry 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-type circuits are described separately
in the next and subsequent chapters. Only a
generalized explanation which suggests their
broad general 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
transmat; while delection is the process of ex-
tracting from the wave the signal tmparted to it
in the modulating process. In amateur com-
munication the variation applied is in ampli-
tude; that is we use amplitude modulation. The
stignal 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 reality, each modulated wave shown
would contain components of at least three
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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-
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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 A4,
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

.4'6.

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 communicaiton band (50 cycles and
less). With speech, however, the essential
modulation frequencies range up to approxi-
mately 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 are necessary. The heart of the system
is a detecting element having unilateral or one-
way current flow properties. The vacuum tube
is such a device, and is universally used for the
purpose. A similar combination is required for
detection when the modulated wave is re-
ceived, also shown by Fig. 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, as is
also indicated in Fig.
415.

Penetrates »

/onosphem \k\ﬁ

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

FIG.

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

417 — ILLUSTRATING GROUND-WAVE AND
SKY-WAVE TRANSMISSION OF RADIO WAVES
The density of the dots indicates that the electron

. ensity in the ionosphere increases and then decreases as
be no sound in be- the altitude becomes greater.
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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 produect 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
186,000 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
waves are plane waves;
the plane of the elec-
tric and magnetic vee-
tors is always at right
angles to the line
along which the waves
are traveling. The
waves are said to be
vertically polarized
when the wave travels
with its electric vee-
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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fleeted and refracted. Reflection oceurs 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 antenns in the direction toward the
reflector. Practical use of such reflection is
described in Chapters Fourteen and Sixteen.
Reflection also ean 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 ionosphere, 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-distanece 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 communication,
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 <ono-
sphere, surrounding the earth. The possibility
of radio waves being returned from such an
jonized region was proposed almost simul-
taneously by A. E. Xennelly 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 cosmie
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
condit.ons 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 curved
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
sky 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 elose 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-mec. (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 oceurs commonly at frequencies in
the 3500-ke. band and generally in the 1750-ke.
(160-meter) band and on lower frequencies. Of
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course less-sharp refraction is also probable at
these frequencies, for waves radiated at Jower
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 frequencies
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 kc.) the waves pene-
trate both the E and F, layers and are returned
from the Fi layer at a height of approximately
180 miles. Towards evening the F, 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
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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 communication 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,
ete.) is vertically polarized. The horizontal
antenna therefore diseriminates against such
interfering waves and further aids reception.

Ultra-High Frequency Waves

@ Although waves of ultra-high frequency
(above 30 mec.) are only rarely bent back to
carth by the ionosphere, recent studies in re-
ception of 56-me. transmissions over distances
of 100 miles or so, which are greater than 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
aceompanies 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 me., 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.



Vacuum | Tubes

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

Bt cax 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 postiive with respect lo 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 eycle
when the plate is negative. Thus the tube can
be used as a reclifier, 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 deseribed 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 snows 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
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will flow at low plate voltages than when the
plate voltage is large. The reason for thisis that
the electrons emitted from the cathode form s
““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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thomeelves nepatively 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, is inserted between the cathode
and plate of the diode the space-charge effect
can be controlled. The tube then becomes a
{riode (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.e. supply applied between the cathode and
plate (the positive of the plate of 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 p (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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chanpe 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 ¢. 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-A amplifier operation is depicted.

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 ohms. 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, etc.).

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 (saturaiion). In
other words, the variation in plate current is
directly proportional to the variation in grid
voltage over the region between the two bends.
With a fixed grid voltage (bias) of proper value
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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 operaiing 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. 5303—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 am-
plifiers in radio work are to amplify at
audio frequencies (approximately 30 to
15,000 eyecles per second) and to amplify
at radio frequencies (up to 60,000 kec.
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 typiecal
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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 7’ 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,
T,. This output might go on to another similar
audio amplifier for further amplification. In
lieu of the output transformer, a pair of ’phones
could be 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 cireuit of
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F1G. 504 — STATIC (A) AND DYNAMIC (B) CHARACTEK-

ISTICS

The values shown on the curves are purely arbitrary, and
are used simply to illustrate the relative behavior with
differenct applied voltages or with different load impedances.

e 03 .



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

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. §04-B. In
plotting this form of curve a resistance, Ry, 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 re-
sistor; 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 headset 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 B, 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 diree-
tion would be reached at saturation, when the
plate current is maximum, the drop in B, 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, £, may equal F, 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 decrease of plate volt-
age 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 Es 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 B = —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 respeet 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 394 — 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

(Bpmaz-— Bpmin) X Upmaz. — Lpmin.)
8

In our example, the power output would be
2656 X .039/8, or 1.3 watts, approximately.

PO =

Distortion — Harmonics
@ 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
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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 harmonie frequency re-
lationship. The term *‘harmonic’’ already has
been explained in Chapter Three. If the excit-
ing 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
one of most importance.

It has been found by listening tests that the
presence of a second harmonie 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 59%,.

The load line shown in Fig. 505 represents
59, distortion, because with a peak grid swing
of 40 volts on either 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

FIG.

PARALLEL

PUSH-PULL

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
negative. 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 as 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 harmonies
are present in the output of a push-pull am-
plifier, and since these harmonics are of small
amplitude with triode tubes, the power output
from a pair of tubes in push-pull can be made
considerably greater than with the same

.56.

tubes in parallel before distortion hecomes
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
cireuit 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 eircuits,
the impedance and resistor in ¢ may be inter-
changed, etc. Coupling methods will be con-
sidered fully in the following chapters.

Voltage and Power Amplifiers

@ Amplifiers may be divided broadly into two
general types, those whose chief purpose is to

TET

C

C

+B

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 voliage 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 opera-
tion 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-
tion — 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 wvoltage 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 u
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 ecircuits, 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 cireuit 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
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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 cireuit,
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
ag 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 con-
sumed in the grid circuit. It should be under-
stood, however, that any tube operated so that
the output signal is a distortionless reprodue-
tion of the input signal, and whose operating
conditions 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.
Clags A voltage amplifiers are found in the
stages preceding the power stage in the same
applications, and as radio-frequency amplifiers

in receivers.
« 7.
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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 Ip

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

current, this ean 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
Clags-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 (509 to 60% at maximum signal)
and a moderate ratio of power amplification.

Class-B amplifiers are used for both audio
and radio-frequenecy 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

.08 .

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 a8 with the high-efficiency Class-C
amplifier.

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 lies in the method of operation. The signal
is fed to a transformer T; whose secondary is
divided into two equal parts, with the tube
grids connected to the outer terminals and the
grid bias fed in at the center. A transformer T’y
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 isidle. The corresponding voltages
induced in the halves of the primary of 7' 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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FIG. 510 — CLASS-C AMPLIFIER OPERATION

power is therefore proportional to the square
of the plate voltage. An amplifier so operated
is eapable 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 eurrent cut-off without grid
excitation. As a result, plate current flows dur-
ing only a fraction of the positive excitation
cycle. The exciting signal should be of suffi-
cient amplitude to drive the plate current to
the saturation point, as shown in Fig. 510.

Vacuum Tubes

* * L 4 [ 4

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 principally as
radio-frequency power amplifiers, since the
Class-C type of operation has very little
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 distinet 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 equiva-
lent to combining the original wave shape with
one or more harmonics of the fundamental

« 29 .
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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 harmonies, 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 frequeney, a vacuum tube may
be operated as a frequency doubler or fre-
quency tripler, ete. Harmonies cannot be gener-
ated at frequencies below the fundamental but
always oceur 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.
Typical circuits for this eondition are 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 B the coupling is
capacitive (through a condenser). In the cir-
cuit of A the frequency of oscillation will be
very nearly the resonant frequency of the
tuned circuit L;Cy, while in B the frequency of
oscillation will be determined jointly by L:Cy

.60.

and LsCs. 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 frequeney than the
grid cireuit (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.

E ls le Qe
i
Bias A
C
F1G. 512 —DETECTOR CIRCUITS OF THREE
TYPES

A, plate detection; B, grid detection; C, Regenera-
tive grid detection.

There are many other arrangements of os-
cillator eircuits 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 this is 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 rectificalion, 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 is shown at A of Fig. 512. Its operating
characteristics are illustrated at A of Fig. 513.
The circuit L1C1is tuned to resonance 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 be 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.

It is apparent 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 deteclor) 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 volt-
age applied to the grid swings it alternately
positive and negative about the operating
point. The grid attracts electrons from the
cathode, the consequent grid eurrent increasing
more during the positive half cycles than it de-
creases during the negative half cycles of grid
swing. Hence there is a rectified grid current
flow at modulation frequency whose average
value develops a voltage across the grid leak.
This audio-frequency variation in voltage
across the grid leak causes corresponding varia-
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tiong in 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

(1
T\

)
B 4

rAlttthli—

I
——— LI

Quench Freyuen cy

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 more 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 Detectors

@ With both the grid and plate detectors just
described it will be noted that a condenser is
connected across the plate load circuit to by-
pass radio-frequency components in the out-
put. This radio-frequency can be fed back into
the grid cireuit, as shown in C of Fig. 512, and
re-amplified a number of times. This regenera-
tion gives a tremendous increase in detector
gensitivity 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 deseribed 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-
erative 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 rela-
tively tremendous proportions, and the super-
regenerative detector therefore is extremely
sensitive. An elementary form of superregener-
ative circuit is shown in Fig. 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
superregenerative circuit finds its chief field
in the reception of ultra-high-frequency sig-
nals, 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.

Screen-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 eircuits 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 cov-
ered, 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
sereen grid is ordinarily operated at a positive
potential about one-third or less that placed on
the plate, and is by-passed back to the cathode
8o that it has essentially the same a.c. potential
as the cathode. A typical sereen-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 sereen grid in the tet-
rode causes an undesgirable effect which limits
the usefulness of the tube. Electrons striking
the plate at high speeds dislodge other elec-
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trons which “splash” from the plate, this
phenomenon being known as secondary 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 screen 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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13 audio amplification. To add the funetions of
diode detection and automatie 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 control 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 typeisa
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 deteetor circuit by
electronic means.

Receiving screen-grid tetrodes and screen-
grid pentodes for radio-frequency voltage am-
plification are made in two types, known as
“sharp cut-off”” and *variable-u’’ or ‘super-
control” types. In the sharp cut-off type the
amplification factor is practically constant 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-u 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. Cath-
odes 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 eyclic variation of
current causes electrostatic and magnetic ef-
fects which vary the plate current of the tube
at supply-frequency rate and thus produce
hum in the output. 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
terminalg of the two parts being brought out to
separate hase 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 superseded. 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. This voltage later was adopted
for a.c.-operated tubes, and is now standard.
All recent types 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
fong tube life, filament or heater voltages
should be maintained as nearly as possible at
the rating given (variations not more than 5%
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, asindicated 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, ete., also are given. In addition, the
interelectrode 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 cathode (input ca-
pacity), grid and plate, and plate and cathode
(output ecapacity). Input and output capac-
ities of receiving tubes usually are quite
small —a few micromicrofarads for most
tubes.

Base Connections and Pin Numbering
@® The older tube bases will be found to have
from four to seven pins for element connec-
tions. In all except the five-prong type, the
two cathode ping are heavier than the others,
making them readily distinguishable. The pins
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are numbered according to the following sys-
tem: Looking at the bottom of the base or the
bottom of the socket, the left-hand cathode
pin is No. 1, and the others are numbered con-
secutively in the clockwise direction, ending
with the right-hand cathode pin.

When metal tubes were brought out, a
universal-type 8-pin or ‘‘octal’”’ base was
introduced. Usually only those pins needed for

T-PIN

FIG. 516 — TUBE-BASE PIN 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. 1 with glass tubes; with the shield
pin as No. 1 with metal tubes. On the 4-, 6- and 7-pin
bases thecathode pins are heavier than the others; on
the 5-pin and octal bases the No. 1 pin is readily
identified from the drawings above.

connections are actually molded into the base,
but the design is such that a single type of
socket will handle any tube equipped with an
octal base. The base and pin-numbering dia-
grams 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
K for cathode, P for plate, etc. In multi-grid
tubes the grids are numbered according to the
position they occupy, the grid nearest the
cathode being No. 1, the next No. 2, etc. Some
tubes are provided with a cap connection on
top, especially when it is desired that the ele-
ments connected to the cap have very low
capacity to other tube elements.

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
letter, and a final number. The first number
indicates the cathode voltage, the letter the
individual tube of the series, the first being
designated A, the second B, and so on, except,
for rectifiers, which start with Z and go back-

.65 .



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

wards; the last number indicates the number
of useful elements brought out to pin connec-
tions. Cathode voltages are indicated by 1 for
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.

FIG. 517 — BASE DIAGRAMS OF GLASS RECEIVING TUBES

These views are of the bottoms of the bases or sockets. F, filament;
H, heater; C, cathode; G, grid; S, screen; Sup, suppressor; P, plate.
Gl1, G2, G3, etc., deneotes grids numbered in order from the cathode
outward; Gi, G2, P1, P2, etc., denote grids and plates of multi-pur-
poseor 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.



Multi-Grid Tubés — 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
ag a Class-A triode power
amplifier, as a Class-B triode
amplifier, or as a Class-A pen-
tode amplifier. The Type 59,
a triple-grid tube, is an ex-
ample. If the inner grid, No.
1, is used as the control grid
while Nos. 2 and 3 are con-
nected to the plate, the tube
is a triode suitable for Class-A
power amplification. If, how-
ever, 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 pen-
tode; Grid No. 1is the control
grid, No. 2 the screen or accel-
erator, while No. 3, connected
to the cathode, becomes the
suppressor. The connections
to be used with the several
types of tubes falling in this
classification are indicated in
the tables.

¢“G* Tubes and Preferred
Types
@ The tremendous number of
receiving tube types available
islikely to appall theneophyte
who wants to pick out the
most suitable tube for the
application he has in mind.
However, despitethefact that
additions are made to the lists
very frequently, actually the
trend is now towards simplifi-
cation of the status of receiving-tube types. We
do not hesitate to prediet that eventually all
tubes in current use for design purposes will
have octal bases; it is an accomplished fact
that such tubes are now universally equipped
with 6.3-volt filaments in the a.c. series; other
filament voltages have been discarded.
Practically all the now-used glass tubes can
be obtained with octal bases. Such tubes have

or sockets.
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the suffix “G” attached to the type number.
In some cases these tubes duplicate in charae-
teristics types in the metal series; when this is
so, the tube carries the same number as the
corresponding metal tube, but with the suffix
“G"”. For example, the glass equivalent of the
6K7 metal tube is known as the 6K7G. Other
“G” tubes duplicate existing types of glass

L 4 L 4 *

Q TR
FIG. 518 — BASE DIAGRAMS OF METAL AND 6.3-VOLT “G” TYPE
RECEIVING TUBES *

Legends have the same significance as in Fig. 517 with the addition of
DP, diode plates, and SH, shield; the shield is_the metal envelope of the
tube, in all eases connected to pin No. 1. Views are of bottoms of tube bases

tubes, in which case a new number generally is
required to conform to the present numbering
system. In still other cases the tube is a new
type equipped with an octal base. Tables I-A
and IV-A list the “G” type tubes, giving the
equivalents when such exist.

There are fourteen tube designs most popu-
larly in use in present-day receivers. These
fourteen occur more or less completely in six
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series: metal, 6.3-volt glass with octal bases,
6.3-volt glass with old bases, 2.5-volt glass with
old bases, 2.0-volt (battery) glass with octal
bases, and 2.0-volt glass with old bases. The
currentlv-used types under these classifica-

secured from the a.v.c. line. The triode grid
also may be connected to the detector diode
in the receiver. The greater the rectified volt-
age, the narrower the shadow on the screen,
thus the tube ean be used to indicate exact

FIG. 518-A — SOCKET-CONNECTION

DIAGRAMS
FOR OCTAL-BASED 2.0-VOLT TUBES

These views are of the bottoms of tube sockets or
bases. Nomenclature same as in Figs. 517 and 518;
NC on No. I pin indicates no connection to this pin
inside the tube; it is suggested that this socket con-

tions have been arranged in a table of ‘“‘pre-
ferred types’, which gives the set designer
and constructor a list of the tubes most
worthy of consideration. For design purposes,
it is possible to discard the types with old
bases, so that there are only three fundamental
classifications: metal, 6.3-volt glass, and 2.0-
volt glass. Actually, therefore, only some
fourteen tubes need be considered when plan-
ning a receiver, after the filament voltage has
been chosen. Data on the older types are given
in the tables; the information is necessary for
replacement purposes or to identify types
which may be in the possession of the builder.

Beam Power Tubes and Electron-Ray Tubes

@ As stated in the preceding section, there are
approximately fourteen tube designs which
cover practically all receiver requirements.
In addition, a miniature cathode-ray tube,
known as an electron-ray tube or, popularly,
the “magic eye’’, is available for use as a
tuning indicator. The electron-ray tube con-
sists of a triode amplifier and fluorescent screen
with a target in one bulb. An extension of the
triode plate acts as a ray-control electrode
which causes a shadow to appear on the screen;
the width of the shadow is determined by the
potential at the plate. The plate potential in
turn is a function of the triode grid voltage.
In practice, the triode section ordinarily is
used as a d.c. amplifier, its grid voltage being
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nection be grounded, however, to provide for possible
metal-shell tubes in this series. (Note: In some cases
the tube may be provided with more pins than are
indicated in the above diagrams. This is a maenufac-
turing convenience; the extra pins have no connec-
tions and can be ignored.)

resonance in tuning. It also has applications
in measurement work, as in a vacuum-tube
voltmeter (see Chapter Seventeen). Three
types of tubes are available, the difference
being in the characteristics of the triode
section.

A new principle of tube construction is
incorporated in the ‘“‘beam’” power tube, the
6L6 and 6L6G. Although this tube has only
four electrodes, it has pentode characteristics
because the method of construction causes an
electronic suppressor to be formed between
accelerator grid and plate. In the table of pre-
ferred types it is therefore listed as a pentode.
The tube has very high power sensitivity and
works at high plate efficiency, and is capable
of giving considerably more output than ordi-
nary tubes at moderate plate voltages.

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, 12A7 and 25A6 are multi-purpose types
particularly designed for use with ‘‘universal”
or a.c.-d.c. receivers. The 954 and 955 are min-
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iature tubes — “acorn’ type —
which function well at ultra-
high frequencies where tubes of
ordinary construction are in-
operative; they can be used for
amplification, detection and os-
cillation at wavelengths agshort
as 3 meter. The 864 is a non-
‘microphonic triode amplifier
for battery-operated amplifiers
such as are used with condenser
microphones. The 885, a gas-
filled triode, is used as a relax-
ation oscillator in oscilloscope
sweep circuits.

Manyother typesof tubes,in-
cluding low-grid current tubes
for measurements purposes and
grid-controlled rectifiers, or
thyratrons, are manufactured,
but because of their limited ap-
plication in amateur work or
the difficulty of obtaining
them, are not included in the
tables.

Rectifiers

@® Rectifiers for receiving pur-
poses are made with both di-
rectly and indirectly-heated
cathodes, and are provided
with one or two plates depend-
ing upon whether the tube is
designed for half-wave or full-
wave rectification. The tubes
may be either of the high-vac-
uum or mercury-vapor type.
The latter type has a small I

Q
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quantity of mercury added F
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-vapor molecules
dislodge other electrons, ‘‘ionizing” the gas, as
explained in Chapter Three. This increases the
conductivity and resultsin 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 receiver, however, so are seldom
used for receiving 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. Reecti-
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

F s F
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FIG. 519 — SOCKET CONNECTIONS FOR TRANSMITTING TUBES

Views are of tops of sockets. Legends have the same significance asin
Figs. 517 and 518,

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
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
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PREFERRED RECEIVING TUBE TYPES BY FUNCTIONS
Metal Glass Glass Glass Glass Glass
Descriptions Octal 6.3 V. 6.3V, 25V, 2.0 V. 2.0 V.
‘Octal old Old Octal (0)(:)
General Purpose Triode. . ................. 6C5 6C5G 76 56 1H4G 30
8J5G
High-p Triode. ......covvviineinnannn. 6F5 8F5G
6K5G
R.F. Amplifier, sharp cutoff. ............... 6J7 8J7G 6C6 57 1E5G 1B4
R.F. Amplifier variable-u. ... .............. 6K7 8K7G 6D6 58 1D5G 1A4
TwinDiode. ...t 6H8 6H6G
Duplex-Diode Pentode. . .. ................ 6B8 6B8G 6B7 2B7 1F7G 1F6
Duplex-Diode G.P. Triode. . ............... 6R7 6R7G 85 55 1H6G 1B5
Duplex-Diode High-x Triode. . ............. 6Q7 6Q7G 75 2A8
6B6G
Pentagrid Converter. . ............. e 6A8 6A8G 6A7 2A7 1D7G 1A6
6D8G 1C7G 1C6
Pentagrid Mixer-Amp...........cc.cuuun- 6L7 6L7G
Pentode Power Amp.......cocovvinnnnain. 6F6 6F6G 42 2A5 1F5G 1F4
6L6 6L6G (41) 1E7G 33
Triode Power Amp......... e 6B4G BA3 45 e 31
2A3
Twin Triode Power Amp................... 6N7 6N7G 6A6 53 1J6G 19
Direct-Coupled Power Amp................ 6N6MG 6N6G 6B5

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
that 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
general use — triodes, screen-grid tetrodes,
and screen-grid pentodes. Triodes are used as
oscillators and as power amplifiers in special
circuits, and certain types also are suitable for
delivering considerable audio power for modu-

.70.

lation purposes. Screen-grid tetrodes and
screen-grid pentodes are used chiefly as power
amplifiers, although also having special
oscillator applications.

The characteristics and typical 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 trans-
mitter 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 understood, however, that the power
output obtainable depends considerably on the
way in which the tube is operated; also that
at the higher frequencies certain types of
tubes are capable of better operation than
others. Tubes especially designed for high-fre-
quency use (3000 ke. and higher) are indicated.



TABLB 1—6.3-VOLT GLASS RECEIVING TUBES

Socket | ' ;‘ Plate L Screen | Plate ( . Mutual Load | Power |-
Type Name Base 4 | Connec- | Cathode Fil. orHeater Use i Supply (g.' id :Screen! oot [ Cumrent | Plate Resist- | Conduct- | Amp. |Regitance OQutput| Type
tions ! olts ias | Volts | g Ma. | ance, Ohms ance Factor ms | Watts
Volts |Amps K Micromhos
6A3 | Tricde Power Amplifier 4-pin M., A Fil. 6.3 | 1.0 | Class-A Amplifier 9250 | —-4.5 | — | — 6.0 800 5250 4.2 2500 3.2
Push-Pull Amplifier 325 | —6.8 Fixed Bias 4.0 Power Qutput for 2 tubes 3000 | 1.5 6A3
325 Self Bias 4.0 Load Plate-to-Plate 5000 1.0
6A4* | Pentode Power Amplifier | 5-pinM.| F Fil. 6.3 | 0.3 | Class-A Amplifier 100 | -6.5 (100 | 1.6 | 9.0 839250 | 1200 ] 100 | 11000 | 0.31] 6A4
180 | —12.0} 180 3.9 | 22.0 45500 2200 | 100 8000 1.40
6A6 | Twin Triode Amplifier T-pin M. T Htr. 6.3 | 0.8 | Class-B Amplifier 250 /] — - Power output is for one tube at stated 8000 8.0 | 6A6
300 0 load, plate-to-plate 10000 | 10.0
6A7 | Pentagrid Converter 7-pin S. P Her. 6.3 | 0.3 | Converter 250 | —3.0 | 100 2.2 3.5 360000 Anode grid (No. 2) 200 volts max., | 6A7
min. 4.0 ma. Grid leak, 50000 ohms. |
685 Din;.c:i-Coupled Power Am- | 6-pin M. Y Hir. | 6.3 | 0.8 | ClasssA Amplifier 300 [} 63| 45 241000 2400 58 7000 | 4.0 8
Fer Push-Pull Amplifier | 400 | —13 455 40— — | — 10000 | 90 | %%
87 D, lex-Diode P 3 ) Pentode R.F. Amplifier | 250 | ~3.0 | 125 2.3 9.0 650000 1125 | 730 —_ _— e
uplex-Diode Pentode | T-pinS. | Q| Hi 1 6.3 | 0.3 1 e A F. Amplifier| 250 | 4.5 | 50 | — | 0.65 — T =1=%
i Scieen-Grid R.F. 250 | —3.0 {100 | 0.5 2.0 exceeds 1225 |exceeds| —— —_
6C6 Triple-Grid Det : S J Amplifier 1.5 meg. 1500 c
" :p|;;ie, ector 6-pin 3. Hu. 6.3 | 0.3 Bias Detector 250 ; —1.95| 50 | Cathode curent — Plate coupling resistor 6ce
o ; 0.65 ma. 000 ohms
] ! Screen-Grid R.F. 250 | —3.0 | 100 2.0 8.2 800000 1600 1280 —_— —_—
6D6 Tng{e-Gr;ld Voeriable-u © &-pin S. I He. 6.3 0.3 ! ree"l:p |F'||e¢ jr } ] 6Dé
mplifier ! B Mixer I" 950 | —10.0/ 100 — — —_— Oscillator peak volts=7.0
6E5 | Electron Rey Tube 6-pinS. | Z He. [6.3 | 0.3 | indicator Tube | %0 | 0 | CuolGrd | 0.95 Target Current 4.5 ma. — | 6E5
ias=—8.0v.
6E6 Twin Triode Amplifier 7-pin M. T Htr. 6.3 | 0.6 | Class-A Push-Pull Am- | 180 | —20 Per plate—11.5 4300 1400 6.0 15000 | 0.75
plifier 250 | —27.5 Per plate—18.0 3500 1700 6.0 14000 | 1.6 6E6
Triode Unit Amplifier 100 | —-3.0 | — — 3.5 17800 450 8 _ —
6F7 | Triode Pentode T-pinS. | W He. | 6.3 | 0.3 | Pentode Unit Amplifier| 250 | —~3.0 /100 | 1.5 | 6.5 850000 1100 900 | —— — | 6F7
Pentode Unit Mixer 9250 | —10.0{ 100 | 0.6 2.8 Oscillator peak voits=7.0 —
6G5 | Electron-Rey Tube 6-pin S. 4 Ht. | 6.3 | 0.3 | Indicator Tube 250 ! 0 CBut-oFf Grid | 0.24 Target Current 4.5 ma. — | 6G5
i ias=22 v. .
6N5 | Electron-Rey Tube 6-pin S. z Htr. 6.3 | 0.15 | Indicator Tube 135 0 Cut-off Grid 0.5 Target Current 4.5 ma. — | 6N5
jas=—12 v.
100 | —1.5| 55 — | 1.8 550000 850 470
] » Scr;en-IGFvlid R.F. 180 | — g g 90 — g . ; SOgggg : 838 ggg |—— —
‘ ! mplifier 250 | —3. 90 1.7 . 55/ . !
36 Tetrode R.F. Amplifi -pin S. . . -
efrode mpliner : S-pin S, ! He. 6.3 103 Bias Director 100 | —-5.0{ 55 — Plate Current to be adjusted to 36
] 250 | —8.0 | 90 — 0.1.ma. with no signal -
! .90 | 6.0 2.5 11500 800 | 9.2
| Class-A Amplifier 180 | ~13.5] — — 4.3 10200 900 9.2 —_— —_
37 | Tiode Detector Amplifer | 5oms. | K e 250 | —18.0 7.5 8400 | 1100 | 9.2 | 37
riode ! 5-pi L . I N . i
ector Amplitier i pin I tr ! 6.3 |0.3 Bias Detector 9 . —10.00 — — Plate Current to be adjusted to —
) i 250  —28.0 .2 ma. with no signal

*

*
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TABLE 1—6.3-VOLT GLASS RECEIVING TUBES—Continued

Socket Fil. or Heater Plste . Screen | Plate . Mutual Load | Power
4 - | Cathod U Supply | ©Orid |Screen "t | Cumrent | Plate Resist- [ Conduct- | Amp. Resist tout! T
Tvoe Neme Base c:i’:::f ode Volts | Amps e v oFI’(sY Bias | Volts uM":? ::‘r:n ance, Ohms ance Factor e":"::;ce c&';:‘: ype
Micromhos|
100 -9.0| 100 1.2 7.0 140000 875 120 { 15000 0.27
38 | Pentode Power Amplifier 5-pin S. I2 He. 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
" . 90 90 1.6 5.6 375000 960 360
39 | Varisble.u RF. Amplifior |5 pin g, 1z | Hr. {6303 5";”'?;:" R.F. 180 | ~3-0| o0 ] 1.4 | 5.8 | 7so000 | 1000 | 750 —— | — | 39
44 | Pentode mplifier 250 | ™" | 90 | 1.4 | 5.8 | 1000000 | 1050 | 1050 44
100 -7.0{ 100 1.6 9.0 103500 1450 150 | 12000 | 0.33
41 Pentode Power Amplifier 6-pin S. M2 Her. 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 2200 150 7600 3.40
42 | Pentode Power Amplifier 6-pin M. M2 Her. 6.3 | 0.7 | Class-A Amplifier 250 [-16.5]| 250 | 6.5 | 34.0 100000 2200 220 7000 3.0 42
75 | Duplex-Diode High-u Triode| 6-pin S. K Htr. 6.3 | 0.3 | Triode Amplifier 250 |—~1.35] — —_ 0.4 91000 1100 100 _— —_— 75
Class-A Amplifier 250 |-13.5] — 1 — 5.0 9500 1450 13.8 —— —
76 | Triode Detector Amplifier | 5-pin S. | H He. 6.3 10.3 76
Bias Detector 250 |-20.0 Plate current to be adjusted to 0.2 ma. with no signal
- " | Screen-Grid R.F, 100 | -1.5| 60| 0.4 | 1.7 650000 1100 715 -
77 | Triple-Grid Detector 6-pin S, J Her. 6.3}0.3 Amplifier 250 | ~3.0; 100 0.5 2.3 1500000 1250 " 1500 17
Ampliher -
Bias Detector 250 {—1.95| 50 | Csthode current=0.65 ma.  Plate coupling resistor 250000 ohms
90 9 [ 1.3 | 6.4 315000 1275 400
718 | Tuple-Gnd Varimble-s 6-pin S. J Hutr. 6.3 | 0.3 | Screen-Grid R.F. 180 | -3.0 75 1.0 4.0 1000000 1100 1100
Amplifier Amplifier 250 min. 100 1.7 7.9 800000 1450 1160 — —_— 78
250 125 2.6 {10.5 600000 1650 990
79  {Twin Triode Amplifies 6-pin 5. (o] Hy. | 6.3 | 0.6 | Class-B Amplifier 180 [} _ . Power output is for one tube 7000 | 5.5 79
250 ] at stated load, plate-to-plate 14000 | 8.0
Triode Unit as Class-A 135 |-10.5 3.7 11000 750 8.3 25000 0.075
85 | Duplex Diode Triode 6-pin S. K Htr. 6.3 | 0.3 Amplifier 180 |-13.5] — —_ 6.0 8500 975 8.3 20000 | 0.160( 85
250 |—20.0 8.0 7500 1100 8.3 20000 0.350
Class-A Triode 160 {—20.0 17.0 3300 1425 4.7 7000 | 0.300
Amplifier® 180 |-22.5| — — 20.0 3000 1550 4.7 6500 0.400|
250 |—-31.0 32.0 2600 1800 4.7 5500 0.900
89 | Triple-Grid Power Amplifier] 6-pin S. L Htr. 6.3 | 0.4 | Class-A Pentode 100 |—10.0| 100 1.6 9.5 104000 1200 125 10700 0.33 89
Amplifier? 180 [-18.0( 180 3.0 [20.0 80000 1550 125 8000 1.50
250 |—925.0) 250 5.5 |32.0 70000 1800 125 6750 3.40
Class-B Triode . ° - - Power output is for 2 tubes 13600 | 2.50
Amplifier8 80 at stated load, plate-to-plate 9400 | 3.50

1 Refer 1o Fig. 517
26,

ted to

base dli'-;um.

grid, ¢

thode inside tube, not shown on

3 Also known as Type LA,

4S.—small;

M. —medium.

5 Current to input pla(e (Pl).

6 Grids Nos. 2 and 3 connocted to plate.
Grid No. 2, screen; grid No. 3, suppressor.
8Grids Nos. 1 and 2 tied together; grid No. 3 connected to plate
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TABLE IA —6.3-VOLT GLASS TUBES WITH OCTAL BASES

e e (G G e ] SO SR e B e A e e
6A8G | Pentagrid Converter B H‘tr. 6.3 | 0.3 | Converter Characteristics same as Type 6A8 — Table Ili —_— — —— | 6ABG
6B4G | Triode Power Amplifier M Fil. 6.3 | 1.0 | Power Amplifier Characteristics same as Type 6A3 — Table | _— — — | 6B4G
6B6G | Duplex-Dicde High-x Triode | Htr. 6.3 | 0.3 | Detector-Amplifier Characteristics same as Type 75 — Table | o —_— — | 6B6G
6B8G Dup|ex-Dicde’Pentode ) Htr, 6.3 | 0.3 | Detector-Amplifier Characteristics same as Type 6B8 — Table il — — -— | 6B8G
6C5G | Triode Detector Amplifier C Her. 6.3 | 0.3 | Detector-Amplifier Characteristics same as Type 6C5 — Table 1l —_ — — | 6C5G
6D8G | Pentagrid Converter B Her, 6.3 | 0.15 | Converter ;gg —gg 61‘{.05 Eathode current 8.0 Ma. Anode grid (No. 2; Voltsi135
-3. athode current 13.0 Ma. Anode grid (No. 2) Volts=250 6D8G
min. through 20,000-ohm dropping resistor
6F5G | High-x Triode D Htr, 6.3 1 0.3 | Amplifier Characteristics same as Type 6F5 — Table Il _ ) — —— | 6F5G
6F6G | Pentode Power Amplifier E Htr. 6.3 | 0.7 | Power Amplifier Characteristics same as Type 6F6 — Table I —] —— — | 6F6G
6H6G | Twin Diode F Hur. 6.3 | 0.3 | Rectifier Characteristics ssme as Type 6H6 — Table Il —_— = — | 6H6G
6J5G | Triode Amplifier C Ht. | 6.3 | 0.3 | Class-A Amplifier | 250 ‘ ~8.0 | — [ —_ | 9.0 | 7700 2600 20 | — | — | 6)5G
6J1G | R.F. Amplifier G Htr. 6.3 | 0.3 | Detector-Amplifier Charactetistics same as Type 6J7 — Table Ifl _ — — | 6JIG
6K5G | High-x Triode D Htr. 6.3 | 0.3 | Class-A Amplifier 100 | 1.5 — | — | 0.35 78,000 900 70 —_— — | 6K5G
250 | —3.0 —— | —— | 1.1 50,000 1400 70 —_— —_—
6K7G | R.F. Amplifier Htr, .3 |1 0.3 | Amplifier-Mixer Characteristics same as Type 6K7 -— Table Il —_— — — | 6K71G
6L5G | Triode Amplifier C Htr. .3 | 0.15 | Class-A Amplifier 135 | -5.0| — | — 3.5 —_ 1500 17 —_— — | 6L5G
’ 250 | —9.0| — | — 8.0 1900 17 —_— —_—
6L.6G | Beam Power Amplifier K Hitr. 6.3 | 0.9 | Power Amplifier Characteristics same as Type 6L6 — Table Il —_— | —— -— | 6L6G
6L7G | Pentagrid Mixer- Amplifier H Her. 6.3 [ 0.3 | Amplifier-Mixer Characteristics same as Type 6L7 — Table llI —_ — | 6LIG
6N6G | Direct-Coupled Amplifier N He. | 6.3 | 0.8 | Power Ampli-fier Characteristics same as Type 6B5 — Table | —_ — — | 6N6G
6N7G | Twin Triode Amplifier L Htr. 6.3 1 0.8 | Class-B Amplifier .Charact;eristics'same as Type 6N7 — Table lil _— — — | 6N7G
6Q6G | Diode-High-u Triode (o) Hir. | 6.3 | 0.15 | Triode Section 135 | —1.5} —— | — | 0.9 —_ 1000 65 —_ — | 606G
Class-A Amplifierf 250 | —3.0 | ~— | — 1.2 1050 65 —_— _
6Q7G | Duplex-Diode Highx Triode I Htr. | 6.3 | 0.3 | Detector-Amplifier Characteristics same as Type 6Q7 — Table Ill — | — | — jeq1G
6R7G | Duplex-Diode Triode I Her, 6.3 | 0.3 | Detector- Amplifier ) Characteristics same as Type 6R7 — Table lil | — — | 6R7G
657G | Triple-Grid Variable-u Am;‘)lifier G Htr. 6.3 | 0.15 | R.F. Amplifier 135 | —3.0 67.5} 0.9 3.7 —_ ~ 1250 850, —— — | ¢$1G
250 ;?no 100.0} 2.0 8.5 1750 1100 _—_ —_

1 Refer to Fig. 518. No connection to Pin No. 1.

*
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TABLE i —2.5-VOLT RECEIVING TUBES

Socket Fil. or Heater Plate | Grid |se Screen | Plate | p; Mutual Load | P
te Resist- | Conduct- | Amp. o8 ower
Type Name Base3 | Connec- | Cathode Use upply 1 790! Current | Current ] | 2 Resistance| Output | T
Pt Volts | Amps \/:, T Bias | Volts Mar | Mar | ance, Ohms Mi:::; hos Factor o] Wers Yo
. . . Class-A Amplifier 950 | ~45 — | — ] 60.0 800 5250 4.2 2500 | 3.5.
2A3 | Triode Power Amplifier 4-pin M. A Fil. 25125 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
9AS5 | Pentode Power Amplifier | 6-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- Triode| 6-pin S. K He. 2.5 | 0.8 | Triode as Class-A Amp.| 250 | —1.35| — | — 0.4 —_— E — Gain per stage=50-60 | 2A6
2A7 | Pentagrid Converter I-pin S. P Htr. | 2.5 | 0.8 | Converter 250 | —3.0] 100 | 2.2 3.5 360000 Anode grid (No. 2) 200 max. volts, A7
min, 4.0 ma. Grid leak, 50000 ohms
2B6 | Special Power Amplifier | 7-pinM.| BB Htr, 2.5 | 2.25| Amplifier 250 | ~24.0) — | ~— | 40.0 5150 3500 18.0 5000 | 4.0 286
Pentode R.F. 100 | —-3.0| 100 | 1.7 5.8 300000 950 285
2B7 | Duplex-Diode Pentode 7-pin S. Q Her. 9.5 | 0.8 Amplifier 250 | —3.0| 125 | 2.3 9.0 650000 1125 730 9B7
o Pentode A.F. Amplifier] 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 SpinM,| | He. | 2.5 | 1.75]_ Amplifier 250 |-3.0| 90| 1.7 | 4.0 600000 | 1050 | 630 | " | T |4 A
Bias Detector 250 [ —~5.0!1 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 975 9.0 T | T | or¥
. Bias Detector 250 | —30.0| — Plate current adjusted to 0.2 ma. with no signal
35 | Variable-u Tetrode R.F. 5-pin M. i Ht. 2.5 | 1.75| Screen-Grid R.F. 180 | -3.0| 90| 2.5 6.3 300000 1020 - 305 35
Amplifier Anmplifier 250 min. 9 | 2.5 6.5 400000 1050 420
180 | —31.5 180 31.0 1650 2195 3.5 2700 | 0.82
45 | Triode Power Amplifier 4-pin M, A Fil. 2.5 | 1.5 | Class-A Amplifier 250 | ~50.0{ 250 | — | 34.0 1610 2175 3.5 3900 | 1.60 ]| 45
275 | —56.0] 275 36.0 1700 2050 3.5 4600 | 2.00
Class-A Amplifier4 250 | —33.00 — | — | 22.0 2380 2350 5.6 6400 | 1.95
46 | Dual-Grid Power Amplifier | 5-pinM.| G Fil. 2.5 | 1.75| Class.B Amplifier5 300 0 I Power output for 2 tubes at 5200 |16.0 45
400 0o stated load, plate-to-plate 5800 |20.0
47 | Pentode Power Amplifier | 5-pin M.| F Fil. | 2.5 | 1.75| Class-A Amplifier 950 | —16.5 950 | 6.0 | 31.0 | 60000 | 2500 | 150 | 7000 | 2.7 | 47
53 | Twin Triode Amplifier 7-pin M. T Htr, 2.5 | 2.0 | Class-B Amplifier 250 0 — Power output for 1 tube at 8000 | 8.0 53
300 [+] stated load, plate-to-plate 10000 [10.0
Triode Unit as Class-A | 135 | —10.5] 3.7 11000 750 8.3 | 25000 | 0.075
55 Duplex-Diode Triode 6-pin S. K Her, 2.5 1.0 Amplifier 180 | —13.5| — —_— 6.0 8500 975 8.3 | 20000 | O.1 55
250 | —20.0] 8.0 7500 1100 8.3 | 20000 | 0.350|
Class-A Amplifier 250 | —13.5| — | — | 5.0 9500 1450 | 13.8 —_
56 iode Amplifier, Detect -pin S. H Her. 2.5 1.0 5
Triode Amplifier, Detector | 5-pin S. Bias Detector 250 | —-20.0) — Plate current adjusted to 0.2 ma. with no signal 6
. i Screen-Grid R.F. 250" | —~3.0f 100 | 0.5 l 2.0 exceeds 1225 | exceeds| ‘ —_—
57 T",%E:;S#ii rDetector 6-pinS. J Hu, | 2.5 | 1.0 | Amplifier 1.5 meg. 1500 57
. Bias Detector 250 | —1.95 50 | Cathode current=0.65 ma. Plate resistor =250000 ohms
58 Triple-G_r[d Variable-u 6-pin S. J Htr. 2.5 | 1.0 [Screen-GridR.F. Amp. | 250 | —3.0 | 100 | 2.0 8.2 800000 1600 | 1280 | —_— —_— 58
Amplifier : Mixer 250 | —10.0] 100 | — — Oscillator peak volts=7.0 —_—
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TABLE Il —2.5-VOLT RECEIVING TUBES

Class-A Triode® 950 |-28.0 — | — [26.0 2300 | 2600 | 6.0 so00 | 1.95
- .0
50 Triple-Grid Power 7-pin M. N He, 2.5 2.0 Class-A Pentode? 250 18.0{ 250 | 9.0 | 35.0 40000 2500 100 6000 3 59
Amplifier Class-B Triode 8 300 0 Power output for 2 tubes at 4600 |15.0
400 (] — | stated load, plate-to-plate 6000 [20.0
l R fer to Fig. 517. 3S.—small; M.—medium, 6 Grids Nos. 2 and 3 connected to plate.
ppros: grid, cted to cathode inside tube, not shown on 4 Grid No. 2 tied to plate. 7 Grid No. 2, screen; grid No. 3, suppressor.
5‘“ diagram. 5 Grids Nos. 1 and 2 tied together. 8 Grids Nos. 1 and 2 tied togelher grid No. 3 connected to plate.
TABLE lli —METAL RECEIVING TUBES
Socket . Plate . Screen | Plate . Mutual Load | Power
Type Name Base 2 | Connec- | Cathode | Fil- or Heater Use Supply Grid | Screen! Curont | Current | Plate Resist- | Conduct- | Amp. | Recictance| Output | Type
tions . \f Bias | Volts | “Ma | Ma. | 2nce, Ohms ance Factor hms | Woatts
VYolts | Amps : Micromhos|
6A8 | Pentagrid Converter 8pinO.| B Her. |6.3 | 0.3 | Converter 250 | —-3.0 | 100 3.2 3.3 Anode-grid (No. 2) 250 volts max. thru 20,000- 6A8
min. ohm dropping resistor, 4.0 ma. |
Pentode R.F. Amplifier} 250 | —3.0 | 125 2.3 9.0 650000 1125 730 -_— _—
688 Duplex-Diode Pentode 8-pin O.| J Her. 6.3 ] 0.3 6B8
Pentode A.F. Amplifier 250 | —4.5| 50 | — 0.65 —_— _— —_— —_ -—
Class-A Amplifier 250 | -8.0 | —— | — 8.0 10000 2000 20 —_ -_—
6C5 | Triode Detector Amplifier | 6-pin O, C He. | 6.3 | 0.3 \ 6C5
Bias Detector 250 | —-17.0| — | —— Plate current adjusted to 0.2 ma. with no signal
6F5 High-u Triode 5-pin O. D Htr. 6.3 | 0.3 | Class-A Amplifier 950 | ~1.3 | — | —— [0.2¢t0 66000 1500 100 | 0.25t0 | — | 6F5
0.4 1.0 meg.
Class-A Pentode 250 | —16.5) 250 6.5 34 80000 2500 200 7000 | 3.0
315 | —22.0 315 8.0 42 75000 2650 200 7000 | 5.0
. Class-A Triode 3 250 | ~20 | — | — | 31 2600 2700 7.0 4000 | 0.85 | 6F6
6F6 Pentode Power Amplifier | 7-pinO.{ E He. | 6.3 0.7 =
Push-PuliClass-AB Amp. |
Pentede Connection; 375 | —26 | 250 92.54 174 Power output for.2 tubes at 70000 19
) Triode Connection | 350 | —38 | — | —— | 22.54 stated [oad, plate-to-plate 6000 18
6H6 | Twin Diode 7-pin Q. F. Htr, 6.3 | 0.3 | Rectifier Max. a.c. voltage per plate =100 r.m.s. Max. output current 2.0 ma. d.c. 6H6
Screen-Grid R.F. 250 [ —3.0 | 100 0.5 2.0 exceeds 19295 ds| — -—
6J7 | Triple-Grid Detector 7-pin O. G He. 6.3 | 0.3 mplifier 15 meg. e;;?;) *
Amplifier 6J7
Bias Detector 250 | —4.3 | 100 Cathode current 0.43 ma. —_ —— |0.5meg.| —
Screen-Grid R.F. 250 | —3.0 | 195 2.6 | 10.5 600000 1650 990 b —_—
6K7 Tuple-Gnd Variable-x 7-pin0O.| G He. 6.3 {0.3 Amplifier
Amplifier 6K7
Mixer 250 | —10 [ 100 | — | — — Oscillator peak volts=7.0 i

*
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TABLE Il—METAL RECEIVING TUBES—Continuved

2 O.—small octal base.
3 Screen tied to plate.
4 Zero signal currents per tube.

Subscript 2 indicates grid-current flow
over part of input cycle,
6 Zero-signal currents, two tubes.

Socket ! Plate . Screen | Plate . Mutual Load | Power
Type Name Base 2 onnec- Cathode | Fil. or Heater Use Supply G.nd Screen| Coent | Current | Plote Resist- | Conduct- | Amp. Resistance] Output
tions 1 \/::lts Bias | Volts Ma Ma. | once, Ohms ance Factor Ohms atts Type
Volts | Amps g . Micromhos|
Sit?lc-Tube 250 | —14.0] 250 5.041 734 22500 6000 135 2500 6.5
lass-A 13 Amp. 375 | —9.0 /125 | 0.7¢/ 944 14000 | 4.2
Fixed Bias 375 | —17.5| 250 92.54| 574 4000 | 11.5
Single-Tube 250 | —13.5| 250 5.44| 754 2500 6.5
lass-A 15 Amp. 300 | —11.8{ 200 3.04| 514 4500 6.5
Bias 375 | —9.0 | 125 0.74| 944 14000 4.0
P e bras 950 |16 | 950 | 100 | 1900 . 6Ls
i . ixed Bias - 25 120 5000
6L6 | Beam Power Amplifier 7-pinQO.| K He. | 6.3 [ 0.9 Self Bias 950 | —16 [950 | 106 | 1208 . o s 5000
ower Qutput for
Push-Pull AB 3 400 | —-95 | 300 6% | 102¢ tubles. Load plate-to-plate 6600 34
Fixed Bias 400 | —-20 | 250 48 886 8500 | 26.5 .
Push-Pull AB.15 400 | —23.5| 300 7.0 119¢% 6600 32
Self Bias 400 | —-19.0{ 250 4.6%, 966 8500 24
Push-Pull AB25 400 | —25 | 300 66 | 1026 3800 60
Fixed Bias 400 | —20 | 250 46 88¢ 6000 40
Sereen-Grid R.F. 250 [ —3.0 | 100 5.5 5.3 800000 1100 —_— —_ —_—
. Amplifier )
6L7 | Pentagrid Mixer TpinO.] H | Hr. | 6.3 0.3 6L7
Amplifier Mixer 250 | —6.0 | 150 | 8.3 3.3 exceeds Oscillator-grid {No. 3) voltage =
1.0 meg. ) —-15.0
] Class-A Amplifier 300 o —_— 65 | 45 24100 2400 58 | 7000 4.0 6N6
6N6 | Direct-Coupled Power T-pin O. N- He. (6.3 [ 0.8 MG
MG Amplifier Push-Pull Amplifier 400 | —13 | — | 4.55| 40 — —_ — | 10000 20 ;
‘6N7 | Twin Triode Amplifier 8.pin O. L He. | 6.3 | 0.8 | Class-B Amplifier 250 0 —_ — Power output is for one tube at stated 8000 | 8.0 | 6NY
300 )] oad, plate-to-plate 10000 | 10.0
6Q7 D‘?!:{;Dide High-» 7-pin O. { Hu. | 6.3 [ 0.3 | Triode Amplifier 250 | —-3 —_ ] 11 58000 1200 70 — — 1 6Q7
L3
6R7 Duplex-Diode Triode 7-pin O. | Htr. 6.3 | 0.3 | Triode Amplifier 250 | —9 —_— 9.5 8500 1900 16 10000 | 0.28 | 6R7
1 Refer to Fig. 518. 5 Subseript 1 indicates no grid t Aow.
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TABLE IV —2.0-VOLT BATTERY RECEIVING TUBES

Socket ] Plate Screen | Plate: . Mutual ) Load - | Power
3 Fil. or Heate Grid |Screen Plate Resist- | Conduct- | Amp. iR
Type Name | Base % Ct?::sef- Cathode ("' ©F d Use S\u/p:l)llsy Bias | Volts Curr:.nt CuMn:n( ance, Ohms “ance Factor Ress}::nnsce %:mn Type
Volts | Amps ) Micromhos
1A4 | Variable-u Tetrode 4pinS. | D | Rl |2.0 |0.06 RF. Amplifier 180 | —3.0 |67.5| 0.7 | 2.3 | 960000 750 | 720 | 1A
R.F. Amplifier min. !
1A6 | Pentagrid Converter 6-pin S. v Fil. 2.0 | 0.06 | Converter 180 | —3.0 | 67.5| 2.4 1.3 500000 Anode grid (No. 2) 135 max. volts; | 1A6
min. 2.3 ma. Grid Leak 50000 ohms
, R.F. Amplifier 180 | -3.0 |67.5| 0.4 | 1.7| 1200000 | 650 | 780 | — | —
1B4 | Tetrode RF. Amplifer | 4pinS. | D | Fil. |2.0 |0.06 184
Bias Detector 180 | —6 61.5 Plate current adjusted to 0.2 ma. with no signal
1B5 Duplex-Diode Triode 6-pin S. X Fil. 2.0 | 0.06 Triode Class-A 135 | —3.0 — | — 0.8 35000 575 1 20 —_ —- | 1B5
. mplifier i
1C6 | Pentagrid Converter 6pinS.| V | Fl. |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
1F4 Pentode Power Amplifier 5-pin M. F Fil. l 2.0 | 0.12| Class-A Amplifier 135 | —4.5 | 135 | 2.6 8 200000 1700 | 340 16000 |0.34 | 1F4
R.F. Amplifier 180 | —-1.5 | 67.5| 0.6 2.0 1000000 650 650 — —_—
1F6 Duplex-Diode Pentode 6-pin S. EE | Fil 2.0 | 0.6 | b 1F6
A.F. Amplifier . 135 ' —1.0 | 135 Plate resistor 0.25 megohm | Voltage
i Screen resistor 1.0 megohm Amp.=48
19 Twin-Triode Amplifier &-pin S. U Fil. 2.0 | 0.26 | Class-B Amplifier i 135 [+] —_ : Load plate-to-plate 10000 | 2.1 19
30 Triode Detector Amplifier | 4-pin S, A Fil. 2.0 |0.06 | Class-A Amplifier ! 90 | —4.5 2.5 11000 850 9.3
1 135 | —9.0 |~ | —— 3.0 10300 900 9.3 —_— —_— 30
; i 180 | —13.5 3.1 10300 900 9.3
31 Triode Power Amplifier 4-pin S, A Fil. 2.0 | 0.13] Class-A Amplifier i 135 | —922.5) — | — 8.0 4100 925 3.8 | 7000 |0.185 3
" 180 | —30.0 12.3 3600 1050 3.8 | 5700 ;0.375
Scl;en-(l.;‘r'id R.F. ‘ 1 35 -—gg g;g 8: 1.7 950000 640 610 \‘ -
wmplifier i 180 | ~3. . . 1.7 1200000 650 780 |
32 | Tetrede R.F. Amplifier 4pinM.| D Fil. |2.0 {0.06 — 1 ‘ 32
) | Bias Detector | 180 ! -6.0 [ 67.5 | — Plate current adjusted to 0.2 ma. with no signal
33 Pentode Power Amplifier 5-pinM. F Fil. 2.0 | 0.26| Class-A Amplifier ‘ 180 | —18.0| 180 | 5.0 | 22.0 55000 1700 90 | 6000 |1.4 33
135 ' —13.5{ 135 3.0 14.5 50000 1450 70 ! 7000 0.7
34 Variable-s Pentode R.F. 4.pinM.| D2 Fil. 2.0 | 0.06! Screen-Grid R.F 135 ' —3.0 |67.5| 1.0 2.8 600000 600 360 | | 3
Amplifier i Amplifier . 180 min. 1 67.5 1.0 2.8 1000000 | 620 { 620 i
Class-A Amoplifier ¢ ‘ 135 —20-0‘ —_— 6.0 4175 1125 | 4.7 11000 | 0.17
49 Dual-Grid Power Amplifier | 5-pin M. G Fil. 2.0 | 0.12 , 1 — — 49
Class-B Amplifier 5 180 ;| O _— Power output for 2 tubes at © 12000 | 3.5
! indicsted load, plate-to-plate !
950 Pentode Power Amplifier 5-pin M. F Fil. i 2.0 | 0.12 | Class-A Amplifier " 135 t -16.5/1.35{ 2.0 7.0 100000 ‘ 1000 ' 100 . 13500 | 0.45 | 950

.LRefer to Fig. 517,

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

4 Grid No. 2 tied to plate.

5 Grids Nos. 1 and 2 tied together.

*
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TABLE IV-A — 2.0-VOLT BATTERY TUBES WITH OCTAL BASES

cke Fil. or Heater Plate . reen | Plat ] tual
e | el GO e S S 2 ) e A g G e
1CTIG | Pentagrid Converter A Fil. 2.0 | 0.06 | Converter —_— | — Characteristics same as Type 16 — Table IV —_ _ — 101G
1D5G | R.F. Amplifier-Variable-u B Fil. 2.0 | 0.06 | RF An'lplifier — | - Characteristics same as Type 1A4 — Table IV —_ —_— —— |1D5G
1D7G | Pentagrid Converter A Fil. 2.0 | 0.06 | Converter — | —-— Characteristics same as Type 1 A6 — Table IV —_— —_ — (1D7G
1E5G | R.F. Amplifier B Fil. 2.0 | 0.06 | R.F. Amplifier — Characteristics same as Type 1B4 — Table IV —_ _ — | 1E5G
. 1E7G | Double Pentode Power Amplifier C Fil. 2.0 | 0.24 | Class-A Amplifier | 135 |—7,5| 135 b 2.02 | 6.52 ‘ 220,000 1600 350 | 24,000 | 0.65 | 1E71G
1F5G | Pentode Power Amplifier D Fil. 2.0 | 0.12 | Class-A Amplifier | — | — Characteristics same as Type 1F4 — Table IV — —_— ~ 1 1F5G
1F7G | Duplex-Diode Pentode E Fil. 2.0 | 0.06 | Detector-Amplifier T — = Characteristic : same as Type 1F6 — Table IV —_— — — | 1F1G
1H4G | Triode Amplifier F Fil. 2.0 | 0.06 | Detector-Amplifier | — | — Characteristics same as Type 30 — Table IV —_ — — 11H4G
1H6G | Duplex-Diode Triode G Fil. 2.0 |.0.06 | Detector-Amplifier | — | — Characteristics same as Type 1B5 —— Table IV —_— —_— —_ 1|"!6G
1J6G | Twin Triode H Fil. 2.0 0.24 | Class-B Amplifier _—— Characteristics same as Type 19 — Table IV — —_— — 11J6G

1 Refer to Fig. 518-A, .

2Total cument for both sections; no signal.
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TABLE V—SPECIAL TUBES

Mutual [
Socket Fil. or Heater Plate | (14 | Screen Screen | Plate | proce Regist. Conduct- |. Amp. Load ower | 1
Type Name Base 3 | Connec- | Cathode [—— Use Su TLY Bias | Volts C:'r‘renl Cment ance, Ohms o.l:“:: Factor R"'m:" o":z‘:‘ ype
tions ! Volts | Amps ° 4 8 Micromhos s
12A5 | Pentode Power Amplifier T-pin M| AA ‘ Her. 12.6 | 0.3 Class-A Amplifier 100 | —-15 100 | 4.0 | 18 —_ —_ —_— 5000 | 0.7 | 12A5
6.3]| 0.6 180 | —27 180 9.0 40 -—_— —_— —_— 4500 2.8
Class-A Amplifier 135 | —13.5 135 2.5 9.0 102000 975 100 13500 0.55
12A7 | Rectifier-Pentode T-pin M. FF Htr. 12.6| 0.3 12A7
Power Amplifier ‘ Half-Wave Rectifier 125 Mex. Volts R.M.S. Output current 30 ma. Max.
25A6 | Pentode Power Amplifier i 7-pin O. E7 Htr. 25 0.3 | Class-A Amplifier 95 | —15 95 » 4 20 45000 2000 90 4500 | 0.9
925A6G 135 | —20 135 8 37 35000 2450 85 4000 2.0 | 25A6
180 | —20 135 7.5 38 40000 2500 100 5000 2.75 [25A6G
25B6G | Pentode Power Amplifier i 7-pin O. E7 Ht. 25 0.3 | Class-A Amplifier 95 | —15 95 | 4 45 _—_ 4000 e 2000 | 1.75 |25B6G
43 Pentode Power Amplifier ‘ 6-pin M, M2 Her. 25.0| 0.3 | Class-A Amplifier 95 | —15.0/ 95 4.0 20.0 45000 2000 90 4500 | 0.90 43
135 | —20.0 135 7.0 34.0 35000 2300 80 4000 | 2.00
48 Tetrode Power Amplifier 6-pinM.| M He. | 30.0; 0.4 | Class-A Amplifier 9% | —19.00 96 | 9.0 | 52.0 — 3800 | — 1500 | 2.0 48
125 | —20.0) 100 9.5 56.0 —— 3900 e 1500 2.5
864 Triode Amplifier 4-pinS. A Fit. 1.1 0.25 | Class-A Amplifier 9 | —45 | — | — 2.9 13500 610 8.2 —_— — | 864
135 | 9.0 | — | — 3.5 12700 645 8.2 - —_—
885 Gas Triode 5-pin S. H Her. 2.5| 1.4 | Sweep-Circuit Oscillator] 200 | — | — | —— 0.5 Tube voltage drop 15 v. _ —— | 885
‘ Class-A Amplifier 250 | —3 100 | 0.7 2.0 Exceeds 1400 |Exceedss — —
| 1.5 megohms| 2000
9544 Pentode Detector, Amplifier: None — He. 6.3} 0.15 954
: Bias Detector 250 | —6 100 Plate current to be adjusted to 0.1 ma. with no signal
Class-A Amplifier 180 | -5 _— = 4.5 12500 ‘ 2000 ‘ 25 | 20000 0.135
9554 | Triode Detector, Amplifier | None — Htr, 6.3 0.16 955
» Oscillator 180 | -35 | — | — | 7 | D.C. Grid Current App 1.5 ma. 0.5
1603 Triple-Grid Detector 6-pin M, J Htr. 6.3| 0.3 | Class-A Pentode 100 | -3 100 0.5 2.0 | 1000000 - 1185 1185 o— —
mplifier mplifier 250 | -3 100 0.5 2.0 1500000 - 19225 1500 —— —
(Low Noise)
Class-A Triode 180 |53 — | — 5.3 11000 1800 20 —_— e
Amplifier8 250 | —8.0 | — | — 6.5 10500 1900 20 —_— _—
RK10 | Triode Power Amplifier 4-pin M. A Fil. 7.5(1.95 Characteristics same as Type 10. Isclantite Base RK10
RK15 | Triode Power Amplifier A-pin M. ASb Fil. 2.5 1.75 Characteristics same as Type 46 with Class-B connections RK15
RK16 | Triode Power Amplifier 5-pinM.| H Htr, 2.5 2.0 Characteristics same as Type 59 with Class-A tricde connections RK16
RK17 | Pentode Power Amplifier | S-pinM.| 12 He. | 2.5/2.0 Characteristics same as Type 2A5 RK17
Class-A Amplifi 180 ! —-13.5| — | —— 8.0 5000 1600 8.0 12000 0.25
RK24 | Triode Amplifier 4pinM.| A | Rl | 2.0] 0.1 it | | | | RK24
Oxcillator 180 | —45 | —— | — | 20 Grid leak 10000 ohms —_

*
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TABLE V—SPECIAL TUBES—Continued

i S ] Mutual -
. ) ocket Fil. or Heat Plate Screen | Plat X utua Load | P ]
Type Name Base 3 : C?nnelc- Cathode |~ rone! Use Supply G_vid Screen! Current Cur:e‘;\t f:‘::': Roeﬁ':; C°":i‘;d' a:zr Resi‘:l‘ance O?A:;'::l Type
| tions Volts | Ampi olts | Bias | Volts ! a. | Ma, 4 Micromhos ms | Watts
RK33 Dual Triode 7-pin S. GG Htr. 6.31 0.6 | Class-A Amplifier 250 | —-16.5 —— | — 8 875 1200 10.5 2000 | —
i (Single section) ; RK33
Class-C Amp.orOse. | 250 | — | — | — | 20 Plate Dissipation 2.5 watts 3
- (Single section)
RK34 | Twin Triode Amplifier 5-pin M. He. 6.3 0.8 | Class-B Amplifier 180 | -6 —_—] ] — Power QOutput for one tube at 6000 | 7.2 | RK34
7-pin M. 300 | —15 | — | — stated load, plate to plate 10000 |12.0
RK100 | Mercury-vapor Triode 6-pin M. Htr, 6.3, 0.6 Amp|iﬁer 100 | —2.5 Cathanode (G1) current 250 ma. 20000 1 50 ' _ % —— | RK100

1 Refer to Fig. 517.
2 Suppressor grid, connected to filament

inside tube, not shown on base diagram.

3 M.—medium; S.—~small.

4" Acom’’ type; miniature unbased tubes for ultra-high krequencies,
3 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.F

exgelgt that pins 2 and 6 are uncon
“ Fig, 518

TABLE VI—MISCELLANEQUS RECEIVING TUBES

nected; plate leads brought out to top caps.
8 Grids Nos. 2 and 3 connected to plate.

Socket Fil. or Heater Plate Screen | Plate . Mutual Losad | Power
1,1 Grid |Screen Plate Resist- | Conduct- | Amp. p
Type Name Base 2 gnne}c- Cathode . Use Su ori;l,y Bias | Volts C;a;‘raent Clm:nl ance, Ohms e Factor Remhrslce w:::nt Type
fons Volts | Amps : : Micromhos|
'00-A | Triode Detector 4-pin M. Fil. 5.0 | 0.25 | Grid Leak Detector 45 | —= | —| — 1.5 30000 666 20 —_ —— | 00-A
01-A | Triode Detector Amplifier | 4-pin M. Fil. 5.0 | 0.25 | Class-: A Amplifier 90 | —4.5 2.5 11000 725 8.0 01-A
135 | —-9.0 3.0 10000 800 8.0
10 | Triode Power Amplifier 4-pin M, 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. Fil. 1.1 | 0.25 | Class-A Amplifier 90 | —4.5 2.5 15500 495 6.6 12
135 | —10.5 3.0 15000 440 6.6
20 | Triode Power Amplifier 4-pin S. Fil. 3.3 |0.132| Class-A Amplifier 90 | ~16.5 3.0 8000 415 3.3 9600 | 0.045
135 | —-22.5 6.5 6300 525 3.3 6500 |0.110
29 Tetrode R.F. Amplifier 4-pin M. Fil. 3.3 |0.132| Screen-Grid R.F, 135 | —-1.5|45.0| 0.6 1.7 725000 375 270
’ Amplifier 135 | —1.5|67.5| 1.3 3.7 325000 500 160
26 | Triode Amplifier 4-pin M. 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. 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, Fil, 7.5 | 1.25 | Class-A Amplifier 400 | -70.0| —— | — | 55.0 1800 2100 3.8 3670 [ 3.4 50
450 | —84.0 55.0 1800 2100 3.8 4350 | 4.6
71-A | Triode Power Amplifier A-pin M, Fil. 5.0 | 0.25 | Class-A Amplifier 90 | —19.0) 10.0 2170 1400 3.0 3000 [0.125 A
180 | —43.0 20.0 1750 1700 3.0 4800 | 0.790
99 | Triode Detoctor Amplifier | 4-pin S. Fil. 3.3 |0.063| Class-A Am;‘ﬂiﬁer 90 | —4.5| — | — 2.5 15500 425 6.6 —_— —_ 99
112A | Triode Detector Amplifier | 4-pin M, Fil. 5.0 | 0.25 | Class-A Amplifier 90 | —4.5 5.0 5400 1575 8.5 112A
180 | —13.5 1.7 470G 1800 8.5

t Refer to Fig. 517.
2 M.—medium; S.—small.
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TABLE VIl — RECTIFIERS — RECEIVING AND TRANSMITTING

Type Socket Filor Hoster | Kt | B | Mex | Bt )
No. Meme | Bue? | Commegr| Cothode (Volisge | Qubst Peak | Lot TrPe
’ Volts | Amps. Ma. 9| M.
5W4 | Full-Wave Rectifier | 5-pin O. At Fil. 5.0 1.5 350 110 1000 | —— \"%
5X4G | Full-Wave Rectifier | 8-pin O. | - P4 Fil. 5.0 3.0 500 250 —_ | -V
5Y3G | Full-Wave Rectifier | 5-pin O. At Fil. 5.0 2.0 Same as Type 80 \'
5Y4G | Full-Wave Rectifier | 8-pin O. & Fil. 5.0 | .2.0 Same as Type 80 \'%
523 | Full-Wave Rectifer | 4pinM. | B | Fil. | 5.0 | 3.0 | 500 | 250 | — | — | V
5Z4 | Full-Wave Rectifier3 | 5-pin O. At Htr. 5.0 2.0 400 | 1925 1100 | — | V
S| Fll Wave Rectifir | 6pinO. | Q* | Hu | 6.3 | 0.5 | 350 | 60 | — | — | V.
1923 | Hall.-Wave Rectifier | 4pinS. | R | Hi. | 12.6 | 0.3 | 250 | 60 | — | — | V
95Z5 | Rectifier-Doubler | 6-pin S. E He. |'95.0] 0.3 | 185 | 100 | — | — | V
JB5Z6 | RoctfrDocbler | Tpin O. | Rt | He |50 03 | 125 | 100 | — | — | Vv
15 | Half-Wave Rectifier | 4-pin S. 