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FOREWORD

IN PRESENTING for 1941 the eighteenth edition of The Radic Amateur’s Hand-
hook the publishers again express the hope that it will be found as helpful ag
previous editions and will enjoy as whole-hearted a reception at the hands of
the amateur fraternity.

From modest beginnings in 1926 the Handbook has had an inspiring success,
running now to eighteen editions in thirty printings and a total distribution
well over six hundred thousand copies. Its fame has echoed around the world.
Schools and technical classes have adopted it as a text; quantity orders have
come from many a foreign land. But most important of all, it is the right-hand
guide of practical amateurs in every country of the globe. This success derives
in considerable measure from the splendid codperation we have always re-
ceived from practicing amateurs everywhere, for which we remain grateful.

Devoted to a fast-moving and progressive seience, it is only natural that
throughout its life the Handbook should have required sweeping and virtually
continuous modification. Since the very beginning a strenuous attempt has
been made to keep the book as up to date, as accurate and as reliable as is
humanly possible. A studious effort has been made to restriet the material to
modern, sound and well-tried practice. Having always had somewhat the
character of an annual review of time-tried and proven methods in apparatus
construction and operation, the Haendbook has never provided a place for
freaky circuits or methods. As any practicing amateur is well aware, there is
an almost infinite number of ways of accomplishing a given result in his sta=
tion — some good, some poor, many indiffcrent. Our editorial task has there«
fore been basically one of selecting. It has becn necessary to eliminate from
the enormous wealth of ideas on technique, methods and procedure, all those
that have not proved themselves by successful application in practice.

For many editions back, the annual revision of the Handbook has been a sort
of family affair of the headquarters staff of the American Radio Relay League
at West Hartford. Most of the technically-skilled specialists on the League’s
staff, men who have earned their spurs in amateur radio, have participated in
its revision. The present edition has seen a general rewriting and the addition
of nearly two hundred new illustrations, while dozens of new pieces of appa-
ratus were specially designed and constructed — and tested! Prepared under
the general technical editorship of Mr. George Grammer, @S7"s technical ed-
itor, and with major contributions by him, the present work also represents
many months of labor on the part of Messrs. Donald H. Mix and Byron Good-
man, @87s assistant teehnieal editors; Mr. Clinton B. DeSoto, assistant sec-
retary of the League; and Mr. Vernon Chambers, in charge of Q877s techni-
cal information service. The station-operating material of course is contrib-
uted by the League’s communications manager, Mr. Franeis E. Handy. The
actual production of the book has been on the broad shoulders of Mr. Clark C,
Rodimon, QST’s managing editor,

In this edition we retain last year’s plan of rearranging the material for the
greatest benefit of the various classes of Handbook users, and a few words of
explanation may be in order. First, from a reference to the contents page it
will be seen that the book is divided into sections: introductory, principles,
the construction and use of equipment, antennas, and so on, Within these

" sections there continues to be a more extensive subdivision into chapters than



in the past, for the purpose of segregating the material in which various groups
of users will be more particularly interssted. For example, the elements of a
lecture or study eourse in radie will be found by taking Chapters 3 to 6, 11,
17, 21 to 24, and 26. Design information particularly valuable to amateurs who
plan their own equipment is given in Chapters 4 to 6, and 20. Adjustment and
“trouble-shooting” have heen segregated for transmitters, receivers and
'phone, respectively, in Chapters 9, 14 and 16, to make these important treat-
ments more readily available not only for those who are building new equip-
ment but for those who already have satisfactory apparatus. At the end of
each chapter on the construction of equipment there is a biblography of
articles in @87 in which will be found more extensive descriptions of some of
the pieces of apparatus described in this edition. References to these bibliog-
raphies will be found frequently in the text and take such a form as (Bib. 5),
which means that the fifth item in the bibliography at the end of that par-
ticular chapter will give a reference to a QST article describing the particular
piece of gear in somewhat greater detail. It should perhaps be pointed out
that, to facilitate reference, the illustrations herein are serially numbered in
each chapter and with the first digit indicating the chapter number. Thus,
Fig. 812 c¢an be readily located as the twelfth illustration in Chapter 8.
Finally it should be mentioned (because many amateurs do not seem aware
of it!) that this Handbook has, at the end of its reading pages, a comprehensive
and earefully-prepared index, which will lead the reader quickly to the treat-
ment of a subject of particular interest,

One feature of the Handbook which has been growing steadily in importance
is the quite extensive catalog advertising. We recognize that it is generally not
regarded ss good form to make editorial reference even to the existence of
advertising, but this case we believe to be different. To be truly comprehensive
as a handbook — to fill all the funections one visualizes with the word ‘“hand-
book” — this book must bring the reader data and specifications on the
manufactured produets which are the raw material of amateur radio. Our
manufacturers have collaborated with us in this purpose by presenting here
not mere advertising but catalog technical data. The amateur constructor
and experimenter will find it convenient to possess in such juxtaposition both
the constructional guidance he seeks and the needed data on available equip-

- ment, since both are necessary ingredients of the complete standard manual of
amateur high-frequency communiecation.

1t is but natural that we here shall all feel very happy if this edition of the
Handbook brings as much assistance and inspiration to amateurs and would-he
amateurs as have its predecessors.

Kexxers B. WARNER
Managing Secretary, A.R.R.L.
Wesr Hartrorp, CONN.
November, 1940
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THE AMATEUR'S CODE

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

public and the Government.

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

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

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

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

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



Story of Amateur Radio

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

AMA'I‘EUR radio represents, to some seventy
thousand people, the most satisfying, most
exciting of all hobbies. Over 50,000 of these
enthusiasts are located in the United States
and Canada, for it is this continent which
gave birth to the movement and which has
ever since represented its stronghold.

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

That keen satisfaction of hearing a distant
station is basic with the radio amateur but it
has long since been superseded by an even
greater lure, and that is the thrill of talking with
these distant points! On one side of your radio
amateur’s table is his short-wave receiver; on
the other side is his private (and usually home-
made) short-wave transmitter, ready at the
throw of a switch to be used in calling and
“working” other amateurs in the United
States, in Canada, Europe, Australia, every
corner of the globe!* Even a low-power trans-
mitter makes it possible to develop friend-
ships in every State in the Union. Of course,
it is not to be expected that the first contacts
will necessarily be with foreign amateurs.
Experience in adjusting the simple transmitter,
in using the right frequency band at the right
time of day when foreign stations are on the
air, and practice in operating are necessary be-
fore communieation will be enjoyed with ama-
teurs of other nationalities. But patience and
experience are the sole prerequisites; neither
high power nor expensive equipment is required.

* Becauge of the current international situation, communi-

eation by U. 8. amateurs with foreign countries is tempora-
rily forbidden.

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

Amateur radio is as old as the art itself.

There were amateurs before™the present
century. Shortly after the late Guglielmo Mar-
coni had astounded the world with his first
experiments proving that telegraph messages
actually could be sent between distant points
without wires, they were attempting to dupli-
cate his results. Marconi himself was probably
the first amateur — indeed, the distinguished
inventor so liked to style himself, But amateur
radio as it has come to be known was born when
private citizens first saw in the new marvel a
means for personal communication with others
and set about learning enough of the new art
to build a homemade station,

Amateur radio’s subsequent development
may be divided into two periods: pre-war and
post-war.

Pre-war amateur radio bore little resem-
blanee to the art as it exists to-day, except
in principle. The equipment, both transmitting
and receiving, was of a type now long obsolete.
The range of even the highest-powered trans-
mitters, under the most favorable conditions,
would be scoffed at by the rankest beginner
to-day. No United States amateur had ever
heard the signals of a foreign amateur, nor
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had any foreigner ever reported hearing an
American. The oceans were a wall of silence,
impenetrable, isolating us from every signal
abroad. Even transcontinental DX was ac-
complished in relays. “Short waves”” meant
200 meters; the entire wavelength spectrum
below 200 meters was a vast silence — no sig-
nal ever disturbed it. Years were to pass before
its phenomenal possibilities were to be sus-
pected.

Yet the period was notable for a number of
accomplishments. It saw the number of ama-
teurs in the United States increase to approxi-
mately 4,000 by 1917. It witnessed the first
appearance of radio laws, licensing, wave-
length specifications for the various services.
(** Amateurs? — oh, yes — well, stick ’em on
200 meters: it’s no good for anything; they’ll
never get out of their own back yards with it.”’)
It saw an increase in the range of amateur
stations to such unheard-of distances as 500
and, in some cases, even 1,000 miles, with
U. S. amateurs beginning to wonder, just be-
fore the war, if there were amateurs in other
countries across the seas and if — daring
thought! — it might some day be possible to
span the Atlantic with 200-meter equipment.
Because all long-distance messages had to be
relayed, this period saw relaying developed toa
fine art — and what a priceless accomplish-
ment that ability turned out to be later when
the government suddenly needed dozens and
hundreds 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 the
United States declared war 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 digsman-
tled. Within & few months three-fourths of the
amateurs of the country were serving with the
armed forces of the United States as operators
and instructors.

Few amateurs to-day realize that the war not
only marked the close of the first phase of ama-
teur development but came very near marking
its end for all time, The fate of amateur radio
wag in the balance in the days immediately
following declaration of the Armistice, in 1918,
The government, having bad 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
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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 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. Would those who had re-
turned be interested, now, in such things as
amateur radio? Mr. Maxim determined to find
out and called a meeting of such members
of the Board of Directors of the League as he
could locate. Eleven men, several still in uni-
form, 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 Oc-
tober, 1919, old-timers all over the country
were flocking back to the League, renewing
friendships, planning for the future, When
licensing was resumed there was a headlong
rush to get back on the air.

From the start, however, post-war amateur
radio took on new aspects. War-time pressure
had stimulated technical development in radio.
There were new types of egquipment. The
vacuum tube was being used for both receiving
and transmitting. 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
direet !

These developments had an inevitable result.
Watching DX come to represent 1,000 miles,
then 1,500 and then 2,000, amateurs began to
dream of transatlantic work. Could they get
across? In December, 1921, the A.R.R.L. sent
abroad one of its most prominent amateurs,
Paul Godley, with the best amateur receiving
equipment available. Tests were run, and
thirty American amateur stations were heard
in Europe! The news electrified the amateur
world, In 1922 another transatlantic test was
carried out; thig time 315 American calls



were logged by European amateurs and, what
wag more, one French and two British stations
were heard on this side,

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

How about trying another wavelength, then,
they asked? What about those wavelengths
below 200 meters? The engineering world said
they were worthless — but then, that had been
said about 200 meters, too. There have been
many wrong guesses in history, In 1922 the
assistant technical editor of Q87 (Phelps, now
WOBP) carried on tests between Hartford and
Boston on 130 meters. The results were encour-
aging. Early in 1823 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 excitement began to filter
into the amateur ranks.

Finally, in November, 1923, after some
months of careful preparation, two-way ama-
teur communication across the Atlantic be-
came & reality, when Schnell, 1IMO (now
WIUZ), and Reinartz, 1XAM (now W3IBS),
worked for several hours with Deloy, 8AB,
in France, all three stations using a wave-
length of 110 meters! Additional stations
dropped down to 100 meters and found that
they, too, could easily work two-way across
the Atlantic., The exodus from the 200-meter
region started.

By 1924 the entire radio world was agog and
dozens of commereial companies were rushing
stations into the 100-meter region, Chaos
threatened, until the first of a series of radio
conferences partitioned off various bands of
frequencies for all the different services clam-
oring for assignments. Although thought was
atill centered in 100 meters, League officials
at the first of these conferences, in 1924, came
to the conclusion that the surface had probably
only been scratched, and wisely obtained
amateur bands not only at 80 meters, but
at 40 and 20 and 10 and even 5 meters.

Many amateurs promptly jumped down to
the 40-meter band. A pretty low wavelength, to
be sure, but you never could tell about these
short waves. Forty was given a try and re-
sponded by enabling two-way communication
with Australia, New Zealand and South Africa.

How about 207 It immediately showed
entirely unexpected possibilities by enabling
an east-coast amateur {0 communicate with

Story of Amateur Radio

another on the west coast, direet, at high
noon. The dream of amateur radio — daylight
DX! ~had come true.

From that time to the present represents a
period of unparalleled accomplishment. The
short waves proved a veritable gold mine.
Country after country came on the air, until
the confusion became so great that it was
necessary 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 sta-
tions proving that they had worked all the
continents, Over five thousand such certificates
have been issued. Representatives of the
AR.R.L. went to Paris and deliberated with
the amateur representatives of twenty-two
other nations. On April 17, 1925, this confer-
ence formed the Infernational Amateur Radio
Union — a federation of national amateur
societies. The amateur as a type is the same
the world over.

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

In particular, the amateur experimenter
presses on to the development of the higher
frequencies represented by the wavelengths
below 10 meters, territory only a few years ago
regarded even by most amateurs as compara~
tively unprofitable operating ground.

The amateur’s experience with five meters is
especially representative of his initiative and
resourcefulness, and 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 dis-
tance work; signals at such frequencies ap-
peared capable of being heard only to ‘“horizon
range.”” But the amateur turns even such
apparent disadvantages to use. If not suitable
for long-distance work, at least the band was
ideal for *short-haul” communication. Begin-

ning in 1931, then, there was tremendous

activity in 56-Me. work by hundreds of ama-
teurs all over the country, and a complete new
line of transmitters and receivers was devel-
oped to meet the special conditions incident
to communicating at these ultra-high fre-
quencies. 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 communication over dis-
tances of more than 100 miles, without the aid
of “hilltop” locations. While atmospheric con-
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ditions appear to have a great desl 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 hundred miles.
Recently the radio world has been astounded
by conditions whereby transcontinental con-
tacts have been made on five meters, with
hundreds of contacts over a thousand miles or
80. To-day’s concept of u.h.f. propagation was
developed almost enfirely through amateur
research,

Most of the technical developments in ama-
teur radio have come from the amateur ranks.
Many of these developments represent valu-
able contributions to the art, and the articles
about them are as widely read in professional
circles as by amateurs. At a time when only a
few broadcast engineers in the country knew
what was meant by “100% modulation” the
technical staff of the A.R.R.L. was publishing
articles in QST urging amateur "phones to em-
brace it and showing them how to do it. When
interest quickened in five-meter work, and ex-
periments showed that the ordinary regenera-
tive receiver was practically worthless for such
wavelengths, it was the A R.R.L. that devel-
oped practical super-regenerative receivers as
the solution to the receiver problem. From the
League’s laboratory, too, came in 1932, the
gingle-signal superheterodyne — the world’s
most advanced high-frequency radiotelegraph
receiver. In 1934 the commercial production
of r.f. power pentodes came as a result of the
A.R.R.L. Hq. technical staff’s urging and dem-
onstration of their advantages. In 1936 the
“noige-silencer” circuit for superheterodynes
was developed, permitting for the first time
satisfactory high-frequency reception through
the more common forms of man-made elec-
trical interference. During 1938 the use of
transmitters whose frequency could be changed
by a continuous panel confrol became common,
along with improved directive antennas.

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. One of these is a
thorough appreciation by the Army and Navy
of the value of the amateur a8 a source of skilled
radio personnel in time of war. The other is
best described as “public service.”

We have already seen 3,500 amateurs con-
tributing their skill and ability to the Ameri-
can cause in the Great War. After the war it
was only natural that cordial relations should
prevail between the Army and Navy and the
amateur. Several things occurred in the next
few years to strengthen these relations. In
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1924, when the U, 8. dirigible Shenandoah
made a tour of the country, amateurs pro-
vided continuous contact between the big ship
and the ground. In 1925 when the United
States battle fleet made a cruise to Australia
and the Navy wished to test out short-wave
apparatus for future communication purposes,
it was the League’s Traffic Manager who was
in complete charge of an experimental high-
frequency set on the U.8.8. Seatile.

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 cobperation. The radio
Naval Reserve and the Army-Amateur Net are
the outgrowth of these proposals.

The public service record of the amateuris 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
high-lights of amsateur accomplishment.

Since 1013, amateur radio has been the prin-
cipal, and in many cases the only, means of
outside communication in more than one hun-
dred storm, flood and earthquake emergencies
in this country., Among the most noteworthy
were the Florida hurricanes of 1926, 1928 and
1935, the Mississippi and New England floods
of 1927 and the California dam break of 1928.
During 1931 there were the New Zealand and
Nicaraguan earthquakes, and in 1932 floods in
California and Texas. Qutstanding in 1933 was
the earthquake in southern California. In 1934
further floods in California and Oklahoma re-
sulted in notable amateur codperation. The
1936 eastern states flood, the 1837 Ohio River
valley flood, and the 1938 southern California
flood and Long Island-New England hurricane
disaster saw the greatest emergency effort ever
performed by amateurs. In all these and many
others, amateur radio played a major rdle in
the rescue work and amateurs earned world-
wide commendation for their resourcefulness in
effecting communication where all other means
failed.

During 1938 the A.R.R.L. inaugurated its
emergency preparedness program, providing
for the appointment of regional and local
Emergeney Codrdinators to organize amateur
facilities and establish liaison with other agen-
cies. This was in addition to the registration of
personnel and equipment in the Emergency
Corps. A comprehensive program of codpera-
tion with the Red Cross, Western Union and
others was put into effect.

Amateur codperation with expeditions goes
back to 1923, when a League member, Don
Mix of Bristol, Conn., accompanied MacMillan
to the Arctic on the schooner Bowdein in



charge of an amateur set. Amateurs in Canada
and the United States provided the horme
contact. The suceess of this venture was such
that other explorers made inquiry of the
League regarding similar arrangements for
their journeys. In 1924 another expedition
secured amateur codperation; in 1925 there
were three, and by 1928 the figure had risen to
nine for that year alone. Each year since then
has seen League headquarters in receipt of
requests for such service, until now a total of
perhaps two hundred voyages and expeditions
have been thus assisted. To-day practically no
exploring trip starts from this country to
remote parts of the world without making
arrangements to keep in contact through the
medium of amateur radio.

Emergency relief, expeditionary contact,
experimental work and countless instances of
other forms of public service — rendered, as
they always have been and always will be,
without hope or expectation of material re-
ward — have made amateur radio an integral
part of our national life.

The American Radio Relay League

Trae American Radio Relay League is to-day
not only the spokesman for amateur radio in
this country but it is the largest amateur
organization in the world. It is strietly of, by
and for amateurs, i3 non-commercial and has
no stockholders. The members of the League
are the owners of the A.R.R.L. and @ST.

The League is organized to represent the
amateur in legislative matters. It is pledged
to promote interest in two-way amateur com-
munication and experimentation. It is inter~
ested in the relaying of messages by amateur
radio. It is concerned with the advancement of
the radio art. It stands for the maintenance of
fraternalism and a high standard of conduet.
One of its principal purposes is to keep ama-
teur activities so well conducted that the ama~
teur 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
systemof Standard Frequency Stationasthrough-
out the United States.

The operating territory of the League is
divided into fourteen United Btates and six
Canadian divisions. The affairs of the League
are managed by a Board of Directors. One
director is elected every two years by the
membership of each United States division,
and a Canadian General Manager is elected
every two years by the Canadian membership.
These directors then ¢hoose the president and
vice-president, who are also directors, of
course. No one commereially engaged in selling
or manufacturing radio apparatus or literature
can be a member of the Board or an officer of
the League.

Story of Amateur Radio

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

The League owns and publishes the maga-
zine QS7T. QST goes to all members of the
League each month. It acts as a monthly bulle-
tin of the League’s organized activities. It
serves as a medium for the exchange of ideas.
It fosters amateur spirit. Its technical articles
are renowned. @8T has grown to be the “ama-
teur's bible” as well as one of the foremost
radio magazines in the world. The profits QST
makes are used in supporting League activi-
ties. Membership dues to the League include a
subseription to QST for the same period.

The extensive field organization of the Com-
munications Department codrdinates operat-
ing activities throughout North Ameriea,

Headquarters

From the humble beginnings recounted in
this story of amateur radio, League head-
quarters has grown until now it occupies an
entire office building and employs nearly forty
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 construetion or opera-
tion of amateur apparatus. If you don’t find
the information you want in @ST or the
Handbook, write to A.R.R.L. Headquarters,
West Hartford, Connecticut, telling us your
problem. All replies are made directly by letter;
no charge is made for the service,

If you come to Hartford, drop out to Head-
quarters at 38 LaSalle Road, West Hartford.
Visitors are always welcome.

Headquarters Stations

From 1927 to 1936 the League operated its
headquarters station, WIMK, at Brainerd
Field, Hartford’s municipal airport on the
Connecticut River. During the disastrous flood
of 1936 this station was devastated. From the
spring of 1936 until early summer of 1938 s
temporary station was operated at the head-
quarters offices, at first under the old auxiliary
call WIINT and later as W1AW, The call
W1AW, held until his death by Hiram Percy
Maxim, was issued to the League by a special
order of the Federal Communications Com-
mission for the official headquarters station
call.

Beginning September, 1938, the Hiram Percy
Maxim Memorial Station at Newington, Conn.,
has been in operation as the headquarters
station. Operating on all amateur bands, with
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separate transmitters rated at the maximum
legal input of one kilowatt and elsborate
antenna systems, this station is heard with
good strength in every part of the world. The
building in which it is housed was designed by
order of the League’s Board of Directors as a
permanent memorial to the founder-president,
Hiram Percy Maxim.

Joining the League

Taxr best way to get started in the amateur
game is to join the League and start reading
QS8T. Inquiries regarding membership should
be addressed to the Secretary. There is a
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-
nigites. They can come later. According to
s 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
headquarters’ personnel is trained to render the
best assistance it can to you in solving your
amateur problemas. If, as a beginner, you should
find it difficult to understand some of the mat-
ter contained 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 de-
seribes from start to finish the building of a
simple but effective amateur installation. The
price is 25 cents, postpaid.

Every amateur should read the League's
magazine ST each month. It is filled with
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the latest amateur apparatus developments
and “ham’ news from your particular section
of the country. A sample copy will be sent you
for 25 cents if you are unable to obtain one at
your local newsstand.

International Amateur Radio Union

Tue ILA.R.U, is a federation of thirty-three
national amateur radio societies in the prin-
cipal nations of the world. Its purposes are the
promotion and codrdination of two-way com-
munication between the amateurs of the va-
rious countries, the effecting of codperative
agreements between the various national so-
cieties on matters of common welfare, the
advancement of the radio art, the encourage-
ment of international fraternalism, and the
promotion of allied activities. Perhaps its great-
est gervice lies in representing the amateurs
of the world at international telecommunica-
tions 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. 8. A.

The I.AR.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 & 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 radio-
telephone. There is a special endorsement for
28-Me, operation.



Getting Started

The Amateur Bands — Learning the Code— Obtaining Licenses

Tms chapter deals with the two major prob-
lems of every beginning amateur — learning
the code and getting the necessary federal
licenses.

Our Amateur Bands

To understand amateur radio, it is first
necessary t0 know where amateurs operate,
There are those who, because they have never
heard anything else, think that “radic”” means
only “broadecasting.” To such people a few
nights listening in on the high frequencies
(wavelengths below the broadeast band) will
be a revelation. A horde of signals from dozens
of different types of services tell their story to
whoever will listen. Some stations send slowly
and leisurely. Even the beginner can read
them. Others race along furiously so that
whole sentences become meaningless buzzes.
There are both telegraph and telephone sig-
nals. Press messages, weather reports, high-
frequency international broadcasting of voice
and music, transmissions from government and
experimental stations including picture trans-
missions and television, airplane dispatching,
police ealls, signals from private yachts and
expeditions exploring the remote parts of the
earth — these jam the short-wave speetrum
from one end to the other.

Sandwiched in among all these services are
the amateurs, the largest service of all. Thou~
sands of their gignals may be heard every night
in the yarious bands set apart by international
treaty for their use.

Many factors must be considered in picking
the proper band for a certain job from among
the several bands devoted to amateur opera-
tion. The distance to be covered enters into it,
a8 well as the time of day when communication
is desired. In addition to daily changes there
are seasonal changes, and also a long-time
change in atmospheric conditions which seems
to coincide with the 11-year cycle of sun-spot or
solar activity. The reliability of communication
on a given frequency at a given time of day, the
suitability of & given band for traffic or DX,
the desires of the individual amateur in choos-
ing his circle of friends with whom he expects
to make contact on schedule, the amount of
interference to be expected at certain hours,
and the time of day available for operating —

all influence the choice of an operating fre-
quency.

The 1760-ke. band, which carried all ama-
teur activity 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
development of the higher frequencies, when
activity in this band dwindled, but it is again
active.

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

The 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 sum-
mer months. It has been recommended for all
smateur message-handling over medium dis-
tances (1,000 miles, for example). Much of the
friendly human contact between amateurs
takes place in the 3500-ke. band. As the winter
evening advances, the well-known *gkip ef-
feet’ (explained in detail in Chapter 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 in-
creased range also brings in mere stations, so
that the band appears busier.

The 7000-kc. band has been the most popular
band for general amateur work for years. 1t is
useful mainly at night for contacts with the
opposite coast, or with foreign countries.
Power output does not limit the range of a
station to the same extent as when working on
the lower frequency bands discussed above.
However, the band is more handicapped by
congestion in the early evenings and more
subject to the vagaries of skip-effect and
uncertain transmission conditions than are
the lower frequency bands, but not fo the same
extent as the 14-Me. band. The 7000-ke. band
is satisfactory for working distances of several
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200METERS | 1S00KE, ’- — hundred miles in day-
light. Tt is gencrally
soM '-”'C‘ considered the 1nost
s“f’% A desirable night band
for geperal DX work
in spite of difficulties
due to interference.
The 14,000-ke. or
14-Me. band is the best
frequency to use to
B cover great distances
in daylight. In fact it
is the only hand gener-
ally useful for daylight
DX contacts (OS0's)
over coast-to-coast
and greater distanees,
Communieation over
3. long distances will
usually remain good
during the early eve-
nings and surpriging
results can be ob-
tained then, too. Using
these higher frequen-
cies there is often dif-
D ficulty in talking with
stations within three
or four hundred miles,
whilc greater distances
than this (and very
short distances within
ten or twenty miles of
a station) can be cov-
ored with easc. The
reason that 14-Mec.
E signals are less useful
for general amateur
DX late evenings is
because the “skip” in-
crcases during dark-
ness until the “sky
wave” covers greater
than earthly distances,
F The band, while one of
the very best for the
amateur interested in
working foreign sta-

14 O Mc.

J% 1415 .

20m %{"j}:}; 14258,

144 Mc.

G Fig. 201 -~ The Ama-
teur Bands, Areas shaded
with diagonal lines are
open 1o c.w. telegraphy
{(A-1 emission} only.
Cross-hatched areas are
open to both “phone (A-3)
and c.w.

Note: Sinee the drawing
was made, the band "A”
has  been changed by
F.C.C. to rcad 1750-2050
ke., with 1800-2050 ke.
open to both "phone and
cw.
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tions, is sometimes subject to sudden fiyctyas
tions in transmitting conditions,

The 28,000-ke. (28-Mec.) band combines both
the long-distance characteristics of the 14-Me.
band and some of the local advantages of the
56-Me. band, but its remarkable long-distance
characteristics have been the eause of its tre-
mendous growth in popularity. The band is by
no means as reliable as those of lower frequency
but the performance to be had on it has been
becoming progressively better during the last
few years, A well-defined seasonal effect pro-
duces much better conditions during the fall
and spring than at other times of the year.
Though the band was a barren waste a few
years ago it is now, partieularly during fall
and spring, full of activity. It is the place
where one can get by far the most miles per
watt.

The 56,000-kc. or 56-Mc. band is used largely
for local and short-distance work over dis-
tances of ten to thirty miles. Beeause of the
cheapness, compactness and easc of construc-
tion of the necessary apparatus, it has proved
ideal for this purpose and many hundreds of
stations operate “locally” there. Experiments
with directive antennas by the technical staff
of the A.R.R.L. beginning in 1934 diselosed
that surprisingly consistent two-way contact
could be maintained over distances of a hun-
dred miles or more with suitable conditions and
equipment, and such contaets arc now com-
mon. Recent “sky-wave” DX work over sev-
cral thousand miles on this band and the pros-
pect that much morc is to come make the band
a prize one for the experimenter, Mosgt of this
work seems to oceur during the month of May
each year.

The 112,000-kc. or 112-Mec. band is the new-
cat addition to the amateur spectrum, and is
gradually receiving oecupancy. Its characteris-
tics insofar as local work is concerned are simi-
lar to 56 Mec. The fact that elementary trans-
ceivers can be used, without the stability re~
quirements of the lower frequencies, makes the
band especially attractive for mobile work and
general short-range activity.

Above 116 Me. but little progress has as yet
been made by amateurs, although a few ex-
perimenters are persistently investigating this
field. As yet the 224-Me. band and the experi-
mental region above 300 Me. are not used for
general ecommunication, but it is logical to
expect a gradual infiltration in the course of the
next few years.

Memorizing the Code

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

‘The first job you should tackle is the business
of memorizing the code. This can be dong¥wihile
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you are building your receiver. Thus, by the
time the receiver is finished, you will know the
characters for the alphabet and will be ready to
practice receiving in order to aecquire speed.
Speed practice, either by means of a buzzer, or
by listening in on your receiver, can be in-
dulged in in odd moments while the transmit-
ter, in turn, is being constructed. The net re-
sult of such an organized program should be
that by the time the transmitter is finished you
will be able to receive the thirteen words a
minute required by the government for your
amateur operator license, and can immediately
proceed to study for the “theoretical” part of
your license examination without loss of {ime.

Memorizing the code is no task at all if you
simply make up your mind to apply yourself to
the job and get it over with as quickly as possi-
ble. The complete Continental alphabet,
punctuation marks and numerals are shown in

the table given here. The alphabet and all the

(retting Started

numerals should be learned, but only the first
eight of the punctuation marks shown need be
memorized by the beginner, Start by memoriz-
ing 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 ac-
complished easily by faking the first five let-
ters, 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, whieh will come very
quickly since you can see that they follow a
definite system. The punctuation marks wind
up the schiedule ~— 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
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.

Even better will be listening to the charac-
ters as they are sent on a buszzer or code prac-
tice oscillator, if someone ean be found to send
to you. Learning the code is like learning a new
language, and the soconer you learn to under-
stand the language without mental ‘““transla-
tion”’ the easier it will be for you.

Don’t think about speed yet. Your first job
is simply to memeorize 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
ean start to develop speed in receiving code
transmission. Perhaps the best way to do this
is to have two people learn the code together
and send to each other by means of a buzzer-
and-key outfit. An advantage of this system is
that it develops sending ability, too, for the
person doing the receiving will be quick to
criticize uneven or indistinct sending. If pos-
sible, it is a good idea to get the aid of an ex-
perienced operator for the first few sessions, 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 it is
a good ides 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 eode together is that using a tube
oscillator.
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The parts required are: an old audio trans-
former, a type 30 tube, a pair of 'phones, key,
two No, 6 dry cells, tube-socket, a 20-ohm
filament rheostat, and a 2214-volt B battery.
Thesearehooked up to form an audio oscillator.
If nothing is heard in the ’phones when the key
is depressed, 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 the audio oscillator
described will give satisfactory results, The
advantage of an audio oscillator over the buz-
zer get is that it gives a good signal in the
'phones without making any noise in the room,
and also produces a tone more closely simu-
lating actual radio signals.

After the practice set has been built, and
another operator’s help secured, practice send-
ing turn and turn about to each other. Send
single letters at first, the listener learning to
recognize each character quickly, without hesi-
tation. Following this, start slow sending of
complete words and sentences, always trying
to have the material sent at just a little faster
rate than you can copy easily; this speeds up
your mind, Write down each letter you recog-
nize. Do not try to write down the dots and
dashes; write down the letters. Don’t stop to
compare the sounds of different letters, or
think too long about a letter or word that has
been missed. Go right on to the next one or
each “miss” will cause you to lose several
characters you might otherwise have gotten.
If you exercise a little patience you will scon 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 & 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,

Fig. 203 — A Buzzer Code Praetice Set.
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Two Dry Cells
e jp series connected
%"\"e" here

Buzzer

Hey

Fig. 204 — Cireuit of the buzzer code practice set
shown in Fig. 203, The 'phones are counected across the
eoils of the h with a r in series. The size of
this eondenser determines the sirength of the signal in
the *phones. Should the value shown give an excessively
loud signal, it may be reduced to 500 or even 250 uufd.

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

Learning by Listening

While it is very nice to be able to get the
help of another person in sending to you while
you are acquiring code-speed, it is not always
possible to be so fortunate, and some other
method of acquiring speed must be resorted to.
Under such circumstances, the time-honored
system is to “learn by listening’’ on your short~
wave receiver. With even the simplest short-
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
gee if you eannot recognize some individual
letters. Use paper and pencil and write down
the letters as you hear them. Try to copy as
many letters as you can.

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

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 patience
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 di-
vulging the contents of any radiogram to other
than the addressee. You may copy anything
you hear in the amateur bands for practice
but you must preserve its secrecy.

Volunteer Code Practice Stations

Fach fall and winter season the A.R.R.L.
solicits volunteers, amateurs uging 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 League
headquarters. Some of the stations have been
highly successful in reaching both coasts with

code-practice transmissions from the central

part of the country.

Interpreting What You Hear

As soon as you finish your receiver and hook
it up you will begin to piek up different high-
frequency stations, some of them perhaps in
the bands of frequency assigned to amateurs,
others perhaps commercial stations belonging
to different services The loudest signals will
not necessarily be those from near-by stations.
Depending on transmitting eonditioris 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.

The first letters you 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 W8CMP, W1KH,
WI1AW, etc., the number indicating the ama~
teur call area and giving a general idea of the
part of the country in which the station heard
is located. The reader is referred to the chapter
on “Operating a Station” {or complete infor-
mation on the procedure amateurs use in call-
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ing, handling messages, and the like. Many
abbreviations are used which will be made
clear by reference to the tables of ) Code, mis-
cellaneous abbreviations, and “ham” abbrevi-
ations included in the Appendix. The table of
international prefixes, also in the back of the
book, will help to identify the country where
amateur and commercial stations are located.

Using a Key

The correct way to grasp the key is impor-
tant. The knob of the key should be about
sighteen inches from the edge of the operating
table and about on a line with the operator’s
right shoulder, allowing room for the elbow to
rest on the table. A table about thirty inches in
beight 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
eauses the expenditure of unnecessary energy.
The contacts should be spaced by the rear
screw on the key only and not by allowing
play in the side serews, which are provided
merely for aligning the contact points. These
side screws should be screwed up to a setting
which prevents appreciable side play but not
adjusted so tightly that binding is caused. The
gap between the contacts should always be at
least a thirty-second of an inch, since a too-
finely spaced contact will cultivate a nervous
style of sending which is highly undesirable.
On the other hand too-wide spacing (much over
one-gixteenth 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 akey.

A wrist motion should be used in sending.
The whole arm should not be used. One should
not send “nervously” but with a steady flexing
of the wrist, The grasp on the key should be
firm, not tight, or jerky sending will result.
None of the muscles should be tense but they
should all be under control. The arm should
rest lightly on the operating table with the
wrist held above the table, An up-and-down
motion without any sideways action is best,
The fingers should never leave the key knob.
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Fig. 205 — Muetrating the correct position of the
hand and fingers for the operation of a telegraph key.

Sending

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

When sending do not try to speed things up
too soon. A slow, even rate of sending is the
mark of a good operator. Speed will come with
time alone. Leave 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,

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,
exgmptions, 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 subjeet 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 prepare
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himself for his test. The booklet, " The Radio
Amateur’s License Manual,”” may be obtained
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 ques-
tions with their correct answers.

A few general remarks:

While no government licenses are necessary
to operate recelvers 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 in-
evitably lead to arrest, and fine or imprison-
ment.

Amateur licenses are free, but are issued only
to citizens of the United States; this applies
both to the station authorization and the
operator’s personal license, with the further
provision in the station license that it will not
be issued where the apparatus is to be located
on premises controlled by an alien. But the re-
quirement of citizenship is the only limitation,
and amateur licenses are issued without regard
to age or physical condition to anyone who
successfully completes the required examina-
tion. There are licensed amateurs as young as
twelve 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.

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

Extracts from the basic Communications
Act and the complete text of the amateur
regulations current at the time this Handbook
went to press will be found in the Appendix.
Because the regulations are subject to oc-

_casional changes or additions, however, it

is recommmended that your study of them be
from the License Manual already mentioned,
since this latter publication is always revised,
or a “change sheet” incorporated with it,
whenever suych alterations in our regulations
take place,
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PRACTICE CIPHER GROUPS

Cipher groups make better practice ma-
terial than plain English because you can’t
foresee the next letter. The groups below,
taken from the operator’s manual of the
Signal Corps, are representative both of the
practice material used in service schools
and of ciphered messages actually used in
the services. Their breakdown into 5-letter
units makes it easy for you to determine
your speed, since speed is figured on the
basis of 5 characters to a word.

When you can serd from this list without
fumbling for an unusual letter, you know
the code. Such sending also glaringly dis-

OKICQ CEMID 97201
24689 JXEFY EFXNK
CKTOG EFMEY LCKQH
AXBTR 49285 OCYAA
3759 JNABD ZLJBI
CWXCK JBCYD 84707
DKAKX PGZUN KDKNG
WQYFZ CTILL FHFUX
OMIWG THQVI NTVMG
HSPCQ HMOUS WOHZR
XGLDT TVCPT IPAZQ
80791 CPTKO  FNZQJ
RKMOZ 29184 PGMAE
EKJCD VNFBH 19273
DJHNG DIEUY DXNZE
HAHGJ JCUWH 98234
LDOSJ] 83746 JEHDY
12319 LKDOP MCNCB
BAYQT WEQFQ PAOKU
QNBAV 17863 MDHNH
25894 MVHVD UEYTA
JXHGQ APLKM QYEUR
98915 NDHBH QWZXN
MBUDF JTIOE MNOPA
AEIOU MNLFG KQZAX
13579 YOUMK LARDO
CJRNO VOIUM  MQECV
YOUMK 127909 BEXZB

plays any errors in spacing the letters into
words. And, with someone to send to you,
such material of course provides the best
possible copying practice. Check back for
your errors, concentrate on the letters that
are proving difficult for you, If you find
yourself memorizing some of the combina-
tions or their order, use each group back-
wards or start from the bottom of the page.
There are plenty of practice possibilities in
the following list, even for the experienced
amateur who is seeking higher speed on the
typewriter, The use of a typewriter for copy-
ing should be encouraged.

ALCRJ  MAIDP JRNOL
DLZIK 76321 EWSKM
PHVIX 70365 HZGNA
HIMAD OHWIM SFMCG
CPNZI VINEE FMEMI
JBOAH HELKF ZDLYS
GYEVZ 47382 KTLES
ARJZU MRFXE WBPCM
DXAQN 49367 SPEIN
11992 OBRDK VIODO
96143 PVFKQ CUBEZ
CPTKO RBEFP AXTRX
IRAGO KDIEY KCNYQ
PZOKA MDIDH EIURY
OQUIW 99165 MCNBS
MCNUY QZASU  IHDJI
BCNBX CVFZA  SCQZW
ZAOIZ  ZLKAM ZJHFG
39219 JDMNF DKUER
TQRYW EIOUW MXNBG
ZMNZB ZXVGX OIEUZ
NDBGY UYRHI LKCCN
KDIOE DYAFH LPWCA
CVQAR 12754 OEVAN
NASTF  PONDL FAWZX
CFGIL NPQRT QWERT
CADXA SNKAD CUTYR
TTLOR KOBDZ RGLBH
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Flectrical and Radio Fundamentals

Current Flow — Conductors and Insulators — Condensers —
Coils — Tuned Circuits— Vacuum Tube Fundamentals

ONE will reeall from high-school chem-~
istry that all matter — solids, liquids and gases
—1is made up of fundamental units ecalled
molecules, the smallest subdivision of matter.
These molecules in turn are found to consist of
atoms of the component elements. Molecules
and atoms are infinitesimally small, and can’t
be seen even with the most powerful micro-
scopes. The thing to remember is that all
matter is made up of molecules which are in
turn combinations of atoms of the component
elements.

Electrons

All atoms are made up of particles, or
charges, of electricity — nothing more — and
atoms differ from each other only in the num-
ber and arrangement of these charges. These
charges are called electrons. The atom has a
nucleus containing both positive and nega-
tive electrons, with the positive predominating
80 that the nature of the nucleus is positive.
The charges in the nucleus are closely bound
together. Exterior to the nucleus are negative
electrons, some of which are not so closely
bound and can be made to leave the vicinity
of the nucleus without too much urging. These
electrons whirl around the nucleus like the
planets around the sun, and their orbits are
not random paths but geometrically-regular
ones determined by the charges on the nucleus
and the number of electrons. Ordinarily the
atom is electrically neutral, the outer nega-
tive electrons balancing the positive nucleus,
but when something disturbs this balance
electrical activity becomes evident, and it is

. the study of what happens in this unbalanced
condition that makes up electrical theory.

® ELECTRONS AT REST

It was mentioned above that in some ma-
terials it is relatively easy to move the electrons

Fig. 301 — Lightning is
caused by the diacharge of
electricity that hailds up on
a cloud reaching a potential
high enough to break down
the air hetween the cloud
and gronnd or another cloud,
The charge is believed to be

eb Tttt ++  caused hy friction of air
AL S masses or dust particles.
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away from the nucleus. There are also many
materials in which this is difficult to do. A
material in which it is hard to move or displace
the electrons by electrical means is said to have
a high resistance, and further along you will
see why this is also an appropriate term from
other standpoints.

Static Charges

Many materials that have a high resistance
can be made to acquire a charge (surplus or
deficiency of electrons) by mechanical means.
You have often heard the “electricity” crack-
ling when you ran your hard-rubber comb
through your hair on a dry winter day, or have
noticed the tiny spark that jumps from your
finger tip to a metal object after you have
walked across a rug in a dry room. This was
caused simply by the friction of the comb pass-
ing through your hair and of your shoes passing
over the carpet. The spark, in either case, was
caused by the attempt of the charge that had
built up to equalize itself. In other words,
when you ran the comb through your hair,
there was a surplus of electrons left on the
comb, forming a charge, and the next time you
brought the comb near your hair the charge
was in such a hurry to equalize itself that it
jumped a short distance through the air. The
higher the charge, the greater the distance it
can jump. Lightning is nothing more than the
same thing on a gigantic scale; clouds pick up
a tremendous charge (meteorclogists don’t
agree as tc why, but friction of air masses or
dust paiticles is believed to be a contributing
factor) and when the charge becomes great
enough it breaks over in a blinding flash to
ground or to another cloud with the opposite
charge. Objects can have either a surplus or a
deficiency of electrons — it is called a negative
charge if there is a surplus of electrons; a
positive charge if there is a lack of them. As
with all things in nature, there must always be
a balance, and for every negative charge there
will be found a similar positive charge, since
each electron that leaves an atom to form a
negative charge leaves the rest of the atom
with a positive charge.

You will have the essence if you remember
that these charges or potentials are nothing
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more than a lack or surplus of electrons,
If two objects are charged differently,
s polential difference is said to exist /0¥
between them, and this difference is ‘
measured by an electrical unit called

\\\\\ /4/ I 5\\ i/ x\\////
—={g)=. v v — f_:,: =

the volt. The greater the potential dif-
ference, the higher (numerically) the
voltage. The difference in electrons between
the two objeets which causes this poten-
tial difference or voltage exerts an electrical
pressure or force which is trying to equalize and
thus nullify the charges, and for this reason it
is often called electromolive force or, simply,
e.m.f. However, one usually thinks of it as
‘‘voltage,” remembering that voltage repre-
sents the electrical potential difference set up
by a surplus or lack of electrons.

Condensers

Now is a good time to become acquainted
with a fundamental electrical device used
quite often in electrical and mechanical work,
the condenser. So far, only static charges on
combs and clouds have been mentioned. How-
ever, if two metal plates are separated a short
distance by a high-resistance material, such as
glass, mica, oil or air, or any one of a number of
other materials, it will be found that the two
plates can be given s charge by connecting
them to a source of potential difference such as
a battery or other power supply. The potential
difference, or voltage, of the charge will be
equal to that of the source. The guantily of the

Fig. 302 — Various forms of condensers. The electro-
Iytic eondenser at the left front is a low-voltage one used
as an audio by-pass across cathode resistors. The long,
cylindrical can directly in back houses a higher-voltage
elcetrolytic condenser used in recciver and low-voltage
transmitter power-supply filters. The small paper (front
row, second from left) and the small mica (front row,
extreme right) fixed condensers are used in receiver and
low-voltage transmitter applications, The small variable
condenser in the front row is used in receivers and low-
voltage transmitters; the variable condenser with the
heavy plates and greater spacing is used in high-power
transmitters. The small, compact vacnum condenser is
a new type of fixed cond for tr itting having an
even greater voltage rating than the large variable
condenser and losses low cnough so that it may be used
in a transmitter tank eircuit.

Fig. 303 — A simple example of Ohm’s Law, At A, a
single lamp across the 110-volt line burns with normal
brilliancy, indicating normal current through the lamp.

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

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

charge will depend upon the voltage of the
charging source and the capacity of the con-
denser. The value of capacity of a condenser
is a constant depending upon the physical di-
mensions, inereasing with the area of the
plates and the thinness and dieleciric constant
of the insulating material in between.
Capacity is measured in farads, a unit much
too large for practical purposes, and in radio
work the terms micrefarad (abbreviated ufd.)
and micro-microfarad {(upfd.) are used. The
microfarad is one-millionth of a farad, and the
micro-microfarad is one-millionth of that.
One can easily demonstrate the difference in
the quantity-holding ability of condensers by
taking two of different capacity out of the junk
box, touching them one at a time across a
45-volt B battery to charge them, and then
discharging them with a screw driver across
the terminals. The one with the larger ecapacity
will give a fatter spark when it is discharged.
Since they were both charged to exactly the
same potential — the voltage of the battery —
the difference in the discharges was due to the
difference in the amount of stored charge.

Electrostatic Field

The electrical energy in a charged condenser
is considered to be stored in much the same
way that mechanical energy is stored in =
stressed spring or rubber band. Whereas the
mechanieal energy in the spring can be stored
because of the elasticity of the material, the
electrical energy is stored in a condenser
because of the electrostalic field that exists
wherever a difference of potential occurs. The
coneeption of a field, or lines of foree, is adopted
as the only way to explain the *‘action at a
distance” of an electrical charge.

® ELECTRONS IN MOTION

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

Current Flow

If a difference of potential exists aeross the
ends of a conductor (by connecting the wire to
a battery or generator or other source of volt-
age) there will be & continuous drift of electrons
passing from atom to atom, and an electrical
current is said to be flowing. The electrons do
not streak from one end of the conductor to
the other — their actual movement is quite
minute — but it is more like a ‘“bucket bri-
gade” where, instead of firemen bhanding
buckets down the line, atoms pass a potential

difference down the line of the conductor until

it is neutralized. The current itself may be
traveling quite fast, close to the speed of light,
but the actual electrons themselves move only
a short distance.

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

Ohm’s Law

The current in a conductor is determined by
two things, the voltage across the conductor
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Fig. 304 — Diagrams of series, parallel and series-
pacallel resistanee connections.
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and the resistance of the conductor. The unit of
registance is the ohm, and, by definition, an
e.m.f. of one volt will cause a current of one
ampere to flow through a resistance of one
ohm. Since the three quantities are interde-
pendent, if we know the values of any two we
can easily determine the third by the simple
relation known as Ohm’s Law. When 7 is the
current in amperes, X 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 E = IR

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.

The resistance of any metallic conductor
depends upon the material and its tempera-
ture, its cross-sectional area and the length of
the conductor. When resistance is deliberately
added to a circuit, as is often done to adjust
voltages or limit current flow, the resistance is
usually lumped in a single unit and the unit is
called a resistor.

Resistances in Series and Parallel

Resistors, like battery cells, may be con-
nected in series, in parallel or in series-parallel.
When two or more resistors are connected in
series, the total resistance of the group is higher
than that of any of the units. Should two or
more resistors be connected in parallel, the
total resistance is decreased. Fig. 304 and the
following formulas show how the value of a
bank of resistors in series, parallel or series-
parallel may be computed, the total being
between A and B in each case.

Resistances in series:

Tolal resistance in ohms = By + Ry -+ R3 + By

Resistances in parallel:

i

Total resistance in ohms =
T L 1.7
ETETR TR

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

Total resistance in ohms =

Resistances in series-parallel:
Tolal resistance in ohms =

1
1 1 1 1
BBy TRt B T Red Re ' Ri ¥ Rs T B

Ionization

All conduction does not necessarily take
place in solid conductors. If a glass tube is
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fitted with metal plates at each end, and filled
with a gas or even ordinary air (a mixture of

gases) at reduced pressure, an electric current '

may be passed through the gas if a high-enough
voltage is applied across the metal terminals,
The commonly-used neon advertising signs
utilize this principle, since the current flow
also generates light, the color depending upon
the gas being used. When the voltage is applied
across the tube, the positively charged plate
attracts a few electrons, which are given con-
siderable velocity due to the acceleration of the
electric charge and the fact that the reduced
pressure in the tube (less gas) permits the elec-
trons to travel farther hefore colliding with a
gas atom. When they do collide with the atoms,
they knock off outer electrons of the gas atom
and these electrons also join the procession to-
wards the positive plate, and of course knock
off more electrons from other atoms. The atoms
that have had an electron or two knocked off
are no longer true atoms but ‘ons, and since
they have a positive charge (due to the electron
deficiency) they are called *‘positive ions.”
These positive ions, being heavier than the
electrons, travel more slowly towards the
negative plate, where they acquire electrons
and become neutral atoms again. The net
result is a flow of electrons, and hence of cur-
rent, from negative plate to positive plate. The
light given off, it may be mentioned, is con-
sidered incidental to the recombination of ions
and free electrons at the negative plate. This
kind of conduetion, made possible by ioniza-
tion by collision, is utilized in the operation of
certain types of gaseous rectifiers, and in
combination with another principle in mercury-
vapor rectifiers.

Electrolytic Conduction

A very large number of chemical compounds
have the peculiar characteristic that when
they are put into solution the component
parts become lonized. For example, common
table salt or sodium chloride, each molecule of
which is made up of one atom of sodium and
one of chlorine, will, when put into water,
break down into a sodium ion (positive, with
one electron deficient) and a chlorine ion
(negative, with one excess electron}. This can
only occur as long as the salt is in solution —
take away the water and the ions are recom-
bined into the neutral sodium chloride. This
spontaneous disassociaiton in solution is of
course another form of ionization, and if two
wires with a difference of potential across them
are placed in the solution, the negative wire will
attract the positive sodium ions and the posi-
tive wire will attract the negative chlorine
ions, and a current will flow through the solu-
tion. When the lons reach the wires the electron
surplus or deficiency will be remedied, and a

neutral atom will be formed. The energy sup-
plied by the source of potential difference is
used to move the ions through the liquid and to
supply or remove electrons. This type of cur-
rent flow is due to electrolytic conduction, and
the principle was utilized in the now almost-
obsolete “electrolytic rectifier.” It also forms
a basis for the construction of the ““electrolytic
condenser.”

Batteries

All batteries depend upon chemical action
for the generation of a potential difference
scross their terminals. The common dry cell
(which won’t work cempletely dry) depends
upon zine ions (the metal case of a dry cell is
the zine plate) with a positive charge going
into solution and leaving the zinc plate strongly
negative. The electrical energy is derived from
the chemical energy, and in time the zinc will

- be used up or worn away. However, in lead

storage batieries, such as are used in automo-
biles for starting, the electrical energy is stored
by chemical means and entails no destruction
of the battery materials. The water that must
be replaced from time to time is lost by
evaporation.

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

Thermionic Conduction

There is still another method of electric
current conduction, one of the most important
in radio because it is the foundation for the
whole wonderful family of vecuum fubes used in
both reception and transmission. If a suitable
metallic conductor, such as tungsten or oxide-
coated or thoriated tungsten, is heated to a

g’;‘}f}éﬁf‘ — Positive
- Plate

Hot
Filament

L{lll-.—:'!lillllﬂl

Fig. 305 — Illustrating conduction by thermonie
emission of electrons in a vacuum tube, One hattery is
used only 10 heat the filament to a temperature where
it will emit electrons, The other battery places a positive
potential on the plate, with respect to the filament, and
the electrons are attracted to the plate. The flow of
electrons completes the electrical path, and eurrent
flowy in the plate circait,

CHAPTER THREE 2 5



The Radio Amateur’s Handbook

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

Insulators

Materials with a very high resistance, like
hard rubber, steatite, bakelite, isclantite, mica,
mycalex, quartz, sulphur and vacuum are
called insulators. If an insulator is used to
separate the plates of a condenser, it is called
a dielectrie. Poor conductors are good insulators,
and vice versa. Insulators are used where it is
desired to avoid current flow through a physi-
cal connection.

Heating Effect and Power

When current passes through a conductor,
there is some amount of molecular friction, and
this friction generates heat. This heat is de-
pendent only upon the current in the conduc-
tor, the resistance of the conductor and the
time during which the current flows. The
power used in heating or the heat dissipated
in the circuit (which may be considered some-
times as an undesired power loss) can be de-
termined by substitution in the following
equations:

26 CHAPTER THREE

P = EI,
or P = I*R,
or P = E*

R

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

It will be noted that if the current in a
resistor and the resistance value are known, we
can readily find the power. Or if the voltage
across a resistance and the current through it
are known or measured by s suitable volt-
meter and ammeter, the product of volts and
amperes will give the power. Knowing the ap-
proximate value of a resistor (obms) 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 ecurrent
can be calculated by the following equations
derived from the power formulas given above:

E = +/PE

i
P
I=\/2
Ve
Magnetic Field

Any physicist will tell you that moving elec-
trons generate a magnetic field. This magnetic
field is exactly the same as the strange force
that exists in the vicinity of any magnet and is
capable of attracting other magnetic materials.
Since a current in a wire is electrons in motion,
it is not strange that a magnetic field is found
in the vicinity of a conductor with current
flowing through it.

There is & converse to this. When 2 conduec-
tor is moved through a magnetic field (or the
field is moved past the conductor) eleetrons in
the conductor are forced to move, producing a
eurrent. An electric current generates a magnetic
field about it and, conversely, an electric current
is generated by 6 magnetic field moving (or
¢hanging) past the conductor.

Magnetic fields are in the form of lines sur-
rounding the wire; they are termed lines of

Fig, 306 — When-
ever current passes
throngh a wire, a
magnetic field exists
around the wire.
Its direction can be
traced by means of a
small compass.




Flectrical and Radio Fundamentals

magnetic foree, These lines of force, in the form
of concentric circles around the conductor, lie
in planes at right angles to the axis of the
conductor.

The magnetic field constituted by these
lines of force exists only when current is flow-
ing through the wire. When the current is
started through the wire, we may visualize 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 col-
lapses toward the wire again and disappears.
Thus energy is alternately stored in the field and
relurned to the wire. When a conductor is
wound into the form of a coil of many turns,
the magnetic field becomes stronger because

e e

Fig, 307 — When the conducting wire is coiled, the
individual magnetic fields of each turn are in such a
direction as to produce a field similar to that of a bar
magnet, :

there are more lines of force, and the effect can
be increased still further by placing an iron
gore within the coil. The force is expressed in
terms of magnelo-motive force {m.m.f.) which
depends on the number of turns of wire, the
size of the coil and the amount of current
flowing through it. The same magnetizing ef-
feet can be secured with a great many turns
and a weak current or with fewer turns and a
greater current. If 10 amperes flow in one
turn of wire, the magnetizing effect is 10
ampere-turns. Should one ampere flow in 10
turns of wire, the magnetizing effect is also
10 ampere-turns.

Inductance

When a source of voltage is connected across
a coil, the current does not immediately reach
the value predicted, by Ohm’s Law, for the ap-
plied voltage and the resistance of the coil.
The reason for this is that, as the current
starts to flow through the coil, the magnetic
field around the coil builds up. As this field
builds up, it induces a voltage baek in the coil,
and the current caused by this induced voltage
is always in the opposite direction to the cur-
rent originally passed through the coil. There-
fore, because of this property of self-induction,

the coil tends constantly to oppose any change
in the current flowing through it, and it takes
an appreciable amount of time for the current
to reach its normal value through the coil. The
effect can be visualized as electrical inertia.
After the current has come to a steady value,
the self-inductance has no effect, and the
current is only limited by the resistance of the
wire in the coil.

The inductance of a coil is measured in
henrys or, when smaller units are more con-
venient, the millihenry (one-thousandth of a
henry) or microhenry {one-millionth of a hen-
ry). The inductance of a coil depends on
several factors (see Chapter Twenty), chief of

- which are the number of turns and the cross-

sectional area of the coil. The inductance can
be greatly increased by using iron instead of
air for a core material.

Electric Circuits

You will often see mention of an electric
“circuit.”” It is sufficient to remember that this
is simply a complete path along which electrons
can transmit their charge. More completely,
there will normally be a source of energy — &
battery, generator, or magnetic means for
inducing current flow — and a load or portion
of the circuit where the current is made to do
useful work. There must be an unbroken path
through which the electrons can transmit their
charges, with the source of energy acting as an
electron pump and sending them around the
cireuit. The cireuit is said to be open when no
charges can move, due to a break in the path.
It is closed when no break exists — when
switches are closed and sll connections are
properly made. )

¢ ELECTRONS IN MOTION — ALTER.
NATING CURRENT

Thus far only direet current, i.e., current
traveling in one direction, has been discussed.
However, most electrical and radio work
utilizes alfernating euwrrent, or current that
alternates its direction in periodic fashion.

//’m£ value
10 e~

A C.meters read the
effective (rms.)valves.
of current and vortage
(rms. = 707 of peak
value of sine wave

AMPLITUDE
g
3

e One cycle

Fig. 308 — Representing sine-wave alternating cuor-
rent and voltage.
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An electric current can be generated by a
magnetic field moving or changing past a con-
ductor. If the magnetic field moves in one
direction, the electric current will fiow in one
direction; if the magnetic field moves in the
opposite direction (decreasing is the same
thing) in effect the current will move in the
opposite direction., Mechanical methods are
used to generate alternating current by this
principle, using rotating machinery, and the
machines are called alternating-current gener-
ators or alternators, Their design is such that the
current in the wire (or voltage across the
terminals) will go from zero to a peak value and
back to zero, and up to a peak value in the op-
posite direction and back to zero, in what is
called a sine wave. The length of time that it
takes to go through this cycle is called the
period; the number of times it goes through
thig eyele, per second, is called the frequency.

It may be easier to understand if the value of
current (or voltage) is represented graphically as
in Fig. 308. This is simply a chart showing that
the current starts at zero value, builds up to &
maximum in one direction, comes back down
to zero, builds up to a maximum in the opposite
direction and comes back to zero. This com-
pletes one cycle — 60 cycle (per second) cur-
rent does this 60 times a second. The curve
followed is described mathematically as a
sine curve; it will be shown later how har-
monies will change the general shape of the
curve,

It is evident that both the voltage and cur~
rent are swinging continuously between their
positive maximum and negative maximum
values, and it might be wondered how one can
speak of so many amperes of alternating cur-
rent when the value is changing continuously.
The problem is simplified in practical work by
considering that an alternating eurrent has an
effective value of one ampere when it produces
heat al the same average rate as one ampere of
continuous direct current flowing through o given
resistor. This effective value is the square root
of the mean value of the instantaneous current
squared. For the sine-wave form,

Eeﬁ = \/l/éEt%ax
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 70%, of the maximum value.

Another important value, involved where
alternating current is rectified to direct current,
is the average. This is equal to 0.636 of the
maximum (or peak) value of either current or
voltage. The three terms mazximum (or peak},
effective (or r.m.s8,) and average are so important
and are encountered so frequently in radio
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work that they should be fixed firmly in mind
right at the start.
They are related to each other as follows:

Epax = Eor X 1.414 = B, X 1.57
Es!i = Emax X 707 = Eave X 1.11
Enve = Ema.: X 636 = B X .9

The relationships for current are the same as
those given above for voltage. The usual alter-
nating current ammeter or voltmeter gives g
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 volt-
meter. Instruments for making such measure-
ments are treated in Chapter Seventeen.

Transformers

If two coils of wire are wound on a laminated
iron core, and one of the coils is connected to a
source of alternating current, it will be found
that there is an alternating voltage across the
terminals of the other coil of wire, and an al-

fron Core
P —
Primary =g = Secondary
4 L s 3

Fig. 309 — Schematic representation of a transformer,
Alternating current flowing in the primary winding
induces a current in the secondary winding, The ratio
of the primary voltage to secondary voltage is very
nearly equal to the ratio of primary turns to secondary
turns.

ternating current will low through a conductor
connecting the two terminals. The explanation -
is simple: The alternating current in the first
coil, or primary, causes a changing magnetic
field in the iron core, and this changing mag-
netic field causes or induces an alternating
current in the second coil, or secondary. The
proportion of primary voltage to secondary
voltage is very nearly the same as the ratio of
primary turns; i.e., twice as many secondary
turns as primary turns will give twice as much
secondary voltage, ete. The current proportion
goes the other way — it is inversely propor-
tional to the turns ratio.

Reactance — Inductive and Capacitive

When alternating current passes through a
coil, the effect described under ““Inductance”
(see page 27) is present not only when the
circuit is first closed but at every reversal of the
current, and the inductance of the coil limits
the flow of current. The higher the frequency
of the current the more the inductance will try
to prevent its flow. Further, the higher the
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inductance the greater is the tendency to
retard current of the same frequency. This
characteristic of a coil, which depends both
upon frequency and induectance, is termed the
reaciance, or tnduclive reactance.

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

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

It should not be thought that the reactance
of coils becomes infinitely high as the fre-
quency is increased to a high value and, like-
wise, that the reactance of condensers becomes
infinitely low at high frequencies. All coils have
some capacity between turns, and the react-
ance of this capacity can become low enough
at some high frequencies to tend to caneel the
high reactance of the coil. Likewise, the leads
and plates of condensers will have considerable
inductance at high frequencies, which will
tend to offset the capacitive reactance of the
condenser itself. For these reasons, chokes for
high-frequency work must be designed to have
low ¢distributed” capacity, and condensers
must be wired with short, heavy leads to have
low inductance. Formulas for calculating in-
duetive and capacitive reactance can be found
in Chapter Twenty.

Phase

It has been mentioned that in a circuit
eontaining inductance, the rise of current is

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
cireuit which has a preponderance of indue-
tance and that the current “leads’ the voltage

in a cireuit where capacity predominates. Fig,
310 shows three possible conditions in an alter-
nating 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 eurrent
are said to be in phase. In the second instance,
the existence of inductance in the circuit has
caused the current to lag behind the voltage.
In the diagram, the current is lagging one
quarter cyele behind the voltage. The current
is therefore said to be 90 degrees out of phase
with the voltage (360 degrees being the com-
plete cycle). In the third example, with a
capacitive load, the voltage is lagging one
quarter cycle behind the current. The phase
difference is again 90 degrees. These, of course,
are theoretical examples in which it is assumed
that the inductance and the condenser have
no resistance. Actually, the angle of lag or
lead (phase angle) depends on the ratio of
reactance to resistance in the cireuit.

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 cwrrents 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

£

AU
@) Current %/m’ Voltage “m phase " with Pure Resistancs

1Y
3

@/\7

(W) Current “lagging Voltage with Pore indixiance

i crewt

7ime

Time

U N7

(C}Current Veading Volage with Pure Capacitance

in cirelt

T

Fig. 310 — Voltage and current phase relations with
resistance and reactance circuits.
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< known a8 phase oppositon ot, more commonly,
out of phase.

Impedance (Z)

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

Z = VR 4 X*

where R is the resistance and X is the react-
ance. The terms Z, R and X are all expressed
in ohms. Ohm’s Law for alternating current
circuits then becomes

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 indue-
tive reactance increases with frequency and
capacitive reactance decreases with frequency,
the inductive reactance (designated Xp) is
conventionally considered positive and the
capacitive reactance {X¢) negative. The net
impedance X =X — X¢.

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

E
usually assume that I = X0 The use of the

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

Resonance

It has been shown that the inductive react-
ance of a coil and the capacitive reactance of a
condenser are oppositely affected with fre-
quency. Inductive reactance increases with
frequency; capacitive reactance decreases as
the frequency increases. In any combination of
inductance and capacitance, therefore, there is
one particular frequency for which the induc-~
tive and capacitive reactances are equal and,
since these two reactances oppose each other,
for which the net reactance becomes zero,
leaving only the resistance of the ecircuit to
impede the flow of current. The frequency at
which this cccurs is known as the resonant
frequency of the circuit and the circuit is said to
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be +n resonance at that frequency or tuned to
that frequency.

The resonant frequency of a simple circuit
containing inductance and capacity is given by

1
S ]
evic <10
where
f is the frequency in kilocycles per second
2x is 6.28
L is the inductance in microhenrys (uh.)
C is the capacitance in micro-microfarads
(pufd.)
The resonance equation in terms of wave-
length is

A = 1885+ Luy. Cppsa.

where
A is the wavelength in meters
Lys. is the inductance in mierohenrys
Cupua. is the capacitance in micromicrofarads

All practical tuned circuits can be treated
dg either one of two general types. One is the
series resonant circuit in which the inductance,
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Fig. 311 — Characteristics of series-resonant and
parallel-resonant circuits,

capacitance, resistance and source of voltage
are in series with each other. With a constant~
voltage alternating current applied as shown in
A of Fig. 311 the current flowing through such
a circuit will be maximum at resonant fre-
quency. The magnitude of the current will be
determined by the resistance in the circuit.
The curves of Fig. 311 illustrate this, curve a
being for minimum resistance and curves b and
¢ being for greater resistances.

The second general case is the paralle]l reso-
nant circuit illustrated in B of Fig. 311. 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 fHowing through the
eircuit but in its characteristics as viewed from
its terminals, especially in the parallel im-
pedance it offers. The variation of parallel
impedance of & parallel resonant circuit with
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frequency is illustrated by the same curves of
Fig. 311 that show the variation in current
with frequency for the series resonant cireuit.
The parallel impedance is maximum at reso-
nance and increases with deecreasing series
resistance. Although both series and parallel
resonant circuits are generally used in radio
work, the parallel resonant circuit is most
frequently found, as inspection of the dia-
grams of the equipment deseribed in subse-
quent chapters will show.

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

Sharpness of Resonance (Q)

It is to be noted that the curves become
“flatter” for frequencies near resonance fre-
quency as the internal series resistance is
increased, but are of the same shape for all re-
sistances at frequencies further removed from
resonance frequency. The relative sharpness of
the resonance curve near resonance frequency
is a measure of the sharpness of tuning or
selectivity (ability to discriminate between
voltages of different frequencies) in such cir-
cuits. This is an important consideration in
tuned circuits used for radio work. Since the
effective resistance is practically all in the
coil, the condenser resistance being negligible
{except at 28 Mec. and higher), the efficiency of
the coil is normally the important thing de-
termining the ‘‘goodness’ of a tuned circuit.
A useful mensure of ¢oil efficieney, and hence of
tuned circuit selectivity, is the ratio of the
coil’s reactance to its eflective series resistance.
This ratio is designated by Q.

=21rfL
R
The value of @ is determined directly from

the resonance curve of either g series-resonant
or parallel-resonant circuit as shown in Fig.
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Fig. 312 — How the value of Q is determined from the
resonance curve of & single circnit,

312, Tt is given by the ratio of the resonance
frequency to the difference between the fre-
quencies at which the series current (for the
series-resonant circuit) or the parallel voltage
(for the parallel-resonant circuit) becomes
70% of the maximum value. A value of @ that
represents a well-designed coil at the lower
frequencies will also represent an efficient coil
on the higher frequencies. This value ranges
from 100 to several hundred for good receiving
coils and slightly higher for transmitter in-
ductances. 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 s low-frequency circuit having
the same value of Q.

Parallel-Resonant Circuit Impedance

The parallel-resonant circuit offers pure
resistance (its resonant impedance) between
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. 313. This figure also shows the parallel
reatstance component which combines with the
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Fig. 313 — The impedance of a paraliel-resonant
circuit separated into its reactance and resistance
components. The parallel resistance is equal to the
parallel impedance at resonance.

reactance to make up the impedance. The re-
active nature of parallel impedance at fre-
quencies off resonance is important in & num-
ber of practical applications of parallel-tuned
circuits, in both transmitters and receivers,
and it will be helpful to keep this picture in
mind.

The maximum value of parallel impedance
which is obtained at resonance is proportional
to the inductance and inversely proportional
to the capacity and series resistance. (This
resistance should not be confused with the
resistance component of parallel impedance
which has just been mentioned.)

t]
Resonant impedance = RéC’ - (21.;14)
. 2afL
Since 5 q,
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Resonant impedanee = {2..1)0

In other words, the impedance is equal to the
induetive reactance of the coil (at resonant
frequency) times the @ of the circuit. Hence,
the voltage developed across the parallel
resonant circuit will be proportional to its Q.
For this reason the @ of the eircuit 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 & circuit is related to the frequency stability
of an oscillator in which it is used, the fre-
queney stability being generally better as the
cireuit @ is higher.

The L-C ratio of a circuit is often mentioned,
and it is simply the ratio of inductance to
capacity in any particular circuit. A “high-L”
{or “low-0") circuit is one with more than nor-
mal inductance for the frequency or applica-
tion.

Piezo Electricity

Properly-ground crystals of quartz, tourma-
line and other materials show a mechanical
strain when subjected to an electric charge
and, eonversely, will show a difference in po-
tential between two faces when subjected to
mechanical stress, This characteristic is called
the piezo-eleciric effect and is utilized in several
ways. Rochelle-salt erystals are utilized as
microphone and headphone elements. A
properly-ground quartz crystal is electrically
equivalent to a series circuit of very high @
and as such is used to replace the frequency-
determining coil and condenser in an oscillator
circuit (see Chapter Five). It can also be used
as a filter in the intermediate-frequency
amplifier of a superheterodyne receiver to give
greatly increased selectivity (see Chapter
Four).

® CIRCUITS WITH DISTRIBUTED CON-.
STANTS —- ANTENNAS AND R.F. CHOKES

In addition to resonant circuits containing
lumped capacitance and inductance, there are
important tuned cireuits which utilize the dis-
tributed capacitance and inductance that are
inevitable even in a circuit consisting of a
single straight conductor. Transmitting and
receiving antennas are such circuits and de-
pend on their distributed capacitance and
inductance for tuning. A peculiarity of such a
circuit is that when it is excited at its resonant
frequency the current or voltage, as measured
throughoutitslength, will have different values
at different points. For instance, if the wire
happens to be one in “free space” with both
ends open circuited, when it is excited at its
resonant frequency the current will be mazimum
al the center and zero at the ends. On the other
hand, the voltage will be magimum at the ends
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and 2ero al the center. The explanation of thisis
that the traveling waves on the wire are re-
flected when they reach an end. Suceceeding
waves traveling toward the same end of the
wire (the {ncident waves) meet the returning
waves (reflecied waves) and the consequence of
this meeting is that currents add up at the
center and voltages cancel at the center; while
voltages add up at the ends and currents can-
cel at the ends. A continuous suceession of such
incident and reflected waves therefore gives
the effect of a standing wave in the cireuit.

A similar standing-wave or straight-line
resonance effect is experienced even when the
conductor is wound in a long spiral, or ecoil
having diameter small in propertion 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-
gquency and also, as will be presently shown
for antennas, at multiples of its fundamental
resonant frequency. Either side of these
resonance peaks it has fairly high impedance,
if it is a good choke, and therefore is useful
over a considerable band of frequencies. Prac-
tically the same results are obtained with
chokes consisting of a number of layer-wound
sections, with all the sections connected in
series.

Frequency and Wavelength

Although it is possible to describe the con-
stants of such line circuits in terms of in-
ductance and capacitance, or in terms of
inductance and capacitance per unit length, it
is more convenient te give them simply in
terms of fundamental resonant frequeney or of
length. In the case of a straight-wire circuit,
such as an antenna, length is inversely propor-
tional io lowest resonant frequency. Since the
veloeity of the waves in space is 300,000 kilo-
meters (186,000 miles) per