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Foreword

In twenty-two years of continuous publication The Radio Amateur’s
I andbook has become as much of an institution as amateur radio itself.
Produced by the amateur’s own organization, the American Radio Relay
League, and written with the needs of the practical amateur constantly in
mind, it has earned universal acceptance not only by amateurs but by all
segments of the technical radio world, from students to engineers, service-
men to operators. This wide dependence on the Handbook is founded on its
practical utility, its treatment of radio communication problems in terms
of how-to-lo-it rather than by abstract discussion and abstruse formulas.

But there is another factor as well: dealing with a fast-moving and pro-
gressive science, sweeping and virtually continuous modification has been
a feature of the Handbook — always with the objective of presenting the
soundest and best aspects of current practice rather than the merely new
and novel. lts annual rewriting is a major task of the headquarters group
of the League, participated in by skilled and experienced amateurs well
acquainted with the practical problems in the art. )

In contrast to most publications of a comparable nature, the Handbook
is printed in the format of the League’s monthly magazine, QST. This,
together with extensive and usefully-appropriate catalog advertising by
manufacturers producing equipment for the radio amateur, makes it pos-
sible to distribute for a very modest charge a work which in volume of
subject matter and profusion of illustration surpasses most available radio
texts selling for several times its price.

This twenty-fifth edition of the Handbook is featured by the complete
rewriting of most of the material. The textbook style that made the hook
so useful for training purposes during the war years has been replaced by a
simpler and more understandable discussion of those basic facts that an
amateur should know to get the most out of designing and using his ap-
paratus. Owners of previous editions will recognize immediately that the
over-all plan of the book has been changed — achieving, we believe, the
object of scgregating the material so that it can be most conveniently used.
A great deal of new equipment has been constructed especially for this
edition. As always, the object has been to show the best of current technique
through equipment designs proved by thorough testing. As the art grows,
the problem of presenting a representative selection of gear grows with it —
a state of affairs that is reflected in an increase of well over a hundred
pages in this edition. New chapters on ultrahigh frequencies, station
assembly, and the elimination of interference to broadeasting have been
added to round out the treatment of all phases of amateur radio. The
-material on operating has likewise been greatly expanded. Altogether, this
revision is the most comprehensive of recent years.

The Ilandbook has long been considered an indispensable part of the
amateur’s equipment. We earnestly hope that the present edition will
succeed in bringing as much assistance and inspiration to amateurs and
would-be amateurs as have its predecessors.

KENNETH B. WARNER
Managing Secretary, A.R.R.L.
WesT HarTFORD, CONN.
December, 1947
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THE AMATEUR'S
— CODE —

ONE The Amateur is Gentlemanly . . . He never

knowingly uses the air for his own amuse-
ment in such a way as to lessen the pleasure of others.
He abides by the pledges given by the ARRL in his
behalf to the public and the Government.

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

THREE The Amateur is Progressive ... He
keeps his station abreast of science. It

is built well and efficiently. His operating practice is
clean and regular.

roun The Amateur is Friendly ... Slow and

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

rlvn 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.

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




CHAPTER 1

Amateur Radio

Amateur radio is a scientific hobby, a means
of gaining personal skill in the fascinating art
of electronies and an opportunity to com-
municate with fellow citizens by private short-
wave radio. Scattered over the globe are more
than 100,000 amateur radio operators who
perform a service defined in international law
as one of “self training, intercommunication
and technical investigations carried on by . . .
duly authorized persons interested in radio
technique solely with a personal aim and with-
out pecuniary interest.”

From a humble beginning at the turn of the
century, amateur radio has grown to become
an established institution. Today the Ameri-
can followers of amateur radio number 80,000,
a group of trained communicators from whose
ranks will come the professional communica-
tions specialists and executives of tomorrow
just as many of today’s radio leaders were first
attracted to radio by their early interest in
amateur radio communication. A powerful
and prosperous organization now provides a
bond between amatceurs and protects their
interests; an internationally-respected maga-
zine is published solely for their benefit. The
Army and Navy seek the codperation of the
amateur in developing communications re-
serves. Amateur radio supports a manufactur-
ing industry which, by the very demands of
amateurs for the latest and best equipment,
is always up-to-date in its designs and pro-
duction techniques — in itself a national
asset. Amateurs have won the gratitude of
the nation for (heir heroie performances in
times of natural disaster. Through their or-
ganizalion, amateurs huve cobperative work-
ing agreements. with such agencies as the
United Nations and the Red Cross. Amateur
radio is, indeed, a magnificently useful in-
stitution,

Although as old us the art of radio itself,
amateur radio did not always enjoy such
prestige. Its first enthusiasts were private
citizens of an experimental turn of mind whose
imaginations went wild when Marconi first
proved that messages actually could be sent
by wireless. They set about learning enough
about the new scientific marvel to build home-
made stations. By 1912 there were numerous
Government and commercial stations, and
hundreds of amuteurs; regulation was needed,
so laws, lieenses and wavelength specifications
for the various services appeared. There was
then no amateur organization nor spokesman.

9

The official viewpoint toward amateurs was
something like this:

‘“Amateurs? . . . Oh, yes. . . . Well, stick
’em on 200 meters and below; they’ll never
get out of their backyards with that.”

But as the years rolled on, amateurs found
out how, and DX (distance) jumped from local
to 500-mile and even oceasional 1,000-mile two-
way contacts. Because all long-distance mes-
sages had to be relayed, relaying developed into
a fine art — an ability that was to prove in-
valuable when the Government suddenly ealled
hundreds of skilled amateurs into war serviee
in 1917. Meanwhile U. S. amateurs began to
wonder if there were amateurs in other coun-
tries across the seas and if, some day, we might
not span the Atlantic on 200 meters.

Most important of all, this period witnessed
the birth of the American Radio Relay League,
the amateur radio organization whose name
was to be virtually svnonymous with subse-
quent amateur progress and short-wave de-
velopment. Conceived and formed by the
famous inventor, the late Hiram Perey Maxim,
ARRL was formally launched in early 1914. It
had just begun to exert its full force in amateur
activities when the United States declared war
in 1917, and by that act sounded the knell for
amateur radio for the next two and a half
vears. There were then over 6000 amateurs.
Over 4000 of them served in the armed forees
during that war.

Today, few amateurs realize that World

HIRAM PERCY MAXIM
President ARRL, 1914-1936
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War I not only marked the close of the first
phase of amateur development but came very
near marking its end for all time. The fate of
amateur radio was in the balance in the days
immediately following the signing of the Armi-
stice, The Government, having had a taste of
supreme  authority over communications in
wartime, was more than half inelined to keep
it. The war had not been ended a month before
Congress was considering legislation that would
have made it impossible for the amateur radio
of old c¢ver to be resaumed. ARRL's President
Maxim rushed to Washington, pleaded, ar-
gued, and the bill was defeated. But there was
still no amateur radio; the war ban continued.
Repeated representations to Washington met
only with silence. The League's offices had
been closed for a vear and a half, its ree-
ords stored away. Most of the former amateurs
had gone into service: many of them would
never come back. Would those returning be
interested in sueh things as amateur radio?
Mr. Maxim, determined to find out, called a
meeting of the old Board of Directors. The
situation was discouraging: amateur radio still
banned by law, former members seattered. no
organization, no membership, no funds. But
those few determined men financed the pub-
lication 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 mem-
bers to obtain money for immediate running
expenses, bought the magazine QST to be the
League’s official organ, started activities, and
dunned officialdom until the wartime ban was
lifted and amateur radio resumed again, on
October 1, 1919. There was a headlong rush
by amateurs to get back on the air. Gang-
way for King Spark! Manufacturers were hard
put to supply radio apparatus fast enough.
Each night saw additional dozens of stations
crashing out over the air, Interferenee? It was
bedlam!

But it was an era of progress. Wartime needs
had stimulated technical development. Vac-
uum tubes were being used both for receiving
and transmitting. Amatceurs immediately
adapted the new gear to 200-meter work.
Ranges promptly increased and it became
possible to bridge the continent with but one
intermediate relay.

@ TBANSATLANTICS

As.DX became 1000, then 1500 and then
2000-miiles, amateurs began to dream of trans-

Atlantic wotk. Could they get across? In

December, 1921, ARRL sent abroad an expert
amatcur, Paul F. Godley, 2ZE, with the best
receiving equipment available. Tests were run,
and thirty American stations were -Heard in
Europe. In 1922 another trans-Atlantic test
was carried out and 315 American calls were
logged by European amateurs and one French
and two British stations were heard on this
side. ’

CHAPTER 1

Everything now was centered on one objec-
tive: two-way amateur communiecation across
the Atlantie! 1t must be possible — but some-
how it couldn't quite be done. More power?
Many already were using the legal maximum,
Better reeeivers? They had superheterodynes,
Another wavelength? What about those un-
disturbed wavelengths below 200 meters? The
engineering world thought they were worth-
less — but they had said that about 200 met-
ers. So, in 1922, tests between Hartford and
Boston were made on 130 meters with encour-
aging results. Early in 1923, ARRL-sponsored
tests on wavelengths down to 90 meters were
successful. Reports indicated that as the ware-
length dropped the resulls were belter. A growing
excitement began to spread through amateur
ranks.

Finally, in November, 1923, after some
months of careful preparation, two-way ama-
teur trans-Atlantic communication was accom-
plished, when Schnell, 1MO, and Reinartz,
INAM (now WIUZ and W3RB. respec-
tively) worked, for several hours with Deloy,
8ADR, in France, with all three stations on 110
meters! Additional stations dropped down to
100 meters and found that they, too. could
casily work two-way across the Atlantic. The
exodus from the 200-meter region had started.
The “short-wave’ era had begun!

By 1924 dozens of commercial eompanies
had rushed stations into the 100-meter region.
Chaos threatened, until the first of a series of
national and international radio conferences
partitioned off various bands of frequencics
for the different services. Although thought
still centered around 100 meters, League offi-
cials at the first of these frequency-Jdetermining
conferences, in 1924, wiscely obtained amateur
bands not only at 80 meters but at 40, 20, 10
and even 5 meters,

Eighty meters proved so suceessful that
“forty’ was given a try, and QSOs with Aus-
tralia, New Zealand and South Africa soon
became commonplace. Then how about 20 me-
ters? This new band revealed entirely unex-
pected possibilities when 1XAM worked 6TS
on the West Coast, direet, at high noon. The
dream of amateur radio — daylight DX! —
was finally true.

From then until “earl Harbor,” when U. S,
amateurs were again closed down “for the
duration,” amateur radio thrilled with a scries
of unparalleled accomplishments. Countries
all over the world eame on the air, and the
world total of amateurs passed the 100,000
mark. . . . ! ARRL representatives deliberated
with the representatives of twenty-two other
nations in Paris in 1925 where, on April 17th,
the International Amateur Radio Union was
formed — a federation of national amateur
radio societies. . . . The League began is-
suing certifieates to those who could prove
they had worked all six continents, More than
six thousand amateurs have been awarded
WAC certificates,
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@ PUBLIC SERVICE

Amateur radio is a grand and glorious
hobby but this fact alone would hardly merit
such wholchearted support as is given it by
our Government at international conferences.
There are other reasons. One of these is a thor-
ough appreciation by the Army and Navy of
the value of the amateur as a source of skilled
radio personnel in time of war. Another asset
is best deseribed as “public service.”

About 4000 amateurs had contributed their
skill and ability in "17-"18. After the war it was
only natural that cordial relations should pre-
vail between the Army and Navy and the ama-
teur, These relations strengthened in the next
few years and, in gradual steps, grew into co-
operative activities which resulted. in 1925, in
the establishment of the Naval Communica-
tions Reserve and the Army-Amateur Radio
System (now the Military Amateur Radio
System). In World War I thousands of ama-
teurs in the Naval Reserve were called to ac-
tive duty, where they served with distinetion,
while many other thousands served in the
Army, Air Forces, Coast Guard and Marine
Corps. Altogether, more than 25,000 radio
amateurs served in the armed forces of the
United States. Other thousands were engaged
in vital civilian electronice research, develop-
ment and manufacturing. They also organized
and manned the War Emergeney Radio Serv-
jice, the communications seetion of OCD.

The “publie-service” record of the amateur
is a brilliant tribute to his work. These activi-
ties can be roughly divided into two classes,
expeditions and emergencies. Amateur co-
operation with expeditions began in 1923 when
a League member, Don Mix, 1TS, of Bristol,
Conn. (now assistant technical editor of QST),
accompanied MacMillan to the Aretic on the
schooner Bowdoin with an amateur station.
Amateurs in Canada and the U.S. provided the
home contacts. The success of this venture was
such that other explorers followed suit. During
subsequent years a total of perhaps two hun-
dred voyages and expeditions were assisted by
amateur radio, and for many years no expedi-
tion has taken the field without such plans.

Since 1913 amateur radio has been the prin-
cipal, and in many cases the only, means of
outside communication in several hundred
storm, flood and earthquake emergencies in
this country. The 1936 eastern states flood, the
1937 Ohio River Valley flood, the Southern
California flood and Long Island-New England
hurricane disaster in 1938, and the Florida-
Gulf Coast hurricanes of 1947 called for
the amateur’'s greatest emergency effort. In
these disasters and many others — tornadoes,
sleet storms, forest fires, blizzards — amateurs
played a major role in the relief work and
earned wide commendation for their resnurce-
fulness in effecting communication where all
other means had failed. During 1938 ARRL
inaugurated a new emergency-preparedness
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program, registering personnel and equipment
in its Emergency Corps and putting into ef-
fect a comprehensive program of codperation
with the Red Cross, and in 1947 a National
Emergency Coérdinator was appointed to
full-time duty at lLeague headquarters,

@ TECHNICAL DEVELOPMENTS

Throughout these many vears the amateur
was careful not to slight experimental develop-
ment in the cnthusiasm incident to interna-
tional DX. The experimenter was constantly
at work on ever-higher frequencies, devising
improved apparatus, and learning how to
cram scveral stations where previously there
was room for only one! In particular, the ama-
teur pressed on to the development of the very
high frequencies and his experience with five
meters is especially representative of his in-
itiative 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 that band to be practically worth-
less for DX. Nonetheless, great ““short-haul”
activity eventually came about in the band
and new gear was developed to meet its special
problems. Beginning in 1934 a series of inves-
tigations by the brilliant experimenter, Ross
Hull (later QST's editor), developed the theory
of v.h.f. wave-bending in the lower atmos-
phere and led amateurs to the attainment of
better distances; while oceasional manifesta-
tions of ionospheric propagation, with still
greater distances, gave the band uniquely-er-
ratic performance. By Pearl Harbor thousands
of amateurs were spending much of their time
on this and the next higher band, many having
worked hundreds of stations at distances up to
several thousand miles. Transcontinental 6-
meter DX is now a commonplace occurrence;
even the oceans have been bridged! It is a
tribute to these indefatigable amateurs that
today’s concept of v.h.f. propagation was de-
veloped largely through amateur research.

The amateur is constantly in the forefront of
technical progress. His incessant curiosity, his
eagerness to try anything new, are two reasons.
Another is that ever-growing amateur radio
continually overcrowds its frequency assign-
ments, spurring amateurs to the development
and adoption of new techniques to permit the

A corner of the ARRL laboratory.
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accommodation of more stations. For ex-
amples, amateurs turned from spark to c.w.,
designed more selective receivers, adopted
crystal control and pure d.c. power supplies.
From the ARRL’s own laboratory in 1932
came James Lamb’s “single-signal” super-
heterodyne — the world’s most advanced
high-frequency radiotelegraph reeeiver —
and, in 1936, the ‘‘noise-silencer” circuit.
Amateurs are now turning to speech “clip-
pers” to reduce bandwidths of 'phone trans-
missions and investigating ‘“single-sideband
suppressed-carrier” systems which promise
to halve the spectrum space required by
a voice-modulated signal. ¢

During the recent war, thousands of skilled
amateurs contributed their knowledge to the
development of secret radio devices, both in
Government and private laboratories. Equally
as important, the prewar technical progress by
amateurs provided the kevstone for the de-
velopment of modern military communiecations
equipment. Perhaps more important today
than individual contributions to the art is the
mass codperation of the amateur body in
Government  projects such as propagation
studies; each participating amateur station is
in reality a separate fieid laboratory from
which reports ar¢ made for correlation and
analysis.

Emergency relief, expedition contact, ex-
perimental work and countless instances of
other forms of public service — rendered, as
they always have been and always will be,
without hope or expectation of material re-
ward — made amateur radio an integral part
of our peacetime national life. The importance
of amateur participation in the armed forces
and in other aspects of national defense have
emphasized more strongly than ever that ama-
teur radio is vital to our national existence.

‘ THE AMERICAN RADIO RELAY
LEAGUE

The ARRL is today not only the spokesman
for amateur radio in this country but it is the
largest amateur organization in the world. 1t is
strictly of, by and for amateurs, is noncom-
niereial and has no stockholders. The members
of the League are the owners of the ARRL and
QST

The League is organized to represent the
amateur in legislative matters. It is pledged to
promote interest in two-way amateur com-
munication and experimentation. It is inter-
ested in the relaying of messages by amateur
radio. It is concerned with the advaneement
of the radio art. It stands for the maintenance
of fraternalism and a high standard of conduct.

One of the League’s principal purposes is to
keep amateur activities so well conductéd that
the amateur will continue to:justify his ex-
istenee. Amateur radio offers its followers
countless pleasures and unending satisfaction.
It also ealls for the shouldering of responsi-

CHAPTER 1

The operating room at WIAW,

bilities — the maintenance of high standards,
a codperative lovalty to the traditions of
amateur radio, a dedication to its ideals and
principles, so that the institution of amateur
radio may continue to operate “in the publie
interest, convenience and neceessity."”’

The operating territory of ARRL is divided
into fifteen U. S. and five Canadian divisions.
The affairs of the League are managed by a
Board of Directors. One director is cleeted
every two years by the membership of cach
U. 8. division, and a Canadian General Man-
ager is elected every two years by the Cana-
dian membership. These directors then choose
the president and vice-president, who are also
members of the Board. The managing seeretary,
treasurer and communications manager are
appointed by the Board. The directors, as
representatives of the amateurs in their divi-
sions, meet annually to examine current ama-
teur problems and formulate ARRL policies
thereon.

ARRL owns and publishes the monthly
magazine, @ST. Acting as a bulletin of the
League’s organized activities, QST also serves
as a medium for the exchange of ideas and fos-
ters amateur spirit. Its technical articles are
renowned. 1t has grown to be the “amateur’s
bible,” as well as one of the foremost radio
magazines in the world. Membership dues in-
clude a subscription to QST.

ARRIL maintains a model headquarters
amateur station, known as the Hiram Percy
Maxim Memorial Station, in Newington,
Conn. Its call is WIAW, the call held by Mr.
Maxim until his death and later transferred
to the League station by a speeial FCC action.
Separate transmitters of maximum legal power
on each amateur band have permitted the
station to be heard regularly all over the
world. More important, WIAW transmits on
regular schedules bulletins of general interest
to amateurs, conducts code practicc as a
training feature, and engages in two-way work
on all popular bands with as many amateurs
as time permits.

At the headquarters of the League in West
Ilartford, Conn., is a well-equipped laboratory
to assist staff members in preparation of
technical material far QST and the Radio
Amateur's Handbook. Among its other ac-
tivities the League maintains a Communica-
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tions Department concerned with the operat-
ing activities of League members. A large field
organization is headed by a Section Communi-
cations Manager in each of the country’s
seventy-one sections. There are appointments
for qualified members as Official Relay Station
or Official 'Phone Station for traffic handling;
as Official Observer for monitoring frequencies
and the quality of signals; as Route Manager
and 'Phone Activities Manager for the estab-
lishment of trunk lines and networks; as
Emergency Cooérdinator for the promotion of
amateur preparedness to cope with natural
disasters; and as Official Experimental Station
for those pionecring the frequencies above
50 Mec. Mimeographed bulletins keep ap-
pointees informed of the latest developments.
Special activities and contests promote oper-
ating skill. A special scction is reserved each
month in QST for amateur news from every
section of the country.

@ AMATEUR LICENSING IN THE
UNITED STATES

The Communications Act lodges in the Fed-
eral Communications Commission authority
to classify and license radio stations and to
preseribe regulations for their operation. Pur-
suunt to the law, FCC has issued detailed reg-
ulations for the amateur service.

A radio amateur is a duly authorized person
interested in radio technique solely with a per-
sonal aim and without pecuniary interest. Ama-
teur operator licenses are given to U. S. citi-
zens who pass an examination on operation
and apparatus and on the provisions of law
and regulations affecting amateurs, and who
demonstrate ability to send and receive code
at 13 words per minute. Station licenses are
granted only to licensed operators and permit
communication between such stations for ama-
teur purposes, i.c., for personal noncommercial
aims flowing from an interest in radio tech-
riique. An amateur station may not be used for
material compensation of any sort nor for
broadcasting. Narrow bands of frequencies are
allocated exclusively for use by amateur sta-
tions. Transmissions may be on any frequency
within the assigned bands. All the frequencies
may be used for c.w. telegraphy and some are
available for radiotelephony by any amateur,
while others are reserved for radiotelephone
use by persons having at least a year’s experi-
ence and who pass the examination for a Class
A license. The input to the final stage of ama-
teur stations is limited to 1000 watts and on
frequencies below 60 Mc. must be adequately-
filtered direct current. Emissions must be free
from spurious radiations. The licensec must
provide for measurement of the transmitter
frequency and establish a procedure for check-
ing it regularly. A complete log of station oper-
ation must be maintained, with specified data.
The station license also authorizes the holder
to operate portable and mobile stations on
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certain frequencies, subject to further regula-
tions. An amateur station may be operated
only by an amateur operator licensee, but
any licensed amateur operator may operate
any amateur station. All radio licensees are
subjeet to penalties for violation of regulations.

Amateur licenses are issued entirely free of
charge. They can be issued only to citizens but
that is the only limitation, and they are given
without regard to age or physical condition to
anyone who successfully completes the exam-
ination. When you are able to copy 13 words
per minute, have studied basic transmitter
theory and are familiar with the law and ama-
teur regulations, you are ready to give serious
thought to securing the Government amateur
licenses which are issued you, after examina-
tion at a local district office oy examining
points in most of our larger cities, through
FCC at Washington. A complete up-to-the-
minute discussion of license requirements, and
a study guide for those preparing for the
examination, are to be found in an ARRL
publication, The Radio Amateur’s License
Manual, available from the American Radio
Relay League, West Hartford 7, Conn., for
25¢, postpaid.

@ LEARNING THE CODE

In starting to learn the code, you should
consider it simply another means of conveying
information. The spoken word is one method,

A didah N dahdit

B dahdididit O dahdahdah

C dahdidahdit P didahdahdit

D dahdidit Q dahdahdldah

E dit R dldahdlt

F dididahdit S dididit

G dahdahdlt T dah

H didididit U dididah :

1 didit V didididah

J didahdahdah W didahdah

K dahdldah X dahdididah

L dldahdldlt Y dahdldahdah

M _di.l_u_iﬁh VA dahdahdldlt

1 didahdahdahdah 6 d_a}jdldldldlt

2 dididahdahdah 7 dahdahdididit

3 didididahdah 8 dahdahdahdidit
4 dididididah 9 dahdahdahdahdit
5 dididididit 0 dahdahdahdahdah

Period: didahdidahdidah. Comma: dahdah-
dldldahdah Qucstlon mark: dldldahdahduht

dah. \\alt dldahdldldlt End of message
dldahdldahdlt Invitation to transmit: dahdi-
dah End of work: dldldldahdldah Fraction
bar: dahdididahdit.

Fig. 1-1 — The Continental (International Morse) vode.

1
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the printed page another, and typewriting and
shorthand are additional examples. Learning
the code is as casy — or as diflieult as
learning to type.

The important thing in beginning to study
code is to think of it as a language of sounl,
never as combinations of dots and dashes. It is
casy to “speak” code cquivalents by using
“dit” and “dah,”’ so that A would be © didah”’
(the “t” is dropped in such combinations). The
sound ““di” should be staceato; a code char-
acter such as 5" should sound like a machine-
gun burst: dididididit! Stress cach “dah”’
equally; thev are underlined or italicized in
this text because they should be slightlv
accented and drawn out.

Take a few characters at a time. Learn them
thoroughly in didak language before going
on to new ones. If somcone who is familiar
with code can be found to “send” to you,
either by whistling or by means of a buzzer
or code oscillator, enlist his codperation.
Learn the code by listening to it. Don’t think
about speed to start; the first requirement is
to learn the characters to the point where
you can rccognize each of them without
hesitation. Concentrate on any difficult letters.

. ACQUIRING SPEED BY BUZZER
PRACTICE

Regular practice periods will develop code
proficiency. Two people can learn the code
together, sending 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 eriticize uneven or indistinet sending. If
possible get an experienced operator for the
first few sessions to learn how well-sent char-
acters should sound.

Either the buzzer set shown in Figs. 1-2 and
1-3 or the audio oscillator deseribed will give
satisfactory results as a practice set. The
battery-operated audio oscillator in Figs. 1-14
and 1-5 is easy to construct and is effective. If
nothing is heard in the headphones when the

% Mwo Ory Calls
B es mzz::comecmf
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Fig. 1.2~ The headphones are connected across the
ovils of the buzzer, with a condenser in series. If the
value shown gives an excessively loud signal, it may be
reduced to 470 uufd. or 220 uufd.
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Fig. 1-3—The cover of the buzzer unit has been re-
moved in this view of the buzzer code-practice set.

key is.depressed, reverse the leads going to
cither transformer winding (do not reverse
both windings).

With a praetice set ready. send single letters
at first. When cach character ean be read
quickly follow this by slow sending of complete
words and sentenees. Have the material sent
at a rate slightly faster than you ean copy
easily; this speeds up vour mind. Write down
cach letter you recognize. Do not try to write
down the dots and dashes; write down 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 charaeters. If you exereise a little
patience you will soon be getting cvery char-
acter. When you can receive 13 words a minute
(65 letters a minute), have the sender transmit
code groups rather than English text. This will
prevent you from recognizing a word “on the
way” and filling it in before yvou've really
listened to the letters themselves,

After you have acquired reasonable pro-
ficicney. coneentrate on the less common char-
acters. as well as the numerals and panctua-
tion. These prove the downfall of many ap-
plicants taking the code examination.

@ LEZARNING BY LISTENING

WIAW  conducts practice transmissions
nightly, Monday through Friday, at speeds
from 9 to 35 w.p.m. Such practice tapes start
at 10 p.y. EST (EDST in summer). In addi-
tion, the Official Bulletins, also sent from
WIAW, give added practice at 15 and 25
w.p.m. See the Operating News section an-
nouncements of the W1AW operating schedule,
and Code Proficiency Program notes, in the
latest copy of QST. Practice until you can mail
in what you have copied over the air on
WIEAW’s monthly “qualifying run” to get a
15-word-per-minute Code Proficiency Certifi-
cate or a sticker for advanced speeds. As soon
88 you can, listen on a real communications
receiver (with beat oscillator) and have the
fun of learaing by listening.
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Phones 22.5v.

Fig. 1-1— Wiring diagram of a simple vacuum-tube
audio-frequeney oscillator for use as a code-practice set

@ UsING A KEY

The correet way to grasp the key is impor-
tant. The knob of the key should be about
cighteen inches from the edge of the operating
table and about on a line with the operator’s
right shoulder, allowing room for the elbow to
rest on the table. A table about thirty inches
in height is best. The spring 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-six-
teenth ineh at the knob. After an operator has
mastered the use of the hand-key the tension
should be changed and can he reduced to the
minimum spring tension that will cause the
key to open immediately when the pressure is
released. More spring tension than necessary
causes the expenditure of unncoessary cnergy.
The contacts should be spaced by the rear
serew 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 serewed up to a setting
which prevents appreeiable side play, but not
adjusted so tightly that binding is caused. The
gap between the contaets should always be at
least a thirtv-second of an inch, since too-
finely spaced contacts will cultivate a ncrvous
style of sending which is highly undesirable.
On the other hand, too-wide spacing (much
over one-sixteenth inch), may result in unduly
heavy or “muddy” sending.

Do not hold the key tightly. Let the hand
rest lightly on the key. The thumb should be
against the left side of the knob. The first and

025-MEGOHM
RESISTOR
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Fig. 15— 1 avout of the audio-oscillator code-practice
set. Al parts may be mounted on a wooden bascboard,
appronimately 5 X 7 inches in size.
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second fingers should be bent a little. They
should hold the middle and right sides of the
kunob, respeetively. The fingers are partly on
top and partly over the side of the knob. The
other two fingers should be free of the key.
Fig. 1-6 shows the correet way to hold a key.

A wrist motion should be used in sending.
The whole arm should not be used. One should
not send “nervously” but with a steady flex-
ing of the wrist. The grasp on the key should
be firm, but not tight, or jerky sending will re-
sult. 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 sideway action is
best. The fingers should never leave the key
knob.

Good sending may seem casier than receiv-
ing, but don’t be deceived. A beginner should
not attempt to send fast. Keep your transmit-
ting speed down to your receiving speed, and
bend your efforts to sending well. Do not try to
speed things up too soon. A slow, even rate of

Fig. 1-6 — This sheteh illustrates the correct position
of the hand and fingers for good sending with a tele-
graph key.

sending is the mark of a good operator. Speed
will come with timne alone. Leave special types
of keys alone until you have mastered the
knack of handling the standard key. Because
radio transmissions are seldom free from inter-
ferenee, a ““heavier” style of sending is best
to develop for radio work. A rugged, heavy
key will help in developing this characteristic.

To become expert in transmitting good code,
after you have thoroughty learned cach letter
and numeral and can both send and copy let-
ters without hesitation, your best practice is to
listen to commercial automatic-tape stations.
Perfeetly-sent code can be accomplished only
by a machine, and you want to get fixed in your
mind, indelibly, the correet formation of each
and every code character and in particular the
associated spaces. One of the best methods for
deriving this association is to find a commercial
or other tape station sending at about your
maximum receiving speed. Notice the forma-
tion of each letter, the spaces left between let-
ters and words, and the proportion in length of
dits to dahs. Listen to the transmissions as you
would at a musical concert, concentrating on
assimilating every detail. The spaces between
words may seem exaggerated, simply because
you have probably been running yours to-
gether. A score of other details where the auto-
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matic transmission is different than yours will
very likely show up in the same text, From all
this you will learn where your own faults lie
and be able to correet them.

@ THE AMATEUR BANDS

Amateurs are assigned bands of frequencies
at approximate octave intervals throughout
the speetrum. Like assignments to all services,
they are subject to modification to fit the
changing picture of world communications
needs.

Below is a summary of the U. 8. amateur
bands on which operation is permitted as of
our press date. Figures are megacycles. » A9
means an unmodulated carrier, A1 means c.w.
telegraphy, A2 is m.c.w., A3 is AM ’phone, A4
is facsimile, A3 is television; NBFM designates
narrow-band frequency- or phase-modulated
radiotelephony; and FM means frequeney
modulation, ’phone (including NBFM) or
telegraphy.

The future of the prewar amateur band at
1.75 Mec. has not becn finally determined, it
depending principally on the disposition of
the navigational service now operating there.
The 1947 International Radio Conference has
resulted in certain changes in present bands
expeeted to become effective late in 1949, They
are: a reduction in the 20-meter band to make

it. thenceforth 14,000-14,350 ke.; a new band

21,000-21,450 ke.; and a shift in the 11-meter
band to mike it 26,960-27,230 ke, Additional
changes, probably effeetive earlier than 1949,
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3.500- 4.000 — Al
3.830- 4.000 — A3, Cluss A only
3.850- 3.900 — NBFM, Class A only
7.000- 7.300 — Al
14.000-14.400 — A1
14.200-14.300 — A3, Class A only
14.200-14.250 — NBFM, Class A only
27.160-27.430 — A@, A1, A2, A3, A4, FM
28.000-29.700— Al
28.500-29.700 — A3
28.500-29.000 — NBFM
29.000-29.700 — FM

50.0 -54.0 Al A2, A3, A4
51.0 -52.53 NBFM
52.5 -54.0 —FM
144 ‘148 — AM, AL, A2, A3, A4, FM
235 -240 AD, A1, A2, A3, A4, FM
420%  —430* — AP, Al, A2, A3, A4, A5, FAL
1,215 - 1.205)
2,300 - 2,450 |
3,300 - 3,500 |
5630 - 5925 | A@, Al, A2, A3, A4, A5, FM.,
10,000  -10.500 Pulse
21,000 —22,000

All above 30,000
* Peak antenna power must not exceed 50 watts.

will shift the 114-meter band to its permancnt
location 220-225 Me., and expand the 1215-
Mec. band so that its top limit will be 1300 Me.
Because of the possibility of such changes,
and because the portion of cach band available
for 'phone operation is customarily varied
from time to time in accordance with changes
in amateur operational habits, in such respeets
cach amateur should keep himsclf currently
informed by consulting QS7 or writing ARRL
for latest information,




CHAPTER 2

Electrical Laws

and Circuits

Everyone knows that radio is electrical in
nature, and it is taken for granted that to know
anything about the operation of radio equip-
ment you have first to know something about
electricity and electrical circuits. The amount
of electrical knowledge you need in amateur
radio depends on how far you delve into the
technicalities of the various types of trans-
mitters, receivers and measuring equipment
that amateurs use. If you're just getting
started vou do not need very much, but as
vou progress you will find that you will ac-
quire, more or less unconsciously, a great deal
of basic information. That is, you will if you

make a conscientious effort to understand and
analyze the things that you observe in using
radio gear.

The purpose of this chapter is to provide
the answers to many questions about circuits
that will come up in the course of building and
operating an amateur station. It is intended
as a practical reference section rather than a
course in ‘“theory.” You ecan study it con-
secutively if you wish, of course. How-
ever, it should be even more valuable to
you in showing how everyday problems can
be solved when the ocecasion to solve them
arises.

Fundamentals

@ ELECTRIC AND MAGNETIC
FIELDS

At the bottom of everything in electricity
and radio is a field. Although a field is not too
easy to visualize, we need to have some appre-
ciation of what it is if electrical effects are to be
understood. When something occurs at one
point in space because something else hap-
pened at another peint, with no visible means
by which the ‘“‘cause” can be related to the
“effect,” we say the two events are connected
by a “field.”” 1t does not matter whether or not
the field is ““real”” — that is, whether it is some-
thing physical although, like air, invisible. The
important point is that the distant effects are
prediclable, and it is convenient to attribute
them to properties of a field. The fields with
which we are concerned are the electric and
magnetic, and the combination of the' two
called the electromagnetic field.

A field has two important properties, in-
tensity (magnitude) and direction. That is, the
field exerts a force on an object immersed in it;
intensity measures the amount of force ex-
erted while direction tells the direction in
which the object on which the force is exerted
will tend to move. An electrically-charged ob-
ject in an electric field will be acted on by a
foree that will tend to move it in a direction de-
termined by the divection of the field, Similarly,
4 magnet in a magnetic field will be subjeet to
a force. Liveryone has seen demonstrations of
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magnetic fields with pocket magnets, so in-
tensity and direction are not hard to grasp.

A “static” field is one that is fixed in space.
Such a field can be set up by a stationary elec-
tric charge (electrostatic field) or by a sta-
tionary magnet (magnetostatic field). But if
either an electric or magnetic field is moving
in space or changing in intensity, the motion
or change sets up the other kind of field.
That is, a changing eleetric field sets up a
magnetic field, and a changing magnetic field
generates an electric field. This interrelation-
ship between magnetic and eleetric fields
makes possible such things us the electromag-
net and the electric motor. It also makes
possible the electromagnetic waves by which
radio communication is carried on, for such
waves are simply traveling fields in which the
energy is alternately handed back and forth
between the electric and magnetic fields.

Lines of Force

We need, obviously, some way to compare
the intensity and direetion of different fields.
This is done by picturing the field as made up
of lines of force, or flux lines. These are purely
imaginary threads that show, by the direc-
tion in which they lie, the direction the object
on which the force is exerted will move. The
number of lines in a chosen cross section of the
field is a measure of the intensity of the force.
The number of lines per square inch, or per
square centimeter, is called the flux density.
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@ ELECTRICITY AND THE ELECTRIC
CURRENT

Electrical effects are caused by extremely
small particles of electricity called electrons.
Everything physical is built up of atoms, par-
ticles so small that they cannot -be seen even
through the most powerful microscope. But
the atom in turn consists of still smaller par-
ticles - several different kinds of them. One
type of particle is the electron. An ordinary
atom consists of a central core, called the
nucleus, around which one or more electrons
circulate somewhat as the earth and other
planets circulate around the sun. Both the
nucleus and the electrons are electrical, but
the kind of electricity associated with the
nucleus is called positive and that associated
with the electrons is called negative.

The important fact about these two “oppo-
site” kinds of electricity is that they are
strongly attracted to each other. Also, there is
a strong force of repulsion between two charges
(a collection of electrified particles is called a
charge) of the same kind. The positive nucleus
and the negative electrons are attracted to each
other, but two clectrons will be repelled from
each other and so will two nuclei. The fact
that an atom contains both positive and nega-
tive charges makes it tend to stay together as
a unit; in a normal atom the positive charge
on the nucleus is exactly balanced by the total
of the negative charges on the electrons. It is
possible, though, for an atom to lose one of its
electrons; when that happens the atom has a
little less negative charge than it should —
or, to put it another way, it has a net positive
charge. Such an atom is said to be ionized,
and in this case the atom is a positive ion.
If an atom picks up an extra electron, as it
sometimes does, it has a net negative charge
and is called a negative ion. A positive ion will
attract any stray electron in the vicinity, in-
cluding the extra one that may be attached to
a nearby negative ion. In this way it is con-
veniently possible for electrons to travel from
atom to atom, and when such movement oc-
curs on a measurable scale (millions or billions
of eleetrons moving) we have a detectable
electric current.

Conductors and Insulators

The movement of elections ean take place
in a solid, a liquid, or a gas. In liquids and
gases, positive and negative ions, as well, are
free to move when attracted electrically, but
in solids only the electro