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FOREWORD

The American Radio Relay League has completed fifty years
of service to its membership of amateur radio operators, now
numbering 100,000.

For nearly forty of those years, The Radio Amateur’s Hand-
book has been a mainstay of the League’s program to provide
its member-amateurs with up-to-date, practical training and
reference material..

The Handbook had its rather modest beginnings in 1925
when F. E. Handy, W1BDI, for many years the League’s com-
munications manager and now a vice-president as well, com-
menced work on a small manual of amateur operating pro-
cedure in which it was deemed desirable to include a certain
amount of “technical” information. It was published in 1926
and enjoyed instant success. Increasing in size and scope with
the growth of amateur radio itself, the Handbook soon re-
quired participation of numerous of the skilled amateurs at
ARRL Hgq., and became a family affair, the joint product of
the staff. In recent years its content has been the primary re-
sponsibility of Byron Goodman, WIDX, a long-term member
of the Hq. crew.

Virtually continuous modification is a feature of the Hand-
book, but always with the objective of presenting the soundest
aspects of current practice rather than the merely new and
novel. Written with the needs of the practical amateur con-
stantly in mind, it has earned universal acceptance not only
among amateurs but by all segments of the technical radio
world. This wide dependence on the Handbook is founded on
its practical utility, its treatment of radio communications
problems in terms of how-to-do-it rather than by abstract dis-
cussion.

The Handbook 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 inspiration
and assistance to amateurs and would-be amateurs as have
its predecessors.

Joun HuntooN
General Manager, ARRL

Newington, Conn.
January, 1965
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The Amateur’s Code

ONE

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
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 unswerv-

ing loyalty.
THREE

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

FOUR

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.

FIVE

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 com-
munity.

—PauL M. SEGaL



Amateur Radio

Amateur radio is a scientific hobby, a means
of gaining personal skill in the fascinating art of
electronics and an opportunity to communicate
with fellow citizens by private short-wave radio.
Scattered over the globe are over 350,000 ama-
teur radio operators who perform a service de-
fined in international law as one of “self-training,
intercommunication and technical investigations
carried on by . . . duly authorized persons inter-
ested in radio technique solely with a personal
aim and without pecuniary interest.”

From a humble beginning at the turn of the
century, amateur radio has grown to become an
established institution. Today the American fol-
lowers of amateur radio number over 250,000,
trained communicators from whose ranks will
come the professional communications special-
ists 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 or-
ganization now provides a bhond between ama-
teurs and protects their interests; an interna-
tionally respected magazine is published solely
for their benefit. The military services scek the
cooperation of the amateur in developing com-
munications reserves. Amateur radio supports a
manufacturing industry which, by the very de-
mands of amateurs for the latest and best equip-
ment, is always up-to-date in its designs and
production techniques—in itself a national asset.
Amateurs have won the gratitude of the nation
for their heroic performances in times of natural
disaster ; traditional amateur skills in emergency
communication are also the stand-by system for
the nation’s civil defense. Amateur radio is, in-
deed, a magnificently useful institution.

Although as old as the art of radio itself, ama-
teur 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 mes-
sages actually could be sent by wireless. They set
about learning enough about the new scientific
marvel to build homemade spark transmitters.
By 1912 there were numerous Government and
commercial stations, and hundreds of amateurs;
regulation was needed, so laws, licenses and
wavelength specifications appeared. There was
then no amateur organization nor spokesman.
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.”

Chapter 1

But as the years rolled on, amateurs found out
how, and DX (distance) jumped from local to
500-mile and even occasional 1000-mile two-way
contacts. Because all long-distance messages had
to be relayed, relaying developed into a fine art—
an ability that was to prove invaluable when the
Government suddenly called hundreds of skilled
amateurs into war service in 1917. Meanwhile
U.S. amateurs began to wonder if there were
amateurs in other countries 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 synonymous with subsequent am-
ateur progress and short-wave development.
Conceived and formed by the famous inventor,
the late Hiram Percy Maxim, ARRL was for-
mally 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 years. There were then
over 6000 amateurs. Over 4000 of them served
in the armed forces during that war.

Today, few amateurs realize that World 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 Armistice. The

HIRAM PERCY MAXIM
President ARRL, 1914-1936
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Government, having had a taste of supreme au-
thority over communications in wartime, was
more than half inclined 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 ever to
be resumed. ARRL’s President Maxim rushed
to Washington, pleaded, argued, 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 year and a
half, its records stored away. Most of the former
amateurs had gone into service; many of them
would never come back. Would those returning
be interested in such 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 scattered, no or-
ganization, no membership, no funds. But those
few determined 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 maga-
zine 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. Gangway for King Spark! Manufacturers
were hard put to supply radio apparatus fast
enough. Each night saw additional dozens of sta-
tions crashing out over the air. Interference? It
was bedlam!

But it was an era of progress. Wartime needs
had stimulated technical development. Vacuum
tubes were being used both for receiving and
transmitting. Amateurs 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.

TRANSATLANTICS

As DX became 1000, then 1500 and then 2000
miles, amateurs began to dream of transatlantic
work. Could they get across? In December, 1921,
ARRL sent abroad an expert amateur, Paul F.
Godley, 2ZE, with the best receiving equipment
available. Tests were run, and thirty American
stations were heard in Europe. In 1922 another
transatlantic test was carried out and 315 Amer-
ican calls were logged by European amateurs and
one French and two British stations were heard
on this side.

Everything now was centered on one objec-
tive : two-way amateur communication across the
Atlantic! It must be possible—but somehow it
couldn’t quite be done. More power? Many al-
ready were using the legal maximum. Better re-
ceivers? They had superheterodynes. Another
wavelength? What about those undisturbed
wavelengths below 200 meters? The engineering
world thought they were worthless—but they had
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said that about 200 meters. So, in 1922, tests be-
tween Hartford and Boston were made on 130
meters with encouraging results. Early in 1923,
ARRL-sponsored tests on wavelengths down to
90 meters were successful. Reports indicated that
as the wavelength dropped the results were
better. Excitement began to spread through am-
ateur ranks.

Finally, in November, 1923, after some months
of careful preparation, two-way amateur trans-
atlantic communication was accomplished, when
Fred Schnell, IMO (now W4CF) and the late John
Reinartz, 1XAM (later K6B]J) worked for sev-
eral hours with Deloy, 8AB, in France, with all
three stations on 110 meters! Additional stations
dropped down to 100 meters and found that they,
too, could easily work two-way across the At-
lantic. The exodus from the 200-meter region
had started. The “short-wave” era had begun!

By 1924 dozens of commercial companies 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 frequencies for the different
services. Although thought still centered around
100 meters, League officials at the first of these
frequency-determining conferences, in 1924,
wisely obtained amateur bands not only at 80
meters but at 40, 20, and even 5 meters.

Eighty meters proved so successful that
“forty” was given a try, and QSOs with Aus-
tralia, New Zealand and South Africa soon be-
came commonplace. Then how about 20 meters?
This new band revealed entirely unexpected pos-
sibilities when 1XAM worked 6 TS on the West
Coast, direct, at high noon. The dream of ama-
teur radio—daylight DX !~—was finally true.

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 Gov-
ernment at international conferences. There are
other reasons. One of these is a thorough appre-
ciation by the military and civil defense author-
ities of the value of the amateur as a source of
skilled radio personnel in timme of war. Another
asset is best described 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 prevail
between the Army and Navy and the amateur.
These relations strengthened in the next few
years and, in gradual steps, grew into coopera-
tive activities which resulted, in 1925, in the es-
tablishment of the Naval Communications Re-
serve and the Army-Amateur Radio System
(now the Military Affiliate Radio System). In
World War II thousands of amateurs in the
Naval Reserve were called to active duty, where
they served with distinction, 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 en-
gaged in vital civilian electronic research, devel-



Public Service

opment and manufacturing. They also organized
and manned the War Emergency Radio Service,
the communications section of OCD.

The “public-service” record of the amateur is
a brilliant tribute to his work. These activities
can be roughly divided into two classes, expedi-
tions and emergencies. Amateur cooperation
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 Arctic 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 so outstanding
that other explorers followed suit. During sub-
sequent years a total of perhaps two hundred
voyages and expeditions were assisted by ama-
teur radio, the several explorations of the Ant-
arctic being perhaps the best known.

Since 1913 amateur radio has been the prin-
cipal, and in many cases the only, means of out-
side communication in several hundred storm,
flood and earthquake emergencies in this coun-
try. The 1955 northeastern and west coast floods,
the great Alaskan earthquake of early 1964 with
its west coast tidal waves, and the southeast and
Gulf of Mexico hurricanes in the fall of 1964
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
resourcefulness in effecting communication where
all other means had failed. During 1938 ARRL
inaugurated a new emergency-preparedness pro-
gram, registering personnel and equipment in
its Emergency Corps and putting into effect a
comprehensive program of cooperation with the
Red Cross, and in 1947 a National Emergency
Coordinator was appointed to full-time duty at
League headquarters.

The amateur’s outstanding record of organized
preparation for emergency communications and
performance under fire has been largely respon-
sible for the decision of the Federal Government
to set up special regulations and set aside special
‘frequencies for use by amateurs in providing
auxiliary communications for civil defense pur-
poses in the event of war. Under the banner,
“Radio Amateur Civil Emergency Service,” am-
ateurs are setting up and manning community
and area networks integrated with civil defense
functions of the municipal governments. Should
a war cause the shut-down of routine amateur
activities, the RACES will be immediately avail-
able in the national defense, manned by amateurs
highly skilled in emergency communication.

TECHNICAL DEVELOPMENTS

Throughout these many years the amateur was
careful not to slight experimental development
in the enthusiasm incident to international DX.
The experimenter was constantly at work on
ever-higher frequencies, devising improved ap-
paratus, and learning how to cram several sta-
tions where previously there was room for only
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one! In particular, the amateur pressed on to the
development of the very high frequencies and his
experience with five meters is especially repre-
sentative 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 Mc. indicated that band to be prac-
tically * worthless 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
investigations by the brilliant experimenter, Ross
Hull (later QST’s editor), developed the theory
of v.h.f. wave-bending in the lower atmosphere
and led amateurs to the attainment of better dis-
tances; while occasional manifestations of
ionospheric propagation, with still greater dis-
tances, gave the band uniquely erratic perform-
ance. 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 not un-
common; during solar peaks, even the oceans
have been bridged! It is a tribute to these in-
defatigable amateurs that today’s concept of v.h.f.
propagation was developed largely through ama-
teur 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 con-
tinually overcrowds its frequency assignments,
spurring amateurs to the development and adop-
tion of new techniques to permit the accommoda-
tion of more stations. For examples, amateurs
turned from spark to c.w., designed more selec-
tive receivers, adopted crystal control and pure
d.c. power supplies. From the ARRL’s own lab-
oratory in 1932 came James Lamb’s “single-
signal” superheterodyne—the world’s most ad-
vanced high-frequency radiotelegraph receiver—
and, in 1936, the “noise-silencer” circuit. Ama-
teurs are now turning to speech “clippers”
to reduce bandwidths of phone transmissions
and “single-sideband suppressed-carrier” systems
as well as even more selectivity in receiving

A view of the ARRL laboratory.
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equipment for greater efficlency in spectrum
use.

During World War 11, 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 am-
atenrs provided the keystone for the development
of modern military communications equipment.
Perhaps more important today than individual
contributions to the art is the mass cooperation
of the amateur body in Government projects such
as propagation studies ; each participating station
is in reality a separate field laboratory from
which reports are made for correlation and anal-
ysis. An outstanding example was varied ama-
teur participation in several activities of the In-
ternational Geophysical Year program. ARRL,
with Air Force sponsorship, conducted an in-
tensive study of v.h.f. propagation phenomena—
DX transmissions via little-understood methods
such as meteor and auroral reflections, and
transequatorial scatter. ARRL-affiliated clubs
and groups have operated precision receiving an-

tennas and apparatus to help track earth satel-~

lites via radio. For volunteer astronomers
searching visually for the satellites, other ama-
teurs have manned networks to provide instant
radio reports of sightings to a central agency so
that an orbit might be computed.

From this work, amateurs have moved on to
satellites of their own, launched piggyback on
regular space shots at no cost to the taxpayer.
The Project Oscar Association, an ARRL affiliate
with headquarters in Sunnyvale, California, has
designed and constructed the first two non-gov-
ernment satellites ever placed in orbit, Oscar I
on December 12, 1961, and Oscar II on June 2,
1962. A beacon, transmitting the Morse code
letters HI, was reported heard and tracked by
more than 500 operators in 28 countries. A more
sophisticated satellite which will receive and
retransmit signals from the ground is planned
for orbit early in 1965. The name Oscar is taken
from the initials of the phrase, “Orbital Satellite
Carrying Amateur Radio.”

Another space-age field in which amateurs are

The operating room at W1AW.
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currently working is that of long-range communi-
cation using the moon as a passive reflector. The
amateur bands from 144 to 1296 Mc. are being
used for this work. . . . Moonbounce communica-
tions have been carried out between Finland and
California on 144 Mc. and between Massachusetts
and Hawaii on both 432 and 1296 Mc.

Emergency relief, expedition contact, experi-
mental 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 reward—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 amateur radio is vital to our national ex-
istence.

THE AMERICAN RADIO RELAY LEAGUE

The ARRL is today not only the spokesman
for amateur radio in the U.S. and Canada but it is
the largest amateur organization in the world. It
is strictly of , by and for amateurs, is noncommer-
cial and has no stockholders. The members of
the League are the owners of the ARRL and
QST.

The League is pledged to promote interest in
two-way amateur communication and experi-
mentation. It is interested in the relaying of mes-
sages by amateur radio. It is concerned with the
advancement of the radio art. It stands for the
maintenance of fraternalism and a high standard
of conduct. It represents the amateur in legis-
lative matters.

One of the League’s principal purposes is to
keep amateur activities so well conducted that
the amateur will continue to justify his exist-
ence. Amateur radio offers its followers count-
less pleasures and unending satisfaction. It also
calls for the shouldering of responsibilities—the
maintenance of high standards, a cooperative
loyalty to the traditions of amateur radio, a dedi-
cation to its ideals and principles, so that the in-
stitution of amateur radio may continue to oper-
ate “in the public interest, convenience and
necessity.” ’

The operating territory of ARRL is divided
into one Canadian and fifteen U. S. 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 U.S. division,
and one by the Canadian membership. These
directors then choose the president and three vice-
presidents, who are also members of the Board.
The secretary and treasurer are also appointed
by the Board. The directors, as representatives
of the amateurs in their divisions, meet annually
to examine current amateur problems and for-
mulate ARRL policies thereon. The directors
appoint a general manager to supervise the oper-
ations of the League and its headquarters, and
to carry out the policies and instructions of the
Board.



The American Radio Relay League

ARRL owns and publishes the monthly maga-
zine, OST. Acting as a bulletin of the League’s
organized activities, QST also serves as a me-
dium for the exchange of ideas and fosters ama-
teur spirit. Its technical articles are renowned.
It has grown to be the “amateur’s bible,” as well
as one of the foremost radio magazines in the
world. Membership dues include a subscription
to QST.

ARRL maintains a model headquarters ama-
teur station, known as the Hiram Percy Maxim
Memorial Station, in Newington, Conn. Its call
is W1AW, the call held by Mr. Maxim until his
death and later transferred to the League station
by a special government action. Separate trans-
mitters of maximum legal power on each ama-
teur band have permitted the station to be heard
regularly all over the world. More important,
WI1AW transmits on regular schedules bulletins
of general interest to amateurs, conducts code
practice 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 New-
ington, Conn., is a well-equipped laboratory
to assist staff members in preparation of technical
material for QST and the Radio Amateur’s
Handbook. Among its other activities, the
League maintains a Communications Depart-
ment concerned with the operating activities of
League members. A large field organization is
headed by a Section Communications Manager
in each of the League's seventy-three sections.
There are appointments for qualified members
in various fields, as outlined in Chapter 24. Spe-
cial activities and contests promote operating
skill. A special section is reserved each month in
QST for amateur news from every section of the
country.

AMATEUR LICENSING IN THE
UNITED STATES

Pursuant to the law, the Federal Communi-
cations Commission (FCC) has issued detailed
regulations 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. citizens
who pass an examination on operation and ap-
paratus and on the provisions of law and regu-
lations affecting amateurs, and who demonstrate
ability to send and receive code. There are four
available classes of amateur license—Novice,
Technician, General (called “Conditional” if
exam taken by mail), and Amateur Extra Class.
Each has different requirements, the first two
being the simplest and consequently conveying
limited privileges as to frequencies available. Ex-
ams for Novice, Technician and Conditional
classes are taken by mail under the supervisions
of a volunteer examiner. Station licenses are
granted only to licensed operators and permit
communication between such stations for ama-
teur purposes, i.e., for personal noncommercial
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aims flowing from an interest in radio technique.
An amateur station. may not be used for material
compensation of any sort nor for broadcasting.
Narrow bands of frequencies are allocated exclu-
sively for use by amateur stations. Transmissions
may be on any frequency within the assigned
bands. All the frequencies may be used for c.w.
telegraphy ; some are available for radiotele-
phone, others for special forms of transmission
such as teletype, facsimile, amateur television or
radio control. The input to the final stage of am-
ateur stations is limited to 1000 watts (with lower
limits in some cases ; see the table on page 13) and
on frequencies below 144 Mc. must be adequately
filtered direct current. Emissions must be free
from spurious radiations. The licensee must pro-
vide for measurement of the transmitter fre-
quency and establish a procedure for checking
it regularly. A complete log of station operation
must be maintained, with specified data. The sta-
tion license also authorizes the holder to operate
portable and mobile stations subject to further
regulations. All radio licensees are subject to
penalties for violation of regulations.

In the U.S., amateur licenses are issued only
to citizens, without regard to age or physical
condition. A fee of $4.00 (payable to the Fed-
eral Communications Commission) must accom-
pany applications for new and renewed licenses
(except Novices: no fee). The fee for license
modification is $2.00. When you are able to copy
code at the required speed, have studied basic
transmitter theory and are familiar with the law
and amateur regulations, you are ready to give
serious thought to securing the Government
amateur licenses which are issued you, after ex-
amination by an FCC engineer (or by a volun-
teer, depending on the license class), through
the FCC Licensing Unit, Gettysburg, Pa., 17325.
A complete up-to-the-minute discussion of li-
cense requirements, the FCC regulaticns for the
amateur service, and study guides for those pre-
paring for the examinations, are to be found in
an ARRL publication, The Radio Amateur’s Li-
cense Manual, available from the American
Radio Relay League, Newington, Conn. 06111,
for 50¢, postpaid.

AMATEUR LICENSING IN CANADA

The agency responsible for amateur. radio in
Canada is the Department of Transport, with its
principal offices in Ottawa. Prospective amateurs,
who must be at least 15 years old, and pay an
examination fee of 50¢, may take the examination
for an Amateur Radio Operator Certificate at one
of the regional offices of the DOT. The test is
in three parts: a Morse code test at ten words
per minute, a written technical exam and an oral
examination. Upon passing the examination, the
amateur may apply for a station license, the fee
for which is $2.50 per year. At this point, the
amateur is permitted to use c.w. on all author-
ized amateur bands (see table) and phone on
those bands above 50 Mc.
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After six months, during which the station has
been operated on c.w. on frequencies below 29.7
Mc,, the Canadian amateur may have his certif-
icate endorsed for phone operation on the 26.96-
27.0 Mc. and 28.0-29.7 Mc. bands. The amateur
may take a 15 w.p.m. code test and more-diffi-
cult oral and written examinations, for the
Advanced Amateur Radio Operator Certificate,
which permits phone operations on portions
of all authorized amateur bands. Holders of
First or Second Class or Special Radio Opera-
tor’'s Certificates may enjoy the privileges of
Advanced class without further examination. The
maximum input power to the final stage of an
amateur transmitter is limited to 750 watts.

Prospective amateurs living in remote areas
may obtain a provisional station license after
signing a-statement that they can meet the tech-
nical and operating requirements, A provisional
license is valid for a maximum of twelve con-
secutive months only ; by that time, a provisional
licensee should have had an opportunity to take
the regular examination.

Licenses are available to citizens of Canada,
to citizens of other countries in the British Com-
monwealth, and to non-citizens who qualify as
“landed immigrants” within the meaning of
Canadian immigration law. The Ilatter status
may be enjoyed for only six years, incidentally.
A U.S. citizen who obtained a Canadian license
as a “landed immigrant” would have to become
a Canadian citizen at the end of six years or
lose his Canadian license.

Copies of the Radio Act and of the General
Radio Regulations may be obtained for a nominal
fee from the Queen’s Printer, Ottawa, and in
other places where publications of the Queen’s
Printer are available. An extract of the amateur
rules, Form AR-5-80, is available at DOT offices.
A wealth of additional information on amateur
radio in Canada can be found in the Radio Am-
ateur Licensing Handbook, by Jim Kitchin,
VE7KN, published by Radiotelephone Direc-
tories of Canada, Ltd., 119 West Pender Street,
Vancouver 3, B.C,, for $2.00.

RECIPROCAL OPERATING

U.S. amateurs may operate their amateur sta-
tions while visiting in Canada and Costa Rica,
and vice versa. Reciprocal operating agreements
are being negotiated with additional countries at
press time; for the latest information on a spe-
cific country, write to ARRL headquarters.

LEARNING THE CODE

In starting to learn the code, you should con-
sider it simply another means of conveying in-
formation. The spoken word is one method, the
printed page another, and typewriting and short-
hand are additional examples. Learning the code
is as easy—or as difficult—as learning to type.

The important thing in beginning to study code
is to think of it as a language of sound, never
as combinations of dots and dashes. It is easy to
“speak” code equivalents by using “dit” and
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“dah,” so that A would be “didah” (the “t” is
dropped in such combinations). The sound “di”
should be staccato; a code character such as “5”
should sound like a machinegun burst: didididi-
dit! Stress each “dah” equally; they are under-
lined or italicized in this text because they should
be slightly accented and drawn out.

Take a few characters at a time. Learn them
thoroughly in didah language before going on to
new ones. If someone 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 cooperation. Learn the code by listening to it.
Don’t think about speed to start; the first re-
quirement is to learn the characters to the point
where you can recognize each of them without
hesitation. Concentrate on any difficult letters.
Learning the code is not at all hard; a simple
booklet treating the subject in detail is another
of the beginner publications available from the
League, and is entitled, Learning the Radiotele-
graph Code, 50¢ postpaid.

Code-practice transmissions are sent by
WIAW every evening at 0230 GMT (0130 May
through October). See Chapter 24, “Code Pro-
ficiency.”

INTRODUCTION TO RADIO THEORY

As you start your studies for an amateur li-
cense, you may wish to have the additional help

A didah N dahit

B dahdididit O dahdahdah

C dahdidahdit P didahdahdit

D dahdidit Q dahdahdidah

E dit R didahdit

F dididahdit S dididit

G dahdahdit T dah

H didididit U dididah

I didit V didididah

J didahdahdah W didahdah

K dahdidah X dahdididah

L didahdidit Y dahdidahdah

M dahdah Z dahdahdidit

1 didahdahdahdah 6 dahdidididit

2 dididahdahdah 7 dahdahdididit
3 didididahdah 8 dahdahdahdidit
4 dididididah 9 dahdahdahdahdit
5 dididididit 0 dahdahdahdahdah

Period : didahdidahdidah. Comma : dahdahdidi-
dahdah. Queﬂ)n ‘mark : dididahdahdidit. Error :
didididididididit. Double dash: dahdidididah.
Wait : didahdididit. End of message : didahdidah-
dit. Invitation to transmit: dahdidah. End of
work : didididahdidah. Fraction bar : dahdididah-
dit.

Fig. 1-1—The Continental (International Morse) code.
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available in How to Become a Radio Amateur
($1.00). It features an elementary description of
radio theory and constructional details on a sim-
ple receiver and transmitter.

Another aid is A Course in Radio Fundamen-
tals ($1.00), a study guide using this Handbook
as its text. There are experiments, discussions,
and quizzes to help you learn radio fundamentals.

A new League publication, Understanding
Amateur Radio, explains radio theory and prac-
tice in greater detail than is found in How to
Become a Radio Amateur, but is at a more basic
level than this Handbook. Understanding Ama-
teur Radio contains 320 pages, and is priced at
$2.00.

These booklets are available postpaid from
ARRL, Newington, Connecticut 06111,

THE AMATEUR BANDS

Amateurs are assigned bands of frequencies at
approximate harmonic intervals throughout the
spectrum. Like ‘assignments to all services, they
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are subject to modification to fit the changing
picture of world communications needs. Modifi-
cations of rules to provide for domestic needs are
also occasionally issued by FCC and DOT, and
in that respect each amateur should keep himself
informed by WI1AW bulletins, QST reports, or
by communication with ARRL Hgq. concerning a
specific point.

On this page and page 14 are summaries of the
Canadian and U.S. amateur bands on which
operation is permitted as of our press date. Fig-
ures are megacycles. A0 means an unmodulated
carrier, Al means c.w. telegraphy, A2 is tone-
modulated c.w. telegraphy, A3 is amplitude-
modulated phone (n.f.m. may also be used in such
bands, except on 1.8-2.0 Mc.), A4 is facsimile,
AS is television, n.f.m. designates narrow-band
frequency- or phase-modulated radiotelephony,
F1 is frequency-shift keying, F2 is frequency-
modulated tone keying (Morse or teletype), F3
is f.m. phone, F4 is f.m. facsimile and F5 is fm.
television.

80 3.500- 3.725 Me. Al, F1,
meters 3.725- 4.000 Mc. Al, A, F3,
7.000- 7.150 Mec. A1, Fl,
40 m. 7.150— 7.300 Mc. A1, A3, F3,
20 m. 14.000- 14.100 Mec. Al, F1,
14.100— 14.350 Mec. Al, A3, F31,
15 m, 21.000— 21.100 Mc. A1, F1,
21.100-  21.450 Mec. A1, A3, F3,
11 m. 26.960— 27.000 Mc. Al, A2, A33,
F3s,
10 m 28.000- 28.100 Mec. A1), F1,
28.100- 29.700 Mec. A1, A3z F33,
6 m. 50.000— . 51.000 Mec. A1, A2, A3,
F1,F2, F3
51.000— 54.000 Mc. A#, Al, A2,
A3, F1,
F2, F3,
2m. 144.000- 148.000 Mc. | A#@, Al, A2,
220.000—~ 225.000 Mec. A3, F1,
420.000- 450.000 Mec.
1215.000- 1300.000 Mec. F2, F3,
2300.000- 2450.000 Mec. | A@, Al, A2,
3300.000- 3500.000 Mec. A3, AS3,
5650.000— 5925.000 Mec. F1, F2,

10000.000-10500.000 Mec. F3,
21000.000-22000.000 Mec.

1 Phone privileges are restricted to holders of
Advanced Amateur Radio Operator Certificates,
and of Commercial Certificates.

3 Phone privileges are restricted as in footnote
1, and to holders of Amateur Radio Operators
Certificates whose certificates have been endorsed
for operation on phone in these bands; see text.

3 Special endorsement required for amateur
television transmission.

CANADIAN AMATEUR BANDS

Operation in the frequency bands 1.800-
1.825 Mc., 1.875-1.900 Mc., 1.900-1.925 Mc.,
and 1.975-2.000 Mc. shall be limited to the
areas as indicated in the following table and
shall be limited to the indicated maximum
d.c. power input to the anode circuit of the
final radio frequency stage of the transmit-
ter during day and night hours respec-
tively; for the purpose of the subsection,
“day” means the hours between sunrise and
sunset, and “night” means the hours be-
tween sunset and sunrise: Al, A3, and
F3 emission are permitted.

Authorized D.c. power
bands input watts
Area ke. day night

1800-1825 375 150
1875-1900 375 150

The Provinces of
Newfoundland, Nova
Scotia, Prince Ed-
ward Island, New
Brunswick, Quebec,
Ontario, and the Dis.
tricts of Keewatin,
and Franklin.

'1900-1925 375 150
1975-2000 375 150

The Provinces of
Manitoba, Saskatch-
ewan, Alberta, Brit-
ish Columbia, Yu-
kon Territory, and
the District of Mac-
kenzie.

Except as otherwise specified, the maxi-
mum amateur power input is 750 watts.
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U.S. AND POSSESSIONS AMATEUR BANDS

80 3.500—4.000 Mc.—Al
meters  3.500-3.800 Mc.—F1
3.800-4.000 Mc,—A3
7.000-7.300 Mec.—Al
40 m. 7.000-7.200 Mec.—F1
7.200-7.300 Mc.—~A3
14.000-14.350 Mc.—A1l
20 m. 14.000-14.200 Mc.—F1
14.200-14.350 Mc.—A3
21.000-21.450 Mc.—A1l
15 m. 21.000-21.250 Mc.—F1
21.250-21.450 Mc.—A3
28.000-29.700 Mc.—A1l
10 m, 28.500-29.700 Mc.—A3
29.000-29.700 Mc.—F1, F3
50.0-50.1 Mc.—Al
6 m. 50.1-54 Mc.—Al, A2, A3, A4
51-54 Mc.—A8
5§2.5-54 Mc.—F#, F1, F2, F3
144-147.9 Mc.—A#8, Al, A2, A3, A4,
2 m. Fg, F1, F2, F3
147.9-148 Mec,—A1l

220-225 Mc. —A8, Al, A2, A3, A4,
F@, F1, F2, F3, F4
420-450' Mec.| A#, Al, A2, A3, A4, AS
1,215-1,300 Mc.} F@, F1, F2, F3, F4, Fs
2,300-2,450 Mec.
3,300-3,500 Mc.
5.650-5.925 Mo, A8, Al, A2, A3, A4, As,

Fg, F1, F2, F3, F4, FS,

10,000-10,500% Mc. pulse

21,000-22,000 Mec.
All above 40,000 Mc.

! Input power must not exceed 50 watts in Fla., Ariz.,
and parts of Ga., Ala,, Miss., N. Mex., Tex., Nev., and
Calif, See the License Manual or write ARRL for further
details.

2 No pulse permitted in this band.

Note: Frequencies from 3.9 to 4.0 Mc. are not avail-
able to amateurs on Baker, Canton, Enderbury, Guam,
Howland, Jarvis, Palmyra, American Samoa, and Wake
islands.

The bands 220 through 10,500 Mc. are shared with the
Government Radio Positioning Service, which has pri-
ority.

In addition, Al and A3 (except no n.f.m.) on portions of 1.800-2.000 Mc., as follows. Figures in the
right columns are maximum d.c. plate power input.

Area
Alabama, Louisiana, Mississippi, Tennessee
Alaska
Arizona, Utah
Arkansas
California

Colorado, New Mexico, Wyoming, Texas West of 103° W,

Connecticut, Delaware, D.C., Maryland, New Jersey, Penn-
sylvania, Rhode Island, Virginia, West Va.,, New York

south of 42° N.

Florida, Georgia, South Carolina

Hawaii, Puerto Rico, Virgin Is,

Idaho, Montana west of 111° W,

1llinois, Missouri

Indiana, Kentucky, Ohio

Iowa, Kansas, Minnesota, Wisconsin, upper Michigan

Maine, Massachusetts,
York north of 42° N.

Michigan, lower peninsula

Montana east of 111° W,

Nebraska, So. Dakota

Nevada

No. Carolina

No. Dakota

Oklahoma, Texas east of 103° W,

Oregon, Washington

Navassa Is.

Swan Is.,, Serrana Bank, Roncador Key

Baker, Canton, Enderbury, Guam, Howland, Jarvis, John-
ston, Midway & Palmyra Is.

American Samoa

Wake Is.

New Hampshire, Vermont,

Novice licensees may use the following fre-
quencies, transmitters to be crystal-controlled
and have a maximum power input of 75 watts.

3.700-3.750 Mc. A1 21.100-21.250 Mec. Al
7.150-7.200 Mc. Al 145-147 Mc. Al, A2, A3, fm.

18001825 ke.

New

1875-1900 kc. 19001925 ke, 1975-2000 ke.

Day Night. Day Night Day Night Day Night
200 50 Nooperation No operation 100 25
200 50 200 50 Nooperation No operation
100 25 100 25 100 25 500 100
200 50 No operation No 'operation 200 50

No operation No operation 200 S0 500 200
200 50 100 25 100 25 500 100
200 50 100 25 Nooperation No operation
100 25 No operation No operation No operation

No operation Nooperation 100 25 100 25
100 25 200 50 200 50 500 100
200 50 100 25 100 25 200 50
200 50 100 25 100 25 100 25
500 100 100 25 100 25 200 50
500 100 100 25 Nooperation No operation
500 100 100 25 100 25 100 25
200 50 200 50 200 S0 500 100
500 100 100 25 100 25 500 100
100 25 200 50 200 50 500 200
200 50 Nooperation No operation No operation
500 100 200 50 200 50 500 100
500 © 100 No operation No operation 200 50

No operation No operation 200 50 500 100

No operation No operation No operation 100 25
500 100  No operation No operation 100 25

No operation No operation 500 100 500 100
500 200 500 200 500 200 500 200
500 100 500 100 No operation No operation

Technician licensees are permitted all ama-
teur privileges in 50 Mc., 145-147 Mc. and in the
bands 220 Mc. and above.

Except as otherwise specified, the maximum
amateur power input is 1000 watts.




Electrical Laws
and Circuits

ELECTRIC AND MAGNETIC FIELDS

When something occurs at one point in space
because something else happened at another
point, with no visible means by which the “cause”
can be related to the “effect,” we say the two
events are connected by a field. In radio work, the
fields with which we are concerned are the elec-
tric and magnetic, and the combination of the
two called the electromagnetic field.

A field has two important properties, intensity
(magnitude) and direction. The field exerts a
force on an object immersed in it; this force
represents potential (ready-to-be-used) energy,
so the potential of the field is a measure of the
field intensity. The direction of the field is the
direction in which the object on which the force
is exerted will tend to move.

An electrically charged object in an electric
field will be acted on by a force that will tend to
move it in a direction determined by the direc-
tion of the field. Similarly, a magnet in a mag-
netic field will be subject to a force. Everyone has
seen demonstrations of magnetic fields with
pocket magnets, so intensity and direction are not
hard to grasp.

A “static” field is one that neither moves nor
changes in intensity. Such a field can be set up
by a stationary electric charge (electrostatic
field) or by a stationary 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 electric field sets up a mag-
netic field, and a changing magnetic field gen-
erates an electric field. This interrelationship
between magnetic and electric fields makes pos-
sible such things as the electromagnet and the
electric motor. It'also makes possible the electro-
magnetic 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 mag-
netic fields.

Lines of Force

Although no one knows what it is that com-
poses the field itself, it is useful to invent a
picture of it that will help in visualizing the
forces and the way in which they act.

A field can be pictured as being made up of
lines of force, or flux lines. These are purely
imaginary threads that show, by the direction
in which they lie, the direction the object on
which the force is exerted will move. The number
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of lines in a chosen cross section of the field is a
measure of the intensity of the force. The number
of lines per unit of area (square inch or square
centimeter) is called the flux density.

ELECTRICITY AND THE ELECTRIC
CURRENT

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 several different kinds of
still smaller particles. One is the electron, essen-
tially a small particle of electricity. The guantity
or charge of electricity represented by the elec-
tron is, in fact, the smallest quantity of elec-
tricity that can exist. The kind of electricity
associated with the electron is called negative.

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. The
nucleus has an electric charge of the kind of
electricity called positive, the amount of its
charge being just exactly equal to the sum of the
negative charges on all the electrons associated
with that nucleus,

The important fact about these twe “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 of the
same kind. The positive nucleus and the negative
electrons are attracted to each other, but two
electrons will be repelled from each other and so
will two nuclei.

In a normal atom the positive charge on the
nucleus is exactly balanced by the negative
charges on the electrons. However, it is possible
for an atom to lose one of its electrons. When that
happens the atom has a little less negative charge
than it should — that is, 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, including the extra one’
that may be attached to a nearby negative ion.
In this way it is possible for electrons to travel
from atom to atom. The movement of ions or
electrons constitutes the electric current.

The amplitude of the current (its intensity or
magnitude) is determined by the rate at which
electric charge — an accumulation of electrons
or ions of the same kind — moves past a point in
a circuit. Since the charge on a single electron or
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ion is extremely small, the number that must
move as a group to form even a tiny current is
almost inconceivably large.

Conductors and Insulators

Atoms of some materials, notably metals and
acids, will give up an electron readily, but atoms
of other materials will not part with any of their
electrons even when the electric force is ex-
tremely strong. Materials in which electrons or
ions can be moved with relative ease are called
conductors, while those that refuse to permit
such movement are called nonconductors or
insulators. The following list shows how some
common materials are classified:

Conductors Insulators
Metals Dry Air Glass
Carbon Woaod Rubber
Acids’ Porcelain Resins
Textiles

Electromotive Force

The electric force or potential (called electro-
motive force, and abbreviated e.m.f.) that causes
current flow may be developed in several ways.
The action of certain chemical solutions on dis-
similar metals sets up an e.m.f.; such a combina-
tion is called a cell, and a group of cells forms an
electric battery. The amount of current that such
cells can carry is limited, and in the course of
current flow one of the metals is eaten away. The
amount of electrical energy that can be taken
from a battery consequently is rather small.
Where a large amount of energy is needed it is
usually furnished by an electric generator, which
develops its e.m.f. by a combination of magnetic
and mechanical means.

Direct and Alternating Currents

In picturing current flow it is natural to think
of a single, constant force causing the electrons to
move. When this is so, the electrons always move
in the same direction through a path or circuit
made up of conductors connected together in a
continuous chain. Such a current is called a
direct current, abbreviated d.c. It is the type of
current furnished by batteries and by certain
types of generators.

It is also possible to have an e.m.f. that peri-
odically reverses. With this kind of e.m.f. the
current flows first in one direction through the
circuit and then in the other. Such an emdf. is
called an alternating e.m.f., and the current is
called an alternating current (abbreviated a.c.).
The reversals (alternations) may occur at any
rate from a few per second up to several billion
per second. Two reversals make a cycle; in one
cycle the force acts first in one direction, then in
the other, and then returns to the first direction
to begin the next cycle. The number of cycles in
one second is called the frequency of the alter-
nating current.

The difference between direct current and al-
ternating current is shown in Fig. 2-1. In these
graphs the horizontal axis measures time, in-
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creasing toward the right away from the vertical
axis. The vertical axis represents the amplitude
or strength of the current, increasing in either
the up or down direction away from the hori-
zontal axis. If the graph is above the horizontal
axis the current is flowing in one direction
through the circuit (indicated by the 4 sign)
and if it is below the horizontal axis the current
is flowing in the reverse direction through the
circuit (indicated by the — sign). Fig. 2-1A
shows that, if we close the circuit — that is, make
the path for the current complete — at the time
indicated by X, the current instantly takes the
amplitude indicated by the height 4. After that,
the current continues at the same amplitude as
time goes on, This is an ordinary direct current.

In Fig. 2-1B, the current starts flowing with
the amplitude 4 at time X, continues at that
amplitude until time ¥ and then instantly ceases.
After an interval YZ the current again begins to
flow and the same sort of start-and-stop per-
formance is repeated. This is an intermittent di-
rect -current. We could get it by alternately
closing and opening a switch in the circuit. It is a
direct current because the direction of current
flow does not change ; the graph is always on the
+ side of the horizontal axis.

In Fig. 2-1C the current starts at zero, in-
creases in amplitude as time goes on until it
reaches the amplitude 4; while flowing in the +
direction, then decreases until it drops to zero
amplitude once more. At that time (X) the
direction of the current flow reverses ; this is indi-
cated by the fact that the next part of the graph
is below the axis. As time goes on the amplitude
increases, with the current now flowing in the —
direction, until it reaches amplitude A,. Then
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Fig. 2-1—Three types of current flow. A—direct current;
B—intermittent direct current; C—alternating current.
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Frequency and Wavelength

the amplitude decreases until finally it drops to
zero (V) and the direction reverses once more.
This is an alternating current.

Waveforms

The type of alternating current shown in Fig.
2-1C is known as a sine wave. The variations in
many a.c. waves are not so smooth, nor is one
half-cycle necessarily just like the preceding one
in shape. However, these complex waves can be
shown to be the sum of two or more sine waves of
frequencies that are exact integral (whole-num-
ber) multiples of some lower frequency. The
lowest frequency is called the fundamental fre-
quency, and the higher frequencies (2 times, 3
times the fundamental frequency, and so on) are
called harmonics.

Fig. 2-2 shows how a fundamental and a
second harmonic (twice the fundamental) might
add to form a complex wave. Simply by changing
the relative amplitudes of the two waves, as well
as the times at which they pass through zero
amplitude, an infinite number of waveshapes can
be constructed from just a fundamental and
second harmonic. Waveforms that are still more
complex can be constructed if more harmonics
X3 (B, Electrical Units

The unit of electromotive force is called the
volt. An ordinary flashlight cell generates an
e.m.f. of about 1.5 volts. The e.m.f. commonly
supplied for domestic lighting and power is 115
volts, usually a.c. having a frequency of 60 cycles
per second. The voltages used in radio receiving
and transmitting circuits range from a few volts
(usually a.c.) for filament heating to as high as
several thousand d.c. volts for the operation of
power tubes.

The flow of electric current is measured in
amperes. One ampere is equivalent to the move-
ment of many billions of electrons past a point
in the circuit in one second. Currents in the
neighborhood of an ampere are required for heat-
ing the filaments of small power tubes. The direct
currents used in amateur radio equipment usually
are not so large, and it is customary to measure

such currents in milliamperes. One milliampere ,

is equal to one one-thousandth of an ampere, or
1000 milliamperes equal one ampere.

A “d.c. ampere” is a measure of a steady cur-
rent, but the “a.c. ampere” must measure a
current that is continually varying in amplitude
and periodically reversing direction. To put the
two on the same basis, an a.c. ampere is defined
as the current that will cause the same heating
effect as one ampere of steady direct current. For
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