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Preface

Vast changes have taken place in the Amateur Radio Service throughout the past
two decades. The amateur station has literally moved from the garage or home work-
shop into the living room, and ham gear has forsaken the black-crackle panel and the
six-foot relay rack for the streamlined, sleek, miniaturized desk-top cabinet. This
progression has been brought about by the sweeping change from amplitude modu-
lation (a-m) to single-sideband transmission, heralding a whole new field of technical
advances in the communication art. Bandswitching linear amplifiers, compact solid-
state power supplies, and highly stable variable-frequency oscillators (all of which
were practically unknown twenty years ago) are modern counterparts of the bulky
plug-in coil class-C amplifier, the cumbersome modulators, and the weighty power
supplies that identified the amateur station of the late “forties.”

The gradual eclipse of amplitude modulation has also been stimulated by the advent
of the SSB transceiver and its unique VOX-operated break-in ability to make use of
a single communications channel for local and long-distance contacts. In addition,
the elimination of the interstation heterodyne and selective a-m fading by the wide-
spread use of SSB has permitted more efficient occupancy of the high-frequency
amateur bands by double the number of stations compared to twenty years ago.

Today’s radio equipment bears little resemblance to the rough-and-ready ham gear
of the pre-TVI, pre-SSB era of the relay rack and the breadboard. Today’s radio
amateur, moreover, is a2 more proficient, sophisticated operator than his counterpart
of twenty or thirty years ago. The horizons of the Amateur Radio Service have been
greatly expanded as a result of this worthwhile revolution in communication tech-
niques and practices. It is hoped that this trend will be evident in the years to come.

The author is pleased to note that the RADIO HANDBOOK has been a force in
advancing the state of the art of these various and diversified radio amateur develop-
ments, many of which are reflected in this new edition of the handbook.

Over thirty years ago the historic first edition of the RADIO HANDBOOK was
published as a unique, independent communications manual written especially for the
advanced radio amateur and electronics engineer. Since that early time, each succeed-
ing edition of the RADIO HANDBOOK has -led the rapidly advancing field of
communications electronics. This new seventeenth edition typifies the modern trend
in amateur radio today toward more advanced and sophisticated communication
techniques and equipment.

The preparation of this edition of the RADIO HANDBOOK would have been
impossible without the help that was tended the author by fellow radio amateurs and
sympathetic electronics organizations. To those individuals and companies whose
unselfish support made the compilation and publication of this Handbook an
interesting and inspired task, I extend my thanks.

Wirriam L. Orr, W6SAL
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CHAPTER ONE

Introduction to Radio

The field of radio is a division of the
much larger field of electronics. Radio itself
is such a broad study that it is still further
broken down into a2 number of smaller fields
of which only short-wave or high-frequency
radio is covered in this book. Specifically the
field of communication on frequencies from
1.8 to 450 MHz is taken as the subject mat-
ter for this work.

The largest group of persons interested in
the subject of high-frequency communica-
tion is the more than 350,000 radio ama-
teurs located -in nearly all countries of the
world. Strictly speaking, a radio amateur is
anyone noncommercially interested in radio,
but the term is ordinarily applied only to
those hobbyists possessing transmitting
equipment and a license to operate from the
Government.

It was for the radio amateur, and particu-
larly for the serious and more advanced ama-
teur, that most of the equipment described
in this book was developed. However, in
each equipment group, simple items also are
shown for the student or beginner. The de-
sign principles behind the equipment for
high-frequency radio communication are of
course the same whether the equipment is to
be used for commercial, military, or ama-
teur purposes. The principal differences lie in
construction practices, and in the tolerances
and safety factors placed on components.

With the increasing complexity of high-
frequency communication, resulting pri-
marily from increased utilization of the

available spectrum, it becomes necessary to
delve more deeply into the basic principles
underlying radio communication, both from
the standpoint of equipment design and
operation and from the standpoint of signal
propagation. Hence, it will be found that
this edition of the RADIO HANDBOOK
has been devoted in greater proportion to
the teaching of the principles of equipment
design and signal propagation. It is in re-
sponse to requests from schools and agencies
of the Department of Defense, in addition
to persistent requests from the amateur
radio fraternity, that coverage of these
principles’ has been expanded.

1-1 Amateur Radio

Amateur radio is a fascinating hobby with
many facets. So strong is the fascination of-
fered by this hobby that many executives,
engineers, and military and commercial
operators enjoy amateur radio as an avoca-
tion, even though they are also engaged in
the radio field commercially. It captures and
holds the interest of many people in all
walks of life, and in all countries of the
world where amateur activities are permitted
by law.

Amateurs have rendered much public
service through furnishing communications
to and from the outside world in cases
where disaster has isolated an area by sever-
ing all wire communications. Amateurs have
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a proud record of heroism and service on
such occasions. Many expeditions to remote
places have been kept in touch with home
by communication with amateur stations on
the high frequencies. The amateur’s fine
record of performance with the “wireless”
equipment of World War I has been sur-
passed by his outstanding service in World
War IL

By the time peace came in the Pacific in
the summer of 1945, many thousand ama-
teur operators were serving in the Allied
Armed Forces. They had supplied the Army,
Navy, Marines, Coast Guard, Merchant Ma-
rine, Civil Service, war plants, and civilian
defense organizations with trained personnel
for radio, radar, wire, and visual communi-
cations and for teaching. Even now, at the
time of this writing, amateurs are being
called back into the expanded defense forces,
are returning to defense plants where their
skills are critically needed, and are being
organized into communication units as an
adjunct to civil-defense groups.

1-2 Station and
Operator Licenses

Every radio transmitting station in the
United States no matter how low its power
must have a license from the Federal Govern-
ment before being operated; some classes of
stations must have a permit from the gov-
ernment even before being constructed. And
every operator of a transmitting station
must have an operator’s license before oper-
ating a transmitter. There are no exceptions.
Similar laws apply in practically every major
country.

Closses of Amateur There are at present five
Operotor Licenses  classes of amateur oper-

ator licenses which have
been authorized by the Federal Communi-
cations Commission. These classes differ in
many respects, so each will be discussed
briefly,

Amateur Extra Class—This class of li-
cense is available to any U. S. citizen who
at any time has held for a period of two
years or more a valid amateur license, issued
by the FCC, excluding licenses of the Nov-
ice and Technician Classes. The examina-

tion for the license includes a code test at
20 words per minute, the usual tests cover-
ing basic amateur practice and general ama-
teur regulations, and an additional test on
advanced amateur practice. All amateur
privileges are accorded the holders of this
operator’s license.

General Class — This class of amateur
license is equivalent to the old Amateur
Class-B license, and accords to the holders
all amateur privileges except those which
may be set aside for holders of the Amateur
Extra-Class license. This class of amateur
operator’s license is available to any U. S.
citizen. The examination for the license in-
cludes a code test at 13 words per minute,
and the usual examinations covering basic
amateur practice and general amateur regu-
lations.

Conditional Class—This class of amateur
license and the privileges accorded by it are
equivalent to the General-Class license.
However, the license can be issued only to
those whose residence is more than 17§
miles airline distance from the nearest loca-
tion at which FCC examinations are held at
intervals of twice yearly, or oftener, for
the General-Class amateur operator license,
or to those who for any of several speci-
fied reasons are unable to appear for exam-
ination.

Technician Class — This class of license
is available to any citizen of the United
States. The examination is the same as that
for the General-Class license, except that
the code test is at a speed of § words per
minute. The holder of a Technician-Class
license is accorded all authorized amateur
privileges in the amateur frequency bands
above 220-MHz, in the 50-MHz band; and
in the 145- to 147-MHz portion of the
2-meter band.

Novice Class—This is a new class of li-
cense which is available to any U. S. citizen
who has not previously held an amateur li-
cense of any class issued by any agency of
the U. S. Government, military or civilian.
The examination consists of a code test at a
speed of § words per minute, plus an ex-
amination on the rules and regulations es-
sential to beginner’s operation, including
sufficient elementary radio theory for the
understanding of those rules. The Novice-
Class license affords severely restricted priv-
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ileges, is valid for a period of only one year
(as contrasted to all other classes of amateur
licenses which run for a term of five years),
and is not renewable.

All Novice- and Technician-Class ex-
aminations are given by volunteer examin-
ers, as regular examinations for these two
classes are not given in FCC offices. Ama-
teur radio clubs in the larger cities have
established examining committees to assist
would-be amateurs of the area in obtaining
their Novice and Technician licenses.

1-3  The Amateur Bands

Certain small segments of the radio-fre-
quency spectrum between 1500 kHz and
10,000 MHz are reserved for operation of
amateur radio stations. These segments are
in general agreement throughout the world,
although certain parts of different amateur
bands may be used for other purposes in
various geographic regions. In particular,
the 40-meter amateur band is used legally
(and illegally) for short-wave broadcasting
by many countries in Europe, Africa and
Asia. Parts of the 80-meter band are used
for short distance marine work in Europe,
and for broadcasting in South America. The
amateur bands available to United States
radio amateurs are:

160 Meters The 160-meter band
(1800 kHz—2000 kHz) 1s divided into 295-

kHz segments on a
regional basis, with day and night power
limitations, and is available for amateur use
provided no interference is caused to the
Loran (Long Range Navigation) stations
operating in this band. This band is least
affected by the 11-year solar sunspot cycle.
The maximum wusable frequency (MUF)
even during the years of decreased sunspot
activity does not usually drop below 4 MHz,
therefore this band is not subject to the
violent fluctuations found on the higher-
frequency bands. DX contacts on this band
are limited by the ionospheric absorption of
radio signals, which is quite high. During
winter nighttime hours the absorption is
often of a low enough value to permit trans-
oceanic contacts on this band. On rare oc-
casions, contacts up to 10,000 miles have

been made. As a usual rule, however, 160-
meter amateur operation is confined to
ground-wave contacts or single-skip con-
tacts of 1000 miles or less. Popular before
World War 11, the 160-meter band is now
only sparsely occupied since many areas of
the country are blanketed by the megawatt
pulses of the Loran chains.

80 Meters The 80-meter band
(3500 kHz—4000 kHz) is the most popular

amateur band in
the continental United States for local “rag
chewing” and traffic nets. During the years
of minimum sunspot activity the iono-
spheric absorption on this band may be
quite low, and long distance DX contacts
are possible during the winter night hours.
Daytime operation, in general, is limited to
contacts of 500 miles or less. During the
summer months, local static and high iono-
spheric absorption limit long distance con-
tacts on this band. As the sunspot cycle ad-
vances and the MUF rises, increased iono-
spheric absorption will tend to degrade the
long distance possibilities of this band. At
the peak of the sunspot cycle, the 80-meter
band becomes useful only for short-haul
communication.

40 Meters The 40-meter band
(7000 kHz—7300 kHz) is high enough in

frequency to be se-
verely affected by the 11-year sunspot cycle.
During years of minimum solar activity,
the MUF may drop below 7 MHz, and the
band will become very erratic, with signals
dropping completely out during the night
hours. Tonospheric absorption of signals is
not as large a problem on this band as it is
on 80 and 160 meters. As the MUF grad-
ually rises, the skip distance will increase on
40 meters, especially during the winter
months. At the peak of the solar cycle, the
daylight skip distance on 40 meters will be
quite long, and stations within a distance of
500 miles or so of each other will not be
able to hold communication. DX operation
on the 40-meter band is considerably ham-
pered by broadcasting stations, propaganda
stations, and jamming transmitters. In
Europe and Asia the band is in a chaotic
state, and amateur operation in this region
is severely hampered.
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20 meters

t the present
(14,000 kHz—14,350 kHz)

time, the 20-me-
ter band is by
far the most popular band for long-distance
contacts. High enough in frequency to be
almost obliterated at the bottom of the
solar cycle, the band nevertheless provides
good DX contacts during years of minimal
sunspot activity. At the present time, the
band is open to almost all parts of the world
at some time during the year. During the
summer months, the band is active until the
late evening hours, but during the winter
months the band is only good for a few
hours during daylight. Extreme DX contacts
are usually erratic, but the 20-meter band is
the only band available for DX operation
the year around during the bottom of the
sunspot cycle. As the sunspot count increases
and the MUF rises, the 20-meter band will
become open for longer hours during the
winter. The maximum skip distance in-
creases, and DX contacts are possible over
paths other than the Great Circle route.
Signals can be heard via the “long path,” 180
degrees opposite the Great Circle path. Dur-
ing daylight hours, absorption may become
apparent on the 20-meter band, and all
signals except very short skip may disappear.
On the other hand, the band will be open
for worldwide DX contacts all night long.
The 20-meter band is very susceptible to
“fadeouts” caused by solar disturbances, and
all except local signals may completely dis-
appear for periods of a few hours to a day
or so.

15 Meters This is a rela-
(21,000 kHz—21,450 kHz) tively new band
for radio ama-

teurs since it has only been available for
amateur operation since 1952. It has charac-
teristics similar to both the 20- and 10-
meter amateur bands. During a period of
low sunspot activity, the MUF will rarely
rise as high as 15 meters, so this band will
be “dead” for a large part of the sunspot
cycle. During the next few years, 15-meter
activity should pick up rapidly, and the
band should support extremely long DX
contacts. The band will remain open 24
hours a day in Equatorial areas of the world.
Fifteen-meter operation may be hampered
in some cases when neighbors possess older-

model TV receivers having a 21-MHz i-f
channel, which falls directly in the 15-meter
band. The interference problem may be al-
leviated by retuning the i-f system to a
frequency outside the amateur assignment.

10 Meters During the peak
(28,000 kH1—29,7°° kHz) of the sunspot

cycle, the 10-
meter band is without doubt the most pop-
ular amateur band. The combination" of
long skip and low ionospheric absorption
make reliable DX contacts with low-powered
equipment possible. The great width of the
band (1700 kHz) provides room for a
large number of amateurs. The long skip
(1500 miles or so) prevents nearby amateurs
from hearing each other, thus dropping the
interference level. During the winter
months, sporadic-E (short-skip) signals up
to 1200 miles or so will be heard. The 10-
meter band is poorest in the summer months,
even during a sunspot maximum. Extreme-
ly long daylight skip is common on this
band, and in years of high MUF the 10-
meter band will support intercontinental
DX contacts during daylight hours.

The second harmonic of stations operating
in the 10-meter band falls directly into
television channel 2, and the higher har-
monics of 10-meter transmitters fall into
the higher TV channels. This harmonic
problem seriously curtailed amateur 10-meter
operation during the late 40’s. However,
with new circuit techniques and the TVI
precautionary measures stressed in this Hand-
book, 10-meter operation should cause little
or no interference to nearby television re-
ceivers of modern design.

Six Meters At the peak of the sun-
(50 MHz—54 MH1) spot cycle, the MUF

occasionally rises high
enough to permit DX contacts up to 10,000
miles or so on 6 meters. Activity on this
band during such a period is often quite high.
Interest in this band wanes during a period
of lesser solar activity, since contacts, as a
rule, are restricted to short-skip work. The
proximity of the 6-meter band to television
channel 2 often causes interference prob-
lems to amateurs located in areas where
channel 2 is active. As the sunspot cycle
increases, activity on the 6-meter band will
increase.
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The VHF Bonds The vhf bands are
{Two Meters and “Up”) the least affected by

the vagaries of the
sunspot cycle and Heaviside layer. Their
predominant use is for reliable communica-
tion over distances of 150 miles or less.
These bands are sparsely occupied in the
rural sections of the United States, but are
quite heavily congested in the urban areas
of high population.

In recent years it has been found that
vhf signals are propagated by other means
than by line-of-sight transmission. “‘Scatter
signals,” Aurora reflection, and air-mass
boundary bending are responsible for vhf
communication up to 1200 miles or so.
Weather conditions will often affect long-
distance communication on the 2-meter
band, and all the vhf bands are particularly
sensitive to this condition.

In recent years the vhf bands have been
used for experimental ‘“‘moonbounce” (earth-
moon-earth) transmissions and for repeater-
satellite experiments (Project Oscar). The
vhf bands hold great promise for serious
experimenters as radio amateurs forge into
the microwave region.

1-4 Starting Your Study

When you start to prepare yourself for
the amateur examination you will find that
the circuit diagrams, tube characteristic
curves, and formulas appear confusing and
dificult to understand. But after a few
study sessions one becomes sufficiently fa-
miliar with the notation of the diagrams
and the basic concepts of theory and opera-
tion so that the acquisition of further
knowledge becomes easier and even fascinat-
ing.

Since it takes a considerable time to be-
come proficient in sending and receiving
code, it is a good idea to intersperse techni-
cal study sessions with periods of code prac-
tice. Many short code-practice sessions ben-
fit one more than a small number of longer
sessions. Alternating between one study and
the other keeps the student from getting
“stale” since each type of study serves as a
sort of respite from the other.

When you have practiced the code long
enough you will be able to follow the gist of
the slower-sending stations. Many stations

send very slowly when working other sta-
tions at great distances. Stations repeat their
calls many times when calling other stations
before contact is established, and one need
not have achieved much code proficiency to
make out their calls and thus determine
their location.

The Code The applicant for any class of
amateur operator license must be
able to send and receive the Continental
Code (sometimes called the International
Morse Code). The speed required for the
sending and receiving test may be either §,
13, or 20 words per minute, depending on
the class of license assuming an average of
five characters to the word in each case.
The sending and receiving tests run for
five minutes, and one minute of errorless
transmission or reception must be accom-
plished within the five-minute interval.

If the code test is failed, the applicant
must wait at least one month before he
may again appear for another test. Approxi-
mately 30% of amateur applicants fail to
pass the test. It should be expected that
nervousness and excitement will, at least to
some degree, temporarily lower the appli-
cant’s code ability. The best insurance
against this is to master the code at a little
greater than the required speed under ordi-
nary conditions. Then if you slow down a
little due to nervousness during a test the
result will not prove fatal.

Memorizing There is no shortcut to code
the Code proficiency. To memorize the
alphabet entails but a few eve-
nings of diligent application, but consider-
able time is required to build up speed. The
exact time required depends on the individ-
ual’s ability and the regularity of practice.
While the speed of learning will naturally
vary greatly with different individuals, about
70 hours of practice (no practice period to
be over 30 minutes) will usually suffice to
bring a speed of about 13 w.p.m.; 16 w.p.m.
requires about 120 hours; 20 w.p.m., 175
hours.

Since code reading requires that individual
letters be recognized instantly, any memor-
izing scheme which depends on orderly se-
quence, such as learning all “dab” letters and
all *di#” letters in separate groups, is to be
discouraged. Before beginning with a code
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A oam N eame

B @amese 0O o
C ameame P oamame
D amee Q esemosan
E o R eame

F oeoame S eee

G emame T e»

H esooe U eeam

I e V eseeam

J eenewen W eamean

K e»meeam X avessam
L eames Y eveame
M eoen Z emamee
PERIOD (.) (X Xy Y¥Y J
COMMA (,) - a» e o a» a»

INTERROGATION (7)
QUOTATION MARK (*)
COLON (:)
SEMICOLON (;)
PARENTHESIS ()

Q0N OLDL_ON —

* G &b o a»

¢ o@D &b a»

(XXX X J

[ XXX J

000

a»peese

aba»oes

abapaE» e e

- ab ap - ¢

- - ap .S G

@ MEANS ZERD, AND IS WRITTEN IN THIS
WAY TO DISTINGUISH IT FROM THE LETTER “O¥

IT OFTEN IS TRANSMITTED INSTEAD AS ONE
LONG DASH (EQUIVALENT TO 5 DOTS)

WAIT SIGN (AS) eameooe

DOUBLE DASH (BREAK) L YYIYY
ERROR (ERASE SIGN) [Ty YY)
FRACTION BAR (/) L J2X 1 X}
END OF MESSAGE (AR) camoeam o

END OF TRANSMISSION (SK)

INTERNAT, DISTRESS SIG. (SOS) ecoomp anamesce

Figure 1

The Continental (or International Morse) Code Is used for substantially all non-aut‘math radio
communication. DO NOT memorize from the printed page; code is a langvage of SOUND, and
must not be learned visvally; learn by listening as explained in the text.

practice set it is necessary to memorize the
whole alphabet perfectly. A good plan is to
study only two or three letters a day and
to drill with those letters until they become
part of your consciousness. Mentally trans-
late each day’s letters into their sound equiv-
alent wherever they are seen, on signs, in
papers, indoors and outdoors. Tackle two
additional letters in the code chart each day,
at the same time reviewing the characters
already learned.

Avoid memorizing by routine. Be able
to sound out any letter immediately with-
out so much as hestitating to think about
the letters preceding or following the one
in question. Know C, for example, apart
from the sequence ABC. Skip about among
all the characters learned, and before very
long sufficient letters will have been acquired
to enable you to spell out simple words to
yourself in “di¢ dahs.” This is interesting
exercise, and for that reason it is good to
memorize all the vowels first and the most
€common consonants next.

Actual code practice should start only
when the entire alphabet, the numerals,

period, comma, and question mark have been
memorized so thoroughly that any one can
be sounded without the slightest hesitation.
Do not bother with other punctuation or
miscellaneous signals until later.

Sound — Each letter and figure must be
Not Sight memorized by its sound rather

than its appearance. Code is a
system of sound communication, the same
as is the spoken word. The letter A, for ex-

a
Aocd
ch

¢ ooammeo

I o> abe am a»

X X X

i oo a0 &
Figure 2

These code characters are used in languages
other than English. They may occasionally
be encountered so it Is well to know them.
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ample, is one short and one long sound in
combination sounding like dit dab, and it
must be remembered as such, and not as

“dot dash.”

Practice Time, patience, and regularity are

required to learn the code properly.
Do not expect to accomplish it within a few
days.

Don’t practice too long at one stretch; it
does more harm than good. Thirty minutes
at a time should be the limit.

Lack of regularity in practice is the
most common cause of lack of progress.
Irregular practice is very little better than
no practice at all. Write down what you
have heard; then forget it; do not look back.
If your mind dwells even for an instant on
a signal about which you have doubt, you
will miss the next few characters while your
attention is diverted.

While various automatic code machines,
phonograph records, etc., will give you prac-
tice, by far the best practice is to obtain a
study companion who is also interested in
learning the code. When you have both
memorized the alphabet you can start send-
ing to each other. Practice with a key and
oscillator or key and buzzer generally proves
superior to all automatic equipment. Two
such sets operated between two rooms are
fine—or between your house and his will
be just that much better. Avoid talking to
your partner while practicing. If you must
ask him a question, do it in code. It makes
more interesting practice than confining
yourself to random practice material.

When two co-learners have memorized
the code and are ready to start sending to
each other for practice, it is a good idea to
enlist the aid of an experienced operator for
the first practice session or two so that they
will get an idea of how properly formed
characters sound.

During the first practice period the speed
should be such that substantially solid copy
can be made without strain. Never mind if
this is only two or three words per minute.
In the next period the speed should be in-
creased slightly to a point where nearly all
of the characters can be caught only through
conscious effort. When the student becomes
proficient at this new speed, another slight
increase may be made, progressing in this

manner until a speed of about 16 words
per minute is attained if the object is to pass
the amateur 13-word per minute code test.
The margin of 3 w.p.m. is recommended to
overcome a possible excitement factor at
examination time. Then when you take the
test you don’t have to worry about the
“jitters” or an “off day.”

Speed should not be increased to a new
level until the student finally makes solid
copy with ease for at least a five-minute
period at the old level. How frequently in-
creases of speed can be made depends on in-
dividual ability and the amount of practice.
Each increase is apt to prove disconcerting,
but remember “you are never learning when
you are comfortable.”

A number of amateurs are sending code
practice on the air on schedule once or
twice each week; excellent practice can be
obtained after you have bought or con-
structed your receiver by taking advantage
of these sessions.

If you live in a medium-size or large city.
the chances are that there is an amateur-
radio club in your vicinity which offers
free code-practice lessons periodically.

Skill When you listen to someone speaking

you do not consciously think how his
words are spelled. This is also true when you
read. In code you must train your ears to
read code just as your eyes were trained in
school to read printed matter. With enough
practice you acquire skill, and from skill,
speed. In other words, it becomes a habit,
something which can be done without con-
scious effort. Conscious effort is fatal to
speed; we can’t think rapidly enough; a
speed of 25 words a minute, which is a com-
mon one in commercial operations, means
125 characters per minute or more than two
per second, which leaves no time for con-
scious thinking.

Perfect Formation When transmitting on the
of Characters code practice set to your
partner, concentrate on the
quality of your sending, #ot on your speed.
Your partner will appreciate it and he could
not copy you if you speeded up anyhow.
If you want to get a reputation as hav-
ing an excellent “fist” on the air, just re-
member that speed alone won’t do the

www americanradiohistorv com


www.americanradiohistory.com

18 Introduction to Radio

THE RADIO

trick. Proper execution of your letters and
spacing will make much more of an im-
pression. Fortunately, as you get so that
you can send evenly and accurately, your
sending speed will automatically increase.
Remember to try to see how evenly you can
send, and how fast you can receive. Con-
centrate on making signals properly with
your key. Perfect formation of characters
is paramount to everything else. Make every
signal right no matter if you have to prac-
tice it hundreds or thousands of times.
Never allow yourself to vary the slightest
from perfect formation once you have
learned it.

If possible, get a good operator to listen
to your sending for a short time, asking him
to criticize even the slightest imperfections.

Timing It is of the utmost importance to
maintain uniform spacing in charac-
ters and combinations of characters. Lack of
uniformity at this point probably causes be-
ginners more trouble than any other single
factor. Every dot, every dash, and every
space must be correctly timed. In other
words, accurate timing is absolutely essen-
tial to intelligibility, and timing of the
spaces between the dots and dashes is just as
important as the lengths of the dots and
dashes themselves.
The characters are timed with the dot as
a “yardstick.” A standard dash is three times
as long as a dot. The spacing between parts
of the same letter is equal to one dot, the
space between letters is equal to three dots,
and that between words equal to five dots.
The rule for spacing between letters and
words is not strictly observed when sending
slower than about 10 words per minute for
the benefit of someone learning the code
and desiring receiving practice. When send-
ing at, say, § w.p.m., the individual letters
should be made the same as if the sending
rate were about 10 w.p.m., except that the
spacing between letters and words is greatly
exaggerated. The reason for this is obvious.
The letter L, for instance, will then sound
exactly the same at 10 w.p.m. as at §
w.p.m., and when the speed is increased
above § w.p.m. the student will not have
to become familiar with what may seem
to him like a new sound, although it is in
reality only a faster combination of dots and

Figure 3

relative
dashes and spaces referred to the duration
of a dot. A dash Is exactly equal In duration
to three dots; spaces between parts of a
letter equal one dot; those between letters,
three dots; space between words, five dots.
Note that a slight Increase between two parts
of a letter will make It sound llk.o two letters.

Diagram IHiustrating lengths of

dashes. At the greater speed he will merely
have to learn the identification of the same
sound without taking as long to do so.

Be particularly careful of letters like B.
Many beginners seem to have a tendency to
leave a longer space after the dash than
that which they place between succeeding
dots, thus making it*sound like TS. Simi-
larly, make sure that you do not leave
a longer space after the first dot in the
letter C than you do between other parts
of the same letter: otherwise it will sound

like NN.

Sending vs. Once you have memorized the
Receiving  code thoroughly you should con-

centrate on increasing your re-
ceiving speed. True, if you have to practice
with another newcomer who is learning the
code with you, you will both have to do
some sending. But don’t attempt to prac-
tice sending just for the sake of increasing
your sending speed.

When transmitting on the code practice
set to your partner so that he can get re-
ceiving practice, concentrate on the quality
of your sending, not on your speed.

Because it is comparatively easy to learn
to send rapidly, especially when no particu-
lar care is given to the quality of sending,
many operators who have just received their
licenses get on the air and send mediocre (or
worse) code at 20 w.p.m. when they can
barely receive good code at 13. Most old-
timers remember their own period of initia-
tion and are only too glad to be patient and
considerate if you tell them that you are
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a newcomer. But the surest way to incur
their scorn is to try to impress them with
your “lightning speed,” and then to re-
quest them to send more slowly when they
come back at you at the same speed.
Stress your copying ability; never stress
your sending ability. It should be obvious
that if you try to send faster than you can
receive, your ear will not recognize any
mistakes which your hand may make.

Using the Key Figure 4 shows the proper po-
sition of the hand, fingers and
wrist when manipulating a telegraph or
radio key. The forearm should rest naturally
on the desk. It is preferable that the key be
placed far enough back from the edge of
the table (about 18 inches) that the elbow
can rest on the table. Otherwise, pressure of
the table edge on the arm will tend to
hinder the circulation of the blood and
weaken the ulnar nerve at a point where it
is close to the surface, which in turn will
tend to increase fatigue considerably.

The knob of the key is grasped lightly
with the thumb along the edge; the index
and third fingers rest on the top towards
the front or far edge. The hand moves with
a free up and down motion, the wrist acting
as a fulcrum. The power must come entirely
from the arm muscles. The third and index
fingers will bend slightly during the sending
but not because of deliberate effort to ma-
nipulate the finger muscles. Keep your finger
muscles just tight enough to act as a cushion
for the arm motion and let the slight move-
ment of the fingers take care of itself. The
key’s spring is adjusted to the individual
wrist and should be neither too stiff nor too
loose. Use a moderately stiff tension at first
and gradually lighten it as you become more
proficient. The separation between the con-
tacts must be the proper amount for the
desired speed, being somewhat under 1/16
inch for slow speeds and slightly closer to-
gether (about 1/32 inch) for faster speeds.
Avoid extremes in either direction.

Do not allow the muscles of arm, wrist or
fingers to become tense. Send with a full,
free arm movement. Avoid like the plague
any finger motion other than the slight
cushioning effect mentioned above.

Stick to the regular handkey for learning
code. No other key is satisfactory for this

Figure 4

PROPER POSITION OF THE FINGERS FOR
OPERATING A TELEGRAPH KEY

The fingers hold the knob and act as o cush-

ion, The hand rests lightly on the key. The

muscles of the forearm provide the power,

the wrist acting as the fulcrum. The power

should not come from the fingers, but rather
from the forearm muscles.

purpose. Not until you have thoroughly
mastered both sending and receiving at the
maximum speed in which you are interested
should you tackle any form of automatic or
semiautomatic key such as the Vibroplex
(*‘bug”) or an electronic key.

Difficulties Should you experience difficulty
in increasing your code speed
after you have once memorized the charac-
ters, there is no reason to become discour-
aged. It is more difficult for some people to
learn code than for others, but there is no
justification for the contention sometimes
made that “some people just can’t learn the
code.” It is not a matter of intelligence; so
don’t feel ashamed if you seem to experience
a lictle more than the usual difficulty in
learning code. Your reaction time may be
a little slower or your coordination not so
good. If this is the case, remember you can
still learn the code. You may never learn to
send and receive at 40 w.p.m., but you
can learn sufficient speed for all noncom-
mercial purposes (and even for most com-
mercial purposes) if you have patience, and
refuse to be discouraged by the fact that
others seem to pick it up more rapidly.
When the sending operator is sending just
a bit too fast for you (the best speed for
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Figure 5
THE SIMPLEST CODE PRACTICE

BUZZER

L INEXPENBIVE 00 SET CONSISTS OF A KEY AND
VoLuME CONTROL A BUZZER

(o)\ rroNES, The buzzer is adjusted to give a
:’A"O‘ steady, high-pitched whine. If de-
O Ly sired, the phones may be omitted,
in which case the buzzer shouid be
HEY THESE PARTS REQUIRED mounted firmly on a sounding board.

OPERATION IS DESIRED

Crystal, magnetic, or dynamic ear-

phones may be used. Additional

sets of ph hould be tod
in parallel, not in series.

practice), you will occasionally miss a sig-
nal or a small group of them. When you do,
leave a blank space; do not spend time fu-
tilely trying to recall it; dismiss it, and
center attention on the next letter; other-
wise you’ll miss more. Do not ask the sender
any questions until the transmission is fin-
ished.

To prevent guessing and get equal prac-
tice on the less common letters, depart oc-
casionally from plain language material and
use a jumble of letters in which the usually
less commonly used letters predominate.

As mentioned before, many students put
a greater space after the dash in the letter
B, than between other parts of the same
letter so it sounds like TS. C, F, Q,V, X, VY,
and Z often give similar trouble. Make a list
of words or arbitrary combinations in which
these letters predominate and practice them,
both sending and receiving until they no
longer give you trouble. Stop everything else
and stick to them. So long as these characters
give you trouble you are not ready for any-
thing else.

Follow the same procedure with letters
which you may tend to confuse such as F
and L, which are often confused by begin-
ners. Keep at it until you always get them
right without having to stop even an instant
to think about it.

If you do not instantly recognize the
sound of any character, you have not
learned it; go back and practice your alpha-
bet further. You should never have to omit
writing down every signal you hear except
when the transmission is too fast for you.

Write down what you hear, not what you
think it should be. It is surprising how often
the word which you guess will be wrong.

Copying Behind All good operators copy sev-

eral words behind, that is,
while one word is being receiyed, they are
writing down or typing, say the fourth or
fifth previous word. At first {this is very
difficult, but after sufficient prpctice it will
be found actually to be easier
close up. It also results in
copy and enables the receivin
capitalize and punctuate cop
along. It is not recommended fthat the be-
ginner attempt to do this until he can send
and receive accurately and with ease at a
speed of at least 12 words a2 minute.

It requires a considerable amount of train-
ing to disassociate the action of the subcon-
scious mind from the direction of the con-
scious mind. It may help some in obtaining

operator to
as he goes
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Figure 6

SIMPLE TRANSISTOR CPDE
PRACTICE OSCILLATOR

An inexpensive entertainment-ty PNP ger-
maonium transistor requires only single 1.5-
volt flashlight battery for power. The induc-
tance of the phone windings forms part of the
oscillator circuit. The pitch of the note may be
changed by varying the value of the two ca-
pacitors across the earphones.
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this training to write down two columns of
short words. Spell the first word in the first
column out loud while writing down the
first word in the second column. At first
this will be a bit awkward, but you will
rapidly gain facility with practice. Do the
same with all the words, and then reverse
columns.

Next try speaking aloud the words in the
one column while writing those in the
other column; then reverse columns.

After the foregoing can be done easily,
try sending with your key the words in one
column while spelling those in the other.
It won’t be easy at first, but it is well worth
keeping after if you intend to develop any
real code proficiency. Do not attempt to
catch up. There is a natural tendency to
close up the gap, and you must train your-
self to overcome this.

Next have your code companion send you
a word either from a list or from straight
text; do not write it down yet. Now have
him send the next word; affer receiving this
second word, write down the first word.
After receiving the third word, write the
second word; and so on. Never mind how
slowly you must go, even if it is only two
or three words per minute. Stay bebind.

It will probably take quite a number of
practice sessions before you can do this with
any facility. After it is relatively easy, then
try staying two words behind; keep this up
until it is easy. Then try three words, four
words, and five words. The more you prac-
tice keeping received material in mind, the
easier it will be to stay behind. It will be
found easier at first to copy material with
which one is fairly familiar, then gradually
switch to less familiar material.

Automatic Code The two practice sets which
Machines are described in this chapter

are of most value when you
have someone with whom to practice. Auto-
matic code machines are not recommended
to anyone who can possibly obtain a com-
panion with whom to practice, someone who
is also interested in learning the code. If
you are unable to enlist a code partner and
have to practice by yourself, the best way
to get receiving practice is by the use of
a tape machine (automatic code-sending
machine) with several practice tapes. Or you

can use a set of phonograph code-practice
records. The records are of use only if you
have a phonograph whose turntable speed is
readily adjustable. The tape machine can
be rented by the month for a reasonable fee.

Once you can copy about 10 w.p.m. you
can also get receiving practice by listening
to slow-sending stations on your receiver.
Many amateur stations send slowly par-
ticularly when working far distant stations.
When receiving conditions are particularly
poor many commercial stations also send
slowly, sometimes repeating every word. Un-
til you can copy around 10 w.p.m. your
receiver isn’t much use, and either another
operator or a machine or records is neces-
sary for getting receiving practice after you
have once memorized the code.

Code Practice If you don’t feel too foolish
Sets doing it, you can secure a
measure of code practice with
the help of a partner by sending *“dit-dah”
messages to each other while riding to work,
eating lunch, etc. It is better, however, to
use a buzzer or code-practice oscillator in
conjunction with a regular telegraph key.

As a good key may be considered an in-
vestment it is wise to make a well-made key
your first purchase. Regardless of what type
code-practice set you use, you will need a
key, and later on you will need one to key
your transmitter. If you get a good key to
begin with, you won’t have to buy another
one later.

The key should be rugged and have
fairly heavy contacts. Not only will the
key stand up better, but such a key will
contribute to the “heavy” type of sending
so desirable for radio work. Morse (tele-
graph) operators use a “light” style of
sending and can send somewhat faster when
using this light touch. But, in radio work
static and interference are often present,
and a slightly heavier dot is desirable. If
you use a husky key, you will find yourself
automatically sending in this manner.

To generate a tone simulating a code
signal as heard on a receiver, either a me-
chanical buzzer or an audio oscillator may
be used. Figure § shows a simple code-prac-
tice set using a buzzer which may be used
directly simply by mounting the buzzer on
a sounding board, or the buzzer may be
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Figure 7

The circvit of Figure 6 is vsed iIn this
minlature transistorized code Practice oscli-
lator. Comp ts are d in a small
plastic case. The ¢ istor Is hed to o
three terminal pbonolk mounﬂng strip. Sub-
miniature jocks are vsed for the key and
phones connections. A hearing ald earphone
may also be used, os showa. The phone Is
stored in the plastic case when mot In use.

9v.
100K + -
W 1010[0—— er
GE-3, 2N2148,
OR 2N 2869
GE-10, 2N2923, PM
OR 2N 3391 SPEAKER
j|
.04
Figure 8

CODE-PRACTICE OSCILLATOR SUITABLE
FOR SPEAKER OPERATION.

used to feed from one to foml pairs of con-
ventional high-impedance phones.

An example of the audio-oscillator type
of code-practice set is illustrated in figures 6
and 7. An inexpensive entertainment-type
transistor is used in place of the more ex-
pensive, power-consuming vacuum tube. A
single “penlite” 1V5-volt cell powers the
unit. The coils of the earphones form the
inductive portion of the resonant circuit.
"Phones having an impedance of 2000 ohms
or higher should be used. Surplus type R-14
earphones also work well with this circuit.

A code-practice oscillator that will drive
a loudspeaker to good room volume is shown
in figure 8. Inexpensive entertainment-type
transistors are used and any size permanent
magnet speaker may be used. Mount the
speaker on a large sounding board for best
volume.
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All naturally occurring matter (exclud-
ing artifically produced radioactive sub-
stances) is made up of 92 fundamental con-
stituents called elements. These elements can
exist either in the free state such as iron,
oxygen, carbon, copper, tungsten, and alu-
minum, or in chemical unions commonly
called compounds. The smallest unit which
still retains all the original characteristics of
an element is the atom.

Combinations of atoms, or subdivisions of
compounds, result in another fundamental
unit, the molecule. The molecule is the small-
est unit of any compound. All reactive ele-
ments when in the gaseous state also exist in
the molecular form, made up of two or
more atoms. The nonreactive gaseous ele-
ments helium, neon, argon, krypton, xenon,
and radon are the only gaseous elements
that ever exist in a stable monatomic state
at ordinary temperatures.

2-1 The Atom

An atom is an extremely small unit of
matter—there are literally billions of them
making up so small a piece of material as a
speck of dust. To understand the basic
theory of electricity and hence of radio, we
must go further and divide the atom into
its main components, a positively charged
nucleus and a cloud of negatively charged
particles that surround the nucleus. These
particles, swirling around the nucleus in

elliptical orbits at an incredible rate of
speed, are called orbital electrons.

It is on the behavior of these orbital
electrons when freed from the atom, that
depends the study of electricity and radio, as
well as allied sciences. Actually it is pos-
sible to subdivide the nucleus of the atom
into a dozen or so different particles, but
this further subdivision can be left to
quantum mechanics and atomic physics. As
far as the study of electronics is concerned
it is only necessary for the reader to think
of the normal atom as being composed of a
nucleus having a net positive charge that is
exactly neutralized by the one or more
orbital electrons surrounding it.

The atoms of different elements differ in
respect to the charge on the positive nucleus
and in the number of electrons revolving
around this charge. They range all the way
from hydrogen, having a net charge of one
on the nucleus and one orbital electron, to
uranium with a net charge of 92 on the
nucleus and 92 orbital electrons. The number
of orbital electrons is called the afomic
number of the element.

Action of the
Electrons

From the foregoing it must
not be thought that the elec-
trons revolve in a haphazard
manner around the nucleus. Rather, the
electrons in an element having a large
atomic number are grouped into rings hav-
ing a definite number of electrons. The only
atoms in which these rings are completely
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filled are those of the inert gases mentioned
before; all other elements have one or more
uncompleted rings of electrons. If the un-
completed ring is nearly empty, the element
is metallic in character, being most metallic
when there is only one electron in the outer
ring. If the incomplete ring lacks only one
or two electrons, the element is usually non-
metallic. Elements with a ring about half
completed will exhibit both nonmetallic and
metallic characteristics; carbon, silicon,
germanium, and arsenic are examples. Such
elements are called semiconductors.

In metallic elements these outer ring elec-
trons are rather loosely held. Consequently,
there is a continuous helter-skelter move-
ment of these electrons and a continual
shifting from one atom to another. The
electrons which move about in a substance
are called free electrons, and it is the ability
of these electrons to drift from atom to
atom which makes possible the electric cur-
rent.

Conductors and
Insulators

If the free electrons are nu-
merous and loosely held,
the element is a good con-
ductor. On the other hand, if there are few
free electrons (as is the case when the elec-
trons in an outer ring are tightly held), the
element is a poor conductor. If there are
virtually no free electrons, the element is a
good insulator.

2-2 Fundamental Electrical
Units and Relationships

The free electrons in a
conductor move con-
stantly about and
change their position in a haphazard man-
ner. To produce a drift of electrons, or elec-
tric current, along a wire it is necessary that
there be a difference in “pressure” or poten-
tial between the two ends of the wire. This
potential difference can be produced by con-
necting a source of electrical potential to
the ends of the wire.

As will be explained later, there is an ex-
cess of electrons at the negative terminal of
a battery and a deficiency of electrons at the
positive terminal, due to chemical action.
When the battery is connected to the wire,
the deficient atoms at the positive terminal

Electromotive Force:
Potential Difference

attract free electrons from the wire in order
for the positive terminal to become neutral.
The attracting of electrons continues
through the wire, and finally the excess elec-
trons at the negative terminal of the battery
are attracted by the positively charged atoms
at the end of the wire. Other sources of
electrical potential (in addition to a bat-
tery) are: an electrical generator (dynamo),
a thermocouple, an electrostatic  generator
(static machine), a photoelectric cell, and
a crystal or piezoelectric generator.

Thus it is seen that a potential dif-
ference is the result of a difference in the
number of electrons between the two (or
more) points in question. The force or pres-
sure due to a potential difference is termed
the electromotive force, usually abbreviated
em.f. or EM.F. Tt is expressed in units
called volts.

It should be noted that for there to be a
potential difference between two bodies or
points it is not necessary that one have a
positive charge and the other a negative
charge. If two bodies each have a negative
charge, but one more negative than the
other, the one with the lesser negative
charge will act as though it were positively
charged with respect to the other body. 1t
is the algebraic potential difference that
determines the force with which electrons
are attracted or repulsed, the potential of
the earth being taken as the zero reference
point.

The Electric The flow of electrons along a
Current conductor due to the applica-

tion of an electromotive force
constitutes an electric current. This drift is
in addition to the irregular movements of
the electrons. However, it must not be
thought that each free electron travels from
one end of the circuit to the other. On the
contrary, each free electron travels only a
short distance before colliding with an atom;
this collision generally knocks off one or
more electrons from the atom, which in
turn move a short distance and collide with
other atoms, knocking off other electrons.
Thus, in the general drift of electrons along
a wire carrying an electric current, each
electron travels only a short distance and
the excess of electrons at one end and the
deficiency at the other are balanced by the
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source of the e.m.f. When this source is
removed the state of normalcy returns;
there is still the rapid interchange of free
electrons between atoms, but there is no
general trend or “net movement” in either
one direction or the other—in other words,
no current flows.

Ampere ond There are two units of meas-
Coulomb urement associated with cur-

rent, and they are often con-
fused. The rate of flow of electricity is
stated in amperes. The unit of quantity is
the coulomb. A coulomb is equal to 6.28
X 10 electrons, and when this quantity of
electrons flows by a given point in every
second, a current of one ampere is said to
be flowing. An ampere is equal to one
coulomb per second; a coulomb is, converse-
ly, equal to one ampere-second. Thus we
see that coulomb indicates amount and
ampere indicates rate of flow of electric
current.

Current ond
Electron Flow

Older textbooks speak of cur-
rent flow as being from the
positive terminal of the e.m.f.
source through the conductor to the nega-
tive terminal. Nevertheless, it has long been
an established fact that the current flow
in a metallic conductor is the electron drift
from the negative terminal of the source
of voltage through the conductor to the
positive terminal. The only exceptions to
the electronic direction of flow occur in
gaseous and electrolytic conductors where
the flow of positive jons toward the cathode
or negative electrode constitutes a positive
flow in the opposite direction to the elec-
tron flow. (An ion is an atom, molecule, or
particle which either lacks one or more
electrons, or else has an excess of one or
more electrons.)

In radio work the terms *“electron flow”
and “current” are becoming accepted as
being synonymous, but the older terminology
is still accepted in the electrical (industrial)
field. Because of the confusion this some-
times causes, it is often safer to refer to the
direction of electron flow rather than to the
direction of the “‘current.” Since electron
flow consists actually of a passage of nega-
tive charges, current flow and algebraic
electron flow do pass in the same direction.

Resistance The flow of current in a materi-

al depends on the ease with
which electrons can be detached from the
atoms of the material and on its molec-
ular structure. In other words, the easier
it is to detach electrons from the atoms the
more free electrons there will be to contrib-
ute to the flow of current, and the fewer
collisions that occur between free electrons
and atoms the greater will be the total
electron flow.

The opposition to a steady electron flow
is called the resistance of a material, and is
one of its physical properties.

The unit of resistance is the ohm. Every
substance has a specific resistance, usually
expressed as obms per mil-foot, which is de-
termined by the material’s molecular struc-
ture and temperature. A mil-foot is a piece
of material one circular mil in area and one
foot long. Another measure of resistivity
frequently used is expressed in the units
microbms per centimeter cube. The resist-
ance of a uniform length of a given sub-
stance is directly proportional to its length
and specific resistance, and inversely pro-
portional to its cross-sectional area. A wire
with a certain resistance for a given length
will have twice as much resistance if the
length of the wire is doubled. For a given
length, doubling the cross-sectional area of
the wire will halve the resistance, while
doubling the diameter will reduce the re-
sistance to ome fourth. This is true since
the cross-sectional area of a wire varies as
the square of the diameter. The relationship
between the resistance and the linear dimen-
sions of a conductor may be expressed by
the following equation:

rl

R =—4

where,
R equals resistance in ohms, .
r equals resistivity in obms per mil-foot,
I equals length of conductor in feet,
A equals cross-sectional area in circular
mils.

The resistance also depends on tempera-
ture, rising with an increase in tempera-
ture for most substances (including most
metals), due to increased electron accelera-
tion and hence a greater number of impacts
between electrons and atoms. However, in
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TABLE 1. TABLE OF RESISTIVITY

Resistivity in

Ohms per Temp. Coeff. of

Clreul I per °C.
Material Mil-Foot ot 20° C.
Aluminum 7 0.0049
Brass 45 0.003 to 0.007
Cadmium 46 0.0038
Chromium 16 0.00
Copper 10.4 0.0039
Iron 5 0.006
Silver 2.8 0.004
Zine s 0.0033
Nichrome 650 0.0002
Constantan 293 0.00001
Manganin 290 0.00001
Monel 255 0.0019

the case of some substances such as carbon
and glass the temperature coefficient is nega-
tive and the resistance decreases as the tem-
perature increases. This is also true of elec-
trolytes. The temperature may be raised by
the external application of heat, or by the
flow of the current itself. In the latter case,
the temperature is raised by the heat gen-
erated when the electrons and atoms collide.

Conductors and In the molecular structure
Insulators of many materials such as
glass, porcelain, and mica all
electrons are tightly held within their orbits
and there are comparatively few free elec-
trons. This type of substance will conduct
an electric current only with great difficulty
and is known as an insulator. An insulator
is said to have a high electrical resistance.
On the other hand, materials that have a
large number of free electrons are known-as
conductors. Most metals (those elements
which have only one or two electrons in
their outer ring) are good conductors. Silver,
copper, and aluminum, in that order, are
the best of the common metals used as con-
ductors and are said to havp the greatest
conductivity, or lowest resistance to the flow
of an electric current.

Fundamental  These units are the volt, the
Electrical Units gmpere, and the obm. They

were mentioned in the pre-
ceding paragraphs, but were not completely
defined in terms of fixed, known quantities.

-

&

= &

e ——

Figure 1
TYPICAL RESISTORS

Shownm above are various types of resistors used in electronic circuits. The larger
units are power resistors. On the left is a variable power resistor. Three precision-

type resistors are showsn in the centor with two smafl P

ition r s benoath

them. At the right Is @ sompasition-type potentiometer, vsed for audio cirevitry.
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Figure 2
SIMPLE SERIES CIRCUITS

At (A) the battery Is in series with o single

resistor. At (B) the battery is in series with

two resistors, the resistors themselves being

in sories. The arrows indicate the direction of
olectron flow.

The fundamental unit of current, or rate
of flow of electricity is the ampere. A cur-
rent of one ampere will deposit silver from
a specified solution of silver nitrate at a
rate of 1.118 milligrams per second.

The international standard for the ohm is
the resistance offered by a uniform column
of mercury at 0° C., 14.4521 grams in mass,
of constant cross-sectional area and 106.300
centimeters in length. The expression meg-
obm (1,000,000 ohms) is also sometimes
used when speaking of very large values of
resistance.

A volt is the e.m.f. that will produce a
current of one ampere through a resistance
of one obm. The standard of electromotive
force is the Weston cell which at 20° C.
has a potential of 1.0183 volts across its
terminals. This cell is used only for reference
purposes in a bridge circuit, since only an
infinitesimal amount of current may be
drawn from it without disturbing its char-
acteristics.

Ohm’s Law The relationship between the

electromotive force (voltage),
the flow of current (amperes), and the re-
sistance which impedes the flow of current
(ohms), is very clearly expressed in a simple
but highly valuable law known as Obm’s
Law. This law states that the current in am-
peres is equal to the voltage in volts divided
by the resistance in obms. Expressed as an
equation:

E
I'==%

If the voltage (E) and resistance (R)
are known, the current (I) can be readily

Figure 3
SIMPLE PARALLEL
CIRCUIT

The two resistors R, and R, are said to be in
parallel since the fow of current Is offered
two paraliel paths. An electron leaving point
A will pass either through R, or R, but not
through both. to reach the positive terminal
of the battery. If a large number of electrons
are considered, the greater number will pass
through whichever of the two resistors has
the lower resistance.

found. If the voltage and current are
known, and the resistance is unknown, the

resistance (R) is equal to -IIE— When the

voltage is the unknown quantity, it can be
found by multiplying I X R. These three
equations are all secured from the original
by simple transposition. The expressions are
here repeated for quick reference:

E E

I= E=1IR

where,

I is the current in amperes,
R is the resistance in ohms,
E is the electromotive force in volts.

Application of All electrical circuits fall into
Ohm’s Law one of three classes: series

circuits, parallel circuits, and
series-parallel circuifs. A series circuit is
one in which the current flows in a single
continuous path and is of the same value at
every point in the circuit (figure 2). In a
parallel circuit there are two or more cur-
rent paths between two points in the circuit,
as shown in figure 3. Here the current di-
vides at A, part going through R, and part
through R, and combines at B to return

Figure 4
SERIES-PARALLEL
CIRCUIT

In this type of cireuit the resistors are ar-
ranged In series groups, and these groups are
then placed in paroiiel.
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to the battery. Figure 4 shows a series-
parallel circuit. There are two paths between
points A and B as in the parallel circuit, and
in addition there are two resistances in series
in each branch of the parallel combination.
Two other examples of series-parallel ar-
rangements appear in figure 5. The way in
which the current splits to flow through
the parallel branches is shown by the arrows.
In every circuit, each of the parts has
some resistance: the batteries or generator,
the connecting conductors, and the appa-
ratus itself. Thus, if each part has some re-
sistance, no matter how little, and a current
is flowing through it, there will be a volt-
age drop across it. In other words, there will
be a potential difference between the two
ends of the circuit element in question. This
drop in voltage is equal to the product of
the current and the resistance hence it is
called the IR drop.
Internal  The source of voltage has an in-
Resistance fernal resistance, and when con-
nected into a circuit so that
current flows, there will be an IR drop
in the source just as in every other part
of the circuit. Thus, if the terminal voltage
of the source could be measured in 2 way
that would cause no current to flow, it
would be found to be more than the voltage
measured when a current flows by the
amount of the IR drop in the source. The
voltage measured with no current flowing
is termed the 70 load voltage; that measured
with current flowing is the load voltage.
It is apparent that a voltage source having
a low internal resistance is most desirable.

Resistances The current flowing in a series
in Series  circuit is equal to the voltage

impressed divided by the fotal
resistance across which the voltage is im-
pressed. Since the same current flows through
every part of the circuit, it is merely nec-
essary to add all the individual resistances
to obtain the total resistance. Expressed as
a formula:

R’I‘ol.l=R1+Rz+R3+...+RN

Of course, if the resistances happened to be
all the same value, the total resistance would
be the resistance of one multiplied by the
number of resistors in the circuit.

Resistances Consider two resistors, one of
in Parallel 100 ohms and one of 10 ohms,

connected in parallel as in fig-
ure 3, with a potential of 10 volts applied
across each resistor, so the current through
each can be easily calculated.

I= —

R

E = 10 volts __ 10
R, =1000hms '~

100 I_
E = 10 volts 10
I, = ———% 1.0 ampere
R, = 100hms > 10 P

= 0.1 ampere

Total current = I, + I, = 1.1 ampere

Until it divides at A, the lentire current
of 1.1 amperes is flowing thrpugh the con-
ductor from the battery to|A, and again
from B through the conductor to the bat-
tery. Since this is more current than flows
through the smaller resistor it is evident
that the resistance of the parallel combina-
tion must be less than 10 ohms, the re-
sistance of the smaller resistor. We can find
this value by applying Ohm’s Law.

R1~=—I

=10
E volts Ro= U 9.09 ohms

I = 1.1 amperes 1.1

The resistance of the parallel combination
is 9.09 ohms.

Mathematically, we can derive a simple
formula for finding the effective resistance
of two resistors connected in parallel.

Rlsz

Re= 77Fx.

where,
Rris the unknown resistance,
R, is the resistance of the first resistor,
R, is the resistance of the second resistor.

If the effective value required is known,
and it is desired to connect one unknown
resistor in parallel with one of known value,
the following transposition Pf the above
formula will simplify the psoblem of ob-
taining the unknown value:

R, X Ry

R:= R —x,

www americanradiohistorv com


www.americanradiohistory.com

HANDBOOK

Voltage Divider 29

where,
Ry is the effective value required,
R, is the known resistor,
R, is the value of the unknown resistance

necessary to give Rt when in parallel
with R].

The resultant value of placing 2 number
of unlike resistors in parallel is equal to the
reciprocal of the sum of the reciprocals of
the various resistors. This can be expressed
as:

1
1 1 1 1

RTZ

The effective value of placing any num-
ber of unlike resistors in parallel can be
determined from the above formula. How-
ever, it is commonly used only when there
are three or more resistors under considera-
tion, since the simplified formula given
before is more convenient when only two
resistors are being used.

From the above, it also follows that when
two or more resistors of the same value are
placed in parallel, the effective resistance of
the paralleled resistors is equal to the value
of one of the resistors divided by the num-
ber of resistors in parallel.

The effective value of resistance of two
or more resistors connected in parallel is
always less than the value of the lowest re-
sistance in the combination. It is well to
bear this simple rule in mind, as it will assist
greatly in approximating the value of paral-
leled resistors.

Figure 5

OTHER COMMON SERIES-PARALLEL
CIRCUITS

Resistorsin  To find the total resistance of
Series-Parallel several resistors connected in

series-parallel, it is usually
easiest to apply either the formula for series
resistors or the parallel resistor formula first,
in order to reduce the original arrangement
to a simpler one. For instance, in figure 4
the series resistors should be added in each
branch, then there will be but two resistors
in parallel to be calculated. Similarly in
figure 6, although here there will be three
parallel resistors after adding the series re-
sistors in each branch. In figure 6B the par-
alleled resistors should be reduced to the
equivalent series value, and then the series
resistance value can be added.

Resistances in series-parallel can be solved
by combining the series and parallel formu-
las into one similar to the following (refer
to figure 6):

Rr=—7 1 1

R1+R2+R3+R.+R5+R3+R7

Voltage Dividers A voltage divider is exactly

what its name implies: a
resistor or a series of resistors connected
across a source of voltage from which
various lesser values of voltage may be ob-
tained by connection to various points along
the resistor.

A voltage divider serves a most useful
purpose in a radio receiver, transmitter or
amplifier, because it offers a simple means of
obtaining plate, screen, and bias voltages of
different values from a common power sup-
ply source. It may also be used to obtain
very low voltages of the order of .01 to .001
volt with a high degree of accuracy, even
though a means of measuring such voltages
is lacking. The procedure for making these
measurements can best be given in the fol-
lowing example.

9 2Rs I
2R ER> 1
ZRe R
SRz 2R4 2R? 1
Figure 6

ANOTHER TYPE OF
SERIES-PARALLEL CIRCUIT

www americanradiohistorv com


www.americanradiohistory.com

30 Direct-Current Circuits

THE RADIO

Assume that an accurately calibrated volt-
meter reading from 0 to 150 volts is avail-
able, and that the source of voltage is
exactly 100 volts. This 100 volts is then
impressed through a resistance of exactly

1000 ohms. It will then- be found that the

voltage along various points on the resistor,
with respect to the grounded end, is exactly
proportional to the resistance at that point.
From Ohm’s Law, the current would be 0.1
ampere; this current remains unchanged
since the original value of resistance (1000
ohms) and the voltage source (100 volts)
are unchanged. Thus, at a 500-ohm point
on the resistor (half its entire resistance),
the voltage will likewise be halved or re-
duced to 50 volts.

The equation (E = I X R) gives the
proof: E = 500 X 0.1 = 50. At the point
of 250 ohms on the resistor, the voltage
will be one-fourth the total value, or 25
volts (E = 250 X 0.1 = 25). Continuing
with this process, a point can be found
where the resistance measures exactly 1 ohm
and where the voltage equals 0.1 volt. It
is, therefore, obvious that if the original
source of voltage and the resistance can be
measured, it is a simple matter to predeter-
mine the voltage at any point along the
resistor, provided that the current remains
constant, and provided that no current is
taken from the tap-on point unless this
current is taken into consideration.

Voltage-Divider Proper design of a voltage
Calculations divider for any type of radio

equipment is a relatively
simple matter. The first consideration is the
amount of “bleeder current” to be drawn.

—_— A

—
EXTERNAL
LOAD
—

Figure 7

SIMPLE VOLTAGE-DIVIDER
CIRCUIT

SLEEDER CURRENT
FLOWS BET!
POINTS A AND

_ —

The arrows Indicate the manner In which the
current flow divides between the voltage
divider itselt and the extermal load clreuit.

.y

In addition, it is also necessary that the de-
sired voltage and the exact current at each
tap on the voltage divider be known.

Figure 7 illustrates the flow of current
in a simple voltage-divider and load circuit.
The light arrows indicate the flow of bleeder
current, while the heavy arrows indicate the
flow of the load current. The design of a
combined bleeder resistor and voltage divid-
er, such as is commonly used in radio equip-
ment, is illustrated in the following example:

A power supply delivers 300 volts and
is conservatively rated to supply all needed
current for the receiver and still allow a
bleeder current of 10 millianjperes. The fol-
lowing voltages are wanted:| 75 volts at 2
milliamperes for the detecfor tube, 100
volts at 5 milliamperes for [the screens of
the tubes, and 250 volts at 20 milliamperes
for the plates of the tubes] The required
voltage drop across R, is 75 volts, across
R, 25 volts, across Rs 150 volts, and across
R, it is 50 volts. These valugs are shown in
the diagram of figure 8. The Jrespective cur-
rent values are also indicatedl Apply Ohm’s
Law:

R, = %:T — 7500 ohms
R, = f—:Tzlsz— = 1083 ohms
R; = %::)ST(; = ’823 ohms
R,= —f—:%’o—; = 13$lohms

Rryota1 = 7500 + 2083 + 8823 +
1351 = 19,757 ohms

A 20,000-ohm resistor with three sliding
taps will be the approximately correct
size, and would ordinarily be used because
of the difficulty in securing four separate
resistors of the exact odd values indicated,
and because no adjustment would be possible
to compensate for any slight error in esti-
mating the probable currents through the
various taps. W‘

When the sliders on the resistor once are
set to the proper point, as in the above ex-
ample, the voltages will remain constant at
the values shown as long as the current
remains a constant value.
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1o+2+35+20ma. ) i
30 VOLTS DROP 3
f 4 ¥, 20 MA,
-— _.""9_"_
1042+ I'

3 MA, >
150 VOLTS OROP { 2R3 :
300 VOLTS 1

Wy

104 2 MA. 4
2% VOLTS DROP FR2

BLEEDER CURRENT, 10 MA.{ < 2 ’ 1
PRy <
% — - —_—
|
i

75 VOLTS OROP
LOAD

-

POWER SUPPLY o

Figure 8
MORE COMPLEX VOLTAGE DIVIDER

The method for computing the values of the
resistors is di d in the panying text.

Disadvantages of One of the serious disad-
Voltage Dividers vantages of the voltage

divider becomes evident
when the current drawn from one of the
taps changes. It is obvious that the voltage
drops are interdependent and, in turn, the
individual drops are in proportion to the
current which flows through the respective
sections of the divider resistor. The only
remedy lies in providing a heavy steady
bleeder current in order to make the indi-
vidual currents so small a part of the total
current that any change in current will
result in only a slight change in voltage.
This can seldom be realized in practice be-
cause of the excessive values of bleeder cur-
rent which would be required.

Kirchhoff's Laws Ohm’s Law is all that is

necessary to calculate the
values in simple circuits, such as the pre-
ceding examples; but in more complex prob-
lems, involving several loops, or more than
one voltage in the same closed circuit, the
use of Kirchboff’s laws will greatly simplify
the calculations. These laws are merely rules
for applying Ohm’s Law.
Kirchhoff’s first law is concerned with net
current to a point in a circuit and states
that:

At any point in a circuit the current
flowing toward the point is equal to
the current flowing away from the
point.

=2 AMPS AW
(—-. = o P j
a o -2 AmpS -
R2 LX)
+4 AMPS. . _ . . I
lijIF
20 VOLTS
Figure 9
ILLUSTRATING KIRCHHOFF'S
FIRST LAW

The current flowing toward point “A” is equal
to the current flowing away from point “A”

Stated in another way: if currents flowing to
the point are considered positive, and those
flowing from the point are considered nega-
tive, the sum of all currents flowing toward
and away from the point — taking signs
into account — is equal to zero. Such a sum
is known as an algebraic sum; such that the
law can be stated thus: The algebraic sum
of all currents entering and leaving a point
is zero.

Figure 9 illustrates this first law. If
the effective resistance of the network of
resistors is § ohms, it can be seen that 4
amperes flow toward point A, and 2 amperes
flow away through the two S-ohm resistors
in series. The remaining 2 amperes flow
away through the 10-ohm resistor. Thus,
there are 4 amperes flowing to point A
and 4 -amperes flowing away from the
point. If Ry is the effective resistance of
the network (5 ohms), R, = 10 ohms, R,
= § ohms, Ry = § ohms, and E = 20 volts,
we can set up the following equation:

E E E

R R R +R
20 20 20 —0

s T 10 s+
4 —2—-2=0
Kirchhoff’s second law is concerned with

net voltage drop around a closed loop in a
circuit and states that:

In any closed path or loop in a circuit
the sum of the IR drops must equal
the sum of the applied e.m.f.’s.

The second law also may be conveniently
stated in terms of an algebraic sum as: The
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algebraic sum of all woltage drops around a
closed path or loop in a circuit is zero. The
applied e.m.f.’s (voltages) are considered
positive, while IR drops taken in the direc-
tion of current flow (including the internal
drop of the sources of voltage) are consid-
ered negative.

Figure 10 shows an example of the appli-
cation of Kirchhoff’s laws to a comparative-
ly simple circuit consisting of three resistors
and two batteries. First assume an arbitrary
direction of current flow in each closed loop
of the circuit, drawing an arrow to indicate
the assumed direction of current flow. Then
equate the sum of all IR drops plus battery
drops around each loop to zero. You will
need one equation for each unknown to be
determined. Then solve the equations for the
unknown currents in the general manner
indicated in figure 10. If the answer comes
out positive the direction of current flow
you originally assumed was correct. If the
answer comes out negative, the current flow
is in the opposite direction to the arrow

e

2onfes T2 O\

3 OHMS

S 2 OMMS
- +
== 3 VOLTS = 3VOLTS
NS T iz T-

1. SET VOLTAGE DROPS AROUND EACH LOOP EQUAL TO ZERO.
112104ms)+2 (I1=12) +32 0 (rinsT LooP)
-6+2(12~I1)+312=0 (secono Loor)

2.  SIMPLIFY

2lt+211~-212+3=0 212-21t+312-6=0

41143 512-211-6:=0
z -2 211+6
—5 "Iz
3. equare
4143 _ 2I1+6
2 5
4, SIMPLIFY
2011 +15= 411412
11 2-7% AmpeRe
5. n:-sulnsnrur(
O LI 2—2*- = 14 ampere
Figure 10
ILLUSTRATING KIRCHHOFF’S
SECOND LAW

The voltage drop around any closed loop in a
network is equal to xero.

which was drawn originally. This is illus-
trated in the example of figure 10, where
the direction of flow of I, is opposite to the
direction assumed in the sketch.

Power in In order to cause electrons
Resistive Circuits to flow through a conduc-

tor, constituting a current
flow, it is necessary to apply an electromotive
force (voltage) across the circuit. Less pow-
er is expended in creating a small current
flow through a given resistance than in
creating a large one; so it is necessary to
have a unit of power as a reference.

The unit of electrical power is the watf,
which is the rate of energy consumption
when an e.m.f. of 1 volt fofces a current
of 1 ampere through a circuit. The power
in a resistive circuit is equal to the product
of the voltage applied across, and the cur-
rent flowing in, a given circuit. Hence: P
(watts) = E (volts) X I (amperes).

Since it is often convenient to express
power in terms of the resistance of the cir-
cuit and the current flowing through it,
a substitution of IR for E (E = IR) in the
above formula gives: P = IR X JTor P =
I’R. In terms of voltage and resistance, P
= E?/R. Here, I = E/R and when this is
substituted for I the original formula be-
comes P = E X E/R, or P = E2?/R. To
repeat these three expressions:

P = EI, P = I’R, and P,= E?/R

where,
P is the power in watts,
E is the electromotive force in volts, and
I is the current in amperes.

To apply the above equations to a typical
problem: The voltage drop agross a cathode
resistor in a power amplifief stage is 50
volts; the plate current flowirjg through the
resistor is 150 milliamperes. ‘Fhe number of
watts the resistor will be required to dissi-
pate is found from the formula: P = EI, or
50 X .150 = 7.5 watts (.J50 ampere is
equal to 150 milliamperes). Brom the fore-
going it is seen that a 7.5-waft resistor will
safely carry the required curgent, yet a 10-
or 20-watt resistor would ordjnarily be used
to provide a safety factor.

In another problem, the ¢
similar to those above, but

ditions being
rith the resist-
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Figure 11

MATCHING OF
RESISTANCES

To deliver the greatest amount of power to

the load, the load resistance R, should be

equal to the internal resistance of the
battery R,

ance (R =333 ohms), and current being
the known factors, the solution is obtained
as follows: P = I*R = .0225 X 333.33 =
7.5. If only the voltage and resistance are
known, P = E*/R = 2500/333.33 = 7.5
watts. It is seen that all three equations give
the same results; the selection of the particu-
lar equation depends only on the known
factors.

Power, Energy It is important to remember
and Work that power (expressed in

watts, horsepower, etc.), rep-
resents the rate of energy consumption or
the rate of doing work. But when we pay

Figure 12
TYPICAL CAPACITORS

The two large units are high value filter ca-

puacitors. Shown beneoth these are various

types of by-pass capacitors for r-f and audio
application.

:C%pocitonce 33

our electric bill to!the power company we
have purchased a specific amount of energy
or work expressed in the common units of
kilowatt-bours, Thus rate of energy con-
sumption (watts or kilowatts) multiplied
by time (seconds, minutes, or hours) gives
us total energy or work. Other units of
energy are the watt-second, BTU, calorie,
erg, and joule.

Heating Effect Heat is generated when a

source of voltage causes a
current to flow through a resistor (or, for
that matter, through any conductor). As
explained earlier, this is due to the fact
that heat is given off when free electrons
collide with the atoms of the material. More
heat is generated in high-resistance materials
than in those of low resistance, since the
free electrons must strike the atoms harder
to knock off other electrons. As the heating
effect is a function of the current flowing
and the resistance of the circuit, the power
expended in heat is given by the second
formula: P = I?’R.

2-3 . Electrostatics —
Capacitors

Electrical energy can be stored in an elec-
trostatic field. A device capable of storing
energy in such a field is. called a capacitor
(in earlier usage the term condenser was
frequently used but the IEEE standards call
for the use of capacitor instead of conden-
ser) and is said to have a certain capacitance.
The energy stored in an electrostatic field
is expressed in joules (watt-seconds) and is
equal to CE?/2, where C is the capacitance
in farads (a unit of capacitance to be dis-
cussed) and E is the potential in volts, The
charge is equal to CE, the charge being ex-
pressed in coulombs.

Capacitance and Two metallic plates sep-
Capacitors arated from each other by

a thin layer of insulating
material (called a dielectric, in this case)
becomes a capacitor. When a source of d-c
potential is momentarily applied across these
plates, they may be said to become charged.
If the same two plates are then joined to-
gether momentarily by means of a switch,
the capacitor will discharge.
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When the potential 'was first applied,
electrons immediately flowed from one plate
to the other through the battery or such
source of d-c potential as was applied to
the capacitor plates. However, the circuit
from plate to plate in the capacitor was
incomplete (the two plates being separated
by an insulator) and thus the electron flow
ceased, meanwhile establishing a shortage of
electrons on one plate and a surplus of elec-
trons on the other.

Remember that when a deficiency of elec-
trons exists at one end of a conductor, there
is always a tendency for the electrons to
move about in such a2 manner as to re-estab-
lish a state of balance. In the case of the
capacitor herein discussed, the surplus quan-
tity of electrons on one of the capacitor
plates cannot move to the other plate be-
cause the circuit has been broken; that is,
the battery or d-c potential was removed.
This leaves the capacitor in a charged con-
dition; the capacitor plate with the electron
deficiency is positively charged, the other
plate being negative.

In this condition, a considerable stress
exists in the insulating material (dielectric)
which separates the two capacitor plates,
due to the mutual attraction of two unlike
potentials on the plates. This stress is known
known as electrostatic energy, as contrasted
with electromagnetic energy in the case of
an inductor. This charge can also be called
potential energy because it is capable of per-
forming work when the charge is released
through an external circuit. The charge is
proportional to the voltage but the energy
is proportional to the voltage squared, as
shown in the following analogy.

The charge represents a definite amount of
electricity, or a given number of electrons.
The potential energy possessed by these elec-
trons depends not only on their number, but
also on their potential or voltage.

Compare the electrons to water, and two
capacitors to standpipes, a 1-pufd capacitor to
a standpipe having a cross section of 1
square inch and a 2-pfd capacitor to a
standpipe having a cross section of 2 square
inches. The charge will represent a given
volume of water, as the “charge” simply
indicates a certain number of electrons. Sup-
pose the quantity of water is equal to §
gallons.

E€LECTROSTATIC
F&f FIELD
SHORTAGE - SuRPLUS
o tLecTRONS— OF ELECTRONS
3

=

=

+

—llilt—

+ CHARGING CURRENT
Figure 13
SIMPLE CAPACITOR

llustrating the imaginary lines of force repre-

sonting the paths along which the repelling

force of the electrons would act on a free

olectron located bhetween the ® capacitor
plates. T

Now the potential energy, or capacity for
doing work, of the § gallons of water will be
twice as great when confined to the 1 sq. in.
standpipe as when confined to the 2 sq. in.
standpipe. Yet the volume of water or
*“charge” is the same in either case.

Likewise a 1-ufd capacitor charged to
1000 volts possesses twice as much potential
energy as does a 2-ufd capacitor charged to
500 volts, though the charge (expressed in
coulombs: Q = CE) is the same in either
case.

The Unit of Capac- If the external circuit of
itance: The Farad the two capacitor plates

is completed by joining
the terminals together with a piece of wire,
the electrons will rush immediately from
one plate to the other through the external
circuit and establish a state of equilibrium.
This latter phenomenon explains the dis-
charge of a capacitor. The amount of stored
energy in a charged capacitor is dependent
on the charging potential, as well as a factor
which takes into account the size of the
plates, dielectric thickness, nature of the di-
electric, and the number of plates. This
factor, which is determined by the fore-
going, is called the capacitance of a capaci-
tor and is expressed in farads.

The farad is such a large ugit of capaci-
tance that it is rarely used in gadio calcula-
tions, and the following more practical units
have, therefore, been chosen.

1 microfarad = 1/1,000,000 farad, or

.000001 farad, or 10-° farad.
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1 micromicrofarad or picofarad =
1/1,000,000 microfarad, or .000001
microfarad, or 10-° microfarad.

1 micromicrofarad or picofarad = one-
millionth of one-millionth of a farad, or

102 farad.

If the capacitance is to be expressed in
microfarads in the equation given for ener-
gy storage, the factor C would then have to
be divided by 1,000,000, thus:

C X E?

St in j P p——— e
ored energy in joules 2 X 1,000,000

This storage of energy in a capacitor is
one of its very important properties, par-
ticularly in those capacitors which are used
in power-supply filter circuits.

Dielectric Although any substance which has
Materials the characteristics of a good in-

sulator may be used as a dielectric
material, commercially manufactured ca-
pacitors make use of dielectric materials
which have been selected because their char-
acteristics are particularly suited to the job

TABLE. 2. TABLE OF DIELECTRIC MATERIALS
Dielectric | Power | Softening
Material Constant | Factor Point
10 MHz | 10 MHz |[Fahrenheit
Aniline-Formaldehyde
Resin 3.4 0.004 260*
Barium Titianate 1200 1.0 -
Castor Oil 4,67
Cellulase Acstate 17 0.04 180"
Glass, Windaw 68 Foor 2000"
Glass, Pyrax 4.5 0.02
Kel-F Fluorath 2.5 0.6 -
Mathyl-Methacrylate-
Lucite 2.4 0.007 160"
Mica 5.4 0.0003
Mycalex Mykroy 7.0 0.002 650"
Phencl-Formaldehyde,
Law-Loss Yellow 3.0 0.015 270°
Phenal-Formaldehyde
Black Bokelite 5.5 0.03 3s50*
Porcelain 7.0 0.005 | 2800
Palyethylens 2.13 0.0003] 220°
Palystyrens 1.53 00002 175°
Quartz, Fused 4,2 0.0002| 2600°
| Rubber Hord-Ebonite 2.8 0.007 150°
Steatite 6.1 0003 | 2700
Sulfur EX ] 0.003 236"
Tefion 2.1 0006 -
Titanium Dioxide 100-175 0.0006| 2700°
Transfarmer Oil 2.2 0.003
Urea-Formaldehyds a0 0.05 260*
Viryl Resing 40 0.02 200°
Wood, Mapls A4,4 Poor

at hand. Air is a very good dielectric ma-
terial, but an air-spaced capacitor does not
have a high capacitance since the dielectric
constant of air is only slightly greater than
one. A group of other commonly used di-
electric materials is listed in Table 2.

Certain materials, such as bakelite, lucite,
and other plastics dissipate considerable
energy when used as capacitor dielectrics.
This energy loss is expressed in terms of the
power factor of the capacitor, which repre-
sents the portion of the input volt-amperes
lost in the dielectric material. Other ma-
terials including air, polystyrene and quartz
hive a very low power factor.

The new ceramic dielectrics such as sfea-
tite (talc) and titanium dioxide products
are especially suited for high-frequency and
high-temperature operation. Ceramics based
on titanium dioxide have an unusually high
dielectric constant combined with a low
power factor. The temperature coefficient
with respect to capacitance of units made
with this material depends on the mixture
of oxides, and coefficients ranging from
zero to over —700 parts per million per
degree Centigrade may be obtained in com-
mercial production.

Mycalex is a composition of minute mica
particles and lead-borate glass, mixed and
fired at a relatively low temperature. It is
hard and brittle, but can be drilled or ma-
chined when water is used as the cutting
lubricant.

Mica dielectric capacitors have a very low
power factor and extremely high voltage
breakdown per unit of thickness. A mica
and copperfoil “sandwich” is formed under
pressure to obtain the desired capacity value.
The effect of temperature on the pressures
in the “sandwich” causes the capacitance of
the usual mica capacitor to have large, non-
cyclic variations. If the copper electrodes
are plated directly on the mica sheets, the
temperature coefficient can be stabilized at
about 20 parts per million per degree Centi-
grade. A process of this type is used in the
manufacture of “silver mica” capacitors.

Paper dielectric capacitors consist of strips
of aluminum foil insulated from each other
by a thin layer of paper, the whole assembly
being wrapped in a circular bundle. The
cost of such a capacitor is low, the capaci-
tance is high in proportion to the size and
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weight, and the power factor is good. The
life of such a capacitor is dependent on the
moisture penetration of the paper dielectric,
and on the level of the applied d-c voltage.

Air-dielectric capacitors are used in trans-
mitting and receiving circuits, principally
where a variable capacitor of high resetabil-
ity is required. The dielectric strength
high, though somewhat less at radio fre-
quencies than at 60 Hz. In addition,
corona discharge at high frequencies will
cause ionization of the air dielectric causing
an increase in power loss. Dielectric strength
may be increased by increasing the air pres-
sure, as is done in hermetically sealed radar
units. In some units, dry nitrogen gas may
be used in place of air to provide a higher
dielectric strength than that of air.

Likewise, the dielectric strength of an
“air” capacitor may be increased by placing
the unit in 2 vacuum chamber to prevent
ionization of the dielectric.

The temperature coefficient of a variable
air-dielectric capacitor varies widely and is
often noncyclic. Such things as differential
expansion of various parts of the capacitor,
changes in internal stresses, and different
temperature coefficients of various parts con-
tribute to these variances.

Dielectric The capacitance of 2 capacitor is
Constant determined by the thickness and

nature of the dielectric material
between plates. Certain materials offer a
greater capacitance than others, depending
on their physical makeup and chemical con-
stitution. This property is expressed by a
constant K, called the dielectric constant.
(K = 1 for air.)

Dielectric  If the charge becomes too great
Breokdown for 2 given thickness of a cer-

tain dielectric, the capacitor will
break down, i.e., the dielectric will puncture.
It is for this reason that capacitors are
rated in the manner of the amount of
voltage they will safely withstand as well
as the capacitance in microfarads. This rat-
ing is commonly expressed as the d-c work-
ing voltage (DCWV).

Calculation of The capacitance of two par-
Copacitance  jllel plates may be determined

with good accuracy by the
following formula:

SPACING ININCHES

CIRCULAR PLATE CAPACITORS
CAPACITANCE FOR A GIVEN SPACING

T

JUN T
RELAN
LUNN u
2 \ \\‘ ~s- 14;
A P 9
TR T

1 2 3 a L] L ] 7 L] 1] 0 11 12 13 14

CAPACITANCE IN PICOFARADS
Figure 14

Through the use of this chart it ds possible to
determine the roqulrod plate diameter (with
the g tablished by peak
voltage eonﬂdora'lons} for a dreular-pla'o
neutralizing capacitor. The capacitance given
is for a dielectric of air and the spacing given
is between adjacent faces of the two plates.

C =0.2248 XK X —;1—

where,

C equals capacitance in picofarads,

K equals dielectric constant of spacing
material,

A equals area of dielectric in square inches,

t equals thickness of dielectric in inches.

H=C1 Z=C2 c c

/=C1 ~C3 =<Cs
c
RC2 a<Cs ::fo

¥
CAPACITORS IN SERIES-PARALLEL
Figure 15

CAPACITORS IN SERIES, PARALLEL,
AND SERIES-PARALLEL
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This formula indicates that the capaci-
tance is directly proportional to the area of
the plates and inversely proportional to the
thickness of the dielectric (spacing between
the plates). This simply means that when
the area of the plate is doubled, the spacing
between plates remaining constant, the ca-
pacitance will be doubled. Also, if the area
of the plates remains constant, and the
plate spacing is doubled the capacitance will
be reduced to half.

The above equation also shows that ca-
pacitance is directly proportional to the di-
electric constant of the spacing material.
An air-spaced capacitor that has a capaci-
tance of 100 pf in air would have a ca-
pacitance of 467 pf when immersed in castor
oil, because the dielectric constant of castor
oil is 4.67 times as great as the dielectric
constant of air.

Where the area of the plate is definitely
set, when it is desired to know the spacing
needed to secure a required capacitance,

A X 0.2248 X K
C

where all units are expressed just as in the
preceding formula. This formula is not con-
fined to capacitors having only square or
rectangular plates, but also applies when the
plates are circular in shape. The only change
will be the calculation of the ares of such
circular plates; this area can be computed
by squaring the radius of the plate, then
multiplying by 3.1416, or “'pi.” Expressed
as an equation:

A=131416 X r*

=

where,
r equals radius in inches.

The capacitance of a multiplate capacitor
can be calculated by taking the capacitance
of one section and multiplying this by the
number of dielectric spaces. In such cases,
however, the formula gives no consideration
to the effects of edge capacitance; so the
capacitance as calculated will not be en-
tirely accurate. These additional capacitances
will be but a small part of the effective total
capacitance, particularly when the plates
are reasonably large and thin, and the final
result will, therefore, be within practical
limits of accuracy.

Capacitors in  Equations for calculating ca-
Parallel and  pacitances of capacitors in par-
in Series allel connections are the same

as those for resistors in series.

CT:C1+C2+...+Cn

Capacitors in series connection are cal-
culated in the same manner as are resistors
in parallel connection.

The formulas are repeated: (1) For two
or more capacitors of numequal capacitance
in series:

1
CT—
1 1 1 ’
+—=—+
C: C. G
SV SV S S

C'r C1 C2 C3
(2) Two capacitors of unequal capacitance
in series:
C. X G,
C) + Cg

(3) Three capacitors of equal capacitance
in series:

CT:

C
CTZB—I'

where,
C, is the common capacitance.

(4) Three or more capacitors of equal ca-
pacitance in series.

Value of common capacitance

Cr= 5 :
Number of capacitors in series

(5) Six capacitors in series-parallel:

C-r_—ll + 11 1+111
1
ote ot ota

Capacitors in A-C  When a capacitor is con-
and D-C Circuits  nected into a direct-cur-

rent circuit, it will block
the d.c., or stop the flow of current. Beyond
the initial movement of electrons during the
period when the capacitor is being charged,
there will be no flow of current because the
circuit is effectively broken by the dielectric
of the capacitor.
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Strictly speaking, a very small current
may actually flow because the dielectric of
the capacitor may not be a perfect insulator.
This minute current flow is the leakage cur-
rent previously referred to and is dependent
on the internal d-c resistance of the capaci-
tor. This leakage current is usually quite
noticeable in most types of electrolytic ca-
pacitors.

When an alternating current is applied to
a capacitor, the capacitor will charge and
discharge a certain number of times per
second in accordance with the frequency of
the alternating voltage. The electron flow
in the charge and discharge of a capacitor
when an a-c potential is applied constitutes
an alternating current, in effect. It is for
this reason that a capacitor will pass an
alternating current yet offer practically in-
finite opposition to a direct current. These
two properties are repeatedly in evidence in
a radio circuit.

Voltage Rating Any good paper-dielectric
of Capacitors  filter capacitor has such a
in Series high internal resistance (in-

dicating a good dielectric)
that the exact resistance will vary consider-
ably from capacitor to capacitor even though
they are made by the same manufacturer
and are of the same rating. Thus, when
1000 volts d. c. are connected across two 1-
pfd  500-volt capacitors in series, the
chances are that the voltage will divide un-
evenly; one capacitor will receive more than
500 volts and the other less than 500 volts.

Voltage Equalizing By connecting a half-
Resistors megohm 1-watt carbon

resistor across each ca-
pacitor, the voltage will be equalized be-
cause the resistors act as a voltage divider,
and the internal resistances of the capacitors
are so much higher (many megohms) that
they have but little effect in disturbing the
voltage divider balance.

Carbon resistors of the inexpensive type
are not particularly accurate (not being de-
signed for precision service); therefore it is
advisable to check several on an accurate
ohmmeter to find two that are as close as
possible in resistance. The exact resistance
is unimportant, just so it is the same for
the two resistors used.
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Figure 16

SHOWING THE USE OF VOLTAGE EQUAL-
IZING RESISTORS ACROSS CAPACITORS
CONNECTED IN SERIES

Capacitors in  When two capacitors are con-
Series on A.C. nected in series, alternating

voltage pays no heed to the
relatively high internal resistance of each
capacitor, but divides across the capacitors
in inverse proportion to the capacitance. Be-
cause, in addition to the d-c voltage across
a capacitor in a filter or audio amplifier cir-
cuit there is usually an a-c¢ ar a-f voltage
component, it is inadvisable to series-connect
capacitors of unequal capacitance even if
dividers are provided to keep the d-c volt-
ages within the ratings of the individual
capacitors.

For instance, if a 500-volt 1-ufd capaci-
tor is used in series with a 4-ufd $500-
volt capacitor across a 250-volt a-c supply,
the 1-ufd capacitor will have 200 a-c volts
across it and the 4-ufd capacitor only 50
volts. An equalizing divider, to do any good
in this case, would have to be of very low
resistance because of the comparatively low
impedance of the capacitors to alternating
current. Such a divider would draw ex-
cessive current and be impracticable.

The safest rule to follow is to use only
capacitors of the same capacitance and volt-
age rating and to install matched high-
resistance proportioning resistors across the
various capacitors to equalize the d-c volt-
age drop across each capacitor. This holds
regardless of how many capacitors are series-
connected.

Electrolytic Electrolytic capacitors use a very
Capacitors thin film of oxide as the dielec-

tric, and are polarized; that is,
they have a positive and a negative terminal
which must be properly connected in a cir-
cuit; otherwise, the oxide will break down
and the capacitor will overheat. The unit
then will no longer be of service. When elec-
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trolytic capacitors are connected in series,
the positive terminal is always connected
to the positive lead of the power supply;
the negative terminal of the capacitor con-
nects to the positive terminal of the next
capacitor in the series combination. The
method of connection for electrolytic ca-
pacitors in series is shown in figure 16. Elec-
trolytic capacitors have very low cost per
microfarad of capacitance, but also have a
large power factor and high leakage; both
dependent on applied voltage, temperature,
and the age of the capacitor. The modern
electrolytic capacitor uses a dry paste elec-
trolyte embedded in 2 gauze or paper dielec-
tric. Aluminum foil and the dielectric are
wrapped in a circular bundle and are
mounted in a cardboard or metal box.
Etched electrodes may be employed to in-
crease the effective anode area, and the total
capacitance of the unit.

The capacitance of an electrolytic ca-
pacitor is affected by the applied voltage,
the usage of the capacitor, the temperature
and the humidity of the environment. The
capacitance usually drops with the aging
of the unit. The leakage current and power
factor increase with age. At high frequen-
cies the power factor becomes so poor that
the electrolytic capacitor acts as a series
resistance rather than as a capacitance.

2-4 Magnetism
and Electromagnetism

The common bar or horseshoe magnet is
familiar to most people. The magnetic field
which surrounds it causes the magnet to at-
tract other magnetic materials, such as iron
nails or tacks. Exactly the same kind of
magnetic field is set up around any conduc-
tor carrying a current, but the field exists
only while the current is flowing.

Magnetic Fields Before a potential, or volt-

age, is applied to a conduc-
tor there is no external field, because there
is no general movement of the electrons in
one direction. However, the electrons do
progressively move along the conductor
when an e.m.f. is applied, the direction of
motion depending on the polarity of the
e.m.f. Since each electron has an electric
field about it, the flow of electrons causes

these fields to build up into a resultant
external field which acts in a plane at right
angles to the direction in which the cur-
rent is flowing. This field is known as the
magnetic field.

The magnetic field around a current-car-
rying conductor is illustrated in figure 17.
The direction of this magnetic field depends
entirely on the direction of electron drift or
current flow in the conductor. When the
flow is toward the observer, the field about
the conductor is clockwise; when the flow
is away from the observer, the field is
counterclockwise: This is easily remembered
if the left hand is clenched, with the thumb
outstretched and pointing in the direction
of electron flow. The fingers then indicate
the direction of the magnetic field around
the conductor.

Each electron adds its field to the total
external magnetic field, so that the greater
the number of electrons moving along the
conductor, the stronger will be the resulting
field.

One of the fundamental laws of magnet-
ism is that like poles repel one another and
unlike poles attract ome another. This is
true of current-carrying conductors as well
as of permanent magnets. Thus, if two
conductors are placed side by side and the
current in each'is flowing in the same di-
rection, the magnetic fields will also be in
the same direction and will combine to form
a larger and stronger field. If the current
flow in adjacent conductors is in opposite
directions, the magnetic fields oppose each
other and tend to cancel.

The magnetic field around 2 conductor
may be considerably increased in strength
by winding the wire into a coil. The field

T —
ELECTRON DRIFT

S—swiTcH

— - uF -

I
Figure 17
LEFT-HAND RULE
Showing the direction of the gnetic lines of

force produced around a conductor carrying
an electric current.
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around each wire then combines with those
of the adjacent turns to form a total field
through the coil which is concentrated
along the axis of the coil and behaves ex-
ternally in a way similar to the field of a
bar magnet.

If the left hand is held so that the thumb
is outstretched and parallel to the axis of a
coil, with the fingers curled to indicate the
direction of electron flow around the turns
of the coil, the thumb then points in the

direction of the north pole of the magnetic
field.

The Magnetic In the magnetic circuit, the
Circuit units which correspond to
current, voltage, and resist-
ance in the electrical circuit are flux, mag-
netomotive force, and reluctance.

Flux; Flux  As a current is made up of a drift
Density  of electrons, so is a magnetic

field made up of lines of force,
and the total number of lines of force in a
given magnetic circuit is termed the flux.
The flux depends on the material, cross sec-
tion, and length of the magnetic circuit,
and it varies directly as the current flowing
in the circuit. The unit of flux is the max-
well, and the symbol is the Greek letter
¢ (phi).

Flux density is the number of lines of
force per unit area. It is expressed in gauss
if the unit of area is the square centimeter
(1 gauss = 1 line of force per square cen-
timeter), or in lines per square inch. The
symbol for flux density is B if it is expressed
in gauss, or B if expressed in lines per sq. in.

Magnetomotive The force which produces a
Force flux in a magnetic circuit

is called magnetomotive
force. Tt is abbreviated m.m.f. and is desig-
nated by the letter F. The unit of magneto-
motive force is the gilbert, which is equiva-
lent to 1.26 X NI, where N is the number
of turns and I is the current flowing in the
circuit in amperes.

The m.m.f. necessary to produce a given
flux density is stated in gilberts per centi-
meter (oersteds) (H), or in ampere-turns
per inch (H),

Reluctance Magnetic reluctance corresponds
to electrical resistance, and is

the property of a material that opposes the
creation of a magnetic flux in the material.
It is expressed in rels, and the symbol is the
letter R. A material has a reluctance of 1 rel
when an m.m.f. of 1 ampere-turn (NI) gen-
erates a flux of 1 line of force in it. Com-
binations of reluctances are treated the
same as resistances in finding the total ef-
fective reluctance. The specific reluctance of
any substance is its reluctance per unit vol-
ume.

Except for iron and its alloys, most com-
mon materials have a specific reluctance
very nearly the same as that of a vacuum,
which, for all practical purposes, may be
considered the same as the specific reluct-
ance of air.

Ohm’s Law for The relations between flux,
Magnetic Circuits magnetomotive force, and
reluctance are exactly the
same as the relations between current, volt-
age, and resistance in the electrical circuit.
These can be stated as follows:
F F

¢:? R =—

F = ¢R
P ¢

where,

¢ equals flux, F equals m.m.f.,
R equals reluctance.

Permeability Permeability expresses the ease

with which a magnetic field
may be set up in a material as compared
with the effort required in the case of air.
Iron, for example, has a permeability of
around 2000 times that of air, which means
that a given amount of magnetizing effort
produced in an iron core by a current flow-
ing through a coil of wire will produce
2000 times the flux density that the same
magnetizing effect would produce in air, It
may be expressed by the ratio B/H or B/H,
In other words,

_ B L B
=H O ETH

where p is the permeability, B is the flux
density in gausses, B is the flux density in
lines per square inch, H is the m.m.f. in
gilberts per centimeter (oersteds), and H
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is the m.m.f. in ampere-turns per inch.
These relations may also be stated as follows:

H=-lior H:B—,ande Hpor B=Hp
p p

It can be seen from the foregoing that
permeability is inversely proportional to the
specific reluctance of a material.

Saturation Permeability is similar to electric
conductivity. This is, however,
one important difference: the permeability
of magnetic materials is not independent of
the magnetic current (flux) flowing through
it, although electrical conductivity is sub-
stantially independent of the electric cur-
rent in a2 wire. When the flux density of a
magnetic conductor has been increased to
the saturation point, a further increase in
the magnetizing force will not produce a
corresponding increase in flux density.
B-H Curve To simplify magnetic circuit
calculations, a magnetization
curve may be drawn for a given unit of
material. Such a curve is termed a B-H
curve, and may be determined by experi-
ment. When the current in an iron-core
coil is first applied, the relation between the
winding current and the core flux is shown
at A-B in figure 18. If the current is then
reduced to zero, reversed, brought back
again to zero and reversed to the original
direction,, the flux passes through a typical
hysteresis loop as shown.

MAGNETIZING FORCE

7 H—r-

Figure 18

TYPICAL HYSTERESIS LOOP
(8-H CURVE = A-B)

Showing relationship between the current in

the winding of an iron-core inductor and the

core flux. A direct current flowing through the

inductance brings the magnetic state of the

core to some point on the hysteresis loop,
such as C.

Residual Magnetism; The magnetism remain-
Retentivity ing in a material after

the magnetizing force
is removed is called residual magnetism. Re-
tentivity is the property which causes a
magnetic material to have residual magne-
tism after having been magnetized.

Hysteresis; Hysteresis is the characteristic
Coercive Force of a magnetic system which

causes a loss of power due to
the fact that a negative magnetizing force
must be applied to reduce the residual mag-
netism to zero. This negative force is termed
coercive force. By ‘“‘negative” magnetizing
force is meant one which is of the opposite
polarity with respect to the original magne-
tizing force. Hysteresis loss is apparent in
transformers and chokes by the heating of
the core.

Inductance [f the switch shown in figure 17

is opened and closed, a pulsating
direct current will be produced. When it is
first closed, the current does not instanta-
neously rise to its maximum value, but
builds up to it. While it is building up, the
magnetic field is expanding around the con-
ductor. Of course, this happens in a small
fraction of a second. If the switch is then
opened, the current stops and the magnetic
field contracts quickly. This expanding and
contracting field will induce a current in
any other conductor that is part of a contin-
uous circuit which it cuts. Such a field can
be obtained in the way just mentioned by
means of a vibrator interruptor, or by ap-
plying a.c. to the circuit in place of the
battery. Varying the resistance of the circuit
will also produce the same effect. This in-
ducing of a current in a conductor due to
a varying current in another conductor not
in actual contact is called electromagnetic
induction.

Self-inductance If an alternating current

flows through a coil the
varying magnetic field around each turn
cuts itself and the adjacent turn and in-
duces a voltage in the coil of opposite po-
larity to the applied e.m.f. The amount of
induced voltage depends on the number of
turns in the coil, the current flowing in the
coil, and the number of lines of force thread-
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ing the coil. The voltage so induced is
known as a counter e.m.f. or back e.m.f.,
and the effect is termed self-induction. When
the applied voltage is building up, the
counter e.m.f. opposes the rise; when the ap-
plied voltage is decreasing, the counter
em.f. is of the same polarity and tends to
maintain the current. Thus, it can be seen
that self-inductance tends to prevent any
change in the current in the circuit.

The storage of energy in a magnetic field
is expressed in jowles and is equal to (LI?) /2.
(A joule is equal to 1 watt-second. L is de-
fined immediately following.)

The Unit of Inductance is usually denoted
Inductance: by the letter L, and is expressed
The Henry  in benrys. A coil has an in-

ductance of 1 henry when a
voltage of 1 volt is induced by a current
change of 1 ampere per second. The henry,
while commonly used in audio-frequency
circuits, is too large for reference to induct-
ance coils, such as those used in radio-fre-
quency circuits; millibenry or microbenry
is more commonly used, in the following
manner:

1 henry = 1000 millibenrys, or 10°
millibenrys.

1 millibenry = 1/1000 benry, .001
benry, or 10-2 henry.

—

microbenry = 1/1,000,000 benry,
.000001 benry, or 10-° benry.

1 microbenry = 1/1000 millibenry,
.001, or 10~ millibenry.

1000 microbenrys = 1 millibenry.

Mutual Inductance When one coil is near an-

other, a varying current
in one will produce a varying magnetic
field which cuts the turns of the other
coil, inducing a current in it. This induced
current is also varying, and will therefore
induce another current in the first coil. This
reaction between two coupled circuits is
called mutual inductance, and can be cal-
culated and expressed in henrys. The symbol
for mutual inductance is M. Two circuits
thus joined are said to be inductively cou-

pled.

N
(o) 2]

Figure 19
MUTUAL INDUCTANCE

The quantity M represents the mutuval induec.
tance between the two coils Liand L,

The magnitude of the mutual inductance
depends on the shape and size of the two
circuits, their positions and distances apart,
and the permeability of the medium. The
extent to which two inductors are coupled
is expressed by a relation known as coeffi-
cient of coupling. This is the ratio of the
mutual inductance actually present to the
maximum possible value.

The formula for mutual inductance is L
= L, + L, + 2M when the coils are poled
so that their fields add. When they are poled
so that their fields buck, then L = L, +
L, — 2M (figure 19).

Inductors in

Inductors in parallel are com-
Porallel

bined exactly as are resistors
in parallel, provided that they
are far enough apart so that the mutual
inductance is entirely negligible.

Inductors in  Inductors in series are additive,
Series just as are resistors in series,

again provided that no mutual
inductance exists. In this case, the total in-
ductance L is:

L = Ll + Lg + .
Where mutual inductance does exist:
L = L1 + Lg + 2M

., €etc.

where,

M is the mutual inductance.

This latter expression assumes that the
coils are connected in such a way that all
flux linkages are in the same direction, i.e.,
additive. If this is not the case and the
mutual linkages subtract from the self-link-
ages, the following formula holds:

L= L1 + Lz — M
where,

M is the mutual inductance.
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INDUCTANCE OF
SINGLE -LAYER
SOLENOID COtLS

R2 N2
9R+10S

MICROHENRYS

WHERE: R » RADIUS OF COIL TO CENTER WIRE
S * LENGTH OF COIL
N * NUMBER OF TURNS

Figure 20

FORMULA FOR
CALCULATING INDUCTANCE

Through the use of the equation and the
sketch shown above the ind of singl

layer solenocld coils can be calcviated with an
accuracy of about one percent for the types
of colls normaily used in the hf and vhf range.

Core Material Ordinary magnetic cores can-

not be used for radio frequen-
cies because the eddy current and hysteresis
losses in the core material become enormous
as the frequency is increased. The principal
use for conventional magnetic cores is in the
audio-frequency range below approximately
15,000 Hertz, whereas at very low frequen-
cies (50 to 60 Hertz) their use is manda-
tory if an appreciable value of inductance
is desired.

An air-core inductor of only 1 henry in-
ductance would be quite large in size, yet
values as high as 500 henrys are commonly
available in small iron-core chokes. The in-
ductance of a coil with a magnetic core will
vary with the amount of current (both a-c
and d-c) which passes through the coil.
For this reason, iron-core chokes that are used
in power supplies have a certain inductance
rating at a predetermined value of direct
current.

The permeability of air does not change
with flux density; so the inductance of iron-
core coils often is made less dependent on
flux density by making part of the magnetic
path air, instead of utilizing a closed loop of
iron. This incorporation of an air gap is
necessary in many applications of iron-core
coils, particularly where the coil carries a
considerable d-c component. Because the
permeability of air is so much lower than
that of iron, the air gap need comprise only
a small fraction of the magnetic circuit in
order to provide a substantial proportion of
the total reluctance.

tron-Core Inductors  [ron-core inductors may
ot Radio Frequencies be used at radio fre-

quencies if the iron is
in a very finely divided form, as in the case
of the powdered-iron cores used in some
types of r-f coils and i-f transformers. These
cores are made of extremely small particles
of iron. The particles are treated with an in-
sulating material so that each particle will
be insulated from the others, and the treated
powder is molded with a binder into cores.
Eddy current losses are greatly reduced,
with the result that these special iron cores
are entirely practical in circuits which op-
erate up to 100 MHz in frequency.

2-5 RC and RL Transients

A voltage divider may be constructed as
shown in figure 21. Kirchhoff’s and Ohm’s
Laws hold for such a divider. This circuit
is known as an RC circuit.

] 1 2 3
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Figure 21
TIME CONSTANT OF AN RC CIRCUIT

Shown at (A) Is the circuit vpon which Is

based the curves of (B) and (C). (B) shows the

rate ot which capacitor € will charge from

the Instant at which switch $ Is placed In

position 1. (C) shows the discharge curve of

capacitor € from the Instant at which switch
S Is placed in position 3.
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Figure 22

TYPICAL INDUCTANCES

The large inductance Is a 1000-watt transmitting coil. To the right and left of this coil are
small r-f chokes. Several varieties of low power capability coils are shown below, along
with varlous types of r-f chokes intended for high-frequency operation.

Time Constant- When switch S in figure 21
RC and RL is placed in position 1, a
Circuits voltmeter across capacitor

C will indicate the manner
in which the capacitor will become charged
through the resistor R from battery B. If
relatively large values are used for R and C,
and if a vacuum-tube voltmeter which
draws negligible current is used to measure
the voltage (e), the rate of charge of the
capacitor may actually be plotted with the
aid of a stop watch.

Voltage Gradient It will be found that the

voltage (¢) will begin to
rise rapidly from zero the instant the switch
is closed. Then, as the capacitor begins to
charge, the rate of change of voltage across
the capacitor will be found to decrease, the
charging taking place more and more slowly
as capacitor voltage e approaches battery
voltage E. Actually, it will be found that
in any given interval a constant percentage
of the remaining difference between ¢ and E
will be delivered to the capacitor as an in-
crease in voltage. A voltage which changes
in this manner is said to increase logarithmi-
cally, or follows an exponential curve.

Time Constont A mathematical analysis of

the charging of a capacitor
in this manner would show that the relation-
ship between battery voltage E and the volt-

S R (INCLUDING DC RESISTANCE
OF INDUCTOR L)
ot
F== L
-l
wix
(=2 100
H |
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R //
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3 W i -
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e
2z /.
- 20
g
& ° [ 2 3

Time L, in TERMS OF TIME cONSTANT k

Figure 23
TIME CONSTANT OF AN 1. CIRCUIT

Note that the time constant for the increase

in current through an R L circvit is identical

to the rate of increase in voltage across the
capacitor in an R C cirevit.
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age across the capacitor () could be ex-
pressed in the following manner:

e=E (1 — ¢'/k°)

where ¢,E,R, and C have the values discussed
above, ¢ = 2.716 (the base of Naperian or
natural logarithms), and # represents the
time which has elapsed since the closing of
the switch. With # expressed in seconds, R
and C may be expressed in farads and ohms,
or R and C may be expressed in microfarads
and megohms. The product RC is called the
time constant of the circuit, and is expressed
in seconds. As an example, if R is one meg-
ohm and C is one microfarad, the time
constant RC will be equal to the product of
the two, or one second.

When the elapsed time (#) is equal to the
time constant of the RC network under
consideration, the exponent of ¢ becomes
—1. Now ¢! is equal to 1/e, or 1/2.716,
which is 0.368. The quantity (1—0.368)
then is equal to 0.632. Expressed as percent-
age, the above means that the voltage across
the capacitor will have increased to 63.2 per-
cent of the battery voltage in an interval
equal to the time constant or RC product
of the circuit. Then, during the next period
equal to the time constant of the RC com-
bination, the voltage across the capacitor
will have risen to 63.2 per cent of the re-

maining difference in voltage, or 86.5 per
cent of the applied voltage (E).

RL Circuit In the case of a series combina-

tion of a resistor and an inductor,
as shown in figure 23, the current through
the combination follows a very similar law
to that given above for the voltage appear-
ing across the capacitor in an RC series cir-
cuit. The equation for the current through
the combination is:

i= T (1—8"'/‘"‘)
where i represents the current at any instant
through the series circuit, E represents the
applied voltage, and R represents the total
resistance of the resistor and the d-c resist-
ance of the inductor in series. Thus the time
constant of the RL circuit is L/R, with R
expressed in ohms and L expressed in henrys.

Voltage Decay When the switch in figure

21 is moved to position 3
after the capacitor has been charged, the
capacitor voltage will drop in the manner
shown in figure 21-C. In this case the volt-
age across the capacitor will decrease to 36.8
percent of the initial voltage (will make
63.2 per cent of the total drop) in a period
of time equal to the time constant of the
RC circuit.

T——
¥
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1 1
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Figure 24
TYPICAL IRON-CORE INDUCTANCES

At the right is an vpright ing filter

hoke intended for use in low-powered

transmitters and avdio equipment. At the center is a hermetically sealed inductance
for use under poor environmental conditions. To the left Is an Inexpensive recelving-
type choke, with a small iron-core r-f choke directly im front of it.
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CHAPTER THREE

Alternating-Current Circuits

The previous chapter has been devoted to
a discussion of circuits and circuit elements
upon which is impressed a current consisting
of a flow of electrons in one direction. This
type of unidirectional current flow is called
direct current (abbreviated d-c or d.c.).
Equally as important in radio and communi-
cations work and power practice is a type of
current whose direction of electron flow
reverses periodically. The reversal of flow
may take place at a low rate, in the case of
power systems, or it may take place millions
of times per second, in the case of communi-
cations frequencies. This type of current
flow is called alternating current (abbrevi-
ated a-c or a.c.).

3-1 Alternating Current

Frequency of an An alternating current is
Alternating Current one whose amplitude of

current flow periodically
rises from zero to a maximum in one direc-
tion, decreases to zero, changes its direction,
rises to maximum in the opposite direction,
and decreases to zero again. This complete
process, starting from zero, passing through
two maximums in opposite directions, and
returning to zero again, is called a cycle.
The number of times per second that a
current passes through the complete cycle
is called the frequency of the current. One
and one-quarter cycles of an alternating
current wave are illustrated diagrammati-
cally in figure 1.

Frequency Spectrum At present the usable

frequency range for al-
ternating electrical currents extends over
the electromagnetic spectrum from about
15 cycles per second to perhaps 30,000,-
000,000 cycles per second. It is obviously
cumbersome to use a frequency designation
in c.p.s. for enormously high frequencies,
so three common units which are multiples
of one cycle per second were established and
are still used by many engineers.

= nd
u
«
«
=}
vlo TIME —o
DIRECT CURRENT
1cYcLE .l
o—— 4 creLe—sy |
-
' |
-
z ! :
‘&‘ [} TIME ——o
[ 4 \-/
=1
(V]
ALTERNATING CURRENT

Figure 1

ALTERNATING CURRENT
AND DIRECT CURRENT
Graphical compa