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Chapter One

Introduction to Radio

THE field of radio is a division of the much larger field of
electronics. Radio itseif is such a broad study rhat it is still
further broken down into a number of smaller fields of which
only shortwave or high-frequency radio is covered in this
book. Specifically the field of communication on frequencies
from 3.5 to 500 megacyches is taken as the subject matter for
this work.

The largest group of persons interested in the subject of
high-frequency communication is the more than 80,000 radio
amateurs located in nearly all countries of the world. Strictly
speaking a radio amareur is anyone intetested in radio non-
commercially, but the term is ordinarily applied only to those
hobbyists possessing transmitting equipmert and a license from
the government.

It was for the radio amateur, and particularly for the serious
amateur, that most of the material in this book was originally
developed, particularly the equipment shown; however, in each
equipment group simple items are also shown for the student
and beginner. The principles of high-frequency radio are of
course identical whether the equipnient is used for commercial
or non-commercial purposes; and the equipment differs little
for either purpose, the principal difference being that commer-
cial equipment is usually made to be as reliable as possible
with less regard to cost while amateur equipment must often
be constructed for as little cost as possible.

Amateur Kadio was suspended for the duration
of the war, but as this book goes to press it has
been substantially restored. I/t is a fascinating
hobby with several phases. So strong is the fascination offered
by this hobby that many executives, engineers, and operators
enjoy amateur radio as an avacation 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.

Although amateur radio is considered “only a hobby” by
the general public, its nistory contains countless incidents of
technical achievement, particularly in the now widely used
high frequencies which were developed by amateurs while

Amateur
Radio

engineers still considered them generally useless. The old adage
thar necessity is the mother of invention has been more than
true in amateur radio, for the average amateur has limited
funds which he can afford to devote to his hobby, and many
an attempt to do something more cheaply has also resulted
in doing it better.

Amateurs are a fraternal lot; their common interest makes
them “brothers under the skin.” When visiting strange towns
an amateur often looks up friends with whem he has become
acquainted over the air; even if he knows no amateurs in a
given vicinity his amateur call usually makes him more than
welcome. Amateur radio clubs have been formed all over the
country; meetings feature both elementary amd advanced tech-
nical talks, study sessions and code classes, social contacts, and
“eats.” Veteran amateurs met at such meetings will “give a
hand” to the newcomer; among those met at club meetings
will usualiy be found some other newcomers, one of whom
should be selected if possible as a study campanion; such a
comdanion is particalarly useful when it comes to learning
the -adio code.

Amateurs have rendered much pablic service through fur-
nishing communications to and from the outside world in
cases where disaster has isolated an area by severing all wire
communications. Amateurs have a proud record of heroism
and service in such occasion. Many expeditions to remote
places have been kept in touch witk 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 surpassed by his outstanding service in
World War II. By the time peace came in the Pacific in the
summer of 1945, many thousand former amateur operators
were serving in the allied armed forces. They had supplied
the army, navy, marnes, coast guard, merchant marine, civil
service, war plants, and civilian defense organizations with
trained personnel for radio, radar, wire, and visual communi-
catioas and for teaching.

Some amateurs revel in contacts with far-distant countries;
these are called “dx"" men. Others specialize in relaying mes-
sages. Some are tireless experimenters, getting as much pleasure
from building, improving, and tearing down equipment as
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Figure 1.
The continental (or International Morse) Code is used tor all radio communications. DO NOT memorize from the printed page;
code is a language of SOUND, and must not be learned visually; learn by listening as exploined in the text

trom actual operation on the air. Others preter not to spe-
cialize, but simply to “"chew the rag” with any other amateur
whom they may happen to contact on the air

Amateurs often refer to themselves as “hams™; the origin
of this slang term is obscure, but its use is well-established; it
does not imply poor ability or worse as in the phrase "ham
actor’’; min fact many hams are also prominent radio engineers
in their working hours

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

To secure an amateur operator’s license trom the Federal
Communications Commission, you must be a citizen of the
U.S.A.. master the radio code, know how amateur transmitters
and receivers work and how they must be adjusted, and be
familiar with the laws and regulations pertaining to amateur
operators and stations. Examinations consist of a written the-
oretical examination and a code test: the required code speed
is 13 words per minute, both sending and receiving

Stotion ond
Operotor Licenses

Storting
Your Study

When you start to prepare yourself tor the ama
teur or other examination vou will find that the
circuit diagrams, tube characteristic curves, and
formulas appear confusing and difficult of understanding. But
after a few study sessions one becomes sufhcently tamihar
with the notation of the diagrams and the basic concepts ot
theory and operation so that the acquisition of turther knowl
edge becomes easter and even tascinating

As it takes considerable time to become proficient in sending
and receiving code, it is a good idea to intersperse technical
study sessions with periods of code practice. Many short code
practice sessions benetit one more than a fewer number ot
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 trom the othe:

When you have practiced the code long enough you will be
able to follow the gist ot the slower sending stations. Many
stations send very slowly when working other stations 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

Granted that it is advisable to start in with learning the codc.
you will want to know how to go about mastering it in the
shortest time with the least amount of eftort

The Code  The applicant for an amateur license must be
able to send and receive the Continental Code
(sometimes called the International Morse Code) at a speed
of 13 words per minute, with an average of hve characters «
the word. Thus 65 characters must he copied consecutively
without error in one minute. Similarlv 65 consecutive charac
ters must be sent without error n the same ume. Code tests
usually last about tve minutes: if 65 consecutive characters
at the required rate are copied correctly anvwhere during the
five-mtnute pertod. the applicant is usualiv considered to have
passed the test successtuir
A code speed ot 16 words per minute 1s required tor tix
lowest class of commercial radio operator’s hcense. Highet
classes require greater speeds
Hf the code test 1s tailed. the applicant must wait at least
one month betore he mav again appear tor another test
Approximately 30¢7 ot amateur apphcants tail to pass the
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test. It should be expected that nervousness and excitement
will at least to some degree temporarily lower the applicant’s
code ability. The best prevention against this is to master the
code at a little greater than the required speed under ordinary
conditions. Then if you slow down a little due to nervousness
during a test the result will not prove “fatal.”

There is no shortcut to code proficiency. To
memorize the alphabet entails but a few eve-
nings of diligent application, but considerable
time is required to build up speed. The exact time required
depends upon the individual's ability and the regularity of
practice.

While the speed of learning will naturally vary greatly
with ditferent 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. tequires about
120 hours; 20 w.p.m., 175 hours.

Since code reading requires that individual letters be recog-
nized instantly, any memorizing scheme which depends upon
orderly sequence, such as learning all ""Jah™ letters and all
"dit” letters in separate groups, is to be discouraged. Before
beginning with a code practice set it is necessary to memorize
the whole alphaber 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 translate each
day's letters into their sound equivalent wherever they are
seen, on signs, in papers, indeors 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 without so much as hesitating to think
about the letters preceding or following the one in question.
Know (. for example, apart from the sequence ABC. Skip
about among all the characters learned, and before very long
sutficient letters will have been acquired to enable you to speil
out simple words to yourself in "dit dabs.”” 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 tne slightest hesitation. Do not bother with
other punctuation or miscellaneous signals until later.

Memorizing
the Code

Sound
not Sight

Each letter and figure mus/ be memorized by its
found rather than its appearance. Code is a sys-
tem of sound communication, the same as is the
spoken word. The \etter A. for example, is one snort and one
long sound in combination sounding like it dab. and it must
be remembered as such, and not as “dot dash.”

As you listen to the sound of a letter transmitted slowly by
an experienced operator, you will notice how closely the dots
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Figure 2.
These foreign characters may
occasionally be encountered so
it is well to know them.
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Figure 3.

Diagram illustratiag relative lengths of dashes and spaces

referred to the dusation of b 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. Mote that a slight increase between two parts
of a lettes will make it sound like two letters.

resemble the sound 4ir and the dashes dah.

You must learn the individual sounds of each code signal
so ihat you associaie these wmstantly with the various specific
characters for which they szand. If you attempt to learn by
visualizing the dots and dashes, you will never be able to trans-
late them into the characters for which they stand with any
degree of speed, so avoid any visualization right from the start.
Proctice  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 siretch; 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 oractice at all. Write dewn 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.

Take it easy, do not become confused or nervous. Try to
ignore the presence of other persons. If you find that they
make you nervous, it is a good idea to ask some friends to
stand near you and talk with each other while you are prac-
ticing. After a few sessions you will become accustomed to
external sounds and they will bother you no more.

Each person can learn only so tast; do not try to exceed your
natural rate or you will become overanxious and actually slow
down your progress.

While various automatic code niachines, phonograph rec-
ords, etc., will give vou practice, by far the best practice is to
obtain a study companion who is also interested in learning
the -ode. When you have both memorized the alphabet you
can start sending 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 prac-
ticing. 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
prac:ice session of two so that they will get an idea of how
properly formed characters sound.

When you are practicing with another beginner don’t gloat
if you seem to be learning to receive faster than he. [t may be
that his sending is better than yours. Remember that the
quality of sending affects the maximum copying speed of a
beginner to a very large degree. If the sending is bad enough,
the rewcomer won't be able to read it at all and even an old-
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Figure 4.
The obave list of mixed choracter groups (similar to cipher
codes) will be found to be excellent for practice; the succeed-
ing characters cannot be gues::::s when working from stroight

timer may have trouble getting the general drift of what you
are trying to say.

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 increased 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 min-
ute code test. The margin of 3 w.p.m. is recommended to over-
come 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 stu-
dent finally makes solid copy with ease for at least a five-
minute period at the old level. How frequently increases of
speed can be made depends upon individual ability and the
amount of practice. Each increase is apt to prove disconcerting,
but remember “you are never learning when you are com-
fortable.”

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 constructed your
receiver by taking advantage of these sessions. A stamped,
self-addressed envelope accompanying an inquiry to the
American Radio Relay League, West Hartford, Connecticut,

will bring a list of the stations transmitting code practice in
your vicinity.

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 classes periodically.

Proctice
Maoteriol

At the start use plain English, sending from a book,
newspaper, or anything handy. Also practice dis-
connected words from a newspaper or magazine,
and the code groups given in Figure 4.

More detailed instructions on code learning and practice
may be obtained from several textbooks which are written to
cover this subject exhaustively.*

Skill When you listen to someone speaking you do not con-
sciously 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 conscious effort. Conscious effort is fatal to
speed; we can’t think rapidly enough; a speed of 25 words a
minute, which is a common one in commercial operations,
means 125 characters per minute or more than two per second,
which leaves no time for conscious thinking.
Speed comes only through practice, and lots of it; however,
as stated above, this does not mean long practice sessions,
which are actually harmful.

When transmitting on the code practice
set to your partner, concentrate on the
quality of your sending, not/ 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 having an excellent “fist”
on the air, just remember that speed alone won't do the trick.
Proper execution of your letters and spacing will make much
more of an impression. Fortunately, as you get so that you
can send evenly and accurately, your sending speed will auto-
matically increase. Remember to try to see how erenly you
can send, and how fast you can receive. Concentrate on making
signals properly with your key. Perfect formation of charac-
ters is paramount to everything else. Make every signal right
no matter if you have to practice it hundreds or thousands of
times. Never allow yourself to vary the slightest from perfect
formation once you have learned it. Never mind how slowly
you must send in order to be accurate. In the long run you
will gain speed much more quickly if you have learned right,
and you will never get much speed if you learn wrong. Every-
thing else is secondary to perfection at this point.

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

Perfect Formation
of Chorocters

It is of the utmost importance to maintain uniform
spacing in characters and combinations of charac-
ters. Lack of uniformity at this point probably causes beginners
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 essential to intelligibility, and
timing of the spaces between the dots and dashes is just as im-
portant as the lengths of the dots and dashes themselves.

Timing

*Tuk Rabio AMATEUR NEWCOMER, 160 pages, gives further information on
code learning and in addition gives a complete list of study questions for the
radio amateur operator license examination with reference data. A number of
transmitters and receivers suitable for the beginner in amateur radio are de-
scr:bfed in detail. The price is $1.00 from our book department (add tax in
Califo.



Handbook

The Radio Code

‘The characters are timed with the dot as a “yardstick.” A
standard dash is three times as long as a dot. The spacing
berween parts ot the same letter 1s equal to one dot; the space
hetween letters is erqual tn three dots, and that between words
equal to hive dats. There are no wwch things as long, medium,
of ghort daches; 1 dash must always equal the length of three
dots, netther more nor less.

The rule for spacing between letters and words 1s not
strictly observed when sending slower than about 10 words
per minute for the benent of someone learning the code and
desiring receiving practice. When sending at, say, 5 w.p.m,
the individual letters should be made the same as if the send-
ing rate were about 10 w.p m_, except that the spacing hetween
letters and words i1s greatly exaggerated. The reason for this
ts sbvisus, The letter L, for instance, will then sound evactly
the same at 10 w.p.m. as at 5 w.p.m,, and when the speed is
increased above 5 w.p.m. the student will not have to become
tamuliar with what may seem to him like a new sound, al-
though it 1s in reality only a faster combination of dots
and dashes. At the greater speed he will merely have to
learn the 1dentification of the seme sound without taking as
long to do so.

Experience has shown that it does not aid a student in iden-
tifying a letter by sending the individual components of the
letter at a speed corresponding to less than 10 w.p.m. By
sending the letter moderately fast a longer space can be left
between letters tor a given code speed, thus giving the student
more time to identify the letter.

There are no degrees of readability in signals. They are
either right or wrong, and if they are wrong, 1t is usually
irregular spacing or irregular dash lengths which make them
so. It you hind that you have a tendency towards irregularity,
practice those characters which give you trouble no matter
how long you must do so. Until they can be formed perfectly
you are not ready for speed.

Be particularly careful of letters like B. Many beginners
scem 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. Similarly, 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,

Once you have memorized the code thoroughly
you should concentrate on increasing your
recesring 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
practice sending just for the sake of increasing your sending
l/Iet't/.

When transmitting on the code practice set to your partner
so that he can get receiving practice, concentrate on the
gelzry of your sending, nut on yous speed.

Because it is comparatively easy to learn to send rapidly,
especially when no particular 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 oldtimers
remember their own period of initiation and are only too glad
to be patient and considerate if you tell them that you are a
newcomer. But the surest way to incur their scorn is to try to
impress them with your “lightning speed,”” and then to request
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
vomr hand may make.

Sending vs.
Receiving

Figure 5.

PROPER POSITION OF THE FINGERS FOR OPERATING
A TELEGRAPH KEY.

The fingers hold the knob and act as a cushion. 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 wrist, but rather from the forearm muscles.

Figure S shows the proper positton of the hand.
tingers 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 I8 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 consider-
ably.

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 manipulate the finger muscles. Keep
your finger muscles just tight enough to act as a “cushion”
for the arm motion and let the slight movement 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 mod-
erately stiff tension at first and gradually lighten it as you
become more prohcient. The separation between the contacts
must be the proper amount for the desired speed, being some-
what under /16 inch for slow speeds and slightly closer
together (about 1/32 inch) for faster speeds. Avoid extremes
in either direction.

Do not allow the muscles of arm, wrist, or fingers to be-
come tense. Send with a full, free arm movement. Avoid like
the plague any finger motion other than the slight cushioning
etfect mentinned ahove

Remember that you are using different muscles from those
which you have used previously. Give them time to become
accustomed to the new demands which you put upon them.

Stick to the regular hand key for learning code. No other
key is satisfactory for this purpose. Not until you have thor-
oughly mastered both sending and receiving at the maximum
speed in which you are interested should you tackle any form
of automatic or semi-automatic key such as the Vibroplex
("bug”) or the sideswiper.”

Using
the Key

Difficulties  Should you experience ditficulty in increasing
your code speed after you have once memorized
the characters, there is no reason to become discouraged. It is
more ditficult tor some people to learn code than for others,

but there is no justitication for the contention sometimes made
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that "'some people just can't learn the code.” It is not a mat-
ter of intelligence; so don’t feel ashamed if you seem to experi-
ence a little 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 sufhicient speed for all non-commer-
cial purposes and even for most commercial purposes if you
have patience, and refuse to be discouraged by the fact that
others seem to pick it up more rapidly.

Never write down dots and dashes to be translated later.
If the alphabet has actually been mastered before hand, there
will be no hesitation from failure to recognize most of the
characters unless the sending speed is too great.

When the sending operator is sending just a bit too fast for
you (the best speed for practice), you will occasionally miss a
signal or a small group of them. When you do, leave a blank
space; do not spend time futilely trying to recall it; dismiss
it, and center attention on the next letter; otherwise you'll miss
more. Do not ask the sender any questions until the trans-
mission is finished.

Two or three w.p.m. over your comfortable speed is sufh-
cient; do not let the sender go faster, or you will miss so much
as to become discouraged. “Pushing” yourself moderately
develops speed just as pushing your muscles develops physical
strength.

To prevent guessing and get equal practice on the less com-
mon letters, depart occasionally from plain language material
and use a jumble of lefters in which the usually less com-
monly 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 that it sounds like TS. C, F, Q. V, X, Y 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 at them. So long
as they give you trouble you are not ready for anything else.

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

Watch particularly the length of your dashes. They must
be equivalent to three dots, neither more nor less. Avoid
dragging them out or clipping them off. Non-uniform dashes
are a sure sign of a poor operator.

If you do not instantly recognize the sound of any character,
you have not learned it; go back and practice your alphabet
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.

While a slow learner can ultimately get his 13 per” by
following the same learning method if he has perseverance,
the following system of auxiliary practice oftentimes proves of
great aid 1n increasing one’s speed when progress by the usual
method seems to have reached a temporary standstill. All that
is required is the usual practice outfit plus an extra operator.
This last item should be of good quality, guaranteed to pay
proper attention to spacing.

Suppose we call the fellow at the key the teacher and the
other fellow the student. Assume the usual positions but for
the moment lay aside paper and pencil. Instead the student
will read from a duplicate newspaper the same text that the
operator is sending.

The teacher is to start sending at a rate just slower than
the student’s top speed judged by his last test. This will aHow
the student to follow accurately each letter as it is transmitted.
After a warming-up period of about one minute the sending
speed is to be increased gradually but steadily and continued
for a period of five minutes. An equal rest period is beneficial
before the second session. Speed for the second period ought
to be started at half-way between the original starting speed
and the speed used at the end of the first period. Follow the
same procedure for the second and third practice periods.

At the start of the third reading practice period the student
should start copying immediately, using the same text as
before at a speed just above his previous copying ability. It
will be found that one session of the reading practice will for
the time being increase the student’s copying ability from 10
to 20%. The teacher should watch the student and not in-
crease the sending speed too much above his copying ability
as this brings about a condition of confusion and is more
injurious than beneficial.

All good operators copy several words behind, that
is, while one word is being received, they are writ-
ing down or typing, say, the fourth or fifth previous
word. At first this 1s very difficult, but after sufficient practice
it will be found actually to be easier than copying close up. It
also results in more accurate copy and enables the recetving
operator to capitalize and punctuate copy as he goes along.
It is not recommended that the beginner attempt to do this
until he can send and receive accurately and with ease at a
speed of at least 12 words a minute.

It requires a considerable amount of training to dissociate
the action of the subconscious mind from the direction of the
conscious mind. It may help some in obtaining 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 prattice. 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 yourself to over-
come 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; after receiving this second word,
write 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 practice 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 gradu-
ally switch to less familiar material.

Copying
Behind

The two practice sets which are described
in this chapter are of most value when
you have someone with whom to practice.
Automatic code machines are not recommended to anyone
who can possibly obtain a companion with whom to practice,

Automatic Code
Machines
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Figure €.
THE SIMPLEST CODE PRACTICE SET COMSISTS OF
A KEY AND A BUZZER.
The buzzer is odjusted to give o stcady, high-pitched ““whine.’”’
If desired, the phanes may be omitted, in which case the buzzer
should be mounted firmly on a sounding board. Crystal, mag-
netis, or dynamic earphones may be used. Additional sets of
phones shaould be connected in parallel, nat in series.
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Figure 7.
SIMPLEST TYPE VACUUM-TUBE CODE PRACTICE
OSCILLATOR.

Pawer is furnished by a dry cell and a 4'5-volt ““C' battery.

it the 0.006-ufd. capacitor is omitted, a higher pitched nate

will result. The note may have too low a pitch even without

the capocitor unless the smollest, least expensive audio trans-

farmer availoble is used. The earphanes must be of the mag-

netic or dynamic type since the plote current of the oscillatar
must flow through the phanes.

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 recurds ate of usc 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 abaut 10 w.p.m. you can also get re-
ceiving practice by listening to slow sending stations on your
receiver. Many amateur stations send slowly particularly when
working far distant stations. When receiving conditions are
particularly poor many commercial stations also send slowly,
sometimes repeating every word. Until you can copy around
10 w.p.m. your receiver isn’t of much use, and either another
operator or a machine or records is necessary for getting
recetving practice after you have once memorized the code.

Code Practice  If you don't feel too foolish doing it, you can
Sets secure a measure of code practice with the

help of a partner by sending “dit-dah” mes-
sages 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 investment, 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 wull

Figure 8.

THE CIRCUIT OF FIGURE 8 IS USED IN THIS BAT-
TERY-OPERATED CODE PRACTICE OSCILLATOR.
A tube and audio transformer essentially comprise the ascillator.
Fahnestock clips screwed to the base-board are used to make
connectian to the batteries, key, and phones.

contribute to the "heavy” type of sending so desirabie for radio
work. Morse (telegraph) operators use a “light” style of send-
ing 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 mechanical buzzer or an audio oscillator may
be used. Figure 6 shows a simple code-practice set using a
buzzer which may be used directly simply by mounting the
buzzer on a sounding board, or the buzzer may be used to
feed from one to four pairs of conventional high-impedance
phones.

An example of the audio-oscillator type of code-practice set
is tllustrated in Figures 7 and 8. Any type of battery-filament
tube may be used in this circuit to make up a satisfactory
“howler” for code-practice work. The circuit is described in
Figure 7.

THE AMATEUR BANDS

3.500- 4.000—A {“80-meter band”’)
3.850- 4.000—A3, Ciass A unly (”73=metei phonc”)
7.000- 7.300—A {*“40-meter band”)
14.000- 14.400—A1 (“20-meter band”’)
14.200- 14.300—A3, Class A only (’“20-meter phone’’)
27.160- 27.430—A0, Al, A2, A3
A4, FM (“11-meter band”)
28.000- 29.700—AY (*10-meter band’’}
28.500- 29.700—-A3 (*10-meter phone’’)
29.000- 29.700—FM (“10-mcter FM*)
50.000- 54.000—A1, A2, A3, A4 (" 6-meter band’’)
52,500- 54.000—FMm (”* 6-meter FM*)
144.000- 148.000—A0, A1, A2, A3, A4, FM (except sce
below) (‘2 metets”)
144.000- 146.500—Within 50 mi. of Honolulu, Seattie, and
Wash. D.C.
235.000- 240.000—A0, A1, A2, A3, A4, FM (“11 meters”)
420.000- 450.000—A0, A1, A2, A3, A4, AS, FM (Peak ant.

pwr. SO watts)

1,215.000- 1,295.000

2,300.000- 2,450.000

3,300.000- 3,500.000

5,650.000- 5,850.000 | AO, A1, A2, A3, A4, AS, FM, Pulse
10,000.000-10,500.000

21,000.000-21,500.000

All above 30,000.000

All trequencies are in megacycles. A0 means unmodulated cor-
riecr, Al means c-w telegraphy, A2 is modulated cw., A3 is
radiotelephony with amplitude modulation, A4 is facsimile,
AS is television, FM is frequency modulation either for tele-
graphy or telephony.




Chapter Two

tundamentals of Hectricity

and Radio

ALL matter 1s made up of approximately 94 tundamental
constituents commonly called elements. These elements can
exist either in the free state such as iron, oxygen, carbon, cop-
per, tungsten, and aluminum, or in chemical unions commonly
called compounds. The smallest unit which still retains all the
original characteristics of an element is the atom.

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

The Atom  An atom 1s an extremely small unit of matter
—there are literally billions of them making up
so small a piece of material as a speck ot dust. But to under-
stand the basic theory of electricity and hence of radio, we
must go further and divide the atom iato its main components,
a positively charged nucleus and a cloud ot 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 upon the behavior ot these electrons that depends the
study of electricity and radio, as well as allied sciences. Actu-
ally it is possible to subdivide the nucleus ot the atom into
other particles: the proton, nuclear electron, negatron, positron,
and neutron; but this further subdivision can be left to quan-
tum mechanics and atomic physics. As far as radio theory 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 1s exactly neutrahized by the one or more
orbital electrons surrounding 1t

The atoms of difterent elements ditter 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
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hydrogen, having a net charge ot one on the nucleus and one
orbital electron, to plutonium (of atom bomb usage) with a
net charge of 94, and 94 orbital electrons. The number of
orbital electrons is called the atomic number ot the element.

From the above it must not be thought that the electrons
revolve in a haphazard manner around the nucleus. Rather,
the electrons in an element having a large atomic number are
grouped into “shells”™ having a definite number of electrons.
The only atoms in which these shells are completely filled are
those of the inert or noble gases mentioned before; all other
elements have one or more uncompleted shells of electrons. If
the uncompleted shell is nearly empty, the element is metalli
in character, being mast metallic when there ¢ only one elec-
tron in the outer shell. If the incomplete shell lacks only one
or two electrons, the element is usually non-metallic. Elements
with a shell about halt completed will exhibit both non
metallic and metallic character; carbon, silicon, and arsenic
are examples of this type of element

In metallic elements these outer-shell electrons are rather
loosely held. Consequently, there ts a continuous helter-skelter
movement of these electrons and a continual shitting from one
atom to another. The electrons which move about in a sub-
stance are called free electrons. and it 1s the ability of these
electrons to dritt from atom to atom which makes possible the
electvic current

It the tree electrons are numerous and loosely held, the ele-
ment is a good conductor. On the other hand, if there are tew
free electrons, as i1s the case when the electrons 1n an outer
shell are tightly held, the element is a poor conductor. If there
are virtually no free electrons, as a result ot the outer shell
electrons betng tightly held, the element 1s a good insulator

2-1 Fundamental Electrical Units and Relationships
Electromotive Force:
Potential

The free electrons in a conductor move
constantly about and change their posi-
tion in a haphazard manner. To pro-
duce a drift ot electrons or electric current along a wire it 1s

Ditterence
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necessary that thue be a diflarence 16 pressure or potential
between the two ends of the wire. This porential difference
can be produced by connecting a battery to the ends of the wire.

As will be explained later, there is an excess of electrons at
the negative terminal of a battery and a deficiency of clectrons
at the positive terminal. due t¢ chemical action. When the
battery is connected to the wire, the deficient atoms at the
positive terminal attract free electrons from the wire in order
to become neutral. The attracting of electrons continues
through the wire, and finally the excess electrons at the nega-
tive terminal of the battery are attracted by the positively
charged atoms at the end of the wire. The same result would
he abtained if the wire were connected between the terminals
of a generator.

Thus it is seen that a potential difference is the result of a
difference in the number ot electrons between the wwo {our
miore) points in question. The force ar pressure due tn a
potential difference is termed the electromotive force. usually
abbreviated e.m.f. or E.ALF. It is expressed in units called
volts.

It should be noted that for there to be a potential difference
between two bodies ot puints 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
bady. 1t is the algebraic potential ditference 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
Current

The How of electrons along a conductor due to
the application of an electromotive force con-
stitutes an electric current. This drift is in
addition to the irregular movement 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 knocking off ane or more elec-
trons from the atom, which in turn move a short distance and
collide with other atoms, knocking off other electrans. Thus,
in the general drift of electrons along a wire carrying an elec-
tric current, each electron travels only a shori distance and the
excess of electrons at one end and the defictency at the other
are balanced by the source of the e.m.f. When this source is
remaved 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,

There are two units of measurement associated
with current, and they are often confused. The
rate of flow of electricity is stated in amperes.
The unit of guantity is the caulomb. A coulomb is equal to
6.28 x 10" electrons, and when this quantity of efectrons 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
sewond, a coulund 13, conversely, equal to one ampere-cecond.
Thus we see that conlomb indicates amonni. and ampere indi-
cates rate of flow.

Many textbooks speak of current flow as being from the
positive terminal ot the e.m.f. source through the conducior
to the negative terminal. Nevertheless, it has long been an
established fact that the current flow in a metallic conductor
is the electronic flow from the negative terminal of the source
of voltage through the conductor to the positive terminal. This
is easily seen from a study of the forcgoing explanation of
the subject. The only exceptions to the electronic direction of
flow occur in gaseous and electrolytic conductors where the

Ampere ond
Coulomb

tflow of positive ions toward the cathode or negative electrode
constitutes a positive tow in the opposite direction to the
electronic 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 termir
nology is still accepted in the electrical (industrial) field.
Because of the confusion this sometimes 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 actu-
ally of a passage of negatire charges. current flow and alge-
braic electron flow do pass in the same direction.
Resistonce  The flow of current in a material depends upon
the case with which electranc can be detached
from the atoms of the material and upon its molecular struc-
ture. In other words, the easier it is to detach electrons from
the atoms the more free electrons there will be to contribute
to the flow of current, and the fewer collisions that occur
between free electrons and atoms the greater will be the total
electron tlaw.

The opposition to a steady electron How is called the resiss-
ance of a material, and is one of its physical properties. The
resistance of a umtorm length of a given substance s directly
proportional to its length and specific resistance, and inversely
proportional to its cross-sectional area. A wire with a certain
resistance for a given length will have twice as much resistance
it the length of the wire ts doubled. For a given length, dou-
bling the cross-sectional area of the wire will halre the re-
sistance.

The resistance also depends upon temperature. increasing
with increases in temperature for most substances (including
most metals), due to increased electron acceleration and hence
a greater number of impacts berween electrons and atoms.
However, in the case of some substances such as carbon and
glass the temperature coeflicient is negative, which means that
the resistance decreases as the temperature increases. This is
also true of electralytes. The temperature may be raised by the
external application of heat, or by the flow of the current itself.
In the latter case, this is due to the fact that heat is generated
when the electrons and atams collide. (See Heating Effect.)

The unit of resistance is the obm. Every substance has a
specific resistance. usually expressed as obwms per mil-foor,
which is determined by the material’s molecular structure and
temperature. A mil-foot is a piece ot material one circular mil
in area and one foot long. Another measure of resistivity fre-
quently used is expressed in the units microbms per centimeter
cube.

Conductors ond  In the molecular structure of many mate-

Insulotors rials such as glass, porcelain, and mica all
electrons are tightly held within their orbits
TABLE OF RESISTIVITY
Resistivity in Temp. Coeff. of re-
MICTORTS/C cube sistance per ‘C ar 2v
Material
Aluminum 2.83 0.0049
Brass 7.5 0.003 to 0.007
Cadmium J.6 n.nn3g
Chromium 2.7 0.00
Copper 1.73 0.0039
iron 9.8 0.006
Silver 1.63 0.004
Zinc 5.9 0.0035
Nichrome 108.0 0.0002
Constantan 49.0 0.00001
Manganin 48.0 0.00001
Mnng! 43.0 0.0019
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and there are comparatively few free electrons. This type of
substance will conduct an electric current only with great
difficulty and is known as an msulator. An insulator 1s said o
have a high electrical resistance

On the other hand, materials that have a large number of
free clectrons are known as conductors. Most metals, those
elements which have only one or two electrons in their outer
shell, are good conductors. Silver, copper, and aluminum, in
that order, are the best of the common metals used as conduc-
tors and are said to have the greatest conductirury. or lowest
resistance to the flow of an electric current

These units are the vols, the ampere. and
the obhm. They were mentioned in the pre-
ceding paragraphs, but were not completely
defined tn terms of fixed, known quantities

The fundamental unit of current. or rate of flou ot elec
tricity is the ampere. A current 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 column of mercury at 0° C., 14.4521 grams in
mass, of constant cross-sectional area and 106.300 centimeters
in length. The expression megohm (1,000,000 ohms) is also
sometimes used when speaking of very large values of resist-
ance.

A volt is the em.f, that will produce a current of one am-
pere through a resistance of one ohm. The standard of electro-
motive 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 characteristics.

Fundamental
Electrical Units

Ohm’s Low  The relationship between the electromotive

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

If the voltage (E) and resistance (R) are known, the cur-
rent (I) can be readily found. If the voltage and current are
known, and the resistance is unknown, the resistance (R) is
equal to [ 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:

BATTERY €
el | e 4 3 — g
1| 1t
| cONDUCTORS —of l 1
AV YWY
S WWWWA—AMWW
Figure 1.

SIMPLE SERIES CIRCUITS.
At (A) the battery is in series with a single resistor. At (B) the
battery is in series with two resistors, the resistors themselves
being in series. The arrows indicate the direction of electron
flow,

A
Figure 2. / \
SIMPLE PARALLEL CIRCUIT.

The two resistors R and R: are said
to be in parallel since the current

divides between them. An electron R R -
leaving point A goes through either 1 2 TT_
R: or R: but not through both, to

get to the positive terminal of the

battery. \ /

|3 i
l R
R i
where 115 the current in amperes,
R is the resistance in obm.s.
E is the electromotive force in volls

All electrical circuits fall into one of three
classes: series circuits, parallel circuits, and
series-parallel circuits. A series circuit 1s one
in which the current flows in a single continuous path and 1s
of the same value at every point in the circuit. ln a parallel
circuit there are two or more current paths between two points
in the circuit, as shown in Figure 2. Here the current divides
at A, part going through R, and part through R, and com-
bines at B to return 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 resist-
ances in series in each branch of the parallel combination.
Two other examples of series-parallel arrangements 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 ot the parts has some resistance: the
batteries or generator, the connecting conductors, and the
apparatus itself. Thus, if each part has some resistance, no
matter how little, and a current is flowing through it, there
will be a voltage drop across it. In other words, there will be
a potential difference between the two ends of the circuit ele-
ment in question. This dtop in voltage is equal to the product
of the current and the resistance, hence it is called the IR drop.

The source of voltage has an internal resistance, and when
connected 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 a 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 no 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, in order that the internal IR drop
will be as small as possible, thereby making the load voltage
more nearly equal to the no load voltage

Applications of
Ohm’s Law

The current flowing in a series circuit is equal
to the voltage impressed divided by the rotal
resistance across which the voltage 1s impressed
Since the same current flows through every part of the circuit,
it is merely necessary to add all the individual resistances to
obtain the total resistance. Expressed as a formula.

Rlulnl Rl + Rz " R = . + Rs .

Resistonces
in Series

Of course, if the resistances happened to be all of the samc
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SEVERAL RESISTORS IN PARALLEL. SERIES-PARALLEL CIRCUIT. .
In this type of circuit the resistors =
are arranged in series groups and in + r-
parallel groups.
R2 Ra
value, the total resistance would be the resistance of one multi-
plied by the number in the circuit. \ /
R

Consider two resistors, one of 100 ohms and
one of 10 ohms, connected in parallel as in
Figure 2, with a voltage of 10 volis applied
across the combination. The same voltage is across cach re-
sistor, so the current through each can be easily calculated.

Resistances
in Paraliel

: E
R

E 10 valts

R 100 ohms
10

J 0.1 ampere
100

E 10 volts

R 10 ohms
10

I 1.0 ampere
10

Until it divides at A, the entire current of 1.1 amperes is
flowing through the conductor from the battery, and again
from B through the conductor to the battery. Since this is more
current than flows through the smaller resistor it is evident
that the resistance of the parallel combination must be less
than 10 ohms, the resistance of the smaller resistor. We can
find this value by applying Ohm's law

E
R
i
10 volts
I 1.1 amperes
10
R = 9.09 ohms

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.
This formula is:

R, X R:

R ;
R, + R

where R 15 the unknown resistance.
R 15 the resistance of the first resisior,
R. is the resisiance of the second resistor.

If the effective value required is known, and it is desired to
connect one unknown tesistor iu paralldd with oine of known
value, to obtain this unknown value the following transposi-
tion of the above formula will simplify the problem:

k. x R
R, R

R.

where R 15 the effectrve value requived.
R, 15 the knoun resistor,

R. is the value of the unknown resistance necessary
to give R when in parallel with R..

The resultam value of placing a number of unlike resistors

in parallel is equal to the reciprocal of the sum of the recipro-
cals of the various resistors. This can be expressed as

1
R r——
1 1 i i

R. R. R "R,

The effective value of placing any number of unlike resistors
in parallel can be determined from the above tormula. How
ever, it 1s commonly used only when there are three or more
resistors under consideration, since the simplified tormuia
given before s more convenient when only two resistors are
being used.

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
number of resistors in parallel.

The effective value of resistance of two or more resistors
connected in parallel is a/uays less than the value of the lowest
resistance in the combination. It is well to bear this simple
rule in mind, as it will assist greatly in approximatng the
value of paralleled resistors.

When a voltage is applied to a circuit consisting of
two or more resistors in parallel the resulting current
divides itself among the paths in inverse proportion to the
resistance of each path. With respect to one of the elenments
those connected in parallel with it are said to shant it.

An example of a shunt which is of particular interest is the
use of a resistor to shunt an ammeter or milllammeter (a
device for measuring current) so that part of the current in
the circuit will be bypassed around the meter. By this means
the range of a meter may be greatly extended. Multiplying
the range by powers of 10 makes it possible to use the original
calibration scale without having to perform calculations in
taking readings.

Shunts

Figure 5.
OTHER COMMOPM SERIES-PARALLEL CIRCUITS
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ANOTHER METHOD OF INDICATING A
SERIES-PARALLEL CIRCUIT.

To calculate the amount of resistance required in a given
case, the basic form of Ohm's law may be used. However, the
following formula (derived from Ohm’s law) simplifies the
calculations:

R=-"—"
I — L.

where R resistance of shunt in ohms,
R.. = resistance of meter in ohms,
L. full scale current for meter,
I = full scale current for new calibration.

To find the total resistance of several re-
sistors connected in series-parallel, it is usu-
ally 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 in-
stance, 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 resistors in each
branch. In Figure 5 the paralleled resistors should be reduced
to the equivalent series value, and then the series resistance
values can be added.

Resistances in series-parallel can be solved by combining
the series and parallel formulas into one similar to the follow-
ing (refer to Figure 6):

Resistors in
Series-Parallel

1 1 1

R + Re Ry, + R, + R;
Voltage Dividers A voltage divider is exactly what its name
implies: a resistor ur a scrics of 1esistours
connected across a source of voltage from which various iesser
values of voltage may be obtained by connection to various
points along the resistor.

A voltage divider serves a most useful purpose in a radio
feceiver, transmitter or amplifier, because it offers a simple
means of obtaining plate, screen, and bias voltages of different
values from a common power supply 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 following example.

Figure 7.
TAPPED VOLTAGE

DIVIDER.
‘ The arrows indicate the man-

ner in which the electrons

divide between the voltage

divider itself and the exter-
nal load circuit.

EXTERNAL
LOAD

Assume that an accurately calibrated voltmeter reading from
0 to 150 volts is available, and that the source of voltage is
exactly 100 volts. This 100 volts is then impressed through a
resistance of exactly 1,000 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 am-
pere; this current remains unchanged since the original value
of resistance (1,000 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
reduced 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, a2 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 predetermine 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.

Figuring
Voltage Dividers

Proper design of a voltage divider for any
type of radio equipment is a relatively
simple matter. The first consideration is
the amount of “bleeder current’” to be drawn. In addition, it is
also necessary that the desired 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 divider, 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 milliamperes. The following
voltages are wanted: 75 volts at 2 milliamperes for the detec-
tor 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 Ra 150 volts. and across R, it is SO volts
These values are shown in the diagram of Figure 8. The
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Figure 8.
MORE COMPLEX VOLTAGE DIVIDER.

The method of calculating the values of the resistors (or the
values of resistance between taps) is covered in the text.
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respective current values are also indicated. Apply Ohm’s law:

Eos
R, = = —— = 7,500 ohms.
1 .01
E 25
R. = = = 2,083% ohms.
1 A2
E 150
R, = = = 8,823 ohms.
I 017
E 4]
R = = > = 1,351 ohms.
1 037

Rroiar = 7,500 + 2,083 + 8,823 +
1,351 = 19,757 ohiws.

A 20,000-ohm resistor with three sliding taps will be of 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.

When the sliders on the resistor once are set to the proper
puiit, as in the above example, the voltages will remain con-
stant at the values shown as long as the current remains a
constant value.

Disodvantoges of
Voitage Dividers

One of the serious disadvantages 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 cur-
rent 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 individual 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 because of the excessive values of
bleeder current which would be required.

Kirchhot#'s Lows  Ohm's law is all that is necessary to cal-
culate the values in simple circuits, such
as the preceding examples; but in more complex problems, in-
volving more than one voltage in the same closed circuit, the
use of Kirchhoff's laws will greatly simplify the calculations.
These laws are merely rules for applying Ohm's law.

The first law states that at any point in a circuit the current
flowing toward the point is equal to the current flowing from
it. In other words, if currents flowirig to the point are consid-
ered positive, and those flowing from the point are considered
negative, their sum—taking signs into account—is zero. Such
a sum is known as an algebrai sum.

Figure 9 illustrates this first law. It is readily seen that 4
amperes flow toward point A, and 2 amperes flow away
through the two 5-ohm resistors in series, while 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 R is the effective resistance of the network,
R, 10 ohms, R. 5 ohms, Ry = 5 ohms, and £ = 20 volts,
we can set up the following equation:

— caamEy OO Figure 9.
( ) ILLUSTRATING
i s — E— KIRCHHOFF'S
4 AWM = 2 AMPS AN A
4 Vos Somas FIRST LAW
-4 AMPS. The current flowing
toward point “A’ s
4 J equal to the current
L_ o il S flowing . awlay , from
=il point ‘A",
20VULTS

1

3 OHMS

2 OHMS

A

== 3VOLTS

T/ T

1. SET VOLTAGE DROPS AROUND EACH LOOP EQUAL TO ZERO

=
3 VOLTE

Li2(onms) T2 (L1— 12 )+ 3 =0 (FirsT LOOP)

~6+2(lz—Ly) + 31, =0 (SECOND LOOP)

2. SIMPLIFY

214+2i4—21,+3 =¢ 212—211+312-6=0

4is+3 — —_6=
Ahrs o, S1p—211—6-0
21946 _
==l
3. EQUATE
41,+3 _ 21,+6
2 - 5
4 SIMPLIFY
20 L1 +15=4 14+ 12
I1= — & aMPERE

5. RE-SUBSTITUTE

-le 4+ 3 2
12:—32—— —2‘— =14 ameere
Figure 10.

. ILLUSTRATING KIRCHHOFF'S SECOND LAW
The voltage drap araund any closed loop in o network is equal

to xzero.
E E I8 :
- )
R R, R. + R,
20 20 20
0
S 10 S + 9

4 2 2 0

Kirchhoff's second law states that in any closed path in a
network the sum of the IR drops must equal the sum of the
applied e.m.f.s, or, the algebraic sum of the IR drops and the
applied e.m.f.s in any closed path in a network is zero. The
applied e.m.f.s are considered positive, while IR drops taken
in the direction of current flow (including the 1nternal drop of
the source) are considered negative. ’

Figure 10 shows an example ot the application of Kirchhoff’s
laws to a comparatively simple circuit consisting of three
resistors and two batteries. First assume an arbitrary direction
of current flow in each closed loop of the circuit. Next draw
an arrow to indicate the direction of current flow assumed so
that you will not forget. 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 curreats in the general man-
ner indicated in Figure 10. If the answer comes out positive
the direction of current flow you originally assumed was cor-
rect. If the answer comes out negative, the current flow is in
the opposite direction to the arrow which was drawn origi-
nally. This is illustrated in the example of Figure 10 where the
direction of flow of [, is opposite to the direction assumed in
the sketch

Power in
Resistive Circuits

In order to cause electrons to flow through
a conductor, constituting a current flow, it
is necessary to apply an electromotive
force (voltage) across the circuit. Less power is expended in
creating a small current How through a given resistance than
in creating a large one; so it is necessary to have a unit of

puwer as a retaonce.
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The unit of electrical power is the wart. which is the amount
of power used when an e.m.f. of 1 volt forces 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
current 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 circuit and the current flowing through
it, a substitution of IR for E (E = IR) in the above formula
gives: P - IR X I'or P = FR. In terms of voltage and re-
sistance, P = E’/R. Here, I = E/R and when this is substi-
tuted for I the original formula becomes P E X E/R, or
P = E°/R. To repeat these three expressions.

P EL,L P I'R, and P E‘/R,
where P is the power in watts,

E is the clectromotive force in volts,

and

I is the current in amperes.

To apply the above equations to a typical problem: The
voltage drop across a cathode resistor in a power amplifier
stage is 50 volts; the plate current flowing through the resistor
i1s 150 milliamperes. The number of watts the resistor will
be required to dissipate is found from the formula: P = EI,
or 50 X 150 = 7.5 watts (.150 amperes is equal to 150 milli-
amperes). From the foregoing it is seen that a 7.5-watt re-
sistor will safely carry the required current, yet a 10- or 20-watt
resistor would ordinarily be used to provide a safety factor.

In another problem, the conditions being similar to those
above, but with the resistance and current being the knoun
factors, the solution is obtained as follows: P = IFR — .0225
X 33333 = 7.5 If only the voltage and resistance are known,
2 E*/R = 2500/333.33 = 7.5 watts. It is seen that all
three equations give the same result; the selection of the par-
ticular equation depends only upon the known factors.

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 tlowing and the resistance of the
circuit, the power expended in heat is given by the second
formula: P I'R.

Heating Effect

Load Matching  To develop the maximum power in the load
upon a source of e.m.f, it is necessary to
make the resistance (or impedance) of the load equal to the
internal resistance (or impedance) of the source. This can
best be illustrated by Figure 11. Assume R, is the internal
resistance of the source and has a value of | ohm. while the
source E has a no-load voltage of 2 volts. If the load resist-
ance Ry 1s also 1 ohm, the current is:
E 2

| I ampere.
R, R, 1 1

The total power dissipated is:
P El 2 X1
which is divided equally between the source and the load.

2 watts,

If Ry is 2 ohms the current is:

T
i i , 0.67 ampere,

and the total power dissipated is:

P 2 X 0.67 1.3 1 watts.

-1 £

Figure 11. . R
To dissipate the greatest amount of L
power in the load, the load resist- R!

ance Ri. should be equal to the
internal resistance of the battery Ri1.

The portion dissipated in the load is:

P =067 X2 0.9 watt,
and the remainder, 0.44 watt, is dissipated in the source. If
R: is 0.5 ohms, the current in the circuit is:

2
I 1.33 amperes.

L+ 05

The total power is:

P =2 X 133
The load dissipation is:

P = 133 X 05 = 0.88 watt,
while 1.78 watts are dissipated in the source. Thus, it is seen
that, while the total dissipated power may be greater under
other conditions, the dissipation in the load is greatest when
its resistance equals that of the source.

2.66 watts.

2-2 Electromagnetism

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

Magnetic Fields Before a potential, or voltage, is applied to
a conductor. there is no external field, be-
cause 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 upon 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 current is flowing. This field is known as the magnetic field.

The magnetic field around a current-carrying conductor is
illustrated in Figure 12. The direction of this magnetic field
depends entirely upon 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 counter-clockwise. 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 magnetism is that like poles
repel ane another and unlike poles attract one 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 direction, the
magnetic helds 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 mag-
netic helds oppose each other and tend to cancel.

The magnetic field around a conductor may be considerably
increased in strength by winding the wire into a coil.  The field
around each wire then combines with those of the adjacent
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Figure 12.
Showing the direction of the
magnctic lines of force pro-
duced around a conductor

carrying o current.

' ELECTRON DRIFT 1

se=— 1 =T
LU

turns to form a total field through the coil which is concen-
trated along the axis of the coil and behaves externally in a
way similar to the ficld of a bar magner.

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 Maognetic
Circuit

In the magnetic tircuit, the units which cor-
respond to current, voltage. and resistance in
the electrical circuit are flux, magnetomotive
force, and reluctance.

As a current is made up ot a drift 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 upon
the material, cross section, and length of the magnetic circuit,
and it varies directly as the current flowing in the circuit. The
unit of flux is the maxwell, 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 centi-
meter (1 gauss = 1 line of force per square centimeter), or
in lines per square inch. The symbol for flux density is B if
it is expressed in gausses, or B if expressed in lines per square
inch.

Flux; Flux
Density

Magnetomotive
Force

The force which produces a flux in a mag-
netic circuit is called magneromotive force.
1t is abbreviated m.m.f. and 18 designated
by the letter F. The unit of magnetomotive force is the gilbert,
which is equivalent to 1.26 X NI, where N is the number
of turns and [ 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 centimeter (), 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 oersreds or in rels. and the symbol is the letter R.
An oersted 1s the reluctance of 1 cubic centimeter of vacuum.
A material has a reluctance of t rel when an m.m.f. of 1
ampere-turn (NI) generates a flux of 1 line of force in it.
Combinations of rcluctances arc treated the same as resistances
in finding the total effective reluctance. The specific reluctance
of any substance is its reluctance per unit volume.

Except for iron and its alloys, most common 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 reluctance of air.

Ohm’s Law for
Magnetic Circuits

The relations between flux, magnetomo-
tive force, and reluctance are exactly the
same as the relations between current,
voltage, and resistance in the electrical circuit. These can be

stated as follaws

11 I
@ R 7 oR
R ")
where ¢ flux, F m.m.f.. and R reluctance. If F 1s in

gilberts, R will be expressed in ocrsteds, but if F is in ampere-
turns, then R will be in rels.

Permeability expresses the case with which a
magnetic field may be set up in a material as
compared with the effort required in the case of air. lIron,
for example, has a permeability of around 2000 times that of
air, which means that a given amount of magnetizing eftect
produced in an iron core by a current flowing through a coil
of wire will produce 2000 times the flux densty 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
I3 or u
I H
where  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, and H is the m.m.f. in ampere-turns
per inch. These relations may also be stated as follows:

Permeability

B B

H or H <

H H

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

, and B Hp or B = Hu

Saturation Permeability is similar to electric conductivity.
There 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 substantially independent of the electric current
in a wire. When the flux densily 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.

To simplify magnetic circuit calculations, a
magnelizalion curve inay be drawn for a given
unit of material. Such a curve is termed a B-H curve, and s
arrived at by experiment. B-H curves for most common mag-
netic materials are available in many reference books, so none
will be given here.

Calculations

The magnetism remaining in a mate-
rial after the magnetizing force is
removed is called restdual magnetism.
Retentivity is the property which causes a magnetic material
to have residual magnetism after having been magnetized.

Residual Magnetism;
Retentivity

Hysteresis is the characteristic 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 magnetism 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 magnetizing force. Hys-
teresis loss is apparent in transformers and chokes by the heat-
ing of the core.

Hysteresis;
Caercive Force

2-3 Alternating Current

To this point in the text, consideration has been given pri-
marily to a current consisting of a steady flow of electrons in
one direction. This type of current flow is known as uni-direc-
tional or direct current, abbreviated d.c. Equally as important
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ALTERNATING VOLTAGE AND DIRECT VOLTAGE.
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Figure 15.
Graph showing the output voltage of the olternotor of Figure
14. The output waveform is colled a "’sine wove” for the reasons
given in the text.

in radio work and more important in power practice is another
and altogether different type of current, known as alternating
urrent and abbreviated «.c. Power distribution from one point
o another and into homes and factories is almost universally
1.¢. On the other hand. the plate supply to vacuum tubes is
almost umiversally d.c.

Faraday discovered that if a conductor
which forms part of a closed circuit is
moved through a magnetic field so as
to cut across the lines of force, a current will iow in the con-
ductor. He also discovered that, if a conductor in a second
closed circuit is brought near the first conductor and the cur-
rent in the first one is varied, a current will flow in the second
conductor. This etfect is known as induction. and the currents
so generated are /mduced currents. In the latter case it is the
lines of force which are moving and cutting the second con-
ductor, due to the varying current strength in the first con-
Juctor.

A current is induced in a conductor if there is a relative
motion between the conductor and a magnetic field, its direc-
tton ot tlow depending upon the direction ot the relative mo-
tion between the conductor and the field, and its strength
depends upon the intensity of the field, the rate of cutting lines
of force, and the number of turns in the conductor.

An alternating current i1s one which periodically rises from
zero to a maximum in one direction, decreases to zero and
changes 1ts direction, rises to a maximum in the opposite
direction, and decreases to zero again. (Refer to Figure 13.)
This complete process s called a cycle. and from zero through
1+ maximum and back to zero is an alternation ot half-cycle.
The number of times per second that the current goes through
1 complete cycle 1s called the frequency.

A machine that generates alternating current 1s termed an
dternator or w.c. generator. Such a machine in its basic form
1s shown n Figure 14. It consists of two permanent magnets,
M. the opposite poles ot which face each other and are ma-
chined so that they have a common radius. Between these two
poles, north (N) and sonrh (S), a magnetic field exists. [f a
onductor 1n the torm ot C s so suspended that it can be freely
rotated between the two poles, and if the opposite ends of
conductor (. are brought to collector rings, R, which are con-
tacted by brushes (B), there will be a low of alternating cur-

Generation of
Alternoting Current

rent when conductor C is rotated. This current will flow out
through the collector rings R -and brushes B to the external
circurit, X-Y.

The field intensity between the two pole pieces is substan-
tially constant over the entire area of the pole face. However,
when the conductor is moving parallel to the lines of force at
the top or bottom of the pole faces, no lines are being cut. As
the conductor moves on across the pole face it cuts more and
more lines of force for each unit distance of travel, until it is
cutting the maximum number of lines when opposite the cen-
ter of the pole. Therefore, zero current is induced in the con-
ductor at the instant it is midway between the two poles, and
maximum current is induced when it is opposite the center of
the pole face. After the conductor has rotated through 180°
it can be seen that its position with respect to the pole pieces
will be exactly opposite to that when it started. Hence, the
second 180° of rotation will produce an alternation of current
in the opposite direction to that of the first alternation.

The current does nos increase directly as the angle of rota-
tion, but rather as the sine of the angle; hence, such a current
has the mathematical form of a sme wave. Although most
electrical machinery does not produce a strictly pure sine curve,
the departures are usually so slight that the assumption can
be regarded as fact for most practical purposes. All that has
been said in the foregoing paragraphs concerning alternating
current also is applicable to alternating voltage.

Why the voltage output of a conductor revolving in a
magnetic field is a sine wave is made clear by reference to
Figure 15.

The rotating arrow to the left represents a conductor rotat-
ing in a constant magnetic field of untform density. The arrow
also can be taken as a recror representing the strength of the
magnetic field. This means that the length of the arrow is
determined by the strength of the field (number of lines of
force), which is constant. Now if the arrow is rotating at a
constant rate (that s, with constant angular relocity), then
the voltage developed across the conductor will be proportional
to the rate at which it is cutting lines of force, which rate is
proportional to the vertical distance between the tip of the
arrow and the horizontal base line.

[f EO is taken as unity or a voltage of 1, then the voltage
(vertical distance from tip of arrow to the horizontal base line)
at point C for instance may be determined simply by referring
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to a table of sines and looking up the sine of the angle which
the arrow makes with the horizontal, because in a right triangle
the “side opposite is equal to the sine of the included angle
times the hypotenuse.”

When the arrow has traveled from A to point E, it has
traveled 90 degrees or one quarter cycle. The other three
quadrants are not shown because their complementary or
mirror relationship to the first quadrant is obvious.

It is important to note that time units are represented by
degrees or quadrants. The fact that AB, BC, CD, and DE are
equal chords (forming equal quadrants) simply means that
the arrow (conductor or vector) is traveling at a constant
speed, because these points on the radius represent the passage
of equal units of time.

The whole picture can be represented in another way, and
its derivation from the foregoing is shown in Figure 15. The
time base is represented by a straight line rather than by angu-
lar rotation. Points A, B, C, etc., represent the same units of
time as before. When the voltage corresponding to each point
1s projected to the corresponding time umt, the farniliar sine
curve is the result.

The instantaneous value of voltage at any given instant can
be calculated as follows:

e — Euux sin 27ft,
where ¢ = the instantaneous voltage,
E = maximum crest value of voltage,
{ = fiequency in cycles per second, and
t = time in seconds.

The instantaneous current can be found from the same formula
by substituting / for ¢ and Imax for Emex. The formula then
becomes:

it

i Trae sin 277ft,

where 1 = the instantaneous current,
I = maximum crest value of current,
f = frequency in cycles per second, and
t = time in seconds.

Radians The term 27 f in the preceding equation should be
thoroughly understood because it is of basic im-
portance. Returning again to the rotating point of Figure 15, it
can be seen that when this point leaves its horizontal position
and begins its rotation in a counter-clockwise direction, through
a complete revolution back to its initial starting point, it will

have traveled through 360 electrical degrees. In electrical work,
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Figure 16.
THE SINE WAVE.

Hlustrating one cycle of a sine-wave alternation. One complete

cycle of alternation is broken up into 360 degrees. Then one-

. halt cycle is 180 degrees, one-quarter cycle is 90 degrees, and
so on down to the smallest possible division.

instead of referring to this movement in terms of degrees, it is
customary to express the movement in terms of radians. Mathe-
matically, a radian is an arc of the circle equal in length to the
radius of the circle. There are 2+ radians in 360 degrees, so
that one radian is equivalent to 57.32 degrees. (See Figure 17.)
When the conductor in the simple alternator has moved
through 27 radians it has generated one cycle. 2w f then rep-
resents one cycle, multiplied by the number of cycles per second
(the frequency) of the alternating voltages or current, and is,
therefore, the angalar velocity. In technical literature 2+ f is
often replaced by w, the Greek letter omega. Velocity multi-
plied by time gives the distance traveled, so 2=ft represents
the angular distance through which the conductor has traveled,
and since the instantaneous voltage or current is proportional
to the sine of this angle, it is possible to calculate these quan-
tities at any instant of time, provided that the wave very
closely approximates a sine curve.
Frequency  The frequency of an alternating current or volt-
age may be any value greater than zeto up to
millions of cycles per second. Up to about 20,000 cycles per
second are considered audio frequencies, since all except those
from zero to about 16 c.p.s. are audible to the human ear. The
a.c. power which is supplied to homes and factories is generally
25, 50, or 60 c.p.s. Frequencies above 20,000 c.p.s. are known
as radio frequencies. But they are usually spoken of in terms
of kilocycles, rather than cycles, because the numbers become
too large. When the frequency gets above a few thousand kilo-
cycles, the term megacycle is used. A kilocycle is equal to 1000
cycles, and a megacycle equals 1,000,000 cycles. A conversion
table for simplifying this terminology is given here:

1,000 cycles — 1 kilocycle. The abbreviation for kilocycle is kc.

1 cycle = 1/1,000 of a kilocycle, .001 kc. or 107 kc.

1 megacycle = 1,000 kilocycles, or 1,000,000 cycles, 10° kc. or
10° cycles.

1 kilocycle = 1/1000 megacycle, .001 megacycle, or 107 Mc.
The abbreviation for megacycles is Mc.

Effective Volue of
Valtage and Current

The instantaneous value of an alter-
nating current or voltage varies
throughout the cycle, su that the
effective value of this current or voltage must be determined
by comparing the a.c. heating effect with that of d.c. Thus, an
alternating current will have an effective value of 1 ampere
when it produces the same heat in a conductor as does 1 am-
pere of direct current.

This effective value is derived by taking the instantaneous
values of current over a cycle of alternating current, squaring
these values, taking an average of the squares, and then taking
the square root of the average. By this procedure, the effective
value becomes known as the root mean square or r.m.s. value.
This is the value that is read on a.c. voltmeters and a.c. am-

WHERE:
o (THETA) S PHASE ANGLE = 2HFT
A= G ranians o eo-
® T /T RADIANS OR 180°
< = AT raDiANS OR 270°
= 21T RADIANS OR 380°

4 RADIAN = 57.324 DEGREES

Figure 17.
ILLUSTRATING RADIAN NOTATION.
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TIME

AMPLITUDE

Figure 18.

FULL-WAVE RECTIFIED SINE WAVE.
Waveform obtained at the output of a full-wave rectifier
having 100 per cent rectification efficiency. Each pulse
has the same shape as one-half cycle of a sine wave.
This type of current is known as pulsating direct current.

meters. The r.m.s. value 1s 70.7 (for sine waves only) per cent
t the peak or maximum instantaneous value and is expressed
as tollows:

0.707 X Euwe or
0.707 X luax

Ear o Erow o

lae o de o

I'he tollowing relations are extremely useful in radio and
power work:

0.707 < Eu. and
Eon Ltk X E,ow o

Rectitied Alternating
Current or Pulsot-

It an alternating current is passed
through a  tull-wave rectifier, it
emerges in the form of a current of
rarying amplrinde which flows in one
firecion only. Such a current 1s known as rectified a.c. ot
pibrating d.c. A tvpical wave form ot a pulsating direct current
1s would be obtained from the output of a full-wave rectifier
is shown in Figure 8.

Measuring instruments designed for d.c. operation will not
read the peak or instantaneous maximum value of the pulsat-
ing d.c. output trom the rectifier; they will read only the aver-
ige ralne. This can be explained by assuming that it could be
possible to cut off some of the peaks of the waves, using the
cut-off portions to till in the spaces that are open, thereby ob-
taning an arerage d.c. value. A milliammeter and voltmeter
connected to the adjoining circuit, or across the output of the
rectifier. will read this average value. It is related to peat value
hv the tollowing expression:

Euve 0.636 X Eunx

It 15 thus seen that the average value i1s 63.6 per cent of the
peak value.

ing Direct Current

To summarize the three most signifi-
cant values ot an a.c. wave: the peak
value 1s equal to 1.1 times the r.m.s.
or etfective, and the r.m.s. value is
equal to 0.707 times the peak value;
the average value ot a tull-wave rectified a.c. wave is 0.636
umes the peak value, and the average value of a rectified wave
15 equal to 0.9 umes the r.m.s. value. This latter tactor is of
alue 1n determining the voltage output from a power supply
which operates with a choke-input filter system. If the input
hoke 1s ot ample inductance. the d-¢ voltage output of a tull
wave power supply will be 0.9 times the r.m.s. a.c. output of
the used secondary of the transformer (one-half secondary
voltage in the case of a full-wave rectitier and the full second-
arv voltage 1n the case of bridge rectification) less the drop in
the rectiner tubes and the resistance drop in the filter induct-
ances.

Relotionship Between
Peok, R.M.S. or
Ettective, and
Average VYolues

2-4 Inductance

In Section 2-3 a briet explanation of induction was given,
and 1t would be well tor the reader to review it at this point.
it a switch 1s inserted 1n the circuit shown in Figure 11, a

pulsating direct current can be produced by closing and open-
ing the switch. When it 1s nrst closed, the current does not
instantaneously rise to its maximum value, but builds up to it.
While it is building up, the magnetic field is expanding around
the conductor. Of course, this happens in a small fracuon of a
second. If the switch is then opened, the current dies down
and the magnetic neld contracts. This expanding and contract-
ing field will induce a current in any other conductor that is
part of a continuous circuit which it cuts. Such a teld can be
obtained in the way just mentioned by means of a vibrator
interruptor, or by applying a.c. to the circuit in place of the
battery. Varying the resistance of the circuit will also produce
the same etfect. This inducing of a current in a conductor due
to a varying current in another conductor not in actual contact
is called electromagnetic induction.
Self-induction  If an alternating current flows through a coil
the varying magnetic field around each turn
cuts itself and the adjacent turn and /nduces a roltage in the
cotl of oppesite polarity to the applied e.m.f. The amount of
induced voltage depends upon the number of turns in the coil,
the current Howing in the coil, and the number of lines of
force threading 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-
imduction. When the applied voltage is building up, the
counter-e.m.f. opposes the rise; when the applied voltage is
decreasing, the counter-e.m.f. is of the same polarity and tends
to maintain the current. Thus, it can be seen that self-induction
tends to prevent any change in the current in the circuit.

The storage of energy in a magnetic field is expressed in
joules and is equal to (LF)/2. (A joule is equal to 1 watt-
second. L is defined immediately following.)

The Unit of  Inductance is usually denoted by the letter L,
Inductonce; and is expressed in henrys. A coil has an in-
The Henry ductance of 1 henry when a voltage of 1 volt

is induced by a current change of | ampere
per second. The henry, while commonly used in audio fre-
quency circuits, is too large for reference to inductance coils
such as those used in radio frequency circuits; millihenry or
microbenry is more commonly used, in the following manner:
1,000 millibenrys. or 10* millibenrys.
1/1,000 of a henry, .00t henry, or 107° henry.
/1,000,000 of a henry, or .000001 henry. or

v henry

V' nmuillibenry

L microbenry
107 benry.

L mucrobenry
henrys.

1,000 microbenrys = 1| millibenry.

1/1,000 of a muillihenry, .001 or 10°° mulls-

When one coil is near another, 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
theretore induce another current in the first coil. This reaction
between two coupled circuits is called mutual induction. and
can be calculated and expressed in henrys. The symbol for
mutual inductance is M. Two circuits thus joined are said to
be mductively conpled.

‘The magnitude of the mutual inductance depends upon 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 coeffictent of coupling. This is the ratio of the mutual
inductance actually present to the maximum possible value.

The tormula 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. 2Me

If a 3 henry coil and a 4 henry coil are placed so that there

Mutuol Induction
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- INDUCTANCE Of
SINGLE -LAYEFR
SOLENOID COI. &

- D

Rz N
2 ——————— MICROHENRIES
P b7 er+1oL

N TURNS L

F = RADIUS OF COIL TO CENTER OF WiRE
L = LENGTH OF COv,
N = NUMBER Of TURN:

WHERE

Figure 19.
METHOD OF CALCULATING INDUCTANCE.

Through the use of the equation and the sketch shown above

the coil inductance can be calculated within approximately one

per cent accuracy for the types of coils normally used in the
range from perhaps 3 to 50 Mc

1s no coupling between them, then the combined i1nductance
of the two in series will be 7 henrys. But 1t the coils are placed
in inductive relation to each other, the inductance of the two
in series will be either greater or less than 7 henrys, depending
upon whether the polarity 1s such that the mutual inductance
aids the self-inductance or bucks the self-inductance. If the
total inductance of the two coils when coupled measured either
6 or 8 henrys, then the mutual inductance would be (from
the formula) 15 henn

Inductors in parallel are combined exactly as
are resistors 1n parallel, provided that thev are
far enough apart so that the mutual induct-
ance is entirely negligible

Inductors in
Paralel

Inductors in
Series

Inductors in series are additive, just as are
resistors in series, again provided that no
mutual inductance exists. In this case, the total
inductance L 1s

L Lo+ Lo = el
Where mutual inductance does exist
L L.+ L. + 2M,

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,
ie., additive. If this is not the case and the mutual linkages
subtract from the self-linkages, the following formula holds:

L = L + L - 2M.
where M s the mutual inductance
Core Materiol  Ordinary magnetic cores cannot be used for
radio frequencies because the eddy current
and hysteresis losses in the core material become enormous as
the frequency is increased. The principal use for magnetic
cores is in the audio-frequency range below approximately
15,000 cycles, whereas at very low frequencies (50 to .60
cycles) their use is mandatory if an appreciable value of
inductance s desired

An air core inductor of only 1 henry inductance would be
quite large in size, yet values as high as 500 henrys are com-
monly available in small iron core chokes. The inductance of
a cotl with a magnetic core will varv with the amount ot cur-
rent (both a.c. and d.c.) which passes through the coil. For
thns reason. tron core chokes that are used in power supplies
have a certain inductance rating at a predetermined value of
“ .

The permeability of air does not change with flux density:
so the inductance of tron core cotls often is made less depend
ent upon Hux density by making part of the magnetic path air,
instead of utilizing a closed loop of ron. This incorporation
ot an arr gap 1s necessary 1in many applications ot iron core

coils. particularly where the corl carries a considerable d.c
component. Because the permeability ot air 15 so much lowe
than that ot iron. the air gap need comprise only a small trac-
tion of the magnetic circuit m order to provide a substantial
proportion ot the total reluctance

One exception o the statement that metal core nductors
are highly inethcient at tadlo frequencies is in the use of
powdered iron cores in some types of intermediate trequency
transtormers. These cores are made of very fime partrcles of
powdered iron, which are first treated with an insulating com-
pound so that each particle is insulated trom the other. These
particles are then molded into a solid core around which the
wire is wound. Eddy current losses are greatly reduced. with
the result that these special iron cores are enurely practical
in crrcuits which operate up to 100 Mc. in trequency

Inductive
Reoctance

As was previously stated. when an alternating
current Hows through an inductor a back- or
counter-electromotive force is developed: this
force opposes any change in the initial e.m.f. This propertv of
an inductor causes it to offer opposition or smpedance o a
change in current. The measure of impedance offered by an
inductor to an alternating current of a given frequency 1s
known as its mductire reactance. This 1s expressed as X

X Z'T:'fL_

where X, inductive reactance expressed in ohms
T 31410 (29 0.283,
f = frequency in cycies,
L inductance tn henrvs

Inductive Reoctance
ot R.F.

It is very often necessary to compute
inductive reactance at radio frequen-
cies. The same formula may be used.
but to make it less cumbersome the inductance is expressed in
millibenrys and the frequency in kilocycles. For higher fre-
quencies and smaller values of inductance, trequency 1s ex-
pressed in megacycles and inductance in microbenrys. The
basic equation need not be changed, since the multiplying fac-
tors for inductance and frequency appear in numerator and
denominator, and hence are cancelled out. However, it is not
possible in the same equation to express L in millihenrys and
f in cycles without cenversion factors

Should it become desirable to know the value of inductance
necessary to give a certain reactance at some definite fre-
quency, a transposition of the original formula gives:

L = Xu + (2'.7(),

or when X, and L are known,
X,
7L

2.5 Electrostatic Storage of Energy

So far we have dealt only with the storage of energy in an
electromagnetic field in the form of an inductance.

Electrical energy can also be stored in an electrostatic field.
A device capable of storing energy in such a field is called
capacitor (in earlier usage the term condenser was frequently
used but the IRE standards call for the use ot capacitor 1n-
stead ot condenser) and is said to have a certain capaciance.
The energy stored in an electrostatic field is expressed in joule
(watt seconds) and is equal to CE*/2. where C is the capaci-
tance in farads (a unit of capacitance to be discussed) and I
is the potential in volts. The charge is equal to CE, the charge
being expressed 1n coulombs.

Two metallic plates separated from each
other by a thin layer of insulating mate-
iial (callcd a deelectrie, in this case), he.

Capacitance and
Capacitors
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come a capacitor. When a source of d-c potential is momen-
tarily applied across these plates, they may be said to become
charged. If the same two plates are then joined together
momentarily by means of a wire, the capacitor will discharge.

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
incomplere (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 electrons
on the other.

Remember that when a deficiency of electrons exists at one
end of a conductor, there is always a tendency for the elec-
trons to move about in such a manner as to re-establish a state
of balance. In the case of the capacitor herein discussed, the
surplus quantity of electrons on one &f the capacitor plates
cannot move to the other plate because the circuit has been
broken; that is, the battery or d-c¢ potential was removed. This
leaves the capacitor in a charged condition; the capacitor plate
with the electron deficiency is positively charged, the other
plate being negarive.

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 as elecirosiatic energy, as con-
trasted with eleciromagnenic energy in the case of an inductor.
This charge can also be called poreniial energy because it is
capable of performing work when the charge is released
through an external circuit.

In case it is difficult for the reader to understand why the
charge is proportional to the voltage but the energy is propor-
tional to the voltage squared, the following analogy may make
things clear.

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

Compare the electrons to water, and two capacitors to stand-
pipes, a | upfd. capacitor to a standpipe having a cross section
of 1 square foot and a 2 ufd. capacitor to a standpipe having
a cross section of 2 square feet. The charge will represent a
given volume of water, as the “charge” simply indicates a
certain number of electrons. Suppose the water is equal to 5
gallons.

Now the potential energy, or capacity for doing work, of
the 5 gallons of water will be twice as great when confined to
the | sq. ft. standpipe as when confined to the 2 sq. ft. stand-
pipe. 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 pfd. capacitor
charged to 500 volts, though the charge is the same in either
case.

The Unit of Capac-
itance: The Faorad

If the external circuit of the two capac-
itor 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 equilibriun.
This latter phenomenon explains the discharge of a capacitor.
The amount of stored energy in a charged capacitor is depend-
ent upon the charging potential, as well as a factor which
takes into account the size of the plates, Jieleciric thickness.
nature of the dielectric, and the number of plates. This factor,
which is determined by the foregoing, is called the capacitance
of a capacitor and is expressed in farads.

The farad is such a large unit of capacitance that it is rarely

used in radio calculations, and the following more practical
units have, therefore, been chosen:

Y microfarad = 1/1,000,000 of a farad, or .000001 farad. or
107 farads.

1 micro-microfarad = 1/1,000,000 of a microfarad, or .000001
microfarad, or 10™ microfarads.

v micro-microfarad = one-millionth of one-millionih of a
farad, or 107 farads.

If the capacitance is to be expressed in miscrofarads in the

equation given under energy storage, the factor C would then

have to be divided by 1,000,000, thus:

o C X E
Stored energy in joules = — =
2 X 1,000,000

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

Dielectric
Canstont

The capacitance of a capacitor is greatly affected
by the thickness and nature of the dielectric sepa-
ration between plates. Certain materials offer a
greater capacitance than others, depending upon their physical
makeup and chemical constitution. This property is expressed
hy a constant K, called the dielectric constant.

Dielectric
Breakdown

If the charge becomes too great for a given thick-
ness of a certain 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 rating is commonly expressed
as the d.c. working voltage.

Colculotion of  The capacitance of two parallel plates is

Copacitance given with good accuracy by the following
formula:
A
= 0.2248 X K X
t
where C capacitance in micro-microfarads,

dielectric constant of spacing material,
area of dielectric in square inches,
thickness nf dielectric in inches.
This formula indicates that the capacitance is directly pro-
portional to the area of the plates and inversely proportional

TABLE OF DIELECTRIC MATERIALS

-

e =D ST |
L MATERIAL 36‘»«%‘&}&'510 MC;; FRETSR-10 MC. B%:Lgrm_"i!
|ANILINE -FORMALDEHYDE RESIN 3.4 | o0.00e 280°
lcasToRr oIL 4.87 | |
|CELLULOSE ACETATE | 3.4 | o.0a | 180°
|GLASS, WiNDOW 8-8 POOR | 2000°
[GLASS, PYREX a5 | o002 |
[METHYL-METHACRYLATE -LUCITE 2.8 | o0.007 180
[mica 5.4 | 0.0003 l
|MYCALEX, MYKROY 7.0 | o0.002 850
[PHENOL ~FORMALDE HYDE , LOW-LOSS YELLOW| s.0 0.015 | 270°
|PHENOL -FORMALOE HYDE, BLACK BAKELITE | 5.5 0.03 | 350°
|porcELAIN | 7.0 0.005 | 2800°
'POLYETHYLENE 2.28 0.0003 220°
POLYSTYRENE 2.55 0.0002 178
QUARTZ, FUSED ENY 0.0002 | 2800°
RUBBER, HARD - EBONITE 2.8 0.007 150°
STEATITE 6.1 0.003 2700
SULFUR | ae 0.003 | 238
TITANIUM OIOXIDE 100~175 0.0008 2700
TRANSFORMER OIL 2.2 0.003

UREA -FORMALDEHYDE 5.0 0.05 260°
VINYL RESINS i 40 0.02 200°
WOOD, MAPLE 4.4 POOR

’a - ! R E— |

Figure 20.
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Figure 21,
Thiough the use of this chart it i3 possible to determinc
the opproximote plote diometer ond spacing for o circu-
lar=plote copucifor oi the iype communiy used as o
neutrolizing coapacitor on medium- ond high-power r-f
amplifiers. The capacitance given is for a diclectric of
air and the spacing given is between the odjacent foces
of the two plates.

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 capacitance
will be doubled. Also, if the area of the plates remains con
stant, and the plate spacing is doubled, the capacitance will be
reduced to half

The above equation also shows that capacitance 18 directly
proportional to the dielectric constant ot the spacing matenat
A capacttor that has a capacitance ot 100 putd. 1in air would
have a capacitance ot 467 puptd. when immersed 1n castor on
because the dielectric constant of castor oil 15 4.67 tumes as
great as the dielectric constant of an

W here the area ot the plates 15 detinutely set. and when it 11
desired to know the spacing needed to secure a required capac
tance

A X 02298 x K
(
where all units are expressed just as in the preceding tormula.
This tormula 1s not connned 1o capacritors having only square
or rectangular plates. but also applies when the plates are ar
cular in shape. The only change will be the calculavion of the
wiew ot sudh Gircular plates. dus area can be computed by
squaring the radie of the plate, then muluplymg by 5 b
ot “pi’ kxpressed as an equatiorn
A 5.4 g

where o radius 1 nche

The capacatance ot a mulu-plate capacitor can be calculated
by taking the capacnance ot one secuon and multiplymg thic
by the number ot diclectiie spaces. In such cases. however, the
tormula gives no consideration to the ettects ot edge capaa-
tance. so the capacatance as calculated will not be enurely
accurate. These addinonal capacitances will be but a small part
ot the eftectivg total capacitance. particularly when the plares

are reasonably large and thin. and the tinal result wili, there-
tore, be within practical limits of accuracy )

Equations for calculating capacitances ot capacitors in
parellel connections are the same as those for resistors in
serres

C G+ et

Capaditors in serres connection are calculated in the same
manner as are resistors i parallel connection

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

¢ G C

or ,
C C e C

(2) Tuwo capacitors ot unequal capacitance in series

¢ G x C
& 7 &
(3) Three capacitors ot equal capacitance in series
C
C where C, 1s the common capacitance
hl

(4) Three or more capacitors ot equal capacitance n series
Value ot common capacitance

Number ot capacitors in series
(5) Six capacitors in series paralle

1l

C !
I 1
(¢ ( ( ( C C
Capacitive It has been explained that inductive reactance is
Reactance the measure ot the ability ot an mnductor to ofter

impedance to the flow of an alternating current
Capacitors have a sinular property although in this casc the
opposition 1s to the rofiage which acts o charge the capacuor
Thus property is called capacitiie reacrance and 1s expressed
as tollows

PN
Yo i(

where N, capacituve ractance in ohms

- .0+
t frequency 10 cvekes
( capacitance in tarad

Here again, as in the case of inductive re
actance. the units ot capacitance and tre
quency can be converted ante smaller units
The equa

Capacitive Re-
actance at R. F.

tor practical problems encountered 1in radio work
tion mav be writrenr

b
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1,000,000

i
2 7 fC
where f = frequency in megacycles,
C = capacitance in micro-microfarads.
In the design of filter circuits, it is often convenient to express
frequency (f) in cycles and capacitance (C) in microfarads,
in which event the same formula applies:

X, =

Capacitors in A-C
ond D-C Circuits

When a capacitor is connected into a
direct-current 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.

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 current
previously referred to and is dependent upon the internal d-c
resistance of the capacitor. This leakage current is usually
quite noticeable in most types of electrolytic capacitors.

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 aiternating
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
infinite opposition to a direct current. These two properties
are repeatedly in evidence in a radio circuit.

Yoltage Roting
of Copocitors
in Series

Any good paper dielectric filter capacitor
has such a high internal resistance (indicat-
ing a good dielectric) that the exact resist-
ance will vary considerably from capacitor
to capacitor even though they are made by the same manu-
facturer and are of the same rating. Thus, when 1000 volts
d.c. is connected across two 1-pfd. 500-volt capacitors in
series, the chances are that the voltage will divide unevenly
and one capacitor will receive more than 500 volts and the
other less than 500 volts.

VYoltage Equolizing
Resistors

By connecting a half-megohm 1-watt
carbon resistor across each capacitor,
the voltage will be equalized because
the resistors act as a voltage divider, and the internal resist-
ances 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 designed 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
fesistance is unimportant, just so it is the same for the two
resistors used.

Copociters in
Series on A.C.

When two capacitors are connected 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. Because, in addition to the
d.c. across a capacitor in a filter or audio amplifier circuit
there is usually an a-c or a-f voltage component, it is inad-
visable to series-connect capacitors of unequal capacitance
even if dividers are provided to keep the d.c. within the ratings
of the individual capacitors.

For instance, if a 500-volt 1-pfd. capacitor is used in

- IL l‘ l‘
+ 17— + V- + V= + 1=

+ C -

POLARIZED CAPACITORS (ELECTROLYTIC) IN SERIES

FIGURE 24

series with a 4-pfd. 500-volt capacitor across a 250-
volt a.c. supply, the 1-ufd. capacitor will have 200 volts
a.c. 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 a.c. Such a divider would
draw excessive current and be impracticable.

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

Electrolytic capacitors use a very thin film of
oxide as the dielectric, and are polarized; that
is, they have a positive and a negative terminal
which must be properly connected in a circuit; otherwise, the
oxide will break down and the capacitor will overheat. The
unit then will no longer be of service, When electrolytic
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 connects to the positive
terminal of the next capacitor in the series combination. The
method of connection for electrolytic capacitors in series is
shown in Figure 24.

Similar electrolytic capacitors, of the same capacitance and
made by the same manufacturer, have more nearly uniform
internal resistance, though it still will vary considerably. How-
ever, the variation is not nearly as great as encountered in
paper capacitors, and the lowest d.c. voltage is across the
weakest (leakiest) electrolytic capacitor of a series group.

As an electrolytic capacitor begins to show signs of break-
ing down from excessive voltage, the leakage current goes up,
which tends to heat the capacitor and aggravate the condi-
tion. However, when used in series with one or more others,
the lower resistance (higher leakage current) tends to put less
d-c voltage on the weakening capacitor and more on the re-
maining ones. Thus, the capacitor with the /owest leakage
current, usually the best capacitor, has the highest voltage
across it. For this reason, dividing resistors are not essential
across series-connected electrolytic capacitors.

Electrolytic
Capacitors

2.6 Circuits Containing Reactance and
Resistance
Phase  When an alternating current flows through a purely

resistive circuit, it will be found that the current will
go through maximum and minimum in perfect step: with the
voltage. In this case the current is said to be in step or in
phase with the voltage. For this reason, Ohm’s law will apply
equally well for a.c. or d.c. where pure resistances are con-
cerned, provided that the same values of the wave (either peak
or r.m.s.) for both voltage and current are used in the calcula-
tions.
If a circuit has capacitance or inductance or both, in addi-
tion to resistance, the current does not reach a maximum at
the same instant as the voltage; therefore Ohm’s law will not



Handbook

applv. It has been stated that inductance tends to resist any
change in current; when an inductance is present in a circuit
thtough which an alternating current is flowing, it will be
found that the current will reach its maximum behind or later
than the voltage. In electrical terms, the current will lag
hehind the valtage. nr, conversely, the waltage will Jead the
curreit.

If the circuit is purely inductive, i.e., if it contains neither
resistance nor capacitance, the current lags the voltage by 90
degrees as in Figure 25. The angle will be less than 90 degrees
if resistance is in the circuit.

When pure capacitance alone is present in an a.c. circuit
(no inductance or resistance of any kind), the opposite effect
will be encountered; the current will /ead the voltage by 90
degrees. The presence of resistance in the circuit will tend to
decrease this angle.

From the equation for inductive
reactance, it is seen that as the
trequency becomes greater the
reactance increases in a corre-
spnnding manner.  The reactance is doubled when the fic-
quency is doubled. If the reactance is to be very large when
the frequency is low, the value of inductance must be very
large.

The equation for capacitive reactance shows that the react-
ance varies /nversely with frequency and capacitance With
a fixed value of capacitance, the reactance will become less
as the frequency increases. When the frequency is fixed, the
reactance will be greater as the capacitance is lowered.

A comparison of the two types of reactance, inductive and
capacitive, shows that in one case (inductive) the reactance
increases with frequency, whereas in the other (capacitive)
the reactance decreases with frequency.

Comparison of Inductive
to Capacitive Reactance
with Changing Frequency

Reactance and Resist-
ance in Cogbination

When a circuit includes a capaci-
tance or an inductance or both, 1n
addition to a resistance, the simple
calculations of Ohm’s law will rot apply when the tutal im-
pedance to alternating current is to be determined. Reference
is here made to the passage of an alternating current through
the circuiy; the teactance must be considered tn addition to the
d.c. resistance because reactance offers an opposition to the
flow of alternating current.

When alternating current passes through a circuit which
contains only a capacitor, the voltage and current relations are
as follows:

E
E IX., and I "
X.
where E voltage,
I current in amperes,
X. = capacitive reactance or

2% fC

(expressed in ohms).
Power Factor It should now be apparent to the reader that
in such circuits that have reactance as well as
resistance, it will not be possible to calculate the power as in a
d-c circuit or as in an a-c circuit in which current and voltage
are in phase. The reactive components cause the voltage and
current to reach their maximums at different times, as was
explained under Phase. and to calculate the power in such a
circuit we must use a value called the power factor in our
computations.
The power factor in a resistive.reactive a-c circuit may be

Phase and Power
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Figure 25.
Shawing the manner in which the current lags the voltage in an
a-c circuit containing pure inductance only. The lag is equal
to one-quarter cycle or 90 degrees.

m

(CIRCUIT CONTAINING PURE CAPACITANCE ONLY)
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Figure 26.
Showing the manner in which the current leads the valtage in
an a-c circuit containing pure copacitance only. The lead is
equal to one-quarter cycle or 90 degrees.

expressed as the actwal watts (as measured by a watt-meter)
divided by the product of voltage and current or:

W
E x 1
where W watts as measured,
E — voluage (r.ams.)
I = current in amperes (r.m.s.)
Stated in another manner:
w
= Cosé
E X

The character ¢ is the angle of phase difference between
current and voltage. The product of volts times amperes gives
the apparent power of the circuit, and this must be multiplied
by the cosé to give the actnal power. This factor cosd is called
the poiwcer factor of the circuit.

When the current and voltage are in phase this factor is
equal to 1. Resonant or purely resistive circuits are then said
to have unity power factor, in which case:

W = E X I,'W = 'K W

Ohm's law applies equally to direct
or alternating current, provided the
circuits under consideration are
purely resistive, that is, circuits which have neither inductance
(coils) nor capacitance (capacitors). Problems which invoive
tube filaments, drop resistors, electric lamps, heaters or similar
resistive devices can be solved from Ohm's law, regardless of
whether the current is direct or alternating. When a capacitor
or coil is made a part of the circuit, a property common to
either, called reactance, must be taken into consideration.

When the circuit contains inductance only, yet with the
same canditions as above, the formula is as follows:

Applying Ohm’s Law
to Alternating Current
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- E
E IXI., and |
1l
where E voltage,
[ current in amperes,
X inductive reactance or 2w fL

(expressed in ohms).

When a circuit has resistance, capacitive reactance, and in-
ductive reactance in ierzes. the effective total opposition to the
alternating current flow is known as the :mpedance of the
circuit. Stated otherwise, impedance of a circuit is the vector
sum of the resistance and the difference between the two
reactances, the latter being designated as the net reactance.

4 Vo (X; X. )." or

. L i
Z v r o+ (2..fL 27“:)

where Z impedance in ohms,

r resistance in ohms,

X.. inductive reactance
(27fL) in ohms,

.. 1
X. capacitive reactance
2qafC

in ohms.

An example will serve to clarify the relationship of resist-
ance and reactance to the total impedance. If a 10-henry choke,
a 2-pfd. capacitor, and a resistance of 10 ohms (which is rep-
resented by the d-c resistance of the choke) are all connected
in serses across a 60-cycle source of voltage:
for reactance Xi. = 6.28 X 60 X 10 = 3,750 ohms (approx.),

1,000,000
6.28 X 60 X 2

r 10 ohms

.

1,300 ohms (approx.).

Substituting these values in the impedance equation:

Z — V10 + (3750 — 1300)° = 2450 ohms.

This is nearly 250 times the value of the d-c resistance of
10 ohms. The subject of impedance is more fully covered under
Resonant Circuits.

In actual practice the iron-core choke would act as though
the resistance were somewhat more than 10 ohms (the value
as read on an ohmmeter) because on a.c. there would also be
core losses, which show up (produce the same effect as) addi-
tional d-c resistance in the winding. However, to simplify the
toregoing problem the etfect of core losses was ignored.

2-7 Resonant Circuits

The reader is advised to review at this point the subject
matter on inductance, capacitance, and alternating current, in
order that he may be able to gain a complete understanding
of the action of resonant circuits. Once the basic conception of
the foregoing has been mastered, the more complex circuits
in which they appear in combination will present no great
problem.

Figure 27 shows an inductance, a capacitance, and a re-
sistance arranged in series, with a variable frequency source,
E. of a.c. applied across the combination.

Some resistance is always present in a circuit because it is
possessed in some degree by both the inductor and the capaci-
tor. If the frequency of the alternator E is varied from nearly
zero to some high frequency, there will be one particular fre-
quency at which the inductive reactance and capacitive react-
ance will be equal. This is known as the resonant frequency.
and in a series circuit it is the frequency at which the circuit
current will be a maximum. Such series resonant circuits are

L
R
c
-
Figure 27.
Schematic of a series-resonant circuit containing resist-
ance.

chiefly used when it is desirable to allow a certain frequency
to pass through the circuit (low impedance to this frequency),
while at the same time the circuit is made to offer considerable
opposition to currents of other frequencies.

If the values of inductance and capacitance both are fixed,
there will be only one resonant frequency.

For mechanical reasons, it 1s more common to change the
capacitance rather than the inductance when a circuit is tuned,
yet the inductance can be made variable if desired.

In the following table there are tive radically different ratios
of L to C (inductance to capacitance) each of which satisfies
the resonant condition, X;. = X.. When the frequency is con-
stant, L must increase and C must decrease in order to give
equal reactance. Figure 28 shows how the two reactances
change with frequency; this illustration will greatly aid in
clarifying this discussion.

If both the inductance and capacitance are made variable,
the circuit may then be changed or tuned, so that a number of
combinations of inductance and capacitance can resonate at the
same trequency. This can be more easily understood when one
considers that inductive reactance and capacitive reactance
travel in opposite directions as the frequency ts changed. For
example, if the frequency were to remain constant and the
values of inductance and capacitance were then changed, the
following combinations would have equal reactance:

Frequency 1s constant at 60 cycles.
L is expressed in henrys.
C is expressed in microfarads (.000001 farad.)

L X C Xe
265 100 26.5 100
2.65 1,000 2.65 1,000
26.5 10,000 265 10,000
265.00 100,000 02065 100,000
2.650.00 1,000,000 00265 1,000,000

Frequency From the formula for resonance,

of Resononce
1
2wtL _. the resonant frequency
27fC
can readily be solved. In order to isolate f on one side of the
equation, merely multiply both sides by 27 f, thus giving:
L = ! .
Divided by the quantity 47°L, the result is:
1
v LC
Then, by taking the square root of both sides:
1

t‘!

f = ,
27V LC
where f frequency in cycles,
L inductance in henrys,
C capacitance in farads.

It is more convenient to express L and C in smaller units,
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Figure 28.
SERIES-RESONANT CIRCUIT.

Variation in reactance and net impedance of a series-

resonant circuit with changing frequency. The four

short vertical lines are drawn at the point of resonance
in the circuit.

especially in making radio-frequency calculations; f can also
be expressed in megacycles or kilocycles. A very useful group
of such formulas is:

25,330
¢ 25,330 or L — 25,330 or C 5,33
LC f°C f’L
where f frequency in megacycles,
L inductance in microhenrys,
C = capacitance in micromicrofarads.

Impedance of Series
Resonant Circuits

The impedance across the terminals of
a series resonant circuit (Figure 27) is:

Z = Vr+ (Xi — Xe)
where Z impedance in ohms,

r resistance in ohms,

Xo = capacitive reactance in ohms,

X = inductive reactance in ohms.

From this equation, it can be seen that the impedance is
equal to the vector sum of the circuit resistance and the differ-
ence between the two reactances. Since at the resonant fre-
quency X equals X the difference between them (Figure
28) is aobviously zero. so that at resonance the impedance is
simply equal to the resistance of the circuit; therefore, because
the resistance of most normal radio-frequency circuits is of a
very low order, the impedance is also low.

At frequencies higher and lower than the resonant frequency,
the difference between the reactances will be a definite quantity
and will add with the resistance to make the impedance higher
and higher as the circuit is tuned off the resonant frequency.

If X¢ should be greater than X, then the term (Xi— X¢)
will give a negative number. However, this is nothing to worry
about because when the difference is squared the product is
always positive. This means that the smaller reactance is sub-
tracted from the larger, regardless of whether it be capacitive
or inductive, and the difference squared.

Current and Voltage in
Series Resanant Circuits

Formulas for calculating currents
and voltages in a series resonant

circuit are similar to those of
Ohm's law

I = E 1z
Z

The complete equations:
E
V e+ (X — Xe)t
E Ive+ (Xu— Xe)

I =

Resonant Circuits 3i

Inspection of the above formulas will show the following
to apply to series resonant circuits: When the impedance is
low, the current will he high; conversely, when the impedance
is high, the current will be low.

Since it is known that the impedance will be very low at the
resonant frequency, it follows that the current will be a maxi-
mum at this point. If a graph is plotted of the current against
the frequency either side of resonance, the resultant curve be-
comes what is known as a resonance curve. Such a curve is
shown in Figure 29, the frequency being plotted against current
in the series resonant circuit.

Several factors will have an effect on the shape of this
resonance curve, of which resistance and L-to-C ratio are the
important considerations. The curves B and C in Figure 29
show the effect of adding increasing values of resistance to the
circuit. It will be seen that the peaks become less and less
prominent as the resistance is increased; thus, it can be said
that the selectiviry of the circuit is thereby decreased. Selec-
tivity in this case can be defined as the ability of a circuit to
discriminate against frequencies adjacent to the resonant fre-
quency.

Voltage Across Cail
and Capacitor in
Series Circuit

Because the a-c or r-f voltage across a
coil and capacitor is proportional to
the reactance (for a given current), the
actual voltages across the coil and
across the capacitor may be many times greater than the
terminal voltage of the circuit. Furthermore, since the indi-
vidual reactances can be very high, the voltage across the
capacitor, for example, may be high enough to cause flashover,
even though the applied voltage is of a value considerably
below that at which the capacitor is rated.

Circuit Q—Shorp-

ness of Resononce

An extremely important property of a
capacitor or an inductor is its factor-of-
merit, more generally called its Q. It is
this factor, Q, which primarily determines the sharpness of
resonance of a tuned circuit. This factor can be expressed as
the ratio of the reactance to the resistance, as follows:

where R = total resistance.

The actual resistance in a wire or an inductor can be far
greater than the d-c value when the coil is used in a radio-
frequency circuit; this is because the current does not travel
through the entire cross-section of the conductor, but has a
tendency to travel closer and closer to the surface of the wire
as the frequency is increased. This is known as the skin effec.

The actual current-carrying portion of the wire is decreased,

e |

Figure 29.
RESONANCE CURVE.
Resonance curve showing the
effect of resistance upon the
selectivity of a tuned circuit. 10
Curve A" is for the small-
est amount of resistance
(greatest Q) and curve 'C"
is for a large amount of re-
sistance (low Q).
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Figure 30.
PARALLEL-RESONANT CIRCUIT.

The inductance L and capacitance C comprise the re-
active elements of the poarallel-resonant (anti-resonant)
tonk circuit, and the resistance R indicates the sum of
the r-f resistance of the coil and capacitor plus the re-
sistance coupled into the circuit by the load. In most
cases the tuning capacitor has much lower r-f resistance
than the coil and can therefore be ignored in compari-
son with the coil resistance and coupled-in resistance.
The instrument M indicates the “line current’”’ which
keeps the circuit in a state of oscillation. The instrument
M: indicates the “tank current” which is equal to the
line current multiplied by the Q of the circuit.

therefore, and the resistance is increased. This effect becomes
even more pronounced in square or rectangular conductors be-
cause the principal path of current flow tends to work out-
wardly toward the four edges of the wire.

Examination of the equation for Q may give rise to the
thought that even though the resistance becomes greater with
frequency, the inductive reactance does likewise, and that the
Q might be a constant. In actual practice, however, this is true
only at very low frequencies; the resistance usually increases
more rapidly with frequency than does the reactance, with the
result that Q normally decreases slowly with increasing fre-
quency.

The Q of a capacitor ordinarily is much higher than that of
the best coil. Therefore, it usually is the merit of the coil that
limits the overall Q of the circuit.

At audio frequencies the core losses in an iron-core inductor
greatly reduce the Q from the value that would be obtained
simply by dividing the reactance by the resistance. Obviously
the core losses also represent circuit resistance, just as much so
as though the loss occurred in the wire itself.

Parallel
Resanance

In radio circuits, parallel resonance (more cor-
rectly termed wntiresonance’) is more frequently
encountered than series resonance; in fact, it is
the basic foundation of receiver and transmitter circuit opera-
tion. A circuit is shown in Figure 30.

The “Tank”’
Circuit

In this cireuit, as contrasted with a circuit for
series resonance, L (inductance) and C (ca-
pacitance) are connected in parallel. yet the
combination can be considered to be in series with the re-
mainder of the circuit. This combination of L and C, in con-
junction with R, the resistance which is principally included
in L, is sometimes called a rank circuit because it effectively
functions as a storage tank when incorporated in vacuum tube
circuits.

Contrasted with series resonance, there are two kinds of
current which must be considered in a parallel resonant circuit:
(1) the line current, as read on the indicating meter M,, (2)
the circulating current which flows within the parallel L-C-R
portion of the circuit. See Figure 30.

At the resonant frequency, the line current (as read on the
meter M,) will drop to a very low value, aithough the circu-
lating current in the L-C circuit may be quite large. It is inter-
esting to note that the parallel resonant circuit acts in a dis-
tinctly opposite manner to that of a series resonant circuit, in
which the current is at a maximum and the impedance is mini-
mum at resonance. It is for this reason that in a parallel

resonant circuit the principal consideration is one of impedance
rather than current. It is also signihcant that the smpedance
curve for parallel circuits is very nearly identical to that of the
current curve for serres resonance. The impedarice at resonance
is expressed as:

2otL)?
R
where Z impedance in ohms,
[ inductance tn henrys,
t trequency in cycles,
R resistance in ohms.

Or, impedance can be expressed as a tunction of Q as:
Z. 27fLQ,

showing that the impedance of a circuit is directly proportional
to its etfective QQ at resonance.

The curves illustrated in Figure 29 can be applied to parallel
resonance. Reference to the curve will show that the effect of
adding resistance to the circuit will result in both a broadening
out and a lowering of the peak of the curve. Since the voltage
of the circuit is directly proportional to the impedance, and
since it is this voltage that is applied to the grid of the vacuum
tube in a detector or amplifier circuit, the impedance curve
must have a sharp peak in order for the circuit to be selective.
If the curve is broad-topped in shape, both the desired signal
and the interfering signals at close proximity to resonance will
give nearly equal voltages on the grid of the tube, and the cir-
cuit will then be non-selective; 1.e., 1t will tune broadly.

Effect of L/C Ratia
in Parallel Circuits

In order that the highest possible volt-
age can be developed across a parallel
resonant circuit, the impedance of this
circuit must be very high. The impedance will be greater with
conventional coils of limited Q when the ratio of inductance-
to-capacitance is great, that is, when L is large as compared
with C. When the resistance of the circuit is very low, X, will
equal X« at maximum impedance. There are innumerable
ratios of L and C that will have equal reactance, at a given
resonant trequency, exactly as is the case in a series resonant
circuit.

In practice, where a certain value of inductance is tuned
by a variable capagitange over a fairly wide range in frequency,
the L/C ratio will be small at the lowest frequency and large
at the high-frequency end. The circuit, theretore, will have
unequal gain and selectivity at the two ends of the band of
frequencies which is being tuned. Increasing the Q of the cir-
cuit (lowering the resistance) will obviously increase both the
selectivity and gain.

The Q of a circuit has a definite bear-
ing on the circulating tank current at
resonance. This tank current 1s very
nearly the value of the line current multiplied by the effective
circuit Q. For example: an r-f line current of 0.050 amperes,
with a circuit Q <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>