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Introduction Page 1

A Training Program such as follows this introduction, .s
beneficial in two entirely different respects, one of which
is seldom mentioned and may never have occurred to you.

First, you have enrolled for this program to gain essential
knowledge of Radio and Electronics. Knowledge which gives
you a thorough understanding of the operating principles yet
is practical enough to assist you in obtaining a position in
this field.

Second:i— As you study the descriptions and explanations of

the Lesson assignments, you will obtain the benefits of a
training in Character Building. Wnether you realize it or

not, it requires a considerable amount of Ambition, Devermina-
tion and Self Management to plan and maintain your own schedule
of Study.

There is no instructor at your elbow, giving you definite
daily assignments, there is no definite fixed hour at +aich
some one else says you must report and you have 1o visiole
classmates to keep up with, You are on your own and it re-
quires real ability to do a good job at belng your ovn -OsiS.

You vi 11 find many distracting influences, every one ol wnich
will tend to delay your study program. There will be rariies,
dates, dances and novies, any one of vhich may of Jer mors
immediate enjoyment than the same time spent in STUQY« liatural~
ly, we do not suggest or recommend that you give ur all of

your social activities and pleasures but, by’ deciding def;ni?e«
ly and quickly whether or not you can afford to tarticipase in
the various events as they occur, you will be daveloping shat
all important character trait of making deciglonss

After you havema¥w a decision you may be persuadel o c@ange
it. This persuasion may originate in others or ~ourself but,
every time you overcome it, you will be developing ["our de~
termination,

The very fact that you have started tbisgtraining progr?m
proves you have ambition and, in the business Wofyi c? woday
that mezns you hope to rise to a good rosition waich nay carry
the responsibility of directing the erforts c: others.

Wnat better training could you possibly obtein thar in direct-
ing your own efforts? That better experienze could you maxe
than in laving out a study program for you:salf and making
sure thet you carry it out bto completicn?

EXPERIENCE VS, TRATLIING

As the words, Y"Iraining" and HExperience’ are commonly” used,
they sometimes have but littie difference in meaning tnerefore
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we want to explain them in greater detail. TFor example, when
any employees are hired bv an organization, for even a simple
routine job, they are "trained" by ULeing showm &1l the details
of the work. Then, after 12 months on the same job, they have

a year of PExperience®,

While these are the common uses of the words, in reality, all
the experience was gained during the period of lgarning the
details of the work., Doing the same thing, over'and over in
the same way, does not add to your experience. To gain real
experience you must do something rnew or differsnt. However,
by doing the same things over and over, you train ryour mind
and body to complete the necessary operations in the shortest
time and with the least effort. Thus, everyone wh» claims
years of Woxpserience¥ glong certain lines, reslly means they
have had years of "Training".

We assume your hands are alrcady well trained to obey your
mind and the object of these assignments, with their examina-
tions, is to train your mind. Every principle, action or unit
we explain, provides you with experiencej and making use of
these explanations by answering gquzstions, solving problems,
or performing practical work, provides you with training.

There is a great differunce betweoen training ths mind and the
body. An animal, with little if any mind, can be trained to
perform difficult tricks, At a given command, he nakes cere-
tain body movemants for which he receives a reward, usually
his favorite food, All the thinking has been done by the
trainer, the animal merely carries out his ideas.

There are great variations in modcrn professions. For example,
it is comparatively easy for a planist to learn to read printed
music and kxnow exactly how each printed note should be played.
However, it requires years of practice to brain ine fingers to
respond instantly and reproduce the music the printed notes
convey to the mind. :

In Radio and Electronics conditions arc reversed as 1t requires
comparatively libtle practice to train the hands properly. The
real job is in training the mind.

PLAN OF YOUR TRAINING

To learn to play the piano, you start training your fingers
by practicing scales and gradually advance to more difficult
exercises. We follow the same general plan by first explain~-
ing the general principles which apply particularly to Radio
and Electronics, showing how sach can be applied to your
everyday work.

Perhaps you have already learned these first principles, but
do not think a study of the early lessons will be a waste of
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time. We give you only those explanations which are necessary
for a full understanding of your later work. Most of our
students, including numbers of college graduates, appreciate
these early assignments because they realizc their value.

You may not always see why we spend time on details that
apparently have little to do with kadio, but remember, we are
interested only in your final success which depends entirely
on the knowledge you gain, We want you to get over the ground,
Just as quickly as possible » Without missing anything, the
lack of which may cause trouble later on.

We know what problems you are going to meet and every detail
we explain will be necessary to your future work. Therefore,
when you are studying Ohm's Law or other simple subjects which
you feel you already know, or which scem to have no bearing

on Radio, don't forget that this entire training has been
carefully and completely planned to enable you to really learn
the work in the shortest possible time.

The first assignments are easy but don't make the mistake of
going over them in a hurry or thinking you know everything
they contain. The explanations of each advance assignment
are based on the previous Lessons therefore, the first sec-
tion of the training forms the foundation for all that fole
lows, You cannot build a substantial or permanent house
without a good foundation and the same is even more true of
your training.

HOW TO STUDY

Set aside a certain convenient time for study every day and
make up your mind to permit nothing to interfere., Let your
relatives and friends know that, during this hour, you are
not to be disturbed. Regular study will bring the guicksst
progress and we have little respect for the student who puts
off studying today with the excuse that more time will bs
spent in study tomorrow.

First, fold out the illustration pages and referring to them
when necessary, read your lesson over carefully before look-
ing at the questions. Then begin, one by one, to answer the
questions in order. If some question seems imposgible to
answer, finish all the others you can and then read the Iesson
agains, If, after reading a lesson several times, you are still
unable to answer some question or solve a problem, write to

our Instruction Department, stating clearly just what yvou can—
not understand, and they will be glad to give you additional
explanations.

Don't give up without a real attempt. The invention of the
Radio tube was not just an accident and its problems were
solved only after years of study and experiment, Vhile we
don't expect you to study years, or even days, on one problem,
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you'll find solving a difficult one, without asling for Lelp,
the Zinest training possible.

DON'T LECO'E DISCOURAGH

“jorth hile training —- training thet will qualify you for
the more interesting and betier opportunities ir Radio cannot
be acquired in a week or a month. This is fortunate wvecarse,
iT by taking & few weelis wraining, anyone could hold down a
good job in this newer industry, taen thousands would qualify
thenselves for it ana the field would be crovded.

It requires bockbone to achLizve success, At tines, when the
lessons seam difficult, you!ll feel lite neglecting yovr study
hour. a4t other times, wvou will want to lay aside ycar Lessons
in favor of wmovies or some other amuserent. Lale up wvour

mind that vou are going to become a2 success in this work —
that you are not going to yield that determinstion to any”
other consideration. Your Issson record will soon shov
whether you have tho necessary backbcne and the neccded "stick-
to-1t" will power,

VECIIANICS CF HOUE STUDY

The last page of each Lesson, following the 1Tlustrations, 1s
a sheet coataining Juestions for yon tn anciier, Lovaliy,
tnere is plenty of room for you to writc your angwr in the
sprce below each question. In fact, &2 want you to follow
this plan because short, concise answers are s b2cle

Datach this sheet fron the lesson, carufully write, oc prinb
your nane, acdress and repistraticn nwaver in tne spaces ro—
vided, Your registration or "Stucent Tumoscer! is exireely
importans and chould be writien plainly, not only on your
examinatlons, bub on every page of cvery letter you send use
This nwnoer identifics your correspondence in casc of damage
in the mail or accidertal separation of the pages. To answer
the question, "How many advance Lessons have you now on hand?",
sinply count the number of Lessons you Lave recelved but not
studied and write that number in the space provided. Then,
virite in your answers to the gquestions,

Then you have two of *hese question shests finished, place
them in one of the small, self-adiressed envelop:s and mail
to us., Always send us, ror grading, two gquession sheebs ab

a %ime. If you send more, it may delay the mailing of ad-
vance lessons because t.ey are released only as your anciers
shou the former Lessons have been completed. Then you [inish
one set of Lesson questions, lay it aside until you have
finished the next one.

Our training is designed to meet the reguirenents of the busy
individual forced to study during leisurc time. "Je do not







ST T s T TR e et

Introdvction Pace &5

restrict your procress or =xpect you to finish awy certain
nunober of Lessons each nonth. You may study a’% a rave of
speed best suited to vour perscnal converlerce put ricke sure
you understand each lesson before adrancins to the next.

Cn its arrival here, eacl: question st.eet wilil be carefull -
graded by a compesent instructor who will check mar.: (V)
each answer if correct or satisfactory, or question mark (?)
it if wrong or doubti»l. In some cases ke may allovw haif
(1/2) credit. The exarination will then be graded and re-—
turned rith a duplicate sheet viitls the correct a.8vwars. Iy
this method, you are able to compare your ansuwers with ours
ard accurately chzack any mistakes you may have madz. Thi3se
question and answer shects also form a valuable »rcady refer—
€1CE

Do not pecorne impatient if rour gradcd cxaminations ars not
raeturned for several days. 1"alie allovancss for delar n ihe
mall, both ways, our five day week >f nall receipts, tle
time requircd for careful grading and the raintsinenrce of
ouwr records, not orly of youwr grades bub your eli-ibility
for advance study rateriel. Vhile weiting, go abead ana
study the next advancc Lesson, or if you are notw cl.ar on
somg points, revicw the cariior Lessons.

Our system of grading is simple. 2 use tre "rerds "ExcellendV,
"Good" a1d "Fair'" cr their abbreviacions, and tae tabalation
below indicates the approxirate numericcel valuie of & gradcd

examingblon paper.

Ex+ = 87 ~ 100 Good+ = 87 ~ £72 Falr+ = 77 = 70
ix 84 —~ 56 Good = 34 ~ &3 Falr = 72 « 72
Ixe = 90 = ©3 Coud— = 30 - 805

A1L exaninations which do not warrant a grade of 75 are re—
turnied to you, with sugresiions, in ordcr that you :.ay have
an oprortunity to raise your nark bzfore the g¢race is entored
on our records. Should you roceive a returrncd mestlon shoet,
marked "Please Correct and Return", go over the L2sson and
suggastions carefully. 4s you will rave c¢nly one opjortunit:r
to revise your ansvers, make what corrections you can aad
then return your test to us for final grading.

If, for any reason, you fecl thot 1%t is nzcessary to mrile
for service on any of your ctud~ material, al.ays be sure

tn indicate the exact Lesson, vith identification, such as
FIM«S, TRA-7--—, dn addition to nlacing your rame, student
ranbar ard correct address on your comunication.

WIAT THIS TRATNIIG WILL DO ¥CR YOU

This Training will prepare you for wer: in Radio and other
Eleecbrouie apparatus wnich requires the uss of vacwam LuUdC3.
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As more trained people are needed, your services will become
of greater value.

Our plan is to train you and then help you find a position in
which you will have the best personal advantages. At your
comnand is a staff of instructors anxious to help you with
your studies as well as with problems whic.. may arise in your
later work. 4s a student, you have enlisted our services in
helping you ‘o bzscome successful in this work.

‘e are sincercly and intensely interested in your progress
and are depending orn you to do your part, not only by con-
scientious study but by giving us every oprortunity of help-
ing you,
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"The best advice, as it appears to me, is old and
simple. Get knowledge and understanding. Deter-
mine to get the most possible out of yourself by
doing, to the best of vour power, useful work that
comes your way, JThere are no new recipes for success
in life, A good aim, diligence, honest work and a
determination to succeed, will win out every time."

— James J, Hill

FDM-1RA
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As quite a lerge number of students, starting the study of
Radio and Electronics, have beeh out of scheol for a numbsr
of years, it iz only natural for them to.be somewhat Y“rusty"
in certain subjects. ‘Although the explapations of this pro=
gram have been arranged to correct this condition as rapidly
and easily as possible, we sxpect some assistance may be of
benefit in regard to certain details and therefore want you
to feel free to ask questious at any tims.

This training does not include subjects such as Spelling,
Grammar and Penmanship therefore any "rustiress" along these
lings can be worn off gradually. However, there are some ex—
planations and problems whish require an immediate understand-
ing and use of arithmetice

For this reason, the explanations of this Lesson, which
start way bask in "Kindergarten", are given only as a review
or "Refresher! for those students who find it necessarye. If
you are familiar with the subject, ignore this Lesson buty
if you are M"rusty" on ths proper method of handling Fraoe
tions, Decimals and so on, study the Lessop sarefully and
then keep it handy for futurs refercnce.

Instead .of the usual examinatioch which is sent in for grade
ing, this Lesson has a number of "Practice Problems" soverw
ing the main operations of arithmetic. These problems are
not a part of your required program and need net be returned
for gradings MHowever, if you feel a review of arithmetic
will bo beneficial, we urge you to work all of thaose praow
iice problems and check your answers with those given on

the last pages Then, if you feel that further explanatilons
are needed, we will be glad to extend our regular oonsul
tation sorvice in regard to thems

ARITHUETIC

The whole subject of arithmetic is based on the figure W1
which is called a unit or unity. It can be added, indlcated
by the sign "+, it can be multiplied, indicated by the
gign "x", it can be divided, indicated by the gign N and
can be subtracted. as shown by the sign "M, The sign "=t
means "is equal to" or "the result is'.

Should we take two units and add them, we oan write it as
1+ L1l*2, Adding a unit to 2, we have 2 + 1 = 3, or we
can write 1 + 1 4+ 1 = 3, By adding one more unit each time,
we arrive at the figures 4, 5, 6, 7, 8 and 9. These, with
1, 2 and 3 are called tha digits which, with the number "Of
oalled zero, include all the digits uwsed for writing any
number. You will motiece that each one of these digits is
just 1 larger than the one before its Thus: 6 + 1 =7,

7 4+ 1L = 8 and SO OB '

M Pty Pl
— RAEE
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Should we add 1 to 9, the result will be 10, which requires-
two digits. Here again, we can add units and 10 + 1=121,

11 + 1 =12 and so on up %o 19, when 19 + 1 = 20, In every
case where two digits are used, the one on the lelt Teprew
sents the groups of ten units and the one on the right repre-
Sents the number of single units.

Take the nunber 76 for instance, the 7 represents seven groups
of ten units and the 6 represents € single units, ' The entire
nunber is read as seventy—six, This same method is carried
out for each extra digit which is usad and, for a large number
such as 5246358, we split it up as follows:

HUNDRED TEN
MILLIONS THOUSATDS THOUSANDS THOUSANDS HUNDREDS TEI'S UNIT
5 R 4 6 3 5 8
and read it as three million, two hundred and forty-six
thousand, three hundred and fi fty-eight.

ADDITION

To show you how the units are handled, suppose we add 4 and 5.
We know that 4 equals 1 + 1 + 1 + 1, and can think of 5 + 4
the same as 5+ 1 + 1+ 1 + 1. We can easily find tne rcsult
by remembering that 5+ 1 =6, 6 + 1 = 7, 7+ 1 =8and & + 1
= 9, In this way, we have ussd the four units by adding them
to 5, one by one, to reack che answer of 9.

Mier very 1little practice, this can be done quite easil:,
without stopping to count the units. The usual nlan is *o

place the numbers under each other and then add -~ thus:
< 5 1
4 8 6
7 3 5
5 9 7
18 26 12

To add larger numbers, they are written one above the other,
taking care to place the units exactly over each other. For
example, to add tne following numbers e write them as shown
below.

47229

7

R46

1857

6439

Notice here, the units at the right of each number form a
- vertical line or column, the digits which represent groups
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of 10 unibs are z2lso in avertical line > column ard the
same is true of the digits which rewressnt groups of 100
wriis and 1000 units.

A line is drawn bslow the pottom rumber and the units are
added first.  Starting at the Hop

9+ 7+ 6+ 7=29

The "9" of this addition is written direotly below, or in
the units column and the "RV, whﬁch represents two groups
of ten wnits, is either actually or mentally placca gbeve the
10 unitvs column. TLis is us ua;xw thosght of as W2V to carryls

Vext, we add the groups of 10 units, including the 2 cor-
ried over, and have

Follewing the plan already explaired, the ¥3¥ is writien
directly below or in the "10" column and the "1" is car-
ried over to the next e ft hand, or hundreds column.

The hundreds are then added, including the "' carried
over, for a total of

This time, the "4% 1s written in the W10C" column and the
1Y carried over to the "1000% column. Adding the thousands
and including the "1'" carrisd over, woe have

L+4+1=25

The %6" is placed in the "thousands? column and conpletes
the addition. Geading the full answer, we have six thousand,
four hundred ard thirty-nins.

Kotice here, the same general plan is follewed all the
woy through and, starting at the right hand units column,
we work toward the ieft.

To subtract numbers, the process of addition is reversed.

In other words, we want to find out how much kb rger onc num-
ber is than another. Suppose we want to subtract 5 from 8,
and write the problem 28 6 =5 =7 We know that 8 =5 + 1

+ 1 + 1, and taking the § aWdy wte have L + 1 + 1 = 3,

Thus ve can cay that & - 5 = &,
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For larger nurbers, the idea is exactly the same but the

value of the different digits which make up a large number
must be kept in mind. For example, to subtract 3789 from 584,
we can write the numbers the same as for addition. Thus=+

5842 " '
%789

Starting at the right hand side in the units column, we have
to subtract 9 from R but, as 9 is larger than 2, we gan not
wery well make the subtraction. We know howewer, that the
next digit to the left shows the number of grouns of 10
units therefore, we ¢an take one group of 10 units and add
it to the 2 and think of the number as

58351
5 7

[NoRpsev]

)
8

w

We can easlly subtract 9 from 12 for the result of 3,
which we write underneath the 9 and below the line. To con-
tinue, we subtract the next left digits, which renresent
the groups of 10, and find that 8 is to be subtracted from
3. This is about the same as subtracting ¢ from 2, so
that, as before, we borrow a group of 100 from the next
left colum and think of the number as

[4

1

(9231

7
7

[SafilesiRey]
C.‘Q(Q;:‘)

Here we subtract € from 13 and write the answer, which is
5, under the 8.

In the next column to the left, we subtract 7 from 7
which, of course, leawes nothing or O. This is written
under the 7.

In the last left column, we subtract 3 from 5 and as 5 =~
5 = 2, we write the 2 under the 3., The complete subtrac-
tion is, :

5842 57 1% 12
3789 done as 327 8 9
2053 . 20 5 3

To check, or prove, the answer, we remember that subtrac-
tion is finding out how much larger one number is than

another so that, if 5842 is 2053 larger than 3789, 3789 +
953 should equal 5842, Add it up yourself and see if we
are right. :
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LULTIPLICATION

Multiplication is really a form, or quick way of adding nume
bers which are equal. Suppose we want to find the sum of

four sixes. We can write them down and aad, 6 + 6 + 6 + 6 =
24. However, you may still remember the multiplication

tables you learned in school and know that six times four is
twenty—four. Just to brush up your memory, we have the follow-
ing table, giving all products from 1 x 1 to 1R x 1R.

Starting at the upper left of the table, you will find the
digit 1, and reading over to the right, 1, 2, 3, 4 and sc on
up to 12. Then reading down from the 1, again you will find
the digits 2, 3, 4 and so on up to 12. To use the table, it
1s necessary tc use both sets of figures. For exgmple, sup-
pose you want to know how much 8 x 7 is equal to.

g %3 4 5 6 7 8 9 10 11 1R
4 6 8 10 12 14 16 18 R0 2R R4
6 9 12 15 18 21 24 R7 30 33 36
8 12 16 20 24 28 32 36 40 ¢4 48
15 20 25 30 35 40 45 50 55 60
12 18 24 30 36 42 48 54 60 66 R
14 21 28 35 42 49 56 83 70 77 84
16 24 32 40 48 58 64 72 80 88 96
18 27 36 45 E4 63 72 8L 90 93 108
10 20 30 40 50 €0 70 80 90 100 110 120
11 22 33 44 55 66 77 88 99 110 1R1 L&
12 24 36 48 80 T2 84 96 108 120 132 144

OO0 U OB
=
o

Start at the upper left, with 1, and go down to 8. Then over
to the right to the coluan with "7¢ in the top line., The
number is 56 and thus, 8 x 7 = 56.

You can work this the otner way also by starting at 1 and
going down to 7, then over to the column with 8 in the top
line. Again you will find that 56 is the answer.

In general, to find the product of any two numbers up to 12
x 12, go down the left hand column to one of them, then over
to the right to the column which has the other one in the
top line. '

Instead of 6 + 6 + 6 + 6 = 24 we can write 6 x 4 = 24. This
we read as six times four ejuals 24 and call 24 the product.

To multiply larger numbers and still use the Table, we can
secure an answer as follows: T find the product of 6 times
76, we write
76
_B
458







57t

s,
2
>
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tarting at the right, we fipgt multiply 6 x 6 and fronm ihe
Table , see that 6 x 6 = 56, The six we write below the Line
under the 6 and the 3 wo Carry over to add to the nextt MLLG S
plication. Now e multiply 7 x 6 which ie 42 and adding the
3, which we carried over, have a total of 45 which we wrlte
to the left of the 6 making the answer 450

For still larger numbers, the same idea is carried out by
starbing at the right and every time & miltinlication is come
pleted, the right hand figure of the product is yrivten and
the remaining figurcs carried over to add to the next product.

To multiply @ number by 10, & now ig simply placed to the
right of it. Thus 10 x 476 = 4760 To multiply by <0, first
multiply by R then add a O to the right of the product e

This idea is carried out in all cages vhere gaither nunber to
be miltiplied ends in ohe Or OTC soros. To multiply 6283

by 1000, simply add the 000 to 628 so that 628 X 1000 =
628000

Suppose you went to multiply 478 by 26. o6 is made up of 20
and 6 so that you first multiply 478 by 6 which gives 268
Then you mulbiply 478 by 20 which glver 9560, The k568 is
added to the 9560 like this

2868
9560
12428

giving the ansvers In practice, it is custorery to coibine
tho multiplication and addition ahd omit the }ast O as it
makes no differencc. The cumplete prohllom can be writben

478
R6
2868

1R4R8

When a npumber is mulbiplied by $yself , the procuct is called
the square of the number. Tor xamile, 3 x & = 9 and 9 is the
square of 3, usually written 3%,

Multiplying a number by itself three times, the product 1is
called the cube of the number. Thus 3 x 3 x 5 = 27, the cube
of 3, and usually written %3, These products are known s the
Powers of the number and the srall figure at the upper risht,
known as an "Exponent" shows mmrwnthMsthenmmmris
miltiplied by itself.
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DIVISION

When the process of multiplication is reversed, the operation
is called "Divislon"s by diwisioms you can find out Liow many
times one number is contained in another. For all small nure
bers, the multiplication table gives the correct resulise

By the table, yon see, for ihstance, that 3 x 5 = 15, and
know that 3 goes into 15, 5 times, or 5 goes into 15, 3 timese.
Using the division sign, 15 #+ 5 = 3, or 15 + 3 = 5,

This method works out easily with the smaller numbers but, to
divide larger numbers, a somewhat differert method is used.
For example, suppose we are required to divide 4488 by 17,

1n other words we want to find out how many times 17 goes
into 4488 The number to be divided, such as 4483 in this
example, i~ called the "Dividend", the nwsber by which tne
dividend is to be divided, such as 17 in this erample, is
called the "Divisor" and the answer, or recult obtained by
the division, is called the "Quoticnt",

The problem can be written as

17 ) 4488 (264
34
108
102,
.68
68

To begin, we estimate how many times 17 gnes into the first
two left hand figures, "44", As 2 times 17 is 34 and taree
times 17 is 51, we place a 2 in the right hand bracle’ for
the first numbor of the answer. Then we mulliply 17 %y 2,
which is 34, and write it under ihe 44, Ovhorachins 34 from
44 there ie 10 left over and the next right hand figure of
the dividend is brought down and writlen to the richt of the
10, mking it 108e Then we repeat our first stev ~nd, estim
mating that 17 will go into 108 about six times, we put a 6
as the sccond number of the answer,

Multiplying 17 x 6 gives us 102, which is writien under the
108, and subtracting thesc numbers, leaves 8, Tho next right
hand figure of the dividend is then brought down and writben
to the right of the 6 making it G8s We now think thet 17 will
~go into 68 about four times and write the 4 down as the third
figure of the answer., iwltiplying again, we find thet 4 1imes
17 is 68 and, as subtracting here leaves nothin; for tre re-
rainder, the divi=ion is finished,

To prove the answer and check the wWork, we will multiply the
quotient, 264, by the divisor, 17.
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260,
17
18,8
26l
44,88

The product is the original divident of A448¢ so that the di-
vision must be correct,

Of course, all problems in dividion will not work out like
this and often leave a remaindcr,

Suppose, for examole, that we want to divide 537 by 19. The
figures are put down and the work is done exactly the seme
as in the former example, giving us

19) 537 (=8

That leaves a remainder of 5 which is less than the divisor

19 so that the 28 is not a complete arswer. To complete the
problem, we must also divide the reueinder 5 by tle divisor

19 but, instead cf doing any work, we sinply write 5/19 making
the correct answer 28-5/19.

The 5/19 is called a fraction, and to continue, we will ex-
plain how they cen be added, subtracted, divided and multi.-
plied.

TRACTIONS

Proper Fractions are those figures which rerresert quantities
less than 1. Let us take a dollar for example, It can be
divided in mony different ways such as 100 cents, 10 limes,

L cuarters or 2 half dollars. A cent, a dimes a quarier or
a half are each a certain part or fraction of a dollar. To
write a half dollar in fractional forr it would be L or 1/2
and the uppcr or first figure is the Numerator -~/hile the
lower or last figure, is the Dcnominapor. As it takes four
quarters to make a whole, cach quarter is ecgual to 1/l or one
fourth of a dollar, each dime is eourl to 1/10, or one tenth,
and each cent is equal to 1/100, onc one hundredth of a dollar.

Now you know that five dimes is enual to fifty cents, twvo
guarters or one half and written in fractions wo have

5/10 = 50/100 = 2/1 = 1/2

The first fraction reprosents the dimes because cach dime is
1/10 of a dollar and five dimes is 5/10, The 50/100 represent
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the pennies because each cent is equal to 1/100 of a dollar
and 5o on. Looking at the fraction 5/10 = 50/100, you can
see that o make the 5/10 equal to 50/100, -both the numerstor
and denominator have been multiplied by 10. The same is true
of 1/2 = 2/4 but in this case, the numerator and denominatop
of 1/2 were multiplied by 2. L

Because this relation is always true we can State the rule
that, when the nunerator and denominator of a fraction are
both multiplied by the same nunber, the value of the fraction
does not change.,

This being true, we can also go the other vay and say that
when the numerator and denominator of a frachion are both
divided by the same number, the value of the iraction does
not change. For example, using this rule and dividing both
the numerator and denominator of 5/10 by 5 we get 1/2, Fol-
lowing this plan and dividing 50/100 by 50 we get 1/2 or gi-
viding £/4 by 2 we again get 1/2. Then as 5/10 equal 1/2 and.
50/100 equal 1/2, and 2/4 equal 1/2 you can easily see that

5/10 = 50/100 = 2/4 = 1/2

The one exception to this rule is the value of zero. Any .
nuber multiplied by zerc id egual to zero thus, multiplying
the numerator and denominator of a fraction by =zero would
result in the expression of zero divided by zero such as

Sx0_0
10x o0 0

a result which has no definite numerical meanings

In wuch the same way, dividing by zero has no definite meane
ing. It is assumed that any number, divided by zero, will
result in a quotient of infinity. That is, zero goes into
any number an unlimited number of times and therefore the
operation has no finite numerical m3aning.

ADDITION OF FRACTIONS

Practions can be added just like whole numbers but first must
be multiplied or divided until they all have the same denom-
inator. Suppose youw want to add 7 pennies, 3 dimes, and a
quarter. You know at once that the anawer is 62 cents but,
what you really do in your mind is to add

7/100 + /10 + 1/4 = 62/100

By first making them all have the same cdenominator, 7 pennies
equal 7/100, 3 dimes equal 30 cents, or 30/100 and a quarter
equalis 25 cents or 25/100 of a dollar. Then you have

7/106 + 30/100 + R5/100 = 62/100 of a dollar or 62 centss
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To add any fractions, it is first necessary to -reduce them
all to g common denominator which is any number thal can be
divided exactly by all the denominators. For example, to add
1/4 + 2/3 + 1/6, the denominators are 4, 3 and 6 which, when
multiplied, give a product of 4 x 3 x 6 = 72 for the common
denominator. As 72 divided by 4 = 18, 72 divided by 3 = 24
and 7R divided by 6 = 12 the problem can be writien

1x18 ,2x24  1x12 _18 48, 12

4x 18 3x2 6x12 7R R T,

with the common denominator of 72, the problem can be con-
tinued as
18 + 48 + 12 _ 78

—

7R 7R

Inspection of this fraction shwos both 78 and 72 are divisible
by 6 therefore the fraction can be reduced %o

78 =+ 6 _ 13
7 6 12

Going back to the original problem, the denominators can be
divided into their factors and written as

(2x2)x 3)x (3x2)="1T7

Here we see that the factors (2 x 2 x 3) include all those
needed for any one of the denominators and decide that

2 x 2 x 3 =12 is the smallest number all the denominators
will divide into exactly and is therefore the lowest common
denominator. As 4 goes into 12 three times, we multiply
1/4 x 3/3 = 3/12. 53 goes into 12 four times therefore

2/3 x 4/4 = 8/12 and as B goes into 12 two times, then 1/6 x
2/2 = 2/12, Now we can add :

3/12 + 8/12 + 2/12 = 13/12

As the denomingtor of a fraction shows how many parts the

unit has been divided into, then 13/12 would give us one
entire unit of 12 parts and one left over So that we could
write 13/12 = 1-1/12. This we read as thirteen twelfths equal
one and one twelfth. Whenever the numerator is larger than
the d enominator we call it an improper fraction because it is
greater than 1. Thus the fraction 7/4 can be written 1-3/4
because 1 eguals 4/4.

To change -an improper fraction into a whole number and a prop—
er fraction we divide the numerator by the denominatore
Thus: 29/7 = 29 divided by 7 which is 4~1/7.
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In the same way, a whole number and a proper fraction can be
changed into an improper fraction by multiplying the whole

nunber by the denominator and then adding the result to the
numbrator. Thus 6-2/5 = 6 x 5/5 + 2/5 = 50/5 + 2/5 = 32/5.

SUBTRACTION C(F FRACTIONS

To subtract frachions, the process of addition is Just re-
versed., Referring to money again, suppose you had two
quarters and wanted to give away thres dimes. First you
would have to make change, and receive five dimes for the
two quarters. Then you could give the three dimes away and
have two left. Remembering that a dime is 1/10 of a dollar,
in fractions, here is what you did.

/4 ~3/10 = ?

You know that 2/4 = 1/2 so that you had to subtract three
tenths from one half or, 1/2 - 3/10. ¥hen you made change,
you turned the 1/2 into 5/10 which, as you already know, did
not change its value, to make the prcblem

—— o m— 3T e

As in addition, you first changed the fractions uniil they
had the sane denominator but then subtracted the nurerators,
"the result being the numerator of the ansver. The denomina-
tor of the answer remained the same as that of the fractlons
subtracted.

To show you how these steps are followed we will subtract 2/7
from 3/4. First we reduce to a common denoninator which, in
this case, is 4 x 7 or 28. Then, 3/4 equals 21/28 and &/7 =
8/28. Subtracting, 21/28 - 8/28 = 13/€.

MULTIPLICATION OF FRACTIONS

To multiply fractions we proceed somewhat differently than
in multiplying whole numbers. When a fraction is mvliiplied
by a whole number, we multiply the numerator only ard Go not
change the denominator. Thus 1/4 x & = 3/4, because if you
had a quarter of a dollar and we had three times as much, we
would have three quarters.

To multiply one fraction by another we simply multiply the
numerators for the numerator of the answer and then multiply
the demoningtors for the denominator of the answer.

Instead of using the. "x" sign, we often write the word Mof
between the f ractions. Suppose you had 60 cents and we had
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2/% as much. Now 60 cents is 6 dimes or 6/10 of a dollar and
we have 2/3 of 6/10. lultiplying the numerators, 2 x 6 = 18,
and multiplying the dencmipators, 3 x 10 = 30, therefore we
have 12/30 of a dollar. We can divide both numerator and
denomipator by % to arrive at the answer 4/10 or 4 dimes as
the amount of our money. The 4/10 could be reduced further
to 2/5 by dividing both numerstor and denominator by 2.

To multiply several fractions we proceed in exactly the same
way., To find out how much 5/12 x §/21 x 14/25 equals, we
think »f it as

5x 9 x 14
12 x 21 x 85

Before multiplying however, we can save guite a lot of work

by spiibtting the numbers into smaller ones. Ve know that 3

x 3 is 9 and 2 x 7 = 14 therefore, we will write the numerator
as 5 x4 x3x2x 7., For the denominator 3 x 2 x 2 = 12,

5 x7=2R2Land 5 x 5 =25, The whole problem then can be
written as '

5x3x3x2x7
3 xRx2x3x7x5x5

Instead of multiplying both numerator and dencmipnator by the
samg figures, we cross out, or cancel, those above and below
the line that are alike. The first 5 of the numerator and
the first 5 of the dencminator are crossed off, then the
first 3 of the pumerator and first three of the denominator
and so on until the fraction is reduced to

—

2 x5

With no number left in the numerator, we assume a factor of
1 to have

R
2x5 10

DIVISION OF FRACTIONS

To divide a fraction by a whole number, the dénominator is
multiplied by the number and the numerator is not changed,
thus 3/4 divided by 5 equal 3/20, This is easy to prove
because 3/4 equal 15/20 and five times 3/20 also equal 15/20.

To divide one iraction by another, we simply invert the div-—
isor and multiply. Thus 2/3 % 4/5 is changed to 2/3 x 5/4
which equal 10/12 or 5/6.
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Any whole mumber can be written as a fraction by putting 1
as the deneminator. Thus 4 = 4/1 bub as 4/1 = 8/2 = 12/3 =
16/4 wo can charge any whole number into = fraction with any
denominator we wish.

DECIMALS

If you should pick up a newspaper and see scme shoes adver—
tised for $5a65 you would read the price as three dollars
and sixty-five cents. You know, however, that a cent is one
one-hundredth of a dollar so that the price might be written
$5-65/100, $3-65/100 is a fraction bub £3.65 is a decimal.

We want you to think of decimals as fractions whose denominge
tors are 10 or 10 multiplied by itself any number of tines,
10 x 10 =100, 10 x 10 x 10 = 1000 and so on. Instead of
writing them as ordinary fractions, however, we use exactly
the same idea ag we do in the vhole numbers. You will remcm—
ber that, starting with the figure 1, the next column to the

1eft showed the tens, the next to the left the hundreds and

50 on. Notice here, that each time we go to the left with a
figure, we really multiply the number by 10, Thus 10 is ten
times 1, 100 is ten times 10, 1000 is ten times 100,

The deeimals are exactly the same but start to the right of
1, with the decimal point always next to and at the right

of the units. Thus .l is read one-tenth because the figure
is at the right of the decimal point. The number .0l is rzad
one one-hundredth because it is in the second column to the
right of the decimal point. Going to the right of the deci-
mal then, the fipures in the firs® column are the tenths, in
the sevond column the hundredths, and the third column the
thousandths and so on. Carrying this plan further

Hundred Thousands — ~ - 1 0 0, 0 O O,

Ten Thousands -~ = - -~ — = 1 0, 0 0 0,
Thousandg = = = = - ~ ~ « ~ i, 00O,

Hundreds - - = = = = = ~ o« -1 00,

Tens w m m oo = o e o 10,

Units = = = = = = = & - - o -l

Tenths = = = = = 4 e e o ol il
Hundredths - - = ~ = = = « = & - =y 1
Thousandths w = = = = = = = = - & 001

Ten Thousandths — ~ = = m e = o — = L0001
Hundred Thousandths — = « = = e = = ,0 00 0 1

You will notice the 1, or uniby, is at the center and the
decimal point, included with it, is ab the right. Going to
the left, each column represents a number ten timss greater
while, going to the right, each column represcnts a fraction
ten timeg smaller.
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Another way you can think of decimals is this., For the dec-—
imal fraction .347, the 347 is the numerator and the denome
inator is the flgure 1 with as many zeros after it as there
are figures in the numerato.. In this case, there being
three figures. the denominator is 1000.

When they are at the right of the figure, the zeros make no
difference to the value of a de01mal, thus .5 is five-tenths,
«50 is fifty hundredths, ,500 is five hundred thousandths.
From our’ former explanatlons, you know that 5/10 = 50/100 =
500/1000.

wuen the zeros appear at the left of the figures, they make
a big difference as .5 equal 5/10, .05 equal 5/100 and

+005 is five thousandths. To determine the value of the
denominator in this case, we count the number of figures to
the rlght of the decimal whether they are zeros or not.

ADDITION AND SUBTRACTION F DEGIMALS
Decimals are added and subtracted Just like whole numbers

but, when writing them down, we must be careful to have all
of the decimal points efactly under each other, For example,

if we add o6 + L0539 + 1,08 we will write

+ 600
059

1,020
1.659

The last zeros, vo the right, are not necessary but make the
addlﬁlon a, 1ittle easier te see.

In the subtraction of decimals, we follow exactly the same
mathod as in subtracting whole numbers but, in writing down
the figures, it is always well to include the extra zeros as
we did in the addition above. For example to subtract ,012
from .OR we write :

«020
2012
»008

MULTIPLICATION (F DECIMALS

To multiply decimals, we simply forget the decimal point and
go ahead just as if they were whole numbers. However, when
we have the answer, we start at the right and count off as
many numbers, or places, as the sun of the number of plaoes
in both the numbers which were multiplied,
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For example, 0 multiply 5644 by .28, We write them down as
in ordinary multiplication,

5644
+28
4512
kel
154792

After we find the answer, 15792, we simply count one
figure to the right of the decimal in 56,4 and two %o the
right in .28, Then L + 2 = 3 and, starting at the right
of ‘the answver, we count off three placed and Locate the

" decimal at the left of the 7, making the result L5.792,

To follow this plan, sometimes it 1s necessary to add zeros
but the rule still holds good, For example, suppose We .
mulbiply »00% by .07, :

«002
07
»000)4

Here you see the first answer is 14, but as .00 has three
places and .07 two, the answer requires five places to the
right of the decimal, As there zre but two figures, we add
the three zeros and the correct answer is .00014.

DIVISION OF DECIMALS

"As in multiplication, decimals are divided just like whole

numbers, no attention being pald to the decimal point unbil
we have the answer. Then, starting at the right as before,
we point off as many places as those in the dividend exceed
those in the divisor,

For example suppose we divide 44,0572 by 18.7, is already
expleined we will have

1847) 44,0572 (2,356
274
665
561
1047
35
11R%
1128

Checking back on our explanation, the dividend 44.0572

has four decimal places while the divisor, 18.7 hss bub one.
Then as four is three larger than ope, the answer, or guo-
tient, will have three places making it 2,356, When the
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dividend and divisor have the same number of decimal Places,
the answer has none — like this

.039 divided by ,003 = .003) ,039 (13
3

ko<o{

giving us the whole number 13 for %he answer. Should the
dividend not have as many decimal places as the divisor, we
simply add as many %eros, to the right of the decimal, as
are needed. '

30,5 divided by .125 will be worked out by just adding two
3eros making 30.5 into 30.500. Notice that this does no
change its value.

.125) 30,500 (244
- 250

55
50

[oN e}

0]
0

—_—

921 CJ‘I!

o O

As both the dividend and divisor have the same number of deci-
mal places the answer has none and is 244,

About -the only other case that will bother you is where the
divisor is larger than the dividend, such as 17 divided by
68. Here, we put a decimal to the right of the dividend and
add as many zeros as are needed. In this example, we add
two and the dividend becomes 17.00, Notice again that this
does not change its value.

68) 17.00 (.25
136
340
340

Our first ans¥er is 5 but as the dividend has two more deci-
mal places than the divisor, there will have to be #Hwo places
in the guotient making it .25.

By following this method, any fraction can be changed into a
decimal. Thus:

3/4 =3 +4 =3,00+ 4
4) 3.00 (.75
23

e
20
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Therefore, we fimd that 5/4 equal .75. #4s a check, we know
875 = 75/100 and dividing both numerator and denominator by
5, we find 75/100 = 3/4.

SQUARE ROOT

As mentioned earlier in this Lesson, when a number is multie
plied by itself, we say it is "squarcd" and indicate the
process by writing the number with an exponent "%, In the
form of an cquation,

6° = 6 x 6 = 38

which is rcad as six squared cquals six timcs six, equals
thirty—sixs

This jis a common form of problem found in many clectrical
calculations hubt one which causes no psrticuler difficulty
as it involves nothing but simple multiplication. The table,
given earlier in this Lesson, includes all squares of whole
numbers from L x 1 to 1R x 1R.

However, it is an equally common problem to arrive at a value,
stch as the W36" in the oxample just given, and be required-
to find the number of vhich it is the square. This process,
Inovin as finding the squarce root of & number, is indicated

by the radical sign, ™" and reversing the former example,

e

V36 = 6
which is read as, the square root of thirty-six equals sixa

To illustrate, we will assume a problem in which we find

and therefore knovw the value of voltave WEY is equal to the
square root of 729. ’

To solve the problem, we go ahead much like long dividion in
arithmetic but first write down the number 729 and, starting
f;om the right, draw a line after the sccond number like this,
7/29.

Next, we look at the left figure, which in this case is 7, and
think of tho largest squarc that will be less, or go into its
We know that % x R is 4 and 3 x 3 is 9 therefore the squarc

of % 1s the largest thet will go into 7. So we weito 2 as the
first figuie of ocur answer and the problem nuow looks Llike

) 7/29 (2
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The square of R is written under the 7, subiracted from it
_ahd. the-naxt. group of ~two figures brought duwn like whis

) 7/29 (2
4
329 -

We then multiply the andwer, that we have so far, by % and
use that as the first figure of the next divisor like this

) 7/29 (-
4
4) 329

Now we see that 4 goes into the 32 of the 329 exactly 8
times but, as the divisor will have a second figure, decide
8 will he too large therefore write 7 in as the second fige
ure of the ancwer and also as the second figure of the die
visor, giving us

) 7/29 (27
4 __
47) 529

The 47 is then multiplied by the 7 of the apswer, being
writbten under the 329 and subtracted from it, 4s there lis
no remainder, the answer 27 is complete and the syuare

root of 729 is 27, The complete problem will look like this

7/29 (27
) 4/ (

47) 329
329

These same steps are followed for all numbers but, when
there is a docimel point, it is necessary to start frop it
and work both ways when dividing the number into groups of
two figures.,

To show you how this works out, suppose we extract the

square root of 044,484, Starting from the decimal point

and dividing the number into groups of two figurus, we have
8/44./48/40

The "OM, added to the right~hand group, does not change
the value of *the number but simply completes the laat

group, Following the stops explained abouwe, the problem

works oub as follows,
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) 8/44,/48/40 (29.06
4

Notlce here, the third number of the answer is "O" becawuse
with any nuuber added, the trial divisor "58" will be greater
than the remainder "348". In a case of this kind, we place

a "O" in the anewer, add a "O" to the trial divisor, bring
down the next group of two figures and go ahead with the
steps already explained,

Checking the problem, you will find there 1s a single figure
in the answer for each group of two figures in the original
numher. Therefore, as the original number has two groups of
figures to the left of the decimal the answer has two single
figures to the left of the decimal,

Because some units of electrical measure are comparatively
large, the components used in Radio circults are of small
value and thus it is often necessary to extract the square
root of a four or five place decimal. To 1lllustrate a probw
lem of this kind, suppose we want to find the square root

of «00025,

Our first step is %o start at the decimal point and divide
the number into pairs of figures, msking it ,00/02/50. The

.lest "O" does not change the value of the number but com—

pletes the third group of two figuress

Looking at the groups, the one next to the decimal point
contains two zeros therefore the first figure of the answer
will be zero with the decinal to the left, like this

.00/02/50 (.0

As this first step contains nothing but zerns, the next pair
of numbers is inspected and the problem is started as already
explained. In this case, with the numoer "OR", the nearest
perfect square is 1, therefore we write "1'" under the 02 and
another "1" in the answer, as shown below,

.00/02/50 (.01
1
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Then we subtract the "' from the "2", as in ordipary division,
and bring dewn the next pair of figures to reke the prodlen

,00/02/50 (0L
1
1 50

Following the usual steps, the answer is doubled and written
in as the first number of the trial divisor, the second
number of which is estinated and written in the divisor and -
the answer to make the proklem

+00/02/50 (4,015

e
25) 1 50
125

25

To provide a third number in the answer, vic assume a group
of two zeros follows the group of "EOM in the orijinal iy
ber and procesd in the usual way.

«00/02/50/00 (L,0L58
1
’5) 1 50
125
308) 25 00
24 64
36

The work can be continued by adding pairs of zeros until the
answer has the desired numher of decimal places but, for ordi-
nary problems, three figures usually provide sufficient
aCCUracy.

In all sduare root problems, it is ea=sy to checl the ork be—

-cause, as the answer should be the square root of the original
number, the answer can be multiplied by itsclf anpd the vesult

should ecual the original number,

For the example jusl given, we found the square root of 00025
was ,OL58 and, as oOL58 x 0158 is ,00024964 our ansver is bub
«00000036 less than the original numbar,.

PRACTICE PROBLZL.S

The following problems have been included as a part of this
Lesson to provide a ready means of practice for thuse <tude: ts
who require it. To malke the information con ls v, the answers
to all the problems arc given onh a <cparate r8ge.
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Our suggestion is that you work the problems first and then
check your answers with those which are given. In this way,
you will obtain the greatest benefil from the work,

These problems nced not be sent in for grading but we will
be glad to send complete details on any of them which you
may find difficult
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PRACTICE PROBLEMS
Do Not '3end In For Grading

Answers on Page 24

2 48+ 7w B 4 9= 3‘/7

10 (a)
(b) 746 + 5+ 2416 + 40 = 3207
(c) 17 + 5% + 4 + 31,567 =3 2 ] FA
gd% 600 + 78 + R567 + 758 + 9 £ p/ 2.
e) 3006 + 435 + 74 + 6782 =
14297
2. (a) 68 ~45= /2
(b) 462 ~ 63 = 299
(c) 7525 - 6735 = 790
(d) 837 - 492 = 744
(e) 5864 - 962 =4-gol
3. (a) 49x7=0%3
%b) 83 x 14 = g5 L
c) 592 x 38 = 2 /
(dg 746x258=”2f7;<7!f,
(e) 3926 x 547=/7,¢Z/?/ ‘
4. (a) 153 + 9=/
(b) 184 * 23 = ?l;
(c) 4564 326 =/
(d) 59 #7 =67
(s) 382 +21 = 17
5.  (a) »/5+ 9/15= |
(b) 1/2 +2/3 + 5/6 =
() 1/3+2/a+1/6=3% L
() 7/4 + 3/5 + 2/3 = =~ * 40
(e) 3-1/%3 + 2-3/4 % 1-4/7 =
‘ 7
8. (a) 3/4 —-2/5 = /5{0
(b) 4/7 -2/9 = =2
(c) 2/3 ~5/8 = 2y
(@) 3-3/4 - 2-1/7 =
(e) 5-4/9 - 3-2/11 =
7. (a) 2/3 x 3 = "g;
(b) 3x1/8= 7
(¢) 2-1/2 x8/5 =
(d) 3-7/8 x 4/3 =
(e) 3/4x 4/5x 5/6 =
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" PRACTICE PROBIEMS (Continued)
D@ Not Send In For Grading

Answesrs on Page R4

4-3/4 + 1-1/2' =
7/8 + 3/4 =

LD 20 Uoe

2.45 + 06 + 38,4 + 7.1 = RO/

29.6 + JO08 + ,2 + 14,06 =3§3~Mg,,,
LOL + 002 + .125 + 00025 gid Fud
5,07 + 1.2 + 0001 + 5,002 =1-d»2 7]
10,00 + O0L + 1.01 + 10= e/ /l/

Je

[UNN e e I o g}

4.6501 ~ 006 = s b %4/
L00L — ,000R5 =.& @075
8.8043 ~ 8,7942 =64 o §
29,004 ~ 19.005 = 94,49 9
L0025 — JOOOR5 = w2 p 225

lo.,

Do op

11. 32.4 x ,005 = &0

L2 x 0005 =0e2]

2.5 x 6,02 x 5,04 = 45174
.05 x .02 x JOOL =,p0000/

6823, x JOOOL =« £ §25

o0 o'p

12, 32,4 + ,005
.02 + 0005
2.5 + 6,25 = %
L001 = .05 =,0 4

25 +250=.207

V1849
V466,56
v5850.2025 =
V.001 =

V. 0005 =
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Some people fail because they never begin.
More people fail becauss they never finish,
Stick-to-it-ive~ness wins oftener than genius
or luck., You may make mistakes, others may
misjudge you. You may be tired and .discour-
aged. But, i1f you stick, by and by everything
and everybody will give way to you.

If you have principles, they will do you no
good unless you stick to them. If you do not
stick to your friends, you do not deserve
friends. If you do not stick to your job,
you cannot make & success of it and find a
hetter one. In a troubled and anxicus time
of the Civil War, General Grant said, "I

will fight it out on this line if it takes
all summer." ILet that be your motto.

~— Dr. Frank Grane

FDM-1
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RADIO SYSTE:
Tt is a very common, everyday experience for most of us to
simply turn a switch or push a butbon on our Rnadio and, in a
few seconds, enjoy the music of our favorits orchestra even
though it may be playing nundreds of miles awcy, Perhars you
have marveled at this "agic!" of Radlo which tr-vels through
space, without wires, and lets you hear inec rusic as secn as
the audience in the Broadcasting Studio wiere tne orcuestra
is playing.

Being interested in this subject, no doubt you have looked
underneath a Radio and way have wondered how such a '"rat!s
nest" of wires and gadgets can pull your favorite vrogrems
out of the air, That, by the way, is the purrose of th:'s
Training Program =—- To tell you and siow vou Just "nat-makes
the wheels go around" in Radio and Flectronic Equinrent -—=

To explain the principle which way zovern the actions of the
many "gadgets! which go to make up the various Radio and
Electronic devices,

Once you understand these princinles anc scre of their nrecti-
cal applications, you will have a good fourdation to buld on
L

and will have rede a good start tc gualify for the more skill~
ed and profitable work in the Radio end Flectronic ficld,

RADIO ENERGY

Tt has becen said that, "™fith a good start a race is ralf won'
so, let's stadt at tne very beginning with a few general ideas
about this world in which we live,

The "stuff" which makcs up @11l the things we know, cuch as

the soil, rocks, water and irces in the co.ntry 2s well as the
bricks, stones and pavements of thc city is koown technically
as "Matter",

As a general definition, we can say that ifattor is anythihg
which occupies space end thus you can sce it will inclule our
clothes, our food, our furniture anrd even our bodics. The
definition makes no exccpbions and covers all solids, s:ch as
wood, stone, mectals and cloth, all licuids euch as gaso_ine
and wator as well as the lighter substances, such as alr,
which are known generally as "gas'l,

In addition teo "matter!, there arc a nucber of important
natural forces which we call "energy"., No doubt you arc
familior with the common use of thc word but, for this train-’
ing, we want you to think of cnergy as the ability teo do works
Notoxactly the kind of work for which you rcceive a pay checl,
but work in a more technical scnsec,
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For example, by heating water in the boiler of 2 railrced
Locomotive, you c¢on produce stezm which will pull a heevy
trein, a job that, under ordinary conditions, the originel
cold water could not do. That is wuy we say it is the II at
Energy, added to the watver, which his the ability to do worke

There are other common forms of energy, such as light ard
sound, and any work you do with your muscles can be clsc =d
as mechanical cneirgye. +hat interests us moct in tals train-
ing progrem is Electrical <nergy beciuse, without it there
vould be no Radio.

Fiost of our modern machinery is mainly useful in converting
energy from on: form to another. For exanple, the Leab energy
of the exploding gasoline vapyr, inside the cylinder of
automobil:z engire, is corvertsd o mecaanical energy whlich
drives the car. Electrical encrgy, pascing through the common
electrical lamp bulb, is convected into both light gnd heat
SNeTLY e

When you talk into the ordinary telephone, the muscular nergy
of the vocal chords in your taroah is convertsd to cound energy
vihich enters the mouthpicce and it converted into electrcal
energy. This elecirical encrgy travels along the wires to

the other end of the line where it is corverted vack to sound
energy which can be heard by the listener.

In Radio, the general idea is much the sare but, instead of
using wires to connect the spe-ker and listen:r, a speci-l
form of electrical erergy is employ=d to cwry the ncssa’ag
through spaces We want you to think of this as R~dlio Ir rgy
or, because it carrice the messages from one point to another,
as a Radio MCarrier¥,

TRANSLIISSION AND RECEPTICH

In generzl, all completie Radio systens cor be divided invo
two main partse

(ne: The apparatus which converts the £ouand energy to vlece—
trical energy 2nd, by me.ns of a "Carrizr", sunds or irnns-—
mits the mes._ages through space. This part of Lhe o slen is
the "Transmittor® and its complete assernbly 1s kno/n as a
Wstation"., The cormon Broadcast stalions are ithereore
glassed as Radio Transmitters or Tratsmitting Stations,

Two: The apparatus which receives the transmitted corrier
energy and converts it baek to sound, This part is the
"Raceiver!.

The Radio Transmitter, in turn, can be divided into two ¢3sneral
parts. First, the apparatus which converts the sound or other
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signals into electrical energy and second, the apparatuc vhieh
generates the YCarrier'.

While Radlo receavers are a common household article, Radlo
Transnitters are soldom seen by the public and therefore, in
Figures R and 3, we show views of a medium sized Federal lMarine
lModel such as is used on ships., Figure 2 shows the general
appearance of the unit ready for operation while, in Figure 3,
the doors have been opened to expose the various partse

ANTENNAS

In order %o start the carrier energy on its journey through
Spacey the transmitting station has an "Antenmall.

As shown in Figure 1, these are mnde in many forms, shapes

and types and, for transmitiing stations, they range all the
way from a simple vertical rod, to complicated arrays of masis
with wires strung in between.

Artermas are also reguired for Radio Receivers but, in general,
they are much smaller snd simpler than those of the TranSe
mitting stationse. In fact, many modern Receivers have tho
antenna built inside the cabinet, thus eliminating ihe need

of an oubdoor installation,

FREQUENCIES VS« WAVEIENGTH

AL Badio transmitters produce or %generatef the Carrier,

which was mentioned above, and now we want to explain the

sharacteristics which make it possible for the meny Radio

Transmilters and Broadecast Stations to operate 2t the same
time without interfering with each other,

By methods which we will explain later, the transmitter feeds
the Radio earrier energy to the antenna in a series or stream
of pulses, Bach of these pulses causes a distrubance whish
syreads oul abt the speed of light in the space around the
antenna 4

As these pulses follow each other in rapid and regular order,
the energy which leaves the antenns is often thought of as
being a form of waves and the action is compared to that which
owcurs when a pebble is dropped in a pool of still waters
Little waves start at the point the pebble strikes the water
ahd travel away in a series of widening circles.

Thinking of the Radio carrier energy in somewhat the same way,
We are interested in the speed at which the waves travel, the
number of waves which pass in a given time and bthe distauce
from the crest of oue wave to the next.
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This may sound somewhat complicated bub, in reality, a little
simple arithmetic will brirg out 11l the importent polnts. To
make the details easy to follow; suppose We imagine that
several. shiploads of alrplanes are being landed and acsa’bled
at a small port and are to be flown to their destinatior,
several hundred miles away. The only available airport 8

so small that but one plane can take off 2t a Lime,

The planes are all alile, with a snced of 300 miles per hour,
and a schedulc has been arranged which allows one to take off
every minute. At the end of one hour, the first plane will be
300 miles away but, as the planes toke off at one minute in-
tervals, there will be €0 plancs in the aire

THith 60 planes spaccd saunlly over 4 distance ol 300 milcs,
they must be 5 miles spart bocause 500 divided by 60 equils
5, However, if you were standiie anywhere along theiyr line
flight, the planes would pzss you at the rate of one neEr
minute, '

Letts go over the pleture agiin onickly. A steady stre-m of
airplencs take off from the airport at the rate of ore rer
minute and, travelling at 300 miles per nour arc spuced 5
miles apmrt. In a more technical. way, we can s°7 tl.e 1} mnes
leave the airport at a "freguency™ of 60 wcr hour, Tis 1s
also the "frequency " at which tuc pla.cs pass over any point
of thoir flight.

We frequently read of "waves' of vorber plinec nad, thi king
of each plane in the cx.m-le ~tLove 28 the crest of o Wave,
we will have a wavelerglh of 5 milcs. T us we bave the tiorec
important factors in regard to the plancs of this LI _Co

1, Speed of 300 miles per hour.,
2. TFrequency of 60 per hours
3. Uavelengbth of 5 milecs.

To calculabe the rclationship between these throe, you will
find -

1, The Frequency cquals the specd divided
by the wavelength,
2. The Wavelength cauals the speed divided
by the frequency.
]
Using the values given above, the Froquency is ejuel to the
specd of 300 divided by the wavelength of 5 for a valuc of 50,

The 'Javelength is equal to the speed of 300 divided by the
frequency of A0 for a value of 5.
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RADIO NEASURELENTS

Ezactly the same plan is used for the measurement of the -
kadio Carrier Energy but, as its speed is enormously high,
different units of measure are employed. Distances are
reasured in "Meters", a unit of the metric system, which
cquals about 39 of our inches or approximately 3 1/L feet.

Frequencies are measured in "cycles", a word that applies
to any scries of events which occur over and over again in
rsgular order. Fach complete pulse of Radio energy which
leaves the Transmitting antenna is considered as one cycle.

For our airplane example, we found a frequency of (O per

hour but, .because of the high speed of Radio energy, its fre-
quercies are measured in "cycles per second". Even on this
basis, the ordinary frequencies run into large numbers and
thercfore we use larger units as shown by the following tablec,

UNITS OF FREQUENCY LEASURE

1,000 Cycles = 1 Kilocycle - (ke)
1,000,000 Cycles = 1 Megacycle - (mc)
1,000 Kilocycles ~ (ke) = L Megacycle = (me)

Ve have mentioned the enormous speed of Radio Carrier Energy
and can tell you now that it will travel completely around

the world about seven times in one second. It is because of
this high speed that we can talk to distant parts of the World
by Radio, without any noticecable pauses in our conversation.

In actual numbers, this speed is equal to 300 million meters

a sccond and, as explained for the zirplane example, cvery
frequency has a corresponding wavelength, Here again, we

usc” the relationship explained for the airplanc cxample but
now, the specd is 300 million meters per second, the Frequency
is measured in cycles per second and the wavelcngbh is measured
in licters, Thus, for Radio Energy, we can state: —

1. The Frequency (in cycles per second) equals 300
million divided by the Wavelength (in meters).

2+ The Wavelength (in meters) equals 300 million
divided by the Frequency (in cycles per second).

There are two important points to remember herc., First —-
there is a corresponding wavelength for every freunency and s
Seccond -~ the higher the frecuency, the shorter the wavelength.

THE RADIO SPECTRUM

By methods we will explain the later Lessons, it is possible
to control the frequency of a Radio bransmitbing shation and
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all frequencies, between 10 Kilocycles and 30,000 llegacycles,
are known as the Radio Spectrum. The Federal Communications
Commission assign or "allocate! a definite frequency to every
transmitting station so that each one has its place and ¢an
operate without causing interference with other stations,

Starting at the low frequency end, all values between 10 Kilo=
eycles and 30 Kilocycles are known generally as very low fre-
guencies, abbreviated, (VLF), From 30 K.C. t0o 300 K.C., they
are called "Low" frequencies, abbreviated (LF).

The frequencies between 300 K.C. and 3000 K.C. are known as
Mledium", abbreviated MF." and herec we find the Broadcast
Band which extends from 545 K.C. to 3600 K.C. As practically
all of our Broadcast stations operaté in this band it is the
one known best to the general public,

To simplify the writing of freguency values, above 3000 K.C.,
the unit’ megacycle is used and transposing, 3000 K.C. is equal
to 3,000,000 cycles which, in turn is equal to 3 megacycles,
A1l of the present classes or bands of fregquencies are summa-
rized in the following table.

Frequency Range - Name ~Abbreviation

10 XC to 30 KC ~Very Low - VLF

30 KC to 300 KC ~Low - LF
300 KC to 3000 KC  =Medium - IF
3 1C to 30 MC ~High - HF

30 MC to 300 MC . =Very High = VHF
<300 MC to 3000 MC =Ultra High - UHF
3000 I to 30,000 MC ~Super High - SHF

The frequencies from the 1600 Kilocycle end of the Broadcast
Band up to 30 llegacycles are sometimes called "Short Waves'.
The corresponding wavelengths for these frequencies are from
187 meters to 10 meters and certain groups of frequencies are
known as the "49 leter Band", the "19 lMeter Band" and so one

The values from 30 megacycles up are commonly classed as "Ultra
Short Waves" and include that part of the Radio Spectrum ih
which some of the later Radio developments are designed to
operate, The proper use of these has becn of greatest aid in
our war effort, and apparently will be of increasing importance
in the future days of peace,

RADIO RECEIVERS

To complete any system of communication, the transmitted
messages must be received and you are no doubt familiar with
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the common types of Radio Receivers such as portables, table
models, consoles and radio-phonograph combinations as shewn
in Figure 4.

Starting at the top left, we have a small portable type which,
by means of self contained batteries, can be operated anywhere
without external connections.

Below the Portable, we show a small table model which plugs
into the house lighting system but is small enough to be readily
moved from room to room, :

Next is a somewhat larger table model while at the bottom we
show a large console type, usually considered as a piece of
furniture.,

At the top of the right hand side, is an illustration of a
table type combination which includes a Radio Receiver and
Phonograph. This type of Receiver is quite popular because,
with a library of records, any desired music can be enjoyed,

Next below is another small table model, of the semi-portable
types, similar to the one at its left.

Going to the right of the page again, you will see a YChair-side'
type of radio console, the name of which suggests its usee

At the bottom is an illustration of a console type of Radio
Phonograph combination. Many models of this type are equipped
with automatic record changers so that 12 or more records can
be played, one after the other, without any attention from
the listener.

TUNING

Looking at all of these receivers, you will notiece that each
has a prominently placed "Tuning Dial", by means of which the
desired station can be selecteds From our former explanation,
we can tell you now that "Tuning" a radio simply me€ans that
you are making adjustments so that it will respond to the
frequency of the Transmitting statlon you desire to hears

You will find, round, square, oval and oblong dials in a great
variety of patterns but, in every case, there is a pointer, or
marker. Together with a scale, the pointer makes it possible
for you to tune to some definite number which, in most cases,
refers to the frequency or wavelength to which the receiver
will responde
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R4DID RECEIVER CHaS5IS

To give you a better idea of tneir general construction, for
Figure 5 we show a Radio Receiver Cha.sis removed from its
cabinet but with the tuning dial and control knobs in plrce,

This dial is known as a "Slide Rule" type because the poirter
moves straight across the scale and recadings are taken on the
same gerer:l plan as thosc of the clide rules used 2y en; ineers,

In this case, the vertical pointer rmoves from side to sidc,
as the control knob is turned, and you will notice tne diz
has three scales,

The top scale, marked "Broadcast® in the center and with the
letters "KC" near each end has priated nurmbers from 550 to
1600, This checks exactly with our former ernlaration ard
the numbers indicabe the frequencics of the Proadcast EBa~d
in Kilocycles. If you want to listen to & Brouucacot stat “on
with a Fre-uency of 820 K.C, you simply turn the tunin: knobs
until the pointer is opposite 820 on the Trosdecast 3cnle.
The middle scale is marked "Short lwve", has the lotters ™iCT
near each end and is nmuwbered from 6 to 18, mich necans the
receiver will tune the short wave hond with frequeacies from
6 megacycles to 18 megacycles.

In order to sclect these different tands, onc of the lnobs
operates a "Band Switch! and the panel of the recelver corries
markings to show which band is in use.

Nobtice here, the short wave values are given in frecuenciles
but, using the methods explained in tne earlier part of this
Lesson, you can readily detcrmine that 6 10T, is cquivalent to
a wavelength of 50 meters while 18 iT. is ejuivaelsat Lo a
wavelength of 16.6 metors., ©On this particuloar scale, cermain
vavelength values, in meterc, ore printed bclow the megaz;icle
scale,

To convert thess frecuencies to their corresoonding waval ngths
vie make use of the relationship that Javelength equals the speed
divided by the Freguency. The speed is aluays 300 1.l'lica meters
and, with a frequency of 6 ¥C., which is 6 milllon cyelzs we
divide the 300 million by 6 million to find a wavelenstn of 50
meters,

In the same way, for a freauency of 18 TC., we divide the speed
of 300 million meters by=*the frecuency of 18 million crcies to
find the wavelength of 16,6 reters.

The bottom scale is uniformly divided from 10C te O and has no
definite reference to frequency or wavelength. However, it
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is useful in loc¢abing certain favorite stetions or for retuning
stations whose frequency is not definitely known, On some
models, a scale of this type is used as an extra sensitive
tuner, ofter called "Band Spread".

RADIO RECEIVER DIALS

A somevhat similar dial is shown in Figure 6 but this has only

a single scale from L2 MC. to 50 L, This is tke band once used
by the new Frequency Modulation stetions but its general action
is exactly as explained for Figure 5. Keep this dial in mind

as we will have more to say about Frequency Modulation a little
later,

Going ahcad to Figure 7, we show a rotating type of dial point-
er and want you to remember that, when the upper part moves to
the right, the lower part moves to the left, The scale is
divided into two parts, the upper half marked "Kilocycles" and
the lower half marked meters,

The Kilocycles scale is marked from 55 to 155 but you cen reads
ily sce that, by adding a zero to each printed number, the
scale would read from 550 K.C. to 1550 K.C. and cover the
Broadeast Band.

In the position shown, the pointer indicates a little lcss
than 70 on the K.C. scale and a little less than 450 on the
meter scale, If you carc to figure it out, you will find
680 K.C. is the equivalent of L41 meters and therefore the
dial of Figure 7 is reasonably accurate,

The dial of Figure 8 is quite similar to that of Figure 7 but
is designed for the Broadcast and Short Vave Bands, Here’
again, the Broadcast scale is numbered from 55 to 160 but,
by adding a "O", we can readily read it as 550 K,C. to 1600
K.Co and this it checks with the dials of Figures 5 and 7.

The short wave band is in (1C) megacycles, from 3.0 to 6.5
and opposite the numbers, 6.5 and 6,0, there is a bar marked
NLOMM which means 49 meters. As 6.0 M.C. is equivalent to
50 meters and 6.5 M.C, is equivalent to 46 meters, the 49
Meter band will be in between these two points,

Near the’top center, just below 4.0 M.C. and extending toward
345 M.Cs, there is another bar, marked "Amateur", as thase
frequencies arec in the 80 Meter band allocated to Radio
Amateurs.,

Adjoining the "Amateur" is another Band, allocated for the
use of Aviation service and therefore, this part of the dial
is marked YAireraft'.
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l'o matter whot their size or shape, all Pedio Dials are mark-
ecd on this same general plan and, after rcading toe cxnlana-
tions of this Lesson, we uvant you to examine the dial or every
Radio ‘icceiver you see. Comparc its markings with the ex. laua=-
tions and illustrations of the Lesson and, if sossible, tunc

in one or two Brozdcast or other stotions wlosc frewuencies

you k.ow,

Lost newsnapers list the frecucncies of all locel stetions and
you - ill find it 2uite interocting to tune a Nadlo according
to the listed frcguencies., Remcmber roucver, all cicls arc
not entirecly accurate and you will find somz vhich arc badly
in nced of calibretion, an adjiustment we uwill t.ke up lcter
On.

Mow that e have told vou how to read the dial of a Radio
T'eceiver, for our next Lesscn vie ave going to zive you details
on thc comaon forms of Elcctrical cnergy, iwost of waieh play

an important rart in the oper:tion of all commlcte Radic
systems,
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FIRST EIECTRICAL ACTION

Thile there is no definite record of when it was first noticed,
as far backas 200 B.C. we find mention of the fact that amber,
when rubbed, had the power to attract and repel light objects
such as straw and dry leaves, Fran this fact, the word Elec~
tricity is derived from the Greek word meaning amber.

The ancients also knew something of the influence of electri-
city on the human body but, all through the IMiddle Ages, there
vias practically nothing done in the way of experiment or in-
vestigation until the time of Dr. Gilkert, who died early in
the 17th centurv.

DR. GIL3ERT'S "JORK

lle seems to have been the first man to investigate the know-
ledge of the ancients and experiment with thelr ideas to give
him general credit as being the founder of the modern science
of electricity. From his work, it was discovered that, be-
sides amber, various other substances, when rubbed, had the
powar to attract, not only straws and lsaves, but also metals,
stone, wood and liguids. The strangth of this power was
different for different materials.

From these small beginnings, other experimenters took up the
work and, at this time, we want to mention briefly a few of
the most important men. Notice their names very carefully
because they are words you will use constantly as you advance
with your studiss.

So far then, about all that was known concerning electricity
was the fact that, by rubbing, various substances could be
made to attract other objects and were said to be electrified.

Experiments along these lines were conduvcied by a number of
men, some of whom used pads, or cushions for rubbing, vhile
others made up cylinders which could be revolved, thus giving
a steadier action. In this connection, Sir Isaac Newton was
the first to use a glass globe.

EARIY IDEA CF BELECTRICITY

Tn 1792, Gray made the very important discovery that some sube
stances would, waile others would not, carry this elecisricity
from one object to another. This really was the beginning of
our present knowledge of conductors and insulators. The generas
idea at that time seemed to be that electricity was some sort
of a fluid and many attempts were made to collect or bottle ite
One of these containers, the Leyden Jar, must be remembered as
it did hold an electrical charge and certain forms of it are
still in use today.
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FRANKLIN'S KITH

Everyone has heard the story of Benjamin Fraaklin and his Lite,
by which he proved thet lightning wag electricity. The kite
was sent up as a storn approached but the cxperiment was not

a success until the string got wet. Then lLie was able to draw
sparks from a key, tied to the end of the string.

Contrary to pepular belief, the kite was not "struck" by light-
ning, in the ordinary sense of the word. Instead, the wet
string provided a path by which the clectrical charges of the
sborm c¢loud, in which the kite was flying, could discharge to
the earth. :

P

For his own safety, Franilir ured a lengbh of silk ribbon
between his hand and the kite string but, ~ith the sparks he
drew fron the key, he was able to vroduce practically all of
the electrical ~flects 'mouwa at thet time. Tuerefore, bis

proof was compicte, Loghtning was TZlecbricity.

In the many earlier ewperimcnts, It had been cstablished that
there viere btwo kinds or tyoes of clectrification, “iithoul any
particular btechnicel roason, Franklin sugzestod Lbat the electri-
fication which resvlbts on glass, wheza it is rubbed wita silk,

be called "Positive" whilc the cloctrification Jnich results

on sealing wax, when rubbed with flannel, be called Micgative's

This is usually considered as Franklint!s most imporbant work
because the terms were adopted universally end’are still in
use btoday although, according to modern theory, thoy should
have been reverscd., Kecp these terums in wind as we will have
more to say about them,

THE FIRST BATTERY

The next important discovery camc in 1790 when Luigzi Galvani
proved that the contact of metals and chemicals produced
electricity, Working on this idea, Alessandro Volta developed
his "Voltaic Pile!" about ten years later. \

This pile was made up of alternate disks of differont metals,
such as conper and zinc, scparated by plecos of paper or cloth
soaked in a liguid such as weak svlphuvic acid. This arrange-
ment produced electricity, by the action of the chemicels on
the metal and, thought to bec somethiig differcnt, it waes named
Voltaic or Galvanic in honor of the cxperimenters,

The voltaic pile was really the first batbcry and, as more
startling results could be procuced with it, most cxperimenters
turned thelr attention to Voltaic or Galvanie e¢loctricity,
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strength of the current, but reached some certain value and
would not go higher.

EIZCTRO-MAGNETS

he next step was the discovery that a very strong magnet
could be made by winding a coil of wire around a piece of
iron and sending an electric current through the wire. As
long as there was current in the wire, the iron center, or
core of the coil, would act like a magnet. This 5ame method
is in use today in nearly every kind of electrical apparatus
and the assembly of the coil and core is called an electro-
magnet.

INDUCTION

The name of Faraday now comes into the story as in 1821 he
succeeded in making a wire, carrying an electrio current,
revolve across the ends of a magnet. This we might call
the first electric motor but it was over fifty years later
before the idea was put to nractical use.

His next great discovery came about ten years later when he
found that, under certain conditions, an electric current in
one wire would cause a similar current in another although
they were not connected. Also, by moving a magnet past a
wire, he could cause an electric current in the wire. These
sctions are called Electro-tagnetic Induction and most of
the electricity in use today is produced by this method.

H's LAW

“hile Faraday was conducting his experiments in Induction,

Dr. Omm had been working on the theory of Galvanic electri~
city. He introduced the terms Electro-Motive-Force, Intensity
of Current and Hesistance, showing their relation to each
other. The law he worked out, known as Ohm's ILaw, will play

a very impertant part in your studies.

Even though the results of all these experiments were well
known, Electricity was still 1ittle more than a plaything
and it was not until 1864, that the present day dynamo was
really invented. Then, at the Vienna Exposition of 1873,
several of these early dynamos were on exhibition,

DISCOVERY CF THE MOTCR

Purely by accident, some one picked up the two wires from

one of the machines, being driven by a steam engine, and con—
nected them to another dyneamo which was standing idle. The
idle drmamo at once started to run and so our present day
clectric motor came into existance.
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strength of the current, but reached some certain value and
would not go higher,

ELECTRO~MAGNETS

The next step was the discovery that a very strong magnet
could be made by winding a coil of wire around a piece of
lron and sending an electric current through the wire., ks
long as there was current in the wire, the iron center, or
core of the coil, would act like a magnet. This same mebthod
is in use today in nearly every kind of electrical apparatus
and the @ssembly of the coil and core is called an electiow
mgnet.

INDUCTION

The name of Faraday now comes into the story as in 1821 he
succeeded in making a wire, carrying an electric current,
revolve across the ends of a magnet. This we might call
the first electric motor but it was over fifty years later
before the idea was put to practical use. '

His next great discovery came about %ten years later when he
found that, under certain conditions, an elsctric current in
ohe wire would cause a similar current in another although
they were not connected. &lso, by moving a magnet past a
wire, he could cause an electric currcnt in the wire. These
actlons are called Electro-~lMagnetic Induction and most of
the electricity in use today is produced by this method,

OHM!S La/

While Faraday was conducting his cxperiments in Induction,

Dr. Ohm had bcen working on the theory of Galvanic clectricity.
He introduced the torms Zloctro-kotive~Force, Intensity of
Current and Resistance, showing their rclation to ecach other.
The law he worked out, known as Ohm's Law, will play a very
important part in your studics.

Even though the rasults of all these cxporiments were well
known, Electricity was still littlc merc than a plaything

and it was not until 1864, that the presont day dynamp was
really invented. Then, at the Vienna Exposition of 1873,

several of these early dynamos wore on exhibition.

DISCOVZRY OF THE MOTOR

Purely by accident, some one picked up the two wires from
one of the machines, being driven by a steam angine, and
connected them to another dynamo which was standing idle,
The idle dynamo at once started to run and so our presenb
day electric motor came into existance,
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heve menlioned these various exnmeriments only to elve you
an idea of the comparatively simole discovaries wnlch nave
led to imuortant developments, ¢ll of which =ill bhe [fully
zplained in the later lessons. ILxcept as a matter of
Historical interest, the details of these experiments nave
ao particular value and therefcre we will go ahead withouvt
further delay.

PROGRISS OF ELECTRICITY

OQur present systems of cleciric lighting did no%t heyin witil
after the dynemo :&s 8 corrercicl success and are therefora
only ahout 75 years old, yet voday, you uili find elcctric
lionting in »roclically every ncok and corner of the vierid.
slthouzt: | orse irvented the telesraon in 1835, LU w.e very
slow in becoming nopular, and it wa. not until 1375 ti.v Lell
invented his televhone. Teday, the country is a nebwork of
tc.ephone and telegrarh lines and we think aothing ol talliing
clecr across the country from llew York to San Francisco,

Tore recerbly, the service has been extended across ihe . tlan-
tic Oceen end you can now sit in your ovm home end talk to
people in London or Faris,

I'any otaer discoveries lave been .ade, manv are still belng
made end vith the tire and effort beins put into electrical
and electronic "iork, no one can even guess what the fvturc
will produce. The rapid growlh of Television, Sound and
Radio in the nast few ycers is o good illustration of the
rossibilities in this field,

hien you ston and think thrt the entire science of clcchri-~
city, as we kact it, 1s only about 100 years old, vas fcel
surce 7ou wWill agiee thet perhaps the most im~ortant discove
eries ar2 ¢Lill to co e,

WHAT IS ELECIRICITY

"J

In spite of ell thet hes been leecraed, no cae really !lrovs
Just hot electricity is. Tt 1s not & ligulid, solid or a
gas and thus we vsually think of it as a fcrm of caerpy.

By cefinitlion, encrgy is the ability or canacily, to <o

work., For examnle, it is yvour muscular enersy t ot males Tcu
&ble to do varicus lidnds of phyoical labor. hen —ou 1i-fut

a fire and the fuel is burning, it gives off hest e.ergy iich

cen he used for various Linds of worls, such as .oiling water
and making steam. If thec stedm ig vsed fo run on engine, then
«ne heut enercy of the fire is carried to the cen:ine Ly .ecns
of the stecm, and turned into mechanic.l cnecgy.
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You may think that the steam itself is a form of energy but
you know if the water is bolled in an open pan, the steam
simply rises into the air. However, if we confine it and
hold it under pressure, then it will transmit the heat energy
which produced 1it.

Elecuricity can be explained in much the same way because,
when put under pressure, it will earry energy from one rlace
to another.

As a common example, we can take the mechanical energy of a
waterfall and, by means of a water wheel and dynamo, turn it
into electrical energy. The electrical energy can then be
carried along wires to some distant factory and, by means

of a motor, Be turned back into mechanical energv.

It really does not make much difference just what it is be-
cause we do know how to make use of electrieity and in its
cormon useful forms speak of it as a form of energy or a
force.

FORMS OF ELECTRICITY

According to its motion, the common forms of electricity are
classed as follows:

1. Electricity at rest - Static
2. Electricity in motion - Current
3. Electricity in vibration 4 Radiant

Static electricity is that form which is produced by friction.
A& gubstance when rubbed, is said to have a static charge.
Nowadays, we also speak of the atmospheric disturbances heard
over the radio as gtatic,

Current electricity is that form in most common use and is
always in motion. It is the form of electricity that passes
through or along the wires, lights our 1amps and operates
our telephones, motors and so on.

Radiated electricity is that form in which the current vibrates
back and forth, or oscillates, very rapidly, taking the form
of waves like those of Radio, X~Rays, and Cosmic Rays.

Magnetism is sometimes described as a form of electricity that
rotates around a magnet., It is commonly produced with en elec—
tro-magnet by means of current electricity.

As originally named by Franklin, you will also hear the terms
positive and negative applied to electricity. By positive
electricity we simply mean that point or part of an electri-
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fied body having a higher encrgy from which it flows to @
point of Llower energy or Jevals

An easy way to think of this is to remember thot vater always
flows from a higher to a lowsr level. Pusitive aad negative
ars uscd in electricity 1like high ard low are uscd for wetow.
Elcctrieity flows from wositive to negative. Drn't lct thesc
terms confuse you, because aven though the positive were
closcr to the floor, or lower than the negative, Flecuricity
would still flow from positive to negative.

This stetemont is an 2prarent cuntradiction to the guncrally
accopted "Electron Theory" but, as we will cxplein in thu

later Leseons, for the most practical work the zctual dircetion
of an clectrical current is not of major impurtenca.

The older idea of current from positive to pegotive is atill
in common use corm.rcially 2nd circuits arc traced oa this
pian. Thorcforz, we will follow this method in tue ecrly
evplanations, taking up the £lectron Theory later wn cfter
you have learned tne basic acti-ns «nd rules. In this wey,
vou 1ill be able to understerd Loth Theorics, . ithout the
confusion vhich would arise should wo attempl a conplete
discussion at this timee

ATVOSPHERTC ELECTRICITY

Therce is also a certain aacunt of free electricity in the zir,
although vory littlc is kneown aboubt it, but we have all =can
the electricity that is presert during a thunderstora. The
Horthern Lights are another effect of this atwospheric
electricity. Then, as wo will explain later, the ¢ rth itsclf
is a huge ragret, so you ses thre is electricty all around
us, not only in the wachines th~t nen heve mede, but in

nature itself.

PLAN OF TR INING

Before going ahead with the naxt Lesson, we wouldlike to give
vou ap idea os to our vlan of training. 1u tho early Lecsous,
you will find thet we spend considerable tine on the iundamen-
tals anu principles of cluctricity and mernotisme This ray
seem unnccessary deteil but, frun erpericnce, «w u°ve

found that it is tne only 1ay you can vbtaln a thorough I'howe
ledie of Radin and »th.r Zlectronic anplicetion. In uvther
words, you must have a goud foundation if you expect to tuild
a lasting carecr in the electronic ficlde

Also, you will find the cxrlanations of these e~rly Lossons
are writteon around baetbery operated units. Thic ic dupe for
tun reacunse First, all the comeon forrs of Radlo tulies arc
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fundamentally direct current units and the, so-called, A.C,
equipment merely containa additional C1rcu1ts to provice the
required direct current from the A.C, supply. Thus, by show-
ing batteries as a direct current supply, both the circults
and explanations can be made much simpler,

Second, by looking in most any Radio catalog, you will find
there is a great amount of battery operated eguipment being
sold for mobile installations and portable units as well as
in rural conmunitiess

In general then, we want you to be patient enough to obtain
a good understanding of fundamentals, after which, we con
assure you, the later Lessons contain complete explanatbions
on various A.C., D.C, and Universal types of Radio and ctler
Electronic ecquipment,
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FIRST EIECTRICAL ACTION

Thile there is no definite record of when it was first noticed,
as far backas 200 B,C. we find mention of the fact that amber,
when rubbed, had the power to attract and repel light objects
such as straw and dry leaves. From this fact, the word Elec~
tricity is derived from the Greek word meaning amber,

The ancients also knew something of the influence of electrie
city on the human body but, all through the Middle Ages, there
was practically nothing done in the way of experiment or in-
vestigation until the time of Dr. Gilbert, who died early in
the 17th eentury.

DR. GILBERT'S WORK

He seems to have been the first man to investigate the know-
ledge of the ancients and experiment with their ideas to give
him general credit as being the founder of the modern science
of clectricity. From his work, it was discovered that, be~
sides amber, various other substances, when rubbed, had the
power to attract, not only straws and leaves, but also mctals,
stone, wood and liquids. The strength of this power was
different for different materials.

From these small beginnings, other experimenters took up the
work and, at this time, we wanrt to mention briefly a few of
the most important men. Notice their names very carefully
because they are words you will use constantly as you advance
with your studies.

So far then, about all that was kmown concerning electricity
was the fact that, by rubbing, various substances could be-
made to attract other objects and were said to be electrified.

Experiments along these lines were conducted by a number of
meri, some of whom used pads, or cushions for rubbing, vhile
others made up cylinders which could be revolved, thus giving
a steadier action. In this connection, Sir Isaac Newton was
the first to use a glass globe.

EARLY IDEA (F ELECTRICITY

In 1792, Gray made the very important discovery that some sub—
stances would, while others would not, carry this elecuricity
from one object to another. This really was the oeginning of
our present knowledge of conductors and insulators. The general
idea at that time seemed to be that electricity was some sort

of a fluid and many attempts were made to collect or bottle its
One of these containers, the Leyden Jar, must be remembered as
it did hold an electrical charge and cerbtain forms of it are
53111 in use today.
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FRAMKLIN'S KITE

Everyone has heard the story of Benjamin Franklin and his kite,
by which he proved that lightning wac eleclricity. The kite
was sent up as a storm approached but the experimeni was not

a success until the string got wet. Then he was able to draw
sparks from a key, tied to the end of the string,

Contrary to popular belief, the kite was not "struck!" by light-
ning, in the ordinary sense of the word. Instead, the wet
string provided a path by which the electrical charges of the
storm cloud, in which the kite was flying, could discharge to
the earth.

For his own safety, Ffranklin used 2 length of silk ribbon
between his hand and the kite string but, with the sparks he
drew from the key, he was able to produce practically all of
the electrical effects known at that time. Therefore, bis
proof was complete, Lightning was Electricity.

In the many earlier euperiments, it had been established that
therc wiere two kinds or tyoes of electrification. “Jithout any
particular technicel reason, Franklin suggested that the clectri-
fication which results on zlass, when it is rubbed with silk,

be called "Positive" while the electrificatior. which results

on sealing wax, when rubbed with flannel, be called "Jegative!, .

This is usually considered as Franklin'!s most important work
because the terms were adonted universally and’are.still in
use today although, according to modern theory, they should
have been reversed. Keep these terms in mind as we will have
more to say about them,

THE FIRST BATYERY

The next important discovery came in 1790 when Luigi Galvani
proved that the contact of metals aud chemicals produced
elcctricity. Working on this idea, Alessandro Volta developed
his "Voltaic Pile! about ten vears later.

This pilc was made up of alternate dislis of different metals,
such as copper and zinc, separated by pieccs of paper or cloth
soaked in a liguid such as weak sulphuric acid. This arrange-
ment produced electricity, by the action of the chemicals on
the metal and, thought to bc something different, it was named
Voltaic or Galvanic in honor of the cxperimenters.

The voltaic pile was really the first battery and, as more
startling results could be produced with it, most cxperimentors
turned their attention to Voltaic or Galvanic electricity.




N
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NAGKETISM

Before going any further with the development of electricity,
we will have to mention the subiect of magnetism. Like elec-
tricity, the name Magnetism comes from a Greek word tnat was
used for a certain kind of iron ore. This ore had the remark—
able power of attracting pieces of iron and, after being
rubbed on the ore, a piece of iron then had the power to
attract other iron and was said to be magnetized.

Just who first discovered this action is not known but while
the ancient Greeks and Romans knew about it, no practical use
was made of it. Finally, some one noticed that when a piece
of this ore was hung so that it could turn freely, it would
always stop when pointing North and South.

THE "ILODESTONE"

The sailors used this action to guide them when out of sight

of land and the ore came to be called "Lead-Stone! or lode-
stone. The ordinary magnetic compass of today works on exactly
the same idea except that, instead of a lodestone, a magnatized
steel needle is mounted on a pivot.

The action of the lodestone in attracting pieces of iron was
so much like that of a rubbed piece of amber attracting pieces
of straw, that most of the early experimenters had beun look—
ing for a connection of some sort between electricity and
magnetism,

EIECTRICITY vs. I"ACNITISI

However, it was not until 1820 that Prof. Oersted found the
electric current of a voltaic pile, or galvanic battery, when
made to pass through a platinum wire, acted on a compass needle
placed below the wire. Instead of pointing North and South,
the needle would aliiays turn crosswise to the wirc.

In that same year, Biot and Savart, two French physicists
working on Oersted's discovery, showed that the current in the
wire produced magnetism which varied with the strength of the
current. Thus, Oersted!s arrangement of a mapgnetic compass
and a current carrying wire was converted into an electrical
measuring instrument which is known as a "Galvanomcter!". Some
of our present types of electric meters operate on this same
general principle.

This same year, it was also discovered that an electrical cur-
rent had the power to magnetize iron and ste=l. ILesnz and Joule,
two other experimenters, went a little further and found that
the msgnetization of iron did not keep on increasing with the
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strength of the current, but reached some certain value and
would not go higher.

ELECTRO~MAGNETS

The next step was the discovery that a very strong magnet
could be made by winding a coil of wire around a piece of
iron and sending an electric current through the wire., &s
long as there was current in the wire, the iron center, or
core of the coil, would act like a magnet. This same method
1s in use today in nearly every kind of electrical apraratus
and the assembly of the coil and core is called an elcchtros
m.gnet.

INDUCTION

The name of Faraday now comes into the story as in 1821 he
Succeeded in mking a wire, carrying an slectric current,
revolve across the ends of a magnet. This we might call
the first electric motor but it was over fifty years later
before the idea was put to practical uce.

His next great discovery came about ten years later when he
found that, under certain conditions, an clectric current in
ohe wire would cause a similar current in another although
they were not connected. &slso, by moving a magnet past a
wire, he could cause an electric current in the wire. These
actions are called Electro-dagnetic Inductinon and most of
the electricity in use today is producsd by this method,

OHM!'S Lav

While Faraday was conducting his experiments in Induction,

Dr. Ohm had bcen working on the theory of Galvanic electricitye.
He introduced the terams Zlectro-kotive~Force, Intonsity of
Current and Resistance, showing their rclation %o cach othare
The law he worked out, known as Ohm's Law, will play a very
important part in your studies.

Even though the results of all these exporiments were well
known, Electricity was still 1ittlc morce than a plaything

and it was not until 1864, that the prescnt day dynamo was
really inventeds Then, at the Vienna Exposition of 1873,

several of these early dynamos wovre on exhibition.

DISCOVERY OF THE MOTOR

Purely by accident, some one picked up the two wires from
one of the machines, being driven by a steam angine, and
connected them to anothur dynamo which was standing idlc.
The idle dynamo at once started to run and so our present
day electric motor came into existance,
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"le have mentioned tnese various experiments only to give you
an idea of the comparatively simple discoveries uhich have
led to important developments, all of which will be fully
explained in the later lesscns. Except as a.matter of
Historical interest, the details of these experiments have
no particular value and therefore we will go ahead without

-further delay.

PROGRESS OF ELECIRICITY

Our present systems of electric lighting did not bezn until
after the dynamo was a commcrcial success and ere therefore
only about 75 years old, yet today, you will find eleciric
lighting in procilically every nook and corner of the world.
Although l'orse invented the telegraph in 1835, it wuc very
slou in becoming nopular, and it was not until 1375 tnat Tell
invented his televhone. Today, the country is & netucrk of
telephone anxd telegravh lines and we think nothing of talking
clear across the country from lew York to San Francisco,

Tore recently, the service has been extended across ihe .tlan-
tic Ocean and you can now sit in your own home end talk to
people in London or Faris,

l'any other discoveries have been made, many are still bel.g
made and vith the time and effort beinsg put into clectrical
and electronic work, no one can even guess what tue futurc
will produce. The rapid growth of Television, Sound and
Radio in the past few years is 2 good illustration of tre
possibilities in this field.

‘hen you stop and think that the entire science of clectri-
city, as wc knou it, is only about 100 years old, ve fcel
sure you will agree that perhaps the most imrortant disccv-
eries are still to coi e,

WHAT IS ELECTRICITY

In spite of 211 that hes been learned, no one really krows
just wliat electricity is. It is not ¢ ligquid, solid or a
gas and thus we usually think of it as a form of enerny.

By definition, energy is the ability or capaciiy, to do

work. For examole, it is your rwuscular energy t ot males you
able to do various kinds of physical labor. hen vou light

a fire and the fuel is burning, it gives off hect cnergy which
can be used for various .inds of work, such as solling water
and making steam, If the steam is used fo 1un an enzine, then
the heat enerpgy of the fire is carried to tiie enzine by reans
of the steam, and turned into mechanical energy,
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You may think that the steam itself 1s a form of energy but
you know if the water is boiled in an open pan, the steam
simply rises into the air. However, if we confine it and
hold it under pressure, then it will transmit the heat energy
which produced it.

Elecvuricity can be explained in much the same way because,
when put under pressure, it will earry energy from one place
to another.

As a common example, we can take the mechanical energy of a
waterfall and, by means of a water wheel and dynamo, turn it
into electrical energy. The electrical energy can then be
carried along wires to some distant factory and, by means

of a motor, Be turned back into mechanical energy.

It really does not make much difference just what it is be-~
cause we do know how to make use of electrieity and in its
common useful forms speak of it as a form of energy or a
force,

FORMS OF ELECTRICITY

According to its motion, the common forms of electricity are
classed as follows:

1. Electricity at rest - Static
R+ Electricity in motion - Current
. Electricity in vibration - Radiant

Static electricity is that form which is produced by friction.
A substance when rubbed, is said to have a static charge.
Nowadays, we also speak of the atmospheric disturbances heard
over the radio as static,

Current electricity is that form in most common use and is
always in motinn, It is the form of electricity that passes
through or along the wires, lights our 1 amps and operates
our telephones, motors and so on.

Radiated electricity is tha* form in which the current vibrates
back and forth, or oscillates, very rapidly, taking the form
of waves like those of Radio, X-Rays, and Cosmic Rays.

Megnetism is sometimes described as a form of electricity that
rotates around a magnet, It is commonly produced with an elec—
tro-magnet by means of ocurrent electricity.

#Ag originally named by Franklin, you will also hear the terms
positive and negative applied to electricity. By positive
electricity we simply mean that point or part of an electri-
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fied body having a higher energy from which it flows to a
point of lower energy or level.

An easy way to think of this is to remember that water always
flows from a higher to a lower levels Positive and negative
are used in electricity like high and low are used for water.
Electrieity flows from positive to negative., Don't let these
terms confusc you, because even though the positive were
closer to the floor, or lower than the negative, Elcctricity
would still flow from positive to negative,.

This stetement is an apparent contradiction to the generally
accepted "Electron Theory" but, as we will explain in the

later Lessons, for the most practical work the actual dirgsetion
of an electrical current is not of major importance.

The older idea of current from positive to negative is still
in common use cummercially and circuits are traced on this
plan., Thercfore, we will follow this method in the early
explanations, taking up the Electron Theory later on after
you have learned the basic actiuvns and rules. In this way,
you will be able to understand both Theories, without the
confusion which would arise should we attempt a complete
discussion at this time.

ATMOSPHERIC ELECTRICITY

There is also a certain amount of free electricity in the air,
although very little is known about it, but we have all scen
the electricity that is present during a thunderstorms The
Northern Lights are another effect of this atmospheric
electricity. Then, as we will explain later, the errth itself
is a huge magnet, so you see thure is electricty zll around
us, not only in the machines thet men have made, but in

nature itself.,

PLAN OF TRaINING

Before going ahead with the next Lesson, we would like to give
you an idea as to our plan of training. In the early Lessons,
you will find thet we spend considerable time on the fundamen-
tals and principles of elcectricity and megnetisme This mey
seem unnecessary detail but, from experience, we have

found that it is the only way you can obtain a thorough know-
ledze of Radio and other Electronic applicatione. In uvther
words, you must have a good foundation if you expect to build
a lasting career in the electronic field.

Also, you will find the cxplanations of these early Lossons
are written around battery operated units. This is done for
two reasons. First, all the common forms of Radio tubes arc
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fundamentally direct current units and the, so-called, A.C.
equipment merely contains additional circuits to provide the
required direct current from the A.C. supply. Thus, by show-
ing batteries as a direct current supply, both the circuits
and explanations can be made much simpler.

Second, by looking in most any Radio catalog, you will find
there is a great amount of battery operated equipment being
sold for mobile installations and portable units as well as
in rural communitiess.

In general then, we want you to be patient enough to obtain
a good understanding of fundamentals, after which, we can
assure you, the later Lessons contain complete ex planatlons
on various A.C., D.C. and Universal types of Radio and other
Electronic equipment,
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QUESTICONS

How many advance lessons have you now hand?

Print or use Rubber Stampe.

Student
Nalne No »
Street
City State

le What simple act demonstrates the oldest known electrical action?

s That was Benjamin Franklin's important work?

de Who invented the first electric battery?

4, What was the first use made of lagnetism?

5e¢ What was Oersted's important discovery?

6e How is an Electro-Magnet made?

7e¢ What is Static Electricity?

8e What is Current Electricity?

9. What is meant by Positive Elcctricity?

10+ According to Benjamin Franklin's theory, what is the
direction of an electric current?
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EoH # ¢ #

Thank God every morning when you get up that you have somge
thing to do that day which must be done, whether you like it
or not. Being required to work, and forced to do your best,
will breed in you temperance and self control, dilligence

and strength of will, cheerfulness and content, and 2 hundred
virtues which the idle never know,

~— Charles Kingsley
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As far as the operation of Radio and other Elecironic eguin-
ment i1s concerned, you will be interested mainly in currens
electiricity because that i1s what operates the tubes and other
partse In fact, it is the comon form of electricity which
lights the lamps in your home or along your street, drives
the street cars; operales your telephone, rings your door
bell and performs many other useful duties.

To make the action of a current of Electricity a little easier
to understand, we are going to compare it to a stream or curss
rent of water. Remember, these explanations are used only to
give you the idea, and must not be carried too far or used to
explain all electrical actions,

THE ACTION CF WATER

let us look at Figure 1 for a minute and imagine that although
water is so scarce that we can not afford to lose any, we want
t0 operate the water wheel which is placed in a catch basine

By operating the pump, the supply tank can be partly filled
with water but, if the valve is closed, none of it can geb
oubs You will no*ice that the tank is palced somewhat higher
than the water wheel so that, when the valve is opened, a
stream of water will flow out of the tank and from the end of
the pipee As it falls, it strikes the paddles on the water
wheel and causes it to revolve,

To keep the wheel turning, it will be necessary to pump ‘the
water from the catch basin back up into the supply tanka
With but a very small amount of water, it would be necessary

to keep the pump going all the &ime in order to keep the
wheel in motions

FOUR THINGS TO REMEMBER

There are four things that we want you to notice and remember
about this outfit. Firsts— None of the water is used up in
running the wheel, it is simply pumped into the tank and
allowed Bo run down over the paddles. BSBecondi— There is a
continuous path for the water to travel arownd, Thirdte If
the valve is closed, the wheel will not run even though the
supply tank is full of water. Fourth:— The pump must be

kept working in order to keep the wheel turning «

ACTION COF THE VALVE

Suppose now that the wheel had to be run very slowlye We
would open the valve just a little way uwnbil there was enough
water flowing bo give the desired speed, This can be ega
plained by saying that the small opening at tho valve makes
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it harder for the water to get out, or offers resistance to
the flow of water., Along the same line, you can see that the
more the valve was opened, the less resistance there would be
to the flow of water and the current through the pipe would
be greater,

WATER PRESSURE

There is another thing that you may not have thought about.
The water in the return pipe will not run the whecl unless we
first pump it up into the tank. What have we done? Certainly
the water has not becn changed, but has merely bcen pumped to
a higher level and naturally, will try to run back down when-
ever it gets the chance,

This push of the water in trying to get out of the tank can
be thought of as Pressure, and the higher the tank is above
the wheel, the greater the pressure will be.” If the water
fell only one foot before it hit the paddles, thc wheel would
not turn very fast but, if it fell six feet beforc striking
the paddles, it would have more force and turn the wheel a
great deal faster.

CURRENT, PRESSURE AND RESISTANCE

We find then that, in order to opcrate even such a simple oute
fit as shown in Figure l, a CURRENT of water is recuired and,
to produce the current, the water must have PRESSURE. Even
with pressure, the amount of current will depend on the open-
ing of the valve, or the RESISTANCE to its passage.

Checking up in Figure 1, we have a path for the water, a pump
for putting the water into the tank and giving it prcssurec
and a current of water to make the water wheel run., To a
great extent, this is exactly what happens in an clectrical
path or circuit,

ELECTRICAL CONDUCTORS

Unlike water, electricity will travel through, or on most
anything t6 some extent, but there are certein things that
will carry, or conduct,’ it much better than others. Thase
are called "Conductors", and in general, includec all of the
metals such as copper, iron, steel, lead and aluminum,

EILECTRICAL INSULATORS

Other things, that do not conduct electricity well, are called
"Insulators"., They include rubber, porcelain, certain kinds
of oil, shcllac, mica and air, Then there are a lot of mane
ufactured insulating compounds such as bakclite and fibre.
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COMPARING ELZCTRICITY WITH WATER

In order to put electricity to work, first of all we must
build a path, making it like a circle and using some metal,
such as copper, for the electricity to travel on or through,
To prevent it from getting away from its path, we put an
insulator around the circle.

& STMPLE ELECIRICAL PATH

In the electrical path of Figure R, the pump and tank of
Figure 1, are replaced by a battery of two ordinary dry cells.
Instead of the pipe and a catchbasin, there is a wirs for the
path, A switch takes the place of the water valve and a small
electric motor replaces the water wheel,

While these two raths are much alike, in some ways they are
different, To shut off the water, the valve was to be closed
but, to break the electrical path, the switch has to be opened.

Then, as long as there is water in the supply tank of Figure
1, the water wheel can be run but, in the electrical path of
Figure 2, the motor will not run unless the path is entirely
completed from the battery, through the motor and switch and
back to the battery again.

This battery of dry cells produces an electrical pressure
which, when the switch is closed, forces an electrical
current through the motor and causes it to run, The current
is not used up but passces through the motor and back to tho
battery again. If you will just think for a minute that
electricity has a speed so great that its action is almost
instantaneous, you will easily understand why we can not, as
in the case of the water, pump up a supply and let it run down.
The electric currcent goes around this path so fast that it is
impossible to store it up and it comes back from the motor to
the battery in exactly the same amount that it goes from the
battery to the motor,

To compare this action with the arrangement of Figurc 1, we
will imagine the supply tank has been taken away and the pump
has been moved over so that the water from its spout will
fall directly on the paddles of the water wheel. Upnder these
condibtions, the current of water from the catch basin to the
pump would be exactly the same as that from the pump to the
water wheel,

As the pump does not actually produce, or "make" any water,
it can dcliver only as much as it racelves through the return
pipe and thus, the current of water would be the samg in all
parts of Figure l. No watur is lost or used up and the pump
merely raises it to a higher level to produce the pressurc
which causes the water to flow.
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THE ELECTRIC CIRCUIT

The general idea of the arrangement of Figure 2 is much the
same because, with the switch closed, there is an endless
path for the electricity. In this path there is a device for
producing an electrical pressure -~ the hattery., There is
something to open and c¢lose the path -~ the switeh, and there
is something to change the electricity into a useful form e
the motor. A set up of this kind is called an EIECTRICAL
CIRCUIT,

While the switch can not be partly closed, like the valve of
Figure 1, still the switch, wires and motor offer resistance
to the free flow of electricity. If we want to think of both
Figures 1 and 2 as circuits, we find that they have very near-—
1y the same conditions to work under.

In the operation of each circuit, there are three very important
things to remember, Pressure, Current and Resistance. From
what has been said, you can easily see that they depend more

or less on each other. If, in Figure 1, there was no pressure,
there would be no current and nothing would happen. Even with
pressure, if the valve was closed, the resistance would be so
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