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Introduction Pagel

A Training Program such as follows this introduction, .1_e
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:- As you study the descriptions and explanations of
the Lesson assignments, you will obtain the benefits of a

training in Character Building. Yrnether you realize it or

not, it requires a considerable amount of Ambition, Delermina-

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 wnich

some one else says you must report and you have no visiple

classmates to keep up with. You are on your aun and 1.7 re-

quires real ability to do a good job at being your own :oes.

You will find many distracting influences, every one of vttich

will tend to delay your study program. There' will be parries,

dates, dances and movies, any one of Thion may of'er more

immediate enjoyment than the same time spent in study. Eatural-

ly, we do not suggest or recannend that you give ue all of

your social activities and pleasures but, Wdecideng defenite-

ly and quickly whether or not you can afford, to participate in

the various events as they occur, you will be de-re loping that

all important character trait of making deci#Loni.

After you havamado a decision you may be persuaded to change

it. This persuasion may originate in otheils or :ourself but,

every time you overcome it, you will be deVelopin your de-

termination.

The very fact that you have started thistrainin program

proves you have ambition and, in the business world of today

that means you hope to rise to a good eosition Ind& may carry

the responsibility of directing the efforts c: others.

What better training could you possibly obtain than in direct-

ing your aun.efforts? lhat better experience could you make

than in laying out a study program for yourself and making

sure that you carry it out to completion:

EXPERTFNCE VS. TRAINIn.:1

As the words, IlTrainingn and "Experienced are commonly used,

they sometimes have but little difference in meaning tnerefore
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we want to explain them in greater detail. For example, when
any employees are hired by an organization, for even a simple
routine job, they are "trained" by being shown all the details
of the work. Then, after 12 months on the sane job, they have
a year of "Experience".

While these are the common uses of the words, in reality, all
the experience was gained during the period of learning 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 new or different. However,

by doing the same things over and over, you train your mind
and body to complete the necessary operations in the shortest
time and with the least effort. Thus, everyone who claims
years of "Experience" along certain lines, really means they
have had years of "Training".

We assume your hands are already 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 experience; and making use of
these explanations by answering qu.:stions, solving problems,
or performing practical work, provides you with training.

There is a great difference betvapen training the mind and the
body. An animal, with little if any mind, can be trained to
perform difficult tricks. At a given command, he makes cer-
tain body movements 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 modern professions. For example,
it is comparatively easy for a pianist to learn to read printed
music and know exactly how each printed note, should be played.
However, it requires years of practice to train the fingers to
respond instantly and reproduce the music the printed notes
convey to the mind.

In Radio and Electronics conditions are reversed as it requires
comparatively little practice to train the hands properly. The

real job is in training the mind.

PLAN OF YOUR TRAIN=

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 each 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. Vie 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 realize their value.

You may not alwnys see why we spend time on details that
apparently have little to do with Radio, but remember, we are
interested only in your final success which depends entirely
on the knowledge you gain. Vie 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 seem 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 fol-
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 quickest
progress and we have little respect for the student who puts
off studying today with the excuse that more time will be
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 impossible to
answer, finish all the others you can and then read the Lesson
again, 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 you 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. Vfliile 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 asking for help,
the finest training possible.

DON'T DECOYE DISOOURAGFL

worth .chile traininF -- training that will qualify you for
the more interesting and better opportunities in Radio cannot
be acquired in a week or a month. This is fortunate cecause,

if by taking a few weeks uraining, anyone could hold down a
good job in this newer industry, then thousands would qualify
themselves for it and the field would be crowded.

It requires backbone to achieve success. At times., when the

lessons seem difficult, you'll feel lies neglecting your study
hour. At other tines, you will want to lay aside :rear Lessons
in favor of movies or some other amuserent. Lake up your

mind that you are going to become a success in this work --
that you are not going to yield that determination to any
other consideration. Your Lesson record will soon show
whether you have the necessary backbone and tha needed "stick -
to -it" will power.

nCHAITICS OF H07.2 STUDY

The last page of each Lesson, following the illuetrat:,ons, is
a sheet containing questions for you to answer. Le ally,

tnere is plenty of room for you to write your ans-ler in the
space below each question. In fact, xe want you to fol2ot;
this plan because snort, concise answers are the besL.

Detach this sheet fron the Lesson, carefuly write, or iwint
your naae, address and registration numoer in tne seaces pro-
vided. Your registration or "Student I;umocr" is extra _el;;
important and should be written plainly, not only on your
examinations, but on every page of every letter you send us.
This number identifies your correspondence in case of damage
in the mail or accidental separation of the pages. To answer

the question, "How many advance Lessons have you now on hand?",
simply count the number of Lessons you have received but not
studied and write that number in the space provided. Then,

write in your answers to the questions.

Men you have two of these question sheets finished, place
them in one of the small, self-addressed envelops and mail
to us. Always send us, for grading, two gees Lion sheets at
a time. If you send more, it may delay. the mailing of ad-
.vance Lessons because tney are released only as your an: -Jens

show the former Lessons have been completed. 'Mon you finish

one set of Lesson questions, lay it aside until you have
finished the next one.

Our training is designed to meet. the requirenonts of the busy
individual forced to study during leisure time. ':e do not
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restrict your progress or expect you to finish any certain
number of Lessons each month. You may study at a rate of
speed best suited to your personal conveeier.ce but make sure
you understand each Lesson before advancing to tie next.

Cn its arrival here, each questjon sheet will be carefull:
graded by a competent instructor who will check mare: (V)
each answer if correct or satisfactory, or question mark (?)
it if wrong or doubtful. In some cases he nay allow half
(1/2) credit. The examination will then be graded and re-
turned with a duplicate sheet with the correct aisw,rs. 2y
this method, you are able to compare your ansc,ers with ours
and accurately chock any mistakes you may have made. These
question and answer sheets also form a valuable ready refer-
eace.

Do not become impatient if your graded examinations are net
returned for several days, hake allowances for delay in the
mail, both ways, our five day week of mail receipts, the
time required for careful grading and the maintaineece of
our records, not only of your grades but your
for advance study material. waiting, go ahead and
study the next advance Lesson, or if you are not clear on
some points, review the earlier Lessons.

Our system of grading is simple. use the -lords "Excellent",
"Good" and "Fair" or their abbreviations, and the tabulation
below iodicatee the approximate numerical val_Le of a graded
examination paper.

Ex+ = 97 - 100 Good+ = 87 - 0') Fair+ = 77 - 72

Ix = 94 - 96 Good = 34 - 03 Fair = 7: - 76
Ex- - 90 = 93 Coed- = 8U - 85

All examinations which do not warrant a grade of 75 are re-
turned to you, with suggestions, in order that you have
an opportunity to rase your mark before the trace is entered
on our records. Should you receive a returned luestion sheet,
marked "Please Correct and Return", go over the Lesson and
suggestions carefully. As you will have only one o-yortunity
to revise your answers, make what corrections you can and
then return your test to us for final grading.

If, for any reason, you feel that it is necessary to rlri',e

for service on any of your stud- material, aItays be sure
to indicate the exact Lesson, with identification, such as

TRA-7---, in addition to (placing your name, student
number and correct address on your communication.

71HAT THIS TR'AINI:n DO FCR YOU

This Training will prepare you for ror': in Radio and other
Electronic apparatus wnlch requires the use of vacuum tubes.





Introduction Page 6

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
command is a staff of instructors anxious to help you with
your studies as well as with problems whit.: may arise in your
later work. As a student, you have enlisted our services in
helping you to become successful in this work.

Tie are sincerely and intensely interested in your progress
and are depending; on you to do your part, not only by con-
scientious study but by giving us every opportunity of help-
ing you.
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*

"The best advice, as it appears to me, is old and
s.dftple. ''qt knowledge and understanding. Deter -

mine'to get the most possible out of yourself by
doing, to the best of your power, useful work that
comes your way; There are no new recipes for success
in life. A good aim, diligence, honest work and a
determination to succeed, will win out every time it

-- James J. Hill

FDM-12A





Arithestic Pagel

As quite a large number of students, starting the study of
Radio and Electronics, have been out of school for a number
of years, it is only natural fur them to be somewhat "rusty"

in certain subjects. Although the explanations of this proe
gram have been arranged to correct this condition as rapidly

and easily as possible, we expeot some assistance may be of
benefit in regard to certain details and therefore want you
to feel free to ask questions at any time.

This training does not include subjects such as Spelling,
Grammar and Penmanship therefore any "rustiness" along these
lines can be worn off gradually. However, there are some eee-

planations and problems which require an immediate understand-
ing and use of arithmetic,

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 necessary, If
you are familiar with the sebject, ignore this Lesson but,
if you are- "rusty" on the proper method of handling Frac
tions, Decimals and so on, study the Lesson carefully and

then keep it handy for future reference.

Instead of the usual exandnation which is sent in for grad-
ing, this Lesson has a number of "Practice Problem" cover-
ing the main operations of arithmetic. These problems are

not a part of your required programand need not be returned
for grading. However, if you feel a review of arithmetic
will be beneficial, we urge you to work all of these prao-
tioe problems and cheek your answers with those given on
the last page. Then, if you feel that further explanations
are needed, we will be glad to extend our regular consul-
tation service in regard to them.

I,RITHi TIC

The whole subject of Arithmetic is based on the figure "1"
which is called a unit or unity. It can be added, indicated
by the sign "+", it can be multiplied, indicated by the
sign "x", it can be divided, indicated by the sign "+" and
Gan be subtracted. as shown by the sign "-". The sign 11=t1

means "is equal to" or "the result is".

Should we take two unite and add them, we can write it as
1 1 0 2. Adding a unit to 2, we have 2 + 1 * 3, or we
can write 1 1 1 . 3, By adding one more unit each time,
we arrive at the figures 4, 5, 6, 71 8 and 9* These, with

1, 2 and 3 are called the digits which, with the number "0"
called zero, include all the digits used for writing any
number. You will notice that each one of these digits is
just 1 larger than the one before it. Thus: 6 1 '6'7,

7 4. 1 0 8 and so on.
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ShOuld we add 1 to 9, the result will be 101 Which requires
-

two digits. Here again, we can add units and 10 + 1 . 11,
11 + 1 = 12 and so on up to 19, when 19 + 1 = 20.. In every
case where two digits are used, the one on the left repre-
sents the groups of ten units and the one en the right repre-
sents the number of sIngla units.

Take the number 76 for instance, the 7 represents seven groups
of ten units and, the 6 represents 6 single units, The entire
number is read as seventy-six. This same method is carried
out for each extra :digit which is used and, for a large number
such as 3246358, we split it up as follows

HUMMED TEN

MILLIONS THOUSANDS THOUSANDS THOUSANDS HUNDREDS TENS UNITS
2 4 6 6 5 8

and read it as three million, two hundred and forty-six
thousand, three hundred and fifty-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, Ne can easily find the result
by remembering that 5 + 1 = 6, 6 + 1 . 7, 7 + 1 = 8 and 8 +

9* In this way, we have used the, four units by adding them
to 5, one by one, to react he answer of 9.

After very little practice, this can be done quite easil:
without stopping to count the units. The usual clan is to
place the numbers under each other and then add -- thus:

2 6 i
4 8 6
7 3 5
5 9 7

18 26 13

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 we write them as shown
below.

4329
7

246
1857
6439

Notice here, the units at the right of each number form a
_vertical linc+or column, the digits which represent groups
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of 10 units are also in asertical lite -1r column and the
same is true of the digits which rePreSOnt gra4s of 100
units and 1000 units.

A l]ne is draWn belOw the eottori number and the: units are
added first. Starting at the to

9 + 7 -+ 6 n- 7 = 29

The "9" of this addition is written diractIy below', or in

the units column and the n2", whlch represents two grouPa
of t'cn, units, is either actually or mentally placed above the
10 units column. This is usually though of as 112" to carry".

noxt, 71e add the groups. of 10 units, including the 2 car-

ried over, and have

2 +2 + 4 + 5 =

Following the Plan already explained) the "3n is written
directly balod or in the nlOn column and the Hill is car-
ried over to the next left hand, or lAuldr6ds colUMn,

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

+ t + 2 + 8 - 14

This times the n4ff is written in the n100" column and the
P1" carried 42,Vc-.2 to the "1000" column. Adding tno thousands

and including the "1" carried over, vo have

1 + 4+ 1= 6

The "6n is placed in the "thnnsandsn column and completes
the addition. aeading the full answer, re have 'a thoUsand,
four hundred and thirty-nine.

Notice here, the same general plan is followed all the
way through and, starting at the right hand units column,
we work toward the left.

SUBTRACTION

To subtract nxmbers, the process of addition is revorsed.
In other words, we want to find Out how much Iirger ono nuff-
ber is than another. Suppose we want to subtract 5 from 81
and write the problem, as, 6 - 5 = knew that 8 = 5 + 1

1 + 14 and taking The 5 away, we 11...Vo 1 I ao
Thus lie can say that 8.- 5 = 3.-
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For larger numbers, 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 3709 from 5842,
we can write the numbers the same as for addition. Thus: -

5842
3789

Starting at the right hand side in the units column, we have
to subtract 9 from 2 but, as 9 is larger than 2, we pan not
70ery well make the subtraction. We know howewer, that the
next digit to the left shows the number of groups of 10
units therefore, we can take one group of 10 units and add
it to the 2 and think of the number as

5 8 3 12
3 7 8 9

3

We can easily 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 represent
the groups of 10, and find that 8 is to be subtracted from
3. This is about the same as subtracting 9 from 2, so
that, as before, we borrow a group of 100 from the next
left column and think of the number as

5 7 13 12
3 7 8 9

5 3

Here we subtract 8 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, leaves nothing or 0. This is written
under the 7.

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

5842
3789
2053

done as
5 7 13 12
3 7 8 9

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 4-
2Q53 should equal 5842. Add it up yourself and see if we
are right.
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MULTIPLICATION

Multiplication is really a form, or quick way of adding num.
bers which are equal. Suppose we want to find the sum of
four sixes. We can write them down and add, 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 12 x 12.

Starting at the up.der left of the table, you will find the
digit 1, and reading over to the right, 1, 2, 3, 4 and so 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
is necessary to use both sets of figures. For example, sup-
pose you want to know how much 8 x 7 is equal to.

1 2 3 4 5 6 7 8 9 10 11 12

2 4 6 8 10 12 14 16 18 20 22 24

3 6 9 12 15 18 21 24 27 30 33 36

4 8 12 16 20 24 28 32 36 40 44 48
5 10 15 20 25 30 35 40 45 50 55 60

6 12 18 24 30 36 42 48 54 60 66 72

7 14 21 28 35 42 49 56 63 70 77 84

8 16 24 32 40 48 56 64 72 00 88 96

9 18 27 36 45 54 63 72 81 90 99 108
10 20 30 40 50 60 70 80 90 100 110 120
11 22 33 44 55 66 77 88 99 110 121 132

12 24 36 48 60 72 84 96 108 120 132 144

Start at the upper left, with 1, and go down to 8. Then over
to the right to the column with 11711 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
x 12, go down the left hand column to one of them,
to the right to the column which has the other one
top line.

Instead of 6 + 6 + 6 + 6 = 24 we can write 6 x 4 =
we read as six times four equals 24 and call 24 the

To multiply larger numbers and still use the Table,
secure an answer as follows: T6 find the product o
76, we write

76

6

456

up to 12
then over
in the

24. This
product.

we can
f 6 times
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Starting at the right, we first multiply 6 x 6 and from the

Table , see that 6 x 6 = 36. The six we write below the line

under the 6 and the 3 we carry over to add to the next multi-

plication. Now we multiply 7 x 6 which is 42 and adding the

3, which we carried over, have a total of 45 which we write

to the left of the 6 making the answer 45d.

For still larger numbers, the same idea is carried out by

starting at the right and every time a
multiplication is comp-

pleted, the right hand figure of the product is written and

the remaining figures
carried over to add to the next product.

To multiply a number by 10, a 00" is simply placed to the

right of it. Thus 10 x 476 = 4760. To multilly by 20, first

multiply by 2 then add a 0 to the right of the product.

This idea is carried out in all cases there eithor number to

be multiplied ends in one or more zeros. To multiply 623

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

628000.

Suppose you want to multiply 478 by 26. 26 is made up of 20

and 6 so that you first multiply 470 by 6 which gives 2868.

Then you multiply 478 by 20 which gives 9560. The 2S68 is

added to the 9560 like this

2868
9 560

12428

giving the answer. In practice, it is customary to coiibine

the multiplication and addition and omit the last 0 as it

makes no difference. The complete problem can be written

470
26

2868
956

12428

When a number is multiplied by itself, the product is called

the square of the number. For exarirle 3 x 3 = 9 and 9 is the

square of 3, usually written 54.

Multiplying a number by itself three times, the product is

called the cube of the number. Thus 3 x 3 x 3 =. 27, the cube

of 3, and usually written 33. These products are known as the

Powers- of the number end the small figure at the upper right,

known as an ItExponent" shows how many times the number is

multiplied by itself.
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DIVISION

When the process of multiplication is reversed, the operation
is called "Division". By division, you can find out how many
times one number is contained in another. For all small nun-
berslthe multiplication table gives the correct results.

By the table, you see, for ibstance, that 3 x 5 = 15, and
know that 3 goes into 15, 5 times; or 5 goes into 15, 3 times.
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.
In 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, 17 called the "Dividend", the nucber by which tile
dividend is to be divided, such as 17 in this example, is
called the "Divisor" and the answer, or roc -lilt obtained by
the division, is called the "Quotient",

The problem can be written as

17 ) 4488 (264
34

108
102
.68

68

To begin, we estimate haw many times 17 goes into the first
two left hand figures, "44% As 2 tines 17 is 34 aLd three
times 17 is 51, MB place a 2 in the right hand bracket for
the first number of the answer. Then we multiply 17 'ty 2,
which is 34, and write it under the 44. 3ub3ractin2 54 from
44 there is 10 left over and the next right hand figure of
the dividend is brought dawn and written to the right of the
ID/ making it 108. Then we repeat our first step end: esti-
mating that 17 will go into 108 about six times, we put a 6
as the second number of the answer.

Multiplying 17 x 6 gives us 102, which is written under the
108, and subtracting these numbers, leaves 6. The next right
hand figure of the dividend is then brought down and written
to the right of the 6 making it 68* We now think thet 17 will
go into 68 about four times and write the 4 down as the third
figure of the answer. Multiplying again, we find Chet 4 limes
17 is 68 and, as subtracting here "caves nothin,; for the re-
mainder, the division is finished.

To prove the answer and check the work, we will multiply the
quotient, 264, by the divisor, 17.
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2614,

17
1848
264

24 488

Page 8

The product is the orikinal divident of 11488 so that the di-
vision must be correct.

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

Suppose, for example, that we want to divide 537 by 19. The

figures are put down and the work is done exactly the same
as in the former example, giving us

19) 537 (28
38
157
152

5

That leaves a remainder of 5 which is less than the divisor
19 so that the 28 is not a complete answer. To complete the
problem, we must also divide the reainder 5 by the divisor
19 but, instead of doing any work, we siwly 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 can be added, subtracted, divided and multi-
plied.

FRACTIONS

Proper Fractions are those figures which represent quantities
less than 1. Let us take a dollar for example. It can be

divided in many different ways such as 100 cents, 10 limes,
4 nuarters or 2 half dollars. A cent, s dine, a (Igarter or

a half are each a certain part or fraction of a dollar. To
write a half dollar in fractional form it would be 1 or 1/2
and the upper or first figure is the Numerator 'Mile the

lower or last figure, is the Denominator. As it takes four
quarters to make a whole, each quarter is equal to 1/4 or one
fourth of a dollar, each dime is eaual to 1/10, or one tenth,
and each cent is equal to 1/100, one one hundredth of a dollar.

Now you know that five dimes is eoual to fifty cents, two
quarters or one half and written in fractions to have

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

The first fraction represents the dimes because each 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 so on. Looking at the fraction 5/10 = 50/100, ycu can
see that to make the 5/10 equal to 50/100,,both the numerator
and denominator have been multiplied by 10. The same is true
of 1/2 = 2/4 but in this case, the numerator and denominator
of 1/2 were multiplied by 2.

Because this relation is 'always true we can state the rule
that; when the numerator and denominator of a fraction are
both multiplied by the same number, the value of the fraction
does not change

This being true, we can also go the other way and say that
when the numerator and denominator of a fraction are both
divided by the same number, the value of the fraction 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.-
low-ing this plan and dividing 50/100 by 50 we get 1/2 or di-
viding 2/4 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
number multiplied by zero id equal to zero thus, multiplying
the numerator and denominator of a fraction by zero would
result in the expression of zero dividcd by zero such as

5 x 0 0

lox 0 0

a result which has no definite numerical meaning.

In much the same way, dividing by zero has no definite mean-
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 maaning.

ADDITION OF FRACTIONS

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

7/100 .4- 3/10 1/4 = 62/100

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

7/100 30/100 -1- 25/100 = 62/100 of a dollar or 62 cents,
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To add any fractions, it is first necessary to -reduce them
all to a common denominator which is any number that 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 72 divided by 6 = 12 the problem can be written

1 x 18 x 24 1 x 12 18 48 12

4 x 18 3 x 24 6 x 12 72 72 72

with the common denominator of 72, the problem can be con-
tinued as

18 + 48 + 12 78

72 72

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

78 + 6 13

72 + 6 - 12

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

(2 x 2) x (5) x (3x2)=72

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. 3 goes into 12 four times therefore
2/3 x 4/4 = 8/12 and as .6 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 denominator 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 denominator 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 equals 4/4.

To change -an impr-opor fraction into a whole number and a prop-
er fraction we divide the numerator by the denominator.

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
number by the denominator and then adding the result to the
numbrator. Thus 6-2/5 = 6 x 5/5 + 2/5 = Z0/5 2/3 = 32/5.

SUBTRACTION OF FRACTIONS

To subtract fractions, the process of addition is just re-
versed. Referring to money again, suppose you had two
quarters and wanted to give away three dimes. First you
would have to make change, and receive five dims for the
two quarters. Then you could give the three dimes away and
have tAro left. Remembering that a dime is 1/10 of a dolDar,

in fractions, here is what ,,you did.

2/4 - 5/10 = ?

You know that 2/4 = 1/2 so that you had to subtract three

/

Whententhsfrom one half or, 1/2 - 5/10. you made change,
you turned the 1/2 into 5-10 which, as you already know, did
not change its value, to make the problem

5 3 2

10 10 10

As in addition, you first changed the fractions until they
had the same denominator but then subtracted the numerators,
the result being the numerator of the ans-,rer. The denomina-
tor of the answer remained the same as that of the fractions
Subtracted.

To shot you how these steps are followed we will subtract 2/7

from 3/4. First we reduce to a common denominator which, in
this case, is 4 x 7 or 28. Then, 3/4 equals 21/28 and 2/7 =

8/28. Subtracting, 21/28 - 8/28 = I5/2E.

MULTIPLICATION OF FRACTIONS

To multiply fractions we proceed somewhat differently than

in multiplying whole numbers. Men a fraction is mn1Liplied
by a whole number, we multiply the numerator only and do not

change the denominator. Thus 1/4 x 3 = 3/4, because if You

had a quarter of a dollar and .we had three times as much, we
would have three cilirters.

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

Instead of using the.tlx" sign, we often write the word Hoff'
between the fractions. Suppose you had 60 cents and we had
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2/3 as much. Now 60 cents is 6 dimes or 6/10 of a dollar and
we have 2/3 of 6/10. Iviultiplying the numerators, 2 x 6 12,
and multiplying the denominators, 3 x 10 = 30, therefore we
have 12/30 of a dollar. Ne can divide both numerator and
denominator by 3 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 numerator and denominator by 2.

To multiply several fractions we proceed in exactly the same
way. To find eut how much 5/12 x 9/21 x 14/25 equals, we
think of it as

5 x 9 x14
12 x 21 x 25

Before multiplying however, we can save quite a lot of work
by spitting the numbers into smaller ones. Vie know that 3
x 3 is 9 and 2 x 7 = 14 therefore, we will write the numerator
as 5x3x3x2x7. For the denominator 3x2x2 = 12,
3 x 7 = 21 and 5 x 5 = 25. The whole problem then can be
written as

5x3x3x2x7
3x2x2x3x7x5x5

Instead of multiplying both numerator and denominator by the
same 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 denominator are crossed off, then the
first 3 of the numerator and first three of the denomfnator
and so on until., the fraction is redu'ced to

2 x 5

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

1 . 1

2x510
DIVISION OF FRACTIONS

To divide a fraction by a whole number, the denominator 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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AUY whole number can be written as a fraction by putting 1
as the denominator. Thus 4 = 4/1 but as 4/1 = 8/2 =.12/S
18/4 -Mc can change any whole nuaber into 5 fraction with any
denominator we wish.

DECIMALS

If you should pick up a newspaper and see some shoes adver-
tised for 03.65 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
05-65/100. $3-68/100 is a fraction but 4.65 is a decimal.

We want you to think of decimals as fractions whose denomina-
tors are 10 or 10 multiplied by itself any number of times.
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 a§ we do in the Alole numbers. You will remam-
ber that, starting with the figure 1, the next column to the
left Showed the tens, the next to the left the hundreds and
so 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 101 1000 is ten times 100.

The decimals 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 .1 is read one -tenth because the figure
is at the right of the decimal point. The number .01 is read
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 figures in the first column are the tenths, in
the second column the hundredths, and the third column the
thousandths and so on. Carrying this plan further

Hundred Thousands - - 1 0 0, 0 0 0.
Ten Thousands -.-----.- 1 01 0 0 0;
Thousands 1, 0 0 0:
Hundreds -
Tens -
Units

imp -1 0 0.
1 0.

*".

Tenths.

Hundredths - .0 1
Thousandths ;0 0 1Ten Thousandths --0 1
Hundred Thousandths --- :g

0
1

You will notice the 1, or unity, is at the center and the
decimal point, included with it, is at the right. Going to
the left, each column represents a number ten times greater
while, going to the right, each column represents a fraction
ten times smaller.
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Another way you can think of decimals is this. For the dec-
imal fraction .547, the 347 is the numerator and the denom-
inator is the figure 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.

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

mien 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 right of the decimal whether they are zeros or not.

ADDITION AND SUBTRACTION av DECIMALS

Decimals are added and subtracted just like whole numbers
but, when writing thamdowny we must be careful to have all
of the decimal points eXactly under each other. For example,
if we add 6 + .059 1.02 we will write

.600

1.020
1.659

The last zeros, -&o the right, ale not necessary but make the
addition a, little easier to see.

In the subtraction of decimals, we follow exactly the same
method 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. .02 we write

.020
*012.

.00e

MULTIPLICATION OP DECIMALS

To multiply decimals, we simply forget the decimal point and
go ahead just ae-_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 thp sum of the number of places
in both the numbers which were multiplied.





rithmetic Page 15

For example, to multiply 56.4 by .28, we write them down as

in ordinary multiplication*

56.4

28

4 512

-12128
15.792

After we find the answer, 15792, we s3mpl7 count one
Xigure to the right of the decimal in 56.4 and two to the

right in .28. Then. 1 2 = 3 and, starting. at the right

of the answer, we count off three placed and loCate the

decimal at the left of the 70 making the result 15.792.

To follow this plan, sometimes it is necessary to add zeros

but the rule still holds good, For example) suppose we

multiply .002 by .07.

.002
.07

.00014

kers you see the first answer is 14, but as .002 has three
Places and .07 two, the answer requires five placed to the

right of the decimal. As there Are 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 paid to the decimal point until

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. As already

explained we will have

18,7) 44,0572 (2,356
574
665

1047
,935
1122
1122.

CheckingbaCk on our explanation, the dividend 44,0572
has four decimal places while the divisor, 18.7 hes but one.

Then as four is three larger.than one, the answer, or quo»
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

9

9

giving us the whole number 1 for the answer. Should the
dividend not have as many decimal places as the divisor, we
simply add as many Zeros, to the right of the decimal, as
are needed.

30.5 divided by .125 will be worked out by just adding two
zeros making 30.5 into 30.500. Notice that this does not
change its value.

.125) 30.500 (244
250

550
500
500
500

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.

66) 17.00 (.25
136
340
340

Our first answer is 25 but as the dividend has two more deci-
mal places than the divisor, there will have to be two places
in the quotient 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
29

20
20
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Therefore, we find that 3/4 equal *75. As a check, we know
075 = 75/100 and dividing both numorator and denominator by
25, we find 75/100 = 3/4.

SQUARE ROOT

As mentioned earlier in this Lesson, when a number is multi-
plied by itself, vs say it is "squared" and indicate the
process by writing the number with an exponent 1121t. In the
form of en equation,

62= 6 x 6 56

which is read as six squared equals six times six, equals
thirty-six.

This is a OgninOn form of problem found in many electrical
calculations but one which causes no particular difficulty
as it involves nothing but simple multiplication. The, table,

given earlier in this Lesson., includes all squares of whole
numbers from 1 x 1 to 12 x 12.

However it is an equally common problem to arrive at a value,
such as the 11361t in the example just given, and be required'
to find the number of which it is the square. This process,
known as finding the square root of a number, is indicated
by the radical sign, tl\/U and reversing the former example,

V36 6

which is read as, the square root of thirty-six equals six.

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

E = 029

and therefore know the value of voltage "E" 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
from the right, draw a line after the second number like this,
7/29.

Next, we look at the left figure, which in this case is 7, and
think of the largest square that will be less, or go into it.
We know that 2 x 2 is 4 and 3 x 3 is 9 therefore the square
of 2 is the largest thLt will go into 7. So we write 2 as the
first figure of our answer and the problem now looks like

) 7/29 (2
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The square of 2 is written under. the 7'1 tnibtracted from it
the -next, group of -two figures brought down like this

) 7/29 (2

329

We then multiply the anSwervthat we have so far, by 2 and
use that as the first figure of the next divisor like this

) 7/29 ('
4

4) 529

Now we see that 4 goel into the 32 of the 329 exactly 8
times but, as the divisor will. have a second figure, decide
8 will be too large therefore write 7 in as the second fig-
ure of the ahrwer find' also as the second figure of the. di --
visor giving us

) 7/29 (27
4

47) ,629

The 47 is then multiplied the 7 of the ansver, being
written under the 329 and subtracted from it. As there is
no remainder, the answer 27 is complete and the square
root of 729 is 27 The complete problem will look like this

) 7/29 (27

49) 529
329

These same steps are followed for all numbers but, when
there is a decimal point it is necessary to start from 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 844.484. Starting. from the decimal point
and dividing the number into groups of two figures, we have

8/44./48/40

The 1101f, added to the right-hand group, does not change
the value of the number but simply completes the last
group. Following the stops explained aboue, the problem
works out as f011owso
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) 8/41/48/40 (29.06
4

49) 4 44
4 41

580) 3 48

5806) 3 48 40
3 43 36

4

Notice here, the third number of the answer is "0" because
with any number added, the trial divisor "58" will be greater
than the remainder "348". In a case of this kind, we place
a "011 in the an-wer, add a "0" 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 is a single figure
in the answer for each group of two figures in the original
number. 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 circuits are of small
value and thus it is often necessary to extract the square
root of a four or five place decimal. To illustrate a prob-
lem of this kind, suppose we want to find the square root
of .00025.

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

"0" does not change .the value of the number but com-
pletes the third group of two figures.

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 decimal_ to the left, like this

.00/02/50 (.0

As this first step contains nothing but zeros, the next pair
of numbers is inspected and the problem is started as already
explained. In this case, with the numner 1102", 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 Ill" from the 11211, as in ordinary division,

and bring down next pair of figures to nake the probleal

.00/2/50 (.01
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 estimated and written in the divisor and -

the answer to make the problem

.00/02/50 (.015
1

25) 1 50
1 25

25

To provide a third number in the answer, we assume a group
of two zeros follows the group of 115011 in the original num-

ber and proceed in the usual way.

.00/02/50/00 (.0158
1

25) 1 50

1 255

308) 25 00
24 64

36

The work can be continued by adding pairs of zeros until the
answer has the desired number of decimal places but, for ordi.

nary problems, three figures usually provide sufficient

accuracy.

In all dauare root problems, it is eaqy to check the York be-

cause,- as the answer should be the square root of the original

number, the answer can be multiplied by itself and the re5Jlt

should equal the original number.

For the example just given, we found the square root of .00025
was .0158 and, as .0158 x .0158 is .00024964 our andver is but

.00000036 less than the original number.

PRACTICE PROBLE-1:,S

The following problems have been included as a part of this
Lesson to provide a ready means of practice for those studets
who require it. To make the information collietC, the answers
to all the problems are given on a qeparate page.
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o suggeStiom 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 benefii, from the work.

These problems need not be sent in for grading bit me will

be. glad to send complete details on any of thca which You.

may find difficult
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PRACTICE PROBLEMS

Do Not'aend In For Grading

Answ.er8 on Page 24

1. (a) 2 + + 7.4 3 +.9---=
(b) 746 + 5 + 2416 + 40 = _Z

(c) 17 + 594 + 4 + 31,567 .32,167;2-'
(d) 600 + 78 + 2567 + 758 + 9
(e) 3006 + 435 + 74 + 6782 =

/0217
2. (a) 63 - 45 =

(b) 462 - 63 = 317
(c) 7525 - 6735 = 79 0
(d) 837 - 492 = y3-
( e ) 5864 - 962. =Ifro2--

3. (a) 49 x 7 = 3 Y 3

(c 592 x 38 = 7,4
(b 63 x =

(d) 746 x 258 = 0001

(e) 3926 x 547 = 7,t/ 04'

4. (a) 153 ÷ 9
(b) 184 + 23 = f .
(c) 4564+ 326 =,/r
(d) 59 + 7 = 5;:f
(e) 382 + 21 =

r
5. (a) 2/5 + 9/15 = /

(b) 1/2 + 2/3 + 5/6 = ;Ls
(c) 1/3 + 1/4 + 1/6 = ;;Vji
(d) 7/4 -I- 3/5 + 2/3 -
(a) 3-1/3 + 2-3/4 1-4/7 =

6. (a) 3/4 - 2/5 =
(b) 4/7 - 2/9 =
(c) 2/3 - 5/8 =
(d) 3-3/4 - 2-1/7
(e) 5-4/9 3-2/11 =

7. (a) 2/3 x 3 =
(b) 3 x i/a =
(0)
(d)

(a)

2-1/2 x 5/5 =
3-7/8 x 4/3 =
3/4 x 4/5 x 5/6 =
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PRACTICE PROBIFMS (Continued)

D4 Not Send In For Grading

Answers on Page 24

8. (a) 3-1/2 = 7/8
(b) 3 1/4 =

(c) 1/4 4. 3 =
(d) 4-3/4 ÷ 1-1/2 =
(e) 7/8 ÷ 3/4 =

9. (a) 2.45 + .06 + 38,4 + 71 iiego

(b) 29.6 + ,008 + .2 + 14.06 3.
(c) + .002 + .125 + .00025 713 ,ter
(d) 5.07 + 1.2 + .0001 + 6.002 7)4
(e) 10.00 + .001'+ 1.01 + .10 / le /11

10, (a) 4.6501 ,006 itegi
(b) .001 - .00025 =.0
(c) 8.8043 -- 8.7942 =. 0 /
(d 29.004 - 19.005 = ei 7
(e) .0025 -..00025 = 0 Eza-c

11. (a) 32.4 x .005 4,0
(b) .02 x .0005 =.00 0/
(c) 2.5 x 6.02 x a)'.04
(d) .05 x .02 x .001.7,00,o/
(e) 0823. x .0001 =

12. (a) 32.4 + .005 = 4/1"-b
(b) .02 + .0005 =
()o) 2,5 4 6,25 =
(d) .001 4. .05
(e) .25 250 = .0 0

13. (a) V1849
(b) Y466..56
(c) Y3850.2025 =
(d) 1.001 =
(e) )/.0005 =

Page 23
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ANSWERS TO PRACTICE PROBLEIVIS

1. (a) 27 8. (a) 4
(b) 3207 (b) 12
(c) 32,182 (c) 1/12
(d) 4012 (d) 3-1/6
(e) 10, 297 (e) 1-1/6

2. (a) 18 9. (a) 48.01
(b) 399 (b) 43.868
(c) 790 (0) .13725
(d) 345 (d) 12.2721
(e) 4902 (e) 11.111

3. (a) 343 10. (a) 4.6441
cb) 882 (b) .00075
,,c) 22,496 (c) .0101
(d) 192,468 (d) 9.999
(e) 2,147,522 (e) .00225

4. (a) 17 11. (a) .1620
(b) 8 (b) .00001
(c) 14 (c) 45.752
(d) 8-3/7 (d) .000001
(e) 18-4/21 (e) .6823

5. (a) 1 12. (a) 6480
(b) 2 (b) 40
(0) 3/4 (c) .4
(d) 3-1/60 (d) .z
(e) 7-55/84 (e) .001

6, (a) 7/20 13. (a) 43
'b) 22/63 (b) 21.6
(c) 1/24 (c) 62.05
(d) 1-17/28 (d) .0316
(e) 2-26/99 (e) .02236

7. (a) 2
(b) 3/8
(c) 1-1/2
(d) 5-1/6
(e) 1/2
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Some people fail because they never begin.
More people fail because they never finish.
Stick-to-it-ive-nees wins oftener than genius
or luck. You may make mistakes, others may
misjudge you. You may be tired and discour-
aged. But, if 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 a success of it and find a
better one. In a troubled and anxious time
of the Civil War, General Grant said, "I
will fight it out on this line if it takes
all summer." Let that be your motto.

-- Dr. Frank Crane
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RADIO SYSTE:_S

It is a very common, everyday experience for most of us to

simply turn a switch or push a button on our Radio and, in a

few seconds, enjoy the music of our favorite orchestra even

though it may be playing nundreds of miles wiay, Perhaps you

have marveled at this "nagic" of Radio which tr"vols through

space, without wires, and lets you hear tno nusic as soon as

the audience in the Broadcasting Studio where toe orc1,estra

is playing.

Being interested in this subject, no doubt you have looked

underneath a Radio and may have wondered how such a "ratts

nest" of wires and gadgets can pull your favorite urogrEms

out of the air. That, by the way, is the purpose of
Training Program -- To tell you and s1 ow vou :ust "ghat' makes

the wheels go around" in Radio and Electronic ET,ippent --

To explain the principle which may 2,overn the actions of the

many "gadgets" which go to make up the various Radio and

Electronic devices.

Once you understand these principles and sore of their nracti-

cal applications, you will have a good foundation to b'n1d on

and will have made a good start to eualif7 for the more skill-

ed and profitable work in the Radio and Electronic field.

RADIO ENERGY

It has been said that, "With a good start a race is 1-alf won"

so, lett's statt at tne very beginning wLth a few genera: ideas

about this world in which we live.

The "stuff" which makes up all the M,inj,s we know, such as

the soil, rocks, water and trees in the co. try 3S well as the

bricks, stones and pavements of the city is known technlcally

as "Natter".

As a general definition, we can say that ;Patter is anything

which occupies space and tnus you can soo it will inclule our
clothes, our food, our furniture and even our bodies. The

definition makes no exceptions and covers all solids, such as

wood, stone, metals and cloth, all li(,uids such as gaso_ine

and water as well as the lighter substances, such as alr,
which are known generally as "gas".

In addition to "matter", there are a number of important
natural forces which we call "energy". No doubt you are
familiar with the common use of the word but, for this train-.
ing, we want you to think of energy as the ability to do work.
Nobexactly the kind of work for which you receive a pay check,
but work in a more technical sense.
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For example, by heating water in the boiler of a railroad
locomotive, you can producs steam which will pull a heevy
train, a job that, under ordinary conditions, the original
cold water could not do. That is why we say it is the K at
Energy, added to the water, which his the ability to do work.

There are other common forms of energy, such as light aril
sound, and any work you do with your muscles can be clef:- ed

as mechanical energy. 7that interests us most in tnis train-

ing program is Electrical energy because, without it there
would be no Radio.

Most of our modern machinery is mainly useful in converting
energy from one form to another. For example, the heat energy
of the exploding gasoline vap)r, inside the cylinder of an
automobile engine, is converted to meceanical energy
drives the car. Electrical energy, passing through the common
electrical lamp bulb, is converted into both light 4nd heat

energy. -

aen you talk into the ordinary telephone, the muscular energy
of the vocal chords in your throat is converted to sound energy
which enters the mouthpiece and is converted into electrical
energy. This electrical energy travels along the wires GO
the other end of the line where it is converted back to sound
energy which can be heard by the listener.

In Radio, the general idea is much the sane but, instead of
using wires to connect the speeker and listener, a special
form of electrical energy is employed to ctrry the messe:ap
through space. We want you to think of this as Radio Erxgy
or, because it carries the messages from one point to another,
as a Radio fiCarrierP.

TRANSMISSION AND REcEpTia:

In general, all complete Radio systems can be divided into
two main parts.

One: The apparatus which converts the sound energy to elec-
trical energy and, by meens of a ITarrierul.sends or trees-
mits the messages through space. This part of 6he nis:,u1 is

the 11Transmitteru and its complete assembly is knodn as a
"stational. The common Broadcast stations are Lhereore
classed as Radio Transmitters or Transmitting Stctions.

Two: The apparatus which receives the transmitted carrier
energy and converts it back to sound. This part is the
ffReceiveril.

The Radio Transmitter, in turn, can be divided into two eeneral
parts. First, the apparatus which converts the sound or other
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signals into electrical energy and second, the apparatus which
generates the "Carrier".

While Radio receivers are a common household article, Radio
Transmitters are soldom seen by the public and thereforeo in
FigureS 2 and 3, we show views of a medium sized Federal Marine
Model 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 parts.

ANTENNAS

In order to start the carrier energy on its journey through
space, the transmitting station has an "Antenna".

As shown in Figure 1, these are made in many forms, shapes
and types and, for transmitting stations, they range all the
way from a simple vertical rod, to complicated arrays of masts
with wires strung in between.

Antennas are also required for Radio Receivers but, in generalp
they are -much smaller and simpler than those of the Trans-
mitting stations, In fact, many modern Receivers have the
antenna built inside the cabinet, thus eliminating the need
of ap outdoor installati.on.

FREQUENCIES VS. WAVELENGTH

Radio transmitters produce or "generate' the Carrier,
which was mentioned above, and now we want to explain the
characteristics which make it possible for the many Radio
Transmitters and Broadcast Stations to operate at the same
time without interfering, with each other.

By methods_which we will explain -later,. the transmitter feeds
the Radio carrier energy to the antenna in a series or stream
of pulses. Each of these pulses causes a distrubance which
spreads out at the speed of light in the space around the
antenna.

As these pulses follow each other in rapid and regular orders
the energy which leaves the antenna is often thought of as
being a form of waves and the action is compared to that'Which
occurs when a pebble is dropped in a pool of still water.
Little waves start at the point the pebble strikes the water
amid 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 aid the dint-luce
fl-= the crest of one wave to the. next.



.
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This may sound somewhat complicated but, in reality, a little

simple arithmetic will bring out all the important points. To

make the details easy to folloa, suppose we imagine that

several shiploads of airplanes are being landed and arse led

at a small port and are to be flown to their destinatio-2

several hundred miles away. The only available airport Ls

so small that but one plane can take off at a time°

The planes are all alike, with a speed of 300 miles per hour,

and a schedule 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 t,:ike off at one minute in-

tervals, there will be 60 planes in the air.

711th 60 planes spaced equally over a distance of 300 miles,

they must be 5 miles apart because 300 divided by 60 equals

5. However, if you were stanflidg anywhere along their line

flight, the planes would pass you at the rate of one per

minute.

Let's go over the picture again cuickly. A steady stre-am of

airplanes take off from the airport at the rate of one rer

minute and, travelling at 300 miles per hour are spaced 5

miles apart. In a more technical way, we can sad- tLe 1? 'nes

leave the airport at a "frequency" of 60 per hour. This is

also the "frequency " at which the pla_ies pass over any point

of their flight.

We frequently read of "waves" of bomber plznes aad, the 'king

of each plane in the umm-le above as tic crest of a wave,

we will have a wavelength of 5 miles. TI us we have the three

important factors in regard to the planes of this examle.

1. Speed of 300 miles per hour.

2. Frequency of 60 per hour.

3. Wavelength of 5 miles.

To calculate the relationship between these three, you will

find --

1. The Frequency equals the speed divided

by the wavelength.

2. The 7avelength equals the speed divided

by the frequency.

4

Using the values given above, the Frequency is equal to the

speed of 300 divided by the wavelength of 5 for a value of 60.

The Wavelength is equal to the speed of 300 divided by the

frequency of 60 for a value of 5.
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Exactly the same plan is'used for the measurement of the '
Radio Carrier Energy but, as its speed is enormously high,
different units of measure are employed. Distances are
measured in "Meters", a unit of the metric system, which
equals about 39 of our inches or approximately 3 1/4 feet.

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

For our airplane example, we found a frequency of 60 per
hour but.because of the high speed of Radio energy, its fre-
quencies are measured in "cycles per second". Even on this
basis, the ordinary frequencies run into large numbers and
therefore we use larger units as shown by the following table.

UNITS OF FREQUENCY MEASURE

Cycles = 1 Kilocycle - (kc)
1,000,000 Cycles = 1 Megacycle - (mc)

1,000 Kilocycles - (kc) d 1 Megacycle - (mc)

Vie 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 noticeable pauses in our conversation.

In actual numbers, this speed is equal to 300 million meters
a second and, as explained for the airplane example, every
frequency has a corresponding wavelength. Here again, we
use -the relationship explained for the airplane example but
now, the speed is 300 million meters per second, the Frequency
is measured in cycles per second and the wavelength is measured
in Eeters. Thus, for Radio Energy, we can state: --

1. The Frequency (in cycles per second) equals 300
million divided by the lavelength (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 here. First --
there is a corresponding wavelength for every frocluency and
Second -- the higher the freouency, 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 bmnsmitAing sF,ation and
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all frequencies, between 10 Kilocycles and 30,000 Megacycles,

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 Can
operate without causing interference with other stations.

Starting at the low frequency end, all values between 10 Kilo-

cycles and 30 Kilocycles are known generally as very low fre-
quencies, abbreviated, (VLF): From 30 K.C. to'300 K.C., they
are called "Low" frequencies, abbreviated (LF).

The frequencies between 300 K.C, and 3000 K.C. are known as
"Medium", abbreviated "MF." and,here we find the Broadcast
Band which extends from 545 K.C. to X600 K.C. As practically
all of our Broadcast stations operate in this band it is the
one known best to the general public.

To simplify the writing of frequency value's, above 3000 K.C.,
the tnit'megacycle is used and transposing, 3000 K.C. is equal
to 3,000,000 cycles which, in turn is equal to 3 megacycles.
All of the present classes or bands of frequencies are summa-
rized in the following table.

Frequency Range - Name -Abbreviation

10 KC to 30 KC -Very Low - VLF
30 KC to 300 KC -Low - LF

300 KC to 3000 KC -Medium 11'

3 MC to 30 EC -High - HF
30 MC to 300 EC -Very High VHF

-300 MC to 3000 MC -Ultra High - UHF
3000 MC to 30,000 MC -Super High - SHF

The frequencies from the 1600 Kilocycle and of the Broadcast
Band up to 30 Megacycles 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 Meter Band", the "19 Meter Band" and so on.

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 been 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 shown
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
type, similar to the one at its left.

Going to the right of the page again, you will see a "Chair-side"
type of radio console, the name of which suggests its use.

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 notice that each
has a prominently placed "Tuning Dial", by means of which the
desired station can be selected. From our former explanation,
we can tell you now that "Tuning" a radio simply means that
you are making adjustments so that it will respond to the
frequency of the Transmitting station you desire to hear.

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 respond.



.,



Lesson FDY-1 rase 8

R.4DIO RECEIVER CHASSIS

To give you a better idea of their general construet4on, for
Figure 5 we show a Radio Receiver Chaesis removed from its
cabinet but with the tuning dial and control knobs in piece.

This dial is known as a "Slide Rule" type because the pole -ter
moves straight across the scale and readings are taken on the
same generzl plan as those of the slide rules used ey enineers.

In this case, the vertical pointer moves from side to side,
as the control knob is turned, and you will notice the dial
has three scales.

The top scale, marked "Broadcast" in the center and with the
letters "KC" near each end has priAted numbers from 550 to
1600. This checks exactly with our former e:rninnation are].

the numbers indicate the frequencies of the Droadcast Bard
in Kilocycles. If you want to listen to a Broeacaet etaYon
with a Freeuency of 820 K.C. you simp1:1.7- turn.the tunire: knob

until the pointer is opposite 820 on the Droadcact

The middle scale is marked "Short -"ave", has the letters "ThC"

near each end and is numbered from 6 to 18, enlich neans the

receiver will tune the short wave hand eith free uehcies from
6 megacycles to 18 megacycles.

In order to select these different bands, ono of the 1 -nobs
operates a "Band Switch" and the panel of the receiver carries

markings to show which band is in use.

Notice here, the short wave values are given in frequencies
but, using the methods explained in the earlier part of this

Lesson, you can readily determine that 6 I'C. is equivalent to

a wavelength of 50 meters while 18 IC. is eeuivaleat-to a

wavelength of 16.6 meters. On this particular scale, cereain

wavelength values, in metere, ore printed below the mesaeycle
scale.

To convert these freeuencies to their corresnondinr.: wave],nEths

we make use of the relationship that Iavelength equals the speed

divided by the Frequency. The' speedis arrays 300 Li' lion meters

and, with a frequency of 6 MC., which is 6 million cycles we
divide the 300 million by 6 million to find a wavelength of 50
meters.

In the same way, for a frequency of 18 ;C., we divide the speed
of 300 million meters bythe frequency of 18 zillion cHcles to
find the wavelength of 16.6 meters.

The bottom scale is uniformly divided from 100 to 0 and has no
definite reference to frequency or wavelength. However, it
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is useful in locating certain favorite stations 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 somewhat similar dial is shown in Figure 6 but this has only
a single scale from 42 IC. to 50 I.C. This is the band once used
by the new Frequency Modulation stations 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 ahead 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' can read-
ily see that, by adding a zero to each printed number, the
scale would read from 550 K.C. to 1550 K.C. and cover the
Broadcast Band.

In the position shown, the pointer indicates a little less
than 70 on the K.C. scale and a little less than 450 on the
meter scale. If you care to figure it out, you will find
680 K.C. is the equivalent of 4/11 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 Wave Bands. Here'
again) the Broadcast scale is numbered from 55 to 160 but,
by adding a "0", we can readily read it as 550 K.C. to 1600
K.C. and this it checks with the dials of Figures 5 and 7.

The short wave band is in (MC) megacycles, from 3,0 to 6.5
and opposite the numbers, 6.5 and 6.0, there is a bar marked
"49M" 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
3.5 M.C., there is another bar, marked "Amateur", as these
frequencies are 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 "Aircraft".
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Po matter whet their size or shape, all Pxdio Dials are mark-

ed on this same general plan and, after reading the ex,)lana-
tions of this Lesson, 74e, want L-ou to examine the dial of every

ascii° ',feceiver you see. Compare its markings with the ex,lana-
tions and illustrations of the Lesson and, if possible, tune
in one or too Broadcast or other stations wLose frequencies
you know.

host ne'aspapers list the freeuencies of all 1°0,21 st,:tions and

you find it riuitu interesting to tune a 7.adio according

to tin listed frequencies. Remember re -:lever, all di2ls arc

not entirely accurate and you ',J.71,11 find some, which are badly

in need of caliretion, an adjustment -,to tic() up lc ter

on.

Now that ,7e have told you how to read the dial of a Radio
Iseceiver, for our next Lesson we arc going to give you details
on the common forms of Electrical energy, most of which play

an important part in the oper:tion of all coo:Dlete

systems.
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Nothing is impossiblei there are ways
that lead to everything, and if we had
sufficient will we should always have
sufficient m3ans. It is often merely
for an excuse that we say things are
impossible.

-- La Rochefoucauld
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FIRST ELECTRICAL ACTION

Mile 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 factx 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 riddle Ages, there
was practically nothing done in the war of experiment or in-
vestigation until the time of Dr. Gilbert, who died early in
the 17th century.

DR. GILBERT IS -101K

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 electricity. 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 metals,

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 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 studies.

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 conducted by a number of

men, some of whom used pads, or cushions for rubbing, while

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 OF ELECTRICITY

In 1792, Gray made the very important discovery that some sub-

stances would, while others would not, carry this electricity

from one object to another. This really was the beginning of

our present knowledge of conductors and insulators. The genera;

idea at that time seemed to be that electricity was some sort

of a fluid and many attempts were made to collect or bottle it.

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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HAMLIN 1 S KITE

Everyone has heard the story of Benjamin Franklin and his kite)
by which he proved that lightning was electricity. The kite
was sent up as a storm approached but. the experiment we; 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 "strtick" bylight
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, Franklin u'ed a length of silk ribbon

betWeen his hand and the kite string but, it1 the sparks he

drew from the key: he was able to oroduce practically -all of
the electrical f cct ir.nown at that time. Tlierefere) his

proof was complet4j L":10;k1t..01.11g Was EleotricitY.

In the many earlier e7\perimonts, it had been established that

there were Li,o hj,Ids Or types of electrification. -;ithouL any

particular technicl reason, Frankl.in suL7gestod that the electri-
fication Which results on glass) when it is rubbed with silk)
be called "Positive" while the eleYClarificatiOn .Thioh results
on sealing wax) When rubbed with flannel, be called "Hecative"4

This is usually considered as Franklinls most important Work
because the terms Were adopted universally and' are still in

use today although) according to modern the017, they should
have been revered, Keep these terms in mind as we will have
more to say about them.

THE FIRST BATTERY

The next important discovery camo in 1790 when Luigi Galvani
Proved that the contact Or metals and chenjoals produced
electricity. Vorking on this idea) Alessandro Volta developed
his "Voltaic Pile" about ton years later.

This pile was made up of alternate disks of different metals)
Such as copper and zinc, separated by pieces of paper or cloth
soaked in a liquid such as weak sulphuric acid. This arrange-

ment produced-dlactrfeity, by tho action of the ohoMieela on
the metal and) thought to be semethiLg different) it Was named
Voltaic or Galvani_c in honor of the experimenters.

The vtitaic pile was really the first batb(ry and, as more
startling results could be proeuced With it, nest experimenters
turned their attention to Voltaic. or Galvanic olectricitY.
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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. As

long as there was current in the wire, the iron center, or
core of the coil, would act like a magnet. This same 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 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 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, bymooving a magnet past a

wire, he could cause an electric current in the wire. These

actions are called Electro-Magnetic Induction and most of

the electricity in use today is produced by this method.

CHM'S LOT

Mile Faraday was conducting his experiments in Induction,

Dr. Ohm had been working on the theory of Galvanic electri-

city. He introduced the terms Electra -Motive -Force, Intensity

of Current and Resistance, showing their relation to each

other. The law he worked out, known as Ohm's Iaw, will play

a very important part in your studies.

Even though the results of all these experiments were well

known, Electricity was still little more than a plaything

and it vas 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 OF THE MOTOR

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

one of the machines, being driven by a steam engine, and cm-

nected them to another dynamo which was standing idle. The

idle dynamo at once started to run and so our present day

electric motor came into existence.
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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. 1,5

long as there was current in the wire, the iron center, or
cote of the coil, would act like a magnet. This same 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 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 electric current in
one wire would cause a similar current in another although
they were not connected. lase, by moving a magnet past a
wire, he could cause an electric current in the wire. These
actions are called Electro-liagnetic Induction and enst of
the electricity in use today is produced by this method.

OHM' S

While Faraday was conducting his experiments in Induction,
Dr. Ohm had been working on the theory of Galvanic electricity.
He introduced the terms Electra-lotive-Force, Intensity of
Current and Resistance, showing their relation to each other.
The law he Norked out, known as Ohm's Law, will play a very
important part in your studies.

Even though the results of all these experiments were well
known, Electricity was still little 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 ware 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 engine, and
connected them to another dynamo which was standing idle.
The idle dynamo at once started to run and so our present
day electric motor came into existence.
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"e have mentioned these various exneriments only to pive you

an idea of the comparatively simple discoveries which nave

lea to imoortant developments, all of which will be fully

explained in the later lessons. except as a matter of
Historical interest, the details of these experiments ngve
no particular value and therefore we will go ahead without

further delay.

PROGRESS OF ELECTRICITY

Our present systems of electric lighting did not begin until
after the dynamo a comrercial success and are therefore
only about 73 years old, yet today, you will find electric
lighting in pr,i,ctically every nook and corner of the work'.
.ttthough : orse irvented the teleqranh in 1835, IL w ovary
slow in becoming popular, and it was. not unuil 1075 T1; ,t
invented his telephone. Today, the country is a network of
teephone and telegraph lines and we think nothing of talLing
clear across the country from hew York to San Francisco.

ore recently, the service has been extended across the -tdan-
tic Ocean end you con now sit in your own home end talk to
people in London or Faris.

hany other discoveries have been Jiade, many a:e still being
made and ,ith the tir.e and effort being put into electrical
and electronic work, no one can esTen guess what the future
will produce. The rapid growth of Television, Sound and
aaaio in the nast few yearn is a good illustration of the
nossi'AlAties in this field.

!lion you stop and think that the entire science of electri-
c ity, as we know it, is only about 100 years old, le fcel
sure you will agr.20 that perhaps the most im7,ortant discov-
eries arJ still to co e.

"RAT IS ELECTRICITY

In spite of all that has been learned, no one really knows
just what electricity is. It, is not a liquid, solid or a
gas and thus we usually think of it as a form of energy.

By definition, energy is the ability or capacity, to do
work. For example, it is your muscular energy t at makes yeu
able to do various kinds of phy:,ical labor. hen :ou li ;ht
a fire and the fuel is burning, it gives off heot coergy which
c,n be used for various kinds of work, such as ,,oiling water
and making steam. If the steYt1 is used f,o run an engine, then

heat energy of the fire is carried to the en4ne by Leans
of the steam, and turned into mechanie,1 oner7T.
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You may think that the steam itself is 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.

Electricity can be explained in much the !same way because,
when put under pressure, it will oarry 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 electricity and in its
common useful forms speak of it as a form of energy or a
force.

FORMS OF ELv,CTRICITY

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 ° 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 i5
always in motion. It is the form of electricity that passes
through or along the wires, lights our lamps 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^n 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 energy from 1Nhich t flows to a

point of loner energy or level.

An easy way to think of this is to remember that water always

flows from a higher to a lower level. Fugitive and negative

are used in electricity like high and low are used for noter.

Electricity flows from roositive to negative. Don't let these

terms confuse you, because even though the positive ware
closer to the floor, or lower t',an the negative, Electricity
would still flow from positive to negative.

This statement is an aprarent contradiction to the generally
accepted "Electron Theory" but, as we explain in tne

later Lcs',ons, for the most practical ork the actual direction

of an electrical current is not of major importance.

The older idea of current from positive to negative is ~;till
in common use commJrcially and circuits ere tnIced on this
plan. Thorofore, We Will follow this rethod in the early'
explanations, taking up the Electroo Theory later en after
you have learned the basic actiolls and rules. In this way,

you will be able to underetood both Theories, ithout the

confusion ehich would arise should 1-e a complete

discussion at this tile.

AT: DSPHERIC ELECTRICITY

There is also a certain aaount of free electricity in the air,
although very little is known about it, but we have all seen
the electricity that is present during a thunderstorm.. The

Northern Lights are another effect of this atnospheric
electricity. Then, as wo till explain later, the e-rth itself
is a hugo ragret, so you see third is electricty all around
us, not only in the machines that men have made, but in
nature itself.

PLAN OF TRAINING

Before going ahead with the next Lesson, we oouldlike to give
you an idea as to oar plan of training. lo the early Lessons,
you will find that we spend considerable tile on the iundamon-
tals ano principles of electricity and manetism. This ray
seem unnecessary detail but, from experience, dc have
*ounce that it is tne only way you can obtain a thorough 1-now-
lodge of Radio and oth,r Electronic applicction. In other
words, you must have a good foundation if you expect to build
a lasting career in the electronic field.

Also, you will find the explanations of the ae early Lessons
are Written around battery operated units. Thic is dune for
tt;0 reasons. First, all the cone en for re of Radio tubes are
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fundamentally direct current units and the, so-called, A.00
equipment merely contain5 additional circuits to provide the
required direct current from the AX. 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 communities.

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 explanations
on various A.C., DEC. and Universal types of Radio and other

Electronic equipment.
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Nothing is impossible; there are ways
that lead to everything, and if we had
sufficient will we should always have
sufficient means. It is often merely
for an excuse that we say things are
impossible.

- La Rochefouc,auld

FD11/1,--2





Lesson FDM-2 Page 1

FIRST ELECTRICAL ACTION

Mile 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 electri-
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 century.

DR. GT7aERT IS 7ORK

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 electricity. 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 metals,
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 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 studies.

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 conducted by a number of
men, some of whom used pads, or cushions for rubbing, while
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 OF ELECTRICITY

In 1792, Gray made the very important discovery that some sub-
stances would, while others would not, carry this electricity
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 it.
One of these containers, the Leyden Jar, must be remembered as
it did hold an electrical charge and certain forms of it are
sti]l in use today.
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FRANKLIN'S KITE

Everyone has heard the story of Benjamin Franklin and his kitei
by which he proved that lightning was electricity. The kite

was sent up as a storm approached but the experiment 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 ustrUck" 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, Franklin used a length of silk ribbon
between his hand and the kite string but, ';ith the sparks he
drew from the key, he was able to produce practically -all of
the electrical effects known at that time. nerefore, his
proof was complete, Lightning was Electricity.

In the many earlier mperiments, it had been established that
there were two kinds or tylpes of electrification. 'Uthout any
particular technical reason, Franklin sucgcsted that the electri-
fication -which results on glass, when it is rubbed with silk,
be called flPositive while the electrification which results
on sealing wax, when rubbed with flannel, be called uNegative".

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

THE FIRST BATTERY

The next important discovery came in 1790 when Luigi Galvani
proved that the contact of Hetals 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 different metals,
such as copper and zinc, separated by pieces of paper or cloth
soaked in a liquid such as weak sulphuric acid. This arrange-
ment produced` electricity, by -the action of the chemicals on
the metal and, thought to be something different, it was named
Voltaic or Galvanic in honor of the experimenters.

The voltaic pile was really the first battery and, as more

startling results could be produced with it, most experimenters
turned their attention to Voltaic or Galvanic electricity.
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MAGNETISM

Before going any further with the development of electricity,
we will have to Mention the subject of magnetism. Like elec-

tricity, the name Magnetism comes from a Greek word that 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 "LODESTONE"

The sailors used this action to guide them when out of sight
of land and the ore came to be called IlLead-Stone" or lode-
stone. The ordinary magnetic compass of today works on exactly
the same idea except that, instead of a lodestone, a magnetized
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 been look-
ing for a connection of some sort between electricity and
magnetism.

ELECTRICITY vs. !WNIT,TIS

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 always turn crosswise to the wire.

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 magnetic compass
and a current carrying wire was converted into an electrical
measuring instrument which is known as a "Galvanometer". Some

of our present types of electric meters operite on this same
general principle.

This same year, it was also discovered that an electrical cur-
rent had the power to magnetize iron and steel. Lenz and Joule,

two other experimenters, went a little further and found that
the magnetization 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 strung 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
cote of the coil, would act like a magnet. This same 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 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 uee.

His next great discovery came about tan 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
actions are called Electro-agnetic Induction and post of
the electricity in use today is produced by this method.

OHM' S LIAM

While Faraday was conducting his experiments in Induction,
Dr. Ohm had been working on the theory of Galvanic electricity.
He introduced the terms Electro-lotive-Force, Intensity of
Current and Resistance, showing their relation to each other.
The law he worked out, known as Ohms Law, will play a very
important part in your studies.

Even though the results of all those experiments were well
known, Electricity was still little 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 those early dynamos were 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 engine, and
connected them to another dynamo which was standing idle.
The idle dynamo at once started to run and so our present
day electric motor came into existence.
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'le have mentioned tnese various experiments only to give you

an idea of the comparatively simple discoveries which have

led to important developments, all of which will be fully

explained in the later lessons. 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 ELECTRIOITY

Our present systems of electric lighting did not began until

after the dynamo was a commercial success and ere therefore
only about 75 years old, yet today, you will find electric
lighting in pructically every nook and corner of.the world.
Although Forse invented the telegraph in 1835, it waa very
slow in becoming popular, and it was not until 1875 that Dell
invented his telephone. Today, the country is a network of

telephone aad telegraph lines and we think nothing o talking

clear across the country fromliew York to San Francisco.

"ore recently, the service has been extended across the atlan-
tic Ocean and you can now sit in your own home end talk to
people in London or Paris.

;.:any other discoveries have been made, many are still beiag
made and iwith the time and effort being put into electriCal
and electronic work, no one can even guess what tne future
will produce. The rapid growth of Television, Sound and
Radio in the past few years is a Lood illustration of the
possibilities in this field.

;then you stop and think that the entire science of electri-
city, as we know it, is only about 100 years old, le feel
sure you will agree that perhaps the most imrortant disccv-
eries are still to core.

WaT IS ELECTRICITY

In spite of all that has been ,learned, no one really knows
just what electricity is. It is not d liquid, solid or a
gas and thus we usually think of it as a form of energy.

By definition, energy is the ability or capacity, to do
work. For example, it is your muscular energy t at makes you
able to do various kinds of phyeical labor. ,hen you licht
a fire and the fuel is burning, it gives off heLt energy which
can be used for various kinds of work, such as boiling water
and making steam. If the steara is used to /un an engine., then
Lhe heat energy of the fire is carried to the engine by means
of the steam, and turned into mechanical energy.
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You may think that the steam itself is 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.

Elez-cricity can be explained in much the same way because,
when put under pressure, it will Garry 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 electricity 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:

I. Electricity at rest - Static
2. Electricity in motion - Current
3. 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 motion. It is the form of electricity that passes
through or along the wires, lights our lamps 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 an 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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fled body having a higher energy front 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 level. Positive and negative
are used in electricity like high and low are used for water.
Electricity flows from positive to negative. Don't let these
terms confuse you, because even though the positive were
closer to the floor, or lower than the negative, Electricity
would still flow from positive to negative.

This statement 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 direction
of an electrical current is not of major importance.

The older idea of current from positive to negative is still
in common use commercially and circuits are traced on this
plan. Therefore, we will follow this method in the early
explanations, taking up the Electron Theory later on after
you have learned the basic actiuns and rules. In this way,
you will be able to understand both Theories, vrithout the
confusion which would arise should vie attempt a complete
discussion at this time.

ATIVDSPHERIC ELECTRICITY

There is also a certain amount of free electricity in the air,
although very little is known about it, but we have all seen
the electricity that is present during a thunderstorm. The
Northern Lights are another effect of this atmospheric
electricity. Then, as we will explain later, the e2rth itself
is a huge magnet, so you see there is electricty all around
us, not only in the machines that men have made, but in
nature itself.

PLAN OF TRAINING

Before going ahead with the next Lessonswe wouldlike to give
you an idea as to our plan of training. In the early Lessons,
you will find that we spend considerable time on the fundamen-
tals and principles of electricity and magnetism. This may
seem unnecessary detail but, from experience, we have
found that it is the only way you can obtain a thorough know-
ledge of Radio and other Electronic application. In other
words, you must have a good foundation if you expect to build
a lasting career in the electronic field.

Also, you will find the explanations of theca early Lessons
are written around battery operated units. This is done for
two reasons. First, all the common forms of Radio tubes are



.
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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.G. 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 communities.

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 explanations
on various A.C., D.C. and Universal types of Radio and other
Electronic equipment.
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QUESTIONS

How many advance Lessons have you now hand?

Print or use Rubber Stamp.
Student

Name No,

Street

City State

1. What simple act demonstrates the oldest known electrical action?

24 /hat was Benjamin Franklin's important work?

Z. Who invented the first electric battery?

4. What was the first use made of Magnetism?

5. What was Oerstedls important discovery?

6. How is an Electro-4vlagnet madet

7. /hat is Static Electricity?

8. What is Current Electricity?

9. /hat is meant by Positive Electricity?

10. According to Benjamin Franklin's theory, what is the
direction of an electric current?
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Thank God every morning when you get up that you have some-
thing to do that day which must be done, whether you like it
or note 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 a hundred
virtues which the idle never know.

Charles Kingsley

FDM-3
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As far as the operation of Radio and other Electronic equie%-,
ment is concerned, you will be interested mainly in current
electricity because that is what operates the tubes and other
parts. In fact, it is the cannon form of electricity which
lights the lamps in your home or along your street, drives
the street oars, operates 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 cur..
rent of watery Remember, these explanations are used only to
give you the idea, and must not be carried too far or used to
exp3ain all electrical actions,

THE ACTION CU 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
to operate the water wheel which is placed in a catch basin,

By operating the pump, the supply tank can be partly filled
with water but, if the valve is closed, none of it can get
out, You will notice 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 pipe. 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 tank,
With but a very small amount of water, it would be necessary
to keep the pump going all'the time in order to keep the
wheel in motion*

FOUR THINGS TO REMEMBER

There are four things that we want you to notice and remember
about this outfit. First:- None of the water is used up in
running the wheel, it is simply pumped into the tank and
allowed to run dawn over the paddles. Second:- There is a
continuous path for the water to travel around, Third:-. 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 OF THE VALVE

Suppose now that the wheel had to be run very slowly. We
would open the valve just a little way until there was enough
water flowing to give the desired speed. This can be exr
plained by saying that the small, opening at the valve makes

Rry
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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 wheel unless we
first pump it up into the tank-. What have we done? Certainly
the water has not been changed, but has merely been 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, the wheel would
not turn very fast but, if it fell six feet before 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 operate even such a simple out-
fit as shown in Figure -1, a CURRENT of 'iater is required 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 pressure
and a current of water to make the water wheel run. To a
great extent, this is exactly what happens in an electrical
path or circuit.

ELECTRICAL CONDUCTORS

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

ELECTRICAL INSULATORS

Other things, that do not conduct electricity -well, are called
"Insulators". They include rubber, porcelain, certain kinds
of oil, shellac, mica and air. Then there are a lot of man-
ufactured insulating compounds such as bakelite and fibre.





Lesson FDM-3 Page 3

COMPARING ELECTRICITY 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 metaly
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.

A SIMPLE ELECTRICAL PATH

In the electrical path of Figure 2, the pump and tank of
Figure 1, are replaced by a battery of two ordinary dry cells.
Instead of the pipe and a catch basin, there is a wire for the
path. x switch takes the place of the water valve and a small
electric motor replaces the water wheel.

While these two paths 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 batteryythrough 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 passes through the motor and back to the
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 current 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 Figure 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. Under these
conditions, 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 deliver only as much as it receives through the return
pipe and thus, the current of water would be the same in all
parts of Figure 1. No water is lost or used up and the pump
merely raises it to a higher level to produce the pressure
which causes the water to flow.
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THE ELECTRIC CIRCUIT

The general idea of the arrangement o 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 close the path - the switch, and there
is something to change the electricity into a useful form ...-
the motor. A set up of this kind is called an ELECTRICAL
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-
ly 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
great that there would still be no current. Therefore it is
clear that the current depends both on Pressure and Resistance.

UNITS OF MEASURE

To measure the conditions in the water circuit, the pressure
will be so many "poundsu, just like the air pressure in an
automobile tire or the steam pressure in a boiler. The cur-
rent of water will be "gallons per minute, but here we have
to stop because there is no unit for measuring the resistance
of water pipe.

In the electrical circuit, the pressure will be measured in
uVOLTSfl. With electricity always in motion, it is not neces-
sary to say "Pergrtinuteu every time, because the current is
measured in HAMFERES" which includes time. The resistance
of the 'electrical circuit is very important and is measured
by a unit called the "ORM",

Thu whole action of Figure 2 can be summed up by saying that
an electrical pressure of so many volts forces an electrical
current of so many amperes through a circuit which has a re-
sistance of so many ohms.

Be sure you have these three units straight in your mind be
cause they are really the foundation for all the work to fol-
low and apply wherever electricity is used. They are so am
portant that they are named after the men who discovered the





Tpsson FILM -3 Page

actions. Try and think of each ono separately because each
one is different and distinct. For example - When the switch"
of Figure 2 is open, the dry cells still retain their Voltage,
but there is no current in the circuit. Should the dry cells,
run down. and lose their voltage, there would be no current in!
the circuit even though the switch was closed, because there
would be no pressure to force it through.

The resistance of the circuit depends on how it is built and 1

what it is made of, It must not be confused with either the
voltage or the current.

For example, part of the operating requirements of an elec-
tronic tube may be listed as "Filament Volts -- 6.3u, 'Tile..
ment Amperes -- .311. That simply means the filament is made
of wire, the size, length and material of which offers enough
resistance to allow a'current of .3 ampere at an electrical
pressure of 6.3 volts.

As the filament is placed inside a glass bulb and can not be
adjusted, you can think of its resistance as remaining un-
changed. Then, to check up with wh't we have already said,
with no voltage there would be no current. If the voltage '

was less than 6.3, the current would be less than .3 ampere,

\-At 6.3 volts, there is .3 ampere which heats the filament
to the correct temperature and allows the tube to operate
properly. However, if the voltage was more than 6.3, the
current would be more than .3 ampere, the filament would be.
come too hot and the life of the tube would be shortened.

Now that you have been introduced to this all.dmportant sub-
,

ject of CURRENT ELECTRICITY and the electrical measuring
units'known as the VOLT, AKPERE And OHM, you are really be-
ginning to get down to "brass tacleu in your study of Radio
and Electronics.

Remember -- any building or institution that is to endure
must,have a solid foundetion. So it is with life -- and so
it is with a career in Radio and Electronics.

What we are doing in these early Lessons is to build for
youlstep by step, a safe ,.. enduring FOUNDATION in the
fundamentals of. Radio and Electronics. The progress you
later make in this field is going to depend to a considerable
extent on the soundness of this foundation.

Dar,svire youeunderpIana each Lesson thoroughly before moving
ahead to the nail'. Do this -- and there's no reason why you
should not come through with colors flying and a bright
future ahead of you.
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We are not going to take up your time with unnecessary details
and, in the next Leeson you rill Zinc' a great deal of iJraJti.
cal information on Resistors", perhaps the most numerous COO..
ponent of Radio and other Electronic circuits.





Pump

Supply Tank

Return Pipe

Q....._

y

FIGURE I

FIGURE 2

Valve
Water
Wheel

Catch Basin

FDM-3





DE FOREST'S
TRAINING, Inc.

LESSON FEW - 4

RESISTORS

Founded 1931 by

Copyright - DeForest's Training, Inc.
Printed in the U.S.A.





RADIO FUNDA12NTALS

LESSON DIM -4

RESISTORS

Carbon Resistors Page I
Insulated Carbon Resistors Page 3
Metallized Resistors Page 3

Wire Wound Resistors Page 3
Variable Resistors r Page 4
Color Codes Page 6
Axial Type Color Code Page 7
Tolerance Page 8
Methods of Installation Page 8

RESOLVE:

To cultivate a cheerful spirit, a smiling
confidence and a soothing voice, The
sweet smile, the subdued speech, the hope-
ful mind, are earth's most potent conquerors,
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RESISTORS

Page 1

In our explanation of the electrical circuit, we emphasized
the need for conductors and in describing the Electrical units
of measure, we showed the relationship between voltage, current
and resistance.

Reviewing briefly, you will remember that Voltage is the
electrical pressure which forces Current through a circuit
while Resistance is a quality of the material in the circuit
which opposes, or tries to prevent, the current. Thus, for
any given voltage, it is possible to regulate the current by
inserting the desired amount of resistance in a circuit.

There are other actions, which we will take up later, that
make it necessary to insert definite values of resistance in
a circuit in order to obtain some desired action. Therefore
in many Radio and other Electronic Circuits, various amounts
of resistance are intentionally included although the connecting
wires usually have the lowest possible resistance.

Because of this condition, most Radio and Electronic apparatus
contains a comparatively large number of component parts, each
made with a definite value of resistance. These units are
called "Resistors" and are of several common types. Before
going into the details of their construction, we want you to
look at Figures 2 and 3 on the illustration page at the end
of this Lesson.

These illustrations are approximately actual size and, in
general, resistors are cylindrical in shape with a connecting
wire on each end. At first glance, they may look something
like a small firecracker but electrically, they have a definite
electrical resistance which is measured in ohms.

CARBON RESISTORS

One common type of resistor is composed of a "Mix", made up
of a conducting material and a filler or binder. The conductor
is usually carbon or graphite while the filler is clay, rubber
or bakelite. The binders and fillers are insulating material
and therefore, by combining them with the proper amount of
conducting material, the resulting "Mix" will have the proper
range of resistance.

After the mix has been made, it is usually moulded into the
form of a solid rod and given a heat treatment. The rod is
then cut into suitable lengths and connecting wires are attached
to the ends.

There are many methods of attaching these wires but, at this
time, we are interested only in their position. In Figure 2,
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the connecting le Tres are at right angles to the red, or body
of the resistor and therefore they are known as a filiadialn
type.

In Figure 3, the connecting wires extend straight oat from
the center of the ends of the body and therefore those are
known as trilxial" types.

Because of the conductor material used in the mix, all units
made by this general method are known as 11Carbon" Resistors.
They are quire small in size and made in values from several
ohms up to several million ohms.

In Figures 2 and 3, we show different sizes of resistors but
want you to remember that their resistance value depends cn%7
en the composition of the mix. Almost any resistance value
can be had in any of the sizes.

The difference in size is needed to allow different values of
current to be carried safely. As ynu will soon learn, an
electrical current heats the conductor which caries it and,
the larger the current, the greater the heating effect. As
the larger resistors have more surface from which to radiate
or dissipate the heat, they can carry larger currents.

This ability to dissipate heat is measured in eatte, an
electrical unit for Power and, as choan in Figure 3, the
largest resistor is rated at 2 watts, the middle size at 1
matt and the smallest at 1/2 watt. Let us remind you again,
each of these sizes are made in the same values of resistance,
measured in ohms.

Although complete details will be given in the later Lessons,
we want to mention here that for any resistor, its maximum
rated currant, in amperes, is equal to the square root of
the value obtained by dividing its size, in watts, by its
resistance, in ohms.

Following this plan for lehe resistors of Figure 3, and
assuuing each one has a resistance of 100 ohms, the mximum
rated current for the 1/2 watt size is .07 ampere, for the
1 watt, el ampere and for the 2 watt, .14 ampere,

You need nob worry about the details of these calculations
as the example is given ":L-inly to illustrate that there is
a definite relationship between the current carrying ability,
the size in watts and the resistance, in ohms.

From an electrical stendpoint, the largest size would be
satisfactory in any circuit the smaller sizes would serve but,
for economy in cost and space, the smaller sizes are used
wherever possible.
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INSULATED CARB(N rESISTORS

Men several ordinary carbon resistors are installed quite

close to each °thee, as is often the case, Lhere is a possi-
bility they may shift in position and touch each other or the
metal chassis base on which they are mounted. ?'men a contact

of this kind is made, it rrovides an unwanted electrical path
or, what is commonly known as a "short".

To prevent a condition of this kind, many carbon resistors aro
now made on the plan of Figure 1, which shows the construction

used by "Centralab", the Central Radio Laboratories. Here,

the conductor rod is' in the center of a ceramic sleeve while
the connecting wires, at each end, are embedded in a moulded
bakelite cap.

The bakelite and the ceramic, which is a material sirilar to
that of "China" dishes, are both insulators and thus, the con-
ducting material of the resistor can not come in contact with

other parts. Insulated resistors are quAe nopular because
less care is needed for their installation and, should they
shift sufficiently to touch another resistor or other part,
no electrical disturbance would result.

LI:TaILIZED aEsismcas

The resistors of Figure 3, made by the International Resist-
ance Co., "IRC", while similar to the carbon type in al,pear-
ance and size, have an entirely different construction. The

conducting material consists of a thin coating of metal which
is sprayed on the outer surface of a small ?lass rod.

This rod is then enclosed iraa ceramic or bakelite tube, on
the general plan of Figure 1, to coralete the asseubly. This

type is known as a "Ketallized" resistor and is manufactured
in both the Radial and Axial Types.

';TIRE ;.TOUTTD RLSIS TORS

Because of its low electrical resistance, copper is used for
most kinds of wire but there are other -metals, also classed as
combining two or more of these metals, the resulting alloy has
a fairly high resistance and yet is classed as a conductor.
Mres, made of these alloys, are used for resistor elements
and heating units.

Common alloys of this type are composed of various mixtures
of nickel, chromium and iron end are sold under different
trade names such as Michrome". This is the the type of wire
used for the heating elements in flat irons, toasters and
similar appliances.
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For Radio -elOrl raSi:t1nCa wire Is escd to mete resistors,

siAlar to the carbon types ained. In general,

these ',Wire 7Tvandft resistors ha -ye loeer valees of res-esuaiice

or are des4gn:,1 to carry lae,:er velese of current.

As shown in Fleur?, 4, the r:cistence -Tire is vcund on a form,

usually of ceramic material, connections are made at each end
and the comelete assembly is covered with insulating material.
This outer covering is usually a ceramic ur vitreous material
which is baked en at hizh temperature to niake the finished
unit sturd:., ell insulated and moisture proof.

For Figure e.e show two examples of wire wound r_sine,ors and

you will notice that, 1.11 general, they reeerble the carbon

types. Hoi;ever, they are larger and, while the largest carbon
types are usually rated at watts, the aealiest wire wound
types are ger:rally ratcd at 5 7eett3.

Electrically, both types ar-J installed on the saele olan but
rechanically, deo to tncir arger 515- and weight, the wire

1:ound tyees reqeire more suoport.

VARIABLE 11115:STORS

All of the resistors we have described so far, have sore defi-
nite value and are constructed to ma&ntain this value
practically no change. Thus, no matter what their ty, , they

are classed ac' Vix.dff rsistors.

In certain a.:Dlcations, it !_s desirable to vary thc allount of

r,sistance, in order to control the current or voltage of a
circuit, and therefore it is necessary to install a uVoriablefl
Resistance.

For Figure 6 we show a Yaxley Jiro aound variable resistance
which is known as a rheostat. The resistance wire 13 wouid
on a flat form and then bent into a circular shape which is

nounted in the housing. A shaft is nounted centrally in the
housing and a contact arm iefastened to its inner end. As

shown in -the views of Figure 7, the shaft is extended so that
a knob or dial can be attached to its outer end.

The electrical circuit is quite simple and, looking at Figure
6, the left band terminal is connected to one end of the re-
sistance wire coil. The right hand terminal ccnnects to the
arm and the circuit is through the arm to its point of con-

tace with the resistance wire and through the wire to the
left hand terminal. As the shaft is turned, the air moves
and the contact slides 'along the coil of resistance wira,.
The electrical circuit, always from the contact arm to the
end terminal will contain nore or less resistance, depending
on LI-1.e position of the contact arm.
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You can readily see that if the contact arm was turned counter
clockwise until it touched the end terminal, there would be no
resistance wire in the circuit. However, if the arm was turned
clockwise until the contact was all the way around to the other
end of the coil, all of the resistance wire would be in the
circuit between the two terminals.

A variable resistance of, this type, with two terminals, is known
as a Rheostat but, to increase its utility, it is common
practice to add a third terminal which connects to the other
end of the resistance wire.. In viers A and B of Figure 7, you
will see the three terminals and an arrangement of this kind,
while still a variable resistance, is known as a nPotentio-
metern or ""Pot" for short.

Like the fixed resistors, there are "Wire Wound" and "Carbon
Type+, variable resistors. The general construction of the
wire wound types is shown in Figure 6 and Figure 7-D. For
the carbon type, with the general appearance of Figure 74.,
the resistance strip is of the same general shape as the wire
wound but it is coated with a carbon compound which has the
desired resistance value. Michanically, the construction is
similar to that of Figure 6 but the contact arm, or shoe,
slides on the inner surface of the resistance strip as the
shaft is turned.

Like the fixed resistors, variable wire wound resistances are
usually of lower resistance values or larger current carrying
capacity. The carbon types are of higher resistance values
with lower current carrying capacity.

Potentiometers, like that shown in Figure 7-A are commonly
used for Radio Receiver Volume and Tone Controls, while the
wire wound type of Figure 7-D will be found in Power Supplies,
Radio Transmitters and other apparatus where larger currents
are in use.

To conserve space and also reduce the number of controls, it
is common practice to install a switch on the back, as shown
in Figure 7-B. Electrically, this switch is entirely sepa-
rate from the Potentiometer but mechanically, both are con-
trolled by the same shaft.

In many Radio Receivers for example, the Volume Control and
the HOFF-OP switch are controlled by the same knob. The
switch operates at one end of the knob's rotation and thus
has little effect on the normal operation of the volume
control.

For somewhat more complicated circuits, where it is desired
to vary two resistances in some fixed relation to each other,
the assembly of Figure 7-C is installed. Electrically, it
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consists of two entirely separate potentiometers, like that
of Figure 7,A but mechanically, the same shaft controls the
position of both contact arms.

You will find variable resistances, mainly of the potentio-
meter type, used in a great majority of Radio control
circuits. Later on, we will take up their circuits and
actions but now, want you to think of them only as a units
the resistance of which can be varied,

COLOR CODS

Due to the Luge number of fixed resistors, necessary in most
Radio and other Electronic apparatus, some method of rapid.
identification had to be devised. As we explained earlier
in this Leasan the size of a carbon type resistor is deter.
mined by its "Wattage" rating and not by its resistance value..

Therefore, for rapid identification of the resistance values,
all standard resistors of this general type are "Color Coded".
We have shown this code in Figure 8 and first want you to
notice the ten colors, each of which represents some number
from 0 to 9 inclusive,

Check these over carefully as they form the basis for the
entire code, Black represents "0" Brown represents "1", Red
represents "2" and so on. We suggest you memorize the first
six at least because they are in most common use,

At the top of Figure 8, we show a standard, Radial type of
carbon resistor and, as shown by the arrows, it has three
colors,

First - the body color
Second - the end color
Third . the dot color.

In some cases, the dot extends all around the body in the
form of a band,

The colors are "read" in the order given and, substituting the
corresponding number for the color, gives the value of the
resistance in ohms. Notice here, the "dot" column of the table
is ruad as the number of zeros which follow the first two
numbers.

For examae, suppose the resistor at the top of Figure 8 had
a Red body, a Green end and an Orange dot, Looking at the
table you will see that red means 2, green means 5 while orange,
shown as 3, means three zeros in the dot column,
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In the form of a table the colors are read as

Red - Green - Orange

2 5 000

Vgni.e00

and when we write the numbers close together, the value is
25,030 ohms.

Following this plan, and checking with the table, you will
readily see that any value, from 1 ohm up to 09,000,000,000
ohms can be represented. To illustrate, we list a few more
examples in thu following table --

Body End Dot Ohms

Green (5) Black (0) Brawn (0) 500
Violbt (7) Green (5) Orange (000) 750000
Yellow (4) Violet (7) Yellow (0000) 470:000
Orange (3) Black (0) Green (00000) 30000,000

In some cases, two of the colors may be alike and therefore
the finished resistor will actually show but one or two colors,
instead of three. However, the plan of reading remains exactly
the same. The following examples illustrate several combinations
of thls kind.

Body End Dot Ohms

Red (2) Red (2) Red (00) 2,200
Orange (3) Green (5) Orange (000) 350000
Brawn (1) Yellow (4) Yellow (0000) 140,000
Blue (6) Blue (6) Green (00000) 6,630,000

For values less than
is black to indicate
two numbers. For
arc both black, so

Body.

100

that
values
that

End

ohms or more than 10 ohms, the dot
no zeros are added to the first

less than 10 ohms, the body and dot
the end color is the only one read.

Dot Ohms
Green (5) Black (0) Black (None) 50
Red (2) Green (5) Black (None) 25
Black (0) Gray (8) Black (Yone) 8
Black (0) Blue (6) Black (None) 6

AXIAL TYPE COLOR CODE

A slight variation of the method explained above, is now in
use on axial type carbon resistors, as illustrated at the
bottom of Figure 8. Here, all of the colors ara in the form
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of bands and the body color hes no significance as far as
the code is concerned.

Checking on Figure 31 you will notice the bands are closer
to one end of the resistor and de read th,.m by starting with
the band closest to the end. The colors repres.)nt the same
values and are read in the same way as for the radial type.

TOLERANC.1,

In the manufacture of fixed resistors, their el,lci,rical
resistance will vary si,e7rhat, doe to sli,;ht differ,nces
which can not be avoided. 4h3n completed, the resistors are
usually sorted and then coded accorain,; to taair accurccy.

Fur example, a n1030 ohm" resistor r-Aght actual measure 920
ohms cr 1060 ohms but would still 0 -ante s-)''sfanorily in
my Radio circuits. This varialuo of actui les:stance from
the marl'md reistance is known as the nTolerc.ncen 6.nd stated
in pL;rcintag.i.

In the example liven above,. 10% of
thus bol7 the 020 'r3 1000
10% of the'r rat7ia value.. On this
ohms to 1100 -cm is considered as
tolerance of ICA.

1000 ohms is 100 ohms and
ohm reA.stor_ 1-1.1

oas1Q, any ro-ior.er f2om 90J
a 1(J00 ohn resistor with a

To indicate this tolerance, a fo%rth color code band appears
on both the radial and axial tynk, r,sittors rnd, a' s: own

by the table of Iigure F,1 nGo.td" innicatoo .75iLvern

indicat,,s 10% while with no fourth br.ec, Lln tolerance is 20'7.

As you may suspect, the more accrate the resistance value,
the more expensive th roestor. ordinary com-16rcia1 Radio
equipment, 10,7, tolerancc is satisfactory, for lov priced
nPargain" equipment, 20% tolerance is usually good enough.
For real quality equip.Jent, 5;6 tolerance is common while for
measuring instruments, it is customary to use "Precision"
resistors with a tolerance of 1% or lens.

YENHODS OF INSTALDITIOr

As you will learn inter, many circuits of 2...diu and other
Electronic apparatus require f)riu or men, recistors in order
to establish th- desired electrical conditions. Ther-Iforc,,

the various types illustrated in Figures 1 to 7 must be
mounted mechanically so that th- proper electrical connections
can be made.
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In the conventional types of construction, all of the lare
circuit components are mounted mechanically en a sheet metal
chassis which is shaped to form a substantial base and drilled
to provide openings of the required size in the desired loca-
tions. In most cases, these larger units are mounted on top
of the base mile their electrical connections extend through
to the under side,

As shown for the variable resistors of Figure 7, the electri-
cal connections at most of those units are in the form of me-.
chanically rigid and electrically insulated lugs, the outer
end or which is shaped to readily accomodate a connecting
wire. With lugs of this general type on the larger units)
resistors like those of Figure 2 and 3 are installed by loop-
ing the ends of their connecting mires through the holeS
in the end of the lugs and completing the joint by soldering,

By this method, often known as ..point to points' wiring, the
connecting wires provide mechanical support as well as elec-
trical connections for the resistor.

For larger types, like those of Figures 4 and 5, the weight
is too great to be supported by the connecting wires, there-
fore, the resistor is installed mechanically by means of
brackets or clamps although the electrical connections, are
made as explained for the smaller types at Figures 2 and 3o
In some cases, the terminal lugs of the larger units are
located so that the lugs of the larger size resistors can be
soldered directly to them. When this condition occurs, no
other mechanical supports are needed.

Variable resistors like those of Figures 6 and 7 are mounted
on the came general plan as the larger components. As shown
in Figure 7A, the operating shaft extends through a threaded
bushing which is mounted rigidly on the body of the unit.
Installation is made by mounting the unit inside with the
bushing and shaft extending out through a hole in the chas-
sis base. A nut is then placed on the outer end of the
bushing and tightened to provide a rigid mechanical mounting.

There are endless arrangements for these parts, depending
on the type of assembly but, in every case, the general idea
is the same. The resistors must be supported mechanically
and connected electrically in the proper circuit.

In addition to the resistors, all of the various parts are
connected by wires, therefore, for our next Lesson, we will
explain the measurement of wire and the common types of in-
sulation.

IJ
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RADIAL
TYPE

CODE BODY END DOT Tolerance

Black 0 0 None

Brown I I 0

Red 2 2 00

Orange 3 3 000

yellow 4 4 0000
Green 5 5 00000

Blue 6 6 000000
Violet 7 7 0000000

Gray 8 8 00000000

White 9 9 000000000

Gold 5%

Silver 10%

None 20%

BAND 1 BAND 2 BAND 3 BAND 4

111

AXIAL TYPE
FIGURE 8 FDM-4
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From the chin down, no one is werth much more
than a dollar or No a day. Even ;.hat you do

with your hands denends for its value on the
amount of sense you uce. You can train and im-
lJrove your mind as yell as your fingers. Ecnta1

laziness is the ,most common disease.

-- Dr. Frank Crane
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au AIM 'aRE -.1LitEURIIITUT

In our explanation of a
simple Electric. ,1 circuit, we empha-

sized the need of an endless path and can tell you now that

all circuits, no matter how complicated, reruire the same

general methods of connection.

Natur&lly, we think of the units we use, such as a lamp, motor

speaker, cr Radio tube as the most important pa:t of an Elec-

trical circuit but remember, they will not operate unless pro-

perly connected to a source of Electrical energy or pressure.

To carry this Electrical Energy from the source to the unit

in use, there must be a path or circuit which, in most bases

is made of wire. For this Lesson therefore, we are going to

tell you aboUt the different types of wire and give you a work-

ing knowledge of the common wire measurements.

CO-LON UST, OF fl -RE

You h-ive seen a good many telegraph poles with wires strung

on them, you have seen telephone, electric light and power

wires almost everywhere you went but, did you ever stop to

think that each and everyone of nose wires is a 'art of some

electrical circuit?

;'Tires from the telephone excl1Pnge to your home make a circuit

that you can send your voice over. Ares from the Electric

Company, stretching in all di;ections, carry electricity to

every home, shop and office where it is used. In lact, this

whole country is one huge notork of wires.

Perhpas one of the biggest advantages of electricity is that

it can be carried from the place where it is produced, almost

any distance, over srall wires :with very little loss.

CO1:3 CN IME

As we told'ypu in a former Lesson, all mAerials will carry,

or conduct, electricity to some e::tent and are called con-

ductors or insulators only according to how well or how poor-

ly they act as a conductor.

'Fade mainly to be used to carry electricity, naturally we

want a wire to be as good a conductor as possi'le, Although'

nePrly all metals are classed as conductors, to be practical,

we will consider only metals which are commonly used

for making wire.

Lead, Steel, Nickel, Platinum, Aluminum and 13ronze, or com-

binations'of two br more of these are in general use, but

Col r r- r c- n 1nll con,hict-
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ACTIOU C PIPE TN A MILE SYSTEM

To give :--ua good working idea of the general action of wire,.
we -:rill oggin corpere an electrical circuit Atli a water
system.. ?cobegin, suppose that you had a tank of water with
an outle' pipe at the llottom and, to control the flow of water,
you had a 7,aloe -put in the -pipe. Also Loasire the valve is
quite close to the tank bat the pipe is ten or twelve feet long.

With a t.n-711 of Yat,'Fr,opening the valve will, of course,
let a stream of vat -7 run out e the end of the pipe. The
more you open thL. valve, the more -later there -will be running
through the pipe but, even with the valve wide open, only a
certain. oz:-r-..nt of water wdll ran out. Thero are Several
things tiv.; cortrol this action and, from our former explana-
tions). ycu kaow that the currcht of water will depend greatly
on the pressure in the tan:- For this Lesson -however, we will
take up the action of the pipe -itself.

F.FiEOT CF_ Si

It is hardly necessary for us to tell you that, with the valve
wide ()pea, the araller the pipe, the smaller the current of
water ano the larger the pipe, the larger the current of water.
17e can ,es. -_air_ this action in one way by saying, the larger

the pipe, the less resistance it offers to the flow of water.

Pipe is usually measured by its odiameterul rhich means the
largest d,t_stance across the inside but, as the water is carried
by the ert-Tr3 pipe, '7e must consider its cross section area
Which is -t-zually measured in svare inches.

The idea here is the sere as used to neasuru all surfaces.
For examo1J, the usual 9 x 12 living room rug is 9 feet -wide
and 12 foot long bat, to find its area, we multiply 9 x 12 for
a value of 10L square feet.

The same plan im used to find the cross section area of the
inside of the pipe, which can be considered as the circle
you see when you look at its ens. The details by which these
areas, are caLculated are not iaocrtant just now therefore, pre

want you to remember only that the area of a pipe will vary
as the siuLre of its diameter.

To square cny number, l!e simply multiply it by itself and thus
2 times 2 is equal to 2 squared or foliir. Three times three is
equal to ,hree squared cr nine and so on.
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AREA AND RLSIETANCE

You can readily see th-'t it is the cross section area of a
pipe which deteirines the auount of water It can carry ani
therefore, we can say that the larger pipe must offer less
resistance bcicaqse it can carry more water. HoweNer as
stated acove, the area of a pipe 7rar-l_es as the square of its
diameter and, thinking of its resistance, it rill also vary
with the square of the diameter bat in the opposite way, the
larger the pipe, tho smaller the resistance.

In technical language, onposite actions of this kind are call-
ed "inverse" wn4cft means, "opposite to" or ulmide down".
Using this word, as a general 2ula W3 can state, -- Ihe re-
sistance of a pipe varies inversely as the squire of its
diameter.

EFFECT CF MATERIAL

The resistance of a pipe will also vary somei'lglat with the
material it is nade of and yhether it is rough Cr snooth.
The smoother the pipe, tns less resistance it rill offer.

EFFECT OF L71:GTH

You can also easily understand that, the longer a pipe, the
core resistance it will offer, because the water will :law:
to go further in order to get through it.

To s'am up all of the above, the resistance of a vrater pipe
w-:11 vary.

1. Inversely as the square of its diameter.
2. 'Vith the material it is ma -2e of .

3. llith its ler.gth.

COMPLRISCN CF A2:D PIt'L

Like water oipe, most of the wires used to carry electricity
are round or Cs L n rieol, and also s:,7ilar in other 1,a:rb nut,
in using idres, -ac have to pay pa2ticular attAltion to th:dr
resistance and ability to carry current.

being round like uoter pfpe, the resistance of the ordlraiy
wire varies inversely as the s(luare of its eiameter. As all
wire in cemnon use is quite s71.111, der me--su:.:d in inele3,

it rould be a whcle lot of tro_cle to f4u2o out its dfmiter
and area in fractions of an inch or square inch thefefore,
we use much smaller units of measure.
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For the first unii, re take onc, one thousandth of Ln inch
and call it e "-kill". ':ith this in mind, Yea can easily change

inches to mils by IlAltiplythg inc inc:)es by 1000. In -ft.) sare

manner, you can change _dls to i-.cries by dial the mils by

1000. To multiply a number by 1000 you sjrniy i.o-re its ,Jecimal

noint three pL,ceb to ttie right wl ile, F o di vice by 1000, you

move the decimal noirt three raaces to Lhe loft. Ihencver we

t'llk about the diameter of ord.in-ry wirc, le sw it is so many

THE C IRC LEI 1:IL

Again, like the water pipe, it is the cross section area of a

wire that determines its rssista,ce and cbility to carry cur-
rent but, for convenience in comooring creas, we use a uhit
the "Circular Lil" '1114ch is the area of a circle with - dia-

meter of one mil.

Here again) the area of toe wires as the square of
their diameters bct, using the c as a unit of

measure, the area of cny wire, ' in tire, ar s, is e-ual to

the souare of its diameter.

EFFECT OF AREA

Like a water ripe, the resistance of a vire is irversely as
the square of its diameter but here, as tire cirs.ulor nil area
is e !ual to the sr,.:are of the mil diameter, the resistance
will be inversely as the circular ',nil orea.

EFFECT CF LENG1H

Again lihe the water Nike, the longer Jule :lire, the more re-
sistance it will love. A 'lire two feet long huh t4_ce

the reslctarce of a like Aece one foot lorg.

AFFECT OF N.0T7aTAL

One thing more, by ,Lich the rire and pipe can be connar3d,
is the material tear are made cf. We _lave aireldy told you

thPt different materials offer differ ent resistances to a
current cf electricity and naturally, in 'Duildin3 the ordinary
electrical circuit, we want to or conductor, that
has the lowest possible resistance.

Mile silver is per'aaps the best known conductor of electricity,
copper is so good, and so commonly used, that a3 usually take
it as a starting roint for figuring the resistance of other
metals.
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ORANGES "WITH TEMPERATURE

Temperature is one conaition, concerning the wire, that does

not affect the water pipe. Vhenever a current of e-e^tricity
parses through a conductor, it heats it. As the temperature

of a conductor charges, its resistance- changes also. The

amount of this change of resistance, with a change of tempera-
ture, varies greatly with different Lietals and while in same
cases it must be taken into consideration, for ordinary work

it is not as iaportant as the other things we have been talk-
ing about.

To sum up qii of the above, we can say that the resistance of
a wire will vary.

1. Inversely as its circuM,r mil area.
2. With the length.
3. With the material.
4. With thy, temperature.

BHOWN AND SHARE GAM

Don't worry for -a minute that you will not be able to remember
all these figures that we have been giving you because very

few people ever try to, but instead, keep a table handy and
refer to it whenever necessary.

While there have been quite a few different systems -of wire
Measurement, the Brown and Sharpe Gauge is the most common
one in use for copper wire in this country.

USE OP BROWN AND ,..11ARPE TABLE

The Oopper Wire table at the end of this Lesson will give you
all the information you will need about the various sizes which

are in canton use. You will notice that there are eight colunrs,

the first one at the left being labeled naauge No. n. This is

the number electricians mean when they talk about a number 16

or a number 16 wire. These numbers start at 0000 and end at
40, and the larger the number the emall)r the wire.

The second column, from the left, is the +'al Diametern, which

you will renember is the same as thousandths of an inch. Thus,

a Gauge No. 10 wire has a diameter of 101.9 mils which is equal

to .1019 indh.

The third column, from the left, is the HArea in Circular bililse

and is the square of the mil diameter. You may notice that
this does not work out exactly in all cases in the table but
that is because the diameter of the wire is not -given closer
than hundredths of a mil.
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The fou-th column, f -cm the left, ohnis the Jei;lst fn no )Yids,

ocr 1000 fort of tno d:fferent 3 tzes, w]thouf insuIrtion.

The Iffth column, from r. left, is ver3, rucl-s like the fourth

colurn but is turned around aid the ntr-,.ber of feet of

Dare wire fn a pounl.

Toe 1,7 s t tiireo col I.J.Ins list the re si st roe of tne various

sires of lure corner wire in the nu-te- 0r !1')

'nui ber of °Feet per Chm", and nu:IL:3:s o' 0010,".3

To use t,Lie wi-se you re e down the 1(16 h o d c,li,mb to

the Or u,e No. rotl z. ant ar d then read aoros uC for

the vciuc you de o" re .

For example, supnuse you 'ant to find the werht of aTuge
20 wire; which is usually call''d '°is. 20" 2n1 112tuon T20.
Goinf down tho loft colurn to 20 eon tncn, c7( r t o inc
to the fourth column, we f'nd the vP,:ue of u).c(). As tho
.to7 of this column states, "7 -light to ins. 1(,00 ft.", we

know that 1000 ft. of Nc. 20 ,'iru wol;ho ).')(/ no axis.

All of tiic values in the to} los may be rte. by t, s me general
plPr. and, ,,-ead'rg hcrcL-s for a No. 30 wiro, see it las a
diamoter oi7 10.03 mils, an area 01 100.f; circ,lar mfls, a
wei-Tht of .70 er thousand foot and it rb,s ;287

ft. to wt i;h one T,ound.

From tho last throe colurns w,e fird P T;o. 30 wire has a co-
sist-,nc ) of .1030 chsL p ,r foot, at reoufr,.,s .707 ft. of wire
for a rosiutanco of one ohm vihilo a .:our d cf tbi cc, nas
a re s_ stc 11(:: of 338. ol ms.

A table of tLi3 kind eliir'inotos all calcu-aticns and, as ex-
claisted above, you can reed oyf riry cf tho commonly used
voluos for tn.: ordinary si7es cf confer wire.

CC a7 Ca

There a -so hundreds of different ures for this t ble as you
will very soon find out. For cxample, su-- our, ,ou had a coil
or roll or wire and wanted to know noN r. airy I( it cortoinod.
As ie world be Tufto a :!ob to unroll an m,::asure it, rcu

simply ."ind the si ne of to: w're and tho Then
turnno to the table, vLu ;o down tho col _mn, "Toot nor -'ound",
until you 'rc opposite the sine of i,he where you find
the number cf ieot per :Tound. To conplcto tne ;Jroolem., you
multirly this rimal7er by the veight cf ,be ro]l of .iro in
pounds.

Suppose someone askew you ho'r many number 20 as it takes
to o(,ual the area of one numbor 10. You can -Linn to the table,
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go down the first column to 10, then across to the third column
where you find the numbe- 10380. he' eating these steps and

going down to number 20 in the first column and over to the
third colwrin again, you find the number 1022. You can easily
see that ten times 1022 is 10220 which is just about e,ual to
1C380, stated as the circular mil area of the number 10 wire.

You may be wondering how wire can be measured accurately when
there is but a few thousanths of an inch difference in the
diameter of various sizes, but, for this mork, the average
electrician carries wnat is called a 'wire gauge. These Lire

gauges are made in two popular desiFns. One is Circular in
shape and has a ring of holes drilled around the outs ide.
These holes are numbered the same as the wire sizes and, of
course, are of the proper size.

To measure a piece of wire with a gauge of this type, you
scrape off the insulation and then find the smallest hole
the wire will go through. The numher of this hole is the
size of the wire.

The ether model of wire gauge has a "V" shaped slot in the
center and, at the proper place en the "V", the sizes are
marked. Irith this gauge, the wire is pulled n the NV",

as far as it will go, and time mark it stops at is the size of

the wire.

The Brown and Sharpe wire gauge applies to solid copper wire
which, in general, is installed in all pDrmanent circuits.
The telephone, tulegraoh and electric power wires, wh.ch you
see strung outdoors on poles, are usually of solid 41_1.-e.

ST R./1= 7IaES

3.n -order to make use of tee low resistance of copper and yet
have a proper size of wire which is flexible, it is customary
to make up a conductor of a number of smaller solid wires.
The smaller sizes of solid copper wire are quite flexible and
by combining a number of them into a cable, the assembly is
known as a stranded mire.

Mlle copper is considered as a "soft" metal, and the usual
sizes of solid copper wire can be bent quite easily, they are
not flexible and therefore not suitable for portable or movable
eiruuits, such as the cords on vacuum clearers, bridge lamps,
and other similar units which can be moved from place to place.

These smaller wires are twisted together, somewhat like the
threads in a piece of string, and therefore erch carries a
part of the total current in the circuit Ln which they are
connected. For exanple, the attachment cords, used for bridge,
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Table and Bed li7ns, usual7_: con' in- a 'Ion le stranded wire.
Actually ire col.duc'o' Fp of sixteen No. SC wires, to
provide the rcauircd

Referrirg to the wire table, you will find a No. 30 7ire has
an area of 190.5 clicular mi_s a No. 18 has an area of
1824 circular..' oils thus, si-Itoen :1(). wires have .a total

area of 13 x 203.5 or 1638 clroular mils which is approximate-
ly equal to the area of one No. 18 solid ulre.

Thos t stranded corincters, of tiiis general type, employ No. 30
wires and th3ir nflIber ie 1.2.L.iee to a)TrorbIate the area of

differort sizes of solid T.-irP as shown b,r the following table:-

St,:ank:ed Wire

Size Composed of

Ne, i4 - 41 1\,o. 30 wires

No. LO 26 No. 30 wires
Ne. 29 26 No, 30 wires
No. 20 10 No. 30 wires

For other purroses, There even greater flexibility is needed,
still smaller wires are u7cd, as shown by a few cannon sizes
listed below: -

'Flexible Cables

Size 0 -imposed of

No. 13 - -
No. 20 - -

-c. 20 - - -
No. 23 - -

- 41 No. 34 -
- 41 No. 56 ---

35 No. 53 -

- 20 :Jr. 56 - -

Use

- 7Iexible cable
- Test loads
- -indoor antenna
- Jonkinx antenna'

Checi-ing in the ire table, ,-ou Till find that the total area,
of the given number of small wires, is approximately equal to
the area of a solid wine with the same size number as that
listed for tie stranded -vire. following this arrangement,
the solid and stranded wires have the same electrical specifi-
cations and therefore may be interchanged at will, the choice
of solid or stranded wire depending entirely on the type.of
service for which it is to be used.

EknE

In our explanation of a simple electrical circuit, we told
you the connecting 'mires had to be insulated in order to keep
the electricit,T in its proper path. However, we also mention-
ed that air" is a very geed insulator therefore, a length
of bare wire, strung through the open air, is very well in-
saktteti.
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A common example of this type of inetallation is found in the

many teleoraph, telephone end electric Io,;er wires which ere

strung outdoors on poles. To male the insuletion eom2lete,
the wires are usually supported cet the poles by glass ineula-

tors and thus the entire wire and circuit is properly insula-

ted altncugh the actual conductor has no insulating material

attached to it. Circ'-tits of thin kind must be well sneeorted

-because the air insulation offers no erotect._on if th wire

comes in contact with any otject.

In many Radio applicetions, copper wire is wound in coils of

various sizes and shapes, Informs and spools. la nest cases,

the turns of the coils are wound :uite tight:y together an;

therefore, the wire itself must he irsu2aucd. 3hoild the con-

ductors of the different 'alms actuallo touch, or Rieke con-

tact with eacn ocher, the electricity mculd fcl3oe the s'aorter

path, from one turn to the next, instead of m_ssine through

the entire length of the wire.

Because a condition of this kind provides a shorter path for

thr current, we call it a "short circuit" cr "s Tort" ard it

is to prevent this condition that insulation is placed on the

wire.

The insulation on magnet wires is mainly of three materials,

Enamel, Cotton and Silk. For the first of these, the bare

Copper wire is run through a beta of special varrish to apply

a thin coat of insulation on its outer surface. Ain coating

is known as "Enamel" and the finished product as enAme_ed wire.

Cotton is a fairly good insulator, when dry, and therefore,
cotton threads, wound on the outside of a cce:)er eirc closely

enough to completely cover the outer sueface, Corm a layer of

insulation. Magnet wire of this t;,-pe is known as single cot-

ton covered and often abbreviated as S.C.C.

Men more Lasulation is needed, a second laz-er c: col ton is

wound over the first to oroduce, double cotton covered, (D.C.C.)

magnet wire. In addition to its own insulating eealities, the

cotton acts to keep adjacent wires apart and thus prevents them

from touching.

On the smaller sizes of wire, silk is used instead of cotton

as it can provide the same insulation in less space. Thus,

like the cotton covered, we hove single sill dovered, (C.S.C.)

and double silk covered, (D.S.C.), magnet wire.

In addition to these three general tyros, it ier; oonmon nractico

to combine the enamel with the cloth covering to nrovide "cotton

enamel", (C.E.) and "Sill: Enamel", (S.E.) magn)t eir).
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The enamel has .a better insulating action than ,the cloth but,

a layer of cotton or silk wound over the enamel, provides

urotection against mechanical injury and also acts as a

spacer between adjacent *wires.

In general, the insulation of magnet -wires is comparatively

thin and, because the installation is permanent, the conduc-

tors are solid.

SITTGIE CONDUCTORS

With the exception of the various types of magnet wires, which

are usuplly wound up in coils by machinery, most of your work

will be with conductors that are used to complete the circuits

of various units and, to. give you an idea of the variety of

found on the more cannon kinds of mire, for Figure

1 we show a few of the many types produced by the Belden

Co. of Chicago.

Starting at the upper left with No. i, we have illustra-

tion of a ein7le conductor, stranded wire with a coating. of.

rubber il.s-ulaeion. As both the stranded conductor and the

rubber insulation are flexible, this is a general parpose-type

of wire and the rubber is easily removed. for making electrical

oonnections to the copper conductor.

As shown in types 1-A and .1-.B, this same general type of wire

is made with both stranded and solid conductors and with in-

sulation. of different thickness..

For many connections of Radio and Electronic equipment, in-

stead of rubber, wire of this type is provided with a woven

cloth insulation which will not unravel. The insulation fits

rather loosely and can be readily pushed back, from a cut end,

to apoze the conductor. Because of this action., this type

is known as "Push Back" wire. The commonly used sires include

tLe even numbers of wire, from 14 to 20.inclusive, while both

solid and stranded conductors are available.

No. 2 illustrates a wire,. similar to No. 1, but 'the rubber

sulation is covered with a woven wire sleeve which forms a

metallic shield. Shielding of this type has many applications

as it not only protects the wire from mechanicalry but,

as you will learn later, Can be used to reduce interference,

or what is commonly called "Static", when heard_ over a Radio

receiver.

For No. 3, we again have the general type of No.e_l_but the

rubber is covered with a cloth braid and a metal -shield is

woven around the braid. The: shield, in turn, is wrapped -with

cotton and a second coating of rubber placed on_theeoutside.
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Tire of this type is used for the flexible conductor whidh

connects to a microphone and, because it is insulated on both

the inside and outside, the shielddne can act as a 3e-cantl-con-

ductor, as ,well as a shield,

Then two electrical conductors are placed close to each other,

like the wire conductor and shield of this type of wire, there

is an electrical action between then which technically, is

known as "Capacity". In many Radio Circuits this capacity is

undesirable and it can be reduced by increasing the distance

between the wire conductor and the outer shield*

The wires shown in 4, 5 and 6eare examples of Blow Capacity0

cable and you will notice a greatly increased amount cf insul-

ation surrounding the Tire conductor. No. 4 has the metal

shield as the outer covering while No.'5 and No. 6 have a

coating of ruboer, outside the shield, to provide additional.

protection, especially against moisture.

No. 7 is a similar type but here, the insulation is in the

form of beads, strung on the teller conductor. The material

of these beads reduces the capacity effect still further andj

a wire of this type is often called a "Coaxial Cable.

DOU3IE CONDUCTORS

There are many applications, such as the Floor and Table lamps

already mentioned, where it is necessary to run two conductors

from the source of electricity to the unit where it is to be

used. To take care of the many variations of circuits of this

type., a large number of Double Conductor wires and cables

are available. In Figure 1, numbers 8 to 17 inclusive illus-

trate a few of these types and we will simply list their

seedifications.

No. 8 - No. 22 Stranded conductor ealtb a paper mrap- covered

with rubber. The rubber is of different colors or ocolor

Boded ,..sothat each conductor may be readily identified.

The two conductors are then twisted and covered with a weather

proofed over-all cotton braid.

No. 9 - A parallel, all rabber inoulated cord made up of two

No. 18 -stranded wires with a cotton wrap. The outer rubber

covering is 1/64 of an inch thick and quite thin in the center

so that the individual wires can be separated- readily. This

type of wire is cow only used for making connections to house

lighting circuits.

No. 10 -A double conductor designed for connections to speak-

ers or as a corer supply. It consists of two No. 18 stranded

wires with a cottan-nrap. This, in turn, is covered with 1/64
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inch -of rubber, color ceded as explained for illustration No.
8. These wires are twisted and, -with cloth fillers, are wrapped
with cotton and then given an over-all sheath of rubber.

No. 11 - The strarded conductors have a cellophane wrap cover-
ed with rubber. These wires are twisted and then covered with
a weatherproofed over-all cotton braid.

No. 12 - The conductors are solid and have a double coating
of enamel with a cotton wrap covered byoolorcoded cotton
braid. The wires are then twisted and covered with an over -
P17 copper shield.

This is knaan as a "Shielded Twisted Pair" and, with no pro-
tection for the outer shield, is suitable only for inside use.

No. 13 - This double conductor cable is designed for use with
microphones or similar units which can make use of the shield
as a third conductor. Each stranded conductor is covered with
rubber aid. a cloth braid is placed around both. This braid is
coverei ,ith rubber over which is another braid. The shield-
ine is e1aced over this second braid and it, in turn, is
covered by a cotton wrap and an outer over-all layer of rubber.

No. 14 - This is similar to No. 13 but the stranded conductor
is covered first by a celanese braid with an outer coating of
color coded rubber. These two wires are twisted and, with

fillers, are enclosed in a cotton wrap around which is the
copper shield. The shield is then covered with a cotton wrap
and a rubber sheath.

No. - Here we have-another-tTpe of microphone cable, simi-
lar to No. 14, but the wires are not twisted making it more
adaptable for transmission lines in which the shielding is
e;rounded.

16 - This type is used mainlysas a connection between the
anten-ias and short wave receivers. The stranded wire has a

cotton !asap covered by color coded law capacity rubber. The

v Lres are then twisted and covered with an aver -all, weather, -

').roof., -.1d cotton braid.

No. 17 - The variations beLwoone-thls wire and No. 16 aboVe

are %er'nly in the copper shield. The. cotton wrap, color

coded rubber wires are twisted and have a paper wrap, sur-
roundee by the copper shield. Alt over-all weatherproofed

cotton braid covers the shield.

No. 1 - You will notice there are -three separate conductors

in this assembly and, with the exception of the filler, its
construction is like -.hat of No. 15 above. Cable of- this
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type is used on microphone and similar circuits which require
an additional undUctor as well as a shield.

No. 19 -While similar to No. 18, here the amount of insula-
tion has been reduced as the cable is designed for temporary
indoor microphone circuits. Each stranded wire has a paper
wrap, rubber and color coded cotton braid. These wires are
twisted, or cabled, and covered with an over-all copper shield*

No* 20 - This three wire type is designed for speakers which
require a third conductor. Each wire has a cotton wrap cover-
ed with color coded rubber. These are assembled with fillers
and given an outer cotton wrap covered by an over-all rubber
sheath.

RELOVING INSULATION

All of these different types are made up of the actual con-
ductors, the snielding if used, and the insulation. The vari-
ouE layers of insulating materials provide both electrical
and mechanical protectithn for the conductor metals.

No matter what the type of wire, a good metallic connection
must be made to each conductor when it is used in an electrical
circuit. Therefore, when working with. any of these wires, it
is very important that you campletely remove the insulation
without causing any injury to the metal conductor.

-

rine rabber coverings are usually pulled or "stripped" off as
i-t is rather difficult to cut through the rubber without
partially cutting or "nicking" the wire itself.

Some cloth braids can be unraveled but, in cases where they
must be cut, great care is necessary to cut through the braid
only.

Shielding is really a braid made of metal threads and it is
usi)ally- unraveled for a short distance after which the ends
of its threads are twisted to form a stranded wire, used for
making an eictrical connection.

CABLING

Or many Radio Communication units it is necessary to install
a number of single conductor wires, more or less parallel
to each other, for quite a distance. To keep all of these
wires in place, to prevent them from shifting and also to
Improve the appearance of the work, they are bound together
with waxed cord to form Tihat is known as a cable. This system
of lacing is called "Cabling" and while not at all difficult,
there is a right and wrong way to do it.
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Starting at the top of Figure 2, we have shown a section of
a group of single conductor wires which have been cabled.
The waxed cord is run parallel to the cable for an inch or
two then wrapped around the cable and pulled tight.

Closely checking these loops, or stitches, you will notice
that the part of the cord, parallel to the cable, is always
next to the wires where the cords cross. This arrangement
prevents the cord from slipping, even if the end is loose,
and is known as a "Lock Stitch". In comparison, the wrong
nethod is shown below the Lock Stitch and here, you will
notice the cord, parallel to the cable, is outside at the
point where the cords cross. Tnis is known as the "Half
Hitch" but it is not satisfactory as the entire cord will
loosen if it is broken at any point.

To start a cabling job, a Figure eight knot is tied close to
one end of the cord, pulled tight and drawn up against the
first Lock Stitch, as shown in the "start" view of Figure 2,
The short end of the cord, beyond the knot, is laced under
toe first two or three lock stitches and as each stitch is
pulled tight, the cabling will hold in place.

The stiches should be placed every inch or two and at vari-
ous places, certain wires may leave the cable while others
may be added. As a general rule, a lock stitch should be
made on both sides of these wires at the -point they leave or
enter the cable.

After the available length of the wire has been cabled, the
job can be finished by making tho or three loch sitches
close together, as shown in the finisn view of Uigare 2.

To actually do this work, you first tie the Figure Eight knot
and., after it is pulled tight, hold it in place on the wire
with one thumb. Then, wrap the cord around the group of
wires and bring the end back over the short end of the cord
beyond the knot but thread it underneath the lorg end which
you passed around the wires. The long end is then pulled
tight and the stitch will hold in place.

The following stitches are made on the same general plan,
the long end of the cord being drawn along with the wire. and
held, by your thunb, at the point the next stitch is to be
made.

with a little practice you will find that this work is quite
simple and will have Tio difficulty in locating the stitches
exactly where you want them. If you care to practice, a
bundle of pipe c7eaners make a gOod substitute for the wires
of our illustration.
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COPPER WIRE TABLE -B.845.
Gauge

No.

Diam. in.
Mils.

Area in Cir-
cular Mils.

Weight in lius.

per 1000 feet
Feet per
Pound

Resistance of Pure Copper in Ohms at 68° F.
Ohms per Ft. Feet per Ohm! Ohms per lb.

0000 460.0 211000. 640.5 1.56 .0000489 20440. .00007639
000' 409.6 167800. 508.0 1.87 .0000617 16210. .0001215

00 364.8 133100. 402.8 2.49 .0000778 12850. .0001931

0 324.9 105600. 319.5 3.13 .0000981 10190. .0003071

1 289.3 83690. 253.3 3.95 .0001237 8083. .0004883
2 257.6 66370. 200.9 4.98 .0001560 6410. .0007763

3 229.4 52630. 159.3 6.28 .0001967 5084. .001235
4 204.3 41740. 126.4 7.91 .0092480 4031. .001963
5 181.9 33100. 100.2 9.98 .0003128 3197. .003122

6 162.0 26250. 79.45 12.58 .0003944 2535 .004963
7 144.3 20820. 83.02 15.87 .0004973 2011. .007892

8 128.5 1681 0. 49.98 20.01 .0006271 1595. .01255
9 114.4 13090. 39.63 25.23 .0007908 1265. .01995

10 101.9 10380. 31.43 31.35 .0009972 1003. .03173

11 90.74 8234. 24.93 40.12 .001257 795.5 .05045
12 80.81 6530. 19.77 50.58 .001586 630.5 .08022
13 71.96 5178. 15.68 63.78 .001999 500.1 .1276
14 84.08 4107. 12.43 80.45 .002521 398.6 .2028
15 57.07 3257. 9.86 101.4 .003179 314.5 .3225

16 50.82 2583. 7.82 127.9 .004009 249.4 .5128
17 45.26 2048. 8.20 181.3 .005055 197.8 .8153
18 40.30 1624. 4.92 203.4 .006374 156.9 1.296

19 35.89 1288. 3.90 256.5 .008038 124.4 2.061

20 31.96 1022. 3.09 323.4 .01014 98.82 3.278

21 28.46 810.1 2.45 407.8 .01278 78.24 5.212
22 25.35 642.6 1.95 514.2 .01612 62.05 8.287

23 22.57 509.5 1.54 648.4 .02032 49.21 13.18

24 20.10 404.0 1.22 817.6 .02563 39.02 20.95

25 17.90 320.4 .97 1031. .03231 30.95 33.32

26 15.94 254.1 .77 1300. .04075 24.54 52.97

27 14.20 201.5 .61 1639. .05138 19.46 84.23

28 12.64 159.8 .48 2067. .06479 15.43 133.9

29 11.26 126.7 .38 2607. .08170 12.24 213.0
30 10.03 100.5 .30 3287. .1030 9.707 338.6

31 8.928 79.71 .24 4145. .1299 7.698 538.4
32 7.950 63.20 .19 5227. .1638 8.105 856.2
33 7.080 50.13 .15 6591. .2066 4.841 1361.

34 6.305 39.75 .12 8311. .2605 3.839 2165.
35 5.615 31.52 .10 10480. .3284 3.045 3441.

36 5.000 25.00 .08 13210. .4142 2.414 5473.
37 4.453 19.83 .06 16660. .5222 1.915 8702.

38 3.965 16.72 .05 21010. .6585 1.519 13870.

39
40

3.531
3.145

12.47
9.89

.04

.03
26500.
33410.

.8304
1.047

1.204
.955

22000.
34980. P4
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Success today may differ in substance from the suc-
cess of 50 years ago, but there is no difference in
time. Now, as before, knowledge, ability, industry,
and determination are the essentials of success.
The doors of achievement have never closed upon
ability; on the contrary, they swing easier for it.
Real ability, a capacity for doing things, never
was so eagerly searched for as nowx and never before
commanded such rewards.

Daniel Willard

FDM--6
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SOLDERING

In our explanation of a simple electrical circuit, we
emphasized that all conductors offer a very definite
resistance to the passage of an electrical current. Therefore,
it follows naturally that circuits should be constructed with
as little resistance as possible.

Going further, you will remember that wire is used mainly to
provide a path between the source of electrical energy and
the unit in which it is to be used. That immediately brings
up a problem of making a low resistance joint between the
wire and the source as well as between the wire and the unit
which consumes the electrical energy.

By tightly twisting two clean copper wires, a good electrical
joint can be made but it is not reliable and, at the beet,
must be considered as a temporary connection. Even though the
wires remain tightly twisted, their outer surfaces will
corrode, or Oxidize'and, while copper is a good c,nductor,
copper oxide is not.

Therefore, in a comparatively short time, a connection of this
kind will develop an increase of resistance which will make
it useless for Radio work. 'While mechanical clamping arrange-
ments are used in some cases, practically all wire connections
of Radio and other Electronic apparatus arc soldered.

SOLDER

Solder is an alloy of two or more metals, mainly lead and tin
which make it a soft, silvery white metal. It melts at fairly
low temperatures and, when liquid, will cover or "coati' most
other metals.

To solder a connection therefore, we simply flow a little
liquid solder on the connecting wires and, as mentioned above,
the solder will coat the outer surfaces of the wires and also
run in between them so that the costing of one wire extends to
the others

When the solder cools ar hardens, the wires are embedded in
a solid sheath of solder which not only holds them tightly,
but prevents their surfaces from corroding. In effect therefore,
the soldered joint is a permanent solid connection and will
carry a current of electricity with a minimum of resistance.

We want to emphasize here that, while a soldered joint acts
electrically about the same as a solid piece of metal, solder
is not mechanically strong. Therefore, always remember this
rule:- Do not depend on 'the solder to support a wire
mechanically or hold it in place.
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Commercial solder is available in bars, or sticks of vari--
ous sizes, and also as wire, which may be either solid or

hollow. While made in the shape of wire, solder is not used
like copper wire to carry electricity. Instead, as you will

soon learn, mire solder makes a vonveniently shaped supply.

SOLDER FLUX

In all soldering work, cleanliness is perhaps the most im-
portant point to remember because solder will not stick to
varnish, rust, paint, insulation, or dirt of any kini. The

parts to be soldered are first cleaned mechanically, by
filing or scraping but that is not enough and, to complete
the cleaning, some sort of a chemical, called a "flux", is
applied to the parts.

The flux acts to make the melted solder run freely and
unite readily with the other metals and is needed for most
soldering jobs. There are many kinds of "solder flux" on
the market, made up in the form of sticks, pastas and li-
quids, each being expecially useful for certain types of
work.

One general class of Solder Flux contins acid which acts
to eat away the outer surface and expose the pure metal for
contact with the solder. These are known generally as "Acid
Flux" and are used on most non -electrical work such as metal
tanks and the gutters installed along the eaves of houses.

For Radio work, Acid flux is not satisfactory because, after
a joint.has been soldered, small amounts of acid remain on
the metal and cause corrosion. While not enough to Weaken
the joint mechanically, this corrosion will cause a varia-
tion of electrical resistance and, in a Radio Receiver,
will produce "static" in the speaker*

As a general rule, never use Acid Flux for soldering the
electrical connections of Radio apparatus.

Instead, all Radio joints are made with the help of "Nam -
Acid" or "Non -Corrosive" solder flux, most of which con-
tains a mixture of rosin. When heated, the rosin will melt
and clean the metal surfaces but it has no corrosive action
and soldered joints, made with its help, are satisfactory
from both a mechanical and electrical standpoint..

For most Radio purposes, the solder is made in the form of
a hollow wire and the central opening Is filled with Rosin
flux. This is known as "Fluxed" or "Bonin CfAVe" 111r9 solder

and is used almost universally.
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To solder two pieces of wire, they are first cleaned, usu

 ally by scraping, and then heated until the end of a Piece
of rosin core wire solder, when pressJd on then, will melt
and flow between thca. The melted rosin completes the
cleaning and allows the solder to adhere to the metal so
that, as it cools, the solder hardens and completes the
joint.

To heat the joint sufficiently to melt the solder, you will
use a "Soldering Iron"; which really 'is not iron at all,
but a piece of copper, mounted on a handle as shown in
Figure 1-A on the illustration sheet at the end of this
Lesson.

The working end of the copper is tapered, somewhat like a
sharpened lead pencil, although the taper usually has but
four sides or faces. Irons of this type are made in a
number of sizes, graded by weight, such as 12 ounce., 1 lb.,
2 lb., and so on. The larger sizes hold the heat longer
and are for heavier work -while the smaller sizes are
more adaptable for Radio work.

To be of use, the iron must be heated and this can be done
by means of a gasoline blow torch, or furnace, such as is
used by plumbers and tinsmiths. In fact, irons of this
type can be heated in almost any kind of a flame.

To simplify the heating, most soldering is now done with an
"Electric Iron" of the type shown in Figure 1-B. It has the
same type of copper tip, as explained for Figure 1-A, but
it contains a heating element and works on the same idea as
an electric flat iron toaster.

The main advantages of an electric soldering iron are that it
can be used steadily, without becoming cold, and can be oper-
ated safely in pl=lces where the flame, used for heating an
ordinary iron, would be dangerous.

Electric soldering irons are made in a widevariety of sizes
and models and usually rated by the amount of Power they
consume. Thus, you will hear them Spoken of as 75 watt,
100 'Tatt, or POO .watt irons. The size of the copper tip
varies with the power rating nnd, for ordinary Radio wiring,
a 75 watt or 100 watt iron is satisfactory.

TINNING THE IRON

When any piece of metal is covered by a thin coating of
solder, it is said to be "Tinned". Much of the copper wire/
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used in Radio work, is tinned before being covered with in-

sulation as it is much easier to solder a tinnedu wire,

The same general idea applies to a soldering iron and, no

matter what type it may be; the tip of the iron must be tinned

before it can be used. Unless your iron is properly tinned,

you will be unable to do good soldering.

To tin an iron, the faces of the tapered tip are first cleaned

until they are smooth and bright. This can be done by filing

scraping or the -use of sandpaper. The iron is then heated and,

when hot enough, some fluxed solder is melted on Ale tips

At first, the melted solder nay gather in globules but, as the

flux runs in, the solder will flow to form a thin even coat on

the tapered tip. A quick wipe with a piece of cloth will usual-

ly help this action.

Another method of tinning is to rub the tip of the heated iron

on a lump of sal -ammoniac, to complete the cleaning, and then

.apply the solder.

No matter which method is used, the tapered faces on the tip

of the iron must be covered with a thin even coat of solder

before the job is done. When properly tinned, the iron is

ready to use and while it must be kept hot enough to melt

solder instantly, it must not be allowed to get too hot.

To make a quick test, and also to do good work, get into the

habit of wiping the end of the iron with a rag before you
start to work. This will remove any dirt or oxide that nay
have collected and, if the faces look sniooth and white when
wiped, you know the coat of solder is still there.

Should the iron become too hot, this coating will burn off and
the tip will have to be tinned again before any soldering can
be done. At no time should a soldering iron be allowed to get

red hot because that temperature will remove all traces of the

coating of solder and will burn holes or "pits" in the copper.
When this occurs, the faces of the tip must be filed smooth
and flat before they can be retinned.

Summing up, there are three main points for you to remember: -

First - The soldering iron must be hot and well tinned.
Second - The parts to be soldered must be clean and bright.
Third - A good soldering flux must be used.

SOLDERING LUGS

As practically all connections of Radio and _other Electronic
apparatus are soldmled,,,different types of lugs have been
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designed to help make good mechanical and electrical joints,
In Figure ?,we show an assortment of several common types of
"solder lugs" that generally are made of copper which has been

tinned.

The two lugs at the left are employed when it is desired to
make a soldered connection to a binding post or other screw
terminal. To use theta, the screw of the terminal, to which a
connection is desired, is passed through the larger hole of
the lug and the nut on the terminal tightened. That leaves

the small hole of the lug open and a soldered connection is made
to it. The only difference between these two lugs is that the
large end of the lower one is made to act as a lock washer.

The other three lugs of Figure 2 are generally found as ter-
mimals on component parts of Radio apparatus. For example,

the right and left lugs are quit commonly used as terminals
on power transformers while the center lug is frequently em-
ployed as a terminal on various types of coils, volume con-
trols and similar parts.

PUSH -BACK HOOK-UP WIRE

Fron your studies so far, you know that each part of a corn --
plate electronic device is usually connected to another by
copper wire which is made in various diameters and with many
different types of insulation. At this time, we are interest-
ed only in push -back hook-up wire, generally made up with in-
sulation of two or more layers of braided cotton that com-
pletely covers the wire and has the general appearance shown
at the top of Figure 3.

To expose the copper wire, it is only necessary to "push -back"
the insulation from one end as shown by the center view of '
Figure 3, Here you see a solid copper wire conductor which,
in most cases, is tinned to make soldering easier.

As shown at the bottom of Figure 3, the conductor may be
"stranded" which means it is made up of a number of small dia-
meter wires. The advantage of the stranded wire is that it
is more flexible and thus does not break as easily as the
solid wire, It has the disadvantage of being harder to work
with because the ends have a thndency to fray.

In many cases, the exposed ends of stranded wire are tinned
before a connection is made, in order to prevent fraying and
also to insure the proper soldering of each individual wire
in the conductor,
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LOOPED CONNECTIONS

To complete our explanation of soldering, we will make use
of the common type of connection which includes the lugs of
Figure 2, the push back wire of Figure 3 and pair of long
nose pliers. Following common commercial practice, we will

assume a "Lug" of Figure 2 is mechanically mounted on some
component part and it is your job to connect a piece of wire
to the lug.

First, you push back the insulation until about 1/2 inch of
the wire is exposed and then, as shown in Figure 4, you grip
the end of the wire with the tip of your long nose pliers.

Holding the wire in one hand and the pliers in the other,
you twist the pliers and bend the end of the wire into the

open hook of Figure 5-A.

You then remove the pliers and thread the end of the wire
through the small hole in the lug, pulling it to the position
of Figure 5-B.

After this has been done, you place the jaws of the pliers
over the open end of the hook xld, squeezing on the handles,
pinch the loop tight as shown in Figure 5-C. The joint should
now be fairly rigid but if not, the pliers can be used again
to squeeze it tighter.

You will notice this plan provides a fairly good joint 'nd
any mechanical strain, or pull, will be carried entirely

by the lug and the copper 'Tire. To complete the joint, the
parts must be soldered but usually, as both the lug and the
wire are tinned, it will not be necessary to clown them by
scraping.

With the soldering iron properly heated and tinned, one of
the tapered faces is held directly nlow the joint and held
firmly against it. The rosin core wire solder is then held
on top of the joint, as shown in Figure 6-A, and as soon as
the parts are heated, the flux and solder will melt and run
smoothly over the joint.

The iron is then removed, the solder cools and hardens to
give the finished work the general appearance of Figure 6-B.
Notice, there is enough solder only to cover the joint smoothly.

Most beginners make the mistake of applying too much solder
and not enough heat. Remember, the iron is used only to heat
the parts and there is no reason to melt solder on to the tip.
Also, only the solder in contact with the other metal parts is
of benefit. Above all, make sure the parts are hot enough to
actually melt the solder.
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At first, you may be tempted to melt the solder on the iron
and then alloW it to flow on the comparatively cool parts.
While a good looking.joint can be made in this manner, the
parts will not tin properly and the purpose of the solder will
be defeated.

The result is a "cold soldered" joint which has a comparative-,.
ly high and variable resistance to electricity. Joints of this
type are particularly troublesome because they will cause
erratic action in many Circuits yet are rather difficult to
locate by routine tests,

For Figure 6, we have shown a single wire and a single lug but,
in a complete unit, there will be a number of lugs and several
wires may be soldered to each. To' illustrate this arrangement,
for Figure 7 we show several lugs and connecting wires. Notice

here, some of the lugs have two wires attached to them, others
but one wire. One piece of wire is insulated, while the others
are bare.

Figure 7 was drawn merely for illustration and you will notice
every joint has been made like that of Figure 5. To complete
the job, each of them must be soldered as shown in Figure 6.

Soldering is very simple process but you will find it re-
quires practice to make a joint quickly and properly. After
a few trials, you will learn to tell at a glance just when the
parts are sufficiently heated, when the proper amount of solder
has been applied and when it has tinned the parts completly.

WIRE SPLICING

Although the big majority of your work in the Radio and Elec-
tronic field will deal with small diameter wires, practically
all of the various units must be supplied with electricity from
some power source. This source may be a 6 volt battery
or 110 volt power line but, in all cases, it must be connected
by comparatively large diameter wires to the unit which is
using the power. Therefore, the wires themselves become a
very important part of the complete system and, in case you
are called upon to do some power wiring, it is necessary for
you to know how to make a "splice" or "tap" properly.

All work on standard lighting and power circuits'must conform
with the requirements of the Fire Underwriters Code, a Local
or City Code and be inspected by local authorities before
being put to use. The local codes vary in different parts of
the country and, before doing any acutal electrical work on
lighting or power circuits, it is always a good plan to consult
your local authorities to determine their requiremPnts on
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electrical connections and installations. Due to the
variations of local regulations, our explanations will all be
according to the rules of the National Electrical Code.

In the National Electrical Code it states:-
"Wires shall be so spliced or joined as to be
mechanically and electrically secure without
solder. The joints shall then be soldered, unless
made with a splicing device, and shall be covered
with an insulation equal to that on the wires."

Read that paragraph again because it is something you will
need to know no matter what branch of electricity you follow.
When you study it carefully, you will see that there are
really three things you must learn.

First:- How to twist the wires so as to make a joint "mechani-
cally and electrically secure".

Second:- How to solder.

Third:- What kind and how much insultation to put over the
joints.

As you have probably gathered from your former Lessons, a
great part of your work will be with wires and while most of
them are copper, the insulation is of many kinds and sizes.

In addition to the common types of wire previously explained,
for bell and alarm circuits we use annunciator wire which
has an insulation made up of two or three layers of ce',,ton
twisted spirally around the copper wire, after which it is
soaked in paraffin wax. For lighting and power circuits,
the wire has a coating of rubber, covered with one or two
layers of braid as shown in Figure 8,A,

In many jobs, where two wires are to be run, you win_ find a
duplex wire or cable, made up of two single insulated wires
bound together with a layer of braid, as in the sketch of
Figure 8-B.

Then, you no doubt remember our earlier explanations of come
of the many kinds of twisted cords, shown in Figure 8-C. The
insulation on most of these consists of a coating of ru'mier,
covered with some sort of a braid or weave. While the wire
in the sketches of Figure 8.41 and B is solid, that of the
cords is made up of a number of smaller wires and is flexible.

STRIPPING THE WIRE

In order to make any kind of an electrical connection, joint
or splice, your first job is to remove the insulation, which
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we call, "stripping the wire". While this is a very simple
operation, there is a right and wrong way to do it,. You will
find tools on the market, made specially for this purpose
and while many of them are good, for all around Work, a sharp
pocket knife does about as well.

No matter how the insulation is removed, the copper wire must
not be cut or:nicked. If you use a knife, never run the sharp
edge of the blade around the insulation and try to cut it off
as in the sketch of Figure 9-A because, nine times out of ten,
you will cut a nick around the wire making it break easily at
that point. Even if it does not break, the nick will reduce
the cross section area at that point and may cause trouble.

The better plan, shown in Figure 9-$8, is to cut the insuja-
tion much the same as a lead pencil is sharpened, using the
sharp edge of the knife blade, but being careful not to cut
through to the corger. Then, after most of the insulation is
whittled off, turn the blade over and, with the back, scrape
the wire until it is clean and bright.

Many wires are tinned, so when scraping, be careful not to re, -

move the thin coating of solder as it is put there to protect
the copper and also makes the joints easier to solder.

STRIPPING SMALL WIRES

On smaller wires, and those having only silk and cotton for
insulation, the best method is to pull the wire through a
sngli piece of sandpaper held between the thumb and fore-
finger. Hold the sandpaper tightly against the wire and pull
often enough to remove the insulation and 'leave the copper
clean and bright.

You will also find wire, used mostly for coils, which has
nothing but a coating of enamel for insulation. Here again,
a piece of sandpaper will remove the insulation quickly and
thoroughly.

THE TAP SPLICE

In the following explanations and Figures, we are going to show
you the standard solid.rubber covered wire used for Electiic
light and power circuits, but the same rules apply regardless
of the kind of insulation. To begin with, we will suppose
that you want to make a connection to a wire ifithout cutting
or breaking its circuit. This is the connection used for
branch circuits and we call it a tap.

First, you locate the point on the unbroken, or running wire,
where the tap is to be made, and strip off about two inches
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of insulation. Next you strip about four inches off the end
of the wire you are going to connect, making sure that both
pieces of exposed wire are clean and bright.

Now, hold both wires firmly in one hand, in the position of
Figure 10-A, and then twist the end of the tap wire around
the running wire, forming the joint of Figure 10-B. Mile
doing this, be sure that the wires do not twist or turn in
your hand and that the turns around the running wire are not
only tight, but close together. The last half turn or so
can best be done with a pair of pliers.

For a solid joint, there.should be at least five complete
turns around the running wire and, to comply with the under-
writers4 requirements, the joint should be tight and solid
at this time.

Some workers prefer to make the stripeed end of the tap wire
longer, wind up the five turns and then cut off the end.
Others make the stripped end of the tap wire about the right
length and use pliers to make the turns tight. You can try
out both methods and use the one you can do best.

OCTTED TAP SPLICE

In Figure 11 we show the Knotted Tap Splice which is an im-
provement over the tap of Figure 10 because the tap wire can
not untwist. To make this joint, both wires are stripped as
before and held tightly in the position of Figure 10-1A. The
first turn is then made around the running wire in one direc»
tion, the end brought back around the tap wire and the five
turns made in the ppposite direction. It is the first re-
verse turn that prevents the wire from untwisting.

WESTERN UNION SPLICE

Perhaps the most common method of joining the ends of two
wires is what we call the 'Western Union Splice. Here, the
ends of both wires ire stripped for about five inches and
then held firmly in the position of Figure 12-A. Notice
that the wires cross about at the center of the stripped
ends.

Making sure that the wires do not turn or slip, one end is
given five close tight turns around the other making the
joint look like Figure 12-B. Then, still holding the wires
tight, the other end is given its five turns making the
splice of Figure 12-C.

The ends of the twisted wires are then cut off short -nd
forced down tight so they will not cut any insulation placed
around them, making the finished splice of 'Figure 12-D.





Lesson FD16-6 Page 11

FIXTURE SPLICING

There are many circuit conditions which require the splicing
of wires of different sizes, such aq the connections between
fixtures and line wires where, instead of the WestJrn Union,
we make a Fixture Splice.

The wires are stripped for about 7 inches at the end and held
firmly in the position of Figure l3. -A. Notice here that the
stripped ends cross at the center of one wire, usually the
larger, but close to the, insulation of the other. Holding
them firmly in this position, they are given three complete
twists around each other making the joint of Figure 13-B.

This part of the splice can be best done with a pair of
pliers, but you must watch carefully to see that both wires
twist equally. If the heavier wire stays straight, or nearly
so, the twist will not hold.

After this twist is properly done, it is bend down along the
longer end, as in Figure 13-C, after which both outer ends
are tihisted around the larger wire making the finished splice
of Figure 13-D.

Here again, the ends are cut off short and forced down close
to prevent them from cutting the insulation that will be put
oh.

SPLICING DUPLEX WIRE

To make a splice in both wires of a two conductor or Duplex
Cable, the outer braid is stripped for 8 or 9 inches and the
inner wires are cut so that one is six inches longer than the
other. The ends are than stripped as before and a splice
made between a long and short wire,

By this plan, the complete splice looks like Figure 14 and
prevents any danger of the joints touching each other. This
sane plat, is followed for all kinds of auplex wire and twisted
cords where a double splice is to be made.

BRITTAI\INIA JOINT

To splice a wire which is too large or stiff to twist easily,
another method called a ',Bound" or Brittannia joint is used.
The idea is shown in Figure IS where the ends of the heavy
wires are bent and overlapped for several inches.

A smaller size of bare tinned wire is wrapped around one of
the heavy wires a few times and then wound tightly and closely
over the entire overlap, finally being given a few last
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turns around the other heavy wire. This binding holds the
heavy wires tightly together and the bend or hook in tIeir
ends prevents them from slip,2ing endwise.

STRANDED 1IRES AND CABLES

While the smaller sizes of stranded wires are handled like
the solid wires we have been explaining, the larger stranded
cables are spliced and tapped by a different method,

To make a splice in a stranded cable, first strip the insu-
lation and then, about half way along the stripped end, bind
a few turns of small wire tightly around all the strands.
About half the strands are then cut out of the center, close
to the binding, and the remaining strands bend out. The
cables are then brought together, as in Figure 16-A. and the
outer strands twisted around much like the eras of the ,:est-
ern Union splice, making the finished joint of Figure 1-B.

CABLE TAPS

To make a tap splice with stranded cable, the job is started
by stripping the wire the same as for an ordinary tap. The
strands of the tap cable arc then untwisted, half of them
pulled one way and half the other, making a sort of a V.

The stripped part of the running cable is next placed in
the bottom of the V, as in Figure 16-A, and each group of
the tap cable strands given several twists around the run.
ning cable making the finished job of Figure 17-B.

SOLDERING SPLICES

Going back to the requirements of the Underwriter's Code,
you can see that all of these joints and splices are nada
in such a way is to be both mechanically and electrically

secure without solder but, to fulfill the second requirement,
they must all be soldered.

If the stripping has been done properly, the scllering is very
easy on the smaller solid wires as they will require but a
small amount of flux, or soldering paste and a touch of a hot
well tinned iron. When cored or fluxed solder is used, a hot
iron is all that is needed.

Once more, let us warn you not to make the mistake of most
beginners by trying to pile on a lot of solder because, un-
less the parts are hot and clean enough to tin all over, the
solder will do little if any good.
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The third requirement of the Code was that the joint be cover-
ed with insulation equal to that of the wires. For this part
of the work it is customary to use tape that comes in rolls,
usually 3/4 of an inch wide and from one ounce to a half pound
in weight.

As the ordinary insulation consists of rubber and cloth,
there are tao common kinds of tape, one made of ruboer and
the other of cloth impregnated with a sticky, waterproof, in-
sulating compound. This kind we call Electricians or Friction
tape.

For cloth covered wire, a layer of friction tape will give
sufficient insulation but, for ruboer covered wire, it is
necessary to first put on a layer of ruboer tape making each
turn overlap the one ahead of it about half way as in Figure
18-A.

After this is in place, a layer of friction tape is wound on,
starting back an inch or two on the regular insulation as
shown in Figure 18-B. To make a good job, the tape is wound
tightly and to prevent waste, the roll of tape is usually
rolled around the wire as in Figure 19. By this method, only
the tape used is unrolled, therefore none is wasted and that
left on the roll is kept in good shape.

As friction tape is waterproof, it usually completes the splice
but, in some cases, it is given a coat of shellac or insulating
varnish for added protection.

WIRE ENDS

Another point we h'd better explain at this time, is the hand-
ling of aire ends which fasten to some sort of a terminal on
an electrical unit. In many cases, the terminal consists of
a screw, threaded into a piece of metal having e lug raised on
each side like that of Figure 20-A.

To make a proper connection here, the wire is stripped for
about two inches and given a single turn to the right. This
turn, or loop, Figure 20-B, is slipped under the head and
pulled tight against the body of the screw. As the screw is
tightened, by turning it to the right, and the loop in the
wire is made in the same direction, the action tightens the
connection. If the loop is made to the left, tightening the
screw will force it out from under the head making a very
shaky connection at the best.

Another plan is to first make the loop and then give the end
two or three turns around the wire as shown at Figure 20-0.
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This is not necessary, except in special cases, and then both
the loop and turns should be soldered the same as a regular
tap or splice.,

However, when a connection of this kind is to be made with
stranded wire, it is a mighty good plan to twist the stripped
end until all the small wires are tightly in place and then
tin them. The stranded wire can then be handled as easily
as a solid wire without any danger of a loose strand sticking
out and causing a short or other trouble.

INFORTANCE OF WIRE

In giving you those explanations on the handling of wire, you
may think that we have gone into unnecessary detail but, as
all the common forms of electricity are carried by wires,
their importance cannot be over emphasized.

One poorly soldered joint or one improperly insulated piece
of wire can easily prevent the operation of a complete Radio
or other Electronic unit. Thinking along these Lines, even
the most uninteresting details assume major importance and
we want you to study them accordingly.

We are now ready to go back to the Electric Circuit and
therefore, for the next Lesson, will take up the subject of
batteries which are a common, yet comparatively simple
source of Electrical energy.
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PR716..RY CELL PRINCIPLM

In all of our explanations of Electricity, so far we have
assumed a source of Rlectro Motive Force but have given no
details in regard to it* 'Electricity is so canmon that the
general public does not give it much thought. They plug
Floor Lamps, Vacuum. Cleaners and Radios in their wall sockets,
put new cells in their flashlights or new batteries in their
portable Radios much the same as coal in their staves or gas-

oline in their automobiles.

However, by this time, you know there must be a source of Elec-
tromotive Force or Voltage in order to cause an electrical
current. For this Lesson therefore, we are going to explain
one of the three common methods of producing or' generating
Electrical energy.

METHODS OF PRODUCING ELECTRICAL ENERGY

First: - Mechanically, which includes all kinds and types of
generators. We can say that any device which changes mechani-
cal motion, or energy, into electricity, is a generator.

Second: - Chemically, which includes all kinds and types of
cells and batteries.

Third: - Thermally, which includes all devices that produce
electricity by heat, or a difference of tamprature.

One fact that we want to emphasize at the start, is that we
know of nothing which actually makes electricity* The elec-

tricity we are telling you about is always in motion, and
naturally there must be something to start it and keep it
going.

The three methods which we mentioned are just different ways
of putting the electricity in motion. Think of it this way.

If you were to put a large water wheel on the shore of a lake
and let the lower paddles dip in the water, nothing much would

happen. If the lake was rough, the waves would rock the wheel
back and forth, but that is all. It would not make any differ-

ence how the wheel was placed, one quarter, one half or all of

it under the water, it would not revolve no matter how big the

lake was.

However, if you put the same wheel on the bank of a swift river

and let the lower paddles dip in the water, the wheel will run

because the water is in motion. The same thing is true of

electricity. It is all around us but, unless we put it in
motion, it is not of much practical benefit.
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Should someoneask you where a battery or generator gets a13

the electricity it puts out, just tell them that it does not

make any of it, but merely puts it in motion. The action is

somelittat like that of the pump on a well because the pump

does not "make?' any water, but simply raises it, ar puts it

in motion.

GETTRATDIG ELECTRICITY BY CHEMICAL ACTION

It has been found that whenever two different metals are

placed in any liquid, except water, that will conduct elec-

tricity, an electrical pressure is produced. This we call

an Electro Motive Force, or E.M.F. For all practical

two dissimilar metals are immersed in sane chemical solution

that combines actively with,or attacks one of the metals

because, with this combination, a much greater E.M.F. i4

produced.

To explain the action, we can tell you first that, whom r'

there is chemical action, there is also electrical activity.

When the solution attacks one of the metals, new compounds

are for.aed and the parts being separated are charged with

opposite kinds of electricity. The negative dharges collect

on one netal while the positive charges collect on the other

and thus the chemical action produces an 3lectromotive Force.

HOW TO YAM A SILIPLE CE:AL

In Figure 1, we have shown a very simple arrangement that

you can easily make. Take an ordinary drinking glass and

fill it about two thirds with weak sulphuric acid. The kind

that the automobile storage battery repair men call n130011

will be all right. Then get a strip of copper and a strip of

zinc, each about one inch wide and long enough to reach almost

to the bottom of the glass after the tops are;
bent over as

shown. Scrape the strips until they are clean and shiny and

then put them in the glass. You can put -than in any place

but you must not let them touch each other,

Now get a short piece of copper wire and touch both sta. ps of

metal with it. With both the wire and strips clean and making

good contact, you have made an electrical connection and formed

a circuit. Holding the wire in place, you will see bubbles

gather on the copper and float up through the acid. When you

remove the wire, the action almost stops.

By replacing the copper wire with a meter, as in Figtre 2, you.

can see, by watching the meter, that when you make a connection

between the strips, there is electrical current through the

meter. From our former explanations, you know that in order to

have a current of electricity, there must be a prPssure or volt-

age therefore, if this ../..-.reingamcuatz iNaus-as-zurrent,,
it must pro-.

duce an E.E.F.
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What really happens while the cell is working requires a very
-long explanation and a knelt/ledge of chemical action but, in a
general way, you can think of it like this. SUlphuric acid
is made up of 2 parts of hydrogen, one part of sulphur and
four parts of oxygen which, mixed with waters is the liquid or
electrolyte. When the actibu takes place, the acid attacks
the zinc, 'absorbs one part of it and lets go of the hydrogen.

Thus, the acid is reduced to a new compound, the sulphur and
oxygen, with a negative. electrical charge,whiCh combines with
the zinc to form zinc sulphate. The hydrogen, with a positive
charge, gauhers on the copper in the form of bubbles. In this
way, the eicatrical charges are transferred to the metals and
the copper becomes positive while the zinc becomes negative.

By this action, one part of the -acid and one part of the zinc
.have been lost, as far as our use is concerned, but the change
'has produced an E.M.F. Remember, the parts we mention are
very small, so small that you cad not even see them with a
microscope, and are called atoms. Tt continue to produce the
electrical pressure, the cell will gradually use up the zinc
and the acid, and the length of time they last will depend on
how fast the electricity is used. A4 arrangement of this kineL
is called a Primary Cell.

Now isn't this about the same thing that happens when you build
a fire? The coal or wood is burned but, in burning, it g:ves
off heat.

VOLTAGE PRODUCED

From what we have said, you know that this cell produces an
E.M.F., which means that, there is a difference of pressure or
potential. You will also remember chat, according to Benjamin
Franklin, the direction of current is from the higher to the
lower level or potential. Therefore, in the complete circuit
-of Figure 2, the oath of the current will be from the copper,
through the meter to the zinc and from the zinc, through the
acid in the cell, to the copper.

This makes the direction of current, outside the cell frem
plus to minus but, inside the cell, from minus to plus. Just
think back for a minute to the simple water circuit of the
earlier Lesson on "Current Electricity". Isnvt the action of
the cell exactly the same as that of the water pump? There,
the pump raised the level, or pressure, of the water and
the direction of the v atcr, inside the pump,evas from a log
to a higher level. In comparison, the cell is really nothing
but an elec trical punp, raising the ..electricity-fran-a: low to

a higher po
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NAIVES OF PARTS OF CFTIS

The liquid, or solution of a cell is called the "Electrolyte".
The metals are called the "Electrodes" and the copper is the
Positive Pole, very often called the Plus and marked with a
small cross "+". The zinc is the iegative role or the minus
and is marked with a "-". Thinking of a cell as an Electric
generator, the positive pole or terminal may he called the
Anode and the negative or minus the Cathode.

POLARIZATION

As long as the simple cell is in operation, a quantity of
bubbles gather on the copper. These bubbles are hydrogen whicl
is a very poor conductor of electricity. The more bubbles on
the copper, the less chance the current has of getting through,
so that the longer the cell works, the less current it can
deliver. This action, called Polarization, takes place in all
primary cells and even when the cell is used for but short
periods, such as ringing a door bell, it causes a reduction
of current and unsatisfactory operation.

DEPOLARIZERS

All sorts of ideas have been tried to overcome and reduce
polarization, such as brushing off the bubbles mechanically,
but the most common and practical method is to place around
or near the anode, some substance that will readily unite
with and absorb the hydrogen. This substance will have to
be a good conductor of electricity and a chemical of this
kind is called a "Depolarizer".

OPEN CIRCUIT CFTLS

The action of the different depolarizers takes place at dif-
ferent speeds and, if the hydrogen bubbles are not absorbed
as fast as they form, the cell will not deliver proper current
for any great length of time.

It can, however, be used for a short time and then allowed to
rest. While at rest, the depolarizer absorbs the hydrogen
and, in a few minutes, the cell will again deliver its proper
current. This type is called an "Open Circuit" cell as it
must be used in circuits where current is not needed all the
time. Here again we can mention an ordinary door bell circuit
as a very common and good example.

CLOSED CIRCUIT CW,LS

When the action of the depolarizer is fast enough to absorb
the hydrogen as rapidly as it gathers on the anode, the cell
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will deliver its proper current continuouLly. A cell of Lhis
type can be corinecLe 1i. a circuit P-ich requires crivent all
the time and is therefore kept closed. Used on close, circuits,
we call this :Tpe a "Closed Circuit" cell.

LOCAL ACTION

As it is practically impossible so obtain ordinary ret,ls
which are absolutely pure, zinc like that used in the simple
cell, may have stall pieces of other r,.etals in it. --Mien it

is placed in the acid, the same action takes place, beteeen it
and these small pieces of other nethls, that we want to take
place betaeen it and tne copper anode. The currents, set up
by tris action, never pet outside of t cell and c -n never be
of any use as they simply run around set4uen the zinc and the
other metal particles to produce what 's known as "Local Action".

Ai LAI.GPj'ATICT

Local action wastes the zinc, -,vhetaer tl e cell is it uee or
not, and thus short?ns its life. by co -tiny f:Ie zinc -L5h
mercury, wa can gree'ly reduce and alm,,e elireinate tn, local
action. .eilen a piece of clan zinc is rupe,7', rata :e-rcrry,

tne two col,bine one `,1 -le marcary nom or _y ccvars 1,1-13 -raicles
of other metals out ,'^kDS a very s ooth clu i surface of pure
zinc. The snooth surface also heaps ae it causes ,-,he zinc to

hold a ver7 thin co,aVng of hydrocan )r-co'cally stops
all action unless the cell is in use. :eis erocess coating
the zinc is called "LtalLamation"0

ITERNAL R=STANCE

From what we said in fornar Lessons, y)'1 Lrod th-Acv3rything
offers some resistance to the passage of 'n electrical current.
Even .hilt a cell is praducia- an tle currant it
supplies will have to pass tarou h th_ cell in order to
complete its circuit. In this carplete circuit, it is the
resistance of the ca,,hode, the anode, and the electrolyte-
which we call "Inte-nal Resistance". The amount of this
resistance will v -Ty gre'tiy, according to different corditions
in the cell, but 7 -ca can reedily under hand that it ailJ be
an advantace to keep th intornal r,sist-nce loei as possible.

This by the day, is the reason for th chpolorizer.

For example, 'Then an open circuit c311 s 'le, steadily, the
polarizatiPn ihcreases its intrnal ,rd, as the
cell is meet of the circuit, tie resist no oe th- circuit
'viii be increased accordingly. 70u con easily sue ti ,, if

the: voltage remains the sa.le and th3 reeistance ircreases,
the current will be reduced.
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You also know thateit.requires voltage, or pressure, to force

current through a resistance therefore, as the internal re-

sistance of a cell increases, the voltage required to force

current through this resistance is lost for use in the circuit

outside the cell. A voltmeter) connected across the outsido

of the cell,will show a drop then the cell becomes polarized

and its internal resistance increases.

TESTING CET TS

This action can be tested quite easily by means of a voltmeter,

an ammeter and a dry cell,- thich is similar to the simple cell

we have been explaining. The voltmeter is connected_acroos

the dry cell, to form a circuit like that of Figure 2and its

reading indicates the open circuit voltage -of the cel.

The ammeter is then connected across the cell also. The am-

meter reading is quite high at first but soon starts !),,o drop)

the voltmeter reading falling also. The reduced readings

show the cell is polarized and the voltmeter indicates iArP.:,

Closed cer-uit voltage.

After this reading has been taken, the meters are disconneed

and the cell is allowed to rest for a while. If the cell ws

in good shape; the depoTarizer will do its work and, in few

minutes, a test with the voltmeter will show the open 'ci'mcuit

voltage is again at the same value as when the test was etarted.

CRIJi5 AND BATTERIES

You nay hear some people talk about cry cells and as nan7 more

speak of dry batteries. It does not make a great deal a dif-

ference Mich word is used because we know what is meat but

electrically, there is a big difference between a cell and a

-battery.

The simple outfit that we described in the first FLTi.t of this

Lesson is a cell. Should -we take two or more of tr'.ese cells

and connect them together, then we would have a bat;tery.

You cln go into a store and buy four dry cells but if you

take them home and connect them together, you have one cry

battery. A cell is a unit for the production of eJectricity

by chemical means. Mhen two or more cells are ronnected so

as to work together, the combination is ctalled a battery.

COMMON PRTIARY

There have been hundreds of different combinations of cheini

cals and metals used to produce electricity but most of thpn

have been discarded and forgotten fat one -reason or-another'
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Mile there are still a great number of cells used for labora-

tory and experimental work and in places where no other elec-

trical porcr is available, about the only type of prir.ary cell

you will have to work with is the dry cell.

TIE LE CLAIICHE TT

To trace the development of the dry cell, first we will explain

the Le Clanche cell of Figure 3, one of the most common wWet

Cells!' which gives good results for open circuit work. The

negative electrode is made of zinc, usually in the form of a

pencil, with the lower half square. The positive carbon elec-

trode is sealed in a porous cup which is filled with Manganese

Dioxide or F.eroxide far the depolarizer.

For the standard size cell, the electrolyte is made by dis-

solving about 4 ounces of white powdered Sal Ammoniac in water.

If mixed -in the glass jar, it should be filled about one third

with water.

After the Sal Ammoniac is all dissolved, the carbon and zinc

are put in place and the cell is ready to operate. As the

cell operates, the zinc wastes away quite rapidly but, on

account of the open construction, any of the parts are easily

replaced,

This cell is a good example of a slow acting depolarizer be-

cause, when used steadily, the voltage very soon drops. After

standing idle for a while, the depolarizer does its work and

the voltage comes back to its original value.

THE SAL SON CELL

The Sampson Cell of Figure 4 is really a form of Le Clench°

but has some features which make it very popular. It uses the

same rate's, electrolyte and depolarizer as the Le Clanche and

requires the same treatment.

In this cell, the carbon is made hollow and filled with the

depolarizer which consists of manganese peroxide and granulated

carbon. Jy this arrangement, the carbon acts as a porous cup

thereby cutting down the number of parts. 'The zinc is made in

the form of a cylinder and surrounds the carbon thus exposing

a very large surface to the action of the electrolyte.

D y CELLS

Like the Sampson cell of Figure 4, dry cells are a form of

Le Clanche cell and in Figure 5, we have removed the paste-

board cover and then cut a dry cell through the center so aS

to expose the various parts.
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Starting at the outside, you will find the entire cell is built
like a can of zinc which acts as a catl-ede as well as the con-
tainer. Inside the zinc is a layer of clotting paper that is
soaked in an electrolyte of sal ammoniac. Inside the blotting
paper, the cell is' filled with a miA are of coke, carbon and '

manganese peroxide, in'the center of vnich is the carbon anode.
To prevent evaporation, the top is sealed, first with a layer
of sand and then about a half inch of tar or asphaltum.

The name "Dry" is apt to be misleading because, while it is
dry on the outside, a cell of this type must be moist on the
inside in order to operate. In fact, not only the blotting
paper, but the mixture between it and the carbon is generally
soaked with electrolyte before the cell is sealed.

Mile there are many different compounds used in the various
makes 'ofdry cells; most manufacturers add SOP LC zinc chloride
to the electrolyte to prevent the rapid wasting away of the
zinc while the cell is not in use. This is a very important
feature because it naturally takes aoms time, after the cell
is m-ade, to deliver it to the final buyer who places it in
use. The time between the making and using of the cell is
spoken of as its Shelf Life.

rixed with the depolarizer there is usualiy a certain amount
of carbon, graphite or coke which also aid's the action. Don't
think that all dry cells are alike beeause, by using different
compounds, a manufacturer can build a cell with a high current
output and a short life or make one with a lower output but a
much longer life. You can see therefore tail a cell, built
for some special kind of work, will ire mach bettor results
when used for its paiticular service.

The depolarizer of the dry cell, show, as I'anganese Perox:de,
is similar to the ILanganese Dioxide of the Le Clanche cell,
and the terms' are&ten considered < s havig the saran moan;
ing. Ho -,,ever, to be more nearly correct, rach molecule of
the "Dim:1de" consists of one atom of ranganese and two atoms
of oxygen, while the r'olecules of "Peroxide" may consist of
one or more atoms of I -angel -lose and two or more atoms of oxygen.
Thus, the depolarizer of a dry cell may be Yanganese Dioxide
or some other ranganese Compound with a h, ;her state of oxida-
tion.

Dry coils arc made in a number of standard sizes but, regard-
less of sie,c, each new cell develops an open circuit electrical
pressure of approximately l volts, after a shelf life of a
year, a'good cell will drop only about one tenth of a volt.
However, the internal resistance of a cell does increase with
age and therefore, the older the ceLl, the less current it
will deliver.
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Another form of battery, which has proven quite popular in
the rural communities fur supplying filament voltage for
battery operated Radio receivers, is known as the "Air Cell
Battery". It consists of two "Afr Cells", assembled in a
hard rubber container, and permanently connected in series.

Like the dry cell. just explained, the electrodes are carbon
and zinc. The electrolyte however, is a solution of sodium
hydroxide and common drinking water. In this battery, the
oxygen, uend as a depolarizer, is absorbed directly from the
surrounding atmosphere inPtead of being supplied in the form
of manganese peroxide as in the care of the dry cello

1,t the time of manufacture, the electrelL-te-forming chemicals
are placed in the battery in solid form. Then, to prevent
them losing some of their strength before being placed in
service, by poseinle wentnct with moist air, the battery is
sealed, in this coeditior, no change can take place
in the chemicals and thus the battery may be placed in service
-tny time {ter manufacture and the purchaser will be certain
that he is buying a "fresh" unit.

To place the battery in service, all that need be done is to
remove the covers from the electrodes, so they can obtain the
oxygen from the surrounding air, punch oet the seals in the
bottom of the filler holds and fill the compartments with
wFter.

Th3re is one very important precaution concerning this battery
because it has a very definite overload value beyend which it
is unsafe to go. This overload point is determined by the
maximum rate at which the carbon electrodes can absorb oxygen
from the air.

To nrevent excessive current, a battery of this type should be
tested only with a voltmeter. However, when making voltage
tests, be sure the batter is delivering its normal load cur-
rent or else you will obtain the open circuit voltage which
will not give you the proper indication of its condition. Anew Cell Battery" should test 2.5 volts and, when this
drops below 2 volts, it should be replaced.

II 1,,;ARY An 54,,CONDLEY CELLS

In our explanation of Primry Cells, Ne told how electricity
is produced by chemical action and you will remember thecells are made up with two electrodes, or plates, and a solu-
tion called the electrolyte
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When an electrical circuit is completed between the electrodes,
outside the cell, a chemical action destroys some of the parts
but produces an E.M.F. whichsapplies the circuit with current.

A secondary, or ntorage cell, is similar in many ways but,
after producing an E.V.F., until no further action takes place,
the parts can be brought back to their original form by forcing
current through the Cell in a reverse direction.

ACTIO11 IN A LEAD ACID CELL

All of our modern storage batteries really began back ?bout
1850 when a man, by the name of Plante, first made up a cell,
something like the primary cells, with two electrodes and an
electrolyte. His electrodes, or plates, were made of lead and

the electrolyte was weak, or diluted sulphuric acid.

They is not much chemical action between lead and sulphuric
acid but the electrolyte will form a thin coating of lead sul-
phate on the lead plates. Plante connected his cell in an
electrical circuit and, after sending current through it, found
that this thin coating of lead sulphate, on the plate connected
to the positive side of the circuit, had changed to lead per-
oxide. On the other plate, the lead sulphate had changed to
pure lead of a spongy form.

When in this condition, the cell could be disconnected from
the circuit and, like a primary cell, produced an E.Y.F. of
its awn. While it was connected so as to furnish current for
a circuit, the lead peroxide and spongy lead changed back to
lead sulphate, leaving both plates about the same as when the
cell was first assembled.

The cell could then be connected back in the circuit that sent
current through it and the lead sulphate, on the plate connected
to the positive, arin changed to lead peroxide while that on
the other plate again changed to spongy lead.

While current was being sent through the cell, it was said to
be Charging, and :then it was delivering current, it was said
to be Discharging. Each time this cell of Planters was
charged and discharged, more load peroxide and spongy lead
formed on the original plates.

Then he found that as more of thes.2 materials formed on the
plates, the cell would deliver current for a longer time.
These compounds are called the "Active Materials", because
the chemical action takes place in them and the amount of
electricity a cell can produce is called its 11.r3apacity".
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To follow the entire action, we will assume a charged storage
cell is connected to supply current in a circuit. The active
materials in this charged cell are Lead Peroxide, on the posi-
tive plate, Spongy Lead on the negative plate and a mixture of
Sulphuric acid and water for the electrolyte.

As the cell supplies current to the external circuit, chemical
changes take place at both plates. The lead peroxide of the
positive plate and the spongy lead of the negative plate com-
bine with the sulphuric acid of the electrolyte and are con-
verted into lead sulphate;

This action breaks down the sulphuric acid of the electrolyte
and it is converted into rater. . These changes take place
gradually, as long as the cell is supplying current, and when
-all of the active material has been converted, there is no
further action. The cell can no longer produce an E.M.F. and
we say it is "Discharged".

ACTION ON CHARGE

.The discharged cell can now be placed in a circuit which
causes current to pass through it in the opposite direction
to that which the cell supplied while discharging. Passing

through the cell in the opposite direction, the current
causes the chemical actions. to reverse.

At the positive plate, the lead sulphate is converted back to
lead peroxide, the lead sulphate on the negative plate is con-
verted back to spongy lead and some of the water in the elec-
trolyte is converted into sulphuric acid.

Nhile these changes are taking place, we say the cell is
"Charging" and, when all of the available active material hao
been converted, the cell is "Charged".

On most storage cells, the positive terminal is marked with a
ILO and the negative with a H-0 but, if there is no marking,
remember the positive is dark brown in color while the negative

is grey.

CAPACITY

As we mentioned before, the amount of electricity, or current,

that a cell, can produce is called its capacity. From the
chemical actions just explained, you can see that the greater

the amount of active material, the more energy the cell will

be able to produce.
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For practical work, the capacity is measured by the amount of
current, in amperes, multiplied by the time it is produced,

in hours, This makes the unit for measuring capacity, the

Ampere-Hour.

A TEERE-HO'u'RS

However, this is not quite as simple es it sounds because a
cell that will deliver 10 amperes for ten hours, will not
necessarily deliver 100 amperes for 1 hour. In general, the

higher the current, or rate of discharge, the smaller the
capacity will be. For example, a standard 100 Ampere-Hour
,auto battery will supply 5 amneres for 20 hours and 125
amperes for but 20 minutes..

The amount of energy, or current, that a cell can deliver
will depend on the number of plates, the amount of active
material on the plates, the strength of the acid in the elec-
trolyte and the ease with which the active materials and
electrolyte can come in contact with each other.

VOLTAGE OF A CELL

Regardless of the size of a cell, or the number of plates in
it, the voltage produced is allays the same. As the cell is

being charged, the voltage across it will rise to about 22
volts but, three or four minutes after the charging current is
stopped, it drops to 2.1 volts.

As the cell discharges, and delivers current, the voltage
drops quickly to 2 volts and holds there until the discharge
is almost complete, when it drops very fast.

FORMED PLATES

When we were telling you about Plante's cell we mentioned
that each time the plates were charged and discharged, more
active material waq formed on them. hs the amount of active
material incraaeed, the capacity of the cell also increased
and, in order to get the plates in the proper condition, they
had to be charged and discharged many times.

This charging and discharging, to produce the proper amount
of active material, is called forming the plates and, by the
original method, requires a long ti ,le end a large amount of
current. You can see here however, as the chemical actLon
takes place on the surface of the lead that comas in contact
with the electrolyte, the larger the surface, the faster the
plate will be formed.

No matter how the lead is shaped or made, all plates that have
to be formed in this way are called Plante, and are made as
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positives. The plante negatives are made from the positives,
simply by connecting them in the cell as negatives and then

charging. The active material is thus changed from lead per-

oxide to spongy lead.

PASTED PLATES

As the lone and expensive forming process with Plante plates,
simply changes the lead of the positive to lead peroxide, a
man oy the name of Faure suggested that the plates be made up
of a frheework of lead, having the open speoes filled with
active raterial. Plates of this type are called nPastedu-and
the franee7ork, called the uGrid", As nade so as to form a series
of shelv.s. The active material, prepared outside, is pasted
in the shelves.

'nth the exception of the grid, the pasted plates are all
active raterial and, in caapariSen to the plante type., are
very qu'okly and cheaply formed. like the Plante however) they
have to be placed in weak sulPhuric acid and formed by sending
current through them.

Soma makers use the same paste for both the positive and nega-
tive pla.,es, while others use different mixtures for the active
material of each. This type simply gives the plate the proper
amount of active material without going through the long forn-

ing oroceee.

S3PARATORS

In addition to the plates in the cell, there must be something
to keep Ihem from toeching. You know that the action must
take elece between the electrolyte and the active materiel of
the plates but, as lead is a good electrical conductor, if the
positive cyl negative plates should touch, there would be a
direct eerouit between them. This would act the same as a shy
between he plates outside the cell and thus prevent_current
in the circuit to which the cell is connected.

The parts, or insulators used for this purpose, are called
nbe paratorsu because they separate the plates. They. are made -

in many r-df2erent shapes -and of many materials. Some types

are nothing but a thin sheet of hard rubber that is punched

full of hclee. vihen placed. between the plates, the rubber

keeps them frac_ touching, and the holes "allow..the- acid to have

a free path.

Other 46.7.cs are made of glass or hard rubber rods which, wheli

plened 'e3tween the Plates, hold them apart without. irterfaring

with the action of the electrolyte.
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Perhaps the most common type of separator is made of a thin
wood sheet with grooves cut DI one side. It is treated chemi-
cally to open up the pores and also to remo're any substances
that might harm the plrtes.

The wood acts as a separator and holds the plates apart but,
being full of pores or very small holes, allows the electro-
lyte to pass freely throuzh it and have the proper action.
Just now, remember that the grooves side of the wood separator
is placed toward the positive plate.

GROUPS

Like nearly everything else that we have explained, in order
to obtain the proper amount of ene-gy from a cell, it i.s neces-
sary to use more than two platee. This is done by fastening
a number of the same kind of plates to a connecting strap
which also carries a lug or post to act as the cell terminal.
Right here, we want to mention that you must never use ordi-
nary solder around a storage battery. All of the joints and
connections are made by "Burning", mh4ch means that the lead
parts to be joined are melted until they run together ana

one solid niece.

A group of plates consists of a number of positives or nega-
tives, burned to a connector strap and forming one solid piece.
For the different sizes of cells, there are different sizes
and numbers of plates in the groups.

ELE:.C.-Z;TS

Each complete cell consists of a group of positive plates and
a group of negative plates, saw-toothed together. There is
usually one more negative than positive, so that both of the
end, or outside plates, are negatives. This arrangement places
each positive between t4o negatives. A seperator is placed
between each of the plates and, if of the wood type, the
grooved side is turned toward the positive plate.

This complete assembly of groups and separators is called an
Element and, after it is placed in its jar, or container, the
electrolyte is added to form a complete cell.

STOR.GE BATTERIES

Like the dry cell battery, when a number of storage cells are
connected so as to work together, the combination is called a
"Storage Cell Battery" or more commonly, a "Storage Battery".
For Figure 6 we show the tyre used in pre Gent day automobiles,
made up of three storage cells connected in series to produce
a battery of 6.3 volts.
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One end of the case has been cut away to shay the arrangement

of the parts in a cell. Starting from the left of the open-

ing, you will find first a negative plate, then a separator,

next a positive plate, then another separator, another nega-

tive elate and so on.

In the ul'Iler right corner of the opening, you will see a part

of the strap to which the positive plates are attached. On

the other side of the cell, a similar strap, which terminates

as the 11-n terminal post, is attached to the negative plates.

EIZCFROLYT:

The elecl,rblyte used for this type of battery is made up of

sulphuric zwaid and distilled wber. In our first explanation

of the action in a cell, we told you that /11 -en the cell was

charged, the electrolyte was acid, and when discharged. it

vas water.

In practical, work however, we never reach that condition and

no matter in what state of charge the cell nay be, there is

always both acid and water in the electrolyte. As the cell

Charges, the chemical action takes place and the amount of

acid increases, which gives us a very handy way of testing.

As you perhaps know, the same amount, or volume, of different

liquids have different weights. For example, five gallons

of sulphuric acid weighs more than five gallons of water while

five gallons cf gasoline weighs lees. We call this the

"3pecific Gravity' of the liquid, which means its ratio of

weight as camnarad to an equal amount of water. As water is

perhaps the most common liquid, we say it has a specific

gravity of 1 and figure all the other liquids fran it. Pure

sulphuric acid weighs about twice as much as water or 1.835

to be exact. As we mix the two for the electrolyte, the

specific gravity will be somewhere between 1 and 1.835.

To make use of this fact, we build a little float, called a

hydrometer, which is weighted at the lager end with shot and

has a scale in the upper part of the tube. Being made of

glass, we can put the scale inside and read it from the out-

side. -The more acid there is in.the electrolyte, the heavier

or denser it will be and, if we drop the hydrometer in, it

will sink only as far as the density of the liquid will let

it.'

HYDROMTER

By properly marking the scale, all we have to do is to place

the hydrometer in the electrolyte and read on the scale how





Lesson FD111-7 Page 16

far it sinks. The point on the scale that comes level with
the surface of the liquid shows the specific gravity.

Unless special space is provided, it would not be very handy
to drop the hydrometer into the electrolyte of the ordinary
cell, therefore we place it in a larger glass tube that has
a rubber bulb at the top and a tube at tne oettom, as shown
in Figure 7.

This assembly is called a hydrometer Syringe, or just Hj-
drometer for short, and is used by placing the tube into the
electrolyte. The bulb is squeezed and then let go to drea
the electrolyte up into the large tube and, as soon as the
hydrometer floats, a reading can be taken.

The scale we show reads from 1300 to 1103 and is the ore used
for most Lead -Acid Storage batteries. The number 7300 mans
a specific gravity of 1.3 and tne 1100 means 1.1 bet, as it
is much easier to say eleven fifty or tweIv3 hundred than one
and fifteen hundredths, or one and tao tenths, the deciml
point is left out.

The of this scale, 1.1 to 1.3 is much lase than the 1
to 1.835 that we mentioned before, but it covers the ordf nary
Working range of the cell. If the acid gets so strong that
ite gravity is over 1.3, it will injure the plates and separa-
tors. If it gets so weak that it is below 1.1, the chemical
action is so slow that the cell is not of mucn use.

T.TYPER,..T.L1R3

Like everything else, when the electrolyte is heated it ex-
pands and thus its density, or specific gravity decreases.
A temperature of 70 degrees Fahrenheit is taken as the stan-
dard and it has been found that the specific gravity changes
about .001 for each three degrees. In order to obtain an
accurate specific gravity reading, it is necessary to add
.00053 for each degree above 70 and subtract .000a3 for each
degree below 70.

While this variation may appear to be extree-217 small, the
readings on the ordinary Hydrometer are 1000 times the
specific gravity they represent therefore the error becomes
1 point for each 3 degrees or 1/3 point per degree.

For example, suppose you tested a battery on a morning when
the temperature was 10 degrees above zero and obtained a
hydrometer reading of 1200. As 10 degrees :s 60 below the
standard of 70 degrees and the variation is 1/3 point par
degree, 1/3 of 60 is 20 and subtracting this value from 7200,
the corrected reading is 1180.
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E:asor

All of. the cells that we have been talking about are of the
"lead --acid; type because the plates are made of lead, the
active .eeterials of lead Compounds and the electrolyte is acid.
There is however, another type of cell, called the HEdisonn,
.,hick contains neither lead nor acid and is used in many com-
mercial applications.

In this cell, the active materials are Nickel P3rod.de for
the positive plate, finely divided Iron for the negative and
the electrolyte is a solution of 215 Potassium Hydrate and

water.

In o2der to improve the action, layers of flake Nickel are
adCed to tie positive, sane oiercury is added to the Iron of
the negative and a little Lithium Hydrate is mixed in with
the electrolyte.

ACTION IN THE EDISON CELL

Like the Lead type of cell, the plates are assenbled in groups
but, instead of being berned to a connector strap, they are
placed on a steel pin which also carries the terminal. Spacers

are placed on this pin, between the plates, and a nut at each
end holds the entire group together.

As before, there are separators between the plates when the
groups are assembled into elements. The electrolyte is not
acid therefore the jars, or containers for the elements, are
made of nickel plated sheet steel. The sides are corrugated
in order to make the walls stiff and also to help keep the
cell cool.

lNhen delivering current, an Edison cell produces an average
of 1.2 volts which is lower_ than the other type; but it is
net injured by discharging to zero voltage, by standing idle,
by overcharging, as long as the temperature does riot rise
above 115° F., by low tanperature nor by freezing. like the

lead -acid type of cell, distilled water must be added to the
electrolyte of an Edison cell but, as the density has only a

slight change during charge and discharge, the specific
gravity of the electrolyte does not indicate the amount of

charge. Instead, the gravity falls steadily as the cell is

in service and, when it reaches a value of 1.16, the elec-
trolyte should be renewed.

Zdison cells are tested by measuring their voltage which
reaches a maximum of 1.8 to 1.9 volts while on charge and

when -Iwo readings, taken at least 15 minutes apartleshow no
voltage dhange, the cell is as fully charged.
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No matter whether you are twenty, thirty, forty
or sixty; no matter whether you have succeeded or
failed, or just muddled along, life begins each
morning. Each morning is the open door to a new
world, new vision, new airs and new tryings.

If yesterday was a dismal failure, then turn those
failings into Successes today. Josh Billings once
said,

fiIt ain't no disgrace to make a mistake. The dis-
grace cones in making the same mistake twice'.
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BATTERY CONNECTIOrS

As we explained in our last Lesson, the purpose of the various
types of cells is to develop an Electro Motive Force or
Electrical Pressure. This pressure will, in burn, force a
current of Electricity through a circuit to which the cells
are connected and thus the cells are a source of Electrical
energy.

Individual cells develop the comparatively low'electrical
pressure of but one or two volts and therefore, to obtain
higher voltage, it is common practice to combine several cells
which, working together, form a battery.

There are a number of different plans, or methods, by which
the cells can be combined and, to simplify the various actions,
we will follow the plan of explanation used for the simple
electrical circuit and make comparisons to similar water cir-
cuits.

ACTION OF A WATh, PUP4P

Nearly everyone has had some experience with water purps of
one type or another and knows they have the ability to draw
or force water from a lower to a higher level. Due to the

pull of the Earthts gravity, 'luster will try to flow from a
higher to a lower level and thus produce a force or "push"
which ctn be thought of as pressure.

Any individual pump is able to lift, or raise, water for some
definite height and thus has the ability to produce a definite
value of water pressure. Also, depending on its size or de-
sign, it has the ability to handle a certrin amount or current
of water. This particular feature is known as the "Oepacity"
of the pump and is usually measured in gallons per minute or
por hour.

The specifications of hand operated pumps usually include
only the "lift" in foot because the capacity depends upon the
speed at which the handle is operated. However, for power
driven pumps, it is customary to state the operating pressure
in pounds and the capacity in gallons per minute.

For the following explanations therefore, we will consiler
a power driven water pump which has the ability to produce a
water pressure of so many pounds and a capacit7 to deliver a
current of so many gallons per minute.

CONNECTING TATER PIMPS IF SERTES

To simplify the explanation and give some definite valueq,
we will assume a water pump which ern develop a pressure of
1.5 bounds with a capacity of 20 gallons per minute.
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Although stated as so many pounds, pressure usually means '

"pounds per square inch" and: in the case of a tank of water,

is caused by the weight of the overlying liquid pushing out-

ward. Thus, the amount of pressure depends on the dept or

height of the water.

The ratio between water pressure, in pounds per square inch,

and the height of "head" has been found to be .433. Thus: as

the head of water, in feet, is equal to the pressure divided

by .433, the pump which develops a pressure of 1.5 pounds can

raise the water to a height of 1.5 divided by .433 or 3.46

feet. In round numbers, we can consider this as 3.5 feet.

Suppose now, we have four of these pumps to use on a job that

requires the water to be lifted 14 feet. As each pump can

raise the water but 3.5 feet, it would be necessary to install

them on the plan of Figure 1.

Here, pump No. 1 would lift the water from the intake and

force it up 31 feet to pump No. 2. 13ith exactly the same

action, pump No. 2 would force tho water up Vs' foot to pump
No. 3 which is two times 31 or 7 feet above the intake.

In the same way, pumps 3 and 4 would each raise the water

another 3 feet until it reached the outlet, 14 feet above
the intake. Checking back: we multiply the head of 14 feet
by .433 and find the pressure is 6 pounds.

Thus, by connecting the water pumps in cascade, or in series:
as shown in Figure 1, the total pressure is ekltu:I1 to the sum

of the pressures developed by the separate pumps. In the

same way, the total height or head of the water is equal to

the sum of the heads of the separate pumps.

One other important point here is the total capacity compared

to the Capacities of the separate pumps. Looking at Figure

1 again: you can see that the'20 gallons per minute, taken

from the intake by pump No. 1, will be elevated to pump No. 2.

This same current of water will be elevated by pumps 3 and 4
so that the current at the outlet will be exactly the same as

that at the intake.

Therefore, this battery of pumps: connected in series, will

develop a total pressure, equal to the' sum. of the pressures
of the separate pumps but its capacity: in gallons per minute:

will be equal to that of one pump.

CONNECTING DRY CELLS IN SERIES

Somewhat similar Conditions exist in a battery of dry cells

and, for Figure 2, we have drawn an arrangement which can be



.
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compared to Figure 1. Here, each dry cell develops an Elec-
trical Pressure of 1.5 volts and the large No. 6 size, used
for door bells, can deliver a current of 20 amperes.

The terminal from the carbon electrode, brought out to the
center, is positive while the outer terminal, connected to the
zinc, is negative. To complete the electrical circuit, wires
are connected from the carbon of one cell, to the zinc of the
next and thus we say they are connected in series.

This arrangement leaves the zinc terminal of cell No, 1 and
the carbon terminal of cell No. 4 for connections to the
circuit. Thinking of the water current through the pump
battery of Figure 1, you can see that, in the dry cell battery
of Figure 2, there is but one path for the electrical current
and all four cells are in this path.

From our explanation of the dry cell, you know the carbon is
positive and has a potential 1.5 volts higher than the zinc.
To check the electrical pressure we can assume the negative
of cell No. 1 is at zero potential and thus the carbon will
be 1.5 volts higher.

Because of the connecting wire between them, the zinc of cell
No. 2 is at the same potential as the carbon of cell No. 1,
1.5 volts higher than the zinc of cell No. 1. However, as
conditions in cell No. 2 are the same as those in cell No. 1,
the carbon of cell No. 2 has a potential 11 volts higher

than its zinc.

The zinc of cell No. 2 is already at a potential 1.5 volts
above cell 1 zinc therefore cell 2 carbon is another 1.5
volts higher or 3 volts above the zinc of cell 1. In the
same way, the carbon of cell 3 is 4.5 volts higher than the
zinc of cell 1 while the carbon of cell 1 is 6 volts higher.

Thus, by connecting four dry cells in series, we have a
battery which develops a total electrical pressure, or voltage,
equal to the sum of the voltage of the separate cells.

As far as the circuit is concerned, conditions are somewhat
like those explained for Figure 1 because, with but one path,
the current output of the battery will be the same as that
of any one of the cells.

To sum up these various actions, when cells are connected in
series, the resulting battery develops a voltage equal to
the sum of the cell voltages but with a current capacity
equal to that of one cell.
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Going back to the water pumps again, suppose we still have

those of Figure 1 but this time have a job which requires

the water to be lifted 3.5 feet but with a capacity of 80

gallons per minute. As each pump will raise the water to the

required height, one of the conditions can be met'with a

single pump but, to obtain the increased capacity, the four

pumps are connected as shown in Figure 3.

Here, you can imagine the outlet pipe is 3.5 feet above the

intake and each of the four pumps is connected in between.

With all the intakes connected together and all the outlets

attached to the same pipe, the total head or pressure, de-

veloped by this battery, will be the same as that of one pump.

This is known as a "Parallel" or "Multiple" method of con-

nection because, as far as the intake and outlet pipes are ''

concerned, all of the pumps are in the same relative position.

As far as the capacity of the battery is concerned, conditions

are different. Pump No. 1 can draw its 20 gallons per minute

from the intake pipe and deliver it directly to the outlet

pipe. In the same way) pump No. 2 can draw its 20 gallons per

minute from the intake and deliver it to the outlet.

With both pumps working, this means there will be 20 gallons

per minute from'each for a total of 40 gallons per minute.

In the same way, with pumps 3'and 4 in operation, each deliver-

ing its 20 gallons per minute, the total current in the outlet

pipe will be 4 x 20 or 80 gallons per minute. Of course, this

same current will be drawn from the intake.

As we explained for Figure 1, each pump can produce a pressure
of 1.5 pounds or a head of 3.5 feet with a current of 20 gal..

ions per minute, Connected in parallel, as in Figure 3, a
battery of four of these pumps will produce a pressure of 1.5

pounds with a current of 80 gallons per minute.

Summing up the operation, when connected in parallel, the

pressure developed by the battery of pumps is equal to that

of one pump but the total current is equal to the sum of the

currents of the separate pumps.

CONNECTING DRY CELLS IN PARAITEL

The same general action can be obtained electrically by con-

necting dry cells in parallel or multiple, as shown in Figure

4. Here you will see that all of the carbon terminals are

connected to each other and to the battery "Pos" while all

the zinc terminals are connected together and to the battery

"Neg".



a
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This arrangement provides separate electrical paths, one for
each cell, between the battery "Nee and With but
.one cell in each path, the total battery pressure) or volt-
age, will be equal to that of one cell.

Like the water pumps of Figure 3, each cell in the battery
of Figure 4 can supply its current independently of the
other cells and thus the total battery current will be equal
to the SUM of the cell currents.

n9 a brief summary, remember, fora series connected battery
like that of Fiure 2, the battery voltage is equal to the
sum of the cell voltage c while the battery current is equal_
to the cell current. For a parallel or multiple connected
battery, like that of Figure 4, the battery -voltage is equal
to the voltage of one cell while the battery current is equal
to the sum of the cell currents.

The arrangement of Tigure 2 and 4 were made to bring out
the action but, in practice, the cells wiil usbally be
pieced and connected as shown in Figures 5 and 6. As -an

exercise in the imnortant subject of circuit tracing, we want

you first to cunIpare the cunnecti ins of Figures 2 and 5.
/Ithough the cells are numbered differently, you will'find,
in both cases, that the cells are connected in series.

Following the same plan, you will find that electrically,
the batterieS of Figure 4 and 6 are alike.

PARALLEL SERIES COINTNECTION

With two main methods of connecting cells, it follows natu-
rally that, in some cages, a combination of both will be of
benefit. Experiments have shown that Lhe useful life of a
cell is reduced when the amount of current it delivers is
increased. Thus, if the cell current were reduced to One
half, the life of that cell would be more than doubled.

Because of this action, it is often economical to combine
the series and parallel menods of connection in a single
battery on the plan of Figure 7. Here you will find that
cells 1, 2, 3 and 4 are connected in series the sae as those
of Figures 2 and 5. These connections are dupIicaLed for
cells 5, 6, 7 and 8 so that, in effect, we have two batteries
each of 4 series connected cells.

Thinking of each of these batteries as a single cell, the
parallel plan of Figures 4 and 6 is employed by connecting
the carbons of cells 1 and 5, also connecting the zincs of
cells 4 and 8. The complete battery will have a voltage,
equal to the sum of four cell voltages but, because of the
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parallel connection of the two groups," each cell will have to
deliver but one half of the total battery current.

At first glance, it may seem that we have simply used twice
as many cells to cut the current of each in half and there-
fore made no saving. However, as previously mentioned,
reducing the current to one half more than doubles the life
of a cell and, used for the same purpose, the battery of
Figures 7 would last more than twice as long as those of

Figures 2 or 5.

In explaining the actions of series and parallel connected
cells, we used the value of 20 amperes per cell as the maxi-
mum available value of current. In practice, dry cells are
used only on circuits which require much lower current values
but the distribution follows the same plan.

For example, if the batte47of Figure 5 was connected to a
6 volt circuit which allowed a current of 1 ampere, each
cell of the battery would carry a current of 1 ampere. Con-

nected to the same circuit, the battery of Figure 7 would
supply a total current of 1 ampere which would divide equal-
ly between the parallel paths of the battery and thus each
cell would carry a current of ampere.

To supply 1 ampere at livolts in the battery of Figure 6
with four parallel paths, each cell could carry but .1 anpero.

"A" - "B" AND "C" BATTEPIES

In the explanations' of the later Lessons, we will tell you
that, in many cases, the ordinary radio tubes reouire three
sources of electrical energy to provide the proper operAing
conditions. For convenience, these art, knoina as "A", "B"
and "C" and when batturius are employed, as is most portable
equipment, they ere known as A, B, and C batteries.

Without going into groat detail at this ti:ic, the A buttery
must furnish a comparatively large current ot low voltage,
the B battery must deliver a comparatively small current at
high voltage while the C battery must provide intermediate
values of voltage with little or no current.

Because of these conditions, A batteries are comnosed of
comparatively large cells connected as shown in Figures 2,

4 or 7. The general plan is to connect enough cells in
series to provide the required voltage :nd ther, connect
two or more like groups in parallel to provide econonical
current.

To meet their requirements of higher voltage and lower cur-
rent, B batteries are made up with dry cells of a smnllcr
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size. Sufficient cells are connected in series to provide
the required voltages. Figure 8-C shows the cell arrange-
ment in the common type of "B" battery with 30 cells, con-
nected in series, to develop a total of 45 volts, For

convenience, a mid -connection is made to provide 22-: volts.

Plhile similar to B batteries, C batteries are commonly made
with a lower number of smaller size cells. Figures 8A and

8B show two common types of C batteries, each of which has
one or more additional terminals so that different voltage
values are available.

Figure 8A with three dry cells in series, forms a common
type of 4 volt C battery. The central terminal makes it
possible to use one or two of the cells in case a lower
voltage is needed. The "C" battery of Figure 8-B consists
of 15 cells connected in series but here, a number of addi-
tional terminals ar- provided so that various values of
voltage may be obtained.

For the common types, the 30 cell battery of Figure 8-0 has
the highest voltage and, when still higher voltage values
are needed, these batteries are connected in series like the
cells of Figure 2. This plan is illustrated in Figure 9
where we show four of the batteries of Figure 8-C connected
to provide a total of 180 volts.

Connected in series, the cell voltages are added and thus,
by making use of the battery terminals as shown below the
batteries of Figure 9, various lower values of voltage aro
readily obtained. Batteries like those of Figures 8-A and
8-B can also be connected in series to provide higher volt-
age values.

BATTERY VOLTAGES

Looking at Figure 8-A again, you will find the lower terminal
is marked "+" or positive, the center terminal "-311 and the
upper terminal "41". This can be checked by remembering
that each dry cell develops about l volts. Thus, starting
at the lower terminal there is an electrical path through
two of the cells'to the "-3" terminal. As the cells are con-
nected in series, this value checks with our former explana-
tion.

Following the same plan, and starting from the "4-1! terminal
again, you will find an electrical path through all three
of the series connected cells, up to the 11-4:1" volt terminal.

Exactly the same plan is followed for the battery of Figure
8-B which has a total of 15 series connected cells. For the
practice it will give you, start at the "4." terminal and
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trace the path to eacja of the other terminals. If you do
this properly, you will find that the marked voltage value
of each terminal is equal to 1.5 times the number of coils
in the path.

For the battery of Figure 8-C, again the same plan is follow-
ed but here the "Neg" terminal' is the starting point and,
after tracing through 15 cells, you reach the "4=221" volt
terminal. Following through the remaining cells, you reach
the "+ 45" volt terminal.

"B" vs. "C" BATTERIES

There are several' points, regarding the markings of the
battery terminals, which require explanation. First, volt-
age is a difference of electrical pressure or potential and
therefore a single terminal cannot be given a value of volt-
age unless a second, or reference point is known.

For the battery of Figure 8-A, the upper terminal is marked
"--24-i" but the lower one is marked "+ " and thus we know that
the upper terminal is i4 volts negative in respect to the
lower "+ " or positive terminal. In the same way, the center
terminal is marked "-3" which means it is 3 volts negative
in respect'to the lower "+" terminal.

The same is true for the battery of Figure 8-B where the u+ ",
terminal is the common reference point and the markings of
the other terminals indicate*they are so many volts nega-
tive in respect to this "+ ".

For the B battery'of Figure 8-C, conditions are reversed
because here, the "Neg" is the reference point and the other
terminals are the marked number of volts they are positive
in respect to it. In the later Lessons we will tell you why
this is done but now, we want to explain the markings them-
selves.

For a common example of a similar situation, we haVe drawn
the steps of Figure 10. Starting at the lst'floor, you could
walk up six steps to reach the 2nd floor but, starting from
the second floor, you would have to walk down six steps to
reach the 1st floor. In either case, you would start count-
ing the steps from your starting point.

Suppose you were standing on the step marked "4-2" in Figure
10 and wanted to tell someone exactly where you were. You
could say you were "four steps up from the 1st floor" or
"two steps down from the 2nd floor" but, in either case,
would state a starting or reference point.
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Notice particularly that the reference point makes a differ-
ence in the number of the steps. The first step "UP" is the
fifth step "DM", the second step "UP" is the fourth step
',Damn and so on. 'Tith the exception of the middle step,
which is 3 up or 3 down, each of the steps has a different
"UP" and "DONN" number.

To make a comparison to electrical conditions, for Figure 11
we have drawn a battery of six dry cells in series and, by
means of extra wires, have made left and right nand con-
nections to each of the cell terminals. Electrically, each
horizontal connection is at the same potential as the cell
terminals to which it is connected.

Checking the markings of the left hand or "B" battery ter-
minals, we start with the lower "Nag" as the reference point.
Then, tracing up through one cell we reach the "4.1.5" volt
terminal. Starting at the ITeg" again and tracing up through
two cells, we reach the "4-3" terminal.

This is equivalent to going upstairs in Figure 10 but here,
each cell is a step and in respect to the "Nee reference
point, provides an increase of 1-1/2 volts until ae reach the
top or 49" terminal. Notice particularly, there is one cell
connected between each adjacent pair of terminals and, con-
sidering the negative reference point as "0"1 there is a
difference of 1-1/2 volts between each pair of adjacent voltage
values.

For the "Co battery connections, shown in the right hand
column, we start at the upper right with the "Post' terminal
as the reference point. Compared to Figure 10, this tice we
will come downstairs and thus each marked. voltage value is
negative in respect to the positive reference point.

Tracing the electrical path from the upper positive terminal
down through one cell we reach the "-l*5" volt terminal.
Starting at the "Pos" again and tracing down through tiro calls,
we reach the "-3" volt terminal. the same plan can be
followed for each of the terminals and, in every case, the marked
voltage of the terminal is equal to 1-1/2 times the number of
cells between it and the reference point.

Here again, there is one cell connected between each adjacent
pair of terminals and, considering the positive reference
point as "0", th,re is a difference of 1-1/2 volts between
each pair of adjacent voltage values.

Looking at Figure 11 again, you will find the "+611 B battery
terminal is connected directly to the 11-3" C battery terminal
and therefore both of them must have the same electrical
potential* However, both markings arc correct because the B
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battery terminal is 6 volts positive in respect to the uNegv
reference point while the C battery terminal is 3 volts nega-
tive, in respect to the positive reference point.

Regardless of the marked values, you will find the difference
of electrical pressure, or the voltage, is the same for any
pair of terminals, For example, suppose we look at the 11-1-611

and 141.5u terminals of the B battery. The difference here
is 4.5 volts, which checks with our former explanations be-
cause there are three cells in between.

Going over to the C battery terminals, we find the 11-311 is
equivalent to the 11+6" of the B battery while the ft -7.5" is

equivalent to the fl+1.5". However, the difference between
11-7.5t1 and 11-511 is 4.5 volts the same as for the correspond-

ing terminals of the B battery.

TESTING A, B AND C BATTERIES

In our explanation of the chemical action in a dry cell, we
told you that, while in operation, Hydrogen will gather on
the carbon and cause a reduction of the available voltage.
With this in mind, you can readily see that, to make an accur-
ate test of a cell or battery, it should be properly connected
in its circuit and delivering its normal current when the test
is made.

For Radio and other Electronic work, it is customary to make
these tests with a meter which indicates the voltage. As you

will learn later, it requires electrical current to operate
the meter and, as this will be lost for any other purpose; do
riot keep the meter connected across the cell or battery any
longer than is absolutely necessary to obtain a reading.

Mille conditions vary a great deal, as a general rule, a dry
cell or battery should be replaced when its tested voltage
is 20% below that for which it is marked. For example; the
battery of Figure 8-C is marked "Neg" and "+45". 20% of 45

is 9 and therefore, if a meter reads but 56 volts, when con-
nected across these terminals, the battery should be replaced.
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In an earlier Lesson on the "Forma of Electricity", we men-

tioned the subject of Magnetism and told you of a few early

experiments which showed a close relationship between Elec-

tricity and Eagnetism.

As you will learn in the later Lessens, this relationship is

of extreme importance and therefore, before going ahead with

an explanation of Electricity, we will spend this Lesson on

the subject of Magnetism.

To help you appreciate its importance, we can tell you'that

in electronic equipment, none of the many transformers) chokes

or most types of speakers could operate without magnetism in

some form. Therefore, we want you to learn the general prin-
ciples now, in order to save time later on.,

NATURAL IIAGNRTS

Briefly reviewing the explanations of the earlier Lesson,
the ancient'Greeks knew of a curtain kind of stone, called

"Lodestone", which had the strange power of attracting pieces

of iron. They also discovered that when a piece of iron had
been rubbed on one of these stones, it then had the same power
of attracting other pieces of iron.

The name "Lodestone" came from the fact that when one of

these stones was hung on a string, so that it could turn
easily, it would always point in a North and South direction.
This was perhaps their most important power and the stones
were in common'use for "leading" in places where directions
were not known, hence the ,name "Leadstone" or "Lodestone",

Today, this same idea is still in very common use but we
call our modern lodestone a Magnetic Compass. Every ship on
the ocean today uses a compass of some sort to show the proper
directions when out of sight of land. Hunters and Fishermen
generally take a compass along when they go into the woods
or other strange country where there are but few roads or
houses.

MAGNETIC SUBSTANCES

Like alectricity the exact nature of magnetism is not known
but, a very careful and thorough study of magnets and their
actions shows that all materials are affected to some extent
when brought close to a strong magnet. Trying all of the
known substances, we find that while iron and steel are 
affected very strongly, cobalt and nickel to some extent,
the effect on all of the rest is very small. In fact, the
difference is so marked that iron and steel are called
"Magnetic Substances" or "Ferromagnetic", the prefix "ferro"
being taken from the Latin word "ferrum" which means iron,
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The magnetic effect on iron is so much greater than that on

cobalt and nickel that, by itself, iron is the only element

of commercial importance. However, certain alloys of iron,

cobalt and nickel have come into quite common use because of

their improved magnetic qualities.

ARTIFICIAL MAGNETS

When a piece of steel is rubbed on a magnet or lodestone, it

becomes a magnet itself and, by the proper treatment which

we will explain later, can be made to keep its magnetism

almost indefinitely. That is why, when properly magnetized
and treated, a piece of steel is called a permanent magnet.

While almost any kind of steel can be made into a permanent

magnet, some of the alloys mentioned above can be magnetized

more strongly than ordinary steel. Thus, you will find that

most permanent magnets used in Electronic equipment are made

of Chromium, Tungsten or Cobalt steel.

In much the same way, when a piece of iron is rubbed on a

lodestone, or permanent magnet, i.t becomes magnetized, as

strongly as a piece of steel but, whenthe lodestone or

magnet is removed, the iron loses practically all of its

magnetism. Therefore we cons5der iron, especially soft iron,

as a "Temporary Magnet".

As you will soon learn, there are many uses for both permanent

and temporary magnets but for this Lesson, we are interested

mainly in the magnetism itself and will give our explanations

accordingly.

MAGNET POLES

To begin, we will take a small bar of magnetized steel and,

by tying a string around it in the middle so that it will

balance as in Figure 1, hang it up and let it turn around

easily. No matter which way we point it, when vie let it go,

it turns and swings back and forth, but always stops when

pointing approximately north and south. We can explain this

action by saying that the earth itself is a huze magnet which

is attracting our little steel bar.

The end of the steel bar magnet that points toward the North

is called the "North Seeking Pole'' and the end that points

toward the South, is called the 'South Seeking Pole".

Whenever you see a permanent magnet with the ends marked "N"

and ''Sh, remember that the "N" is the north seeking pole and

the other, or the "S", is the south seeking pole. It is the

general custom to speak of them simply as north and south

poles. This is the action which gave the natural magnets

their name of "Lcadstone" or "Lodestone".



.



Lesson 110169 Page 3

MAGNETIC LINES OF FORCE

At some time in your life, you may have played with a little
toy horse -shoe magnet, as shown in Figure 2, and perhaps you
were surprised at some of the things it would do. Did you
ever notice that a real small piece of iron would actually
jump a quarter of an inch or more to reach the magnet? The
fact that the iron jumps up to the magnet shows very clearly
that its action extends out and around it.

Here then, we have a form of energy which, in some ways, can
be compared with Electricity. For electrical circuits, the
source of energy produces an Electromotive Force and, in con,-
parison, the magnet provides a Lagnetomotive Force.

The magnetomotive force produces an action in the space
around the magnet, known as the Magnetic Field which, for
convenience, is considered as being made up of "Magnetic
Lines of Force". Thus, the magnetomotive force, abbreviated
q!-M.F.",' sets up a field of magnetic lines of force in some-
what the same way that an electromotive force causes a cur-
rent of electricity in a circuit.

You know that an electric circuit consists of a definite
less path made up of conductors but the magnetic field ex-
tends into the space around the magnet regardless of the
materials in this space.

MAGNETIC FIELDS

One simple, yet effective method of making a magnetic field
visible is to place a piece of ordinary window glass over a
bar magnet and then sprinkle iron filings on the glass.
Under these conditions, the filings will arrange themselves in
the lines to produce a general pattern like that shown in
Figure 3.

You will notice that these appear to be lines, from the North
to the South pole of the magnet, and we think of them as the
lines of force. It is assumed that these lines come out of
the "N" pole and enter at the "S" pale so that each one, if
fully drawn, will form a complete loop from "N" to "S" out-
side the magnet and from "S" to "N" inside the magne..

In thinking of the action of these lines, just imi;:ne that
they are very small rubber bands, stretched quite tight.
Under this condition, the rubber band will try and shorten
itself and that is exactly what the magnetic lines try to do.
They also crowd each other somewhat and try to push sidewise.
The entire space around the magnet, in which the lines of force
have appreciable strength, is known as the "Magnetic Field"
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MAGNETIC FLUX

In addition to providing a convenient means of explaining the
action of a magnetic field, the lines of force are also used
as a means of measurement. In electronic work, we are seldom
concerned with individual magnetic lines and usually consider
all the lines of a magnetic field as a single group, known
as the "Magnetic Flux",

As a general definition, we can state; the total number of
magnetic lines, passing through any given area, is known as
the"Magnetic Flux".

MEASURING MAGNETIC FLUX

In order to measure the strength of Magnetic Flux or compare
the strength of one magnetic field with another, it is
necessary that we have some units of measure. Like most of

our other units, such as the inch for length or the pOund far

weight, the following units of magnetic measurement are
arbitrary values which have been adopted and are in general use.

By themselves, these units may be of little practical value
in your electronic work but a knowledge of their names and
value will be of great benefit in helping you to understand
the explanations of the later Lessons.

Starting with a Unit magnetic pole, it can be defined as one
which will repel an equal and like pole with a force of one
dyne at a distance of one centimeter. Should some of these

terms be new to you, a dyne is the force which, acting upon
a mass of one gram during one second, gives the mass a velocity
of one centimeter per second.

The centimeter is a unit of length of the metric system and
is equal to .3937 inch while a gram is the weight of a cubic
centimeter of water. Thus, we have defined the unit magnetic
pole in terms of weight, time and distance, things with which
we are familiar.

We can now tell you that a unit magnetic field is one which
acts upon a unit magnetic pole with a force of one dyne.
This unit field has but one line of force with an area of
one square centimeter.

In practical work, all magnetic flux has a comparatively
large number of lines and the magnetic fields are of all
shapes and sizes. Therefore, we usually describe them as
having so many lines of force per square inch which means the
number of lines that will pass through each square inch
of any material which is placed squarely across the magnetic
field.
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THE MAXWELL

In some text books and technical articles you may find the
term "Maxwell" used in connection with magnetic fields.
However, it is simply the name of a unit of measure and one
Maxwell is equal to one line of force.

Thus, instead of describing a magnetic field as having so
many lines of force per square inch, we can state it has so
many Maxwells per square inch.

As the metric system of measure is employed quite extensively
in technical work, the size of a magnetic field may be
measured in square centimeters and thus the magnetic flux
will be stated as so many Maxwells per square centimeter.

THE GAUSS

Because a magnetic flux of any given number of lines of force
may be spread over a comparatively large pagnetic field or
compressed into a relatively small field, it is necessary to
know both the number of lines and the size of the area through
which they pass. Thus, the number of lines passing through
a given area is known as the "Density" of the field.

To combine the number of lines and the area into a single
unit of measure, one Maxwell per square centimeter is some-
times called a "Gauss". Thus, when a magnetic field has a
density of 10,000 gausses, it means a magnetic field with
10,000 lines of force, or 10,000 Maxwells per square centimeter.

Like electrical energy, magnetic energy can not be seen and
therefore it is necessary to base all measurements On the
effects which are produced. Therefore, before going ahead,
we want to explain some magnetic actions which can be seen.

REPULSION OF MAGNET POLES

Figure 1 shows the magnet, mentioned earlier in the Lesson,
tied up with a string and left free to turn, marked with an
"N" on the end that points North and an hS" on the end pointing
South. Now, to find out just how two magnets act toward each
other, we take a second magnet marked the same way.

To begin, we take the second maanet in our hand with the "N"
end out, as in Figure 4, and bring it slowly up to the "N"
pole of the magnet hanging on the string. We find that as
the two "N" poles get close to each other, the magnet hanging
on the string turns away from the magnet in our hard. It
looks just as though the magnet in our hand was actually
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touching and pushing the magnet on the string. Vie can easily

see however, that the magnets do not touch and therefore de-
cide that it is the magnetic force which does the pushing.

ATTRACTION OF MAGNET POLES

We now turn the magnet in our hand so that the "S" pole is

out, as in Figure 5, and again bring it slowly toward the

magnet on the string. Now we see that the "No pole of the
hanging magnet turns toward the "S" pole in our hand and
will,"when we get close enough, swing over until the magnets

touch.

ONE LOT CF MAGNETIC FORCE

Should we move the "S" pole of our magnet toward the "S" pole
of the magnet on the string, it would turn away exactly as
it did when the "N" poles were brought close together.

These simple tests prove one of the most important laws of
magnetism which is -- Like poles of a magnet repel each other
and unlike poles attract each other.

MAKING MAGNETIC FIELDS

This same action can be shown by following the plan explained
for Figure 3. This time two magnets are used And placed in
line with their "N" poles about one inch apart. A piece of
glass is then placed over the magnets and iron filings are
sprinkled on the glass.

By gently tapping the glass, the filings will arrange them.
selves in lines which curve away from the end of each magnet
as shown in our simplified sketch of Figure 6. It is customary
to sketch magnetic fields on this plan because it is much
simpler than the drawing of Figure 3, yet does supply the
desired information as far as the direction of the magnetic
lines is concerned.

By turning one of the magnets around, as in Figure 7, and
bringing an "N"' and "S" pole together, we find that when the
filings are again sprinkled on the glass, they arrange them-
selves in almost straight lines right across the gap between
the "N" and "S" poles.

We want you to think of these magnetic lines as always form-
ing a complete circuit, just like an electrical circuit, ex-
cept that they will pass through every known substance and
travel from the "N" pole, out around to the "S" pole and then
back through the magnet to the "N" pole again* With this in
mind you can see, in Figure 6, that the magnetic lines of
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each magnet turn around toward their own s'S" pole and have
nothing to do with those of the other magnet. In fact, it
looks as if they were trying to crowd each other out of the
way. In Figure 7, however, the lines go straight across from
the illiu pole of one magnet to the CIS" pole of the other and
the magnetic circuit is completed through both of the magnets,

LOCATION OF WaNET POLES

Going back to Figure 3 for a minute, you mill notice that
the lines of magnetism form complete loops al) of ahich come
very close together at a point near each end. These points
are the real poles of the magnet. Now, the pull of tne magnet
on a piece of iron will change with the number of magnetic
lines pa -sing through it. As the lines are the closest at
the poles, it stands to reason that the closer we move a piece
of iron to the pole, the more magnetic lines there will_ be
passing through it and therefore the stronger the pull will be.

ANOTHER LA'a OF DIGNETIC FORCg

Looking at Figure 3 again, you will notice that as the lines
leave the poles, they spread out 5n all directions and, ,

should you move a piece of iron further away from bhe pole,
there would be fewer lines passing through it and the pull
on it would be less.' This reduction in pull changes quite
rapidly and Figure 8 shows yeu the reason. Here we have
taken all of the magnetic lines coming out of the center of
the end of a magnet and find that when we are one inch away,
they all pass through a piece of iron one inch square.

Moving the iron away another inch, that is putting it two
inches away from the magnet, we see that it weuld take a
piece two inches square in order to have all of the lines
pass through it. Now, as it takes four one inch squares ef
iron to make a piece two inches square, if the first one inch
square of iron were held two inches away from the magnet,
only one quarter of the magnetic lines would peas through it.
If there were but one quarter of the magnetic lines through the
iron, there would be but one quarter of the magnetic pull,

Notice hero that twice the distance gives but 1/4 the pull,
and, in the same way, three timeh the distance would give hut
1/9 the pull, four times the distance 1/16 the pull and so on.

This change follows a very definite rule. For example; From
the figures above, 2 times thu distance gave us 1/4 the pull.
Now 2 times 2. equals 4, and if we turn 4 over we get 1/4. In



-'
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the same way, 3 times 3 equals 9, which turned over is 1/9.
Whenever we multiply a number by Itself, we say that the

number is squared. As the distance gets smaller, the pull
gets stronger, at a rate equal to the square of the distance,
therefore we say that the pull varies opposite to, or inversely
as, the square of the distance.

AS a general rule we can state .- "The field of a magnet at
any point, varies inversely as the square of the distance
from the pole to that point".

INDUCED IvhGNETISM

Another thing we find is that when a piece of iron, such as
a tack, is hung on the end of a magnet, it also becomes
magnetized and will attract and hold a second tack. This
one in turn becomes magnetized and will attract and hold a

third tack. If the magnet is strong enough, we can build
quite a string of tacks but, no matter how carefully we take
the magnet away from the first tack, as soon as it is removed

the tacks all fall apart. This is because the tacks, being
made of iron, are but temporary magnets .and will not retain
the magnetism. Whenever a piece of iron or steel is made to
act as a magnet, by being held in contact with a magnet, we
call the action "Induced Magnetism".

THEORY OF MAGNETISM

As we said at the beginning of this Lesson, no one knows the
exact nature of magnetism but all of its actions can be
explained by what is called the Molecular Theory. This theory
explains that all metals are made up of very small particles,
called molecules, each of which is in itself an extremely
small magnet. In iron and steel, the molecules are much
stronger magnets than in any of the other metals.

As shown by Figure 9, in the ordinary piece of iron or steel,
these molecules are not arranged in any particular order and
the magnetic fields are all neutralized.

RETENTIVITY

Whenever the iron or steel is put in a strong magnetic field,
as unlike poles attract each other, the molecules all turn
in one direction, like Figure 10, the magnetic fields of all
of them combine and make the entire piece of metal into one
large magnet.

It all depends on the kind of metal, as to how easily the
molecules can be turned. In soft iron they turn quite easily
but, as soon as the magnet that attracts them is taken away,
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they turn back again to their original position just about as
easily. This of course accounts for the fact that soft iron
will not keep its induced magnetism and is called a "Temporary

Magnet".

In the case of steel however, it is much harder to turn the
molecules all in the same direction and therefore requires a
stronger magnet. Once they are all turned the same way, they
stay in that position after the magnet that attracted them
has been removed, and the steel retains its magnetism.

This is the reason why all permanent magnets must be made of
steel. This action is called "Retentivity". We will mention
here also, from the explanation just given, you can'see that
every time a permanent magnet is jarred or hammer9d the mole-
cules would have a tendency to turn back to their original
position and thus weaken the strength of the magnet. Heating
the magnet would also have a similar weakening effect.

PERLEABILITY

Because the molecules of soft iron will turn (-alit° easily,
under the influence of a magnetizing force, the magnetic
flux will be comparatively strong. As this action varies
for different materials, the ratio of the magnetic flux
density produced to the magnetizing force is known as the
"Permeability" of a substance.

In general, you can think of permeability as the ease with
which a magnetic flux may be developed in a material. As we
will explain later, the opposition which a material offers to
the passage of magnetic flux is known as its reluctance.

FORTIS OF MAGNETS

So far, all of the magnets we have mentioned have been of a
horse-shoe or straight bar type but a solid ring of iron or
steel can also be strongly magnetized. Of course, as the
ring is solid, very few'magnetic lines come outside and there
are no poles.. However, if we cut out a section of the ring
at any point, we find a very strong magnetic field in the
break with an "N" pole at one side and an "S" pole at the
other.

As far as anyone knows, magnetic lines will pass through any
material. In making up -the magnetic fields with iron filings
in the earlier part of this Lesson, we put the magnet under
a piece of glass and sprinkled the filings on top. Those
materials used as electrical insulators have no'more effect
toward insulating magnetism then the air itself.
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In this connection however, remember that the'air and all

materials except iron, steel and a few alloys, offer a high

resistance to the lines of magnetic force.

MAGNETIC SCREENS

Should'we want to prevent mognetism:from passing through any

object, such as a watch for example, the only thing we can

do is to put a piece of iron around it. Iron, being a mag-

netic substance, carries the magnetic lines so much easier

than air br other materials that, instead of passing through

the watch, they will pass around it through the iron. We

call this a Magnetic Screen.

Looking at Figure 11, you can see what happens and will notice

that the space inside the iron shield has no magnetic lines

passing through it.

DISTORTION

Instead of the shield of Figure 11, in Figure 12 we have

placed a piece of soft iron in the field of.a permanent mag-

net. The magnetic lines are pulled around so that a great

many of them pass through the iron. With all these lines

through it, the iron becomes a magnet and has poles of its

own. As unlike poles attract, it is easy to understand how

the poles of the piece of iron attract the opposite poles of

the permanent magnet and thus pull the magnetic field out of

its natural shape.

This action is called "Distortion", and whenever a magnetic

field is pulled out of shape by the presence of iron, or
another magnet, we say that the field is distorted.

MAKING PERMANENT MAGNETS

As we have already mentioned, a permanent magnet can be made

by rubbing a piece of steel on another magnet, but this method

does not make a magnet strong enough for practical use. In

all commercial work, permanent magnets are made by placing a

piece of steel in a very strong magnetic field which is pro-

duced by electricity, an action which will be explained in

the following Lesson.

AGEING MAGNETS

In order to keep the greatest amount of magnetism, for the

longest time, the steel of the magnet is hardened and then

aged. One method of ageing the steel is to heat treat it for

a long period after it is hardened. Then, after it is magne-

tized as strongly as possible, it is given another heat
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treatment. This second heating, or ageing, weakens the magne-
tism to some extent, but what is left is almost permanent.

TESTING MAGNETS

A very simple method of testing the strength of a permanent
magnet is to place a bar of iron across its poles and then,
by using a spring type of weighing scale, see how many pounds
pull is required to remove the piece of iron.

There are also testing meters which are placed across the
poles of the magnet to be tested and their action is very
similar to the method explained above except the flux of the
magnet pulls a pointer across a marked scale.

Permanent magnets are used in a great variety of electrical
apparatus as you will learn as you study your Lessons. They
are made in many different shapes but the most common are
the straight bar and the "U" or horse -shoe.

While all magnetic speakers and headphones have permanent
magnets, nearly all the other units operate by magnetism and
in many respects, it is as important as electricity.
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FLECTRO-YAGNETS

You may wonder why we changed from Electricity to -Agnetism
for the preceding Lesson, but we want to explain, as soon as
we can, enough of the important principles so that, in our
later Lessons, we can go ahead more rapidly. For this Lesson,
we will continue with Yagnetism because, in all ordinary
circuits, wherever there is a current of electricity, there is
also a magnetic field,

YAGNETIC FIELD AROUND A WIRE

In order to find out as much as we can about the relationship
between an electrical current and a magnetic field, in Figure
1, we have pushed a piece of wire through a square of card-
board and made up an electrical circuit which includes the
wire. The connections have been made so that as soon as the
circuit is completed, there will be an electrical current
down through the wire.

We now place a magnetic compas$ on the cardboard and move it
all around the wire. It no longer points North, but keeps
changing its position, as we move it around in a circle.
When we remember that the moving part of the compass is a
permanent magnet and has an uNif and 'IS" pole, the very fact
that it changes position as we move around the wire, proves
that there is some magnetic action set up by the current in
the wire,

As soon as the circuit is opened and there is no current in
the mire, the compass points North no matter how close we
place it or in what position we put it around the wire. How-

ever, the instant the circuit is closed, the current in the
wire immediately sets up the magnetic action and pulls the
compass needle around. It is thus very easy to see it is the
current and not the wire that sets up the magnetic action,

ACTION OF THE COIlP.ASa IN A MAGNETIC FIELD

Thinking back for a minute to the laws of magnets, we know
that if the magnetized needle of the compass is placed in a
magnetic field, its "N" pole will try and turn away from the
other 11N" pole, while its "S" pole will try and turn towards
the other "N11 pole. The same effect will take place at the
ItS11 pole, but in the opposite direction which gives a double
action, a pull on one end and a push on the other, This
double action will make the compass needle turn until it is
lined up with the magnetic lines of the flux in which it is
placed.
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Now) looking at'Figure 1 again, when we moved the compass '

around the wire) the needle pointed out a circle, therefore,
the magnetic field around the wire must be circular in shape.
Raising or lowering the cardboard on the. wire has no effect on
the compass action and it still points around in a circle as

we move it around the wire.

We want you to think of this magnetic field around a straight

wire just as though you had a lot of cardboard disks on a
string, as shcwn in Figure 2. Of course, the magnetic field

is not in flat disks like the cardboard but is exectly the

same all along the wire, However, magnetism is always in

motion and travois at the same speed as electricity, so that
we will have to think of this magnetic field as spinning

around the wire.

It is just the same as though the cardboard disks of FigUre
2, were spinning around on the string. In Figure 1 then)

there is a magnetic field whirling around and around the wire.

DIRECTION OF MAGNETIC FT7LD

To continue our investigation of this action, we change the

connections of the circuit of Figure 1, so that the direction

of current is reversed and it passes up through the wire,

Putting the compass on the cardboard now, we find that it
still points in a circle, when moved around the wire, but

points in the opposite direction.

Checking these changes, we find that when the direction of

current is down through the wire in the cardboard, the compass
needle points around in a clockwise direction. When the cir-

cuit connections are changed, so that the direction of current
is up through the wire, tile connass needle turns around and
points in an anti -clockwise direction,

THUD RULE

These actions prove that there is a fixed re3ationship between

the direction of electrical current and the direction of the
magnetic field it produces. Looking farther, we find that

these directions are in the same relation to each other as the
thumb and fingers of our right hand.

To make use of this fact, we can take hold of the wire, as in
Figure 3, with our thumb pointing in the direction of tie
electrical current and our fingers will go around the wire in
the same direction as the magnetic flux. This is the "Thumb
Rule" but, when you use it, remember that it is always a good
plan to play sPfe and instead of actually taking hold of the
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wire, just place your hand in the proper position along side
of it.

You will find this simple rule very useful because, if 'you
know the direction of current, you can find the direction of
the magnetic field, or should you know the direction of the
magnetic field, you can find the direction of the electrical
current.

There is not much to the thumb rule, is there? It looks so
easy that you may be wondering what good it will do.
just take our word for it, until you find out for yourself,
that all of the rules we are going to explain are just as
easy as this one, once you understand them.

It is knowing a few easy rules like this that makes Radio and
other Electronic work much easier but, if you donLt know them,
you can never advance very far in this field.

MAGNETIC FIELD AROUND A LOOP

Going ahead with our experiments, next we take the wire of
Figure 1 out of the cardboard and bend it in a loop like
Figure 4. Using the thumb rule here, we find that when the
current is in the direction shown b5c the arrows, our fingers
will point toward the inside of the loop no matter on which
part we place our hand. With all the magnetic lines going one
and the same direction inside the loop, and the opposite di-
rection outside, as a whole, the magnetic field must be very
much like that set up by a permanent magnet.

MAGNETIC FIELD AROUND A COIL

Following this idea a little further, we bend the wire into
several loops, or a coil, like Figure 5. Connecting this'
wire in an electrical circuit which causes current in the
direction of the large arroas,.we again take a magnetic com-
pass and move it around both inside and outside of the coil.

By watching the action of the compass we find that the meg-.
netic lines, instead of whirling separately around each coil
of the wire, all seem to join and form one magnetic field
whose direction is as shown by the light bfoken lines. You

will notice this flux is exactly the same as that set up by
a permanent magnet and in this case, the tINU pole is at the
upper end where the compass shows the magnetic lines coming
out.

As' long as there is current in this coil, it acts exactly`
like a permanent magnet. It has IfNI1 and I'S" poles and, if

free to turn, will point north and south. The big difference
between this coil and a permanent magnet is that the instant
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there is no current in it, there is no magnetic field around
it, and the more Current there is in the wire, the stronger
the flux will be.

RIGHT HAND RULE

Like the straight wire of Figure 1, there is a defiAito rela-
tion between the direction of electrical current and direction
of /ragnetic flux. In this case, we again use our right hand,
as in Figure 6, with the fingers pointing arorind the coil in
the direction of tie current and our thumb will then point
toward the "N" pole.

This is called the "Right Hand Rule" and can be used whenever
the wire is coiled and the direction of current and coils is
the sane through the entire length..

Before reading further, Ibre want you to laake a careful compari-
son of the "Thumb Rule" of Figure 3 uitn tree "Right Hand Rule"
of Figure 6. The thumb rule is anpliod to a straight wire,
the thumb pointing tithe direction of current while the
fingers point in the direction of the mngnetic field or flux.

Conditions are reversed in the Right Hand Rule because the
fingers point in the direction of current while the thumb
points out the direction of the magnetic field or fltx. Also,
the right hLnd rule applies to cells only and the direction
of current Ls that in the turns of the coil.

For examole, in Figure 6 the current enters at the top of the
coil and the right hand rule shows the N pole at the top.
However, if the turns of the coil were wound to the right
instead of to the left as shown, the direction of current
would be reversed and the right hand rule would show the "N"
pole at the bottom.

SOLENOIDS

In common practice, a coil like that of Figure 6 is called a
Solenoid which, as long as there is current in it, has all
the magnetic qulaities of a permanent magnet. As we found
in the single loop of wire, there must be an electrical cur-
rent in the coil before a magnetic field is set up. Here
again, an increase of current increases the strength of the
magnetic flux and, in the sane way, when the current is re-,
duced, the magnetic flux is weakened.

A:TME TURNS

Should we increase the number of loops) or turns, of the
solenoid, and keep the `current the same, the strength of the
magnetic field would also increase. You can easily under,.
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stand the. reason for this when you remember that each loop of
the solenoid sets up its own magnetic field, which unites with
those of -the other loops. The more loops thero are in the
solenoid, the more magnetic fields there will be to unite,

therefore the main magnetic field will be stronger.

To compare the magnetic strength of different solenoids, and
Obtain a unit for measuring them, we usually multiply the
number of turns of Wire by the number of amperes in the mire
and, call the answer "Ampere -Turns".

For example: A solenoid with ten turns and a current of ten
amperes will have one hundred ampere-tUrns. Another solenoid

with 50 turns and a current of 2 amperes will also have 100
ampere -turns.

While the ampere -turn, abbrovicted'"Nr/,'ie the common unit
of measure for liagnetomotive Force, (I11.F.), a more technical

unit is called the "Gilbert". One gilbert is the amount of
Magnetomotive Force which will force one lino of flux through
one centimeter of air.

In comparison, one ampere -turn (NI) is equol to 1.257 Gilberts
but to convert a number of gilberts to the correspondirlg value
in ampere -turns we use the cquation -

Gilberts = 1.257 NI

This apparent contradiction can be readily explained by com-
paring it to common linear measure which states,.

1 Poet = 12 inches

but if you want to convert some number of feet into the corres.,
ponding number of inches, you use the general equation,

Inches - 12 x Feet

ACTION OF Al IRON CORE

From our Lesson on Bagnets, you know that iron and steel
will carry magnetic lines of force much better than air or
other materials therefore, to increase the magnetic flux of
a coil like that of Figure 6, we'place a piece of iron duside

it. This is called the Core and, as iron carries the lines
several hundred times easier than air, there vill be many
more magnetic linos of force in the iron core than the air
inside the coil could possibly carry. The ea :Tit-to assembly
Of a solenoid, with an iron core inside it, is callod an
Electro-Magnet.
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MkGNETIC CIRCUITS

We want you to think of the different paths for magnetic lines
of foroe in much the same way as we explained the electeical
circuit. In the electrical circuit there is a pre cure,or
emf, that forces a current of electricity through a pet' -1 that
has resistance.

For a magnetic circuit, we use exactly the same idea but do
not have to build a special path because the magnetic lines
will travel through anything. Their path, however win,
always be from the "NH to the HS" pole Outside the mgr

Instead of an emf, for the magnetic circuit we have a Neg-
netometive Forcee melf which forces a Flux around e circuit
that offers Reluctance.

Now don't let the word "reluctance" bother you because at is
only that propzrty of a magnetic circuit which opeoses cr
tends to stop the passage of magnetic lines of force. In
electric circuits, nearly all substances have different re-
sistance properties, some offering little and others of. ering
great opposition to the electric current. In magnetic cir-
cuits, nearly all substances, except magneLic metals, have
practically the same. Reluctance. Iron has relatively 1-w
reluctance while air and other non-mapnetic materials have
about the same and a relatively high reluctance.

Comparing the. Nagnetic Circuit with an Electrical Circuit,
we have mmf instead of emf, Flux inetead of Current and
Reluctance instead of Resistance.

L.P.S OF WGNETIC CIRCUITS

As a law for the magnetic circuit eve can state: "The F:ux of
a magnetic. circuit is equal to the mmf divided by the Reluc-
tance.

Although a piece of iron will. carry magnetic lines several
hundred times better than air, there is a limit to its ability.
You might think of it as a blotter. When a blotter is new,
it soaks up ink very readily and quickly but, after it nes
been used for a while and is pretty well ink soaked,: it is

very hard to make it soak up any more.

The action of an iron core is very much the same. When there
are but few magnetic lines through it, an increase of in.f
will cause a similar increase in the number of lines. Olen
there are a great many lines through it, a greet increae of
mmf is required to cause a small increase in the nuMber of
lines.
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A piece of magnetic material is said to be saturated when an
increase of M.M.F. does not cause a corresnonding increase

of Magnetic Fill. Of course, it is still possible to -increase
the magnetic flux but the M.M.F. required is so ;rent, com-
pared to the increase, that it is seldom done in practical
work.

FORES OF ELECTRO-MAGNETS

Electro,-Magnets are used in many different ways, each of which
we will explain fully in our later Lessons therefore, at this
time, we will just mention some of the yore common ones.

Every electric motor and generator requires a very strong
magnetic field to cause its action. With the exception of
some small machines and special tyres, all have electro-
magnets. Practically all headphones and most Loud Speakers
have electro-magnets and, by a change of electrical current
in the magnet winding, the strength of the magnet varies to
make the diaphragm vibrate so as be reproduce the voice or
music being broc,doasts

Telegraph instruments arse electro-magnets to attract a 1-ov...

able arm which cakL5eo, the clicking noises wtich messages

are received.

Very large electro-magnets are mounted on cranes and heists
and used to lift large, nieces of iron or steel. Those isi2gnets

are so strong that they can hold several tons of metal and
are used extensively in foundries, machine shops and steel
mills for loading and unloading cars or moving metal to
various parts of the shop.

We could go on and give you many more uses of elcctro-magnets
but, for this Lesson, all we want you to remember arc tscse
few simple facts.

Whenever a current of electricity is sent through a coil of
wire, like Figures 5 or 6, the coil sets up a magnetic field
and has all the properties of a permanent magnet.

The strength of the magnetic field varies with the number of
turns and the amount of current but, with no current, there
is no magnetism.

An iron core placed inside the coil greatly increases the
strength of the magnetic field.

USES OF ELECTRO-::AGEETS

In a general way, whenever it is desired to produce mechanical
motion by electricity, you will find some form of electro-
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magnet in use. In almost every case, the part to be moved is

made of magnetic material and placed quite close to the magnet.

This has to be done because, as we have already told you, the

pull of a magnet varies inversely as the square of the distance,

As you advance in your studies, we will give detailed explana-

tions of many Electronic and Radio components which employ

electro-magnets but, at this time, we can explain the general

plan of operation by means of an ordinary type of door bell.

For Figure 7-A, we have drawn a unit of this type and have

removed the cover to show the main parts which are named in

Figure 7-B. Starting at the top, you will see the "gone

or bell proper while directly below is the "armature" which

has a small ball or "hammer" attached to its upper end.

The coil of wire for the electro-magnet is wound on a cylin-

drical iron core which is riveted to the center of a "U"

shaped iron frame. The lower end of the armature extends

across the open end otthe "U" of the frame, being held in

position by the spring, riveted to both the armature and the

frame.

The upper end of the spring is bent away from the armature

and carries a contact which is in line with another contact

mounted rigidly on the main base, but electrically insulated

from it. The spring tension is in a direction to pull the

armature away from the frame and to hold the contacts to-

gether as in Figure 7-A.

Electrically, there is a circuit from the right hand binding

post, up through the turns of the coil and over to the station-

ary contact. As the spring holds the contacts together, the

circuit is through them, down through the spring to the left

hand binding post.

To simplify our drawing, we show but a few turns of wire in

the coil. Actually, the coil may have several hundred turns

and fill the entire spool as indicated by the light lines

above and below the coil of Figure 7. The larger number of

turns provides a greater number of ampere -turns at lower

values of current and thus provides more satisfactory circuit

conditions.

To provide operation, the binding posts of the bell are con-

nected'in an electrical circuit and, when this circuit is

closed, usually by means of a push button switch, there is

current in it. Following the circuit of the bell through the

turns of the coil, this current will set up a magnetic field

or flux across the open end of the U shaped frame.



.
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Located in this space, the iron armature will be attracted
and pulled toward the frame as soon as the mt)gnetic pull is
strong enough to overcome the tension of the spring. When
this happens, the armature roves from the position of Figure

7-A to that of Figure 7-B.

The movement of the ,armature does two things. First, the

ball on its upt)er ends strikes the song' and causes the bell
to ring, Second, the contact on the upper end of the spring

no longer touches the st2tionary contact. I,echanically, the

gong has been struck while electrically, due to the operation

of the contacts, the circuit has been opened.

As sour' as the circuit is opened, it no longer carries cur-
rent, the magnetism dies out and the spring pulls the arma-
ture back to the position of Figure 7-A: The instant the
contacts touch, the circuit is complete, it corrfes current
again and the entire action is repeated.

The movement of the armiture is quite fast, therefore, as
long as the circuit push button switch is held closod, the
armature vibrates rapidly, the hammer on its upr'er end strik-
ing the gcng each time the nagret pulls it over.

While the door boll is a very simple example., :ou can see how
the electrical current in the turns of tic coil is comerted
to magnetic energy which attracts the armature and causes
mechanical notion. This motion is used to "rine the bell
and also, because of the location and electrical connections
of the contacts, to cause the armature to vibrato as long as
the circuit push button switch is closed.
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In the earlier Lessons, we told you that no one really knows

just what electricity is yet, it is used in so many different

ways, and is bought and sold, that we must have some way of

measuring it.

You may think that it is going to be a pretty hard job to

measure something when we don't even know what it is, but we

take the easy way out and measure the effects of electricity,
instead of the electricity itself.

Ii ASURING ELECTRICITY

From, your Lesson on Electromagnets, you knovr that a current

of electricity sets up a magnetic field, or we can say,
produces a magnetic effect..

From your Lesson on Cells and Batteries, you know that when
certain substances or chemicals are breught together, that
electricity is produced, therefore there is a relationship
between electricity and chemical action.

The ordinary electric flat iron, or electric toaster, is a
very common example to show you that electricity can produce

a heating, effect,.

There is a fourth effect of electricity, called l'Electro-
station, which we will just mention here as we are going, to
take it up later on in our work.

Electricity then, under the proper conditions, produces four
different effects, Magnetic, Chemical, Heating and Electro-
static. When We measure the amount or value of these effects,
for all practical purposes we have the same information as
though we measured the electricity itself.

DIRECT AND ALTERNATING CURRENT

In common use today, there are two kinds of electrical current
or power called Direct and Alternating. So far, all of our
work has been with direct current and we will continue with it
for quite a few advance Lessons. We have mentioned alternating
current in former Lessons therefore, when explaining the
different kinds of measuring instruments, we will tell you
whether they are for direct current, d-c, alternating current,
a --c, or both.

For this Lesson we can think of d -c as an electrical current
that always travels in the same direction. Take a primary
cell for example. The current, in the circuit in which it is
connected, will always be from the anode to the cathode outside
the cell and from the cathode to the anode inside the
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cell. It is always in the same direction, therefore the name
Direct.

On the other hand, A.C. keeps changing its direction, going
first one way around the circuit, then reversing and going
around the other direction. As the current keeps changing,
or alternating its direction, we call it alternating current
and in our later Lessons we have many things to tell you
about why we use it and the effects it produces.

NEASURING THE EAGNETIC EFFECT

As the magnetic effect of electricity is perhaps the most
common, and so many of the ordinary measuring instruments
operate by it, we will explain this action first.

Coing back to the Lesson on Electro-Na nets, we found th#4
presence of a magnetic field, around a wire carrying cut,
by placing a magnetic cornoass near the wire. There are t076

things we want to remind you of here. First, the compass
needle lined up with the magnetic lines of force. Second,
the more current there was in the wire the stronger the mag-
netic field and the further the compass needle would swing.

For Figure 1 of this Lesson, we are using just about the same
layout but have Placed the wire over the comPass in such a
position that with no current in the wire, it lies in the sane
direction as the compass points. By using the thumb rule here,
you aill find that, regardless of the direction of current in
the wire, the magnetic lines set up will cut square across
the compass needle at right angles to it.

Su -)pose we connect this -Tire in a circuit and send current

tirouEh it. The magnetic lines that it sets up will cut
across the co:ipass needle and make it turn as it tries to

line itself with t'her. The more current in the wire, the
stronger the magnetic field and, the strong the magnetic
field, the further the compass needle trill turn.

You car see now that the distance the compass needle turns
than its natural position will depend on the amount of cur-
rent in the -lire becauke the current causes a magnetic effect
utich in turn affects the compass.

To make a measuring instrument, or rather a meter, out of this
arrangement, we would first arrange the circuit so that there
would be just exactly one ampere of current in it Then after

the compass needle had turned, we would nark a figure, 1 at
the place it stopped. Next., we would rearrange the circuit
so that there would be exactly 2 amperes in it and then put a

figure 2 at the point Where the compass needle stopped.
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We could keep this up, increasing the current in the circuit

and marking the points where the needle stopped each time

until it was pointing square across the wire. We would have

to stop here because the magnetism is not able to move the

needle further.

Now we could take this outfit and connect it in any circuit

and, by watching at which figure the compass needle stopped,

we would know the number of amperes in the wire We have the

simplest kind of a meter and it would be an Ammeter because

we marked it to show the number of amperes in the wire. You

can also see that, for every day practical work, this would

not be very good because if the compass was moved closer to,

or further away from the wire, the reading would vary.

To overcome this trouble, in Figure 2 we have mounted the com-

pass on a stand which also holds a coil of wire. Think of this

coil as a solenoid and, by using the Right Hand Rule, you can

see that the magnetic lines here will have exactly the same

effect on the compass needle as they did in the arrangement of

Figure 1.

By mounting the compass and coil on the same stand, they will

always be held the same distance apart and eliminate the

trouble just mentioned. The ends of the wire in the coil are
fastened to terminals and the complete assembly is called a

"Tangent Galvanometer" or an "Ammeter".

Instruments of this kind, while very simple are too delicate

for everyday use because they must be level to allow proper

action in the compass and must also be turned so that, be-

fore there is current in the coil, the compass needle lines

up with it.

In Figure 3 we have the same idea but have worked it out in

a different way. We again have the coil, or solenoid, the

ends of which are connected to terminals on the outside of

the meter. Instead of the magnetic compass, we have a small

piece of soft iron which hangs in the end of the solenoid

but at "A" is supported on a shaft which is free to turn.

With current in the coil, the magnetic field will attract

the piece of iron and pull it further inside the solenoid.

The larger the current, the stronger the magnetic field and

the further the iron will be pulled up into the center of

the solenoid.

We next add'a pointer, fastening it to the same shaft as the

piece of soft iron and, as the iron moves, the pointer moves

with it. A scale is placed behind the end of the pointer and

marked in.the same may that we explained for the magnetic

compass of Figure 1.
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You can see that this arrangement works just about the same
as the compass and coil of Figure 2, but is much more practi-
cal as the weight of the piece of iron will steady the action
of the pointer and bring it back to the 0.on the scale when
there is no current in the solenoid. Also, the pants will be
always in the same position in regard to each other and the
readings will be the same no. mat ter in which direction the
coil is placed,

In Figure 4, we have another type of instrument that also
operates by the magnetic effect of electricity. It works on
the principle that a piece of iron, or ether magnetic sub-
stance, when placed in a magnetic field will move, or try to
move, into the position in which it can carry the greatest
number of magnetic lines.

Here again we have a solenoid, the ends of which are connect-
ed through terminals to the outside circuit. Inside the coil,
but to one side of the center, we mount a shaft and fasten on
it a small piece of soft iron, called a 4Wane". As in Figure
3, a pointer is also fastened to the same shaft.

In this type of instrument, a fine coiled spring, much like
the hair spring in a watch, is fastened to the shaft also and
its tension is set so that, with no current in the coil, it
will pull the vane and shaft to the position where the point-
er stands at the 00,1 on the scale.

'When there is current in the solenoid, a magnetic field is
set up which is strongst, or has the greatest number of lines,
at the center. The vane, being at one side or off center,
will and move to a nosition where it can carry more lines.
As it moves, it pulls the pointer with it'and also winds up
the coil spring.

Here again, the distance the vane moves depends on the strength
of the magnetic field which, in turn, depends on the amount of
current in the solenoid. Therefore, the distance that the
pointer moves will depend on the amount of current in the
meter

There are a great many different designs and combinations. of
Figures 5 and 4 on the market, especially in the smaller and
less expensive meters. Some of them use a permanent magnet
in addition to the solenoid and the movement of the vane is
controlled by the pull of the two magnetic fields. In this

type, e reversal of current in the solenoid makes the vane
move in the opposite direction. This is a very useful feature
in many cases such as an automobile dash meter that has to
read Charge and "Discharger'.
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METERS FOR BOTH D.C. AND A.C.

All instruments of this kind, except those using permanent

nAgnets,. which includes those shown in Figures l and 2, can

be used for either direct or alternating current. When used

for direct current, they must not be placed near any pieces

of iron or strong magnetic fields.

Di ARSONVAL IETERS

One of the most common, and perhaps the most reliable type of

meter for direct current measurement is the D'Arsonval, the

main parts of which are shown in Figure 5-A. Here we have a

U shaped permanent magnet, on the lower ends of which are

shaped "Pole Pieces" of soft iron. These are put on to re-

duce the reluctance of the magnetic circuit and make the mag-

netic field more uniform in strength.

Inside the pole pieces, and quite close to them, is a round

piece of iron. You will notice that inner ends of the pole

pieces are curved to fit the round piece of iron to provide

a very good magnetic circuit between the N and S poles. This

makes the magnetic path all iron or steel, except the small

air gap between the pole pieces and the round center piece of

soft iron.

The coil for the current is wound on an aluminum frame that

is large enough to fit over tha center piece of iron but

small enough to pass between the pole pieces. The frame is

mounted on jewel bearings so that it can turn freely and

easily.

With current in this coil, it will set up a magnetic field

of its own, whose N pole will be attracted by the S pole of

the permanent magnet. As the strength of the magnetic field

of the permanent magnet is always the same, while the strength

of the magnetic field set up by the coil varies with the cur-

rent in it, you can see that the pull on the coil will have

to vary with the current.

The shaft of the moving coil is usually mounted as at Figure

5-B with a coiled spring on each end and a pointer on one

end. The tensipn of the springs is set so as to brinf the

pointer to the "0" on the scale when there is no current in

the moving coil. Most of these meters have a little screw

head on the outside of the case marked "Set Zero" which,

when turned, changes the tension of the spring so that the

pointer will stop exactly over the "0" on the scale.

As the permanent magnet partly controls the movement of the

coal and pointer, current in the coil in one direction will
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mike it tarn in one direction. Reversing the current in the
coil reverses the magnetic field which it sets up but the
field of the permanent magnet does not change, therefore the

coil will move in the other, or opposite direction.

You will find meters of this type with the. "0° of the scale

at one e.d, in the center", or part way between depending on
the service required.

DEAD BEAT ACTION

Another feature we must mention here is what is called the

"Dead -Beat" action. You remember that the coil of this type
of, meter was wound on a frame of aluminum which is an electri-
cal conductor. The frame is placed between the pole pieces
and the center round iron, where there is the strong magnetic

field of the permanent magnet. As the meter operates and
the coil MOVJS, in tha aluminum frame ice have a conductor cut-
ting a magnetic field. As you rill soon learn, whenever a

conductc cuts through, or is cut by, a magnetic field, a
voltage is induced in it and here) the frame forms a circuit
which allows current. This current will try and stop the
motion producing it and thus act as a brake on the action of

the coil and 7eointer. This action prevents a lot of swing-
ing back and forth when a reading is taken and makes the
pointer came to a stop aImost immediately. It helps us to

get an accurate readinE quickly.

Hor 7M1:41 IfETERS

As a very good example of the wry we measure electricity by

its heating effect, we have drawn a simplified form of a hot

wire met r in Figure 6. In explaining this action, all we
want you to remember is that when an object is heated, it

expands.

Looking at Figure 6 closely now, we have a piece of wire from

"A" to which, at each end, connects to a terminal on the

outside of the meter. In other words, this wire is going to

be a part of the circuit in which the meter is connected, At

"B", we have an adjusting screw by means of which the mire

"A -B" is Kept stretched tight.

A second -lire, which is also stretched quite tight, is fasten-

ed between "F" "CI. Tightening up on the adjusting screw

at "B" will keep both of these wires tight.

On this second wire at "G", re fasten a thread or corm, run

it down ana once around a small rlulley at "D", and then on

down and fasten the end to the spring "E". this spring is

strong enough to take up all the slaok there may be in the
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cord and wires. The pulley at HDH is mounted on a shaft that
carries the pointer and, of course, is made so that it can turn

easily.

Now, with the meter connected in a circuit and current in the
meter from terminals HAU to "B", the wire will be heated and

expand. As it expands, it gets longer and allows some slack

in the wire HF-CH. The spring "E" pulls up this slack through

the cord which, you will remember, is run around the pulley
HD". As the spring HE" pulls up the slack and moves the cord,

the pulley HD!' will turn and the pointer will move across the

scale.

The idea behind this arrangement is that the wire will heat
in proportion to the amount of current in it. The distance

it expands will be in proportion to the amount it is heated.
The distance the pointer moves will be in proportion to the
amount of expansion. Leaving out the stops in between, the
distance the pointer moves will be in proportion to the current
in the wire HA -B".

These hot wire meters work equally well for both a -c and d -c,

but the markings on the scale have to be made very carefully.
This is because it takes a small amount of current to heat
the wire to any noticeable extent therefore, at the lower end
of the scale, the divisions are quite small although not

shown in detail on our scale.

All of these meter actions that we have been explaining can
be used for either Ammeters or Voltmeters depending on the
way they are connected both inside the meter and in the circuit.

The difference between an Ammeter and a Voltmeter is not very
great as you will learn in the next few paragraphs.

VOLTMETERS

As a very good and common example, we are going to take a
meter, built as shown in Figure 5 and connect it up in a
circuit to use as a voltmeter. There are several things to

think about here. In the first place, we know that voltage
means the difference in electrical pressure between two points

such as the terminals of a battery. To measure this difference
in pressure, or voltage, we will have to connect the meter
terminals across the two points.

Aowever, this meter acts by the magnetic effect of a current
of electricity therefore, we will have to allow current in
the meter coil. Just to simplify the explanation, we will
suppose that the meter of Figure 7 requires one .:ampere of
current in its moving coil to set up a magnetic field strong
enough, to move the pointer all the way across the scale.
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As we told you in the Lesson on "Current Electricity", elec-
trical pressure is measured in Volts and current is measured
in Amperes. how here, we want to measure the pressure, or
voltage, but need current to operate the meter and, as this
current will be lost for other uses, we want to keep it as
low as possible. To obtain this result, we place extra re-
sistance in the circuit and connect it as shown, so that a
voltage across the terminals will have to force current
through both the moving coil and the resistance.

Suppose we want to make the meter read up to 100 volts. Re-
member that one ampere of current in the moving coil moves
the pointer clear across the scale therefore, the total re-
sistance of the meter circuit will have to be increased suf-
ficiently to allow but one ampere of current in the circuit
when a pressure of 100 volts is connected across the terminals.
In other words, 100 volts across the terminals causes suf-
ficient current to pull the pointer all the way across the
scale and we can nut the figures "100" at the point on the
scale where the hand stops.

Next, We can connect 50 volts across the terminals and put
the figures "50" at the point on the scale where the hand now
stops. As 50 volts is i of 100 volts, the 50 volts will cause
a current of but 1. ampere and pull the pointer only half way
across the scale.

By changing the voltage, across the terminals and properly
marking the scale each time, we can locate all the figures W-0
need and the meter is ready for use.

The main point to remember here is that a voltmeter really
operates because of current in it, but the scale is marked
to read, not the actual amount of currant, bat the voltage
necessary to force that amount through the moving coil and
the resistance.

All standard voltmeters have a comparatively high resistance
and the current required to operate them is so small a frac-
tion of an ampere that ordinarily we do not think of it. This
high resistance in the meter also makes it safe to connect it
riht across a battery or other source of electrical pressure.

1:any-Radio and other electronic circuits have small currents
in then with values of only a feJ thousandths of an ampere.
To meas'ire these small quantities we take one thousandth
(.001) of an ampere as a unit and call it a fmilliampere"
often spelled mill -Ampere" or abbreviated "IjA".

In the meter we have just explained, a pressure of 100 volts
across its terminals caused a current of 1 ampere or 1000
milliamoeres in the meter circuit-. de marked the scale 100
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To show the voltage across the meter, but we could mark this
same point 1000 to show the MA. in the circuit.

With 50 volts, there would be .5 ampere or 500'NA., and so
on, all the way along the volt scale therefore, knowing the

ration, we could either make a second scale, or else multiply
the voltage veading by 10.

We mention this fact merely to show you haw certain types of
Test Meters can be used for Nilliameters as well as Volt-
meters, but usually, other changes are made.

METHRS

As an ammeter is not very much different from the voltmeter
just explained, we are going to use the meter of Figure 7,
and make it into an ammeter. As its name tells you, an am_
meter is for measuring amperes, or current, and it will have
to be connected in series with the circuit in which it is
used so that all the'current in the circuit will pass through

it. This also means, that in order to allow the proper cur-
rent in the circuit, the resistance of the ammeter will have
to be very low.

By removing the resistance coil of the meter ih Figure 7, and
connecting the ends of the moving coil to the terminals) we
could then connect it in a circuit as an ammeter.

As before, a current of 1 ampere would pull the pointer all
the way across the'scale. If we did not want the'meter to
read over 1 ampere, it is all right the way it is, but we
will have to mark the scale "Amperes" and put a figure 1 at
the end. 1/2 ampere would move the hand half way across the
scale and so on as explained for Figure 7.

You can see that the action here is exactly the same as be-
fore except that the meter is now connected in series with
the circuit and the reading on the scale shows the actual
number of amperes in the moving coil.

AMETER SHUNTS

Should we want this particular meter to read up to 100 amperes,
we could not put a resistance in series as in the case of the
voltmeter, but instead, install a "shunt" as shown in Figure
8. -In this case, a shunt is nothing'but a very low resist-
ance path for the current and notice, it is connected in
parallel to, or across, the moving coil of the meter.

Without going into details at this time, just remember that
in any circuit, with the voltage remaining the same, the
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higher the resistance the lower the current, while the lower
the resistance the higher the current. In Figure 8, there
are two paths for current between the meter terminals. One
through the shunt and one through the moving coil.

No -7, with the meter connected properly, we want the hand to
move all. the way across the scale only -when we have a current
of 100 amperes in the circuit. Me already know that 1 ampere
in the moving coil pulls the hand all the way over therefore,
re need 1 ampere in the coil and the other 99 in the shunt,

To have 99 amperes in the shunt and but one ampere in the
moving coil, the shunt must have but 1/99 the resistance of
the moving coil. Then, with a current of 100 anperes between
the terminals, there will be 99 amperes in the shunt and one
ampere in the moving coil. This will move the pointer all
the way across the scale and again we can put the figures
100 at the point where it stops.

ShoUld there be but 50 amperes between the terminals, it would

divide as before, giving us 99/2 or 492 amperes in the shunt,
and a ampere in the moving coil. This a ampere, as explained
before, would pull the pointer half way across the scale, but
we would mark the point where it stopped 50, because that is
the total amount of current in the circuit.

By this method, we can accurately measure very large currents,
but still keep the movint; parts of the meter small and there-
fore sensitive.

COMBINATION METERS

By using several resistances, connected in series, but bring-
ing each one out to a separate terminal as in Figure 9-A, we
can make a voltmeter that will read several different values
on the same scale. Each scale of values has its awn figures
and the jumps are usually made in steps of 10 in order to
make the reading easier.

By making a connection on the "Plus"" and n3" terminals, of
the meter in Figure 9-A, 3 volts will pull the hand over to
the end of the scale, marked 3. By .taking connections on
the 'Plus!' and "30" terminals however, the moving coil is in
series with a resistance of such a value in Ohms that it takes
30 volts to null the hand over to the end of the scale. The
same thing is true of the n300" terminal, because when, we con-

. nect on it and the "+" terminals, both resistances are in
series with the moving coil and their added value in ohms re-
quires 300 volts to pull the hand over to the end of the
scale.
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By using several shlintS, of different resistances, we can also

make an ameter read on several different scales as shown in

Fib uire 9-B. By tracing out the circuits you 'will notice that

as you change con-_ections frog the "Plus" and "3" terminals

to the "Plus" and "30", or the "Plus" and "J00", that you
really tare the shunts out of the main circuit end put them

in series with the movfng coal, In tLis way, the resist&noos
of the Loving coil and snilnto remain of Droner ratio to cause
the desired division of current through them,

VOLT - Ahi ETER

There are quite a few meters that have but one scale, yet will

read either volts or a. eies rieending on which termiLals are

used in connecting them up. There are usually three outside
terainals PS shown in Figure 10 and tnere may be a switch, as
at Figure 10-A, hynevls of which the moving coil can be con-.
fleeted either in series Wtn the resitance for volta4e read-

ings, or in parallel to the ohu_t for current readings.

At Figure 10-B, we have just about the sare contections, ex-
cept that there is no awiboh. This Loaves tie shunt connected

across the meter coil at all tines and while it affords good

protection for the moving coil, the meter is less sensitive.

TESTING AIM CALIBRATING IETMS

By far, the easiest and simplest wa:sy to tcsL or calibrate a
meter is to compare it with a similar meter to tit is knoln to
be correct. The cornections between the different kinds of

meters will be a different and, in Fijure 11, we show
haw 2 voltmeters are connected at A and two am-leters at B.

You will notice the gain difference is that the voltmeters
arc connected in parallel and the armoters in series,

In both cases, we will suppose that the souora motor is all
right and we want to cLock the round one with it. In oreer

to take readings et different ;points en ;,he scale, at Awe
have a very ugh resistance connected right across the source
of E. .F, Then, by changing the position of the movaLlo con-
tact shown by the arrow, ye can vary the vdtage across the
meters and thus change their readings.

At B however, we have both motors, and the resistance all in
series. By changing the position of the roveblc contact
shown by the arrow, the resistance of the circuit is charged
and thus the current is varied.

In addition to the -usual examination questions, you :rill find
a "Work Diegram" attached to this Lesson. As dour fL.rst as-

signment in actually drawing circuit diagrams 3 -cu are to shod,
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by means of lines, where wires would have to be connected to
allow the voltmeter to read the battery voltage and allow
the ammeter to read the lamp current.

Briefly reviewing the Lesson ,explanations, you will remember
that a voltmeter is connected in parallel to, or across the
terminals between which the voltage is to be measured. In
contrast, the ammeter must be connected in series with a cir-
cuit so that it will carry all of the current to be measured.

Looking at the diagram) you will notice the battery terminals
are marked 11+11 and n-41 to indicate polarity while one ter-
minal of each meter is marked ILO Although the meters do
not develeo a voltage, their 11-0 terminal must be connected
to the battery 11+11 terminal in order that the meter hand will
move in the proper direction across its scale.

The complete diagram will have two circuits or oaths, one
containing the battery and voltmeter, the other containing
the battery, ammeter and lam -a. To complete the diagram, you
need only draw lines betveen the various terminals to indicate
these paths.

When the diagram is completed, send it in with your examina-
tion and we will return it with a properly completed diagram.
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UNITS OF MEASURE

In the explanations of the receding Lessons, the descriptions
of the various actions have included quite e numbur of electrical
units and now, we want to give you important details in regard
to the relationship between some of them. As many of us are
inclined to take most things for granted, it nay be of benefit
to begin by mentioning a few facts which are Hell known but
seldom given much thought.

Our present civilization makes it necessary for nearly all of
us to live what might be called a IIMeasuredu life. Our time
is measured in minutes, hours, days and weeks. The value of
our work, as well as the things we buy and sell, is measured
in dollars and cents but, to de -terrine their v^lue, most
ordinary food and merchandise must be measured in other ways.

For solids, such as butter, sugar, ond coal, 16 ounces equal
one pound and 2000 pounds equal oee ton but) for liquids,
such as water, milk or gasoline, 16 ounces equal 1 pint, 2
pints equal 1 quart and 4 quarts equal 1 gallon. However, if
you buy something like potatoes, onions or epples, 8 quarts equal
one peck and 4 pecks equal 1 bushel.

There are other common measures such as 12 inches equal 1
foot, 3 feet elu-1 1 yard, 16-1/2 feet equal 1 rod and 1760
yards or 320 rods equal 1 mile yet, because all of these
units of measure are well known, they ar accepted without
question. But, how would you explain thet, although 16
ounces equal one pound and 16 ounces equal 1 pint, a pound
is seldom equal to P pint? Also, with 4 quarts equal to 1
gallon and 8 quarts equal to one peck, why is it incorrect
to assume that one peck is equal to two gallons?

HOW LONG IS AN INCH?

Thinking of separate units, suppose someone should ask,
fillow long is an inch?" You might say INIIne-t.;welfth of a
foot" but that would not answer the question properly. You
would have to explain that the United States Bureau of
Standards has a bar of steel which, when at the proper tem-
perature, has a length of exactly one yard. This is the
ustandardo with which all our rulers should coincide and
one inch is equal to 1/36 of the length of this standard yard.

In much the same way, standards have b(en adopted for all
common units of measure such ns pounds, gallons, bushels, and so
on. The actual or absolute value of e-ch unit is not of great
practical importance as long as it is accepted rnd used by
everyone. You may not know exactly how much gasoline there
is in,a gallon but, touring this country in
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an automobile, you know the gallon of gasoline you buy in
Maine is exactly the same in quantity as the gallon of gaso-
line you buy in California. however, should you go to
Canada, you would buy your gasoline in British gallons, each
equal to 1-1/S of our gallons.

Reviewing an earlier Lesson on Current Electricity, we made
a comparison of water and electrical Circuits and foudd
three important quantities or factors. For the water cir-
cuit) there was Hfressurefl, measured in pounds, oCurrentu
measured in gallons per minute and TResistancen to the cur-
rent or flow of water.

For the electrical circuit, there was flEressureu measured in
Volts, "Current', measured in Amperes and ',Resistance!'
measured in Ohms.

0 For the water circuit, the units of measure ware pounds,
gallons and minutes, all of which are familiar and common.
For the electrical circuit, the units of measure were volts,
amperes and ohms which may be new to you but arc easier to
understand and use than some of the common units mentioned
earlier in this Lesson.

The actual or absolute values of the electrical units of
measure have been arbitrarily chosen and accepted and are
therefore used as standards,

SHAT PRESSURE MEANS

To compare these electrical units with those in more common
use, let us start by asking what is actually meant when
someone says his automobile tire is pumped up to 30 pounds
pressure. Certainly he does not mean the tire weighs 30
pounds more than it did before the air was pumped in because
he does not weigh the tire to measure the pressure.

As pressure means "push", a pressure of 30 pounds means that
air has been forced into the tire until it is pushing outward)
30 pounds to the square inch, harder than the air on the
outside is pushing inward. Thus, we cPn say that a pressure
of 30 pounds means a difference of 30 pounds between the
pressure of the air inside and the air on the outside of the
tire. Because the air on the outside of the tire is the air
which we breathe and as its pressure does not vary a great
deal, we ara apt to forget that air pressure, steam pressure
and water pressure really mean the difference of pressure be-
tween the inside and outside of the container which holds them.
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VOLTAGE

For electricity, a difference of pressure is known commonly
as voltage because the unit of measure is the "volta. Tne
ordinary house lighting circuits operate at 110 volts, po'ier
circuits at 220 volts and many electric street cars at 500
volts. The filaments or heaters of Radio tubes are desiiied
for various values and, depending on the type, operate at
values from 1.4 volts for battery type Radio Receivers up to
117 volts for some AC DC types of apparatus. In every case,
the number of volts indicates the difference of electrical '

pressure between the connections to the source of the power.

ELECTRO-LOTIVE FORCE

Quite often, voltage is called IlElectro-HotiveFcrcell vhich
you can think of as Electricity Moving Fzoc., because, wit:e-
out pressure, there can be no current. In our future Les-
sons, instead of writing these three words out, we will use
the abbreviation E.M.F.

POTTLITIAL

Another word used in this same connection is opotentialil.
You know that in order to make water flow from one place to
another there must be a difference in level. This differ-
ence in level can be thought of as a difference in Pouential.
Water at any level has some potential, but the hi:her the
level, the higher the potential. The flow of titer, or
current, will be from a higher to a lower level. This could
be stated by saying that the water floes from a high to a
low potential. Notice however, there must always be a differ-
ence in potential before there will be any current.

To cause an electrical current there must be a difference in
electrical potential and for the explanatlons of these early
Lessons, we will consider the direction of an electrical
current as being from the high to the low potential. A 110
volt circuit has a difference of potential of 110 volts
across it. The side of the circuit that has the higher po-
tential is called the plus or positive. The side with the
lower potential is known as the minus or negative.

THE AMPERE

The next electrical unit is the Ampere, which measures cur-
rent, and remember, the water current indicates motion. Vie

can put five gallons of water into a can but, unless Uaere
is a leak, there will be no current because the eater mill
be stationary and there will be no motion.
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However, when we turn on a faucet, and water runs out, then
there is a current. In order to measure this current it is
necessary to know the amount of water that runs out in a
certain time. For example, if we hold a one gallon can
under the faucet and find that it takes just one minute to
fill jt, then the current is one gallon per minute. Don1t
form the habit of saying a "Flow of current", because you
can not have a current without a flow.

The electricity we are talking about, in these first few Lessons
is always in motion. You cannot take a quart or gallon of it,
put it in a bottle and examine it the way you can the water.
However, the electrical current is measured just like the
current of water. As the electricity is always in motion, it
surely would be a lot of trouble to say so much electricity
per minute, or so much per second, every time we talked about
a current therefore, both the amount and the time are combined
in the Ampere. The Ampere le the unit of measure for electrical
current.

THE COULOMB

At this time it might be well to mention that there is an
electrical unit of quantity, the Coulomb, which is similar
to the gallen for water. When one coulomb of electricity
flows in one second, the current equals one Ampere.

THE OHM

The third electrical unit js the Ohm, which measures Resis-
tance. Resistance is that quality of both water and elec.
trice' circuits that tries to stop or retard the current.
You can readily see that it would be easier to cause current
in a smooth pipe than in a rough one. Resistance is not any
part of the current, hut is a part or quality of the circuit
that the current is in. There is no unit for measuring the
resistance of water pipes therefore, we can not make any direct
comparisons to explain the Ohm.

In order to use electricity, we must always have a circuit
and, no matter what we make it out of, or how we build it, it
will always have some resistance. Then, in order to have a
current In the circuit, there will have to be the voltage or
pressure that is forcing it through and the resistance the
circuit offers in trying to prevent it.

The higher the Voltage, th., more Current it can force through
any given circuit but, with the Voltage remaining the same,
the higher the Resistance, the smaller the Current. Therefore,
we can state that the Current will vary with the Voltage but
opposite to, or inversely as, the Resistance.
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The resistance however, is a part or quality of the circuit
and does not vary the same as the voltage or current. In

other words, all circuits have a definite amount of resistance,
the exact value of which will depend on the units connected
in the circuit and, under ordinary operating conditions, this
resistance will not vary. To change its resistance, units
of a circuit must be changed.

Before going further with the details of the relationship, we
want to give you an idea of the separate units of measure
known generally as "Internationale.

INTERNATIONAL OHM

The International Ohm is defined as the resistance of Cored,
ac the temperature of melting ice, to an unvarying electric
current by a column of mercury 14.452 grams in mass, of
uniform cross section area and 106.3 centimeters in length.

You can think of this as being similar to the standard yard
mentioned earlier in this Lesson because the specificiations
are given in term; of other systems of measure such as weight,
area and length.

INTI-IRNATIONAL A 2i1)-1,RE

The International .h.mpere is defined as the current which,
;Then passed through a solution of silver nitrate in water
will deposit silver at the rate of 0.00118 gram per second.
These definitions are given in terms of metric units and,
for comparison, 1 centimeter equals .3937 inch or 1 inch
equals 2.54 centimeters while 1 gram equals .03527 ounce and
1 ounce equals 28.3495 grams.

INTERUATIONAL VOLT

The third unit, the International Volt, is the electrical
pressure which, wizen applied steadily to a conductor whose
resistance is one International Ohm, will produce a current
of one International Ampere. This definition is most
important because it contains the relationship between the
three primary units of Resistance, Current and Voltage.

aHnt s LAW

For practical work, this relationship is more important than
the absolute value of the units considered separately and is
known generally as Ohmls Lawu. Notice carefully, the de-
finition status that when a circuit, with a resistance of
one ohm,bas a current of one ampere, there is an electrical
pressure of one volt across it.
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Because but one of each type of unit is included, Ohm's Law
is frequently worded to read, 'When a pressure of one voit-
forces a current of one ampere through a circuit, that cir-
cuit has a resistance of one ohm".

Rereading Ohm's Law and checking back on oar former explana-
tions, if one volt can force a current of one ampere through
a circuit with a resistance of one ohm, then two volts could
force two amperes through this same circuit.

Thinking along similar lines, if the resistance of the cir-
cuit was loubled, then the original one volt pressure. could
cause a current of but a ampere. Thus, the actual amount of
current in a circuit will depend upon the relative values of
the volt-Ige which is trying to cause it and the resistance,
which is trying to prevent it.

From this standpoint, Ohm's Law can be reworded to read:-
"The current in an electrical circuit is equal'to the volt-
age across tie entire circuit divided by the Resistance of
the entire circuit.

To save both time and space, the value'of voltage, or Elec-
tro-Motive Force is often represented by the letter "E", the
value or "Intensity" of the current by the letter "I", and
the value of the resistance by the letter "R". Remember here
"E" re2resents the number of Volts, "I" the number of Amperes
and the number of Ohms.

With this in mind, we can not only simplify AtImis law, but
write it in three different ways.

(a) Current equals Voltage divided by Resistance.

(b) Amperes equals Volts divided by Ohms.

(c) I = j-fL

This is a general law which applies to all values of Voltage
and Resistance and, regardless of what the .actual numerical
values may be, their relationship to each o'dher remains the
sane. That is why we can use tha form at "C" which requires
a minimum of writing.

To show you how this works out, we can go back to the con-
ditions of the examples mentioned above. For the first, we
assumed a pressure of two volts and a resistance of one ohm
and said there would be a current of two amperes.

To use form "C" for this particular circuit, the voltage,
represented by the letter "Ell has a value of while the
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resistance, represented by the letter "R" has a value of "1".

Knowing these numerical values, we can substitute them for the

corresponding letters:-

I = R

I=1

I = 2 amperes

For the second exampleoe assumed a pressure of one volt and

a resistance of 2 ohms so that, for this circuit, E is equal

to "1" and R is equal to "2". Substituting these numbers for

the corresponding letters we have:-

I = E

= -1 ampere
2

Although the solution of these examples may seem extremely
simple, we want you to study them carefully because the same
general plan is used for most Radio and Electronic calcula-

tions.

The expression,

I= E

represents the relationship between current, voltage and re-
sistance in all circuits and is known as a "Formula" or an
"Equation". The equality sign, 11=111 in the center, indicates
that everything to its left, known as the first member, has
the same value as everything in the second member to its right.

Thus, the above expression is read as "In equals "E" divided

by It R". Or using the values which the letters represent, it
is read as, "The current in a circuit is equal to the voltage
applied to the circuit divided by the resistance of the circuit."

The equation or formula is therefore nothing but a simple and

practical method of stating Ohm's Law. Simple, because single

letters are used to represent the values of current, voltage
and resistance. Practical, because by substituting actual
values in place of the letters which represent them, desired
values can be calculated by simple Prithmetic.
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For example, the common 60 Watt electric lamp bulb is made to
operate at 120 Volts and has a resistance of 240 Ohms. To

find the amount of current it will allow, the formula can be
used. Here, the voltage "DI has a value of 120 and the resis-

tance "R" a value of 240. Writing these numbers in place of
the letters, the formula becomes,

120

240

Looking at this fraction, you will see that 240 is exactly
twice 120 and therefore it can be reduced to 1/2. Thus, by

using the formula we have been able to find the value of
current in the lamp bulb. As "I" represents the value of
the current in amperes, the solution of this problem would
be written as

I as
1
- ampere
2

This example illustrates ttlee fact that, with three values in
the formula, two of them mast be known in order to find the
third.

FORMS OF OHM LAW

Thinking of the relationship beta en Resistance, Current and
Voltage, as well as the action of the resistance in a circuit,
Ohmts Law can be worded to read;

2. (a) The resistance of a circuit is equal to the voltage
across the circuit divided by the currant in it.

Or, using the names of the units,

(b) Ohms equal Volts divided by Amperes,

(c)

and using the letters, to represent these units,

R

Following the same plan, the relationship between Voltage,
Current and Resistance can be expressed by

3, (a) The voltage across a circuit is equal to the cur-
rent times the resistance.

(b) Volts equal Amperes times Ohms.

(c) E=IxR
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but, for this circuit, as E has a value df 6 volts and I a
value of 2 amperes, we can substitute the numbers for the
corresponding letters and write

R

which indicates that 6 is to be divided by 2 and, using
simple arithmetic, 6 uivided by 2 is equal to 3. Therefore,
for this circuit,

R = 3 (ohms)

Following the same plan, if we know the voltage and resistance
but want to find the current,we would use the form of Ohm's
Law which states.

=

Keeping the values of the example above, E equals 6 volts and
R equals 3 ohms therefore, substituting the numbers for the
letters,

I=
3

I = 2 (amperes)

Going further, if we icnaT the current "I" is 2 amperes and
the resistance "R" is 3 ohms, to find the voltage "E", we
mould use the form of Ohm's Lam which states,

E = IR

Substituting the numbers for the corresponding letters,

E = 2 x 3

E = 6 (Volts)

All problams with Ohm's Lqw are worked out on exactly tna
same plan by re2lacing the letters E, I or R with -numbers
which represent the values of some particular circuit. One

important point to remember in this connection'is, when using
a number which represents the value of the resistance of an
entire circuit, it is necessary to use numbers which represent
the voltage across or the current in the entire circuit.

Should the problem call for the resistance of some part of a
circuit, then it is necessary to use numbers which represent
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the voltage across or current in that same part 'of the Cir-
cuit only.

fl PORTANCE OF GUM'S LOT

Perhaps you are wondering about the practical benefits of a
knowledge of Ohn's Law but, as you advance in your studies,
you will find it is the basis for practically all circuit
calculations as well as a great many tests.

For example, most Radio circuits include a number of resist-
ances with color coding to indicate their value in ohms. By
measuring the voltage across it and applying Ohm's Law, the
current in a resistance can be calculated. Some models oaf
AC -DC Radios require a reduced line voltage for the operation
of the tube heaters. Knowdng the value of current and the
necessari reduction of voltage, Ohm's Law is used to calculate
the requred value of resistance.

These are but two of an almost unlimited number of applica-
tions anl, as nearly all circuit conditions are based on Gun's
Law, its importance will become more evident as you progress
with your studies.

PRACTICAL_US3S OF ONE'S LAW

As you will learn soon, most Radio circuits are designed to
pr -)vide definite values of voltage or allow definite values
of current to permit the proper operation of the various com-
ponents. As Ohm's Law states_the relationship between Volt-
age, Current and Resistance and, when two values are known,
makes it possible to calculate the third, its use is a neces-
sity for practical work. All three forms of the Law are
equally important, and the following examples will illustrate
their use.

How many volts will be required to force a current of 2 am-
peres through a circuit having a resistance of 50 ohms? Here
we know the current and resistance, but want to find the volt-
age. We also know that voltage equals current times resist-
ance, therefore in this case, replacing the words with the
numbers we can say that the voltage must equal 2 times 50
which is 100.

How many ohms resistance will be necessary to allow but 5
amperes in a circuit which has 500 volts across it? This
time we know the voltage and current, but want to find the
resistance. Resistance equals voltage divided by Current,
so that for this circuit, the resistance equals 500 divided
by 5 -which is 100 ohms.
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How much current will there be in a circuit with 20 ohms re-
sistance and a pressure of 10 volts? are given the re-
sistance and voltage but want to find the current. Current
equals voltage divided by resistance, so that for this cir-
cuit, the current is equal to 10 divided by 20 which is ,5

ampere.

Do not leave this Lesson. until you are satisfied you under-
stand the relationship between Volts, Ohms and Amperes, as

expressed by Ohm's Law because, in the following Lesson, we
are going to use it for our explanations of the common types%
of electrical circuits.
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THE SERIES CIRCUIT

From the Lessons already -studied, you know now that, in order
to use electrical energy, we must have a circuit first of alit'
In this circuit there will be some source of electric pressure,
units for changing the electricity into useful form, switches
to control the current and wire to connect the various parts.

Supposo you had three or four Radio tubes, the heaters of
which were to be operated from one voltage supply. There are
many different ways you could connect them up but we are go-
ing to divide all of the methods of connection into three
general classes called Series, Parallel or combinations of
both known as "Series Parallel" and "Parallel Series". The

Parallel connection is often called "Multiple" but, to make
our explanation as simple as possible, we are going to use
only the name Parallel.

You may have seen or heard of -some very complicated electri-
cal circuits but, in every one of them, all of the units were
connected in series, parallel or a combination of both.

In this Lesson, we are going to explain the action in an elec-
trical circuit in which the units are connected by these
methods and, here again, the conditions in a water circuit
will help to build the ideas clearly in your mind.

CCNNECTIE0 -.1A= PIPES IN S-EHIS

In Figure 1; we show a hot water system, installed in a three
story house, with the supply pipe coming into the basement
and a feeder running up to the first floor where the heater
is placed. Inside the heater there is a coil of pipe through
which the water passes, while being heated. From the heater
the water goes up to the third floor where it is used in the
bath room.

We will imagine there has been trouble in getting the hot
water up to the bath room and, to find out just what is wrong,
we havo to put pressure gages at various places along the
pipe.

WATER PRESSURE IN A SERIES CIRCUIT

The first gauge, G-1, right on the supply pipe where it
enters the building, shows a pressure of 20 lbs: The gauge,

0-2, on the feed pipe near the basement ceiling, shows but '

18 lbs. G-3, at the intake end of the heater, reads 1L lbs.,
while G-4, at the heater outlet, reads but 9 lbs. The faucet
on the top floor is turned on while we are taking these read-
ings and, although a small stream of water runs out, the
gauge G-5 roads 0.
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know that it takes prersUre to force the water up in the

building and it also takes prossuro to force throurh

a pipe. These gauges show US just what happenti. "e field:

thatthat G-2, at the base: ent ceiling reads 2 lbs. less than

which means that it takes 2 ibs, pressure to force blac wator

through the supply Pipe and up into the feed pipe. ounce q-3,

at the heater, reads 4. lbs. less than G-2 to show us that it

takes 4 lbs. pressure to, force 1,ho water up to the heetur.

As 0-1 reads 20 lbs., and G-3 shows 14 lbs., we can $ey that

6 lbs, pressure is lost between the supply and the heater.

As the pipe inside the heater is rather sma7.1, Pan: turns

and bends in it, we ar, nob surprised to sec that 0-4 rends

5 lbs. loss than 0-5. By the time the faucet and G-..) arc

reached, the pressure is all cone but the -later, foroLd up to

the faucet, runs out slegly.

SATE CURRENT 1L sEaTnn v. P01

As far as the currant is. concerned, you cal wIsilY undirEtard

that he more Water can come into ',Ale pipin; at the supoly,

than runs. cut at the faucet therefore, the cu....ront of ;;;Elter

must be the samo through all of thc pipe,

PE3T PT .E

17e -call this a series orrangetilont because the -"e is but one

path for the current of water: x 11 of thu pipe offor8 some

resistance to the current aria, having but one pat'', the
sistance of the entire circuit rust be equP1 to the sulaef:

the resistance of all the difformt, pieces of pil,e

The action that we have just 0.7.plaincd will t;....ko place all

along, the supply pipe even though it is perfectly level. For

examplel in Figure 2, the supply tank is 50 feet above the

feed and the pipes numbered 1, 2, 31 4 and 5. sup.n1, water to

dirfercnt housea,. With no other piace to ro, tzif, vntcr v2:=1.1

not -orally come up in all of the pipes to the sarae height AB

it is in the tank but, when the outlet is opened, =Res a
big -difference.

Aa_it is much easier for the oster to flow out ei the outlet
than to go up into the numbered pipet-, ve fiord the level of
the water in pipe 1, is a little lower than the lov,1 in the
tark. In pipe 2, it is sLill lower and the further we =VG
away from the -tank, the lower the water level in the food
pipes. A Peed pipe, placed right at a aistant outlet, would
have but little if any water In it.

Figure 2 is just another my of showing you that it tikes
pressure to force a oUrrent of water throuph .a pip: -apd the
loss of pressure hero, as we r,ove further away freA tho supply





Lesson FD1I-13 Page 3

tank, is just about the some as the loss of pressure shown in
Figure 1. The idea we want you to remember about these two
water circuits is that it requires pressure to force a current
of water through a pipe and while the current is the same all
the way through, the pressure is used up, or lost, all the
way along the circuit.

To check back on those actions we can say that,

1. The pressure lost in a series circuit is equal to the
sum of the pressures lost in all the parts of the circuit.

2. The current in a series circuit is the same in all parts
of the circuit.

3. The resistance of a series circuit is equal to the sum
of the resistances of all the parts of the circuit.

CONNECTING ELECTRICAL DEVICES IN SERIES

An electrical series circuit is very similar to the water cir-
cuit of Figure 1 and, keeping it in rand, we want' you to look
at Figure 3. Mere our circuit consists of a source of volt-
age "A", an ammeter to measure the current, a switch and four
Radio tube heaters. To simplify our explanation we will assume
each heater requires 1 ampere at 14 volts for proper opera-
tion and will think of the arrangement as the heater circuit
of a four tube Radio unit such as a small Receiver.

A voltmeter is necessary to measure the electrical pressure
across different parts of the circuit and we want to remind
you of the two important things to remember about meter con-
nections. The ammeter, used to measure currents, is connected
in series with the circuit'so that all the current must pass '

through it. The voltmeter, used to measure electrical' pressure,
which is the difference of oressure'between two points, is
connected across, or in parallel to, the points we want to
test,

CURRENT IN A SERIFS CIRCUIT

Assuming that the voltage of the supply is of the proper value,
we close the switch and, as all the heaters "glowfi we feel
reasonably sure the circuit is complete and operating proper-
ly. As shown in Figure 4, we notice also that the pointer of
the ammeter has moved from its zero position and indicates a
current of 1 ampere.

The path of the current is from positive to negative or from
a high level to a low level which would be from the supply
fi +ft, through the switch, tubes and ammeter back to the supply
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"-n, completing the circuit. As there is but one path for
the current, this is a series circuit and. the current is the
same in all parts. In other words, if me have a current of
1 ampere at the meter., Tve also have a current of 1 anpere in
each one of the tube heaters and thus they are operating at
their correct value.

Think of this exactly as we explained for the water circuit
of Figure 1. The amount of water running out of the faucet
was the'sal7s as that entering the supply pipe and here, the
amount of current leaving the ILO terminal of the voltage
supply i3 exactly the sane as that returning at the "-ft ter-
minal.

As a rule for the current in an electrical series circuit, we.
can state: At any instant, the electrical current in a series
circuit is the same in all parts of the circuit.

7OLTACII TT A sERJEs CIRCJIT

Now that we have found the value of current in the, circuit of
Figure 4, our next step is to find out what happens to the
voltage. As voltage is electrical pressure, we need some sort
of instrument for measuring it and, as previously explained,
will employ a voltmeter. To check the voltage across the en-
tire circuit, we connect the voltmeter across the terminpls
of the voltage supply as shown. Doing so, find it reads
6 and Chas we know the supply has a difference in Pressure,
between the "4-11 and Ilt-11 termirais, of 6 volts.

Under th,.;se conditions, we can say that there is a loss of
pressure, or voltage drop, of 6 volts across the circuit.
Think of ti -is exLctly the same as the loss of pressure in the
water circuit of Figure 1 because here too, we want to find
out just where and how much pressure is lost. To do this we
connect voltmeters, which can be thought of as electrical
pressure gpuges, across different noints of the circuit, as
shown in Figure 5.

Mon the switch i s closed and the heaters are carrying their
ratee c"rrent, as indicated by the ammeter, we find the volt-
meter across T-1 reads 1.5. This, of course, tells us that
there is a difference in pressure of 1.5 volts across T-1 or,
as we ezplain,d in the water circuit, it has taken a pressure
of 1.5 volts to force the current through the filament of T-1.
Electrically, we say there is a "voltage -drop" of 1.5 volts
across this tube.

Now, chocking the voltmeter connected across the heater of
T-2, we again find a reading of 1,5 volts, which shows us
that tube T-2 also has a 1.5 volt drop across it. The same
reading occurs across T-3 and also across tube T-4. For a
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final test, we see Ltre s a drop of 6 volts across all four
tubes and, a drop of 1.5 volts acrws each of theme In other
words, the voltmeters show us just where the plassure is lost
in forcfrng current +:,..rough the circuit.

Followin,7 rule 1, fcr the water circuit, we can add these

ressUr,' dr07s like t;'"Iis..

Voltage drop across tube T-1 - 1.5
Voltage drop across tube T-2 - 1.5

Voltage drcp ccross tube T-3 - 1.5

Voltfe drop across tube
Tot -11 VJltau, drop across circuit 6.0

As the i lta?;e across the sunplv mo-.sured 6 volts and we find
the sum of the voltage drops ,round the circuit is also 6
volts, Le can state the nllowing rule for an electrical
series circuit. Ihe sum of the voltage drops around a series
circuit is eual to the impressed voltcge.

RESISTANCE IN A SLRIES CIRCUIT

The three things that interest us in this circuit are Current,
Voltage and Resistance. The ammeter shows us the Current is
1 amper( and, as there is but one oath, the current as the
same in all parts of the circuit.

The voltmeter, connocti;ci across the voltage supply "AN tells
us that there is a dif2erunoc o2 pressure of 6 volts between
the +" -nd 11-" 'uerTnindls. The othel voltmeters across T-1,
T-2, T -b and T-4 show a loss, or voltage drop of 1.5 volts
across ,ach tube. By adding the voltage drops across the
tube,?, IrJ find the total is equal to the supply voltage.

Knowing what happens to the voltage and current, our next
step is to find out about the resistance in a series circuit.
From your study of an earlier Lesson on Ohm's Law, you will
rementl3r tLat 'when two values, such as voltage and current,
arc kna:n, the third, whi-;h in this case is resistance, can
be found.

In bur explanation of the voltage distribution of this cir-
cat, first fond the total volt,Ige drop across the cir-
cuit and will folloa the same plan for the resistance. Check-
ing bacL, ire foune the voltag.: across "A" ras 6 volts and the

curnmt in thJ circuit was 1 ampere. In the explanations of
an earlier lesson, voltage vas represented by the letter "E"
and current by the letter "I" therefore, for this circuit we
can write B = 6 and I = 1.

By Ohm's Law, resistance is equal to the voltage divided by
the current or R = E I. Substituting the above values,





LE;sson FDh-13 Page 6

R = E I= 6 1 = 6 ohms. This tells us that, in Figures
3, 4 or 5, with a pressure of 6 volts and a current of 1
ampere, the circuit must h -se a total resistance of 6 ohms.

Suppose now that we want to find the resistance of each tube

heater. By using Ohm's Law, this is quite easily accomplish-
ed but, as we are working with only a part of the circuit, we
must use only the voltage and current values of that part.
Vjhen checking the voltage, we found a drop of 1.5 volts across
each of the tube heaters and the ammeter showed a current of

1 ameere. As this is a series circuit, we will also have a
current of 1 ampere in each heater.

Applying Ohm's Law, for tube T-11 with E = 1.5 and I= 1 am-
pere, we find that R = E I = 1.5 4- 1 = 1.5 ohms. Therefore,

we can say that to force a current of 1 ampere through the

heater of tube T-71 with a resistance of 1.5 ohms, requires a
pressure, or voltage drop, of 1.5 volts. As the voltage drop
and current for each of the heaters of tubes T72, T-3 and T-4
are the sable as that .of T-1, each must have a resistance of

1.5 ohms.

In this circuit, re have four tubes in series, each with a.
resistance of 1.5 ohms. Adding these separate resistances,

obtain a value of 1.5 + 1.5 + 1.5 + 1.5 or 6 ohms, -which
checks with the value of total resistance as found by -using
Ohros Lyv for the complete circuit. Therefore, as another

rule for an electrical series circuit, we can state, "The
total rfsistanee of a series circuit is equal to the sum of
the resistances of the parts connected in seriesn.

These tlrea facts, or laws, apply to all electrical series
circaits and wo want you to go over each one until you fully

understand them all.

OOKLON SERIES CIRCUITS

A very common but good example of a series circuit is one
type of CLristmas tree lights arranged to plug into the ordi

nary 110 volt home lighting circuit. Usually there are seven

15-18 volt lamps connected in series which explains why, when

one lamp burns out all the rest go out. With but one path

for the current, the burned out lamp breaks the circuit and

prevents current in the others. Notice also, seven 15-18 volt

lamps in series will have a total voltage drop of 7 x (15-18)

which is 105 to 126 volts.

Tn Radio and Electronic equipment of the AO -DO type, it is

common practice to connset the heaters of the tubes in series.

Although the tubes may operate at different values of voltage,

all are designed for the same value of current and therefore

till operate properly in series.
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As you advance in your studies, you will find many other
applications of series circuits therefore, be sure you under-
stand fully the relationships between Current, Voltage and
Resistance as stated in the rules given earlier in this

Lesson.

THE DROPPING RESISTOR

For example, a six tube AC DC Radio Receiver may have four'

tube heaters designed to operate at 6.3 volts and two de-

signed to operate at 25 volts, all of which require a cur-

rent of .3 ampere. The uniform current value makes it pos-

sible to operate them in series and, when connected this

way, the total drop across them will be 6.3 + 6.3 + 6.3 +

6.3 + 25 + 25 which is equal to 75.2 volts.

To connect this circuit across the ordinary house lighting

supply which, for design purposes, is assumed to provide 117

volts, we find there is a difference of 117 - 75.2 or 41.8

volts. To reduce the supply to the required value of voltage,

we apply Ohm's Law to find the amount of resistance it will

be necessary to add to the circuit.

We know tho current is to be .3 ampere and there is an excess

of 41.8 volts. Substituting these values in Ohm's Law we

have:

E 41.8 1
R = - = 139- ohms.

I .3 3

By connecting a resistance of this value in series with the

tube heatcfs, the circuit will operate properly when plagged

into the common 117 volt lighting circuit. As this addition

has been made to reduce the line voltage to the value re-

quired for the tube heaters, the added unit is conmonly known

as a "Dropping Resistor".

The calculation shows a value of 1391 ohms is required for

this example but, as ordinary commercial resistors are made

with a tolerance of 10%, a 150 ohm unit would be satisfactory.

In practice, this resistance may be a piece of wire wrapped

around the two regular wires of the attachment cord or may be

built to plug into a socket like a tube in which case it is

known as a "Ballast".

Before leaving the subject of series circuits, we want to

repeat the four important points that you should remember.

1. At any instant, the current in a series circuit is the

same in all parts of the circuit.

2. The total resistance of a series circuit is equal to the

sum of the resistances connected in series.
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3. The sum of the voltage drops) across the parts of a
series circuit, is equal to the voltage across the
Art -'e circuit..

4. The voltage drop, across any part of a series circuit,
is proportional to the resistance of that part.

PARALLEL CIRVITS

In the circuit of Figure 3, we had a voltage supply which

developed a difference of pressure of 6 volts between its

"+" and "--J1 t:lrminals. With four tube heaters in series,
the supply voltage was four times the value required for any

one heater srld, in casa any part of the circuit was opened,

or broken, none of the heaters would operate.

For Figure 6, we have the same four tubes connected to the

supply "Afivhich develops but 1.5 volts. As each heater

requires 1.5 volts and the supply develops 1.5'volts, each

heater is connected directly across the supply. To simplify

the circuit as far as possible, instead of running separate
wires from the supply to each tube, we have: used one wire
to clrry current for all of them.

Taking e:,ch of the tubes separately, there is a simple series
aircuit from the supply, through the heater and back to the

supply again. In a circuit like this, We say the tubes are
in Parallel, or Multiple, because each one is connected
separat.ly across the voltage supply.

In the usual run of Radio work, you mill find parallel cir-
cuits are more common than series circuits because they allow

each tube, or other unit, to be operated separately from any

of the others and require :such less wire than if we had a

sedarate voltage supply for each. In much the same way, you

will see but two or three wires going into the ordinary house

or store building but, by connecting the lamps and other units

in paraTh.1, like the tubes in Figure 6, we can turn each one

on or off without affecting any of the others.

COFN2CTING WATER PIPES IN PARATXRL

To explain a parallel circuit, we willrepeat the plan used

for a series circuit end, to show the actions more clearly,

will again make up a water circuit as in Figure 7. Here we

have a supply pipe with four branches, each, of which is con-

trolled by a valve and, to be able to see how much pressure

there is in the supply, a'gauge has been installed.

With all of the valves closed, you can see that the pressure

in all four of the branch pipes will be the same as that in

the supply pipe. That is the first thing we want you to



,
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romonber about a parallel circuit. The -pressure on each of
the branches is the sane as the pressure on the rajn supply pipe.

CURIITUT IN A PARALLK, 'DATER CIHCUIT

Suppose now that no obtain a 1 gcllon reapur:,, put it under
branch pipe To. 1, and upon the valve just wide -enough to
fill the measure with water in occtly one minute. Then we
know that the current of water in pipe 1 is one gallon per
minute. Renumber, :,his water has to core Lhroula the su?ply
pipe.

'Jithout changing the No. 1 valve, we place a 2 gallon mo sure,
under pipe ho. 2 and open valve 1;o. 2 until the w? ter runs
out just fast enough to fill th, 2 gallon measure in oy-actly
one minute. The current of ortor in pipe 2 teen win be
2 gallons per rinuto or teico as great as that in Pic 1.

Leaving both valves 1 and I. in these nositia]s, there will be
a current of 1 g211 on a njnute from pipe 1, -,nd a current of
2 gallons' per minute from pipe 2 raking a tot -.l current of
3 gallons per rdnute from both pApes. Remenber hero also
that all of the water hes +o come through the supply pipe.

now open valve 3 until there is a current of 1, gallons a
minute through pipe 3, anc' open valve ho, 4 until there Is a
current of 5 gallons per minute through pipe Adding these
currents, with all of the valves open, there will be a total
current of 12 gallons per minute, all of wni:h has to come
through the supply pipe.

This brings us to the second point for you to reme,,,ber; the
current in the main supply of a parallel circuit is olual to
the sum of the currents in the branches.

RESISTANCE OF A PARALLFL TTAT:14PL CIRCUIT

Before explaining the resistance of this circuit, e want you
to think back and remember the relation between current,
pressure and resistance is such that, if the preEsure inc---eases
the current will also increase. If the resistance is dncreased,
the pressure remaining the sane, the cur.oent will reduce. In
the same way, when the resistance is reduced with the -pressure
remaining the same, the current will increase.

Now, with this fresh in your mind, lot us look at Figure 8
where we have the same pipe arrangement as in Figure 7 but
are going to let the water run into a -large tank. '.Jo have

closed all of the valves exceptTo.15 and find that the cur-
rent of water through pipe 1 can be changed by opening and
closing the valve. Tie mention this merely to brftnc out the
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fact that the more the vaave is closed, the harder it is for

the water to get 'through and thus the current is reduced.

This can also be explained by saying that AA the valve is

closed; the resistance is increased and, as:, the valve is

Opened, the resistance, is reduced. Even with the valve wide

open". we find the current of water is but 5 gallons per minute

because of the resistance of tlle pipe itself. While doing

all this, we notie that the reading on the pressure gaUge

remains the same.

Horo is the idea we want to emphasize. "Iith valve 1 wide

open, and all the others closed, to .ere is a current of 5

gallons per minute throligh pipe 1 BrIA also through the main

supply. Should we now open valve 2,' no matter how much or
how little water runs through pipe 2, there will be an in-

crease of current in the supply pipe. The pressure has re-

mained the same but opening valve 2 has increased the current
in the supply, therefore thu resistance must have been re-

duced. Of course, the resistance of pipe 1 haS not changed
but the resistance of pipe 2 has and therefore, taking all
four pipes as one circuit, opening valve 2 has decreased the
total resistance.

Opening valve 2 further, or opening Valvee 3 and 4 will allow
still more water to run through the supply pipe and will still
further, reduce the resistance of te pipe circuit. '41th any

one of the valves open, there will. be some certain resistance
to the current of water but, opening any other valve will re-
duce the resistance of the pipe circuit taken as a whole.

The rule for you to remember about this action is: The re-

sistance of an entire circuit is always less than
the branch having the lowest rosistarce.

FARALLEL ELECTRICAL CIRCUITS

In many -ways,- a, parallel electricai circuit is. very similar
to the water circuit we have just been talking about and, if
You keep the water circuit in mind, you should not have any
trouble with the electrical one.

In figure 9, we have three` tube heaters connected very nearly
like the pipes of Figure 8, The pressure gauge has been
omitted because we know a 3 cell storage battery, as shown
and indicated by the letter wElf, develops approximately 6
volts. The water valves are replaood by switches anddthe
tube heaters carry- the electrical current, Therefore' to com-
plete the circuit, the other terminals of the heaters are con-
nected together and a wire is brought back to the negative
terminal of the battery through -an ammeter. Each of these
tubes has a neater, or filament, which is designed to operate
at 2,..5 volts,
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Checking over the circuit, you will find that tube T-1 re-
quires a current of .5 ampere and when "SW is 'closed, there
will be a circuit from the battery trim, through resistance
IR", over to the right, down through the switch and tube
heater back along the lower wire and trough the ammeter to
the battery n_m.

So far, vie have nothing but a simple, series circuit and, to
simplify the explanation, me will assume resistance "R" is
of such value that it Produces a 3.5 volt drop, allowing 2.5
volts across the tube.

The center tube, marked T2, has a heater which requires I
ampere, at -2.5 volts and, to follow its circuit, we open
"S 1" and close 115W2". The circuit now is from battery "+"
through resistance "R" over to the right down through "02"
and "T2", along the lower wire and back, through the ammeter
to battery "-v. Although there is a current of 1 ampere in
this circuit, again we will assume "R has a recistance of
such value as to cause a drop of 3.5 volts and allow 2.5
volts across the tube.

The left hand tube "T3", reqrires a current of 2 amperesiat
2.5 volts and, with switches "SW1" and "SW2" open and "5W3"
closed, there is a simple Series circuit from battery "+"
through "R"I "S 3", 13 and ammeter back to battery 11-". Here
again, we mill assume resistance "R" provides the proper volt-
age drop to allow 2.5 volts across the tube.

Checking back, you will find that the battery, the resistance
"FP and ti- o ammeter are a part of all three of the current

paths, or circuits, W3 111,Ve just traced and, with all of the
switches closed, there will be current in the heaters of all
three tub..;s. Under this condition, by starting at the right
end of resistance "R", you cm trace a path through any of
the heaters back to the amm3ter.

Thus, as each heater with its switch is connected across the
resistance "am, the battery and the aimieter, in exactly the
same way, t; ,y are in "Parallel". _For that reason, Figure 9
is a parallel circuit and each tube heater with its switch,
is a branch of the complete circuit.

Forgetting the small resistance of the connecting wires, as
all three heaters, or branch circuits, are connected across
the supply in the same way, there must he the same voltage
across each of them.

Like the water circuit of Figure 8, the pressure, or voltage
across each branch of the circuit is the same as that across
the entire circuit. Therefore, the rule for the voltage
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across the branthes of a parallel circuit can be-ztAvatoad:
The voltage -across each f the bramhes of a parallel circvelt,

is the same as the voltage across the entire circuit.

CURRENT IN THE BRANCHES OF A PARALTEL CIRCUIT

As we have already mentioned, tube Ti draws .5 ampere and,
closing its switch only, the meter would show this value.
Using Ohm's Law for this branch, we have resistance equals
2.5 volts divided by .5 amperes which is 5 ohms.

Tube T2 draws 1 ampere at 2.5 volts and closing its switch)
with the other two open, the meter would read this value,
Usino, ohm's Law for this branch) the resistance equals 2.5
volts divided by 1 ampere which is 2.5 ohms.

The same conditions hold for tube T3 and with 2.0 amperes at
2.5 volts, the resistance of this branch is 1.25 ohms.

CURRENT IN A PARALLEL CIRCUIT

Closing switch "SW1H, the ammeter reads .5 amperes but when
switch is closed also, the meter reading goes up to

1.5 amperes. That is to be expected because the current
through both heaters has to pass through the meter to return

to the supply.

Then, when switch s14311 is closed also, the meter reading
goes up to 3.5 amperes. Following the upper current values
on Figure 9, there are 3.5 amperes in the resistance, "R",
2.0 amperes go down through the T3 heater, 1 ampere goes
through the T2 heater and .5 ampere goes through the Tl heat-
er. As shown by the current values on the lower wire, these
various currents use the same return wire to the meter making
it read 3.5 amperes.

As this same action holds for all parallel circuits, we want
you to remember the general rule for the total current in a
parallel circuit which states: The total current in a
parallercircuit is equal to the sum of the currents in the
branches.

RESISTANCE OF A PARALLEL CIRCUIT

By using Ohm's Law, we have already found the resistance of
each of the branches of this circuit and now will find the
resistance of them all. The ammeter shows a current of 3.5
amperes and there is 245 volts across the tube heiters there-
fore the resistance equals 2.5 volts divided by 3.5 amperes
which is 5/7 or .714 ohm.
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We just found the resistance of Ti was 5 ohms, of T2, 2.5

ohms and T3) 1.25 ohms but, connected in eeranell Ohmls Law
snows their total resistance to be but .714 ohm.

This looks as if Ohm's Law was all wrong but you will remember
for the water circuit, the more outlets ye opened the less

the resistance of the entire circuit. The same is true here

and we can repeat the rule which states: The resistance of

an entire parallel circuit is alwus less than that of the

branch having the loelest resietance.

Ohm' s. Law holds true but we Oust be careful to use it proper-
ly. 'For example, to fine the resistance of the entire cir-i

cult) we must knoW the voltaee and current of the entire
circuit. To find the resistance of any bmnch we must use
the voltage and current of that branch only.

Perhaps you are wonderine about the dropping' resistance R,

but that is easy to figure out. said its velue was such

that it caused a drop of 3.5 volts. Peel we know it carries

3.5 amperes and, using Ohm's Law, have 3.5 volts divided by

3.5 amperes which is 1 ohi.

However, there is but one path for the current between the
battery plus and the three tube heaters therefore the resist-
ance wa" is in series with all of them and, like any series

circuit, the resistances are added giving us .714 plus 1.0

or approxiteately 1.714 ohms. To check this up we peed only

divide the 6 volts of the battery bY the 3.5 amperes in the
meter to find tne total resistance of the. circuit is approxi-
mately 1.714 ohms.

?'that interests us most, at this time, is the resistances of

the seperate tube heaters and their total reeistance lien

connected in parallel. Mhile there are various methods Ind
formules for finding the total resistance of parallel circuits
when the resistauces of the branches are mown, we are going
to explain the conductance method.

C0:TDUCTA7CE OF A PA7ALL177

By Ohm's Law, we found the resistance of the heater of the, Ti
tube was 5 ohms, which really means it opposes the current
to the extent of 5 ohms but, its ability to col.duct, or carry
the current, is exactly opposite to its rsistance.

Read that last sentence again because it is important. All

conductors have a certain, amount of resistance and, the low-
er their resistance) the greater their ability to ceLduct or
carry current. This ability to carry current is called neon-
ductance"



..
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Sometimes it is more convenient to figure conductance instead
of resistance and therefore' we say the heater of the Ti tube:,
with resistance of 5 ohms, has a conductance of 1/5 rho,
Notice here, we turned the 5 over to 1/5 and spelled "ohm"
backwards, nnking it "ninon. Mc:mover a number is turned over
like this it is called A "reciprocal" therefore is the re-

ciprocal of 2, is the, reciprocal of 4 and so on.

You already know the total current of a parallel circuit is
equal to the sun of the currents in the branches of the cir-
cuit and therefore the ability -to carry current, or the con-
ductance of a parallel circuit, must ho equal to the sum of
the conductances of the branches.

Going back to Figure 9, tbe Ti tube branch, with a resistance
of 5 ohms has a conductance of 1/5 mho, the T2 branch with a
resistance of 2.5'ohms has a conductance of 1/2.5 or 2/5 nho
and the T3 branch, with a resistance of 1.25 or 5/4 ohms has

a Conductance of /4/5 mho. The total conductance will be the
sum of those three and, as the fractions already have "50 as
a common denominator, we sir ply add thoni. Thus 1/5 mho ÷ 2/5
mho+ 4/5 mho equals a total of 7/5 mhos

As conductance is the reciprocal of resistance and the total
conductance is 7/5 mhos, the total resistance must be 5/7
ohm, Dividing 5 by 7. to reduce the fraction, gives a re-
sult of .714 ohm, which checks with our former application. of
Ohmis Law for 2.5 volts at 3.5 amperes.

Here is another method by which you can arrive at the same
values. Instead of the supply and resistance of Figure 9,
suppose the tubes were connected across a supply which de-
veloped an electrical pressure of exactly one volt.

Then, by Ohnls Law, the Ti tube, with a resistance of 5 ohms
would have a current of 1/5 ampere, the T2 tube heater, with
a resistance of 2, ohms would have a current of 1/2.5 ampere
and the T3 tube, with a resistnce of 1,25 ohms would have a
current of 1/1.25 or 4/5 ampere,

The total current in the circuit would be 1/5 plus 2/5 plus
4/5 which, as we explained before, is equal to 7/5 amperes.
These values are exactly the same as ti oso given for the con,-
dUctances above. Therefore, you can think of the conductance
of a circuit, or branch, in mhos as numerically as equal to
the current the circuit or branch will carry at a pressure of
1 volt.

The rule for the conductance of a parallel circuit can be
stated: The conductance of a parallel circuit is equal to
the sum of the conductances of its branches.
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BRANCHES "IITH EQUAL RESISTANCE

Perhaps the most common tube boater circuit is made up with
several tubes of the same type connected in parallel. In that
case, the total resistance of the circuit is equal to the 'es-

istanco of one heater divided by the nuMber of tubes.

For example, suppose in Figure 9 all three tubes were like
T2 with a heater resistance of 2.5 ohms. Then, the total re-
sistance of the circuit would be 2.5 divided by 3 which is
.833 ohm.

Let's see if that is correct. By Oh; is Law, at 2.5 volts)
there will be 1 ampere in each heater and with three tubes
the total current will be 3 amperes. Then the total resist-
ance will be 2.5 volts divided by 3 amperes which is.833
ohm as above.

A common maintenance job is to replace or install a "Dropping"
or "Current Limiting" resistor in the position of "R", Figure
9, and the explanation just given will often be of great help.

PARAURL SERIES CIRCUIT

Unfortunately, all circuits are not built on the simple plans
of Figures but contain various arrangements of series
and parallel connections. To give you an idea of how this
is done, suppose we ark, required to operate tnree different
types of tubes using a 6 volt battery as a supply. Although
the conzon 3 cell storage battery develops 6.3 volts, for
simplicity it is customary to consider it as 6 volts. There-
fore, we will assume this value in our explanations of Figures
10 and 11. tOr the circuit of Figure 10, the heater of one
tube requires .25 ampere at 5 volts, another requires 1 ampere
at 2.5 volts and the third requires .25 ampere at 2 volts.

Thinking first of a series connection, we see the required
currents are not the same and no combination of heater volt-
ages will add up to an even value of 6. Therefore, we decide
to use the parallel connection of Figure 6 but also make use
of an additional resistance as explained for Figure 9.

Following this plan, we arrive at the arrangement of Figure
10 with branch "AB" that contains the 5 volt, .25 ampere tube,
"Tl", in series with Rl. Branch "CD" contains the 2.5 volt,
1 ampere tube, "T2", in series with R2 while branch "EF" con-
tains the 2 volt, .25 ampere tube, in series with R3.

Our job is to find what values of resistance are necessary
for R1) R2 and R3 in order that the tube heaters will'operate
under the required conditions of voltage. As a while, the
circuit may appear complicated but, by taking each branch
separately) we have nothing but a simple series circuit.
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Starting with branch AB, we know the supply develops .'6 volts
and the heater requires a drop of 5 volts. From our previous

explanation of a series circuit, we know there must:he_a drop
of 1 volt across R1 which, connected in series with T1, will
also carry a current of .25 ampere.

Thus, We know RI requires 1 volt drop and carries a current

of .25 ampere. Substituting these values into Ohm's Law, we

divide the voltage by the current and find a resistance of 4

ohtt is necessary,

FollOwing another method, we know the tube heater has a re-
sistance of 5 volts divided by .25 ampere or 20 ohms and, to.

allow .25 ampere at 6 volts, the branch "AB" must have a total

resistance of 6 volts divided by .25 ampere or 24 ohms-. RI

must therefore make up the difference and be equal to 24 - 20

or 4 ohms.

Following the same plan for branch "CIP R2 must :Cause a volt-

age drop of 6 - 2,5 or 3.5 volts while carrying a current Of

1 ampere. Substituting in Ohm's Iaw'its resistance must be

equal to 3.5 volts divided by 1 ampere or 3.5 ohms.

value R3 can be calculated on the same '

general plan and, if you care to figure it out, you -will find

it requ4sres 16 ohms.

Analyzing the entire circuit, you will find it consists of

three parallel branches, each of which consists of a tube heat-

er in series with a resistance. Thus there are three series

circuits connected in Parallel, an arrangement sometimes'known

as "Parallel Series".

SERIES PARAW1 CIRCUITS

In contrast to the arrangement of Figure 10, you will find

some circuits in which, various units are connected in parallel

and the parallel groups connected in series to each other to

make up a "Series Parallel" arrangement.

The variations of circuit arrangements are almost unlimited

and, for example, in a circuit like that of Figure 10, it is

quite common practice to use one large unit instead of three

separate resistors. As shown in Figure 11, by making connec-

tions at the proper points, the correct operating conditions

can be obtained.

Me will assume the tubes of Figure 11 are the same as those

of Figure 10, Ti requiring .25 ampere at 5 volts, T2, 1.00

ampere at 2.5 volts and T3, .25 ampere at 2 volts. The battetr

remains 'the same also but, tracing the paths of current, you

will find a difference. Here, tha current for all three- tubes'
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must pass through section R1 frcxn battery- "+" to junction "A".
At this point, the current for Ti passes on through. T1 to
junction "B" and back to the battery "-a, completing its cir-
cuit. From junction. "A", the current for T2 and T5 will pass
through. section R2 to junction "G" and here, the current for
T2 -will pass on through junction "D" and back -to battery "-0.
From junction PG11 the current for -T3 pass through section.
R3, junction "E" and the tube, to junction 11F" and back to
battery "--".

In the tracing of -current paths, it may help- you to thi,nk of
the -mires as water pipes and the battery or oth.er supply as
a water pump. You can then imagine that the water 'Leaves the
pump at the "+" or positive terminal, flming through the
-various pipes at rates of so many gallons per nute. To -make
the comparison canplete, you can consider that 03 of the
water must be returned to the pump in order to be recirculated
through the system of pipes.

.Che. eking back on this action and using the currelit values
given above, R1 will carry .25 + 1.00 4- .25 for a total of

empPres. Neglecting the other parts of the circuit for
a =anent, Ri is in series with Tl across a 6 volt supply.
Following the rules for series circuits, with a required 5
volt drop across Ti there must be a drop of 6 - 5 or 1 volt
across Ri. Thus, to produce a drop of 1 volt with a current
of 1.5 mnpere R1 mast have a resistance of 1 volt divided
by 1.5 ampere, or. 2/3 clEn which can be written .67 9hm.

Thus we have 5 volts across junctions A -B and require 2.5
volts across C -D which means there must be a crop of 5 - 2.5
or 2-5 volts across. R.2. As already explained, R2 carries the
current for T2 end T3 which, from values given, is equal to
1 + .25 or 1.25 anxperes. Substitu_ting.in Chnrts Law, the re

quired resistance for R2 is equal to 2.5 volts divided by
1.-2.5 =pares which is -2 nbrnri

Following the same plan with 2.5 vats across C -D and a re-

quired 2 volts across E -F, there must be a drop of 2.5 - 2 or
.5 volt across R3. However, R5 carries Only the .25 ampere
of current for T3 and4again substituting in Ohmis Law, we_.

Thad its value should be .5 volt divided by .25 ampere or
2.. ohms.

Tire want you to pay particular attention to the paths of ctur-
rent or what is often called -the "Distribution" of current
because that is extremely important in the ana4sis of all
except simple series circuits. As circuit action forms the
basis for most Radio and Electronic work, for our next Lesson,
we will give you furthnr-details of ,sind_lar circuits which
are in common use.
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In the former Lessons, we have given you a general explana-
tion of E2ectrical Circuits, the main principles of their
operation and the general methods of connection. Perhaps you
do not fully appreciate the importance of this subject but
let us r,mind you that, no matter what the purpose or type
of any electronic ircit, it must be a part of some circuit.

The earlier explanations included also the generallaws or
principles which apply to Series and Parallel Circuits and
emphasized the importance of Ohm's law. For. this Lesson
therefore, we are going to present additional details to show
how these laws and principles are applied for the sointion,
of practical circuit problems.

Let us repeat, all Radio and other Electronic units consist
mainly of a group or arrangement of electrical circuits, any
one of which may be classed as Series, Parallel or a combina-
tion of both. In order to do intel)igent work in design,
installation, operation or repair, you must be able to trace
circuits and know how to calculate the resistance, current
or voltage drop of each circuit or any of its parts.

This may sound like a large order but, in the following ex-
planations, you will find that it requires only the applica-
tion of the various laws, rules and principles of the former
Lessons. Therefore, to eliminate the necessity of a separate
review, same of the explanations, rules and illustrations
given here, have been taken from the former Lessons.

SE1.IES CIRCUITS

Starting with Figure 1 of this Lesson, we have a simple series
circuit, made up of the filaments of 5 tubes and a resistance,
connected across an ordinary 110 Volt House Lighting circuit.
As we will explain in the later Lessons, this circuit is com-
monly used in the "Universal" or "AC -DC" types of Radios,
Amplifiers and similar units.

The tubes are of the "6 Volt" types having filaments de-
signed to operate at 6.3 volts with a current of .3 ampere.
These values bring up the first problem because the circuit
has a 110 volt supply yet there must not be more than 6.3
volts across the filament of each tube. As the current is
the same in all parts of a series circuit, the entire arrange-
ment' of Figure I must have sufficient resistance to allow a
current of but .3 ampere at 110 volts.

By Ohm's Law, we know that resistance equals voltage divided
by current and thus, for the entire circuit, the resistance
must be equal to 1.10 volts divided by .3 ampere or 56.6.66
ohms which, to simplify the calculations we will consider
as 3'67 ohms.





Lesson FDM -14 Page 2

Following the same plan fer th6 filament of each tube, its
resistance is equal to 6.3 volts divided by 03 ampere whida
is 21 dhms.

As you already know, the total resistance of a series circuit
is equal to the sum of the resistances connected in series
and thus, in Figure 1, the total resistance of the five 21
ohm filaments will be equal to 5 x 21 or 105 ohms, Our for-
ter calculations show the circuit requires a total of 367
ohms and, as the tubes have but 105 ohms, the resistance R
must have a value of 367 - 105 or 262 ohms.

From our earlier explanations,
which the units are connected,
value is so small, compared 'to
for most practical work, it is

yOu know that the wires, by
will have resistance but this
that of the other parts, that
disregarded.

Checking back on the work use have done, all of the units of
Figure 1 are connected in series and therefore, the total
resistance of the circuit is equal to the sum of the separate
resistances.

Adding them up, we have

TUbe 1
Tube 2
Tube 3
Tube 4
Tube 5
Resistance
Total

R

21 ohms
21 ohms
21 011111,5

21 ohms
21 ohms

262 ohms
367 ohms

Figuring backward by Ohm's Law, for the entire circuit, the
Current is equal to Voltage divided by Resistance and 'lore
we have 110 volts divided by 367 ohms which equals .3 ampere,
the value which is required. To be more mathematically ac-
curate, 110 divided by 367 equals .2997 but, as gu dropped
the decimal from the calculated value of RU', we follow the
same plan here and consider .2997 as .3 ampere.

As many commercial resistors are made within but 10% of thair
rated value and as the voltage of the common types of supply
may vary by a similar amount, it is seldom necessary to use
decimals in work of this kind because it is customary to pur-
'chase resistors in values of even, tens, hundreds, thousands
and so on. As 10% of 262 = 26.2, then 262 26.2 = 288.2 aid

262 - 26.2 = 235.8, a 275 ohm or oven a 300 ohm resistor might
be installed in the circuit of Figure 1.

This difference between the commercial and calculated values
of a resistance may seem somewhat contradictory but you will
find it works out very well in practice. In this cases the
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higher value of resistance would provide protection against
high supply voltages. Therefore, unless special instructions

are given, you need carryout 7our calculations only until

they contain three numbers, regardless of the position of
the decimal point.

Applying this rule to the former example we have,

Total R = E = 566 ohms
I .3

Tube R = 21.0 ohms
I .3

I 3317161 = *299 amps.
7

For simplicity, we have not alwayS followed this rule in our
explanations but will allow full credit for all examination
problems worked by this plan.

VOLTAGE DROP

One action which often causes confusion is that which is
known as "Voltage Drop" and therefore we want to use the
simple cirOuit of Figure 1 to show het it works out.

To begin, we show a 110 volt supply -thich means there is a
difference in electrical pressure of 110 volts across its two
terminals. Thinking of one terminal as positive, or hawing,
the higher potential, there will be a drop of 110 volts liew
tween it and the negative terminal or wire. .As far as the
circuit is concerned, this drop is due to the voltage which
is lost in forcing current through the resistance of the
various parts.

To find out exactly what happens, you must remember that the
current is the name in all parts of a series circuit and one
form of almis Law states that Voltage equals Current times
Resistance. The values of the different resistances have
already been listed and, to find the loss or noltage Drop
across each of them, wee need only multiply by the value of
current in amperes.

Following this plan, we find

Across T1 21 ohms x 1,3 amp. * 6.3 volts

Across  21 ohms x .3 amp:* 5.5 volts

Across 21 ohms x .3 amp. = -643 volts

Across T4 - 21 ohms x .3 amp. 6;13 volts

Across Ts - 21 ohms x ;3 amp. = 6r3 volts
Across R - 262 ohms x = 78.6 volts

Total =110.1 volts



.
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Notice here, with the exception of .1 volt, due to the 1 dam
we added to the total resistance, the sum of the voltage
drops across the parts connected in series, is equal to the
voltage across the circuit. By making use of this fact, we
can more easily caleulate the required value of DRI! for
Figure 1.

For examole, five 6.3 volt filaments in series will have a
total drop of 5 x 6.5 or 51.5 volts across than while there
is a drop of 110 volts across the supply. As the drop across
the circuit must equal the supply voltage,:we subtract 31.5
from. 110 and find the drop across 1+R" must be 78.5 volts. As
the circuit carries .3 ampere, by Ohm's Law, R will have a
value of 78.5 divided by .3 which is 261.67 or 262 ohms.

Before going further, we want to mention another point which
often causes confusion. As far as the separate units of
Figure I are concerned, the order in which they are connect-
ed will not make any differonce. The resistance "1/11 could
be connected between T1 and the supply, or between any two
of the tubes without making any change in the values of volt-
age drop which have been given.

As we expini n later, the arrangement of the parts will
vary the voltage between them and the supply wires out, the
voltage drop across each will remain the same, regardlesS
of the order in which they are connected.

In general, Voltage Drop means the difference in voltage be-
tween the ends, or across the terminals, of a unit connected
in a circuit. Is shown by Ohm's Law, this difference of
Voltage is equal to the current, in amperes, times the re-
sistance in ohms. Notice here, as far as annts Law is con-
cerned, there is no difference between the Voltage Drop across
a resistance which is carrying current and the voltage which
is developed by a battery or other source.

For all series circuits, keep these Your points in mind.

1. The total resistance of a series circuit is equal to the
sup of the'resistances, connected in series.

2. At any instant, the current in a series circuit is the
same in all parts of the circuit.

5. The, sup of the voltage drops, across the parts of a
series circuit, is equal to the voltage across the entire
circuit.

4. The voltage drop, across any part of.a series circuit,
is proportional to the reeistance of that part.
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This last point may seem a little difficult to follow but,
going back to the circeit of Figure 1, we found each tube
filament had a resi-tance of 21 ohms while "R" had a resis-
tance of 262 ohms. Dividing 262 by 21, we find. R has 12p47
times the resistance of the filament.

Under these conditions, according to point 4 above, the vole
tage drop across R should be 12,47 times thnt across the
filament. Multiplying the 6.3 volt drop across the filament
by 12.47 we have 78.56 volts which practically checks with
our, former calculation. By using exact values, the results
will be exactly equal.

PRALLEL CIRCUITS

Fbr Figure 2, we have taken the tubes of Figura 1 and arranged
them so that the filaments can be operated proeerly by using
an ordinary 6 volt automobile storage battary as a sovrce of
supply.

Checking over the connections here, you will find there is a
complete circuit from battery 11-01 through each of the.fila-
merits back to battery In ,thee words, the filaments are
now connected in parallel across the battery.

As we explained in an earlier Lesson, the common type of
storage cell produces a pressure of 2,1 volts and, with three
of these cells in series, we have a battery which produces
3 x 2,1 or 6.3 volts. While this is commonly known as a 6
volt battery it actually produces 6.3 volts and therefore,
when connected as shown in Figure 2, each filament will
operate under the same conditions as in Figure 1.

Repeating the gdneral rule of a former Lesson, you know that,
connected in parallel, the voltaee across each filament will
be the same as that across the et:mit.

As far as the current is concerned, that -which passer; through
any one filament returns to the battery Lithout passing
through any other filament. To operate them all at the same
time'therefore, the battery rnu-t supply .3 ampere to each,
for a total of 5 x or 1.5 ampere, This merely brings out
the general rule of an earlier Lessoe that thu total current
in a parallel circuit is equal to the 51/19 of the currents in
the brabohes4

To find the total resfstance of the circuit of Figure 2, we
simply divide the voltage by the total current rhich gives
6.3 divided by 1,5 or 4.2 ohms. For each tube filament,
*which in this case i^ a branch of the parallel circuits we
have 6.3 volts and .3 ampere: therefore, as explained for
Figure 1, the resistance must be 21 ohms.
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In a former Lesson, we told you that when a parallel circuit
had branches of equal resi.tance its total resistance was
equal to the resistance of one branch divided by the number
of branchos. Applying this rule to Figure 2, we have five,
21 ohm branches and 21 divided by 5 equals 4.2 ohms as found
above.

Taking only the tube filaments of Figure 1, you will remember
that, connected in series, they require a total of 3/.5 volts
at .3 ampere. Connected in parallel, as in Figure 2, these
same filaments require 6.3 volts at a total current of 1.5
amperes. As we will explain in a later Lesson, electrical
power is equal to amperes times volts and, for Figure 1, we
have 31.5 volts times .3 ampere for a product of 9.45. For
Figuro 2, we have 6.3 volts times 1.5 amperes which again
gives a product of 9.45.

lee mention this fact merely to bring out another important
point. By making use of Series and Parallel connections, we
can operate properly -at the most convenient values of total
voltage and current but, regardless of the connections, the
amount of pooer remains Ile same.

For Parallel Circuits, ue want you to keep these points in
mind.

1. The voltage across the branches of a parallel circuit
19 thc, same as the volta:.,e across the entire circuit.

2. The total current in a parallel cirduit is equal to the
sum of the currents 'in the branches.

3. Viith branehes of equal resi.,stance, the total resistance
of a parallel circuit.it. equal to. the resistance of one branch
divided by the number of. branches.

COMNATION CIRCUITS

To provide proper operating conditions in the simplest arrange-
ment, series and parallel connections are often combined in
one circuit. To illustrate the method, for Figure 3 we have
a circuit made up of the batterY,T1 and T2 of Figure 2 while
the other tubes', T3, T4 and T5 are a type with a filament
which requires .06 ampere at 2.1 volts.

To simplify the circuit, we connect these three 2.1 volt
filaments in series to each other and then ounnect them, as a
unit, in parallel to the 6.5 volt filaments. From our
oxplanations of Figure 1, you know that throe 2.1 volt filaments
in series require a total drop of 6.3 volts and, from our
explanation of Figure 2, you know that, connected as a branch of
a 6.3 volt parallel circuit, they will be operating under the
required conditions.
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To allow a current of .06 ampere at 2.1 volts, the filaments

of T3) T4 and T5 each have a resistance of 2.1 volts divided

by .06 ampere, -which is 3.5 ohms and, connected in series,

their total resistance will be 3 x 35 or 105 ohms.

Thus branch flEFII of the parallel circuit of Figure 3, has

a resistance ,of 105 ohms and, at 6.3 volts, will allow a cur-
rent of 6.3 divided by 105 or .06 ampere. Branch "CD", con-

sisting of the filament of one 6.3 volt tube, with a resist-

ance of 21 ohms, carries a current of .3 ampere as explained

for Figure 2. Because it contains a similar unit, branch
"AB" of Figure 3 also carries a current of .3 ampere.

The total current of the circuit will thus be eqnal to .3 +

.3 + .06 which is .66 ampere and, by Ohm's law, the'total

resistance will be equal to 6.3 volts divided by .66 ampere

or 9.54 oh s.

Should you find the low total resistance of a parallel cir-

cuit rather confusing, a review of the former lesson on this

subject will be of help. However, the later Lessons of the

training -Till give you additional details.

VOLTAGE AND CURRENT RELATIONS

To carry these ideas a little further, suppose we are re-

quired to operate three different types of tubes using a 6

volt battery as a supply. As we have already explained, the

common 3 cell storage battery develops 6.5 volts but, for

simplicity, it is often considered -as 6 volts. Therefore,

we will assume this value in our explanations of Figures 4

and 5.

Although the circuits of Figures 4 and 5 appeared in an

earlier Lesson, we feel they are of sufficient importance

to warrant a review but now, will assume the following speci-,

fications for the filaments or heaters of the tubes.

Tl - 5 volts at .5 amp.
T2 - 2 volts at .24 amp.
T3 -.1.4 volts at .1 amp.

Checking these values, we find,

For R1: -

El = 6 - 5 = 1 volt
II = .5 amp.

ftl E 1
- = = ohms
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For R2:. -

For R3 : .^

/12 = 6 2 = 4 volts
12 = .24 amp.

E A
R2

2

= 724
= 1%-. ohms

E2 = 6 - 1.4 = 4.6 volts
13 . .1 aap.

R3 =1 = = 46 Ohms

RESISTANCES FOR VOLTAGE DROPS

Using the tubes and battery -of Figure 4, proper operating
conditions can be obtained with the arrangement of Figure 5
which is sometimes preferred because but one resistor cah be
installed, with connections or taps to provide the three
sections shown as R1, R2 and R3. HoWever, it is necessary
to calculate the required value of resistance -for each sec-
tion.

Po 'calculate resistance by Ohm's Law, it is necessary to
know the current and voltage values therefore we will analyu3
the circuit on this basis.

Starting with the curreni values, we know the tube specifi-
cations are as follows:

T1 - .5 ampere

T2 .24 ampere
T3 a ampere
Total - .84 ampere

Analyzing the circuit of Figure 5, we, see there are three
current paths which can be traced as follows:

Path 1, Battery +, R1 T1, Battery -
Path 2, Battery +, R1, R21 T2, Battery -
Path 3, Battery +, R1 R2, RG, T3, Battery -

Checking here, we find R1 is in all three paths and there-
fore must carry the current of all three tubes. R2 is in
the paths of To and T3 and therefore must carry the current
for these two tubes while R3 is in the path of T3 only.
From the values given, the currents for each section of the
resistance are:

- .5 + .24 + .1 . .84 amp.

Rw - .24 + .1 = .34 amp.

R3 - .1 = .1 amp.
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Notice here, the current in R1 is equal to the sum of the
currents in T1 and R2, while the current in R2 is equal to
the sum of the currents in T2 apd 1130 Thus, if *84 amperes
enters R1 fro% the battery positive, .84 ampere leaveA Ea
at junction A. Keep this fact in, mindbecause it is iMport-
ant and Lolds true for all circuits.

Thinking now of voltage, we know that every current path
across the source must have a total vtltage drop qual to
the supplyvoltage. As the batterydevelops 6 volts, in
terms of voltage drop, the paths dan be simplified by letting
El represent the voltage drop across RI, E2 the voltage drop
across R2 and E3 the drop across R3. Making these changes
we can write,

El + T1 = 6 volts
Ei E2 + T2 = 6 volts

El + E2 + E3 + T3 = 6 volts

According to the specifications of the tubes, T1 requires
6 volts, T2 requires 2 volts and T3 requires 1.4 volts there-
fore we can write,

E + 5 volts - 6 volts
El + E2 4' 2 volts = 6 volts

El + E2 + E3 + 1.4 volts = 6 volts

Completing the calculations for path number 1,

E1 5 volts = 6 volts

El = 6 - 5 volts
El = 1 volt

For the second path we can substitute .1 volt for El and find,

El + 2 volts = 6 volts
1 volt + E2 + 2 volts 6 volts

= 6 -. 2 - 1 volts
E2 = 3 volts

Following the spme plan for the third path,

E + E2 + E3 + 1.4 volts = 6 volts
1 volt + 3 volts + E3 + 1.4 volts = 6 volts

E3 + 5.4 volts = 6 volts
E3 = 6 - 5.4 volts

= .6 volt

With these values of voltage drops, the total for any of
the three paths is equal to the supply of 6 volts and thus
the operating conditions are correct.



_
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Checking back, we find our calculations have provided current
and voltage values for each section of the resistance there-
fore, by substituting in Ohm's Law, their values in ohms can
be found,

For R: -

For R2

For R3:-

.11 = .84 amn.

El = 1 volt

El
Ra =

1=
1.19 dims

12 = .34 amp.
E2 = 3. volts

= 1/2 =- 3 - 8.82 ohms
/2 .34

13 = .1 amp.
E3 = .6 volt
E3 .6

=
Is .

= 6 ohms
1

As the voltage and current values of the tube heaters are
known, their resistances can be found_ by Ohmts

For T1:-

T2:-

T3:-

.5 s

E 2
-8.1715 -ohnz

.24

.4
R = =-14 olms

Tabulating_ thfiresi
cirenit, we ha ve-

stance -7,11.1e,s- ,ye r4,13._the units in the

Ra =

-R2 - 8.82- dams

R3 = 6. Ohms
Ti = 10. ohms

T2 = 8.33 ohms

T3 = 14. ohms

Total = 48.34 ohms

licwever, the soppy develops 6- volts- to-aause a total .current
of .-84 ampere -and, substituting tbesev-llues in Ohm's Law,

6 q.14 alma
I ,84



\
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Our problem now is to apply the rules for series and parallel
circuits to prove that, when connected on the plan of Figure
5, the units with a total resistance of 48.34 ohms are equiva-
lent to a single resistance of 7.14 ohms, To begin, we want
you to keep these two general rules in mind.

1. Nhen separate resistances are connected in series, their
total. -resistance :is equal to the sum of the separate resist-
ances.

2. When separate resistances are connected in parallel, their
total Conduotande is eqtal to the sum of the separate condue-
tances. Revedberhere, conductance is the reciprocal of
resistance.

Starting at tha end of Figure 5, farthest from the supply,
we find R3 and T3.are in series across C-F. using the values
given above, we have 6 ohms of Ra in series with the 14 ohms
of T3 for a total of 20 ohms, or a conductanee.of 1/20nho.

As point F connects directly to point DI you will see that
112 is in parallel to the series combination of R3 and T340
Following the plan of the Lesson on Parallel Circuits and
considering T2 to have a resistance -c,f 8.33 ohms or a con-
ductance of l/8,33 mho, adding the conductances,

1= 1 1

R 8.33 20

and reducing to a common denominator

1 1 x 20 1 x8.33 20 7o..5.33
8.33 x 20 20 x 8.33 20 x 8.33

1 28.33 .17
R 166.6

Thus, the total conductance of these two parallel branches
is .17 mho and its reciprocal, the resistance, is equal to
1 divided by ,17 which is 5.88 ohms. In problem forml

1 = .17 R
R 1 1

= - = 5.88
.17

As this particular problem is quite common, it is customary
to work it out with letters, instead of numbers and thus
derive a formula which will apply to all cases. For example,
if we let R1 represent one resistance and R2 the second
resistance, connected in parallel to the first, following the
steps of the problem above,

1=1 4,1
R. Ri Rs
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and reducing to a common denominator

1 1 x R2 1 x Ri R2 R1,R

RI x R2 R1 x Re R1 x Re

Inverting to find the value of Resistance,

R RI R2
R2

which states, the total resistance of two parallel connected
resistances is equal to their product divided by their sum.
Substituting the former problem values in this formula,

R 20 x 8.33 166.6
20 + 8.33 - 28.33

= 5.88 ohms

Going back to Figure 5, we see this combination of T2,, R3
and T3 is in series with R2 and, fromt he laws of series
circuits, the values must be added to give

5.88 + 8.82 = 14.70 ohms

as the total resistance beyond points A -D. However, as point
D connects directly to point B, the heater of tube Tl forms
a parallel path across AD.

To find the equivalent resistance of this combination, we
will think of the 14.7 ohms as R1 and the 10 ohms of T1 as

R2:0,te substituting in the general formula,

x R2 - 14.7 x 10 147

R = RI + R2 14.7 + 10 24.7 = 5.95 ohms

However, as this combination is in series with Ri of Figure
5, we add its resistance of 1,19 ohms for a total of

5.95 + 1.19 = 7.14 ohms

which checks with the value found by substituting the values
of total voltage and current in Ohm's Law.

This plan can be applied to all ordinary circuits because it
is merely an application of the laws of series and parallel
connections. Starting at the branch farthest from the supply
and working back, series resistances are added and equivalent
values found for parallel resistances until the entire combi-
nation is reduced to a single equivalent value.

KIRCHHOFF'S LAWS

Reviewing our explanations of Figure 5, we traced the various
current paths and checked the division or "distribution" of



-
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current at the various junctions. Then, to check voltage
drops, we retraced the current paths to make sure the total
voltage drop was equal to the supply voltage. These same
general conditions apply for all circuits and are known
usually as Kirchhdffts Laws.

Kirchhoff's First Law states: Tne sum of all the currents
approaching any junction, in a network of electrical con-
ductors, is equal to the sum of all currents leaving it.
This is the law we followed in checking the values of current
in sections R1, R2 and R3 of the resistance of Figure 5.

Kirchh62fs Second Law refers to the Electromotive Forces,
or what we commonly think of as'voltages, and stares: The sum
of all the electromotive forces, around any closed current
path, is equal to the sum of Voltage Drops around the seine
path.

For this Lesson at least, you may find it easier to think of
this Law as simply stating that the sum of the voltage drops,
around any closed current path, is equal to the voltage across
the path.

We have already shown you that this is true for all the cur-
rent n-ths of Figure 5 and, as the later Lessons explain,
you will find it holds good for all circuits and parts of
circuits.

VOLTAGE DIVIDERS

no longer in general use for filament circuits, the
arrangement of Figure 5 is in common use for the plate cir-
cuits of R:kdio tubes, the resistances being known as a
"Voltage Divider". For Figure 6 therefore, we have made a
fe-7 changes in the layout of Figure 5 and shown the plate
circuits, instead of the Mr :pent circuits, for four tubes.

As you will learn lAer, plate currents of the ordinary tubes
are usually but a small fraction of en ampere and are there-
fore measured by the smaller unit, milliampere, 'which is equal
to one, one thousandth of an ampere. Also, the plate volt-
ages are comparatively high and therefore, for Figure 6, we
indicate a supply of 180 volts.

Calculations on circuits of this kind are made on exactly
the tame plan as explained for Figure 5 but you must remember
that, for Ohmts Law, the units are "Volts, Amperes and Ohms".

Therefore, when the value of current is stated in milliamperes,
abbreviated "K.A.", it must be converted into amperes before
substituting in Ohm's Law.
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This conversion is not at all difficult because of the ratio

of 1000 to 1 between the units. To change milliamperes into

amperes you divide by 1000 which moves the decimal point

three places to the left, as follows.

250 M.A. = .250 ampere
20 M.A. = .02 ampere

5 M.A. = .005 ampere.

Working the other way, to convert amperes into M.A., you

multiply by 1000 which moves the decimal point three places

to the right.

2. amperes = 2000 M.A.

.5 ampere = 500 M.A.

.03 ampere = 30 M.A.

.002 ampere = 2 M.A.

For example) suppose you want to find the resistance neces

nary to allow a current of 2514.A. when connected across a

200 volt circuit. Changing to amperes

,25 M.A. = .025 ampere

and substituting in Ohm's Law,

R = E = 200 - 8000 ohms.
.025

Going back to Figure 6, you will find there are five differ-

ent current paths and, starting at the supply positive, we

can trace them as,.'

Pob. -A- T1 -B-D-F Neg.

Pos. - A - -T2 D F - - Neg.

Pos. -A -R1 - R2 -F -r5 -Neg.

Pos. - A - R1 - RG - T4 -5 geg,

Pos. -A -.R1- 112 113 1/4 - Neg.

Checking back here, you will fina that sore parts of the com,,

plete circuit are in more than one path bup'each of the four

tubes and resistance RA ate in one path only. Therefore, if

we know the value of current in these five parte, it will be

possible to calculate the current in all parts.

To show you how this works out, we will assume the following

values of current are present. '

T1 - 2C M.A.
T2 $ M.A.

T3 - a M.A.

T4 - 2 M.A.
R4 - 10 M.A.
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From a practical standpoint, the currents in the various plate
circuits are necessary for the desired operation but the cur-
rent in R4 simply completes a path for no -apparent purpose.
Once again, we will refer you to the later Lessons for a com-
plete explanation of this type of path and, at this time
want you to try and remember only that it is known as a
"Bleeder" and carries the "Bleeder Current".

The total current in the circuit will be equal to the sum of
these branch currents and, adding the values listed above we
find a value of 48 M.A. which, as explained above, is equal
to .048 ampere. You can think of this current as leaving the
supply at the positive terminal and entering the circuit at
junction A.

Applying Kirchhoff isFirst Law, there will be 48 M.A. approaching
junction A from the supply positive and, checking on the
current paths and values given, 20 M.A. will leave A and pass
through Ti , As the sum of the currents leaving a junction is
equal to the total current approaching it, R1 of Figure 6
must carry 48 - 20 or 28 M.A.

Following the same plan, for junction C there is 28 M.A,
approaching and 8 M.A. leaving through T2 therefore R2 must
carry 28 - 8 or 20 M.A.

For junction B, there will be 20 LA. approaching with 8 M.A.
leaving through T3 and therefore R3 will carry 20 - 8 or 12
LA. For junction G, there will be 12 LA, approaching with
2 M.A. leaving through T4 and thus R4 will carry 12 - 2 or
10 M.A. which checks with the values given. For the complete
circuit we can now list these current values.

111 - 20 M.A.
T2 - 8 LA.
T3 - 8 M.A.
T4 - 2 M.A.

Ri - 28 LA,
R2 20 M.A.
R3 12 M.A.

R4 - 10 M.A.

Going further, you can see that the voltage across T1, or
junctions A and B will be equal to that of the supply. To
be absolutely accurate, we know the connecting wires have
resistance and will cause a voltage drop when carrying
currentbut for work of this kind, these values of resistance
and voltage drop are so small, compared to the other parts
of the circuit, that we do not consider them.

However, we will assume that, for proper operation, there
must be the f ollowing voltages.

Across Tl or A-B, 180 volts
Across T2 or C. D, 135 volts
Across Ts or B-F, 90 volts
Across T4 or G-H, 45 volts



,
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Notice here, points B, D, F, H, the lower end of R4 and the

supply negative are all directly connected and therefore we

assume there is no voltage drop between them. Under these

conditions R4 also connects across GE and therefore must have

a drop of 45 volts.

Applying KirchhoWs Second Law, the sum of the voltage drops,

around each uf the current paths, must equal the supply

voltage ,and thus, for the path through T10 thore will be

180 volts across A -B.

For the path through T2, which includes Ry the same condi-

tions hold true and, with but 135 volts across G --D, there

must be 180 - 135 or 45 volts across Ric With 45 volts

across R1 and 135 volts across T2 or C-D, the total voltage

'drop for this path will be 135 + 45 or 180 volts which is

equal to the supply voltage.

For the path through, T3, which includes R1 and R" from the
former assumed values we find 90 volts across T3 and E7 and

45 volts across RI for a total of 90 + 45 or 135 volts. For

R2, there must be 180 - 135 or a 45 volt drop. The total

Tor this path will be 45 volts across R1 plus 45 volts across
R2 plus 90 volts across T3 or EF which again is 190 volts

and equal to that of the supply.

For the path through T4, which includes R1, R2 and Rs we
follow the same plan but can write it out as an equation and
thinking only Of voltage or voltage drop, by substituting
nEtt for the corresponding HRH,

Supply = El + E2 + E2 T4

As we already know most of these values, we can write them
in, in place of the letters, and have

180 = 45 + 45 + E3 45

180 = 45 + 45 45 -I- E,

and adding, we find,

180 = 135

From this equntion we can see that -33 must be equal to the
difference between 180 and 135 and thus can write,

180 - 135

and subtracting,

45 = E
a



*
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Thus we know there Lust be a drop of 45 volts across R3 so
that the sum of th3 voltage drops, for the path through T4,
will be equal to the supply of 180 volts. Also, as R4 is in
Parallel to T4, from the laws of parallel circuits we know
tho voltage across ft must, be the same as that across T4, or
45 volts.

From a practical standpoint it is often necessary to calcu-
late the value of resistance which, under the required con-
ditions, will cause the necessary voltage drop. Checking
back on our former explanations, we find resistance RI. carries
a current of 28 M.A. and requires a drop of 45 volts.

lith this information we simply substitute in Ohm's Law.

E
hi = =

45
- 1607 ohms

I .028

As commercial resistors are usually made within but 10% of
their rated value, which is in even tens, hundreds or thou-
sands of ohms, a 1600 dtn unit would be satisfactory under
these conditions.

Following the same plan, we find R4 carries a current of 20
M.A. and requires a dropof 45 volts. Substituting in Ohm's
Law,

E 45R2 = - =
I .C2

= 2250 ohms

In the same way,

E 45R3 = = .012 . 3750 ohms

R4 =I =
.01

= 4500 Ohms

There are several points we want to mention before going
further. First, we assumed certain values of voltages and
current in order to make our explanations complete but, the
same plan can be used for the recluired values of any circuit.

Second, as far as Ohm's Law is concerned, the voltage pro-
daced by a battery, or other source, is exactly the same as
the voltag drop across a resistance which is carrying cur-
rent.

Third, with known or assumed values of currant and voltage,
Ohm's Law can be employed to find the values of resistance
which will cause the required conditions. Mile this is tho
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usual problem in practice, the same general plan can be em-'

ployed to find current values, when'voltages and resistance

are known or to find voltage values) when currents and re-

sistances are known.

Fourth, by applying Kirchhoff's Laws to the circuit, two

values, known or required, ea-n*13e determined and substituted

in Ohm! s Law to find the third.

BIAS VOLTAGE

As you will learn later, the proper operation of the ordinary

vacuum tube requires a direct current supply for both the

grid and'plate circuits. The plate is connected so as to be

positive, in respect to the other elements'of the tube while

the grid is connected so as.to be negative) in respect to

the other elements of the tube. Also, as explained for

Figure 6, the usual plate circuit carries an appreciable

amount of current, while the current of the ordinary grid

circuit is so small that we do not consider it.

Any questions you may have, in regard to these requirements,

will -be fully -answered in the'later Lessons but, at this

time, we want to show you how, with but a single supply, the

plate can obtain its positive voltage while the grid is given -

its negative or bias voltage.

For Figure 7, we have redrawn the circuits of Figure 6 but

have added resistance R5 and connected the combination across

a 220 volt supply. Checking through here, you will find we

again have the five current paths of Figure 6, all of which

return to junction J and continue to the supply negative

through R5 and junction K.

From our former explanations you know that, if R5 is in all

paths, the amount of current it carries must be e-lual to the

sum of that in the separate paths. Using the values assumed

for Figure 6, here R5 will carry the total current of 48 LI.A.

of .048 ampere.

Our examination for Figure 6, proved a drop of 180 volts

across A -J of Figure 7 and thus, with a 220 volt supply there

must be a drop of 220 - 180 or 40 volts across R5. Follow-

ing the former plan,

'
=

.048 -
833 ohms

The point we want to emphasize here is the relationship be-

tween current, voltage and resistance. From our former cal-

culations, R4, with a resistance of 1500 ohms and a current
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of 10 ma, caused a drop of
tance of but 833 ohms, and
of 40 Volts. When vorTing
make the common mistake of
and ignoring the third.

45 volts while for R5, a resis,.
a current of 48 ma, caused a drop.
on circuits of this kind, do. not
considering but two of the factors

Going back to the explanations of Figure 6, there will be a
180 volt drop across A-J of Figura 7 because the circuits are
identical up to this point. Adding the 40 volt drop across
Rs, which is a part of all the current paths, the total drop
is 180 + 40 or 220 volts, equal to that of the supply.

As we explained in the earlier Lessons, voltage is really a
dif'erence uf pressure and, for simplicity, we can think of
the supply negative as zero pressure. By tnis plan, junction
A will be + 220 volts in respect Lo juncLion K. However, as
Me: found a 45 volt drop across R11 junction C will be 220 45
or +175 volts in respect to L.

Looking at these voltaEe value a in the other way, if A is
+220 volts and C is +175 volts, then C must be 220 - 175 or
45 volts negative in respect to A. Remember here, voltage
is a difforence of pressure between too points and any one
point can be positive or negative, by so many volts, only
in comparison with some other point.

Repeating the values just given, mhen point K of Figure 7 is
considered as 0, point A is +220 volts and point C is +175
volts. However, should we consider point A as the 0 or
reference point, then point C will be -45 volts and point K)
-220 volts. !Notice here, the voLta e, or differonce in
pressure between any two points remains the same no natter
which point is used for reference. Should we consider point
C as, the zero or reference point, then point A will he +45
volts and point K be -175 volts.

AS me have already told you, point K connects to the supply
negative and there is a 40 volt drop across R5, Therefore,
point J is +40 volts in respect to point K. However, point
J connects to poiots 11, F, D and B and as far as the tubes
are °unearned, is really toe negative side of their circuits.
As the tubes are the useful units trio circuit, it would
seem reasooable to select point J as the zero or reference
point for all the other voltages and this plan is fullowed
in most practical, work.

lath "J" as the reference point, "G" will be +45 volts, E
will be +90 volts, C will be +135 volts and A will be +180
volts as there is a drop of 45 volts across each of the
resistances, R1, R2, R3 and R4. You mill notice also that
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these values agree with those worked out for Figure 6 and

the, the tubes of Figure 7 will operate under exactly the

same conditions.

With a 40 volt drop across R5 and HJII as the zero or refer-

ence point, point X, which connects to the supply negative,

must be listed as -40 volts. Thus, by properly selecting

the reference point, a single supply can be used to furnish

both positive and negative voltages.

For example, connected to point 0, as shown in Figure 7, the

plate of tube T4 is 45 volts positive in respect to point

0J11 or the filament of the tube. By connecting this plate

to point nil', it would be 40 volts negative, in respect to

point 11J or the filanent.

Perhaps some of these explanations may seem somewhat diffi,-

cult to follow but we want you to think of then as nothing

but an application of the laws for series and parallel cir-

cuits. As many of the common circuits are a combination of

both series and parallel connection, the use of Kirchhars
laws simplifies the various problems which cane up.

The various explanations which we have given refer toOondi-

tions which will be found in your everyday Work and therefore

we can riot over -emphasize their inportance.
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"Letting well enough alone" is a foolish motto in the life
of anyone who wants to get ahead. In the first place,
nothing is "well enough", if you can do better. No matter
how well you are doing, do better. There is an old Spanish
proverb which says, "Enjoy the little you have while the
fool is hunting for more". The energetic American ought to
turn this proverb upside-down and make it read, "While the
fool is enjoying the little he has, I will hunt for more",

Arthur Brisbane
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Among other things, in the former eyplanatiors We have given
you details in regard to Electrical Circuits, 'Wrirec and Vlire
Tables, Units of Leasure, Batteries and '.Peters. Perhaps you
have wondered why we selected such a variety oP subjects but,

-

as you rill soon learn, all of them are needed to understand
the actions which occur in even the simplest Radio Circuits.

To illustrate, for this Le. -son we are going to Eholm you how
all of the above subjects are needed for the callmon methods
of measuring resistance values. As we have already told you,
resistance is an all important quality of electrical circuits
and resistance units are used do largo numbers for most Radio
apparatus.

Because of this condition, you can understand that some 17,clans
of resistance measurement is noces-ary. While many different
methods have been devised, all el them are based on the rela-
tionship of voltage, current and resistance, as axprossed by
Ohmts Law.

In the following; explanations, We are going to take up the most
common methods SO tha'G, whenever the occasion arises, you will
be able to make resistance measurements with whatever typo of
instruments are available.

VOLTkETER A;VMgTER .141HOD

For resistance measurement,, the mo-t direct application of
OhmTs Law is the Voltmeter -Ammeter method as shown by Figure
1. Eere, we have an ordinary automobile battery "En, as the
source of voltage, a'resfstor of unknown value, OR H, a volt-
meter and an ammeter.

These units are wired as shown by the double lino and you will
find one current path from one battery terminal through the
ammeter and resistance and back to the other battery terminal.
From the earlier Lesson on Meters, you know the a,aoter will
indicate the -value of the currant in the circuit.

There is a second current path fr3m ore batter:- terminal,
through the voltmeter and back to the other battery terminal.
Again, referring to the Lesson on ibters you knoll this
instrument will indicate the circuit voltage.

Thus, the meters indicate the values of voltage and current
and, by making use of Ohmis Law, which states Resistance is
equal to Voltage divided by Current, the value of the resis-
tance can be found. For example, if the Voltmeter reads 6
and the ammeter reads 2, the resistance is equal to 6 divided
by 2 which is 5 ohms.
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In this arrangement, the possibility of error is due to the
fact that the voltmeter is connected across both the resist-
ance and the ammeter and therefore, the calculated value of
resistance will be that of the resistor plus that of the
meter. Fortunately, the resistance of a good ammeter is
quite low and therefore, if the value of the resistance is
comparatively high, the error will be small. Thus, the
arrangement of Figure .1 is useful mainly for the measurement
of comparatively high resistance values.

To overcome this type of error, the arrangement of Figure 2
may be employed but, before explaining its action, we want
you to study the simplified drawing. The battery is indica-
ted by a series of alternately long and short lines, each
pair representing one cell of the battery.

This is what we call a nSymboln, and it is really a form of
shorthand as it allows a circuit to be drawn quite rapidly
and yet include all the required information. As mentioned
above, each pair of lines in the battery symbol represents
one cell of a battery and the longer narrow line is the posi-
tive while the shorter, thicker line is the negative.

By the same plan, resistance is indicated by a zig-zag line
which is also included in Figure 2. Commercially, all cir-
cuit diagrams are drawn with symbols and, as one important
purpose of this program is to teach you how to read circuit
diagrams, we want you to compare Figures 1 and 2 very care
fully.

You will find that, with the exception of one voltmeter con-
nedtion, both circuits are electrically the same. In Figure
1, the voltmeter connects across both the ammeter and resist,-
ance while, in Figure 2, the voltmeter ,connects across the
resistance only.

The term nacrose is quite .common in electrical work and as
explained above, simply means all unite which forma path
between the voltmeter connections. Thus, in Figure 1, the
voltmeter is connected across the battery as well as across
the ammeter and resistance.

Going ahead to Figure 2, there is one current path from the
battery through the ammeter, resistance and back to the bat-
tery. Thera is also a current path from the battery, through
the ammeter, voltmeter and back to the battery.

Thus, the ammeter will indicate the total current in both
paths but the voltmeter will indicate only the voltage across
the resistance. As good voltmeters have a comparatively high
resistance and therefore carry but a small current, for lower
values of resistance which allow higher values of current,
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the voltmeter current will cause but a slight error in the

ammeter reading.

As explained for Figure 1, in Figure 2, the resistance will
be equal to the voltage, as indicated by the voltmeter,
divided by the current, as indicated by the ammeter. To reduce
the errors, caused by the meters themselves, the arrangement of
Figure 1 is more accurate for measuring high resistance values
while that of Figure 2 is more accurate for measuring low
resistance values.

SUBSTITUTION /ETHCD

In the substitution method of resistance measurement a
resistor of known value is substituted for one of unknown
value and, When the current is the same for both, their
resistances are equal.

The circuit arrangement is shown in Figure 3 and here we have
used three more symbols. The meter is indicated by a circle
with a letter to indicate its type. Here, "A" stands for
ammeter. A switch is shown by two dots with a diagonal line
drawn from one of them. The fixed resistor has the symbol
explained for Figure 2 while a variable resistor is indicated
by the sane symbol but with a diagonal arrow drawn through it.
The variable resistance of Figure 2 is actually,a rheostat as
explained in the Lesson on resistors.

To operate this circuit, the rheostat "R" is arranged with
some sort of a dial -which indicates the exact amount of
resistance in the circuit and technically we say it is
"Calibrated".

With the Units connected as shown, both switches are open and
switch No. 2, "SINZ" is closed first to allow current in the
meter and unknown resistance "Rx". The meter reading is noted
and "SW2" is opened.

"SW1" is then closed, to allow current in variable resistance
"R" which is adjusted until the meter indicates the same value
of current as noted for "Rxit when "SW2" was closed.

As the voltage "E" is the same in both cases, with equal
current and resistances must also be equal and therefore, the
value shown on the dial of the calibrated resistance is also
the value of the unknown resistor "Rle The accuracy of this
method depends mainly on the accuracy with Which the dial of
the variable resistance is calibrated.

HALF SCALE DEFLECTION METHOD

A somewhat similar arrangement is shown in the circuit of
Figure 4 except here, there is but one current path through
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both resistors. Closing the switch"shorts out" the call,
brated resistor because the resistance of the switch is
practically as low as that of the connecting wires.

To operate this circuit, the switch is closed and the current,
indicated by the rater, is noted. The switch is then opened
and the calibrated resistance adjusted until the meter ihdi
cates a current exactly one half of its former value,

This condition indicates that the resistance in the circuit
has been doubled because, according to Ohm's Law, with the
voltage remaining the same, doubling the resistance will
reduce the current to one half of its original value.

With but two resistors in the circuit, and the total resistance
value doubled, each must have the same value. Therefore, the
value of the unknown resistor "Rx" is the same as that shown
on the dial of the calibrated resistor "R".

VOLTNETER AND STANDARD METHOD

The circuit of Figure 5 is similar to that of Figure 4 but
here the resistance "R", called a standard, is accurate
withih 1% or less of its rated value. The battery "E" and
unknown resistance "Rx" are the same as before.

There are two general methods which may be followed here.
First - the voltmeter is connected across the standard
resistance, as shown by "Va," of Figure 5, and its reading in
volts, together with the known value of the standard resistance,
make it possible to use Ohm's Law to find the current in the
circuit. You will remember Ohm's Law states, Current equals
Voltage divided by Resistance therefore it is necessary only
to divide the voltmeter reading by the "OHNS" value of the
standard .resistance.

The voltmeter is then connected across the unknown resistance,
"R " as shown by "V2" of Figure 5, and Ohm's Law is used

.

agaxIn. Now we know the value of current, from the readings
already made, and use the form of the Law which states,
Resistance equals Volts divided by Amperes. Remember here, the
voltage is that value shown by the meter reading "V2" and the
current is the value found from the voltage reading "Vi" and
the standard resistor "R".

Second - looking at the circuit of Figure 5, you will see
there is but one path for the current, from the battery through
"R" and "R 7P back to the battery. Therefore, the current in
both resistances must be of the same value because all of the
current in one must pass through the other.
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According to Ohm's Law, VOltagezis equal to Current times
Resistance and thus, when the current is the same in two
resistances, the voltage across them will vary in proportion
to their resistance values.

For example, suppose "R" of Figure 5 has a value of exactly
1000 ohms, "V1" reads 2 volts and "V2" reads 4 volts. From
the explanation above, we conclude- that as the reading of
"Vz" is twice the value of that shown by "1/1", "R x" must have
twice the resistance of "R". As we know "R" has a resistance
of 1000 ohms, "Rx" must have a resistance of 2000 ohms.

VOLTMETER METHOD

For Figure 6 we show an arrangement similar to that of Figure
5 except that here, the known resistance is the resistance
of the voltmeter itself. host commercial voltmeters are
rated at so many "Ohms per Volt", which makes it easy to
calculate their total resistance.

To illustrate this procedure, we will assume that "V" of
Figure 6 has a sensitivity of "1000 ohms per volt" and its
scale reads up to 10 volts. Its total resistance then is
equal to 10 times 1000 or 10,000 ohms.

To use this information for resistance measurement, the volt-.
meter is first connected across the battery to determine the
total voltage of the circuit. The unknown resistor "Rx" is
then connected as shown and the meter reading taken again.

Using the value of the illustration above, we will imagine
the first reading was 6 volts and the second reading 2 volts.
Following a plan similar to that explained for Figure 5, if
the battery develops 6 volts and the meter reads 2 volts there
must be 6 - 2 or 4 volts across the unknown resistance "Rx".

This is twice the voltage indicated by the voltmeter and there-
fore "R " must have twice the resistance of the voltmeter.
With the assumed value of 10,000 ohms for the voltmeter,
the unknown resistance "Rx" must have a value of 2 x 10000 or
20,000 ohms.

By this time you may have noticed that all of these methods
merely enable you to find two values and then, by using Ohm's
Law, to calculate the third or desired value. However, for
the Substitution and Half Scale methods of Figures 3 and 4$
no calculations are necessary, the work having been done when
the variable resistance was calibrated.

For the other methods, using ordinary voltmeters and ammeters,
the values shown by their readings must be substituted in
Ohm's Law and the value of resistance found by calculations
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,Mile we feel it essential that you know how to make these
calculations, in many commercial applications, the meters are
arranged to read the value of resistance directly in ohms.

DIRECT READING OHMMETER

The circuit of Figure 7 is an application of this idea and
the meter is marked "MA" because normally, it measures Mani.-
amperes11. Back in the Lesson on Wire Measurement, re told you
a was a unit of measure equal to one one thousandth of
an inch. Here, we are using the same prefix and a 'frail -ampere
is a unit of measure equal to one one thousandth of an ampere.
To make the pronunciation easier, the other letters are added
to make the term, ItMilliampere".

Going back to Figure 7, the meter is built so that a current
of one milliampere, one one thousandth of an ampere, will move
the pointer all the way across the meter scale. Technically,
we say a meter of this type requires a current of one milli-
ampere for Scale Deflection".

The circuit includes a battery nEn, a variable resistance
nRu and an unknown resistance Rx but, before any. measure® '
musts can be made, the variable resistance must be adjusted,
To do this, the unknown resistor is taken out of the circuit
and the variable resistor is connected fztn the meter directly
back to the battexy and then adjusted until the meter
indicates full scale deflection.

After this has been done, the unknown resistance is replaced
and, as you already know, adding resistance to a circuit will
reduce the current, provided no other changes are made. There..
f ore, as increasing values of resistance are connected in the
position of fiRxu, Figure 7, the meter will indicate .lower
current values.

To make a direct reading ohmmeter, the meter scale is marked,
not in the value of current actually in the meter but, in the
values of added resistance which cause the current to reduce,

For example, with the variable resistance connected back to
the Battery direct, there is no 11Rx in the circuit and, when
Ro is adjusted for full scale deflection a 1109 is placed at
that point on the HORNS scale of the meter.

Then, suppose a standard resistance of 1000 ohms is connected
in the position of IiRx. The current will reduce and the
meter hand will drop back but, at the point it stops, the
numbers n00011 are placed on the MKS scale.

By following this plan, with different values of standard
resistances, a complete n0hmso scale can be laid out and then,
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When'some unknown resistance is connected in the nosition of
"Rx", the meter will indicate its value on the ohm scale.

Commercial meters of this type, found in modern Radio test
equipment, will measure resistance values from a few ohms up
to several million ohms. However, due to the sensitivity of
the meter, this arrangement is not sufficiently accurate for
measuring low values of resistance.

BACK UP SCALE

To overcome this difficulty, the arrangement of Figure 8 is
now in quite common use because, by simple switching arrange-
ments, it can be combined with the circuit of Figure 7.

Here again, there is a current eath from the battery, through
the meter and variable resistance beck to the battery. As

7a5tplainDd for Figure 7, with Mx" out of the circuit, the
variable resistance is adjusted to provide full scale deflec-
tion of the meter.

This time, the unknown resistance is connected across the
meter and, as it will sort of "side trEck" some of the current
around the meter, we say the unknown resistance is "shunted"
across the meter..

The circuit current will divide, part of it passing through
the meter and part through the shunt resistance 'Tx". The

lower the resistance of the shunt, the more current it will
carry and thus the meter reading will be lower.

As explained for Figure 7, here ag-ain we can connect known
values of resistance in the positions of "R ", Figure 8, and
mark the point, where the meter hand comes o rest on the
scale, in the proper value of ohms,.

In the circuits of Figures 7 and 8, the variable resist,)nce
"R" w111 have a value of several thousand ohms while the meter
itself, has a value of 100 ohms or less. Thus, to cause half
scale deflection, in Figure 7, "Rx" must be coual to .R" with
a value of several thousand ohms while in Figure 8, "Rx" must
have a value equal to that of the meter, 100 ohms or less.

In general, both circuits operate on the same plan and from
the values given above you can understand why that of Figure
7 is used to measure high resistance values while that of
Figure 8 is used to measure low resistance v:lues. Later on
in the training, we will show you how one meter can be made
to act as a voltmeter nd ammeter as irell as 'n ohmmeter.
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WE EATSTONT+3 BRIDGE

Cne of the oldest, and still common Laboratory methods of
measuring resistance, as well as other electrical quantities,
is the WhLatetone 'bridge shorn diagrammatically in Figure 9.
Chocking thc, comp)neni, parts, you Z ill find a battery or
source of voltage "E" four resistances, "R1,11,1RE", "Re, and
"Rx togetherwith an instrumeet, usually a Galvanometer, "Gil.

Tracing the circuits and neglecting the meter, you will find
t%o curr._;nt paths across the battery "E". Cno path through
"Re and HRB" in series, with the second path through "Re"
and "Rx" in series but, with the paths in parallel to each
other. As the 1,oter fs "Bridged" across from one path to the
othr the arrangment is knuln as a. "Bridge" circuit and
named after it inventor, sir Charles JheatsteLe, an English
physicist.

To understand the action, there are two main points to remem-
ber. First, the voltage across a resistance is equal to the
value of the resistance, in ohms, times the current it i9
carrying, in amperes. Technically, this is often called the
"IR" drop and is taken from that form of Ohmts Law which
states, E = IR. Second, with no voltage across a circuit,
there will be no current in it.

Unlike many measuring instruments, the values of the Bridge
resistances are adjusted until the meter reads zero to indi-
cate a balanced condition or what is often known as the "Null"
point. Electrically, this condition is reached 14hen the vol-
tage drop across "Re, Figure 9, is equal to the voltage drop
across "Re.

As both these resistances connect, to one side of the supply
"En and both have the gaLe voltage drop, there will be no
voltage drop, or difference of'potential across the meter,
therefore, it will road zero. To express this equality in
the form oi an equation, we can ,1-.5.te,

IR = I2R0

Then, as the total velteee across each current path is equal
to the supply voltage ane, for series circuits, the total drop
is equal to the sum of iinitage drops across the Darts connected
in series, when the above equatien is true, it follows that,

IlRB = I2RX

In a parallel circuit, the currant divides inversely as the
resistance of the branches and, to ffnd this ratio for Fizure
9, we divide ono equation by the other to have,
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I1RA 12R0

IlRB ~ I2Rx

but here, the current values cancel out to leave,

RA RC
RB Rx

which shows the relationship between the various resistances
and is known as the fundamental equation of the bridge.

In practice, resistances in the positions of H4A", "RB" and
"Ro" of Figure 9 are of known value and thus, by making use
of the fundamental equation, the value of the unknown resis-
tance "Rx" can be found. To simplify the calculations, the
terms of the ratio can be transposed to,

Rx = R0 x
RB

11

which states that the value of the unknown resistance js
equal to the value of the resistance in series with it times
the ratio of the value of the resistances in the parallel
branch. Therefore, resistances in the position of "RA" and
"RB" are often called the "Ratio Arms" while the resistance
in position "Re is variable and known as the "Rheostat Are.

To illustrate, suppose "Re has a value of 2 ohms, "Re a
value of 10 ohms and "Re'a value of 4 ohms when adjusted so
that the meter reads zero.

Substituting these values in the equation,

Rx =RG x
RA

Rx = 4 x
2

Rx = 4 x5

Rx = 20 ohms

To check up, we will assume "8" has a value of 6 volts and
then, for the "Ii" path,"RA" and "Re are in series for a
total of 2 10 or 12 ohms. Using Ohm's Law,

g 6
= = = ampere
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For the "Is" branch, "RC" and "Rx" are in series for a total of
4 + 20 or 24 ohms and thus,

= E =
24 4

= ampere
2 R

Knowing the resistance and current values, it is a simple
matter to calculate voltage drops by using the relationship

E =IR
For RA, E = 1/2 x 2 = 1 volt
For RC, E = 1/4 x 4 = 1 volt

Therefore, with equal voltage drops across "RA" and "Re" there
will be zero voltage across the meter and it will read zero.

For RB, E = 1/2 x 10 = 5 volts
For Rx, E 1/4 x 20 = 5 volts

Which proves the bridge is in balance and there is a 6 volt
drop across each current path.

Notice here, the current in the two paths does not have to
be equal end multiplying the value of "Re" by the ratio of
"Re" to "RA" gives the value of the unknown resistor "Rx".
By changing the ratio of "RB" to "RA" an extremely wide range
of resistance values can be spanned with an accuracy deter-
mined by the accuracy of the known values of resistance.

There are many variations of the circuit of Figure 9, one
common form being shown in Figure 10. Compared to Figure 9,
resistances "RA" and "RB" consist of a straight piece of wire,
mounted usually on a good stock and equipped with a sliding
contact connected to one terminal of the indicating meter.
Because of this construction the arrangement is known as a
"Side Wire" Bridge.

Electrically, the circuits of Figures 9 and 10 are alike and,
as the resistance of the wire is uniform, the positions of
the sliding contact determines the resistance ratio of "RA"
and "RB". The value of "Re is known while "Rx" is the un-
known value which is to be measured.

In operation, the circuit is connected as shown and the sliding
contact adjusted until the meter reads zero and the bridge is
balanced. The ratio of "RA" to "RB" is then used as the scale
and multiplied by the value of "R0" as explained for Figure 9.

As shown in 'Figure 10, the sliding contact is 21/2 main divisions
from the left on a scale which reads from 0 to 10. Thus, "RA"
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has a length of 2 while ORB" has a length. of 10 - 2 or 71'.

Therefore, the ratio:-

ER 4. . 5
RA 4

Assuming "R n" to have a value of 5 ohms, these values can be
substituted in the formee given for Figure 9, to findt

RB
R = R x

Rx = 5 x 5

Rx = 15 ohms

Should the bridge balance with the sliding contact at "5" on
the scale, the ratio of "RA" to "Ile would be 5/5 or 1 and,

Rx = 5 x 1

Rx = 5 ohms

However, if a balance was obtained with the sliding contact
at 71 on the scale,

Rx = RC x

Rx = 5 x -61
7i

R.x= 5 3C 1/5 =11 ohms.

You will find many variations of bridge circuits, some. of
which are arranged to measure the values of other electrical
components but, in any case, the general plan remains the
same with readings taken only after the bridge has been bal,
anced.
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"All the genius I have lies in just

this: When I have a subject in hand
I study it profoundly. Day and night
it is before me. I explore it in all

its bearings; my mind becomes filled
with it. Then the effort which I make
people are pleased to call genius. It

is the fruit of ],abor and thought. 11

Alexander Hamilton
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In former Lessons we have explained the uses'of voltmeters
and milliameters for circuit testing. 'Here, we want to show
you how, simply by changing the circuit, one meter movement
may be employed for several different tests, among which are
d -c current, a -c and d -c voltage, Resistance and Capacity.

By looking through any test equipment catalogue, you will
notice instruments which incorporate some, or all, of the
above features, the different tests being made available by
separate terminals) push buttons or other switching arrange-
ments. To make our explanations simple, we will take up each
feature separately, using the same movement in all explana-
tions, and then combine them into a complete "Analyzer".

MILLIAMETER

Practically all of the Direct Current meters, used for test-
ing Radio and other Electronic equipment, employ the D'Arsonval
movement which has been pruviously explained and if you have
forgotten the electrical action, a review will be of benefit
before going ahead. In Figure 1, we show a diagram of this
type of meter with its permanent magnet and moving coil wound
on a cylinder placed between the pole pieces. The coil can
be wound with any number of turns which, together with the
strength of the magnet, will determine the amount of current
necessary to pull the pointer all'the way across the scale.
To make our explanations definite, we will assume that the
coil is wound so as to have a d -c resistance of 50 ohms and
requires a current of 1 ma for full Scale deflection. Far
this reason, the scale is calibrated, in:equal divisions,
from 0 to 1.0, and marked "Milliamperes".

Now, suppose the circuits we are testing often have current
values up as high as 100 ma, but we do not want to use
another meter. From the study of parallel circuits, we re-
member that the -current divides inversely as the resistances
of the branches, therefore decide that a resistance, in
parallel'to the meter movement, will allow higher current
readings. Back in the Lesson on meters, we explained this
action and called the added resistance, a "SHUNT" but here)
to secure a wider range of readings, we use two shunts and
designate them as S1 and S2.

At the left of Figure 1, we show the negative terminal con-
nected to one side of the moving coil. At the right, we
have the positive terminal which connects to the other side
of the moving coil. Connecting the meter in a circuit, with
the rotary switch in the 1 ma position, will cause it to
read according to the scale markings because n11 current in
the circuit will be carried by the moving coil.
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To make the meter indicate 10 M.A., it can carry but 1 M.A.
in the moving coil when there is a total current of 10 M.A.
in the circuit. Therefore, with the switch in the 10 M.A.
position, the shunt, Sl, will have to carry 9 M.A. when the
moving coil has 1 M.A.

As the shunt is to carry 9 times the current it must have 1/9
the resistance of the moving coil and be connected in parallel
to it. We stated the moving coil had a resistance of 50 ohms
and therefore the shunt, Si, must have a resistance of one
ninth of 50 or 5.55 ohms.

Trace the circuits of Figure 1, with the rotary switch in
the 10 M.A. position, and you will find the shunt 51 and the
moving coil in parallel between the positive and negative
terminals. As the shunt has 1/9 the resistance, it will
carry nine tines the current of the moving coil or .9 of the
total current in the circuit. Therefore, the moving coil
will carry but .1 of the total current and, to read the value

of total current, the indication on the scale must be multi-
plied by 10.

In the same way, to read circuit current values up to 100
M.A., the shunt S2 will have to carry 99 M.A., when the mov-
ing coil carries 1 M.A. To do this, the shunt must have but
1/99 of the resistance and figuring as before, 1/99 of 50
ohms is approximately .5 ohms.

Then, with the rotary switch in the 100 M.A. position and
connecting the positive and negative terminals in series
with a circuit, .99 of the total current will pass through
shunt 52 and .01 through the moving coil. Because but .01
of the total current is carried by the moving coil, to read
the current in the circuit, the indication of the scale must
be multiplied by 100.

Of course, the resistance values of each shunt must be accur-
ate or the meter readings will not be correct. Also, by in-
creasing the values in steps of 10, one series of numbers on
the scale can be used for all. For example, if the pointer
stands at .2, with the selector in the 1 M.A. position, when
connections arc made to the meter terminals, we read it as
.2 M.A.

If the pointer stops at .2, with the rotary switch at the
10 M.A. position, we multiply by 10 and read it as 2 M.A.
Likewise, with the pointer at .2, on the 100 M.A. switch
setting, we multiply by 100 and read it as 20 M.A.

The arrangement of Figure 1 is commonly- referred to as
"Parallel Shunts" while in Figure 2, we have an arrangement
which is known as a "Ring Shunt". You can easily understand
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the reason for this name by considering only the meter and
the shunts. They are connected in series with each other and
thus form a resistance circle, or ring with the various ranges
obtained by tapping in at different points of the ring.

To show you how this works out, we will assume that we want
to convert the meter of Figure 1 to have 10 ma, 100 ma, and
200 ma ranges with a ring shunt arrangement. The first step
is to determine the total value of shunt resistance at the

lowest current. As this is 10 ma and the total shunt is in
parallel to the moving coil, we can use the method explained
for Figure 1. Hare, with 10 ma as the total current, we
must have 9 ma in the shunt and 1 ma, in the moving coil.
Therefore, the total shunt must have 1/9 the meter resistance
which, as previously determined, is 5.55 ohms.

Another method of finding the value of a parallel shunt is
by using an equation which is sometimes referred to as the
"Law of Shunts" and express by,

Where-

RsI
Im

R RRm s

Im = current in the meter, in amperes
I = total current, in amperes
Rs = resistance of the shunt
Rm = resistance of the meter

In our work here however, we know all the values except the
resistance of the shunt. Therefore, by methods which will
be explained in later Lessons, we rearrenge or "transpose"
the terms of the equation so that it reads:-

R
5 I Im

Now, the equation states the value of the shunt resistance, in
terms of the total current, meter current and meter resistance.
To check the equation, we will use the values of Figure 1 for
the 10 ma range. Here, I = 10 ma = .01 ampere, Im = 1 ma
= .001 ampere, and Rm = 50 ohms.

Substituting in the formula,

.001 x'50
= 5.55 ohms

s .01 - .001 .009

which checks with our former method, for the 10 ma scale.
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In Figure 2, this gives us the total value of S1 + S2 + S3
and our next step is to find the value of each section or
determine where we will tap in the vringo, for the ranges
indicated. The easiest way to do this is by using the equa-
tion for the Law of Shunts but 17&2111X5ty remember that, for

taps, we will have part of the total shunt in series with the
meter anal part in parallel, the ratio of which will depend on
the ranges desired. Under these conditions therefore, we
will let Nm + Rs, of the original equation, equal Ro and sub-
stituting,

Where

r71 = Rm Rs Ro

RBI RsI

meter current in amperes
Rs = parallel section of total shunt
Ro = total resistance of the shunt clus.the

meter resistance

As we are interested in finding the parallel section of total
shunt, we transpose the terms of this equation to make it
read

Rs
-

For the 200 M.A. range on the meter of Figure 2, Im = 1 M.A.
= .001 amp., Ro = 50 + 5.55 = 55.Z5 ohms, I 200 M.A. = .2
ampere.

Substituting,

Rs -
.2 .2

.001 x 55.55 = .05555 ,27775 ohm

As S1 is the parallel section of the 200 M.A. range, it would
have a value of .27775 ohm.

For the 100 M.A. range, we follow exactly the same plan but
I = 100 M.A. = .1 ampere.

Substituting,

R .001 x 55.55 .5555s =
.1

Here, Rs is equal to the total resistance of the parallel
section which, for the 100 M.A. range, includes Si and S2,
and thus the value of $1 must be subtracted from Rs to obtain
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the resistance of 52 which, in this case, would be .5555 -
.27775 = .27775. We found the .total. resistance of the shunt
to be 5.55 ohms and Si 4- S2 is .5555 ohm, therefore as S3
is in series with the other sections, it must have a value
of 5.55 - 55555 or 4.9945 ohms.

The scale of Figure 2 is read in the same way as Figure 1,
with the exception of the 200 M.A. range. Here, if the point-
er stops at .2, you would have to multiply by 200 and read
it as 40 M.A.

Although we have based our explanations on a 1 M.A. movement,
with a D.C. resistance of 50 ohms, the methods can be used
on any current meter, to extend the range upward. A meter

cannot be made to read a lower value than that for which it
was designed unless the moving coil is rewound with more
turns of wire, a job which usually is more expensive than a
new meter of the desired type.

D.O. VOLTMETERS

As we explained in the earlier Lessons, a voltmeter actually
operates because of the current in it, although the scale is
calibrated in volts. Therefore, we can again make use of a
1 M.A. meter movement but, as voltage is the difference of
pressure between two points, we must employ some means of

limiting the maximum current to a value of 1 M.A.

Taking the 10 volt range of Figure 3 as -an example, there
must be enough resistance between the 11 -ft and 1110 voltsu

terminals, to allow only 1 M.A. of current at a pressure of
10 volts. Using the form of OhmTs Law, where R = E/I, you
will find 10,000 ohms is necessary but, as the meter resist-
ance of 50 ohms is in series with this circuit, R. would have
a value of 10,000 - 50 = 9,950 ohms.

Assuming then that we have a resistance of 10,000 ohms in
the circuit and the minus and 10 volts terminals are connect-
ed across a 6 volt battery, the current in the meter will be
6 volts divided by 10,000 ohms, or .0006 ampere.

To find the milliamperes, we multiply the .0006 by 1000 and
have .6 for'the answer. With this current in the moving coil,
the pointer will stop at the .6 position on the scale and
this time we multiply the scale reading by 10 volts to find
the correct value of 6 volts.

Now notice, in Figure 1 the shunts are connected across, or
in parallel to, the moving coil while in Figure 3 the resist-
ances are in series with it. Also, as we used 10,000 ohms
rerAstance to provide a reading of 10 volts, the voltmeter
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has a sensitivity of 1000 ohms per volt. You may have seen
instruments advertised as having a sensitivity of 20,000
ohms per volt, or more, and this simply means that the basic
movement requires a small amount of current to move the pointer
all the way across the scale. For example, if the meter of
Figure 2 required 50 micro-amps. (.00005 ampere) for full
scale deflection then, for the 10 volt scale, it would need
a series resistance of 10 divided by .00005 or 200,000 ohms.
Thus, in the 10 volt scale, it would be a 200,000 4. 10 or a
20,000 ohms per volt meter.

As you will learn later in the training, the highly sensitive
meters give more accurate readings in high resistance networks,
due to the fact that they require a smaller value of current
for their operation. This means that the meter current will
cause only a small voltage drop across a series resistance
which, in turn, will allow approximately the total voltage
drop of the circuit across the meter and thus provide an actual
indication of the available voltage.

Getting back to our basic movement of Figure 3, to read higher
values of volta;e, we need only add resistance to the circuit.
To read up to 100 volts and still allow but 1 M.A. in the

meter circuit, there will have to be 100,000 ohms resistance
between the minus and 100 volts terminals. use already have

10,000 ohms in R1 and the moving coil therefore, by using
90,000 ohms for R2 and connecting it in series with R11 as
shown, we have the proper values.

For example, connecting a 45 volt B battery across the minus
and 100 volts terminals, the current in the meter circuit
would be 45 volts divided by 100,000 ohms or .00045 ampere.

Multiplying this value by 1000, to change to milliamperes, we
have .45 11/1.11. in the moving coil which would move the pointer
to the .45 mark on the scale. To read the scale properly
this time, v e multiply the .45 by 100 volts and have 45 volts.
Here again, there are 1000 ohms per volt in the meter circuit.

For higher values, it is only necessary to insert, additional
resistances like R3 which we chow for the 1000 volt scale.
To use this, we need a total of 1,000,000 ohms in the circuit,
but T2, R1 and the moving coil have a total of 100,000 ohms,
therefore R3 must have a value of 900,000 ohms and be connected
in series with the others as shown.

Connecting the minus and 1000 volts terminals across a circuit,
the scale reading

, ill have to be multiplied by 1000 volts for
the correct value. For example, if the pointer moved to .8
on the scale, there would ha 800 volts across the terminals.
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The multiplication of the readings is apt to be confusing and
therefore you will find many multi -purpose testers with several
rows of figures along the scale. ,illenever you use a meter

with more than one scale, always start with the higher values
and then move to the lower one if the reading is low. For

example, on the "-" and "1000" volt terminals, in Figure 3, a
pressure of 10 volts would move the pointer only to the .01

division, making it very hard to obtain an acc,,late reading.
Moving over to the 100 volt terminal, the pointer would rove
to the .1 division making the reading eaJier but, seeing the
hand did not pass the .1 division, you wo ld be safe in moving
the connections to the 10 volt terminal where the pointer
would move all the way across the scale.

0'11\1 orE.R.s

In making tests of various electronic equipment, it is some-
times necessary to measure the D.C. resistance of certain '
component parts and therefore, in the circuits of Fiure 4,
we show you how the meter movement of Figure 1 can be employ-
ed as an "Ohmmeter".

Because an ohmmeter re,uires a source supply, we will use

a 4'3 volt C battery for our eypls:ations and, aoplying nM'S
Law as we did for the voltmeter of Figure 3, it will be
necessary to have 4500 ohms resistance in the circuit to
limit the current to 1 and MOVE the pointer all the way
across the scale.

The total resist nee is made up of the resistance in the mov-
ing coLl and the variable resistor 'a". Following the plan
of commercial units, the resistor is shown variable to com-
pensate for vari,itions of buttery voltago.

Notice, the terminals marked "Unknown Resistance" are in ser-
ies with the battery, moving coil and variable resistor.
Now, if the terminals arc shorted, there will be volts

across the circuit with 4500 ohms resist nee. This will
allow 1 Y. A. of current and move the sointer all the way
across the scale.

Suppose we connect a resistance of 1000 ohms across the ter-
minals. That means the total resistance of the meter circuit
hes increased from 1500 to 5500 ohms. 'Tith 4, -If volts, the

current will now be appro;:imetely .8 M.1 and the pointer
will stand at the .8 position. In calibrating the scale, we
would mark 1000 at the .8 position, because there are 10()0
ohms across the terminals.

In the same way, resistance of 2000, 3000, 5000 and 10,000
ohms and so on can be connected across the terminals and the
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proper figure marked on the scalelat the place the pointer
comes to rest,when each respective resistor` is in the circuit.

For Figure 5, we show another circuit of an Ohmmeter which is
quite commonly referred to as a "Back -Up Ohmmeter". It re-

ceives its name from the fact that, when reading resistance
values, the pointer moves in the reverse direction as com-
pared to Figure 4. The circuit is very similar to that pre-
viously explained and we have the battery, moving coil and
variable resistance all connected in series. Thus, to have
1 7.1.A. of current in the moving coil, with a pressure of 4i
volts, the circuit must have a resistance of 4500 ohms.

The unknown resistance terminals are not in series with but
are "shunted" across, or in parallel to, the moving coil.
Therefore, with the "Unknown Resistance" terminals open, the
meter will have full scale deflection. With the terminals
shorted, the pointer will return to the "0" mark of the scale
because, as explained earlier in the training, the current
in the branches of a parallel circuit varies inversely as
the resistance.

Suppose that we connected a resistance of 50 ohms across the
"Unknown Resistance" terminals of Figure 5. The moving coil
also has a resistance of 50 ohms and with the total current
of 1 M.A., taere would be .5 M.A. in the resistance and .5
M.A. in the moving coil. Thus, the pointer would stop at the
.5 division on the scale which could be marked 50, as the un-
known resistance is 50 ohms.

This is an important point to remember because the center
marking of any "Back-up Scale" Ohmmeter will give you the in-
ternal resistance of the moving coil. Of course, if shunts
are internally connected across the moving coil, the center

scale marking will be the resultant resistance of the inter-
nal combination.

An ohmmeter of this type is calibrated exactly the same as
explained for Figure 4. However, due to the fact that the
resistance of the moving coil is comparatively low and that
it determines the mid -scale value of measurable resistance,
the circuit of Figure 5 is generally used only for the measure-
ment of low resistance values. Also, in commercial units,
a switch is provided to open the battery circuit when the

"Back-up Scale" is not in use.

The circuit of Figure 4 is really more flexible and the re-
sistance ranges can be varied to take care of any practical

measurements. The ranges depend on the sensitivity of the
movement and also on the value of the supply voltage. Al-

though we have used a battery as a source of D.C. voltage,
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any .other type may be employed . For example, in a number of
covercial units, a high voltage D.C. supply is obtained from
an 'A.C. power outlet, with suitable transformers, rectifiers
are filters built in as an interwal part of the Ohmmeter.

TETEa CURVES

In some cases, we may desire to use a meter for certain tests
but do not want to mark uo the dial, or perhaps thy: dial is
already crowded, therefore wa draw -a curve by means of which
the scale -cadircs can be changed without making any calcula-
tions. Although this rlethod can be employed for any readings,
we will use it in conjunction with the ohmmeter of Figure 4.

Such a curve is shown in Figure 6 and, to make it, we obtain
a piece of "Cross Section" paper, which is nothing but ordinary
paper wits. small uniform squares printed on it. Then, as the
meter scale of Figure 4 reads from 0 to 1.0, we lay off a
similar scale along the left side of the paper. This can be
made any size but, if possible) each square on the paper
should represent at least one division of the meter scale.

No matter what size the curve is made, each square must repre-
sent an equal amount. For e::ample, in Figure 6, there are
four squares between 0 and .2 therefore each square represents
.05 and the same is true all the way between 0 and 1.0. Then

across the bottom we mark the Ohms scale, again letting eadh
small figure represent an equal amount which happens to be
1000 in F4ure 6.

As explained for Figure 4, a resistance of 1000 ohms, placed
between the terminals, allowed .8 M.A. in the meter circuit
to provide a reading of .8. Using these values for the first
point of the curve, we go across the Ohms scale from 0 to
1000, which is the first line, then straight up and put a dot
where it crosses the .8 line.

Following the same plan, we connect several knorrn values of
resistance across the terminals, read the meter on the M.A.
scale and, on the cross section paper, mark the point where
the lines, representing each pair of resistance anct current
values, are found to cross. By using Oh,n's Law, as previously
explained, 5000 -ohms across the terminals plus the 4500 ohms
of R and the moving coil of the meter make a total of 9500
ohms which, at 4,A volts, would cause a reading of .47 M.A.1
1Q,000 ohms across the terminals would cause a reading of .31
M.A. and so on. After a fex such points are found on the -
paper, a curved line is drawn through them and Figure 6 is
the result.

Now, suppose we have the meter of Figure 4, and connecting an
unknown resistance across -the terminals, obtain a reading of
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.3. Looking at Figure 6, we start at the lower left corner,

go up to the .3 line, half way between .2 and .4. Then we
follow this line across to the right until it crosses the
curve. From the point they cross, we go straight down, as

shown by the dotted line, and find we are about half way be-

tween 10,000 and 11,000 line of the ohm scale which means the

resistance has a value of appraximately101500 dhms. By fol-

lowing this plan, any reading on the meter scale can be con-

verted to the corresponding value in Ohms.

A.C. VOLTVET4A

So far, all,of our explanations have assumed a-oontintons cur-

rent in one direction only, supplied by a battery or'similar

source of voltage. Because of its uniform direction, this is

known as uDirectli current, usually abbreviated "D.0.11,

However,, as we will explain later, most commercial circuits

carry current which is continually changing in value and

periodically reversing in direction. Becaude it alternates

in direction, we call this f?Alternating" current, usually

abbreviated "A -C.1! and employ a source which develops aneA.Ge

voltage.

In order to use the basic meter movement for the measurement

of A.C. voltages, it is necosSary to incorporate another unit

to.change the A.C. to D.C'. This is necessary because the

D'Arsonval meter is fundamentally a D.C. instrument and the

pointer will not respond, to any great extent, to A.C.

One- common method of. making this change is to add a copper -

oxide rectifier, the symbol of which is shown directly below

the meter of Figure 7. The rectifier consists'of a sheet of

copper on which a coat of cuprous oxide has been formed on

one side. Properly made, this combination has relatively low

resistance to current from the oxide to the copper and high

resistance to current from the copper to the oxide.

For meter purposes, the units are ueually made in plates, or

discs, varying in size from 3/16 in. sq. up to diameters of

3/4 of an inch. The units are then assembled in any desired

series or parallel arrangement by mounting bolts. The surface:

of the oxide is graphitized and soft metal washers; placed

between the units, are for the purpose of improving the con-

tact with the oxide. Terminals are brought out from the

assembly for connection to the meter and external circuit.

Copper oxide rectifiers have a number of applications same

of which will be brought out in the later Lessons. For this

Lesson however, we are interested only in their application

for the conversion of a D.C. instrument so that it can measure
A.C. values.
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Following the action of Figure 7, if an A.C. voltage is applied
to the "-" and "10" terminals, for one direction the current
will be through R1, the upper right hand rectifier, the moving
coil of the meter and through the lower left hand rectifier to
the "-" terminal. For the other direction, the current will
be from the "-" terminal, through the upper left hand recti-
fier, the meter and through the lower right hand rectifier and
R1 to the "10" terminal.

Notice, the direction of current through the meter is always
the same, although we are making use of both directions of
the A.C. voltage, and thus there is direct current in the
moving coil. This will cause the pointer to move across the
scale and the'distance'it moves will depend on the amount of
current which, in turn, will depend on the impressed voltage.

There are several important differences between D.C. and A.C.
which affect the operation of a meter, like that of Figure
7, and which we want to mention at this time. In the ordinary
home lighting circuit, the alternating current changes direc-
tion 120 times a second and, while in each direction, varies
from zero to its highest value and back to zero again.

As a result, in a circuit like that of Figure 7, the meter
current will be a series of pulses, instead of a steady value
and, because the meter hand can not follow the rapid changes,
it will indicate the average value of current which is approx-
imately .9 of the correct value. Also, the resistance of the
rectifier, which is in series with the meter, changes with
varying values of current. This action is known as the "cur-
rent density" of copper oxide rectifiers and, because of it,
the calibration of rectifier type A.C. instruments is quite
complicated.

Various circuit arrangements of meter and rectifier are in
common use and usually, the ,!ohms per volt" sensitivity of
the A.C. voltage ranges is less than that of the D.C. volt-
age ranges. At this point of the training, we can not give
you complete details regarding the actual calibration of rec-
tifier type A.C. voltmeters therefore, the explanation has been
included to show only the application and is not for construc-
tional purposes.

CAPhCITY YETER

In addition to resistors, Radio circuits require numerous
condensers, the construction and action of which will be ex-
plained in a later Lesson. However, at this time, we can show
you a method by which the electrical size of a condenser,
known as its'"capacity", can be measured. Connected in an
A.C. circuit, a condenser opposes the current and, as explain-
ed for resistance, this opposition is measured in ohms. The
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capacity of a condenser is measured usually in "Microfarads",
a term which will be explained later but now, you need
remember only that the larger the capacity of a condenser,
the smaller its opposition in ohms.

Because of this relationship, the meter and rectifier of
Figure 7 can be incorporated in the ohmmeter circuit of Figure
4, provided the battery is replaced by an a-c source as shown
in Figure 8. As we mentioned earlier in this Lesson, the
common a-c house lighting current reverses direction 120 times
a second therefore, the complete or entire change, cansieting
of current in both directions, occurs 60 times a second. As

each complete change is known as a cycle, changes at this
speed are known as 60 cycle a-c.

As shown in Figure 8, the circuit has a 60 cycle a-c supply
at the lower right and the unknown value of capacity is
connected across the terminals to place it in series with the
variable resistance Rl, the rectifier, meter and supply.

By using known values of capacity, the meter can be calibrated,
by the plan explained for Figure 4, to read directly in Micro-
farads. However, as the larger capacities offer loss
opposition and allow larger currents, the higher values will
appear at the right end of the scale like those in the back
up scale of Figure 5, If the meter dial is crowded, a capacity
curve can be drawn as explained for Figure 6 nut with the lower
horizontal scale in microfarads instead of ohms.

FREE POINT TESTES

For Figure 9, we show the schematic diagram of a "Free Point
Tester" and, although it is not actually a part of the meter
circuits, you will find such a unit incorporated in some models
of a complete analyzer. The purpose of a free point tester
is to allow complete checks of voltage and current of the tube
circuits of a Radio Receiver, without "pulling" the chassis
out of its cabinet or console.

Checking through the circuit, the various tube sockets are
connected in parallel with their terminals connected through
nine circuit breaking switches to the cable, which terminates
with an analyzer plug. This plug is arranged with various
types of adapters which will accommodate all tube sockets.
The "Top-Cap" terminal at the right is for connecting the
top -.cap of a tube to the "T.G." circuit breaking jack. Also,

the fourth socket from the left, is generally made to take
care of both large and small 7 pin base tubes.

To make tests, a tube is removed from the Radio and placed
in the proper socket of the "Free Point Tester" while the
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analyzer plug is placed in the socket from which the -tube -was
removed. Electrically, these changes extend all of the cir-
cuits of the tube to the free point tester which has terminals
available at the circuit breaking switches numbered from 1 to
8 and "T.C.". These numbers are shown as they appear on top,
of the sockets and conform to the standard tube marking system
which will be explained in a later Lesson on Tube Character-
istics.

The action of these switches is quite unique in view of the
fact that by their use, it is possible to put a meter in series
with, or parallel to, any of the socket terminals. By inspect -7

ing the switch symbols, you will notice that they show two,
single contact switches in parallel, the contacts normally
closed and with spring contacts connected opposite to each
other,

birectly above each spring is a pin jack brought out to the
front of the panel and when a plug is inserted, it makes con-
tact with the spring, opens that set of contacts but still
leaves the circuit complete through the other switch. There-
fore, if plugs were placed in either of the two pin jacks (4
l and #2 switches, the voltage across these two socket ter-

minals mould be made available for measurement.

However, if two plugs were placed into the pin jacks of any
one of the switches, its circuit would be open and any unit,
connected across the plugs, would be in series making it pos-
sible to measure current. Also, by the use of these switches/
it is possible to insert any- device in series in the circuit.
An application of this would be placing headphones in the
proper circuit to determine if some tube of an electronic
Unit was operating satisfactorily.

To give you a better idea of the actual operation of a free
point tester, we will assume that we desire to check the
voltage across socket terminals 3 and 8 and the current in
the circuit of terminal 3 for some particular tube. The first

step is to place the tube in the proper socket of the free
point tester and the analyzer plug in the socket from which
the tube was removed. The Radio receiver or electronic de-
vice under test, is then turned "ON" and we are ready to make
our measurements.

The voltage is measured first because, Without voltage, there
would be no current. Assuming this circuit requires DX.,
we will employ the voltmeter of Figure 3 and, to protect the

meter, use the 0 to 1000 volt scale. By the use of suitable;

leads, we connect the "-" terminal to one of the number 8
pin jacks, with the "100011 terminal being connected to one
of the number 3 jacks. The meter should now indicate the
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voltage but, if the indication is less than 100 volts, the
maximum value of the next lower scale, the meter connections
should be changed, as previously explained.

Assuming that the voltage is correct, our next step is to
measure the current and for this test we will employ the
meter of Figure 2, although the meter of Figure 1,could be
used just as well. With the power still on, the voltmeter
is disconnected by removing the plugs from the pin jacks.
Using the highest range of the milliammeter, we plug into
both jacks of the 0 switch, connecting the ".." terminal to
the right hand jack and the "200" terminal to the left hand
jack. This operation serves to place the meter in series
with the circuit and the current will be indicated. Should
the value be low, the next low -r scale of the meter can be
used. Should the meter pointer move to the left or "off the
scale", the connections to the jacks must be reversed.

From the above explanation, you can see the versatility of
the "Free Point Tester" and the time it will save in making
voltage and current tests of the various tube circuits. As
time is money, this simple unit is worth a great deal.

CO METE ANALYZER.

Now that we have explained the various units which go to make
up an analyzer, in Figure 10, we have the complete assembly.

Provisions are made for a -c and d-c voltages, d -c milli-
amperes, capacity and resistance with the different ranges
made available by the use of terminals sham along the bottom
of the diagram. Also, built as a part of the analyzer, is a
"Free Point Tester" like that of Figure 9.

as only one meter movement is used, provisions must be made
to incorporate the proper circuits for the desired readings
and this is accomplished by a 5 point, 4 gang, rotary switch,
the symbol of which is shown in the middle of the diagram.
The position of the contacts for diffemnt tests is indicated
by the abbreviations, DCIA (D -C Milliamperes),MFDS (Micro-
farads), and ACV (1-.'C Volts), DCV (D -C Volts) and Ohms.

The voltage and current circuits are the same as previously
explained and fundamentally, the circuits for the measurement
of capacity and resistance are also the same. However, to
obtain the desired ranges of capacity and resistance, a
combination of series and parallel resistances is employed.
Also, the voltage necessary for the low range resistance
scales is obtained from a battery :while, for the higher ranges,
the d -c voltage is obtained from a built in power supply
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operating from a regular 110 volt 60 cycle home lighting cir-

cuit. The A.C. voltages for capacity measurements are taken

directly from taps on the power transfor-,1Ler secondary.

Go over the circuits and explanations of the Lesson very care-

fully because all test meters and analyzers are built on the

same general plan. The main point we want you to remember

is that the current in the meter circuit controls the move-

ment of the hand or pointer. FT the use of the proper con-

nections, the current will be in proportion to various other

values such as voltage, ohms or microfarads and by properly

marking the scale, these readings can be taken directly from

the meter dial.

At this time, we want to remind you that the values we have

given' do not apply to any particular model and, while aoprox-

imate, are used only to explain the action. The construc-

tion and exact calibration of tat instruments is iuite tedious

and it is usually more economical to purchase commercial units

now on the market.
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pulls ahead on the final home stretch
under such conditions is almost always
the one who has trained himself to take
pains.

-- Dr. Frank Crane
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So far, the principal electrical terms, or units, we have
taken up are volts, amperes and ohms, and while other units
such as "Henrys", "Farads", "Cycles" and so on, will be ex-
plained with the actions they measure, for this Lesson we
are going to tell you what is meant by "Power".

No doubt, you have read many Radio articles and advertise-
ments about "Power Tubes", 'Tower Detectorsu, 'Tower Amplifi-
er", "Super-Power Stations", 'Tower this and Power that",
and in order that you may fully understand them, you must
know exactly what is meant by "Power".

Instead of comparing electricity with water, as in our for-
mer Lessons, this time we will go into mechanics for our
examples and, in this connection, there are several terms
that you must know and keep clearly in mind.

MECHANICAL FORCE

In your everyday conversations, you no doubt use the word
"Force' in talking about many different things such as,
"He was forced to pay the bill", or in football, "On the
fourth down, they were forced to punt" but, in almost every
case, Force means about the same as Push.

In mechanical work, Force does means the same as Push. If
you put your hand on the edge of your table and push, you
are exerting a force on the table. Of course, the weight
of the table opposes the force with which you are pushing
and, as the weight of the table is measured in pounds, the
force is measured in pounds also.

Suppose you push harder. You can see that as soon as the
force you apply is greater than the weight by which the
table opposes you, the table will move. Mechanically, wesay: "The applied force overcame the resistancem. You can
think of anything able to produce a push or a pull, as some
form of Force. For example, when a tea kettle boils, it is
the force of the steam that raises the lid.

MECHANICAL WORK

This brings us to the second word., or term, which is IlWork40This word certainly isnot new to you but we are going to
use it in a little different way. Mechanically, whenever aforce overcomes the resistance and, for a measurable dis-
7=ance, moves anything that has weight, we say that Work has
been done. Work then consists of two separate things, a
force measured in pounds, which moves a weight for some dis-
tance, measured in feet. To measure the amount of work done,
it is necessary to consider both the pounds'and the feet, there-
fore
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we multiply them and have a unit of measure called the "Foot -
Pound", usually written as ft.-Ibs.

As a definition, a foot-pound is equal to the work done in
raising a weight of one pound through a vertical distance of
one foot.

ENERGY

Another term, or word, that we had better mention here is
"Energy". This also is very common because there are many
forms and kinds of energy but, in a mechanical way, any-
thing has energy, when it can do work. As a definition,
Energy is the ability to do work.

There are, however, two main classes of energy called "Poten-
tial" and "Kinetic", names which are not at all hard to re-
member because "Potential" energy means energy in an object
or a body because of its "Position".

For instance, imagine an ordinary brick lying on the roof of
a two story building. It doesn't look as though it had much
energy but, if you pushed it off the roof and let it fall,
it could exert quite a force when it hit the ground. The
energy it had was potential and was in it its
position on the roof.

"Potentialomeans energy of position or at rest, while
"kinetic" means energy in motion. The instant you pushed
the brick off the roof and it started to fall, it 'vas in
motion and its energy changed from potential to kinetic.
Have you ever seen a pile driver or well drilling outfit
where a heavy weight is pulled up and then let fall? As
long as the weight is held up, its energy is potential
but, when it falls, its energy is kinetic.

To get down to actual facts and figures in the use of these
terms, for Figure 1 we show a 10 lb. weight lying on a ordi-
nary table. Due to its position, it has a certain amount of
potential energy but we are not interested in that right now.
Instead, we are going to lift the weight.

As soon as we take hold and start to lift, we apply a force
on the weight and, the instant that force is over 10 lbs.,
the weight moves.

FOOT-POUNDS

If we lift it for one foot, we have a force of ten pounds
acting through a distance of one foot, therefore 10 ft, lbs.
of mechanical work is done. Lifting it for 2 feet, we have
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10 lbs., times 2 feet or 20 ft.-lbs. of work. Whet we want
you to re.iember is that, regardless of the form of energy,
the foot-pounds of mechanical work done as always equal to
the distance, in feet, multiplied by the force in pounds.

IZCH&NIC&L ADVANTAGE

There are many common mechanical devices by which mechanical
work can be done in the easiest way. For example, suppose
that you had 2000 ft-lbs of work to do. Thinking only
of the force required, it would be quite a job to lift 2000
lbs. for a distance of 1 foot, and it would be alrnost as hard
to raise 200 lbs. for 10 ft. Yuu could, however, raise 20
lbs. for 100 ft., without much effort and could put 1 lb. in
your pocket and carry it on a mountain climb of 2000 ft.,
without even noticing it. Jut look at the table below and
you will see that, in every one of the cases mentioned, the
work done is the same.

Pounds times Feet equals Ft.-lbs.
2000 x 1 It 2000
200 x 10 11 2000
20 x 100 II 2000
1 x 2000 it 2000

Whenever we have an arrangement that will let us shift the
amounts of weight and distance, or let a smaller force, by
acting through a greater distance, move a larger weight, we
say there is a mechanical advantage.

Perhaps a lever action is the simplest arrangement which will
illustrate what we mean by mechanical advantage. In Figure
2-A, we show a balance or see -saw that extends for three feet
each side of the center support and find that a two pound
weight, placed at each end, keeps it balanced. We expected
this because on each side there :Is a weight, or force, of
6 ft.-lbs. As there is no motion, no work is done.

In Figure 2-B, we still have the 6 ft. balance but have moved
the support so that one end is five feet long while the other
is but one foot long. With a 2 lb. weight on the five foot
end, we find it takes a 10 lb. weight on the 1 foot end to
obtain a balance. On the right we have 10 lbs. acting through
a distance of one foot giving 10 ft. lbs. On the left we have
2 lbs. acting through a distance of 5 ft. which also gives 10
ft.-lbs. and thus keeps the support in balance.

Checking these values carefully, you will find it is not the
weight alone nor the distance, but the prodiaoh of 1 -,ho two

which determines the number of ft.-lbs.



C..
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One of the most common tools, for using the mechanical ad-
vantage of a lever, is the ordinary crowbar. If you have
never used one, you certainly must have seen many of them
being uscd for moving heavyweights and to illustrate the
action, for Figure 3 we have an ordinary 6 foot bar that we
are using as a lever. A small block is put under it, one
foot from one end which is placed under a heavy box cr crate.
This leaves the long five foot part sticking up in the air.
This is the same arrangement as Figure 2-B therefore, for
every pound of force that wo push down on the long end at A,
Figure 3, there will be five pounds of force pushing up under
the box at TIB".

Suppose that it takes a force of 300 lbs. to raise the side
of the box, then if we push down with a force of slightly

more than 60 lbs. at A, the box will move. This checks up

with wha...; we said before because, with this crowbar, we have
60 lbs. acting through 5 ft. giving us 300 ft.-lbs., and on
the other side of the block, there is 300 lbs. acting through
1 ft. which also gives 300 ft.-lbs.

We want :ou to notice here also that, in order to raise the
box 1 foot, we would have to push down for 5 feet at A. You

can see how this works out by looking at the dotted lines of

Figure 3. Then also, we can not get more mechanical work out
of a lever than we put into it. Pushing on A with a force of
60 lbs. for a distance of 5 feet produces 300 ft.-lbs. of
work wtich, on the other side of the block, raises 300 lbs.
for a distance of 1 ft., again producing 300 ft.-lbs. of work.
We have not gained anything in the amount of work done but
were able to do it with less' effort. Because of the mechanical
advantage of 5 to 1, we lifted the 300 lbs. with a force of
60 lbs.

TORQUE

Torque is another term that is commonly used and, in some
ways, it is more important than mechanical work. We said

that work was equal to the force; in pounds, multiplied by

the distance, in feet, through which it moves. However,
there are many cases where a force is present but does not
move for an, distance at all.

For example, in Figure 4 we show a clamp, including a 1 foot
handle, mounted rigidly on a shaft. Should we pull on the
end of the handle, at the point and in the direction of the
arrow, we would exert a force on the shaft but, unless the

shaft turned, no work would be done. This checks with our
former definition because the force did not move anything
for a measurable distance. Halever, if the torque is strong
enough to overcome the resistance, the shaft will turn and
work -will be done.
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This action is known as "Torque's, which means to List or try
to twist, -knd to prevent confusion, it is measured in pounds
feet, on the same general plem as mechanical work but with
this one difference. To measure work, we use the distance

that is actually traveled. To measure Torque, we use the
length of the arm through which the force acts. It can be

written: -

WORK equals Distance (in ft.) times Force (in lbs.)
TORQUE equals Force (in lbs.) times Length (in ft.)

Putting a force of 10 lbs. on the handle of Figure 4, the
torque will be Force (10 lbs.) times Length (1 ft.) which
equals 10 lbs.-ft. The length of the handle, or arm, is
measured from the center of the shaft to the point where
the force is applied.

TEC-HAN-10AL -PMER.

The last term we want to explain is Mechanical Pager. You
may have noticed so far, in both Work and Torque, it does
not make any difference in respect to time. Vith the crew -
bar, we could lift the weight 1 ft. in a minute or a week
and still do the same amount of work but, to do a certain
amount of ,cork in some given time requires power. As a gener-

al definition, Porer is work done in a given time or the rate
of doing work.

We usually say that power is equal to work, divided by -time.
Work is equal to Pounds multiplied by Feet and the time is

measured in Minutes. Usinc: these term,: we say -that Pager

equals lbs. times ft., divided by minutes. The unit of
measure for mechanical power is Foot -Pounds per Minute but
it is too small for ordinary -commercial work.

HORSE POWER

The usual unit of measure is the Horse -Power. Now don't
think that this has a whole lot to do with the strength of
one live horse because we have all,seen one horse do things
that a 50 horse-pcwer engine could not do. It was, however,
originally estimated as the amount of work that a good strong
horse could do for a vary short time and is equal to 35,000
ft.-lbs, per ninnte.

Written in the form of equations:

Power
Tyrk
Time

Pounds x Feet
Power- Linutes

Horse Power =
Pounds x Feet
53,000 x Minutes-
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Suppose an elevator has to lift 880 pounds a distance of 150
feet in 2 minutes, and we want to know the horse -power re-
quired. By the last equation above we have:

EXO x 150 14.4000
equals 2 H.P.

52,000 x 2 66,000

THE PRONY BRAKE

Perhaps you are beginning to woneer how we can find the
pounds pull and distance traveled when we obtain power fran
the pulley of a motor or engine. Mhile there are many ways
by which power can be estimated, to find the actual foot-
pounds per minute, we use a device called the "Prong Brake.

Remy brakes are built in a great variety of forms but, as
the idea of all of them is the same, the one we show in Fig-
ure 5 will simplify our explanation. It consists of a band

or clamp 'reound the pulley or flywheel. Fastened on the in-

side of the band are a number of wooden blocks which rest on

the face of the pulley. Thu ends of the band are held to-
gether, with a clamp which is aujustable to make a form of
brake.

A pair of arms ere solidly fastened to the outside of the
clamp so to -t they have to turn with it. The ends of the
arms are laid on an ordinary platform scale, but must be
blocked up so that the. point en -7hich they rest is level
with the center of the pulley shaft.

Now, as the Dailey turns in the direction of the arrow, the
clamp and its arms will try and turn with it but the scale
1111 stop them from movtng. However, the arms will press

down on the scale and we can weigh the force they are ex-
erting.

You can easily see that, the tighter we draw the clamp, the
harder the blocks will rub against the pulley and the greater
the force on the scale will be. We now have ore of the things
re want, the force in pounds.

Tne next thing is to find the distance through which the
force acts and you will have to read carefully to follow
the idea. As the pulley is, turning and the clamp is held

still, all the rub is between the pulley face and the wooden
blocks, the force of which is measured in pounds on the

scale. le figure it like this, every time the galley rakes
one complete turn, the work done is the same as though the
weight, shown by the scale, was pulled for the distance the
end of the arm would travel if it turned with the pulley.
Read that last sentence over again and then look at Figure 6.
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Here we have the brake of Figure 5 hut, by the arrowed circle.
show the path point A would travel if the brake turned with
the pulley, Although the brake does not move, we have to
figure the length of the large circle as the distance.

This is not very hard as we know from arithmetic -that the
outside, or circumference, of a circle is just 3.1416 times
as long as the diameter, which is the greatest distance
across the circle. From Figure 6, we see the diameter of
the large circle is just tAice the length of the arm on the
brake therefore the distance, for each revolution, mill be
2 times the length of the arm, in ft. times 3.1416.

So far, 'we have the weight and distance per revolution,
which, multiplied together, gives the work par revolution.
As power is measured in ft.-lbs. per minute, re will also

to know how many times the pulley turns, or revolves
each minute. Taking all these things, -the ftie.lbs. per

minute mfll be -- mfIll (weight on the scale in lbs.) times
2 times vI" (length of the arm in ft.) times 3.1416 times' .

(revolutions per minute).- Written brieeny we have
power equals 2 x 3.1416 x L x Y x R.P.M..

This gives us the ft.-lbs. Per minute and to find the horse.
power we remember that 1 H.P. is 33,000 ft.-lbs., per minute

and divide the above by 33,000. 'Written as an equation for

use with a Prony Brake.

2 x 3.1416 x.L., x r. .Horse Power -
53,000

EIE0TRI3AL POYER

It is common knew -I -edge that electricity can do work and
therefore, by our former explanation, electricity is a form
of energy. Also,' as electricity can do work itel,a given time,

it produces power.

From the earlier parts of this Lesson, we know that power is
measured in foot-pounds per minute theraforel in order to
measure electrical power, we mill have to work Out some -simi-

lar units of. measure,

From the Lesson on Ohmls Law, we know there are really but
two things making up the electrical power; The pressure,

measured in volts and the current, measured in amperes, but

we remember here that 1 ampere is a current of electricity

of 1 coulomb per second.

Mechanical power is measured by the force, in pounds, the

distance, in feet and the time, in minutes.
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Electrical power is measured by the force,. E.M.F., in volts,
the amount, in coulombs, and the time in seconds but the
amount and tire are usually taken together as amperes.

THE WATT

To measure electrical pager we simply multiply the volts by
the amperes and call the result 17atts. This is just about
the same as mechanical power because the time is included
in the amperes. As a unit of measure, 1 volt times 1 anpere
equals I watt.

You can think of this in the same way as you did of Ohm's
Law and rearrange the terms into three forms.

1. Watts equals Volts tines Amperes,
2. VoIus equals Watts divided by Amperes.
3. Amperes equals Watts divided by Volts.

Using sym'-)ols instead of words, usually you will find these
statements written,

1. = 2.
7T TrE = - 3. I=E

In tI'e same way, Ohm's Taw is written,

4. E = ER. 6, R

As it is a well known fact that things equal to the same
thing are equal to each oLher, 7re can -substitute the values
of Voltage and Current, as given by Ohm's Law, in the ex-
pressions for Power.

Ctm's Law states, E = IR., therefore, by substitution,

= EI = (IR)I= IxIxR

7. =

This form ds useful in Radio and other Electron .c work be-
cause it states the relationship between Power, Current and
Resistance. By its use, it is possible to find the corres-
ponding number of Watts when the Current and Resistance are
knoen. Hare again, the terns can be rearranged as explainaT
for Ohm's Lag, to provide additional formulas.

7. 71 ,1213. 8. I =
V
/71
R

9. R =
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Going back to the first fora which states 7T EI we can sub-
stitute the value of I from adIS Law to find:

E xEW = EI = E xR E
-

E2
10. =

R

Here we have the relationship between Power, Voltage and Re-
sistance and, to simplify the solution of problems involving
these values, the terias can be rearranged to,

172

10.W=Ft 11. E= MR 12. H.=
E2
W

Checking back, you will find these twelve equations, or
mulas, provide three forms for each of the four factors
can be grouped as follows:

Power, ua=EI W = =
Ez

R

Voltage, E = IR
17

I
E = VI:mg

Current, T _ E
_, - -

R

-

T TT
J.

7,2

I u if
V R

-7

Resistance, R . i
I

R =
V
4--,-

T

R = -2-
I

Remmb,.:r hero,

VT represents Watts
E represents Volts
1 represents Amperes
R relprEsents Ohms

for -

and

To illustrate thc. use of these formulas, suppose you want to
know the rated maximum current of a 50,000 ohm, 1 watt re-

sistor. Here we know R = 50,000, = l'and want to find the

value of "In. Locking over the equations we find,

I
v

and substituting the known value of W and RI we can write

/ 1

v80,000
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By arithmetic, 1 divided by 50,000 is equal to .00002 to make
the problem

I =)/.00002

The next step requires us to find the square root of .00002
which works uut to .00447. Therefore, we can write

I .00447 ampere

and; using the smaller unit of current measure, the milli-
ampere, the answer is multiplied by 1000 to give us,

I =' 4.47 milliamperes

As another common example, suppose you want to find the cur-
rent of a lamp bulb which is marked 120 volts, 60 watts.
This, by the way, is the common method of rating incandescent
lamp bulbs. Here -we know E = 120, W = 60 and from the
equations, see that:

Substituting the values of the example,

60

4- 120

Knowing the Watts, Volts and Amperes, the Resistance of the
lamp ran be found by substituting in any of the Resistance
formulas. 'Rben E = 120, Ti = 60 and I = 1/2

R

R

,,-- 1/2 ampere.

120= 240 ohms
172-

E2 1202 14400
240 ohms

60 60

12
-

_ 60 _ 60 tt 240 ohms
(1/2)2 1/4

We now have four factors, Viatts, Volts, Amperes and Ohms and,
when any two of them are known, one of the equations is in
proper form to find the third, with three of the factors
known, there are three equations by which you can find the
fourth.

THE KILOWATT

The watt is quite a small unit, therefore, for most commercial
uses, we take 1000 watts as a unit and call it a nKilowatt".



`

'."

,

.

,

^

'

`

.

.

'



Lesson FD x-17 Page 11

As an equation, 1 kilowatt equals 1000 watts.

Kilowatts
Watts

1000

In this connection, we want to tell you it has been found by
experiment that 746 watts are equal to 1 mechanical horse
power. This figure makes it easy to change from mechanical
to electrical units, or the reverse.

Watts equals Horse Power (H.P.) times 746.
H.P. equals Watts divided by 746.

These same figures, used with kilowatts instead of watts,
give us roughly, for everyday use,

1 H.P. equals 3/4 Kilowatt, (K.W.)
1 K.W. equals 1-1/3 H.P.

MILLIWATTS AND MICROWATTS

In some Radio circuits, the amounts of Power are so srrall
that we make use of the prefixes, "milli", meaning "one
thousandth" and "micro"9 meaning "one millionth" to indicate
smaller units of measure. To compare these units,

1 Watt = 1000 Milliwatts
1 Watt = 1,000,000 Microwatts

1 Milliwatt = .001 Watt
1 Microwatt = .000001 Watt

As these same prefixes are used to indicate smaller units of
measure for volts and amperes and, as watts are the product
of volts and amperes, the following relationships must be
kept in mind.

Volts x Milliamperes = Milliwatts
Millivolts x Amperes = Milliwatts
Volts x Microamperes = Microwatts
Microvolts x Amperes = Microwatts

Millivolts x Milliamperes = Microwatts

The power in the antenna circuit of a Radio Receiver, the
power output of a modern microphone or phonograph pickup is
seldom more than a few micromatts. A power value of 6 milli-
watts is often considered as the minimum which will produce
an audible signal in a headphone while small table model
Radios have an output of about 1 watt. Larger console types
of Radios develop up to 10 or 12 watts of power while large
Public Address systems are rated up to 60 watts and more.
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WATT HOURS

As one watt is equal to one volt times one ampere and one
ampere is equal to one coulomb per second, the watt is the
unit of electrical power for a period of one second. How-
ever, as most electrical power is required for comparatively
long periods of time, the watts are multiplied by the number '

of hours they are used to find what are known as "Watt-Hours0e'
As a formula: -

Watts times Hours equal Watt-Hdurs

KILMATT " HOURS

Here'again the unit is quite small and, for most commercial
work, we use the same idea but replace the Watts with Kilo-
watts. Kilowatt -Hours equal Watts times Hours divided by
1000, or in other words, Kilowatt -Hours equal Kilowatts
times Hours. This is perh-aps the most common power unit of
all and is the unit by which most electrical power is sold.

Suppose your home has ten electric lamps that draw 1 ampere
each 110 volts. The electric company charges you 12 cents
a Kilowatt -Hour and you want to know how much it will cost
to burn them all for 25 hours.

First you use the rule that Watts equal Volts times Amperes
and find Watts equal 110 times 1 or 110 per lamp. As there
are 10 lamps, the total power is 110 times 10 or 1100 watts.
Then,as watt-hours equal watts times hours, you multiply
the 1100 by 25 and get 27,500 watt hours.

As it takes 1000watt-hours to equal 1 kilowatt-hour, you
divide 27,500 by 1000 and. get 27 1/2:Kilowatt-hours. It
costs 12 cents for each kilowatt-hour, therefore, your bill
will be 27 1/2 times 12 cents or ,f,')3.30,.

HORSE POWER HOURS

Where electrical power is used for running motors we some-
times use the term Horse -Paver Hours instead of Kilotatt-
Hours but all you have' to remember here is thatl H.P.
equals 3/4 K.W. or 1 K.W. equals 1-1/3 H.P.

INPUT AND OUTPUT

An electric motor is a machine that changes electrical energy
into mechnical energy and the electrical energy'that goes
into it is called HInputo and is measured in K.W. The power
it delivers, or gives out, is called the Outputil and as it
is mechanical, is measured in H. P.
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Suppose we had a motor rigged up with a Pi orgy Brake on its
pulley end an Ammeter and Voltmeter properly connected in
its circuit. We could then easily find both the K.W. input
and the H,P. output.

Just for an example, we will say that the voltmeter reads
220 and the ammeter 8 which gives us an input of 220 times
8 or 1760 watts. The prony brake shows exactly 2 H.P., but
to compare it with the input, we will change it to watts by
multiplying 746 by 2 which gives us 1492 watts.

We now have both the input and output in watts and find that
with 1760 watts input, the output is but 1492 watts. The
difference, or loss, is the power required to overcome the
various foems of friction in the motor. Dividing the output,
1492 watts, by the input, 1760 watts, we find that the out-
put is about 8.5% of the input and this is called the efficiency
of the motor.

As a general rule, Efficincy equals the output divided by
the input.

We used the motor as an illustration here because it changes
electrical energy into mechanic -41 energy however, the same
general principles apply for the different Radio and other
Electronic units which change electrical energy fram one form
to ancther.

Although we will not explain their action until later, we can
tell you now that the power transformers, used in A.C. elec-
tronic units, change the voltage of the house lighting circuit.

For example, we will assume the circuit for operating the
heaters of the tubes requires 1.5 amperes at 6.3 volts. As
far as the transformer is concerned, we consider this as the
secondary or output circuit. An A.C. ammeter, connected in
series with the primary or input circuit of the transformer,
indicates a current of .1 ampere at the 110 volts of the
lighting circuit.

Thus the voltage has been reduced from 110 to 6.3 'Tei...Le the
current has been increased from .1 to 1.5 amperes. To have
a complete picture of the action, we must consider both volt-
age and current to find the power. For the input, the power
is 110 volts times .1 ampere or 11 watts while the output is
6.3 volts times 1.5 amperes or 9.45 watts.

In making these changes, we have lost the difference -between
11 and 9.45 or 1.55 watts. The efficiency of the transformer
is equal to 9.45 divided by 11 which is .859 or 86% approxi-
mately.
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For most Radio work, the efficiency of power transformers
will be of secondary importance and this explanation has heal
given because the relationship between input and output is
important.

AS you advance in your studies, you will find the formulas of
this Lesson are the basis for practically all d-c circuit
calculations and, with necessary modifications which will be
explained later, are used for a -c circuits also. Therefore,
we can not over -emphasize their importance and urge you to
make every effort to understand them completely before going
ahead, as the next Lesson will take up an entirely different
principle of electricity.
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ETPCTRO-MAGNETIC INDUCTION

The explanations of the earlier Lessons have covered the
important types and actions of D.C. Circuits, Batteries,
Magnetism, Meters and Power, subjects which we will assume
you know when making our explanations of this and the fol-
lowing Lessons. Therefore, if some of these subjects are
not clear in your mind) a review will be of benefit and speed
your future progress.

Going back to the early "Forms of Electricity" Lesso, we told
you it was Michael Farady who discovered that when a wire, or
any electrical conductor, was moved in a magnetic field so
that it cut through'or across the magnetic lines of force, an
E.M.F. was produced, or more correctly, "Induced" in the wire.
nhile this appears to be a simple discovery, it has changed
many of our habits of life because it is the principle which
has made possible the low cost and universal use of elec-
tricity as a source of light and power.

The movement of the wire represents mechanical energy while
the induced E.M.F. represents electrical energy therefore,
this discovery provides a method for converting mechanical
energy into electrical energy and is the principle by which
the common forms of electrical generators operate. Electri-
cally, the action Zs known as "Electro-Magnetic Induction".

VOLTAGE INDUCED IN A CONDUCTOR

To illustrate the action as simply as possible, for Figure 1
we show the N end of an ordinary permanent bar magnet and
have'made up a circuit consisting of nothing but a length of
wire, each end of which is connected to a very sensitive
meter. By taking hold of the wire at "A" and "B", and keeping
it close to the end of the magnet, we find that when we pull
it up quickly, the hand on the meter jumps a little and then
drops back to'0. )hen we pull it down quickly, past the end
of the magnet, the meter hand again jumps from 0, but in the
opposite direction to what it did before.

Pulling the wire straight away from the end of the magnet has
no effect at all on the meter, nor does pushing it straight
toward the magnet make the meter hand move. From this simple
little test, we are able to figure out several very important
facts. First of all, we know that the meter hand will not
move unless there is an E.M.F, acrose 4.,he meter, Then we know
the magnetic lines are traveling out from the'end of the mag-
net and, in order to make the meter hand jump, we have to pull
the wire so that it cuts through or across the lines. Then we
also notice the meter hand moves one way or the other depending
on which way we move the wire.
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In order to check up on, this last action, we must first find

out in which direction the EX.F. must be in order to make

the Meter hand move to the right or to the left. We know

which terminal of a dry cell is positive and know which direc-

tion cyrrent travels in a circuit both inside and outside of

the cell. Therefore, we ronove the connecting wires from the

meter and touch its termiLal "C" to the center or positive

terminal of a dry cell. Then we snap the meter terminal "Du

across the dry cell zinc and find that the hand jumps toward

the right.

Just to make sure, we reverse the connections, that is con-

nect meter terminal "D" to the dry cell carbon and snap "0"

across the zinc, and find that the meter hand jumps to the

left. This tells us all we want to know about the meter so

we reconnect the wire and restore the circuit shown in Fig-

ure 1,

Watching the meter closely, we quickly pull the wire up past

the end. of the magnet and find that the hand jumps to the

right. From our test of the meter on the dry cell, this tells.

us that point "A" on the mire is at a higher potential than

point 'B". In other words, comparing the wire to the dry

cell, "A" -is positive and "B" is negative. As the circuit

is complete, the E.E.F. induced in the wire will force a 'cur-

rent through the circuit and its direction will be from "Alf

to IV through the meter to "D", along the wire through "B"

and back to "A".

Perhaps you are wondering how we know that there is any cur-

rent in the circuit but remember, the meter hand will not move

unless there is current in the meter coil. You already know

that unless there is an E.M.F. across a circuit, there will

not be any current in it therefore, the movement of the meter

hand, when the wire is moved, proves that there is an E.M.F.

induced in the wire.

Next, we move the wire down past the end of the magnet and

find that this makes the meter hand jump to the left. By our

dry cell test of the meter, this means that terminal "Du is

connected to a higher potential and the current in the circuit

is now from 11B1' to terminal "D" through the meter to "C" and

back along the wire through "A" to N3".

This gives us something definite to work with because, from

the Lesson on magnetism, we know that the magnetic lines are

traveling from "N" to "S": We know the direction the wire is

moved, and from our test of the meter, we can tell the direc-

tion of the induced E.M.F. and ourrent in the circuit.
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TEE FINGER RIGHT `1= -RULE

These three directions are in exactly the same relationship
as the fingers of your right hand will point when you hold
them as shown in Figure 2. We know that this is a little
hard to see from a picture therefore, the following instruc-
tions will enable you to place your fingers properly.

To begin, hold the fingers of your right hand straight out
and close together while your thumb, also straight out, is
bent back toward your wrist as far as possible. Then, with the

palm up, place your hand on this page so that your thumb
points to the top and your fingers, still held out straight)
point to the left.

Now, bend up all but your fore -finger until they point straight
up at the ceiling. As the last two fingers are not used, you
can bend them back against the palm of your hand to get them

out of the way.

You now have your fingers in the prixlper position to use the
three -finger right hand rule. Hand, palm up on the paper,
thumb pointing to top of page, fore -finger pointing to the

left, and middle finger pointing up at the ceiling.

To make use of this relationship, your fore -finger points in

the direction that the magnetic field travels, that is away

from the uNu pole, your thumb points in the direction the wire

is moved and your middle finger points in the direction of the

induCed E.Yi.F. or in the direction of the current in the cir-

cuit.

If your fingers feel cramped, stretch than out, then move back
in position and try the rule out on Figure 1. Hold your hand

over the figure so that your fore -finger points in the same

direction as the arrows coming out of the end of the magnet
and then turn your wrist until your thumb is pointing straight
up. Now doesn't your middle finger point from "Bu to l'Afl and

show you the direction of current to he as we explained when
the wire was pulled up?

Here is another way which may make it easier for you to "get

the hang" of the three finger rule. Try this one anyway.

Hold your right hand with the fingers and thumb straight out

as in Figure 3 and then turn your palm against the. magnetic

lines, which is toward the N pole of the magnet.

With this rule, when the motion is in the direction pointed

by your thumb, the current will be in the same direction as

your fingers. Remember here, the direction of motion always





Lesson FD11-.18 Page 4

refers to the relative molement of the conductor in respect
to the flux. For exaMpleg if the conductor is stationary
and the flux is moved, the direction of motion is opposite
to that of the flux.

In either of these rules, you must always know two things in
order to find the third. Knowing the direction of the mag-
netic field and the direction of motion, you can find the
direction of the induced E.M.F., or if you know the direction
of the induced E.M.F. and the direction of motion, you can
find the direction of the magnetic field. As these rules will
be useful in your later work, we suggest you learn them now
and not wait until later when you need them®

FACTORS CONTROLLING THE VALUE OF INDUCED VOLTAGE

While figure 1 is the simplest possible way of showing the
principle of "Electro-Magnetic-Induction", there are two
more things that we want to tell you before going further,

First:- An E.M.F. is induced only while the wire is actually
cutting the magnetic linos. As long as the wire is station-
ary, and the magnet is not moved, there will be no action no
matter how many magnetic lines are present.

Second:- the faster the wire is moved, the greater the effect.
We can explain this by saying that the faster the wire is
moved, the more magnetic lines it will cut per second.

To investigate further, for Figure 4 we have taken the wire
of Figure 1 and made it up into a coil of several turns,
large enough to let the magnet go inside easily. Now we
find that when we quickly push the magnet into the coil, it
makes the meter hand jump one way, and when -le pull it out,
the meter hand jumps the other way. Turning the magnet end
for end produces exactly the same results but reverses the
action, or movement of the meter hand. Turning the coil
end for end again produces the same results but also reverses
the action of the meter hand.

This tells us that it makes no difference whether the coil
or the magnet is moved but shows us that, in order to cause
any action, vie must move one or the other. Vie do find how-
ever, that the faster we move either the magnet or the coil,
the further the meter hand jumps.

By adding more turns to the coil'of wire, we find that we
can produce a greater action and, by Eiddtng a second magnet
as in Figure 51 -the action is still stronger. After watch-
ing all'of this, we decide that there are three things, or
factors, which control the amount of Induction
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1. The Speed:- or how fast the magnetic lines and the con-

ductor move in respect to each other. The greater the speed,

the greater the Induction.

2. The length of the wire that actually cuts through the mag-

netic field. The longer the wire, the greater the Induction.

5. The strength of the magnetic flux, or the number of mag-

netic lines. The stronger the flux, the greater the Induction.

There is one other factor that enters into the value of the

induced E.M.F. and that is the angle at which the conductor

cuts through the magnetic field.

To illustrate this action, for Figure 6 we show the "N" end

of a permanent magnet, with the light arrowed lines represent-

ing the magnetic flux. Now, if we move the wire at some c)r-

tain speed up to "A", it will cut through all of the flux.

Moving the wire the same distance at the same speed to uBn,

will make it cut but about three -fourths of the flux. Again,

moving at the same speed and the same distance to "On, the

wire will not cut through any of the flux.

4. All other factors remaining the same, changing the angle

of cutting ohanges.the magnitude of induction.

To sum up then, the factors controlling the value of the In-

duced E.M.F. are:

1. Speed
2. Length of wire
3. Strength of magnetic field
4. Angle of cutting

Another point we want you to remember is that the action in-

duces an E.M.F. Should the conductor, that cuts the magnetic

flux, be a part of a complete or closed electrical circuit,

then the induced E.M.F. will cause a current in the circuit.

You may read and hear a lot about induce@ current but techni-

cally it means the current cased by an Ihduced

In Figure 7, we have the same lay-out as in Figure 6 but, to

follow the details of the actions show the wire cutting the

flux. It may help you to think of the magnetic lines as rub-

ber bands, stretched quite tight and, as the wire is pulled up

through them, they bend, stretch and finally break, wrapping

themselves around the wire. This is exactly what happens with

the magnetic lines and, as the wire is pulled up in Figure 7,

there will be magnetic lines whirling around it in the direc-

tion shown by the arrows.
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Using either of the right hand rules, shown in Figures 2 and

3, you will find that the direction of induction in the wire

will be away from you or trInn toward the paper. Now, just to

check up, suppose you had this same wire with current in it

in the same direction, that is in toward the paper. Then,

using the 11Thumb Rule, you will find that the magnetic field,

set up by the current, would be in the same direction as the

one shown, therefore, the relationship between magnetic flux

and current remains the same regardless of the source of

E.M.F.

Although we started this Lesson by saying that Electra -Mag-

netic -Induction was the way that electrical energy was pro-
duced by mechanical means, in Radio equipment, the same prin-

ciple is used for changing electrical energy from one form to

another and transferring it from one circuit to another.

MUTUAL INDUCTION

At HAII, Figure 8, we show the position of two wires, 1 and 2,

which, while placed fairly close together, are electrically
insulated from each other, and are parts of entirely differ-

ent or separate circuits. Nhen we close the circuit, of which

wire 1 is a part, and cause a current in it, a magnetic field

is produced as shown at 013.

Here is the idea. At PP., Figure 8, we had nothing but 2

wires, while at IT", wire 1, with current in it, sets up a

magnetic field that extends beyond wire 2. The only way that

the magnetic lines in the field around wire 1 can extend,be-

yond wire 2 is by cutting through it. Therefore, again we
have magnetic lines cutting a wire or a Conductor.

Perhaps you can understand this better by the old example of

how a magnetic field builds up. You know that when you drop

a stone into a pool of water, little waves start in rings

from the point where the stone hits and spread out in all

directions. Nhen current is sent through wire 1, the magnetic

lines start in rings' from the center of the wire and spread

out in all directions like the waves in the pool of water.

In Figure 8 then, when current is sent theough wire 1, the

magnetic lines, or rings, as they spread out, cut through wire

2 and induce an E.M.F. Of course, with any certain amount of

current in the wire., the field spreads out to sane certain

distance and then stays there therefore, theZ.M.F. is induced
only while the magnetic field is building up, or spreading

out, and cutting wire 2.

When the circuit of wire 1 is opened, and the current is shut

off or stopped, the magnetic rings collapse and fall back in
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toward wire 1 and thus again cut through wire 2, but in the
opposite direction to that when they -Jere spreading out, or

building up. Again, an emf will be induced but in the
opposite direction because the direction of motion has reverSeds

Tre always as:Luae that the rings, or magnetic lines, start at
'.ha center of tha wire carrying the current therefore, as
they build up, they will first cut throqgh wire 1, Figure 8,
and when they have built up far enough, will cut through wire
2 When the current is stooped &nd the magn&tic field
collapses, the lines will flrst, out through iniro 2, and then

out through wire 1 in order to get back to its center.

The action between the lines and wire 1 is just about the
same as the aciiicm between the lines ard wire 2. It stands
to reason %bat ir this action will induce an ems in wire 2,
it must also induce an omf in wire L although it is carrying
the current that produces the magnetic field.

The emf induced in wire 1 is called "Self Induction",
because it is the current in the wire itself that really causes
the action, The emf induced in wire 2 is caused by "Mutual
Induction", because wire 2 is not in tie same electrical
circuit as wire 3, or the wire carrying Lhe current,

LENZ1S LAU

Regardless, of hum the e,ilf is Induced, the Current set up

by' it will al.:ays be 7n such a direction as to try be prevent
tee act,' on4 Take iIguru 4 for example, when the magnet
was pushed: Into the coil, tihu ar4cticn of an current, caused
by the indUced snit, was such that Ihe magnetic field set up
by it had its N pole ab the .:3nd tvuard the permanent magnet.

Ass like. re..Die-tic poles repel) the accion betmeen the two
Pagnatie fields triad to prevent the magnat:. froill being- pushed
into the coil,

Mben tea magnet arras pulled. out, fns current in the co ;1

reversed) thereby rever3ingthe polarity of the magnetic field.
This made the S 'Vadat the and toward the perAanent magnet
and, as Unlike poles attract, the action between .he, magnet.jc
fields tried to prevent 00 magnet from bejng pulled out4

This action is known as-Lanzls Law Which is usually statedi
The direction of the current, caused by t17.0 induced emfg
is such as to tend to stop the notion producing ito"

.

POWER REQUIRM TD IN"DUOE x VOLTRGX

The power required to induce: an emf may be mechanical and
cause either' the conductor to move across the magnetic J'ield)
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or cause the field to move across the conductor. We can also
induce an etif by causing the flux, set up b: a wire or an
electro-magnet, to vary. As it varies and cuts the wire
producing it, we have Sell --Induction, but when it cuts a second
wire, we have Mutual Induction.

You know that the magnetic flux, set up around a wire or coil
of wire, varies with the current in the mire therefore the
flux can be varied simply by changing the value of the current.

The main thoughtwe want to leave with you is that the four
factors whlch control the value of an induced °nil can all
be summed up into one simple sentence by saying: The induced
emf is proportional to the rate of cutting. By that me
mean the number of magnetic lines cut per second by some
certain length of wire. Just check back over them and see if
changing any one of the four factors will not change the rate
of cuttings

PRITaRY AND SECONDkRY COILS

To continue our investigati'm of these actions, in Figure 9,
we show an electro-magnet, consisting of a coil of wire wound
on an iron core, connected to 2 dry cells with a switch in the
circuit. We also have a second coil, wound on a pasteboard
tube large enough to slip easily over the electro-magnet. The
ends of this second coil are connected to a very sensitive
meter.

We now close the switch in the electro-magnet circuit and then
go ahead just the same as we did in Figure 4, Pushing the
electro-magnet into the center of the coil of wire makes
the meter hand jump in one direction. Pulling the electro-
magnet out, makes the meter hand jump in the opposite directions

This, of course, merely proves that an emf can be induced
in a conductor by cutting the magnetic field of an electro-
magnet and the action is just the same as with a permanent magnet.

Notice, we have two distinct and separate electrical circuits,
one consists of the battory, switch and coil of wire of the
electro-magnet while the other circuit is made up of a coil
of wire and a meter only.

Both circuits contain coils of wire which are placed so that
the magnetic field set up by one of them will cut through the
other. The coil of wire connected to the battery is called
the Primary because the magnetic field it sets up starts the
actions The other coil is called the Secondary because the
action in it is caused by the primary.
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These names should not bother you because when we say anything
is primary, you think of something, that comes first, like
oPrimary Electionso, the oPrimary Gradeso of sohool and so on.
In this case, the electrioal energy comes from some outside
source, like the battery, and first sets up a magnetic field
as it passes through the primary coil.

The next, or second thing that happens is the induction of an
E.M.F. in the other coil as it cuts through or is cut by the
magnetic field. Therefore, we call this coil the oSecondaryo.

There are several important reasons why, in many cases, it is
easier and better to use en electron -magnet, or primary coil,
instead of a permanent magnet. To begin with, by using the
proper number of ampere -turns, we can set up a magnetic field
of almost any strength we -want. Then, by changing the current
in the primary coil, we can change the strength of the magnetic
flux. Also, by opening the primary circuit we can cause the
magnetic field to die out entirely.

ACTION OF THE PRIMARY ON T1 SECONDARY

All of this works to our advantage in providing an E.M.F. by
induction because we must have the secondary cut the magnetic
lines, or else have the magnetic lines cut through the secon-
dary coil, We have told you this several times before, but
WO can not overemphasize because it is the main idea of all
electromagnetic induction.

To explain more clearly just what heppens, for Figure 10 we
show a layout that is a little different than Figure 9. We
still have the same electrical circuits but have wound both
coils on the same iron core. As long as the switch in the
plthtlary circuit is open, .nothing happens° There is no current
in the circuit and therefore no magnetic lines are set up
around the primary. With no magnetic lines, there will, of
course, be no induction in the secondary. -

When the switch is closed, there is current in the primary
which, as you already know, builds up a magnetic field. As

the field builds up, the magnetic lines move out further from
the iron core. Starting in the iron and moving out, as shown
by the light lines, they will have to cut through the secon,-
dary and thus will induce an E.M.F.

The primary coil has a certain amount of resistance, there.
fore the voltage of the battery can _send but some certain
amount of current through it. The magnetic field will build
up, or out, to some certain strength depending on the ampere-
turns of the primary. Now, for the short time it takes the
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magnetic field to build up to its fl -311 strength, the lines
will cut'through the secondary coil. When it reaches its full
strength, the lines no longer move out, no longer -cut through
the secondary and therefore induce no further emf. This is
the reason why the meter in the secondary circuit jumps when
the switch in the primary circuit is first closed but then
drops back to 0 and stays there.

hen the primary switch is opened, the current'is stopped and
the magnetic field dies out,! Now in'dying out, the magnetic
lines fall back toward the iron'core, or collapse, and thus
again cut through the secondary, but in the opposite direction
to what they did when the switch was closed. That is why the
meter in the secondary circuit jumps in the opposite direction
as the switch is opened.

In this case, we have indubed an emf in the secondary with-
out actually moving either of the coils. By closing and open-
ing the primary circuit, thus building up and breaking down
the magnetic field, we can make the magnetic lines cut through
the secondary, You can see here that if we keep opening and
closing the primary switch fast enough, te can keep an induced
emf in the secondary all of the time but, it will be in one
direction when the switch is closed and in the other direction
when the switch is opened. It will keep changing back and
forth and will therefore be alternating.

While there are Many different methods of inducing an emf
in the secondary, such as moving the primary, moving the secon-
dary, opening and closing the primary circuit or reversing the
primary current, in Radio equipment it is usually a varying
current in the primary which causes the action.

The main idea we want you to remember is that there -must be
motion between the magnetic lines and the conduetor. A vary-
ing current causes a changing magnetic field and a conductor
placed in the field will be cut by the magnetic lines as they
move away from and toward the conductor carrying the changing
current.

We explained the action between two wires earlier in this L6s-
son and now we want to mention the action between two coils.'
Suppose, for example, that instead of the meter in Figure 10,
we have a spark gap and want to produce a voltage high enough
to force current across the gap.

Going back to the laws of Induction, you will find the value
of the -induced emf is controlled by -four factprs. 1, the
Speed:, 2, the Strength of Field; 3, the Angle of Gutting; and
4, the Length of Wire. In order to cause a spark to jump



;
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4.:r.ross en air gap we need a very high voltage and, to produce

this high voltage by induction, we will have to greatly in-

crease seine or all of the four factors. Let's look them over

and see what we can do. No. 1, Speed. We crilt do much here

because the speed of cutting is controlled by the speed at

which th.: magnetic field builds up or breaks down. When the

primary circuit is closed and opened, -the change in the mag-

netic flux will take place as rapidly as possible.

ITO. 2, Strength of Field. This, of course) depends on the

ampere -turns of the primary and the reluctance of the mag-

netic circuit. We can, by changing the primary, make a change

here but as we already have the primary coil made up, we are

going to see if there is not some other factor that will give

us what we want.

No. 3, Lngle of Cutting. As long as the coils are not movable

and are wound around the same core, we cannot very well change

the angle of cutting.

Po. 4, Length of Mire. This looks like a good one. Suppose

we make up our secondary with twice as many turns as the pri-

mary. Then the same number of nagnetic lines, moving at the

same speed and cutting at the same angle) but cutting twice

as much Tire, will produce twice the E.M.F. in the secondary

that we have in the primary. Therefore, in general, the more

turns we put on tho secondary coil, the greater the induced

E.M.F. will be.

As it takes about 5000 volts to jump a 3/16 inch gap in the

air, to indace this high E.M.F. we make up the secondary coil

-with thousands of turns of fine wire because, as a general

statement, we can say that the induced E.M.F. in the secondary

compares to the E.M.F. across the primary the same as the num-

ber of turns in the secondary compare to the number of turns

in the primary.

Another fact we want you to remember is that mutual induction

does not actually produce electrical energy. It can change

its form or transfer it from one circuit to, another but,

figured in Watts, there can never be more power in the secon-

thry than in the primary. In actual practice it will be less

because, everytime you change energy from one form to another,

there is a loss.

TRANSFORMER COILS

This sue idea is used in practically all Alternating Current

lighting and power lines where the electrical energy is

"Stepped Up" at the power house, carried for long distances

and then uStepped Downu at the place it 'is to be used.
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In Radio equipment, operating on 110 volts a-c lighting
circuits, the 110 volts is reduced for some of the tube
circuits and raised for others.

This stepping up and stepping down is done by means of
transformers which, in their simplest form, look like Figure
11. Here, the core is made up of sheets of soft iron and
built in the form of a square. The primary is wound on one
side and the secondary on the other, if you bent the core
of Figure 10 into a square, you would have the same layout
as Figure 114

In order to operate, the primary of the transformer is connected
to some source of alternating current which, as we mentioned
before, keeps changing or reversing its direction. This
reversal of current in the primary means that the magnetic
field it sets up is constantly buildinp, up and dying down,
first in one direction and then in the other. These changes
of the magnetic field mean that the lines arc, cutting
through the secondary and inducing an emf in it.

STEP-UP AND STEP -D00 TRANSFOR1ERS

When the secondary of a transformer has more turns than the
primary and the induced voltage is great ;r than that across
the primary, we call it a uStep-Up"{ transformer. lihen the
secondary has fewer turns than the primary and the induced
voltage is less than that across the primary, we call it a
"Step-Dawnit transformer. Remember here also, that measured
in Watts, we always obtain less out of the secondary than
we put into th3 primary. A transformer changes the values
of the Voltage and Current, but cannot produce any electrical
energy,

EDDY CURRENTS

You may have been wondering why we mentioned the fact that
the core of the transformer of Figure 11 wac made up of pieces
of soft iron instead of being solid. Going back to the laws
of induction, you remember that whenever a conductor cuts a
magnetic field, an emf is induced. The core of the primary
and secondary will certainly be cut by the magnetic linos
about the same as the wire that is wound on it, and being
iron, which is a conductor, will have an emf induced in it.

Looking at Figure 11 again, you can see that if an emf
were induced at either winding, the core, being square, vould
furnish a complete and endless path for current caused by the
anti'. The current in the core would set up a magnetic field
of its own and, by Lenzts Law, the magnetic fields set up by
current, caused by an induced cm!, is always in a direction
to oppose the change.
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Analyzing the complete action, the core is bound to carry some
current which will set up a magnetic field opposing the action
we want to produce. Currents set up in a piece of metal in
this way are called Eddy Currents.

By making the core of thin pieces of iron, called Laminations,
electrically insulated from each other by the dirt, rust or
scale on their surfaces, we can greatly reduce the paths., or
circuits of the eddy currents without increasing the reluctance
of the magnetic circuit. The use of a laminated core will
reduce the eddy currents and thus improve the action of the
transformer.

To improve the magnetic circuit, you will find most of the
iron core transformers, used in Radio equipment, are built on
the general plan of Figure 120 This arrangement keeps the
windings closer together and minimizes losses*

SELF INDUCTION

So far we have explained how, by Mutual Induction, the nrimary
winding induces an emf in the secondary, but now we are going
to forget the secondary for a little while and see what
happens in the primary. Reviewing the action explained briefly
for wire 1 of Figure 8, we know that the magnetic lines,
set up by the primary winding, start at the center of the wire
and build up or out, therefore they must cut through the
primary. As they induce an emf in the secondary, it stands to
reason that they will also induce an emf in the primary itself.
This action is called "Self Inductionn, al4d to explain it we
will first see just what happens in a straight piece of wire*

INDUCTION IN A STRAIGHT WIRE

In Figure 13 at HAI', we show the end of a piece of wire which,
we are going to imagine, is part of a complete electrical
circuit. As there is no current in the circuit, there is no
magnetic field around the wire. We now clo-,e the circuit and,
the instant the current starts in the wire, we have the
conditions at Figure 13-B, The magnetic field has just started
to build up and the magnetic lines, starting from the center,
are as yet all inside of the wire.

At 11C11 we have the conditions an instant later. The field has
built up further, there are more magnetic lines and they
extend out around the wire, Each one of these started at the
center of the wire and has cut through part or all of the wire
to get to its present position. At "D", Figure 13, we have the
full magnetic field with still more lines, most of which have
cut through the wire*
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If the current in the wire is away from you, or "IN" toward

the papers by the thumb rule, the magnetic lineS will be go-

ing around in a clockwise direction, The E.M.F. induced by

this action will try and force a current in a direction

opposite to that which caused the field to build up. This we

call Counter E.M.F. because it opposes the E.M.F. causing the

action.

Like all induction, self-induction occurs only while the mag-

netic field is changing. At "Du, Figure 13, we have the full

magnetic field and as there is no further change, there is no

further induction and the counter E.M.F. dies out. This com-

plete action takes place very, very rapidly, ih a small frac-

tion of a second but, the self.induction prevents the'current

from instantly jumping to its proper value as indicated by

Ohm's Law.

At "E", Figure 13, we still have the same conditions as at

"D", but open the circuit. As the Current dies out, the mag-

netic field collapses as shown at uFu, "Gu, and "Hr, which,

you win notice, is just opposite to the way it built up at

"A", !Tr, and "Cu. Here again we have
self-induction, but as.

the magnetic lines are now failirg in, the direction of the.

E.M.Fy will be opposito to 1,hp.t it was while the

field wa.s building vp, If the self-indection
opposed the in-

crease of current before, it has now reversed and will try

and help, or maintain it.

To sum up briefly -- Whenever we close a circuit and have cur-

rent in it, a counter E.K.F0 is induced which opposes the cur-

rent and prevents it from rising instantly to its proper value.

Whenever a circuit is opened and the current dies out, there

is an E.E.F. induced in a direction to try and maintain the

current. This is just another way of stating lenz's

SELF INDUCTION IN A COIL OF WIRE

Self induction takes place in a coil of wire in the same way

as in a straight wire but is greater because the magnetic

field set up around each turn cuts, not only the turn that

sets it up, but also the turns close to it. To show the

action, for Figure 14 we have drawn a coil of wire, part of

which is cut away, with the direction of the current from

right to left, or away from you at the top and toward you at

the bottom. The magnetic field set up here is exactly like

the one we told you about in our Lesson on Electra -Magnets

and you can see how the magnetic lines, set up around the

first turn, will cut the second turn as well as the first. '

The induced E.M.F. will therefore be much greater than in the



.1.
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single wire, just the same as the magnetic field set up by a
coil of wire is stronger than that set up by a straight wire.
The self induction in a coil of wire will depend on the
ampere-turns and the reluctance of the magnetic circuit and,
the stronger the magnetic field it sets up, the greeter the
self-induction will be.

IIMUCTANCE

The property of a coil or wire, acting to prevent any change
of the current through it, is called its Ilinductancele.
From the above explanation, you can see that self-induction
is due to tno property possessed by a wire or coil because of
its physical arrangement, such as number of turns, shape, the
material and length of the magnetic path, etc. Thus, a coil
of wire possesses the property of inductance whether a current
is passing through it or not.

On the other hand, induction is the action by which an electro-
motive force is produced in a material by magnetic lines
of force. Therefore, from these definitions, you can see that
inductance is really a property of a circuit while induction
is an action.

THE HENRY

Like all other electrical properties, we have a unit of measure
for inductance. When the current in a circuit, changing at the
rate of one ampere-per second, induces and emf of one volt,
we say the circuit has an inductance of one Henry. The Henry
is quite a large unit and for many ordinary purposes we use
one thousandth of it, called a IIMillihenry, or one millionth,
called a Illacrohenryn.

MUTUAL INDUCTANCE

It naturally follows thnt as we have self-induction and mutual
induction, we will have Self Inductance and Mutual Inductance.

As a general definition, we can say: Self Inductance is the
ability of a circuit to produce an emf by self induction
when the current in it varies.

Mutual Inductance is the ability of one circuit, by a change
of current in it, to produce an emf in a closely associated
circuit, by mutual induction.

RADIO UNITS

To help you appreciate the importance of Induction and
Inductance, we want to mention a few of the many Radio parts
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which operate on these principles. Going back to the early
Lesson on Radio Systems, we told you that Radio energy wa0
transmitted at high frequencies which means it is A.C. and
any currents which it causes, will set up an alternating mag-

netic flux around the wires which carry them.

Therefore, according to the explanation of this Lesson, Radio
signals can be transferred from one circuit to another by
means of transformers which are used almost invariably for

this purpose. Due to the high frequencies, which cause a high
speed of cutting, these transformers do not require an iron

core. Instead, the coils are usually wound on a tube of in-

sulating material, on the plan of the larger coil of Figure 9

but may be arranged on the plan of Figure 10,

Single windings of this same general type are used in nigh
frequency circuits to utilize their self induction. As the

action tries to prevent any change of current, they are known

as nchoken coils.

In much the same way, the lower; ár "Audion frequency signals
which we hear, are transferred from' one circuit to another 1*

means of transformers. Because the frequencies are lower,
these transformers require an iron core and are built on the

general plan, shown in simplified form in Figure 12.

.The cut away drawing of Figure 16 will give you a better idea

of the actual construction because you can see the location

of the primary and secondary windings, each of which contains

many turns of wire.

To complete the magnetic circuit, as shown in Figure 16, the

core laminations are made in two parts. One, as shown in

Figure 16, is shaped like the letter "En while the other is

"In shaped to fit across the open side of the nEn. By stack-
ing these laminations alternately through the coil, the finish-

ed core has the general appearance of Figure 12.

As explained for the higher frequencies, single windings on

an iron core are used as choke coils at both audio and home

lighting circuit frequencies. We have already explained the

action of power transformers but want to innlude them in this

general class of Radio units.

There are many variations of these general types, most of

which will be explained later. As an example, we can mention

that some types of high frequency transformers have cores

made up of a special form of powdered iron arranged to reduce

the eddy currents to a negligible value.
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While you may not fully appreciate their importance, this
brief mention of a few common Radio units should reraird you
of the need for a good understanding of induction and Induc-
tanc

CIRCUIT DIAGRAM STABOLS

In the illustrations of the earlier Lessons, we showed the
circuit diagram symbols for resistance and batteries and, as
circuit diagrams will form an important part of your studies,
for Figure 15, we show the symbol for a common type of power
transformer. The interlocking circles represent the turns of
wire in the coils while the extended lines, at each end of
each series of circles, represent the circuit connections.
The straight parallel lines in the center represent an iron
core. No attempt is made to indicate the number of turns in
each winding although the operating voltages may be indicated
as shown.

As this is a common type of Power Transformer, the primary
operates on the ordinary 110 volt house lighting circuit and
this coil is indicated at the left of Figure 15. The symbol
shows the winding is tapped for operation at 100, 110 or 120
volts to conform to variations of supply voltage.

At the right of the symbollthree secondary windings are shown
each with a middle connection or Reenter tape. The upper
winding develops 6.3 volts, the center winding 500 volts and
the lower winding, 5 volts. Thus, by a comparatively simple
symbol, we show the circuits and voltages of a transformer
with four windings and 13 external connections. As far as
circuit connections are concerned, the symbol provides all
the necessary information.

Following this same general plan, any choke coil or trans-
former can be represented by an accurate symbol and, if no
iron core is used, the central, parallel lines are aAitted.

As you advance in your studies, you will find an increasing
need fer a knowledge of these symbols therefore, study Figure
15 carefully while the subject of Induction and Inductance
is fresh in your mind.
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CONDENSERS

In the construction of all electrical circuits there are
but .three mein factors, Resistance, Inductance and Capacity.
We ndve already told you that all materials offer resistance
to an electrical current and those with the lower resistances
are classed as conductors. Also, WQ explained the various

types of taesi-tors" which are in common use.

Then we have you the details of induction and told you how
an E.Y.F. is included when a conductor cuts, or is cut by a
magnetic flux. The amount of induction, or rather the ratio

of the iilduced to '611e current prodrcing it, is known

as induotance. Checking back, you will find that every cir-

cuit has resistance and inductance.

We merely mentioned the third factor, capr.Lcity but its
action is as important as the others therefore we want to
explain it now to prepare you for the later Tssons.

LEIDEN J.-ARS_

In the early days, electricity was thought to be some sort
of a:liquid, like water, and many attempts were made to
catch or collect it. In one of these attempts, a glase jar
was coated with tfnfoil, about half way u0 on both the out-
side and inside and, 23 shown in Figure 1, a piece of chain
was hung doTn from the stopper so that it touched the inside
tinfoil.

This arrangement was called a Leyden Jar and it was found
that, when connected across a source of E.M.F.such as a
battery w, ith the inside tinfoil connected to one terminal
ane, the outside tinfoil to the other, there '.as no current
because the circuit, was not complete. Being an insulator,
the glass in the sides of the Dottie kept the circuit open.

However, after the oattery was removed, it was possible to
obtain a spark from the jar by holding a piece of 'aetal so
that it would complete a circuit from the top of the rod to
the outside tinfoil. In other Words, a certfyin amount of

elctricel energy was actaally held, or stored un, somewhere
in the jar which -"-,18 given the name of mCondensPrn.

To fully understand what hapnGns here, we had better go- back

for d minute and review sore of the laws that were statRA, in
the earlier Lessons. First of all, Tcu learned that an
E.M.F. WEB an electrical pressure always trying to force cur-
rent from a high to a low potential. Next, lie told you that

there could bo no current unless a complete and endless path
was provided. R.,,,member, these two facts still hold true,
but we will have to go 'a little deeper.
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Getting back to the Leyden Jar, if we
and laid' it out flat, each piece would
size and when connected to a batter:,
really be as shOWn in Figure 2.

The instant the switch is closed, the positive or left-hand
terminal of the battery, being at a higher potential, will
try and force current around in' thedirections of the arrows.

As the two sheets sue separated, or rather insulated, from
each other, there is no circuit but the upper plc te will be
at a potential e-,ual to that of the battery -positive. Be-

cause it is connected to it, the lower sheet will be at a

potential eclual to that of the battery negative.

Nor here is what actually happens. The instant the switch

is closed, there is a momentary rush of minute electrical
charges to one of the tinfoil sheets and a similar movement
away from the other sheet. These exceedingly small charges

are known as "'Electrons" and it is the methods of their con-

trol which make up the entire science of "Elcctronics".

Page 2

removed the tinfoil
be of fairly good
the circuit would

The later Lessons contain many exrlanations on the behavior
of electrons but at this time, you need remember only that

a current of electricity is a flow of electrons. On this

basis we can explain aPticon Fit.',ure 2 by stating that,

the instant the switch is 014)sed there is current :Intr) ono
plate and current out of the other. During the comparatively
short time this current exists we say the condenser is

nCinargihg" and when the current ceases, the condenser is

charged.

Assuming tho4 condenser is charged, the battery can be' removed
from the circuit and the plates, or shoats of tinfoil, will
still be at about the same potential difference as tnat
developed by battery. This difference of potential between
the two sheets of tinfoil causes an electrical strain and
thus we have stored a certain amount of potential energy.

Pith the battery removed and the wires- 'brought together, as
in Figure 3, we complete an eloctrieal path botiNeen the upper

and lower sheets. The difference of potential, between the
two sheets of tinfoil, forces current through the circuit and
causes a spark between the ends of the ,wire. As soon as the'

two sheets are. at the same potential, the strain is relieved,
there is no further action and ye say the condenser is dis-

charged.

We told you that when the condenser is charged dt -)ossesses
potentdal energy. Now we can add that when it is in the act
of discharging and' has the ability to do work, it possesses
kinetic, energy. If you are not clear on the difference be-
tween' potential and kinetic energy, a review of the earlier
Lessons will be of benefit.
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While there are many good examples of the charge and dis-
charge action of a condenser, we think that the old "Jack in
the Box" toy is as good as any. You may remember these old
fashioned toys which looked like an ordinary box but, when
You unfastened the cover, a figure of a man, snake or animal'

jumped out at you.

There was really nothing to it but .a coiled spring hidden in-
side the figure. You put a force on the spring and com-
pressed it, and then held it by closing and fastening the
cover. Mien the catch on the cover was released, the spring
axpanded and pushed the figure up and out.

In other words, when you forced the cover down and compressed
the spring, you out a certain amount of energy into it. The

lock on the cover held the.energy in the spring and, when the
catch on the cover was unfastened, the spring released its
stored energy and expanded.

An electrical condenser is very muchthe sane. Nhen you con-

nect it across a tettery, or other source of E.M.F., you give
it a certain amount of electrical energy. Then, when the
battery is removed, it retains this energy until a. path or
circuit is provided' rhen it releases the energy and dis-

charges-

CAPACITY

In ,general, we can say that an electrical condenser consists
of elec6rical conductors insulated from each other. From our

explanation. of the action in a Ieyden Jar., you can see that
the amount of energy a condenser can hold, oiled its Capa-
city, will depend .a whole lot on the expOsed area of the con-
ductors.

In order to provide the proper value of oc,pacity, most con-
densers are made with the conductors in the for of plates

or sheets. To show you how it is possible to obtain dif-
ferent values of canacity, in Figure 4 we have placed a
third sheet of tinfoil, below the lower one of Figures 2
and t, and have connected it to the battery positive.

In this case, the aOtion between the lower side of the mid-
dle she3t and the upper side of the oottom sheet will be ex-
actly the: same as already explained for the two upper ones
only. As this arrangemel4 provides twice the active area,
twice the amount of energy can be stored and therefore, other

taing3 remaining the same, the condenser of Figure 4will
have trice the capacity of that shown in Figures 2 and 3.
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DIELECTRICS.
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The insulation between the 10..ates of a condenser is called
the 0Dielectric" and can be any elebtrical insulator. Ue

have already mentioned some discoveries made by Ilichael

Faraday and he also found the capacity of a condenser depends

not only on' the area of the p`! arcs out on the dielectric as
well. The material the dielectric is made of and the dis-
tance between the plates both have an effect on the capacity.

This differen-ce in the various ineullierS, when used as a
dielectric, is called "Specific Injuctive Capacity" or

"Dielectric Constant". Both of these terms are in common use

cut mean about the same thing. L k everyth4mg else, we have

a Starting Point and, in this case) we considsr the sTecifio
inductive 3Apacity of air as 1.

With this as a starting poi,nt, the more common dielectrics
have the following'lepro=imato valvls:

Air 1

Bakelite -4 to 8
GlaSS 8 to 10
miO4, ---4 to 7 1/2
Paraffin Wax ----- 2 to 3 1/2
India Rubber 2 1/2

T0Per 2 to 4
0astOr Oil .4 -to 5,

Kerosene 2 to 5 1/2

In this connection, wa-want you to remember also that the
dielec-uric is.a very important part of any condenser because,
according LO some theories, as long as tho condenser is
charged, it, is wader a strain, like the spring in the "Jack_
in the Boll when the lid is closed* When the condenser dis-
charges, th4 rebound of .tee dielectric helps it in its action.

THE FARAD

- The former explanations of the different electrical actions
included definitions for their units of. measure and, for bon
dv..nsers, the capacity is'measured in sTarads", a unit named
to honor Michael Faraday. In terms of units -already explained,
we- can state: -

A condenser which) at a presSure of one volt, will absorb

one coulomb of tiaeotrioitY., 'ins 0 capacity of one. Farads

You will romember that a current of one coulomb per second is
equal to one ampere but, in the case of a condenser, the,
current is not uniform. While a condenser is charging it absorbs,:
or soaks up, a certain amount of electrical energy much like

a sponge soaks up water.
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The farad is a very large unit, so large in fact that for
most ordinary work we use but one millionth of it, called a
Microfarad. Just to give you an idea here, the ordinary
variable condensers used for tuning a Radio Receiver, have
a capacity of .00014 to .00035 Mf. This means 14 to 35
hundred thousandths of a microfarad, and it takes one million,
microfarads to equal one farad.

In order to avoid the use of decimals,.it is becoming common
practice to use a third unit of capacity, equal to one mil-
lionth of a Nicrofarad. As a microfarad is equal to one
millionth of a Farad, this smaller unit is equal to one
million -millionth of a Farad, therefore we call it a micro-
microfarad or "Mmf".

Saying it another way, to eliminate an WI, or micro, from
the terminology used to designate the capacity of a conden-
ser, move the decimal point six places to the left, and to
add an "Mil, move the decimal point six places to the right.
For example,

100 Mmf = .0001 Mf = .000,000p001 F

COLOR CODE

Many of the later types of small fixed condensers are color
ceded by means of three small dots but, as the numerical
Values represented by these colors are the same as explained
for the Resistor color code, you have nothing new to learn.
The only difference is that resistors are color coded in
"OHMS", while condensers are color coded in micro-microfarads,
"Mmf". As explained for resistors, the code is as follows.

Color - Figure

Black 0

Brown 1

Red 2

Orange 5

Yellow 4
Green 5

Blue 6

Violet - 7

Gray 8

White

Tc read the color code properly, the condenser is first
turned so that any lettering on it will read properly, or an
arrow will point to your right. Then, following the plan
explained for axial type resistors, you read the colors from
left to right.
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For example, suppose a condenser has a red dot on the left,
a center green dot, and a right-hand brown dot. From the
above table, you can see Red means 2, Green means 5 and
Brown means 1. However, the figure represented by the color
of the last dot means the number of ciphers mhich follow the
first two figures and thus the condenser has a capacity of
250 /inf. Moving the decimal point six places to the left,
the capacity is .00025 Mf.

This color code is of great help in all Radio work and it may
pay you to memorize the color values as listed above. Re-
member, for condensers the values are in Winf,11 and for re-
sistors, the values are in. Chns.

ANALOGY OF CONDIIIM ACTION

Now that we have explained Capacity, Dielectrics, Farads,
and other terms connected with condensers, we are going to
review condenser action because of its extreme importance to
your later work. This times to establish the action more
clearly in your mind, we are going to compare a condenaer
circuit to a water circuit.

In Figure 5, we have such a Circuit and, at the left, show a

reciprocating piston with its wall and shaft. There is an

opening at each end of the wall ands from these openings, me
run lengths of pine which are connected to the openings of

the unit at the right. This right-hand unit is made up of
two chambers which are separated from each other by a flex-
ible diaphragm, and has no opening which will permit a direct
passage of water from one chamber to the other.

In following our explanation, we want you to assume that the

entire system is completely filled with water which, when in

motion, can be compared to an electrical current, and that

the piston wtth its wall and shaft will develop a pressUre,
comParable to a source of E.Y.F. which is capable of changing

its polarity. Also, the chambers will compare to the plates

and the flexible diaphragm to the dielectric o a condenser.

As shown in Figure 5, with the piston in the neutral position,

no .pressure will he exerted and the flexible diaphragm will

be it the position as shown by the heavy black line. This

sitVation compares very -favorably to the condition of a con-

denser which is completely disollsrgsd-

News if wi move the piston to the right, it produces a prea-

sure 'which will cause the water to travel in the direction of

the inner arrows and force the flexible diaphragm downward as

shown by the lower broken line. Due to the pressure or strain

on this diaphragm, by displadement, there will be a movement

of water in the lower pipe in the same quantity and direction

of that in the upper pipe.
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When the piston is in the extreme right-hand position so as

to exert the greatest Pressura, the diaphragm will be bent

downward to the maximum position. Comparing this action to

a condenser, we can say it is charged. You can see that if

the pipes were "cappedlf, when the diaphragm was in this
stressed condition, the unit at the right would possess a
certain amount of potential energy which would be equal to

that of the supply. Notice, although no water passed com-
pletely through the right-hand unit, there was a flow of

mater in both the upper and lower pipes.

Going back to Figure 5, with the piston at the right and the

diaphragm bent downward, if the shaft is released the pres-

sure, produced by the diaphraga in trying to return to its

original position, will force the water in the direction of

the outer arrows and move the piston toward the left. This

action will continue until the diaphragm reaches its normal

or unstressed position as shown by the solid line in Figure

5. This analogy can be compared to the action of a conden-

ser mhile discharging.

Should the piston be forced from its neutral position toward

the left, the action will be the same as explained above but

the water, forced in the direction of the outer arrows, will

cause the diaphragm to bend upward, as shown by the upper

broken line. Then, with the force removed from the piston,
the potential energy possessed by the diaphragm will be re-

leased and force the water in the direction of the inner

arrows.

SuppoSe now, that the piston is moved rapidly from one side

to the other. You can see this will cause a continual move-

ment of the water in the pipes, the direction and rate of

change of 7hiah will depend on'the.position of and speed at

which the piston is reciprocated.

Comparing the pressure produced by the piston to an E.E.F.

of dhanging polarity, and the unit at the right to a condenser

there will be current in the circuit although none actually

passes through the condenser.

'When the piston is at either the tight or left and is exerting

a pressure in one direction only, the analogy is that of a

Direct CLrrent circuit and there is current only while' the

condnnser is charging or discharging. As the charging time

is measured in fractions of a second, the exact time depend-

ing on the average rate of charging current, capacity and

impressed voltage, we conclude that a condenser will not

allow any current in a D.C. circuit.
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From the two paragraphs above, we want you to remember that,
when compared to an electrical conductor, a Lood condenser
will not allow A.C. or D.C. current directly thNough it, al-
though there can be current in an A.C. series circuit which
contains capacity.

PLAT: COTTD:NSERS

One method of building a sirple condenser is to use two plates,
usually of cooner or aluminum, which are separated by the dielec-
tric. Instead of making the elates larger, in. order to obtain
the required caeacit:e, a larger number of email plates are
assembled, one on top of the other.

The general plan of construction is to niece a sheet of di-,
electric on top of a plate which is shared to form an exten,-
sion at one side. Then, a second plate is placed on top of
the dielectric but with its extension to the opposite side,
as compared to the first rlate. This same alternate arrange-
ment of plates and dielectrjc is continued until the proper,
or required number have been put in place.

llhen the assembly has been completed all the oetensions on
one side are electrically connected Lo make one condenser ter,-
minal, and all the extensions of the other side are connected
to make the second terminal. The entire assembly is then
dipped in shellec, melted wax, or other insulating compound'
and usuaLly heated to drive out all the air, rafter cooling,
the compound makes the finished condenser moisLuro proof.

In some of the larger condenser units, the 'elates are held in
racks of insulating material, but hero also, ever:r other plate
is electrjcally connected in the same manner as eeplained
above. In some cases of this kind, air is used as the dielec-
tric, and in others, the plates are covered with an insulating
oil which is then the dielectric.

Variable condensers are another form of elute' condensersand
are made up of two sets, or groups, of plates, the number of
plates in each group depending on the capacity of the conden-
ser. One group, known as the "Stator" is insulated fray but
held stationary by the frame and the plates are electrically
connected by metal spacers which bold them the proper distance
apart. The other group, !noun as the "Rotor", is electrically
connected in much the same way but is fastened to a movable
shaft.

By turning the shaftl the rotor plates move in between those
of the stator and thus, b7 clanging the active exposed area,
the caoacity of the condenser can Ile varied, It is a good
thing to remember here that, even with the moveable plates
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turned out as far as they will go, there is still an aepreci-
able amount of capacity present due to the amount and posi-
tion of metal in the two groups of plates. Therefore, variable
condensers are rated as to their values of ',maximum!' and umini-
mum!! capacity.

ROTJAD CONDENSERS

Another very common method in the manufacture of condensers
is to take long strips of metal foil and waxed paper and roll
them up in a compact package. Of course, by this method, the
waxed paper is inserted betaeen the strips of foil and serves
as the dielectric. By following this plan, comparatively
large capacities can be obtained in a very small space because
both sides of both strips of foil will aid in the action.

In order to make a good electrical connection with the metal
foil, little pieces of thin copper are laid on the foil and
left sticking out as the strips are rolled. All of the
pieces of copper touching one foil strip stick out on one
side and those touching the other strip stick out on the other
side.

By soldering these pieces of copper to a wire, again we have
the two condenser terminals the scene as with the plate
denser. Here also, after the roll is made, it is usually
dipped in melted paraffin to improve the dielectric, drive
out all air and prevent moisture from getting in.

A better method of censtruction, and one which is in more
common use, is to make the foil wider than the paper, one
strip projecting atone side and the other strip projecting
from the other side. This is known as a uNon Inductive!' con-
denser because, with connections properly made to each piece
of foil, there is a good contact along the entire length.

When copper strips are used for connection, there are general-
ly several turns of foil between them and, when charging and
discharging, the current passes around these turns, causing
self induction.

PAPER - MICA CONDENSERS

One common type is called a Paper condenser because the di-
electric is paper soaked in wax. You can readily see that if
there should be a spot where the wax was thin, a fairly high
voltage across the condenser might be able to force current
from me: tinfoil strip to the other, burn a hole through the
paper and flshortlt the condenser.

For use across higher voltages, and usually in the better
grades of small size condensers, you will find thin sheets of
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mica for the dielectete. Inca does not puncture as easily as
paper and, from the figure,' that we gave you a few pages beck,
you will remember thqt it also has a higher specific inductive
capacity.

Mica can De split into very thin sheets and still retain its
insulatirc qualities tnenifore the plates in a mica condenser
can be )laced very close together, thus increasing the capa-
city. Idea condensers are generally encased in moulded bake-
lite and you will find them in various sizes and shapes.

ELE,'CTROLYTIC CCIMEASERS

Because of its ability to provide greater capacity in less
space, the electrolytic condenser has come -into cannon use
for a number of importvnt Radio applications'. Altheugh its
electrical principle, of operation is the same asexplained
earlier in this Lassonlit-,s construction is different in many

respects.

In an earlier lesscn on Cells and Batteries, we told you that
different metals, wen placed in an electrolyte, produced an

,wd certain 3ambInatIons'are.in carmen use as dry calls
or store batteries.

Some metals, of which aluminum is the most common, have an en-
tirely affen,tt action -when placed in an electrolyte. Men
a combination of this And is connected in an electrical cir-
Cult, it current in one directjpn, but not in the

other, -to farm an Electrolytic Rectifier.

Men tw plates of aluminum are placed in a suitable electro-
lyte and the conbination is connected in a D.C. circuit, the
current will be high at, first but taper off to a very law
value. This reduction of current is caused by an extremely
thin film of oxide which forms on the plate connected to the
positive t.rminal of the circuit. Should the circuit connec-
tions Co reversed, tle entire action will be repeated and,
again, the film will form on Ua3 plate connected to the posi-
tive.

After the film has 'ben formed, the other plate can be /waved
and the cambination of plate, film and electrolyte make up a

condens.'r. In this ^ace, the film is the dielectric, the
aluminuu is one plate and the electrolyte acts as the other
plat=. As the Ls extremely thin, the condenser plates
are close to each otter and thus, the capacity of the condenser
is comperatively large.

Remember hero, the film forms on the plate connected to the
positive and will nab maintain its insulating value if the
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direction of current is reversed, Therefore, the canmon types
of electrolytic condensers are useful only in D.C. circuits
and are marked plainly to indicate which terminal must con-
nect to the positive side of the circuit..

MATERIAL USED

Vlhile aluminum is the most common metals. Magnesium and Tan-
talum may also'be used for the metal plate which carries the
film. This plate is known as the "Anode" and, to increase
its effective area, the surface may be roughened by an etch-
ing process. Because the action occurs on the surface, the
anode is sufficiently thin to be classed as a foil.

The electrolyte is held in some porous material, such as
gauze or paper, which is made in the form of a sheet and
placed in contact with the anode foil, To provide good elec-
trical contact with the electrolyte, a second sheet of thin
metal, known as the cathode foil,'is placed on the opposite
side of the porous sheet, The porous material thus acts
as a separator .to prevent metallic contact between the -anode
and cathode foils.

The metal foils and separator are made in strips and assembled
on the general plan explained for rolled condensers, Tabs
of foil are attached to the StripS and brought out for can-
neetion to the terminals of the completed unit.

There are two main types of electrolytic condensers, the
and the "Dry". In the wet types, the electrolyte is quite
thin, with about the same viscosity as water while, in the
dry types the electrolyte is in the form of paste.

In addition to their capacity, there are two important points
to renember when installing electrolytic condensers. First,the
terminal marked "Plus", "Positive" or "+" must always be con-
nected to the positive side of the circuit and second, the
value of voltage applied across the condenser should not ex-
ceed the value of "working volts", also marked on the conden-
ser.

CONDENSER CAPACITY

The capacity of a condenser depends aImoSt entirely on its
physical or mechanical construction and, while it is not like-
ly you will ever be required to build one, we want to give
you an idea of how capacity is figured.

Suppose we have an ordinary plate condenser and want to know
Its capacity in Farads. All of the plates will be of the
same size therefore, we will first find the area of one of



1
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t:iern in square inches and then multiply it by the number of
plates in order to find the total active area. The end
plates will be used on one si_cie only while the others will
act on both sides therefore, as two eutEide surfaces are not
used., we will subtract 1 from the total nnmber of plates be--

fore multiplying the area. Then we rust al8o know the di-
electric constant and the distance between the plates.

After we have all of these values, we make use of the formula:

Vthen:

AxKx (N - 1)
4.452 x D x 1,000,000,04600

A is the area of the plates in square
K is the dielectric constant
N is the total number of plates
D is the distance between the plates
C is the Farads capacity

In the above formula, the figure "4.452" is
stantn and is use,0 to make the formula
As a comMon example of a constant, you know
vided by 4 equals gallons end thus, the "4"
as a constant.

inches

in inches

known as a "Con -

that quarts di
can be considered

As most of the condensers you will work with have v-ry small
capacities in Farads, they are rated in microfarads. As a
microfarad is one millionth of a Farad, by dropping the last
e ix zeros in the demoninator of the formula, the value of C
will be in microfrrads.

Variable condensers are seldom built with capacities of more
than .0005 If and, to avoid the decimals, you will often find
teem rated in micro-microfarads. A micro-microfarad, or
"micromike", abbreviated Ifigmf.", is one millionth of a micro-
farad therefore, by dropping all the zeros in the formula,
the value of G will be in MM.

Written out in figures -

500 Nmf. equals .0005 NT. equals .0000000005 F.

CONDENSER CIRCUITS

Like all other electrical units, condensers can be connected
in series, parallel or any of the combinations we have ex-
plained. Although they allow no direct current, there are
several important points we want to explain at this time. A
review of the Lesson on Series and Parallel Circuits will
help you follow our explanations here.





Lesson Fill -19
Page 13

The quantity of the charge of a condenser, measured in

coulombs and usually indicated by the letter "Q" is equal

to the capacity "C" in farads, times. the applied voltage "Efl,

in volts. As explained for Ohm's Law, these quantities can

be arranged to provide three forms of the equation,

Q CE, E =
0 1

C =

CONDENSERS IN SERIES

To investigate their action, for
densers, Cl and 021 connected in
or circuit.. Reviewing the rales
find first that, at any instant,
all parts of the circuit.

Figure 6 we show two con -
series across a supply line
for series circuits, we
the current is the same in

Instead of a continuous action, in the circuit of Figure 6,

the current will consist of the condenser charges and dis-

charges only. However, to conform to the general current

rule for series circuits, here the charge or "Q" of both con-

densers must be the same and equal to that of the complete

circuit.

Also, according to the general late of series circuits, the

total voltage across the circuit is equal to the sum of the

voltage drops across the parts connected in series. Applying

this Rule to Figure 6, the sum of the voltage drops across

the separate condensers will equal the voltage across the

complete circuit.

To write: these actions in the form of- equations, using the

terms previously explained, for any circuit like that of

Figure

C

El
E2

E
Q

= combined capacity of Ci and C2

= voltage drop across Ci

= voltage drop across C2

= totals supply voltage

= the carge

Substituting in the general equation,

C ' El G1 ' E2 =

but, from the second law of series circuits,

E =E1 E2
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Substituting the values of these voltages in terms of charge

"Q" and capacity "C", we can write

C C1

As "Q" has the sane value in all these fractions, it doeS not

change the relationship between the capacities therefore, the

formula can be simplified by eliminating the quantity "Q" a.

step which can be done by following the rules for fractions.
For example, suppose we have the expression,

3=3
4 12

3
6

and want to find the value of A. To do this, we divide all

of the terms by 3 but, to divide fractions, the divisor is

inverted, and the fraction multiplied by it. Following these

steps,

A, 1 3 1

4
(a' x -g) (.q

6

and cancelling the "3's" of each term,

1 1 1

21: 12 6

Following the same plan for the capacity equation and dividing

by "01

x 1 = x +1)
C C1 Q C2 Q

and cancelling the "TO of each term,

1 1

C C1 C2

and when more than two are used

a

C

1 1 1
+ + - and

C1 C2 C3
so on (2\

Following the plan explained for resistances in para11e1$ when

two condensers are connected in series, for the total. aapacity

C
Cl C2

Cl + 02 (5)
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Following the same ?lan for eciaation (2) re have 1-

aic203 *,4
0103 01C2 (4)

However, when °Pal capacities are connected in series, we

can substitute any one for trig others and equation (4) he-

cows :-

= ca-r (5)

Thus, 9.8 a general rule, we can states.- Nhen equal capacities

are connected in series, the total capacity is equal to that

Of one condenser divided by the nuMw".:r of condensers.

To show you how these formulas work out, suppose we, connect a

.002 lair . ond a .00025 NT- condenser in series. Using formula

(s) for the series connection and substituting .002 for the
first capacity and .00025 for the second capacity we have,

.0C2 x..00025G -

.002+ .00025

.0000005

.0O225

0= .0002222 MI%

C = .000,000,000,2222:Farad

So much for series capacity, now let:s see about the voltage.
lath 100 volts across the circuit of Figure 6, the charge of

the two condensers, figured as above for total capacity, would
be --

Q = C x E
Q = .000,000,000,2222 x 100
Q = .000,000,022,22.

By simple fractions, Such as re used for 0hmls Law, if Q

C x E then E Q/0 and using the formula in this form, for the
.002 Mf. or .000,000,002 Farad condenser the voltaie would be,

E _ 400,000.022.22 11.il volts
.000,000,002

For the .n0025 Mf. condenser we -would have,

.000,000,022.22

.000,300,000,25 = 88.88 volts
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These igures show two important facts. First, when connect-

ed in series, the voltage across each condenser is less than

the line voltage and sec rd; wlirm uneo,ual c-paciV.es are con-

nected in series, the redo of the voltages across them will

vary inversely as the ra;io of their capacities.

In the example we just worked out, the larger condenser, with

eight times the capacity, had but one eiftida of Ule voltzge

across it. ilith (T equal cLoaGity, ti v^24:-1,ge

across them woulc: at equal and this is alE0 a useful lact to

know in your

For example, suppose the... -,e is 600 volts across the circuit

of Figo.-7-c ':;o3 nerd a cn.par4t7 o°. 2 LI. yOu cid not

have a --.oA:ell-er cC p -o -f -x -qur'cing voltage, two

500 volt 4 Mr. Oondcrqrs would do th3 job.

Using' foraula (3) of this lesson when connected in series

their total capacity Iorld be,

4 7' 4 -

C = -=- = 2 f
4 + 4 8

and the

E = = '6012 = 300 volts
0 .000J04

You may be wondering how all those figures will help in your

7402`k k r, arc. 7,a,ce up tire' VC 4.0113 electroatc problems in

ow: laGor you vi11 find those formulas not only use-

ful but neceJaary.

CONDENSERS IT PARALLEL

In Figure 7 we show two condensers Cl and C2 connected in

parallel and, like the branches of any parallel circuit, the

full lire or supply voltage will be across each.

Thinking of each of these as a simple two plate condenser:

like Figure 2, the parallel connection of Figure 7 really

doubles the area of the plates. In other words, we have two

plates connected to each side of the supply line or circuit.

If each conoenser has a capacity of 1 Mf. two of them, con-

nected in parallel will have a+ combined capacity of 2 Ef.

The point to remember here is that, 'when connected in parallel,

the total capacity of two or more condensers is equal to the

sin of their separate capacities.

Written out as equations and letting C represent the total

capacity, for the parallel connection

0 = C/ C2 (6)
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and when more than two capacities are used the equation be-

COMGS,

C= t C2 C3 and so on (7)

You will find the above equations very useful because it is

often necessary to replace punctured and shorted condensers:

For example, suppose you need a capacity of 2 Mf., and have

nothing but 1 12 and .5 Mf. condensers available. By con-
necting in parallel, you could use four .5 Mf. or two .5 Mf.

and one, 1 Mf. to Make the required 2 Mf. capacity.

However, you must watch the voltage. Nearly all condensers

are marked to show their maximum A.C. and D.C. working, volt-
age. Some also are marked with a iltestit voltage. Connected

in parallel, each condenser has the full circuit voltage

across it which must not be higher than the 'WORKING!! voltage

for which it is marked.

In general, there are but two distinct condenser types and

they are known as plate and rolled. There ares of course,

variations of these types and plate condensers may be of the

fixed or variable variety- while the rolled type are of a fixed

capacity.

.The main points we want to bring out in these explanations

are condenser action and the total capacity of condensers con-

nected in series or parallel. If any of these points are not

clear, go back over our explanations before going ahead.

GRAPHS

In the Lesson on Multimeters, we explained the drawing of a

graph for reading values not on the scale of a meter and in

many of the later Lessons, we will show other actions by means

of curves, or graphs. It is imperative that you understand

them perfectly because more and more electronic data is being

published by means of curves and, for that reason, we are go-

ing to spend the rest of this Lesson explaining the various

types and the methods by which they are drawn.

First of all; remember, the ordinary curve is not complicated,

does not depend on higher mathematics and can be read as

easily as .a map. Once you feel sure of the truth of this

fact, curves will lose most of their difficulties for you.

SCALES

On a good map, each inch represents a certain number of miles

and all harts are drawn in proportion. Thus, if one inch

represents 20 miles, two towns which are actually 20 miles
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apart, will be one inch apart on the map. This reduction is
what we call the "Scale" and, to be accurate, all parts are
drawn to scale. The same idea is carried out in all technical
or mechanical drawings where the object has to be reduced, en-
larged, or is drawn full size.

The first point to keep in mind then is that the scale is only
the mount of increase or reduction. Any scale within reason
can be used and going back to a map, one inch can represent
1 mile, 10 miles, 100 miles or 1000'miles. However, and this
is important, whatever scale is used, all parts of the map
must be reduced in the same proportion. If one inch represents
20 miles in one part, it must represent 20 miles in all parts.

For Radio and other Electronic work, most of the .curves are
drawn to represent values such as voltage, current, frequency,
amplification and so on, but the idea of the scale is the same
as for a map, only instead of miles, there are volts, amperes,
kilocyples and other scales.

GRAPH PAPER

To save a great deal of measuring, most curves are on
specially prepared "CROSS SECTION" or "GRAPH" paper which is
made in a number of typeS to suit various classes of work.

In Figure 9 for example, we show a piece of common graph paper,
divided into equal squares with eVery fifth line heavier to
make it easier to follow any line. While this type of paper
can be had in many sizes and rulings, the common ones use a
length of one inch as a main unit and divide it into 80 10,
12, 16 or 20 equal parts.

For Radio and other Electronic work, 20 equal divisions to
the inch are common because they allow most scales to be di-
vided closely. for example, if you axe using a scale in which
1 inch equals 10 volts, then each small squarewill represent
.5 volt. Should the values be larger and you decide to let
one inch equal 100 volts, then each small square represents
5 volts.

While there is no hard and fast rule, the scales are usually
made so that the largest values will just about take up the
full number of squares used for the complete scale.

SIMPLE GRAPH

An actual example makes any explanation easier to follow there-
fore, suppose you arc doing Radio Service Work and are anxious
to keep a close check en the number of cal)s you handle. It
would be easy to start a list and, at the end of each day,
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mark down the number of calls made. Such a list would look
something like this --

DAY NO. OF CALLS

Monday 12
Tuesday 8
Wednesday 7
Thursday 11

Friday 9

Saturday -0lA

By reading &win the column you would see your best day, worst
day and so on, but still would not have a good picture of what
actually happened. You Levi:. tao sets of values here, the days
of the week, and the number of calls, therefore can make a
graph.

To show this information' as a graph on a piece of cross section
paper like that of Figure 8, your first job is to select the
scales. Going across the bottom, you see thezc'e are six heavy
lines and, as there are six working days in the week_decide
to let each heavy line represent ore day. Counting across from
left to right, each five small squares represelit one day.

For the number Of calls, you see 16 is the highest, but you
could handle 20 or 25 and starting again at the lewer left,
but going up this tine, you let each Small square represent
one call.

Those are your two scales and we have them all drawn in ?figure
9. It might be well to mention here that the lower left cor-
ner, where both scales start, or originate, is called the
nPoint of Criginn. These scales are read on the sane general
plan as a ruler and are considered as extending all the way
across the cross section paper. In your mind, you move the
bottom scale straight up and the left hand scale straight
across to the right.

The line running from left to.rightl from the point of origin,
is also called the horizontal axis, while the lihe running, up
from the point of origin is called the vertical axis. The

other lines, running up from the horizontal axis, are called
00RDINATESn, while those running across' from the vertical
scale are canal nABSCIS3AEn.

Going back to the table, you made 12 service calls on Monday
therefore, 'you start at the Point of Origin, Figure 9, go up
the w.MONn ordinate to the 12th square on the vertical scale,
and make a dot or small circle where the lines cross.
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For Tuesday, you made 8 calls and to locate this point, you

follow up. the wrUg" ordinate until it crosses the 8th line,

an tbspissae of the vertical scale, and again make a dot or

oiroIe.

The same plan is followed' for each day and after all the

Points have been located, they are joined by straight lines

as shOwn.

Figure 9 contains exactly the same information as the table,

but gives a better picture of what is taking place. You can

see at a glance, just how the number of calls varied, which

day was high, which was lieu and so on. 'chile the graph here

is a rather irregular series of straight lines, it is called

a curve.

CONVERSION GRAPHS

Following exactly the same plan, graphs can be drawn for many

other purposes. For example, 1 inch equals 2..54 pentimeters3

a fact which can be w:-.,itten as the formula.. --

Inches ..Centimeters 2.54

or working it the other way around

Centimeters = Inches x 2.54

Taking the formula, we can substitute:various
values of inch-

es and find the corresponding value in centimeters, For

example --

Centimeters = Inches x 2.54

For 1 inch Gm = 1 x 2.54 = 2.54

For 2 inches .
Cm = 2 x 2.54 = 5.08

For 5 inches Cam 1= 5 x 2.54 = 12.70

and thus any value in inches- can be changed- to -centimeters.

Working the other way,

Inches =. Centimeters = 2.54

For 1 Cm Inches = 1 .= 2.54 = .393

For 5 On Inches = 5 2.54 = 1.974

As explained for Figure 9, we could work out a long table of

values but instead, have drawn the curve of Figure 10.

The centimeter scale is laid off on the horizontal axis and

the inch scale on tha vertical axis. The point of origin is
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at the lower left corner as before. CheCking the scales you
till find each small square along the vertical axis represents
.2 of an inch while each small square along the horizontal
axis represents .4 of a centimeter.

Substituting in the formula, we find 1 inch equals 2.54 centie,
meters and to locate this point on the curve, we go up the
vertical axis to 1 inch and then over to the 2.54 ordinate.

On the drawing we have a n20 ordinate, a n2.4n ordinate and
a n2.80 ordinate, but no n2.540 ordinate therefore we estimate
about where the 2.54 ordinate would be. You can see that
2.54 will be about 1/3 of the way between the 2.4 and 2.8
ordinates'because 2,54 is .14 larger than 2.40 and .26 less
than 2.80. We place a mark on the nln abscissae where the
2.54 ordinate would cross and then go ahead and plot other
points. From the formula, 2 inches equal 5.08 Om., 3 inches
equal 7.62 and so on.

After several of these values are located, we find a straight
line passes through all Of them therefore, in this case the
curve is really a straight line.

This curve is called a conversion graph because it shows the
value in centimeters for any value of inches. For example,
suppose you want to change 1.6 inches to centimeters. Of

course you can multiply it out but, looking at Figure 10, it
is much easier to follow the vertical axis to 1.6 inches and
then go over to the curve. The curve crosses the 1.6 absciSsae
at the 4 ordinate therefore 1.6 inches equals 4 centimeters.

Any values can be converted from inches to centimeters in the
same way and of course, the curve works equally well for
changing centimeters to inches.

Where the lines and curves of the drawing do not cross exactly
on the corner of the squares, the values have to be estimated.'
For example, suppose we want to change 6 centimeters to inches.
Going up the n63 ordinate to the curve, we find they cross just
below the 2.4 abscissae.

To estimate the value, we notice each square represents .2 of
an inch. The curve looks to be about 1/4 of the square belA
2.5, therefore we take 1/4 of .2 which is .05 and subtract' X it
from 2.4 making the reading of 2.35 inches.

Naturally the results will not be as accurate as those worked
out mathematically, but are close enough for many ordinary
problems. Conversion graphs can be made for any two sets of
values and will be found useful in many ways.
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TUNING CURVES

Following the same general idea, in Figure 11 we have the

tuning curve of a Radio receiver. The vertical scale repre

sents the older arrangement of dial rarkings which were

e-jually divided from 0 to 100. The horizontal scale shows

the freojlencies of the broadcast band in hilocycles.

To make'this curve, several actual readings are ta.:en. For

example,'when a station with a frequency of 650 E,C. is proper-

ly tuned, the dial reads 80.

FREQUEM/

Listing several of these,

DIAL

770 55

820 48
900 34

980 24

1100 12

1200

These points are plotted as explained for Fizures 9 and 10

but we notice they .do not lie as'a smooth curve. Drawing a

line to pass through all of them, would na%-e v.,rt irregular

wavy curve. It has been proven that these snia31 variations

are usually caused by sight errors in readlng or in estimating

the position of the poins and a. smooth curve really rocre-

sents'the actual condftions very closelL-. To show the varia-

tions, many graphs are drawn like Figure 11 inith the stlooth

curve as close as possible to the ac'cual plotted points Which

are plainly marked.

lath the curve of Figure 11 as a guide, you covld tune in any

frequency in the range of the receiver. For example, sup ose

you wanted to listen to a station broadcastinc; on a fre uency

of 700 K.C. Going up the 700 ordinate, you fi..nd it crosses

the curve at approximately -469 on the dial sett:11,g scale, there-

fore turning the dial to 69 will tune the reciover to 700 K.C.

By this time you should .be able to see that Figures 9, 10 ;Ind

11 are all about the same, The various scales represent differ-

ent types of values but, when one of a pair of values is known,

the curves make it 'ossible to find the other.

In Figure 9, for example, "TUEm shows 8 service calls. In

Figure 10, 3 inches elual 7.6 centimeters aud in Figure 11

1000 K.C. tunes at a dial setting of 22. The curves make it

possible to huickly read any pair of corresoOnding values.

Several times, in our explanations of Radio, we have mentioned

nuningil and Figure 11 of this Lesson is a "Tunjn: Curvet' for

some particular Radio Receiver. In the later Lessons, curves

are used frequently to illustrate various principles and actions

therefore, be sure you understand the method of reading them,

as explained for Figures 9, 10 and 11.
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Opportunity Games like a snail and once it has
passed you, it changes into a rabbit and is gone,'

What is oppOrtunity7 It is a chance to do some.-

' thing, to give something, to achieve somethingo
to climb out of the rut,. To be somebody Of value

in the world° Opportunity is life itself

--Arthur Brisbane
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CURRCNT OgIERATION

Practically ell electricity, used for coretercial lighting

and power is produced mechanically. By that we mean the

power house has engines, or prime movers, driven by steam,

gas, oil or water. These prime movers produce mechanical

energy or motion and drive the generators which, in turn,

charge the mechanical metion into electrical energy.

While a large percentlge of Radio and other Electronic

equipment is designed to operate on commercial lighting or

power circuits, the lareer portable installations usually

include a commercial type of generator driven by a gas..

oline or similar type of engine. Therefore, in a broad

sense, commercial types of generators can be considered

as a part of a complete Radio Installation.

In addition, the operation of a generator provides a prac-

tical ye', comi,aratively simple mans of chewing the appli-

cation of the principles of Electro Magnetic Induction,

especially in respect to alternating voltaecs. Therefore,

the following explanations of generator operation will

serve a double eurpose,

INDUCTIOR IN A LOOP OF WIRE

Reviewing the earlier Lessens, you will remember that, when-

ever a conductor moves in a magnetic field in a direction

to cut through the magnetic lines, an E.M.F. is induced in

the conductor. It does not make any difference, electrically,

whether the magnetic lines or the conductor move, as long

as they cut through each other.

As far as electricity is concerned, a generator is a machine

that changes mechanical energy, or motion, into electrical

energy and operating on the principle of electro-magnetic

inducticn, it will be necessary to move either the con-
ductor or the maenetic field.

Most seller generators MOW the conductor, therefore we

will explain that action first and in Firguro 1, have the

simplest possible form of such a machine. The conditions

here are just about the same as explained before, a magnetic

field s_t up by a permanent or clectro-magnet, and a wire to

cut the field. Here however, we have bent the wire into the

form of a loop, one side .near the 'id pole and the other near

the S pole of the magnet.

As the magnetic field is stationary, the loop must be moved

therefore, we show it mounted on, but electrically insulated

from, a shaft. To complete an electrical circuit through

the loon, and still be able to tirn it, we have two copper

rings, also mounted on the shaft.
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A stationary conductor rests on each of these rings and, as

the loop and rings turn, the circuit is coripleted through
them. The rings are called "Collector Rings" and the sta.-.

tioPary conductors, "Brushes".

In Figure 1, Position71, the circuit will be from the lower

left brush through the ring, along aide A of the loop, across
the back to side b and forwerd through the other ring and
brush. Remember,hereo'even though the loop is turned, the

circuit does not change.

Dow, suppose we turn the shaft in a clockwise direction.
As we start fram Position 1, Figure 1, the'side near the N
pole of the mat;net on the loft, will go up, and the side
near the S pole on the right, will go down.

Using the Three Finger Right Hand Rule here, on the left
side we find the direction of induction will be from the
front toward the back, or away from us and into the paper.
On the right side, which is moving down, the induced E.M.F.
will be from the back toward the front' or out from the
paper. The action of the two induced E.M.F.'s, will be to
try and force the current around the loop in the same dir-
ection, back on the left side .and forward on the right, or
around in the sane direction that the hands of a clock move.

If you want to think of this induced E.M.F. at a source of
electrical energy, the same as a primary cell, then both
sides are connected in series and both try to force current

the same direction.

ACTION AS LOOP IS REVOLVED

As we continue to turn, starting from Position 1, Figure 1,
where the induction is as just explained, at the end of a
quarter turn, the loop will be in the position shown at 2.
here, the sides lettered "A" and "B" will be moving parallel
to the magnetic lines, will not cut through any of them and
therefore there will be no induced E.M.F.

After the next cuarter turn in the same direction, the loop
will be in the position shown at 3. Now notice, this is
exactly Ake i'osition 1 except that side "A" is now moving
down past the S pole and side "B" is moving up past the N pole.

The induction here will be exactly the same as at Position
1, that is, back along the left side and forward along the
right side or around in a clockwise direction, However, the

loop has been turned over and the induction is back along
"B" aid forJard along "A". We have rONersed the direction
of induction, as far as the sides of the loop are concerned,
but have turned the loop over at the same time therefore, we
still have the same direction as far as the complete loop is

concerned,



.
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Completing another quarter turn, we arrive at Position 14.,
Figure 1, where we have the same conditions as at PositiOn
2, but side "Aft is now on the bottom and side °B" on tope
Again there is no induction because the sides of the loop
are moving parallel to the magnetic lines. Another quarter
turn brings us back to Position 1 and all the actions will
repeat every time the loop passes through one complete turn.

There are one or two things here that require particular
attention. We have simply used the laws of eleetro-magnetic
induction as explained in a previous Lesson but, by bending
the wire into a loop and using both poles of the magnet, we
have doubled up on the action. As one side goes up, the
other comes down, and although the induction pushes back on
one side and forward on the others it pushes around the
loop in the same direction.

Did you ever see one of the long two -man saws they use around

lumber camps? A man stands at each end and, in order to work
together, when one man pulls, the other one pushes. We have

the same action in this loop, the induction pushes along
one side and pulls along the other, but they both work to-

gether.

The other action, perhaps a little harder to see, is how the
value of the induced E.M.F. varies at different parts of
each turn. To make this easier, we have cut right down
through the middle of the positions of Figure 1 and find
the conditions shown in Figure 2. Here we have only the
back half of the loop9 but show it in all four positions.

DIRECTION OF INDUCTION

You can see here that, as far as the poles of the magnet
are concerned, there are only two positions of the loop9 but
by tracing around A-1, A-2, A-3 and A-4 you can follow the
motion. As side A-1 goes up toward A-2, the induction is
IN toward the paper, but at the same time, side B-1 is
moving down toward B-2 and the induction there is OUT from
the paper toward you.

In Position A-2, B-2, the wire is moving along with the
magnetic lines, does not cut through them and therefore
there is no induction.

With the loop turned to Position A-3, B-3, we again have
the wane conditions as at A-1, B-1, except that the direction
of induction is now IN at B-3 and OUT at A-3. Position A-4,

B-4 is the same as A-2, B-2 except that the sides have
changed places, and again there is no induction. From here

on$ as the loop is revolve4,the action is repeated every
complete turn.



,
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.ADIETZTATING C" ANT

You can easily see b' -at if the loop is turned continuously,

the inluced -rill reverse its direction in each side

during each complete turn. If the sides A and P are con-

nected to a e_rceit, through the rings and brushes of
Figure 1, then as the loop is turned, the current in the
circuit will be first in one direction and then in the
other. For the first half turn of the loop, current Pill
go arcund the circuit in one direction and, for the second

half turn, it will go around in Lhe other direction. This

periodic change of current direction is what we call Al-

ternating Current.

Now, whether you ever stopped to think about it or not, it

is a fact that you can not reverse without coming to a
dead stop. As the induction chances direction, or reverses
in the sides of the loop, it must come to a stop each time
and we are going to show you just what happens.

DIFFENCT2 IN LTDTJCTION

In order to follow the loop around each turn a little more
closely, we show it in eight different positions in Figure
3, As you already know the action of the induction in the
sides, we will now consider the loon as a whole. lITe want

you to think of the eingnetic lines as being evenly spaced
and uniform throughout the entire field and that the loop
is being turned at an absolutely even and steady speed but

in an anti -clockwise direction.

Of course, in our explaiatIone we will have to stop at the

various positions to tell you about them but, in practice,
unless the wire aac 4Lept movin,7, there would be no in-

duction.

Starting at Position 1, Figure 3 and moving to position 2,
the wire will cut but a very few lines and, as the induction
is proportional to the rate of cutting, the induction will
be very seall. Its direction, however, will be IN at the

left dial CUT at the right.

Cowing from Position 2 to 3, the angle of cutting has in-
creased and, although we have made only another 118 turps

more lines All be cut and while the induction will be

greater, iLe direction remains the same.

On the next 1/3 turn, from 3 to 4, still more lines will be

cut and the induction will again increase, but renain in
the sane Oirectien. From 4 to 5$ a still greater number
of lines will be cut because the angle of cutting is still
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From 5 to 6 we have coruitions similar to those from 4 to
5 but the angle of cutting is deor:asing and therefore the
induction will reduce. With this excptioo, C to 7 is jost
like 3 to 4, 7 to 8 is 2 to 3, and 3 1,o 1 is the same
as I to 2.

In our Lesson on induction, we found that the value of the
induced E.A.F. is always proportional to the rate of cutting
therefore, this loop will have 0 induction at Position 1,
but will keep increasing uo 2osition 5, .which is its high-
est point. From. Position 5 tYparia e, 7 and 6 tics induction
will drop until it is again at 0 in Position 1.

The oction during the second half turn is the same as that
of the first half turn except that the direction of in-
duction is reversed because the sides of the loop have
changed position in respect to the poles of the m,'f Ilet

STYE CURVES

We have already told you that the value of the induced '

E.N.F. is proportional to the rate of cutting tnerefore,
in the arrangement of Figure 3 with a uniform magnetic
field and the loop revolving at a uniform speed, the in-
duction will vary with the angle of cutting.

Although an actual magnetic field may consist of thousands
of lines, the few shown in Figure 3 are drawn with uniform
spacing and, but counting them, we can obtain an approximate
idea of the action. As an estimate, moving from Position
1 to Position 2, the loop cuts about 2.t lines, between
Positions 2 and 3, about 41-- lines, between Positions 2 and
4, about 4. lines and between Position 4 and 5, about
6' lines.

You can think of these values as the rate of cutting et
the different positions and for simplicity, we will aseume
the value of induced L.M.F. is .16 volt per line. Using
this value, for one quarter turn the induction will be as
follows.

Position Vol'uage

1 .0.16 x 0
.16 x 2 = .66

3 - .16 x 4-L = .68
7

0 - .16 x 51 =

.16 x6-= 1.00

For the next quarter turn the values will be the same but
in the revere order because Position 6 corresponds to
Position 4, 7 to 3 and a to 2. For the second half turn,
the entire action will be repeated but the direction of
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induction will be reverseda

From the table above, we find a series of pairs of values,
one dependent on the other therefore, as explained in an
earlier Lesson, the action can be shown by means of a graph*
With the loop turning at a uniform speed, the time it takes
to move from one position to the next will be constant and
therefore, the positions can be used, for the horizontal
scale* The induction at each position varies with the angle
of cutting butt considering Position .1 as the starting point,
the induction will be proportioned to the distances at
which the other positions are above or below Position la

In Figure 3, there were 8 positions of the loop, but if you
went all around the circle for a complete turn, you would
have 16 positions, In Figure 4 on the left we have the
same circle with 8 positions but have extended the Positidh

1 line to the right and divided it into 16 equal parts, one
for each position°

We next draw straight lines, up and down, from those 1,;
divisions, then take our ruler andokeepin,; it parallel to
the long line, lay it across the circle and extended to..
ward the right. Position 1 on the circle lines up with
the long line and we put a dot at the first division*

Then we move the ruler up until it is at Position 2 on
the circle and draw a line across until it hits the line
coming up from division 2 on the long line and make a dot
where the lines cross. We then go on around the circle
through Positions 3,4,5,6, 7 and 8 making a dot at each
point where the line from the circle crosses the line coming
up from the division with the same number*

By connecting these dots with a line, which will be curved
as in Figure 4, we really have a picture of the value of
induction in the loop for the first half turn, Thinking
of the long line as showing 0 voltage, then the distance
the curved line is above it, shows the value of the induced
F.M.F. for all parts of the first half turn, Just check
this against our explanation of Figure 3 and you will see
that at Position 1, we have 0 voltage which increases up
to Position 5, where it drops back through Positions 6, 7
and 8 to 0 again at 10

For the second half turn,we have exactly the same action
and go ahead in the same :Tay but, as the direction of in-
duction reverses in the wire, we show the curve below, in-
stead of above the long, straight line. This is called a
sine -Curve but right now, we will not bother you with the
mathematical reasons for the name.
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Should you desire to read the values of inductions shown
by the curve of Figure 4, stqrt at the center of the ex-
treme right hand vertical line and divide it into lengths
of 3/32 of an inch. Let eaCh division represent .1 volt
ands with "0" at the center, the scale will extend to 1
volt above and 1 volt below Curve readings taken on this
scale will coincide quite closely with the approximate
values worked out in the explanation of Figure 30

STS LE GENERATOR

In Figure 1, we show short lengths of wire fastened to
each brush and, if we connect these wires to some circuit,
the current in it will change in value and direction
during each complete turn of the loop.

The curve at the right of Figure 4 will give you a good
idea of the current changes because the current in a
circuit depends on the voltage, making its values and
directions similar.

Alternating current is causei by an alternating voltage
which keeps changing its value and direction. This is
the type of current and voltage that you will find in
most signal circuits of Radio and other Electronic appara-
tus but there are other circuits where direct current
must be used. Se have already told you how cells and
batteries produce electrical energy but direct current
is also secured from generators L'imilar to that of Figure
1._ To show you how this is done, for Figure 5 we have re.
arranged the unit for Figure 1 to form a simple D.C. Gen-
erator.,

TEE COLEUTATOR

As long as we revolve a loop in a magnetic field, the
direction of induction will reverse periodically and gen-
erate an Alternating voltage. Therefore, in order to use
the loop, but rrevent these alternations from reaching
the external circuits, we install a commutator as shown
in Figure 5.

This, you can see, is almost the same as Figure 1 except,
tnaL instead of complete rings, the ends of the loop are
fastened to half round pieces of copper, called "segments",
which turn with the wire. Resting on these pieces, we
have two stationary brushes, marked "C" and "D", which
connect to the outside circuit. Now let's see what haopens
here.

StertinE at Figure 5-1, as the loop is turned the same
as in Figure 1, the direction of the current, caused by
the induction, will be back along side A, across the back
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and forward along side B to the half round Copper segment,
through a segment to the stationary brush D, on through
the circuit and back to the other brush C, through the
other segment and back to side A.

These conditions hold true until the loop is turned as far
as Position 2. Bore, we already know that the induction
is 0 and therefore there is no current. The segments are
now in such position that each brush touches both of them.

Still turning the loop, as we leave Position 2 and go to-
ward Position 3, we again hive the conditions of Position
1 and, while the direction of induction in the loop has
reversed, so has the position of the segments. The path
of current now will be back along B, across the back,
forward along As through the segment to brush D, through
the circuit to brush G and the segment to side B where
we started.

Comparing the direction and path of the current in Posi-
tions 1 and 3, you will find that the segments turn with
the loop so that, when the direction of induction reverses,
the position of the segments under the brushes is also
reversed. No matter which side of the loop is moving up
past the "N" pole of the magnet, the external circuit
connection is made through brush C. In the sane way, the
side of the loop moving down past the S pole always con-
nects to the circuit through brush D. Therefore, by
moving the segments with the loopy the direction of current
in the external circuit remaine the same.

Mechanically, Position !I, Figure 5, is the same as Position
2, and shows the segments changing position under the brushes,
ready to repeat the complete action. Notice here, as far as
the induction in the loop is concerned,Figures 1 and 5 are
alike, We mention this point because in all generators
of this kind, the induced E.Y.F. in the armature is al-
ternating while that in the external circuit may be
alternating or direct.

CHANGING A.C. TO D.C.

The commutator and brushes have two very important jobs
to do. First, they make an electrical contact between the
revolving loop and the terminals, or other stationary
parts of the machine. Second, by changing the position
of the segments under the brushes, the alternating E.M.F.
in the loop is changed to a direct E.U.F. in the external
circuit.

The two simple machines we have been describing are gen-
eraLors in all senses of the word. The permanent or
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electro-magnet of Figural and the permanent magnets of
Figure 5, produce the magnetic "Field" while the revolving
loop, in which the E.M.F. is induced, together with the
commutator or slip rings, is the "mature".

Of course, generators exactly like these would not be of
any great practical value because the induction in the
single loop would be small and, even with a commutators
its value would drop to zero twice in each revolution.

Going back to the four factors that control the value of
all induced E.M.F., we find there are several things that
can be done in order to increase the induction.

The speed at which the loop is moved, or turned, will have
a very great effect on the value of the induction. That
LeTever, is mechanical and we will not bother with it
just now,

The strength of the magnetic field will also affect the
value of the induction. Other factors remaining the
same, the stronger the flux the greater the induction.

The angle of cutting varies all the way around as the
loop is turned therefore we can not very well change it.

The length of wire can be increased by making a loop with
several turns, to increase the value of the induced E.M.F.
With the field and speed the samerthe value of the induction
will vary with the number of turns put in the loop but,
with a single loop the action will be jerky, because for
two positions in each turn, the induction will be Os

To correct this condition, we can employ the plan used by
the automobil manufacturers. Do you remember the old
"One Lung" cars that nearly jerked you out of the seat every
tine the cylinder fired? Then came the 2 cylinder engines
in which the explosions came twice as fast, then the
four cylinder ,gobs with explosions twice as often as the
tro cylinder engines, and so on *ith 6, 8 and 12 up to
16 cylindo)2so The main idea, of course, is to nave the
force, or push of each explosion come so quiclly after
the one before it, or even overlap a little, that
there will be no jerks in the operation of the engine.

ADDIIG LOOPS

The same general idea is followed for electrical gen-
erators. By adding turns to the single loop, its induction
will be increased but, by adding other complete. loops
and placing them in different positions, a more uniform
voltage output is secured.
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To obtain the greatest induction from the fields most modern
generators have loops, or coils of many turns of wire spaced
eve.ily around the armature° For example, instead of eight
positions of one loop in Figure 3, just think of it as show
in the positions of eight loops placed around the armatures

By this method, the length of wire, cutting the magnetic
field, can be increased to almost any desired value and
generators are in use that produce the electrical equiva-
lent of thousands of Horse Powers

POWER SUPPLY

When Radio equipment is operated by batteries, all the power
supplied by them is direct current, "D.C.". However,

those units which operate from the house lighting circuit,
may be supplied with either D.C. or alternating current,
"A.C.". The Universal type of unit will operate on both
but one, designed only for A.C. operation, will burn out
.luickly if connected to a D.C. supply of equal voltage.

We will have more to tell you about this later but, for
this Lessons want you to understand the principles on which
generators operate and also the series of changes
take place for each turn of the loop in the A.C. genera-
tor of Figure 10 All Radio energy is A.C. therefore, a
careful study of this simple generator will make it easier
for you to understand the actions of the various circuits
in which the voltage and current are changing in value
at all times and reversing rapidly.
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Dear Student:

During the study of the various Lessons of your training,
there may be explanations or examination questions that you
do not fully understand and to help you obtain the necessary
information, we are sending this tablet of nonsultation
Sheets".

Inspecting one of these sheets, you will find the first
paragraph contains blank spaces which, when properly filled
in will tell us just where you are having trouble. The second
paragraph provides space for your queFtiom or other desired
information which may not relate to any specific Lesson, 1 -

the bottom, there are spaces for your imme, Student lio. and
Address.

Whenever, after careful study, you fThd the explanations
of a Lesson are not entirely clear, please fill out the blank
spaces of one of the "Consultation Sheets!! and send it to us.
You can do this either by enclosing it with other Les' on
Examinations or by main ing it separately, but do not send in
the examination on which you are requting ;yelp, until your
difficulties are straightened out. idth tots infomecion,
we will be in a position to send the exact a-sistance
necessary to enable you to obtain the greatest possible benefit
from your training.

Use one of these sheets for each Lesson, properly iden,
tified such as FDM TRA. ----, etc., on which you need
help but please do not make the mistake of filling in only
the blank space "Lesson becousu that would
defeat the purpose of this tablet. due cannot rewrite a Lesson
'in the form of a letter and therefore muqt ask that you fill
in all spaces, regarding pages, paragrachs and questions so
that we will know definitely where you need help, Above all,
be sure each sheet contains your name, address 'nd student
number.

IL is our sinocre desire to help you advance in the
allied fields of Television, Sound and HAio. Therefore,
do not hesitate to call on us wenover you feel that we can
he of assistance,

Sin cerely,

- -

ill, 4. Littlewood
Dfrector of Education
DE FG2.25T I Ca' TE.0 I AL 1G ,

P.S. Additional tablets will be furnished on request.
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FUNDOENTALS EXAhaNATION
QUESTIONS

Print or Use Rubber Stamp:
Student

Name No,

Street

City State

1. If the wavelength of an electromagnetic radiation is made
longer, what happens to the value of the frequency?

2. What is the assumed commercial direction of current as
proposed by Benjamin Franklin?

3. List two common materials used for making electrical re-
sistors.

Ans. CO

(2)

4. What is the resistance of a Radial type resistor which has
an Orange body, an Orange end and an Orange dot?

Ans.

Mat is the resistance of 1500 feet of ft20 bare copper
wire?

Ans.

6. Assume three conventional dry cells are available for some
electrical circuit requirement. Explain how you would
connect all the cells to produce a potential difference
of 4(a) 4.5 volts, (b) 3 volts

7. Referring to the subject of magnetism, what is the meaning
of (a) Retentivity, (b) Permeability, (c) Reluctance?



,
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8. What two factors determine the magnetic polarity of a
solenoid?

9. When applying the Three Finger Right Hand Rule, to indi-
cate the relationship between the direction of flux, direc-
tion of current and motion of a conductor, what is indi-
cated by the thumb, the forefinger and the middle finger?

10. (a) How is an ammeter connected to indicate the current
carried by an electrical circuit? (b) How is a voltmeter
connected to indicate the electrical pressure impressed
on a circuit?

11. What is the value of the current in an electrical circuit
which has a resistance of 500 ohms and pressure of 10 volts?

.Ans.

12. An electrical circuit is made up of three resistors, res-
pectively 2003 300 and 500 ohms, connected in series across
a battery of 100 volts. That is the voltage drop across
the 300 ohm unit?

Ans.

13. Three 14,100 ohm precision resistors are connected in paral-
lel. What is the value of their equivalent resistance?

Ans.

14. The filament circuits of four 1.4 volt vacuum tubes are
connected in parallel and each tube raouires 50 milliam-
peres. What value of resistance muse be connected in
series with them from a 2 volt battery to provide normal
operation?

Ans.
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15. A 20 ohm resistor is connected in series with a 50 ohm re-
sistor, and this series combination is connected in paral-
lel with a 70 ohm unit. From one terminal of the parallel
natwork, a 35 onm resistor is conneJted in series with the
positive trminal of a 350 volt battery, the negative ter-
minal of which is connected to the other parallel termlnal.
(a) What is the total resistance, (b) What is the total
current, (c) What is the voltaje across the 50 ohm resistor?
(Hint: Draw the circuit for study.)

Ans. (a)

(b)

(C)

16. What value of meter shunt is required to increase the
range of a 50 ohm moving coil multimeter, which reads a
maximum of 1 ma, to a full scale deflection of 5 ma.

Ans.

17. What is the safe total power dissipation of two 10,000 ohm
5 watt resistors connected (a) in parallel, (b) in series?

(a)

(b)

18. A 400 watt soldering iron has a resistance of 25 ohms.
(a) What is its rated value of current? (b) What is its
rated voltage?

Ans. (a)

(b)

19. What three general factors determine the inductance of a
coil?

Ans.

20. What is meant by "Mutual Inductance?"

21. What is Lenz's Law?
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22. What Condition is always necessary in order to induce an
emf in a conductor?

23. In the construction of a 2 plate fixed condenser, what
three major factors determine its capacity?

Ans. (1-)

(2)

(3)

24. Two parallel connected 10 mfd condensers are connected in
series with a 50 mfd unit, and the entire combination is
connected across a 500 volt source. (a) What is the total
capacity of the circuit? (b) What is the quantity of
charge? (c) What is the voltage across the 30 mfd condenser?

Ans. (a)

(b)

(c)

25. What two factors can be changed to increase the voltage
output of a generator without reconstructing the machine?

Ans. (1)

(2)
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TUBES - RECEIVERS - AMPLIFIERS

FINAL EXAMINATION

Questions
student

Name N04.

Street

City State

I. An alternator suPPlies an electrical circuit which require&
216,000 alternations every half hour at a maximum value of
165.5 volts. (a) What is the frequencyof the alternator
in cycles per second'? (b) What is the effective value Of
voltage?

Ans. (a)

(b)

2. What is the has relationship between the Current and 'volt-
age in (a) an inductive unit, (b) a capacitive unit?

A series electrical circuit is made UP of a capacitive re-
actance of 60 ohms, an inductive reactance of 120 ohms, a
resistance of 80 ohms and is connected across a 120 volt
source. (a) What is the impedance of the Circuit? (b) What
is the current in the circuit?

Ans, (a)

(b)

4. When the frequency of the voltage applied to a circuit Con-
taining an inductance and a capacitance is increased, What
happens to the value of (a) inductive reactance, (h) capa-
citive reactance?

Ans. (a) .

(b)

5. List three ways by which the power factor of an electrical
circuit may be expressed.



_
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6. What is the relative magnitude of current drawn from a
source of voltage by a non-resonant (a) series circuit,
(b) parallel circuit?

Ans. (a)

(b)

7. A pager transformer primary operates on a source of 120
volts and has 500 turns on its winding. The secondary
has 125 turns. (a) Met is the turns ratio? (0) What is
the voltage across the secondary winding? (c) What is
'the impedance ratio?

Ans. (a)

(b)

(c)

8. What two losses in a power transformer tend to reduce its
efficiency?

Ans. (a)

(b)

9. What are the four essential components of a power supply?

Ans. (a)

(b)

(C)

(d)

10. What is the principle of operation of a cold cathode gas-
eous rectifier?

11. List three common types of filaments used as electron emit.
ters of vacuum tubes.

Ans. (a)



V
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12, What two basic functions may a vacuum tube perform?

13. What is the purpose of a "grid" in a Triode tube?

14. Calculate the amplification factor of a vacuum tube which
requires a change of 69 volts on the plate to cause an in-
crease of 2.5 ma plate current; and requires a change from
-7 to -12 negative grid volts to cause a- reductionof 2.5
ma plate current.

Ans.

15. What is the reason for increasing the number of elements
in a vacuum tube?

16. Calculate the required cathode self bias resistance neces-
sary to provide a negative 13.5 volts grid potential IN hen
the plate and screen grid currents, of a 6Y6 tetrode tube,
are respectively 58 ma and 3.5 ma.

Ans.

17. Compared to other common types of detectors, (a) what is
an advantage of a diode detector, (b) what is a disad-
vantage?

18. What is the natural wavelength, in meters, of a 110 foot
Marconi antenna?

Ans.

19. What are the three functions of a Simple Receiver?
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20. In a resistance-capacity coupled audio amplifier, what two
functions does the coupling condenser perform?

21. (a) What reflected load is offered to the plate circuit of
a tube by a 15 to 1 step down transformer coupled to an 8
ohm voice coil? (b) If 4 watts is dissipated in the voice
coil, what is the a-c voltage across the primary of the

transformer?
Ans. (a)

(b)

22. What electrical unit is almost invariably used to couple
the output of an audio amplifier to a speaker or other
networks?

23. What are the three distinct types of coupling used in
audio frequency amplifiers?

Ans. (a)

(b)

(c)

24. Within limits, what factors control the
resistance, of a coil?

Nu, or effective

25. (a) What value of inductance in microhenrys is required to
tune a 300 mmfd maximum capacity condenser to a wavelength
of 500 meters? (b) What is the approximate minimum capa-
city of the tuning condenser?

Ans. (a)

(b)





.s..
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RADIO RECEPTION and TRANSMISSION

FINAL EXAMATION
QUESTIONS

Student
Name

Street

Pagel

City State

1. (a) What electrical, unit is needed to transfer energy
from a power tube to a low impedance voice coil of a
dynamic speaker? (b) Why is a coupling unit necessary?

2. Why is a magnetic type phonograph pickup generally damped?

3. A microphone having an impedance of 40 ohms is to be
matched to a 600 ohm transmission line. What is the
turns ratio of the transformer?

Ans.

4. (a) What is the cutoff frequency of a low pass filter
network if the total inductance is 500 millihenrys and
the equivalent capacity is 8 microfarads? (b) Into what
characteristic impedance should the filter work?

Ans. (a)

Ans.j)

5, State 3 advantages of inverse feedback.

6. ,Wbat two types of Oscillators obtain feedback
through the interelectrode capacity of a vacuum tube



.
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7. The input circuit of a superheterodyne receiver is tuned
to an incoming signal of 1000 kc and the image frequency
is known to be 1960 kc. What is the intermediate

frequency (i-f)?

Ans.

8. Vfhat is the principal advantage in the use of a triode

hexode over that of a ppntagrid tube as a converter in
a superheterodyne receiver?

9. What is the polarity of the ave voltage, with respect to
the chassis or ground, when this voltage is obtained
from a diode detector load circuit?

10. What circuit does the voltage of an afc network usually
affect?

11. If a synchronous vibrator is to be used in an auto receiver,
and the grounded HAtt terminal is opT osite to that specified
for receiver off ration, what simple circuit change in the
set is necessary to permit normal operation?

12. (a) Without circuit modifications, is it possible to use
tubes of different filament current ratings in a conven-
tional a-c/d-c receiver? (b) State a reason for your answer.

13. What determines the distance the beam spot is moved on
the screen of a cathode ray oscilloscope.
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14* Explain briefly the ,aectrical function of each of the
following controls commonly found on the face of a cathode
ray oscilloscope, (a) focus, (b) intensity, (0) syn-
chronising, (d) horizontal gain, (e) vertical position#g.

15, State four measurements that can be made by a cathode
ray oscilloscope.

16. ghat is meant by the quasia4optical effect in the
propagation of frequency modulated raves?

17. Upon what doe-_, the band width of an f -m wave depend?

18. 4hat are two major advantages of f -m compared to a -,m
reception for equal powers of transmission?

19. Calculate the frequency of an X cut crystal at a tempera-
ture of 320 centigrade. The crystal has a frequency of
1050 kc at 20° centigrade.
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20. What is the percent plate efficiency of an r»f amplifier
under the conditions given as: Ep = 300 volts4 IL = 700
milliamperes, RL = 72 ohms, Ip = 200 milliamperes.

Ans.

21. If the tuned circuit of a simple oscillator consists of
an inductance of 200 microhenrys and a capacity uf .00035
mitrofarads, what is its oscillation frequency?

22. Calculate the percent of antenna current increase when
the radio carrier is amplitude modulated 50%?

What is meant by "carrier shift"?

24. What is the output frequency of an eight pole rotary
converter which revolves at a rate of 1800 revolutions
per minute?

25. With respect to Air navigation, what is meant by the. !loons
of silence"?
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Things cannot always go your way. Learn to accept
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TROUBLE SHOOTING

The,earlier Lessons of this training program were written to

explain the fundamental principles of electronics, the con-

struction and purpose of the various components and the opera-

tion of the common types of circuits. This information' is a

necessity for anyone working in the Radio or Electronic field

because, without a knowledge of the purpose and action of

parts contained in any complete unit, it would be difficult

if not impossible, to efficiently install, operate, maintain

or service it.

No matter how well a piece of equipment is designed and con-

structed, after a period of use, certain parts will weaken

or break and repairs must be made to restore proper operation.

Therefore, in this and the following series of Lessons, we are

going to show you how the knowledge, gained from the former

Lessons, can be used to locate the various defects or troubles

which will occur.

Perhaps you have seen some rather complicated Radio Test Equip-

ment and are under the impression that, to locate Electronic

troubles, it is necessary only to purchase equipment of this

kind. However, you will soon find that the most elaborate

test instruments, when properly used, will provide definite

indications or readings but, it requires a knowledge of Elec-

tronic principles and circuits to interpret properly and make

use of these readings.

You have the five natural senses of sight, hearing, touch,

smell and taste. With the exception of taste, the others,

when used intelligently, are perhaps the "equipment" you will

use most.

For example, by looking carefully at a defective Radio Receiver,

you should see any wires which have broken loose, any component

parts which are bent or broken or which have been heated suf-

ficiently to blacken or blister their surface. By listening

carefully to the hum, squeals, noise cc lack of sound in a

speaker, you can often determine the type or general lnation

of trouble.

By feeling of the various parts you can readily locate those

which are overheated or loose and your sense of smell will

tell you instantly if any parts have been heated sufficiently

to burn or char the insulation.

In this way, many common troubles can be located without the

use of expensive or complicated test equipment and we want

you to form the habit of using your eyes, ears, nose and

fingers to their fullest extent.

For example, a Radio receiver might test out perfectly with

the most elaborate outlay of meters and yet be inoperative
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because the antenna was disconnected. To repair a job of this
kind requires only a little common sense plus a knowledge of
fundamentals, such as we have been giving you. In much the
same way, by simply looking and listening you can generally
form a fairly accurate idea of the trouble and then use test
equipment to locate it exactly.

Saying it in another way, the untrained, but experienced prac-
tical man uses his eyes and ears to the limit, yet is stuck
when the trouble goes deeper. The theoretical man, on the
other hand, would possibly overlook many simple troubles which
the practical man would see at once. We have given you enough
theoretical information and, starting with this Lesson, are
going to show you how to quickly find the simpler troubles
and go right through with the more complicated repairs of
Radio and Television receivers.

TYPE OF TROUBLES

Although modern Radio Receivers are well designed and con-
structed, like any other electrical device, with moving parts,
connections and soldered joints, there are bound to be a num-
ber of common troubles. From the operation and sound of the
receiver, these troubles can be grouped into six general
classes.

1. No Signals
2. Lack of Volume
3. Changing Volume
II. Broad Tuning
5. Distortion
6. Noisy Reception

No matter what may be wrong with the receiver, one of these
general troubles will be found. While some troubles may pro-
duce several results, we are going to give you the more common
causes of the above general classes.

NO SIGNALS

When a receiver will not produce any signals, the first thought
is to look inside and see if the tubes are lighted. Although
you cannot "see'' inside the metal types of tubes, you can feel
if they warm up after the receiver has been turned on for a
few moments. This is a good place to start because it is an
indication of the condition of the heater or filament circuits.
In fact, it is a good plan to always test the tubes first be-
cause, if any of them are defective, it will be impossible to
obtain proper operation, even though they do "Light".

For Figure 1, we have drawn a simplified circuit of a somewhat
old fashioned battery type of Radio Receiver which has one
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stage of R,F., Detector and one stage of A,F., with a sepa-
rate rheostat in each tube filament, Also, we assume that

the batteries are connected properly to the terminals shown
at the lower left of the diagram.,

le have based our explanations on this simplified diagram so
that you can more easily grasp the idea of how to analyze the

common troubles. Remember however, the basic principles in-
volved can be applied to Television as well as to a modern
all -wave radio receiver,

First, suppose none of the tubes light when the switch is
closed. That shows the trouble is in some part of the fila-
ment circuit common to all tubes. As drawn in Figure 1, the

trouble must be in that part of the circuit between the lower
rheostat connections, the switch, the A supply and along the

A- wire to the first joint.

Before looking intothe circuit however, you had better make
sure a voltage source is properly connected to the A terminals,

While it is a rather rough test, and one we suggest only in
an emergency, you can momentarily short the A terminals and

see if there is a spark.

A proper test of course, is to connect a voltmeter across the

A terminals and see what voltage is present. The point we

want to bring out here is, that until you are sure the A supply
is properly connected and you have voltage at the terminals,
there is no use in going into the unit itself.

However, if the tubes have been tested and still fail to light,
carefUlly trace and check that part of the A circuit mentioned

above. The switch may be defective and can be tested by short-

ing it out of the circuit. The simplest plan here is to hold

a piece of wire across its terminals.

By this time, you will usually have located the trouble but
can use a piece of wire to short out other parts of the circuit.

For example, by holding a piece of wire from the A- terminal to the

F- filament connectionat the socket, you will replace all that

part of the circuit in between but, before you make this test,
DISC NNECT THE HIGH VOLTAGE PLATE SUPPLY by removing the battery
wires from the "B -Pt terminals.

For an A.C. unit, when none of the tubes light, the trouble is
much the same except the main A supply is from the 110 volt
lighting circuit outlet to the transformer primary. Put a lamp

in the receptacle and if it lights, check the plag'and cord all
the way to the unit. A burned out fuse in the A.C. line or in

the unit can cause the trouble,



.
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Going back to the battery receiver of Figure 1 again, if some
of the tubes light and some do not, your first test is to try
a good tube in place of those which do not light. If you have

no extras, in some cases, those in the receiver can be tried

in different sockets.

If the tubes are in good condition then, for those which do
not light, the trouble is in that part of the A circuit con-
nected to the socket. For example, if the wire was broken at
BA", Figure 1, the left hand, or r -f tube would not light,

but the others would. In that case, you would spend all your
time on that part of the circuit between the A terminals and
the dead socket. Placing a jumper wire from A plus to the F
plus of the socket would light the tube and locate the trouble
by showing the break to be in that part of the circuit between
the ends of the jumper.

Instead of a broken wire at "A", a loose connection or contact
in the rheostat would open the circuit and, being a moving
part, it should be examined first.

For an a -c unit, conditions are somewhat different. There
may be several A or heater voltages and, when a new tube does
not light, it is best to carefully check the circuits of those
which are out.

Suppose you find the unit employs 7 tubes, four of which re-

quire 6.3 volts, two 2.5 volts and one 5 volts. If neither of

the 2.5 tubes light, their 2.5 volt filament circuit must be
traced back to the transformer. In this case, the transformer
secondary is considered as the A supply and should be tested
along the same general lines explained for the battery type
receiver.

In the Universal a-c/d-c type of receiver, the filaments or
heaters are all connected in series. Therefore, if any one
of the heaters should burn out, the circuit would be broken
and none of the tubes would light. A tube tester or ohmmeter
could be used to locate the defective tube but assuming the
equipment is hot available, the tubes should be replaced, one
at a time, with tubes known to be good, until the defective
one is found. If all the tubes are known to be good and the
heaters still do not light up, the trouble is no doubt between
the source of supply voltage and the tube heaters and a check
of the line cord and any voltage dropping resistors should be
made.

One important point in all tube circuits is the contact be-
tween the tube prongs and socket springs. The older type
sockets, which are still used for the larger Power tubes, were
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built on the plan shown at the left -of Figure 2 and had flat

springs which pressed against the bottom of the tube prongs.

These springs are often bent down so far that they do not

touch the prongs, causing an open circuit. Before leaving

the filament circuits always make sure the sockt contact

springs are held tight by the terminal screws and bent up far

enough to make good contact with the prongs on the tube base.

The later type of socket, shown in one form at the right of

Figure 2, has clips which grip the side of the prongs. While

this type does not cause much trouble, it is a good plan to

check them over the same as the older type.

With the tubes all lighted the set may sound "alive", making

a click in the speaker when the switch is turned off, but

still not operate.

That is why we suggested that all tubes be tested first be-

cause, if the emission of the R.F. tube in Figure 1 were low,

the receiver would not operate, yet all the tubes would light

properly and the speaker would sound "alive".

When the tubes are known to be good, and still there are no

signals, examine the antenna and ground connections. Very

often the terminal caps work loose, the lead in wire from

the antenna may break, especially if it is brought in under

a window sash. However, if everything looks in good order

at the receiver, you will have to go further.

ANTENNA CIRCUIT

In Figure 3 we show an antenna circuit which includes all the

principal parts. This is the outdoor type which is most com-

monly found for home receivers and, by inspection, you can see

if the antenna is broken br the lead in wire touches the build-

ing or drain pipe where it comes over the edge of the roof.

All we will tell you here is that the antenna wire should be

as high and clear as possible, the lead in joint should be

tight and SOLDERED, while the les8 in wire should not come

closer than 4 inches to any part of the building.

Notice, in Figure 3, the lightning arrestor is connected in

parallel to, or across the receiver, The common arrestor is

of the gap type and if it breaks down, the receiver antenna

and ground terminals are shorted.

For a quick test, disconnect the arrestor from the antenna and

ground terminals of the receiver and hook it as shown in Figure

4. If the gap is broken down or the arrestor is shorted, there

will be a click in the phones when the test circuit is complete.
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If you want to make sure of the antenna circuit, ground the
outer end as in Figure 5 end then, when the test circuit is
completed between lead in and ground connections, there should
be a loud click in tne phones.

To complete the antenna circuit, there must be a good ground
tonne on and, whnrever you are testing an antenna circuit,

make sure the ground wire is not broken and all joints and
connections are clean and tight.

As the average ground, in the cities at least, is made to a
water pipe, pay particular attention to the clamp or pipe
connection. Yrake sure the pipe is clean, without paint or
rust, and the connection is tight.

After the antenna circuit has been gone over, if the receiver
still fails to operate, turn it on and then, starting at the
last audio tube, remove and replace each tube in its socket.
As you do this, notice carefully the intensity of the click
in the speaker. Whenever you remove and replace a tube with-
out hearing the click, it tells you at once there is trouble
in the plate circuit of that tube.

The plate current is furnished by the B supply which may be
batteries, or a -c power pack. Regardless of the type of
supply, check its voltage while the receiver is ON.

When the B supply voltage is correct, yet the speaker does
not click, when the tube is removed and replaced, thee is
possibly an open in the plate circuit. By tracing the plate
circuits of Figure 1 you will have a good idea of the units
they contain.

If the plate circuits all seem good, you can make a quick
test on the grids by touching some exposed part of the grid
circuit with a piece of metal or your finger. If the circuit

is in good condition it will cause a click in the speaker when

touched but, if shorted or grounded, no sound will be heard.

About the only other condition you will find on a "dead" set
is where the speaker makes absolutely no sound at all, does
not click when the switch is turned off or on nor when any
of the tubes are removed and replaced. Usually this condition
is caused by an open plate circuit in the last audio tube or
in the speaker itself. If a good tube does not correct the
trouble, and the speaker connections are properly made, further
electrical tests will be necessary.

LACK OF VOLUME

Another common trouble is lack of volume and here there are
two points to learn before any tests can be made. (1) Has
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the receiver worked satisfactorily in its present location
with its present antenna and ground? (2) Did the volume re-
duce suddenly or gradually?

It often happens that a radio receiver is located where recep-
tion is poor such as: in a steel constructed building which
prevents radio waves from reaching it; in a locality where
outside interference makes reception difficult or far from a
broadcasting station.

For these reasons, whenever a receiver is first installed in
a new location, its operation should be compared with others
in the same locality before looking for trouble in the re-
ceiver itself. On the other hand, if the receiver has pre-
viously worked well in its present location but has lost vol-
ume, the trouble is no doubt in the receiver or antenna cir-
cuit.

Compared to the dead set, a receiver with lack of volume shows
at once that it is working to a certain extent and to help run
down the trouble, ask the owner whether the volume dropped sud-
denly or gradually.

If the drop was sudden, it is best to check the antenna and
ground as explained for the dead receiver. Here however,
there must be a partial circuit at least and therefore, the
trouble is probably high resistance. Going back to Figure 3,
the joint between the antenna and lead in may have broken
leaving only the lead in for the antenna. Any of the other
connections may have broken off therefore the antenna tests,
Already explained, should be followed.

Should any of the antenna insulators be cracked, replace them.
Three common types of ground clamps are shown in Figure 6 and
in each case there must be a good clean contact between pipe
and clamp and also between clamp and wire.

It may be necessary to change the clamp to another grounded
object as rust, forming between the pipe joints, often causes
high electrical resistance. In some cases the ground of Fig-
ure 7 is better than the usual water pipe.

A ground of this type is made with a piece of galvanized iron
pipe, driven four or five feet in damp soil and then packed
around the outside with salt. Damp earth is a much better
electrical conductor than when dry and, by absorbing moisture
the salt has a tendency to keep the earth damp. To complete
the ground, a clamp, like those of Figure 6, is placed on the
upper end of the pipe.

After the antenna circuit has been checked, the tubes of the
receiver should be tested. Earlier in this Lesson, we stated



It
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the tube teFt should be made first but, as outdoor antennas
are subject to tie t:-oubles just described, it is often a good
policy to check it first,

If the tube test waa made first, replacement of a weak tube
might improve the operation to such an extent that the owner
would not consent your making a check of his antenna, Then,

should the antennte develop trouble in a short time, you would
be blamed for not doing a good job.

If a tube tester is not available, try moving the tubes in
their sockets, A film sometmes forms betwoen the socket
springs and tune prongs. By moving the tube, or removing and
replacing it, the film is wiped off and normal condi-dons are
restored, 7Lan the volume has dropped do .n gradually, the
heater, plats and grid voltages should be measured and the
tubes shifted or replaced as explained for a dead set.

A gradual loss of volume mar also be caused by trouble in they
antenna circuit. A coatthg of soot on the wires and insula-
tors may produce a partial short. The supports may sag,
changing the height of the antenna Tvire, or the ground con-
nection may gradually corrode.

As explained in the early Lessons, the tuning condensers of
a modern receiver are usually ganged and, to compensate for
the difference in the capacity of the connecting wires, each
section is provided with a small "Trimmer". After being in
service for a time, the setting of the main condenser rotors
may change slightly making it impossible to tune n11 strn7¢5.
at exactly the same point on the dial. This causes a loss of
volume which can be remedied by adjusting the trimmers.

There are many other causes for loss of volume but more com-
plicated testing is required to locate them therefore we will
explain their action later. Quite often a man engaged in
this work receives a complaint of low volume only co find the
owner is trying to receive some distant station. Naturally
the receiver cannot be blamed entirely but, a poor tube in
the High frequency Stages will cut down the sensitivity and
reduce the volume.

In cases of this kind, it is best to find out what the re-
ceiver has done in the past. A didtant station which formerly
came in with good volume may have changed its location, fre-
quency or power, any of which may make it more difficult to
receive.

CHARGING VOLULE

Another common trouble is changing volume. The signals come
in loud for a while and then die out partially or entirely.
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They may come back by themselves, in a few seconds or minutes,
or perhaps only when the receiver is retuned.

For battery operated units, this trouble is usually due to
the condition of the batteries. When the A battery is low,
the receiver operates with good volume when first turned on
but gradually dies down. B batteries sometimes cause the same
trouble therefore, the best plan is to measure the voltage of
all batteries when the volume is correct and again when it is
low.

Do not confuse this trouble with that known as "Fading". When
listening to a distant station, the volume may reduce gradually
or suddenly, the signal often disappearing entirely. Then,

without touching the receiver controls, the signal will return
and the volume comes up to normal.

This condition may be caused by some action in the space, be-
tween the Broadcasting Station and the receiving antenna, but
is no fault of the receiver. About the only remedy here, for
receivers without axe, is to adjust the volume control for
each change of signal strength.

Changes of volume are also caused by the swinging of a loose
antenna or lead in wire, a loose connection in the receiver,
a defective tube or other part. This type of defect is known
generally as "Intermittent Trouble" and a later Lesson will
be devoted entirely to this subject.

BROAD TUNING

Broad tuning, or lack of selectivity is the inability of a
receiver to separate the signals of two or more stations.
At present, the Broadcasting Stations in every locality are
separated from each other by a frequency of at least 10 Kilo-
cycles.

The majority of receivers are considered very good when sep-
arating stations 10 kilocycles apart but, usually will not
separate a distant from a powerful local station when they
are less than 15 or 20 kilocycles apart. While there are
many complaints of this kind, a large number are due to the
original design of the receiver and cannot be repaired like
other troubles.

When a receiver, which was originally selective, becomes
broad in tuning, it indicates trouble whinh can be remedied
Although few owners realize it, the selectivity can be con-
trolled to a large extent by proper operation of the volume
control. For best results, the volume should never be turned
any higher than necessary. When you increase the volume of
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one station, you also increase the volume of other you do not

want.

Proper adjustment of the trimmer condensers will often in-

crease the selectivity. An easy, but rough, method is to tune

in some distant station and then adjust for the greatest volUm

Reducing the length of the antenna will usually increase the

selectivity. This may be done by actually shortening the

wire or by connecting a condenser in series with the lead in.

The effect is the same either way but the condenser is often

more convenient. By trying several sizes of fixed condensers,

from .0001 mfd up to .001 mfd, the best combination can be

found.

Like all other troubles we have mentioned, here again, the

tubes must be good and be supplied with the correct voltages.

DISTORTION

While the tone quality of Radio receivers has been greatly

improved, you will find there is no definite standard. One

owner enjoys the deep base notes, another likes high notes

and so on. However, there is a distinct difference between

tone, pitch and distortion.

When the music becomes raspy or "Tinny" and voices are blurred

or "Fuzzy", there is something wrong, and we say the signal is

distorted. In many of the older, and present lower priced

receivers, there is a certain amount of distortion due to the

use of poorly designed parts. Of course, the only remedy is

to replace the parts with others.

For this Lesson however, suppose the receiver has been pro-

ducing excellent tone but now produces badly distorted sounds.

Like many other troubles, the cause may be poor tubes and it

is important to test them before looking further.

In those receivers with "Push -Pull" amplifiers, both tubes

must be the same type and have similar operating characteris-

tics. For example, if the emission of one tube drops below

normal, the amplifier is thrown out of balance and distortion

results.

The next common cause of distortion is low plate voltage. For

battery sets, the B voltage should be tested while for a -c

receivers, it is a good plan to try a new rectifier tube. In

general, any troubles which cause low volume will also have a

tendency to produce distortion and the explanations we gave

for lack of volume will hold here also.
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In addition, distortion is often caused by defects in the
speaker. Any loose parts will rattle, especially when the
volume is increased, causing a variety of sound effects.

In this connection, it is well to remember that the tubes of
an ordinary receiver will carry only a certain load. If the

volume is raised above this point, as in receiving a strong
local station, the tube is overloaded and distortion results.
Therefore it is a good plan to listen carefully and decide
whether the distortion is present at all times or only on
loud signals. All speakers are limited as to the volume they
can produce and, if the signal strength goes too high, they
become overloaded and distortion results.

NOISY RECEPTION

By noisy reception, we mean all the unwanted sounds such as
hum, buzzing, crackling, rattling, frying, clicking and so
on. Regardless of their sound, they are caused by conditions
either outside or inside the unit. That sounds simple, but
keep it in mind and you may save yourself many hours of un-
necessary work.

Suppose you are called on to repair a noisy receiver. If the

trouble is outside, there is nothing to do with the receiver
itself. To find out where the noises are coming from, the
best method is to turn the receiver on, disconnect the antenna
and then short the "Ant." and "Grid." terminals of the receiver.
If the noises disappear, or are greatly cut down, you know at
once they are coming in over the antenna and are not caused
by trouble in the receiver itself.

Should the noise be found to be coming in through the antenna,
look and see that the connections are not loose or corroded
and that good electrical contact is being made. A poor elec-
trical connection in the antenna will cause considerable noise
in a radio receiver and this fact is especially true if the
wind is causing the system to swing.

Another common cause of noise is due to the antenna being
placed close to a -c power lines. You know that any conduc-
tor, carrying current, has a magnetic field set up around it
and this magnetic field keeps expanding and contracting with
the same frequency as the current causing it. It follows then
that an antenna, erected parallel and close to a power line
is cut by the changing field and has an emf induced in it.
This emf being of the same frequency as the power line, may
cause a low pitched hum in the receiver.

By placing the antenna at right angles to the power line, this
action is reduced to a minimum and therefore the hum in the
receiver is cut down. While it is not always possible to have
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the antenna at right angles to the power lines, always have
it placed with as large an angle as you can. If, after check
ing the above, the noise still persists and you feel quite
s re that the interference is coming in through the antenna,
about the only thing 5cyu can do is to locate and remove its
source or install a noise -reducing antenna system.

Should you be convinced that the antenna is not at fault, for
A -C receivers it is possible that the interference is enter
ing the unit through the power supply circuit. For this con-
dition, you can make use of the line fi:ters which ore explained
in an earlier Lesson. Thee filters consist of inductances,
condensers or a combination of both. The inductances or chores
are connected in series while the condensers are connected
across the circuit-.

Shotld the trouble be traced to the receiver itself, there
are many causes and nerhaps the most common are, noisy parts,
such as resstors condensers: chokes, transformers, tebes
and loose or dirty connections. Mth the excel on of the
tubes e yoe con cp.ite easily and effectively check the parts
for noise by simply making ,se of the "test set" explained
for checking the Lightning arrestor cf Figore 5.

To show you how this is employed and to mace our explanations
definite, we w131 assume ,you wart co test the secondary of
the audio transformer of Figure 1. The tvio leads of tie
headphones and battery, which were connected cross the liht
ning arrestor of Figure 6, ere now connect2d across the secon
dary. The instant the connection is coyipletcd there will be
a click in the headphones, but, b:) mainuoining a good eontacu,
a "noise!" free sound indicates a good windir;. Howe-er,
should a noise be heard in the phones, then the winding. is
defective and the transformer should be replaced.

As you were told above, this same method can be ,sed for check-
ing a large namber of the parte in a complete electronic unit
but be s re the "test set" leads make sood contact with the
part or else noise will result is the phones and yoe may con-
demn a good part. Also, tne part under test shoi ld be cis
connected from all associated circuits. The reason for this
is that you may be test; tag one part, across which another is
connected and tees not get a good check of either one. A
good example is the grid circlit of tee r -f tube of Figure
1, where we have the secondary of the r f transformer and
the variable condenser connected in parallel.

As a test for noisy tubes, it is necessary to gently tap
each one with your f nger or else use sore rather light object
such as a pencil. Of course, when doing tnis, the unit should
be turned on and when an increase in the noise heard in eke
speaker is noted, that t be wnich caese( it should be replaced.
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To find out if the noise is due to a loose or dirty connection

follow the above plan but here, tap the chassis. In some

cases, it is a good idea to gently shake the complete assembly.

Also, it is a good plan to move the tubes slightly up and down

in the sockets. This will serve to clean the electrical con-

tacts and thus improve the connections.

The majority of modern electronic devices are usually quite

well shielded and often the shield is a part of some electri

cal circuit. In nearly all cases, the shields are grounded

and a loose connection or contact of the shield and metal base

will cause troublesome noise.

At times, tbe plates of the radio receiver tuning condensers

will warp, or become bent enough to touch etch other. This

will cause a loud cracking noise but only 1, -,hen the tuning

dial is moved or when receiving certain stations. In other

receivers, a thick coating of dust on the condenser plates

will cause a similar action but this is easily remedied by

pulling an ordinary pipe cleaner between the plates. In

still other cases, the contacts are corroded. To remedy this,

the contacts should be scraped until bright and clean, then

fastened firmly in place.

It is not at all uncommon to find noisy wave band switches,

volume and tone controls. To eliminate the interference due
to the band switch, clean the contacts by polishing them with

some abrasive, such as fine emery paper.

The volume and tone controls, of the wire wound type, can be

cleaned quite effectively with carbon tetrochloride. This

can be applied to the resistance wire and "wiper" of the con-

trol with a soft cloth.

For the noisy carbon type Control, the best plan is to replace

it with a new one. However, a temporary job may sometimes be
effected by taking it apart and carefully cleaning the wiper.
Then, a small portion of the lead from a soft lead pencil is
crushed very fine and applied lightly with your finger to the
carbon section of the control. This will tend to fill in any

rough spots and thus reduce noise.

In this Lesson, we have tried to give you a panoramic view of

many of the problems encountered in an electronic unit. As

you advance, you will find all these problems are taken up
in detail so that you may find and remedy any technical diffi-
culties with Radio and Television receivers. What we want to

make clear here is that you must use your natural senses, as
well as your technical knowledge, in solving many of the
baffling problems which are continually encountered by men
employed in the Electronic field.
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GENERAL DIAGNOSIS

In our last Lesson, we gave you a general idea of the main
types of Radio Receiver troubles together with some simple
methods of making preliminary tests. Although these basic

ideas hold true in all cases, the wide variety of makes,
models, and types of Receivers makes it necessary for you to
learn how to identify them quickly.

Should you want to test the output circuit, by removing and
replacing the output tube, you must be able to identify and
locate it. Should you want to place your finger on the detec-
tor grid, you must know which is the detector tube.

To help you in this respect, for the illustrations of this
Lesson we have shown plan views of seven different Radio Re-
ceiver chassis which represent the common types now on the
market. These are uPictorialu drawings which show the size,
shape and location of the various component parts as they are
mounted on the base. These views show the appearance of the
chassis when looking down on the top.

TUBES

As we mentioned before, the tubes are perhaps the most import-
ant parts of a Radio Receiver, especially from a service stand-
point, and therefore we will check them first. To aid in this

work you will find all tubes are marked with their type and can
thus be readily identified. This marking is usually about half
way up on the bulb of the glass type tubes and in a similar

location on the metal tubes. In some cases, you will find the
type marking on the base but these are usually the older models
of glass tubes.

Starting with Figure 1, you will see it contains five tubes
marked as 2516, 6J7, 25Z6, 6SK7 and W-46416. Here, the func-
tion or purpose of each tube is also shown but, if you had the

actual receiver instead of Figure 1, there would be no indica-
tion as to the purpose of eaoh tube.

To obtain this information, it will be necessary for you to
check the "Type Numbero marked on the tube, against the in-
formation given in a tube table or Manual such as that sent
you as an earlier Lesson. With the large number of tube types

now in use, it is almost impossible to memorize all of them

therefore a good tube table must be considered as an essential
part of your test equipment.

Referring to a tube table, you will find the 25L60 is classed
as a Tetrode and used as a Power Amplifier, the 6J7 is classed

as a Pentode and used as a Detector or Amplifier, the ,25Z6 is
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classed as a Duodiode and used as a Rectifier-Doubler while

the 6SK7 is classed as a Pentode and used as an Amplifier.

The 'r11-46416" does not apps ar in the ordinary tube table and

thus you know it is not a tube in the usual sense of the

work. We will give details on this unit a little later.

Perhaps this identification of the tubes will seen -of more
importance if we refer to Figure 2 because there, the func7-

tions of the tubes are not listed. Referring to the tube

table you will find the following information.

Type - Class

1A7-GT
1N5-GT
1H5-GT
1145-GT

35Z5GT

- Heptode
- Pentode

Liode-Triodf=-
- Pentode

Diode

Use

Converter
R -f amp

Det.-amp
Power amp
Rectifier

With this information, you will have a better idea of the

layout of the circuit and be able to makethe simple tests

outlined in the previous Lesson. For example, although the

1115 and 1A5 are both equally spaced, in respect to the speak-
er, the 1A5 is listed as a power amplifier and therefore is

the last audio tube which drives the speaker.

Following this same plan, we suggest you check the tube types
of all the receivers which are shown, whether or not their
function is indicated on the drawings. This will give you
good practice in using the tube table, and help you to become
familiar with some of the common tube type combinations.

IDENTIFICATION OF CIRCUIT

In addition to learning their location and function, a study
of the tube types is also of great help in identifying the
type of circuit used in the receiver.

Reviewing briefly, you will remember that practically all
commercial Radio Receivers employ either a Tuned Radio Fre-
quency, (trf), or Superheterodyne, (Super) type of circuit,
The super requires a local oscillator and i-f transformers,
neither of which are required in the trf circuit.

In respect to the type of Power Supply, there are "Battery"
Receivers, operated by dry cells, a -c receivers, which plug
into the house lighting circuits and require a power trans-
former, as well as a -c - d -c types which also plug into the
house lighting circuits but have no power transformer.

With these facts in mind, let's go back to Figure 1 and see
what we can learn by checking the functions of the tubes.
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The 6SK7 is listed as an R.F. amplifier, the 6J? .t.S a detector
and the 25L6 as a Power amplifier or Output tube. As the rec-
tifier tube is not considered as a part of the signal circuits,
and there is no Oscillator, Mixer or Converter tube shown, it
is evident the circuit is of the TRF type. As a further check,
there are no IF coils therefore the receiver can not be a Super.

Although not shown in Figure 1, there would be an attachment
cord and plug which indicates the receiver operates on the
house lighting circuit but, as there is no power transformer,
it must 'be of the AC -DC type.

Checking back in the tube table again, you will find all of
the tubes require a heater current of ,3 ampere and thus they
can be connected in series, the common arrangement for AC -DC
circuits. Also the tube table shows you the 25L6 and 25Z6
heaters each require 25 volts for proper operation while the
6J7 and 6SK7 heaters each require 6 volts.

In a series circuit, the voltage drops are added and here,
the total drop for the four tube heaters will be 25 + 25 + 6
+ 6 which is 62 volts. The usual have lighting circuit is
rated at 110 volts but due to variations is considered as 117
volts in. Radio calculations.

Here then, a resistance of some sort, must be connected in
series with the tube heaters and its value must be such that
it will cause a drop equal to the difference between the 117
volts of the line and the 62 volts of the tube heaters. sub-
tracting 62 from 117 we have 55 volts and as the current is.
.3 ampere, according to Ohm's Law the resistance must be equal
to 55 volts divided by .3 ampere which is 1931 ohms.

For the receiver of Figure 1, this resistance is mounted in-
side the W-46416 tube which is known as a oBallastn. Once you
become familiar with the regular tube types, you will have no
difficulty in identifying the ballast tubes as their numbers
are entirely different. Thus, when you decide a Receiver is
of the AC -DC type and find it contains an odd type of tube,
you are reasonably sure that this odd type is'a ballast tube.

Checking back, by looking up the functions of the tubes and
making a visual inspection of the chassis, we have determined
the receiver operates on A.O. or D.C. and is of the TRF type.
To do this, we did not need any test equipment but the know-
ledge we have gained will be needed for further tests.

COMBINATION RECEIVERS

-Following this same general procedure for the receiver of
Figure 2, you well find the tube table rates the filaments,
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of all except the 5525 tube, at 1.4 volts, .05 ampere. With
equal current ratings, these tubes could be connected in series
but, the low values of voltage and current indicate the tubes
were designed for battery operation. An examination of the
cabinet of the Receiver of Figure 2 would reveal a battery
compartment and, if brought in by a customer, the batteries
would probably be in place.

The 3525 is a rectifier tube and, as batteries supply direct
current, this receiver must be designed to operate on lighting
circuits as well as batteries. Thus an examination of the
functions or ratings of the tubes identifies the receiver of
Figure 2 as a oSupern designed to operate on either batteries
or home lighting circuits.

In comparison, the receiver of Figure 3 has the same tube
types as that of Figure 2 but, with no rectifier tube, it is
evidently designed for battery operation only. Later on, we
will take up the circuit details but now, we want to show you
only that, by a careful inspection of tubes and other visible
component parts, the general type of circuit and power' supply
can be quite completely identified.

A.C. RECEIVERS

Going ahead to Figure 4, but omitting a few details, you will
see a power transformer in the upper right corner and thus
know immediately that this is an A.C. type of Receiver. About
the center of the chassis there are two I.F. transformers which,
in conjunction with the 65A7 type of tube, indicate definitely
a superheterodyne circuit.

The three 6J5 tubes, which are listed as "Detector -Amplifier -
Triode" indicate a detector and two stages of audio amplifica-
tion while the two 6V6 -G output tubes can be assumed to com-
prise a push-pull output stage. The 6SK7, which is a high
gain pentode, undoubtedly is installed as the I.F. amplifier.

Here again, a close inspection of the tube types and main com-
ponents, visible on top of the chassis, makes it possible to
quickly identify the type of circuit, the type of Power Supply
and the function of each tube.

AUTO RECEIVERS

For the Receiver of Figure 5, conditions are somewhat different.
Here again there is a Power Transformer but, in addition to the
6X5G Rectifier tube there is a "Vibrator". This indicates a
D.C. supply but, as all the tubes have a 6.3 volt heater or
filament, it is reasonable to assume the Receiver is designed
to operate on a 6 volt D.C. circuit such as is found in the
ordinary automobile.
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If further identification is needed, practically all auto re-
ceivers are housed in rather odd shaped metal cabinets and,
in many cases, are provided with remote control for tuning,
volume and "OFF -ON" switch. On general appearance alone, it
is not likely that you will confuse an Auto Receiver with
those designed for Home or Portable use.

Checking further on Figure 5, you will find a "6A8" mixer
tube, a "6K7" high gain amplifier, a "6Q7G" Duo -Diode -Triode,
and a "6K6G" Power Amplifier Pentode. This information, to-
gether with the two i-f transformers mounted on the chassis
are complete proof the circuit is a Superheterodyne.

For Figure 6 we show a small 6 tube Table Type of Receiver
while for Figure 7, we have an older type, 10 tube chassis
which normally would be installed in a full sized console
cabinet. For practice, we want you to check these two re-
ceivers, following the plan we have explained for Figures 1
to 5 inclusive, and see how much information you can obtain
in regard to the type of circuit, kind of Power Supply, func-
tion of each tube and other useful details.

HEATER CIRCUIT CHECK

The explanations of this Lesson are written on the assumption
that you, as a professional serviceman, have been given a
defective Radio Receiver for repair --that you have no circuit
diagram and may never have seen this particular make and model
before --that you must make a quick diagnosis of the trouble,
without elaborate tests, in order to give the customer an
estimate of what a repair will cost.

With this in mind, our explanations will follow the mental
reasoning which takes place in the mind of the serviceman as
he "sizes up the job" and makes a few simple tests to deter-
mine, not the actual defect, but the general type of trouble.
With this information, his experience will enable him to
estimate quite accurately how much time and material will be
needed.

Estimates of this kind require not only a rather complete
knowledge of the various circuits but also of their more com-
mon troubles. Due to the many details which must be included,
for this Lesson we will explain the methods by which a defect
can be roughly isolated in some particular stage or circuit
and then, in the following Lessons, we will take up the de-
tails of the troubles and tests for the different circuits.

Naturally, there is a wide variation in the step by step de-
tails by which these tests are made by different men. Such
things as personal preference, available test equipment, type





Lesson RTS-2 Page 6

of Receiver, Personality of the customer and general policies
of the shop all affect the actual routine. No doubt, you
will develop your own personal routine and therefore, our ex-
planations may not be given in the order which you think best.

As we have mentioned before, it is a very good policy to
always test the tubes first. This is true for two reasons:
First, a large percentage of troubles are caused entirely by
defective tub'es and Second, no circuit can operate properly
unless all the tubes are in good condition.

Sometimes, a tube tester is not available or the receiver
chassis must be removed from the cabinet in order to make the
tubes accessible. In cases of this kind, many service -men
check the heater circuit by simply turning on the receiver
and inspecting the tubes.

For glass tubes, the glow of the operating heater can be seen
while, for metal type tubes, a check can be made by touch,
to feel if they are warm after a few minutes of operation.

In making tests of this kind, you must remember that although
a heater does "Light up", it does not prove the tube is in
good working order. Some of the elements may be shorted or
the emission may be low, but the "Lighted" heater does show
that its circuit is in operation. Also, it is difficult to
see whether some types of tubes are lighted or not unless the
room is dark.

The identification of the circuit is of benefit here because,
for the series connection of the Receiver of Figure 1, any
broken heater would prevent all tubes from "lighting". In
the circuit of Figure 3, the tube filaments are in parallel
across the "A" battery and, if one were defective it would
not light but the others would.

The circuit of Figure L is somewhat similar and all of the
6 volt tubes are connected across a secondary winding of the
Power Transformer. Here again, the defective tube only, would
not light. There is another detail here however. The heater
or filament circuit of the 5Y3G rectifier tube is separate
from that of the other heaters. Thus, if the rectifier tube
does not light, the trouble may be in the tube or its con-
nections to the power transformer.

For the auto receiver of Figure 5, all of the tube heaters or
filaments are connected in parallel across the battery and
thus, as explained for Figure 3, the good tubes would light
while the defective filaments would not.

You can use this same general plan to check the heater cir-
cuits of Figures 6 and 7 against the identification which we
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suggested you make of their circuits. In a large receiver,
like that of Figure 7 however, there may be more than two
heater circuits.

Thus, by testing the tubes first, you can use them as a heat-
er circuit check, looking for the "glow" in the glass types
and feeling the heat of the metal types.

RECTIFIER TUBE INSPECTION

All AC-DC, Battery Combinations, AC and many Auto Receivers
require a Rectifier tube and fortunately, most of these are
glass types. With the exception of one or two types, such
as the OZ4 and older type BH, all rectifier tubes have a
heater or filament which can be tested as explained for the
other tubes.

As you already know, the rectifier tube is the source of high
voltage for the plate and screen grid circuits of the other
tubes and therefore its action will indicate some types of
defects in the high voltage circuits.

For example, suppose you have an inoperative receiver in which
all of the tubes are known to be good and all of them flight".
An inspection of the rectifier tube shows that its plate or
plates become red hot after the power has been turned on for
a few seconds. Less frequently, you will find an inoperative
Receiver in which the entire bulb of the rectifier glows or
sparks jump from the filament to the plate when the power is
turned on.

Analyzing this condition, you will remember the plates are in
series with the high voltage supply circuit and that the ex-
cessive heat must be caused by high current values. Higher
current, without an increase of voltage, must be caused by
reduced resistance.

Thus, the red hot rectifier plates indicate a low resistance
or "short" in the rectified high voltage circuit and, thinking
of the units and connections in the circuit, you will see that
a shorted filter condenser could cause the trouble. Usually,

the defective condenser will be in the power supply filter
but a shorted plate to ground bypass condenser can produce
the same results.

Occasionally, a connecting wire or coil will make a contact
with the chassis, to create a short but, in most cases of
this kind, the trouble wir- be found in defective condensers.

In contrast to the "shorty mentioned above, you may find the
high voltage circuit is open. This "open" or high resistance
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may be in the power supply filter choke or anywhere in the

plate or screen circuits. However, as the output tubes usual-
ly draw the major portion of the total high voltage current,
their circuits are most important.

An open in any part of these high voltage circuits, which in-
clude the supply filter, as well as their cathode or filament
circuits, would prevent current in them. With not current in
these circuits, the total current will be greatly reduced and
may cause the supply voltage to rise sufficiently to damage

the filter condensers. Therefore, to play safe, never turn

on the power of a receiver, having a dynamic speaker, unless

the speaker is properly connected.

Mule we have mentioned the extreme conditions which cause a
Receiver to be completely inoperative, these troubles do occur
in varying degrees therefore, a close inspection of the rocti-
fier tube is an importan, part of a general diagnosis.

SiIsAKER ACTION

So far, you have been looking .at the tubes and other parts,
but now you can use your ears to listen to the speaker. As

you perhaps know, even when in perfect condition, any Receiver

operating on a -c, will have a slight hum in the sneaker when
no signals are being received and the volume control is turned

all the way down.

Then, as the volume is turned up, there will be a sort of
"Live" sound even when no signals are being receivd. ahe

higher the volume control is turned up, the louder this live
sound until natural static and other disturbances are heard.
In modern receivers with avc, these disturbances reduce
greatly as each Broadcast station is tuned in.

Keeping these conditions in mind, suppose you have an inopera-
tive Receiver but, by the checks we have explained, know the
tubes are in good order and that all of them "light",

You turn it on and, after waiting for the tubes to warm up,
place your ear close to the speaker. If it is absolutely
dead, with no trace of him or "live" sound, you are safe in
assuming there is trouble either in the speaker, the output
transformer, the plate circuit of the output tube, or the

plate volta,;e supply.

This diagnosis is quite simple because the speaker is coupled
to the plate circuit of the output tube and, if the circuits
and coupling were in good order, you would hear a slight hum
at least.
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If you should hear the hum, but no live sound or other noise,
as you rotate the volume control back and forth from low to

high, it is a good indication of trouble in the audio section
of the Receiver circuit,

Should the speaker have the "live sound, which can be varied
by operating the volume control, it indicates the audio ampli-
fier is working and the signal is lost somewhere between the
detector and the antenna.

These are quite definite indications in the case of a Re-
ceiver which is completely inoperative but can be used in con-
junction with others for a Receiver which operates poorly.
For example, a receiver with low signal volume but high hum
level will indicate defective filtering due usually to trouble
in the filter condensers.

Thinking back to the circuits and operation of the convention-
al type of power supply, you will remember that the filter
condenser, connected across the rectifier output, exercises
an important control over the D.C. output voltage. Thus, if

the capacity of this condenser should reduce, because of age
or other causes, there would be less filter action, causing
increased hum, as well as lowered D.C. voltage to cause re-
duced signal volume.

AUDIO AMPLIFIER TESTS

As explained above, the routine of speaker listening tests

may indicate the condition of the audio amplifier in a general

way when the movement of the volume control causes a difference

in the volume of speaker noise. This test applies to the com-

mon type of circuit in which the volume control is connected

across the input circuit of the first audio amplifier tube.

In older models, the volume control may be connected in other

parts of the circuit, in which case its action will be different.

Therefore, to make a quick check on the audio amplifier section

of the receiver circuit, it is common practice to touch a

finger to the grid of the first audio tube. In any building
wired for common A.C. house lighting, this test will cause a
loud A.C. hum in the speaker if the circuits are operating

properly.

For the common type of circuit, with the volume control in

the grid circuit of the first audio tube, the finger can be

placed on the high side or ungrounded terminal of the volume

control. The hum should then be heard in the speaker but

now, its level, or intensity can be controlled by adjusting

the volume control. Incidentally, this test will also give

an indication of the condition of the volume control.
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Of course, if these tests produce no sound in the speaker,
although the slight power supply hum is present, it indicates
trouble in the audio amplifier circuits.

DETECTOR OPERATION

This same test can be made to include the detector by moving
the finger to some exposed metal part of the detector input
circuit.

For the grid leak type of detector, the hum should be heard
when either connection of the grid condenser is touched with
the finger. When this condenser is in good condition,
touching the grid end will cause a louder hum than touching
the other end.

For the bias and diode types of detector, the finger should
be placed on or as near the grid or diode of the tube as
possible.

I -F AMPLIFIER OPERATION

When your inspection of the receiver identifies it as a "super"
there will be an i-f amplifier ahead of the second detector
input and here again, a finger test is often of benefit.
Because the circuits are tuned to a comparatively high frequency,
instead of a hum, there will be a click in the speaker when the
i-f amplifier tube grid circuit is touched.

Contact can be made with a finger on a piece of metal such as
a screwdriver blade. However, your finger should be in contact
with the metal in order to obtain the full effect of your body
capacity.

In the receivers of Figures 3, 5 and 7, the i-f amplifier
tube has a grid cap which makes the grid circuit readily
accessible. However, in receivers like that of Figure 4,
the i-f amplifier tube is of the single ended type and thus
it may be necessary to go underneath the chassis to make
contact with the circuit.

As an alternate test, you can remove and replace the tube in
the socket and, as explained previously, listen for the click
in the speaker.

OSCILLATOR TESTS

Thinking back to the explanations of the earlier Lessons, the
operation of a Superheterodyne receiver depends on the hetero-
dyne action of the incoming signal carrier frequency and a
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local oscillator. Therefore, if the oscillator is not opera-
ting, the i-f frequency will not be produced and the receiver
will be inoperative.

As we mentioned for the speaker listening tests, there may be
the "live" sound, which can be varied by the volume control,
but no signals are reproduced. If the tests we have explained
indicate the i-f amplifier, detector and audio amplifier are
working, the next step is to determine whether or not the
oscillator is in operation.

The oscillator or mixer tube should have been located when
the tubes were checked and the type of circuit identified but
there are a few variations we want to mention at this time.

In order to produce the intermediate frequency at all points
of the tuning range, the oscillator must be tuned with the
input circuits and therefore, in the common types of receivers
one gang of the tuning condenser is a part of the oscillator
circuit.

In Figures 2, 3, ',, 5 and 6, a single tube serves the dual
purpose of oscillator and first detector or mixer while, in
Receivers like that of Figure 7, a separate tube serves as
the oscillator.

While a positive test for oscillator operation requires some
equipment and will be explained later, some men masse a rough
test by placing a finger on the stator plates of the oscil-
lator section of the main tuning condenser. This increases
the capacity of the circuit and detunes it sufficiently to
stop its normal operation.

Thus, if the oscillator is operating, placing a finger on the
stator of its tuning condenser should cause a "soft click"
or "plop" in the speaker. We use the term "soft click to
distinguish this sound from the rather sharp click which is
heard when the grid circuits of the amplifier tubes are
touched.

MIXER STAGE TESTS

When making this general diagnosis, the mixer stage can be
considered much the same as an i-f amplifier. Even though
the oscillator is not working, touching the mixer grid should
produce a click in the speaker.

Like the oscillator, one section of the tuning condenser is
connected across the mixer input grid circuit and contact can
be made by touching the stator plates of this section.
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Sometimes, this test will cause signals to be heard and, when
such is the case, it indicates trouble in the circuits between

the mixer grid and the antenna.

R -F AMPLIFIER TESTS

Going back to the operation of a superheterodyne circuit again,

the oscillator and mixer input must be tuned in order to bring

in the various carrier frequencies. Therefore, all receivers

of this type, employing a tuning condenser, require two sec-
tions or gangs. This is the arrangement in Figures 2, 3, 5

and 6.

In the receiver of Figure 4, you will see a three gang tuning
condenser yet a check of the tubes and their functions, with
the exception of the audio stages, is the same for Figures 2,
3 and 5. Therefore it is evident the receiver of Figure 11

employs an additional tuned input circuit, possibly some form
of a bandpass filter.

For the receiver of Figure 7, you will find a four gang tuning
condenser which indicates two tuned circuits between thefirst
detector or mixer input and the antenna. Checking up on the

tubes and high frequency transformers, there is a complete
stage of amplification ahead of the mixer tube, the tuning of
which requires an additional condenser gang. Then, as explain-

ed for Figure 4, there is probably a bandpass filter arrange-
ment, the tuning of which makes use of the fourth gang of the
condenser.

The tests for an r -f amplifier stage are similar to those
explained for the mixer and here again, by making contact
with the grid circuit, the receiver may operate. With this

in mind, it is always a good idea to rotate the tuning conden-
ser control in order to pick up a signal from a powerful or
nearby Broadcast station.

In practically all of these tests, we suggest making contact
with the various grid circuits because, as previously ex-
plained, the plate circuits can be checked by removing and
replacing the tubes in their respective sockets. In addition,

the plate circuits carry high voltage and therefore may cause
an unpleasant shock if your finger comes in contact with them.

Also, the grid is a part of the input, or signal circuits,
and by making contact with this circuit, a signal of some sort
is produced, if it and all the following stages are in good
order. That is why we start at the speaker and work back,
stage by stage, toward the antenna.
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The common type of input circuit consists of a transformer,
the primary of which is a part of the antenna circuit while
the secondary is tuned and connected across the grid circuit
of the following tube. In some of the later models, the
secondary winding is made quite large in size and acts as a
loop antenna.

The common test here is to shift the antenna connection from
the primary to the secondary because, if there is trouble in
the primary, signals will be heard when the antenna is con-
nected to the secondary. If you live reasonably close to a
Broadcast station, your body makes a fairly good antenna and
therefore you need only touch an exposed part of each circuit
to make a quick test.

However, as one side of both the primary and secondary are
usually grounded, be sure you make these tests by touching
the high or ungrounded end of the windings.

While the explanations of this Lesson may seem somewhat
lengthy, with a little experience you will be able to com-
plete them all in a matter of a very few minutes. This
routine of quick tests willgive you a good idea of the
receiver and, in a general way indicate the general loca-.
tion and nature of any trouble which may be present.

To prevent complications, we have assumed a receiver which
will not reproduce signals because, in many cases, the owner
does not call on the service -man until such a condition
occurs.

Once again, let us remind you these tests make up a diagnosis
which will help only in locating the trouble in a general way.
When some certain stage or circuit appears to be at fault,
the following Lessons, will take up the details of that part
of the work.
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people he was training would take his place, shook
his head and replied, "All that worries me is that
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CONTINUITY TESTING

After making a general diagnosis of a defective Radio Receiver,
by following the explanations of the preceding Lesson, the type
and location of the trouble should be fairly well established.
However, to locate exactly the point of the circuit or component
part which is defective, it is usually necessary to make elec-
trical tests.

In this Lesson therefore, we are going to explain the fundamen-
tal applications of various test meters so that, in the later
Lessons we can show you how to use them to simplify the more
complicated problems which will come up.

CIRCUIT TROUBLE

Reviewing briefly, you will remember that every electronic unit
is made up of a number of circuits, all of which must be in
good condition to allow proper operation. The various types
of circuits have been explained and we want to remind you that
the rules and laws which have been given hold true for all
Radio and other Electronic equipment.

In order to have electrical action, a circuit must be complete.
There must be a complete and continuous path from one side or
terminal of the supply, through ell the components and connect-
ing wires, to the other side or terminal of the supply. Also,
there must be a continuous path through the supply itself. A
great many of the troubles in Radio, Television and other Elec-
tronic equipment are caused by breaks or "opens" in the ccn-
tinuous path as well as by unwanted paths which are known as
short circuits or "shorts".

You can readily see that anyone, working in the Electronic
field, must have not only a good understanding of circuits but
he able to make tests which will determine accurately whether
they are "open", "shorted" or in proper condition.

TEST METERS

Thinking of a simple circuit, there are three quantities or
values which must be considered. First, the voltage impressed
on the circuit, Second, the current in the circuit and Third,
the resistance of the circuit. In order to test or measure
these values you will use Voltmeters, Ammeters and Ohmmeters
which may be separate instruments or made in combination to
measure two or all three values. Switches or terminals are
mounted on the panel of the meter to make the various ranges
and scales available.

As you already know, a voltmeter measures the difference of
electrical potential, or pressure, between any two points and,
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to make a voltage test, it is not necessary to change or dis-
turb the circuit. The meter wires, or test prods, are simply
placed in contact with various parts of the circuit and the
meter reading shows the voltage between them. This connection
places the meter in parallel with the unit or units being
measured, and is the proper position for making a voltage check.

An ammeter, used to measure current, must be connected in
series with the circuit under test in order to carry the cir-
cuit current. This means the circuit must be broken at some
point and the ammeter connected in the break, in order that it
can indicate the current through it.

An ohmmeter, which is really a modified form of voltmeter,
usually contains a source of voltage, often in the form of a
battery, and therefore can be used with no other voltage or
current in the circuit under test. Like a voltmeter, its prods

are placed in contact with two points of a circuit and the
reading which is obtained indicates the resistance between
these points.

In a complete electronic unit, there are a number of circuits
and frequently, there will be two or more parallel paths be-
tween the points on which the ohmmeter test prods are placed.
The meter will indicate the total resistance which, from the
laws of Parallel Circuits will be less than the resistance of
any one branch. Keep this fact in mind as we will have more
to say about it later.

TESTING WITH THE VOLTMETER

When using a voltmeter for testing, you must be sure the volt-
age, of the part of the circuit being tested, is not greater
than the highest voltage on the scale of the meter. Meters in
use for this work often have several scales, with a common
negative, and terminals corresponding to each scale on the
face of the meter.

For example, suppose you had a meter with voltage scales of
5, 50, 250 and 1000, and wishes to measure the plate voltage
of the outwit tube in an a-c/d-c receiver. Knowing the volt-
age is not over 250, you would make connections at the negative
and the 250 terminal causing the pointer to read on the 250
volt scale. However, when you are not sure of the peak volt-
age of the circuit being tested, always make the connections
to the highest scale of the meter then, if necessary, you can
move to a lower range.

Your voltmeter may have only one scale but the reading can be
doubled by using a series connected resistance. To add a
resistor for this purpose, you must first determine the re-
sistance of the voltmeter, in ohms, and knowing this, use a
resistance of the same value.
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Usually, the resistance of a voltmeter is given in ohms per
volt. For example, suppose your voltmeter has a 0-125 scale
and the resistance is 1000 ohms per volt. To change it to a
0-250 scale requires an additional resistance of 1000 x 125
or 125,000 ohms. Using a resistance of this value, connected
in series, every reading on the scale of the meter will be
doubled.

VOLTMETER TEST CIRCUIT

A very simple yet useful test circuit can be made with a volt-
meter in series with a battery, composed of two or more dry
cells. Two wire leads, each at least three feet in length
should be used. Solder a spring clip on one lead and, on the
other, install some kind of sharp pointed device. This will
enable you to clamp one lead in place and leave the other free
to move from one position to another. Instead of the clip on
one wire, two sharp points, or prods, can be used, like those
of Figure 1, which shows the complete test circuit. A com-
mercial tester of this type would be called an "Ohmmeter" and
the scale would be calibrated in ohms.

Whenever this tester is connected to a circuit having an
"Open" the meter will not register because there is no cur-
rent through the circuit to operate it. This is true in
Figure 2 where we show the tester of Figure 1 connected across
the winding of a transformer. The wires in the winding are
completely broken, preventing current through the meter and
causing the pointer to remain at zero.

If the tester is used in a circuit including a resistance, as
in Figure 3, a closed circuit results and there is current
from the battery, through the resistance and the meter. The
pointer will move over the scale and the distance it moves
will depend on the amount of resistance in the unit.

The less the resistance, the higher the reading and, the gre-A-
er the resistance, the lower the indication on the meter. This
is true because, with equal voltage, a high resistance allows
less current than a low resistance. Therefore, with a resist-
ance in the circuit, the test will not show the full battery
voltage but, if the hand moves, does show a closed circuit.

CONTINUITY TESTING

By continuity tests, we mean any sort of test which shows a
circuit to have an unbroken or continuous path. For this work,
the circuit of Figure 1 can be used with good results.

When the prods are touched on each other, or shorted, the
meter will simply register the battery voltage, proving a
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complete or continuous path through the tester. By placing
the prods at various points, of a circuit under test, a meter
reading shows a complete path between the prods but should
the circuit be broken, the meter would read 0.

Fer example, suppose you are working
which the speaker is absolutely dead
the tubes are removed and replaced.
the trouble is possibly in the plate
tube. The first test, of course, is
when that does not cure the trouble,
like that of Figure 1.

on an electronic unit in
and will not click when
As we have explained,
circuit of the last audio
to try a good tube but,
we make use of a tester

Because there are batteries in the test circuit, the elec-
tronic unit should be shut off and the test orods placed
across the primary winding of the output transformer as in
Figure 2. If the transformer winding is broken, as shown,
there will not be a complete test circuit and the meter will
read 0. The zero reading, with the test prods on the B and
P terminals of the transformer, proves there is a break, or
open, in the winding connected to these terminals.

A similar test can be made on the secondary winding by plac-
ing the test prods on the "S" terminals. In the same way,
the R.F. and I.F. transformers of a radio receiver can be
tested by placing the prods across the primary and secondary
windings.

This same test can be applied to the power transformer. How-
ever, when testing the power transformer, be sure that you
place the prods across each secondary separately. This brings
un another point to remember when making continuity checks for
a defective part. "That part, which is being tested, should
be disconnected from all associated circuits."

For example, suppose all the tubes are in place and the power
cord plugged into a suitable supply but the heaters of the
tubes fail to light. Naturally you would suspect that the
secondary winding of the power transformer was not supplying
the necessary voltage. However, with the receiver turned off,
and the test prods of Figure 1 across the winding, the meter
indicates a closed circuit.

By carefully checking through the heater circuits, you would
no doubt find that the heaters and their winding are all con-
nected in parallel. Therefore, if the prods are placed across
the winding, the meter current will divide to complete its cir-
cuit. Also, with the prods across the heater secondary, if
any one of the circuits were complete, the pointer of the meter
would move.
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Therefore, to get an actual check of the heater winding, it

would be necessary to disconnect it from the heaters. Then,

there would Le only one path for the current and an accurate

check for an ;open" 'could be Made. Removing the tubes from

their sockets, would be the easiest way to do this.

Remember, when using the test circuit of Figure 1, if the

windings are not broken, or open, the pointer will move across

the scale of the meter when the prods are placed on the termi-

als. The distance the pointer moves is also a help in locat-

ing the various troubles because it gives a rough indication,

of the amount of resistance betreen the test prods.

Earlier in this Lesson, we told you how to Connect a resist-

ance to double the meter reading and, using the values given
for that explanation, the meter had a resistance of 125,000

ohms. Remembering the action of a voltmeter, it is the cur-

rent in it which causes the hand to move.

By Ohmts Law, a meter with a 12C volt scale and an internal'

resistance of 125,000 ohms, would have a current of 1 milli-

ampere at 125 volts and the pointer would move all the way

across the scale. Adding an additional 125,000 ohms in series,

the resistance of the meter circuit would be 250,000 ohms

whichuouldallow a current of but .5 milliampere at 125 volts.

The current is but half of its former value and thus the

pointer would move but half way across the scale.

In other words., by doubling the resistance of the meter cir-

cuit, it reqaires double the voltage to cause enough current

to move the pointer across the scale. Therefore, with the

extra resistance in use, every meter scale reading must be

doubled.

The same effect will be present when the test circuit of

Figure 1 is used. The transformer windings of Figure 2 mill

have a fairlj high resistance and, when in good condition,

the test will give a reading lower tian the battery -voltage.

Perhaps you will see this better in Figure 3, where we are

using the tester oE Figure 1 -b.) check a long tubular resistor.

If the resistance wire is broken, the meter will read 0 and

show an open circuit exactly as explained for Figure 2. How-

ever, you rill notice the circuits are the same as explained

for extending the range of a voltmeter therefore, the greater

the value of resistance being testea, the lower the meter

reading will be.

To sum it all up, for the test circuit for Figure 1, -me prods

are. placed on the points of a circuit between which we want

to test. A 0 reading indicates an open, a low reading indicates
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a closed circuit with high resistance and high reading indi-
cates a closed circuit with low resistance.

Remember here however, that the ordinary voltmeter has a high
resistance and it requires a fairly high resistance, in the
circuit being tested, to cause a drop in the meter reading.
Low values of resistance, such as found in the primary and
secondary windings of r -f coils would have little, if any,
effect on the meter reading.

CONDENSER TESTING

The circuit of Figure 1 can also be used as a rough check for
"shorts" and "opens" in condensers because it includes a direct
current supply and a good condenser does not provide a circuit
for direct current.

In the circuit of Figure 1, for example, we have a transformer
and choke coil with a condenser connected across them. Con-

necting the tester as shown, there is a circuit through the
choke and transformer primary which will cause a reading on
the meter. If the condenser is shorted, there will be a low
resistance path through it and the meter will read full bat-
tery voltage.

As previously explained, a test of this kind is not satis-
factory because it does not definitely locate the trouble.
The proper method is to disconnect one side of the condenser
and then place the prods on its terminals. If it is of the
paper type and in good condition, there is no complete cir-
cuit and the meter will read O. For the electrolytic type,
you must observe the polarity and with the condenser in good
shape, there will be a small leakage current. However, after
a little practice, you will be able to determine between good
and bad electrolytics.

For paper condensers of fairly large capacity, say from .5 mfd
up, when the prods are first placed on the terminals, the
pointer will move slightly and then drop at once to O. This
shows the direct current charges the condenser, but the pointer,
dropping back to 0 indicates the dielectric is in good shape
and the condenser is all right.

When the dielectric is broken down, or punctured, there is
direct current through the condenser and the meter will give
a steady reading. When this condition occurs, the condenser
must be replaced.

Sometimes the condenser plates will become disconnected from
the terminal and cause an open circuit. While not entirely
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satisfactory, with a little practice, the test set of Figure

1 can be used. On test, a good condenser causes the pointer
to jump slightly when the prods are first placed on the ter-

minals. Placing them on the terminals, with the same polarity,
a second time will cause no action, the pointer remainint at O.

To check up on this test, the prods may be reversed on the
terminals. This will allow the condenser to discharge and
then charge in the opposite direction. As the current must

go through the meter, it will cause the pointer to jump.

Another method is to first discharge the condenser, by short-
ing across the terminals, and then, when the test prods are
again placed across it, the pointer will jump slightly. When

a condenser is open, the test is the same, except the pointer

does not make the slight jump when the prods are first placed
on its terminals.

Often, the plates of variable tuning condensers, are bent out
of shape sufficiently to touch and cause a short. To test

for this trouble, after one circuit wire is disconnected, the
tester of Figure 1 is connected across the condenser, one prod
on the rotor terminal and the other on the stator terminal.

The tuning dial is then turned slowly and, when the plates
touch, the pointer indicates full battery voltage. Of course,

if the plates are correct, the meter will read 0 during the

full turn of the dial.

Many times a coil, resistance and condenser are found as shown

in Figure 5. A grid resistance is connected in series with
the secondary of a radio frequency transformer and this cir-

cuit may become grounded either at "A° or "C". Before making

any tests, be sure that you disconnect any natural grounds,

and it is also a good idea to disconnect the condenser from

the circuit.

Using the voltmeter tester of Figure 1, on Figure 5, with one

side connected to the coil at D, the other end can be grounded

or touched at points A and C to locate the trouble.

If the coil is in good condition, touching the tester at D and

ground will show no reading. If, however, a ground occurs at

A, the voltmeter will show almost full battery voltage. With a

ground at C, the test meter will not show full battery voltage,

but a somewhat lower value, depending on the amount of resis-

tance in the circuit. A zcro reading on the test meter, with

the prods on D and ground, shows the circuit is not grounded.
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Quite often a number of parts, like the coil, condenser and
resistance of Figure 6, will be found in the same circuit.
Here, any one of the parts may be open, grounded or short cir-
cuited and the best method is to disconnect each part from Che
others and test it separately.

To test all the parts connected in the circuit, first place
one prod at A. Touching the other prod at B, will give a full
battery voltage reading on the meter if the condenser is
shorted. Should the pointer move slightly then drop back to
zero it indicates a good condenser.

Now, with a good condenser, if you move the test prod from B
to either points C or D, the pointer probably will not move.
Do nbt consider this as conclusive indication of an open cir
cuit because the small fixed condenser does not require much
charging current and the meter needle will register little if
any reading. This shows how necessary it is, it,4 a circuit of

this kind, to test each part separately.

The circuit tester can be used in much the same way for locat-
ing trouble in the filter of the power supply. In this part
of Radio and Television equipment, most of the troubles are
due to defective condensers or chokes. By applying the tester
to points B and D, Figure 7, you can test the two choke coils
in series. The meter should not indicate full battery voltage
since the d -c resistance of the chokes may be fairly high.
When the pointer remains at zero, there is an open circuit and
to find which choke is open, place one prod at the common point
C, completing the test circuit first at D and then at B.

In this circuit, with the tester connected aL A and B, the
condensers will all be in parallel and should be disconnected
at points B, C and D. .A separate test can then be made on
each one of them between A and the disconnected end.

VOLTMETER TESTS - USING POWER SUPPLY

The voltmeter itself is one of the handiest devices for test-
ing. Instead of the circuit of Figure 1, you can quickly
locate and overcome troubles in many of the parts by using
the power furnished by the batteries or supply of the unit
under test.

For example, in Figure 8, we have a simplified circuit of a
tube and audio transformer and we can find the condition of
the filament circuit with a voltmeter at (1), the voltage
across the tube plate is obtained with a voltmeter at (2)
and the voltage drop across the primary of the audio trans-
former can be measured with the voltmeter at (3). Open
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circuits, short circuits and grounds can be determined by the
readings obtained when the meters are placed in the various
positions.

In making voltmeter tests, you must always keep the test cir-
cuit in mind. Using the circuit of Figure 1, with its own
battery, a high reading indicates low resistance between the
test prods as explained for Figures 3 and 4.

Position 3 of Figure 8 is about the same as Figure 2, but,
the meter readings are different. In Figure 8, the meter
has no separate supply and measures only the voltage drop
between the test prods. Under these conditions, a high re-
sistance will cause a high reading and a low resistance a
low reading.

For example, if the transformer primary of Figure 8 were
shorted, there would be a very low resistance between the B
and P terminals to which the meter is connected in Position

3. By Ohm's Law, Voltage equals Current times Resistance
therefore, with a low resistance, the voltage drop will be
low. In the same way, a high resistance will cause a high
voltage drop.

OPEN CIRCUIT TFSTS

To show you how to use a voltmeter for open circuit tests,
we will assume you have constructed the a -f amplifier stage
of Figure 8 but, after properly connecting the batteries,
the filament fails to light. A tube, known to be good, also
fails to light when placed in the socket, therefore you know
the filament circuit is at fault.

USing a voltmeter only, you first place one test prod on the
"A" battery positive, then touch the other to "A" battery
negative. With these connections, the meter is across the
battery and should read the full battery voltage.

Leaving one prod on the battery negative, you move the other
one up to the moveable contact of the rheostat. If the meter
again reads full battery voltage, you know the circuit between
the positive terminal of the battery up to the moveable con-
tact of the rheostat is complete.

Next the prod is moved from the moveable contact to the upper
connection to the rheostat. With the tube in the socket and
the other prod on the battery negative, the meter reads zero.

With the prods on battery negative and moveable rheostat con-
tact the meter reads full battery voltage but across battery
negative and the upper end of the rheostat the meter reads 0.
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Therefore, you will be safe in concluding the rheostat is
open.

SHORT CIRCUIT TESTS

Another common form of trouble, which occurs in electronic
devices, is a short circuit in the various units and connect-
ing wires. A "short" is a condition which allows current in
part of the circuit but prevents the units from operating
properly. It is also defined as a low resistance path which
reduces the current in the units of the complete circuit.

In Radio and Television equipment, shorts are usually caused
by defective parts, such as tubes, condensers and by wires
running close to each other, or becoming bent and touching.
Also, where the frame, or metal base, is used for one side
of the circuit, or as ground, the other side may become
grounded and form a short.

The best way to locate a short is by means of the tester of
Figure 1 but a voltmeter can also be used. To show you how
this works out, we will use the filament circuit of Figure 8
and assume that the filament leads are shorted at the tube
socket.

The low resistance of the short will allow a large current
in the circuit, but reduce the current in the filament to
practically zero. Under these conditions, the tube filament
will not light but the connecting wires and units in series
will often get hot enough to smoke and possibly make them
defective.

To make a voltmeter test, the meter is connected across the
A+ and A- terminals to determine if the proper voltage is
applied. Assuming this to be correct, the meter would then
be connected across the rheostat and here you would find the
full supply voltage due to the filament short. With the
meter connected across the filament connections at the socket,
it would read zero, indicating the short was somewhere be-
tween the upper rheostat connection and A-. An inspection
of this part of the circuit would reveal exactly where the
short is located.

Although the above explanation of locating "shorts" and "opens"
have been on the filament circuit, the same ideas and procedure
may be employed for all circuits on which a potential is
applied. Remember, however, you must analyze the circuits as
well as the readings in order to determine the trouble. The
amount of resistance in the circuit will have a direct bearing
on the voltage readings you obtain.
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All short circuits do not allow excessive current but, in
circuits connected to the supply, usually cause the parts to
heat up. For battery type equipment, a short causes the
batteries to discharge quickly. For a -c equipment, a short

usually allows the windings of the power transformers to heat
up sufficiently to cause a disagreeable odor. Also, where
there is a short to the power supply, it is not at all unusual
for the plates of the rectifier tube to get red hot. A short
of this kind is most generally due to a defective, or shorted,
filter condenser.

For example, if a voltmeter test in a power supply indicates
a high voltage between the rectifier filament or cathode and

ground but zero voltage between the receiver side of the fil-
ter and ground, it would indicate an oven circuit and no doubt
the trouble would be found in the choke coil.

However, should you find zero, or very low, voltage between
the rectifier filament and ground, the trouble may be caused
by a defective transformer, rectifier tube or a short circuit.
To check on the rectifier tube and power transformer, dis-
connect the filter circuit from the rectifier and then measure
the voltage from the rectifier filament or cathode to ground.
Should it still be very low or zero, then you know your trouble
is in these circuits.

In a case of this kind the first thing to do is try a new
rectifier tube. Should this fail to bring up the voltage,
you can assume that the power transformer is defective. How-
ever, before condemning it, check all the leads from it to
see that there are no external shorts. Should the circuits
be found satisfactory, then the transformer will have to be
replaced with a new unit. Transformer trouble of this kind
is generally caused by shorted windings and it is impracti-
cal to try and repair it.

Now let us assume that when the filter is disconnected the
voltage from the rectifier to ground is normal. Under these
conditions, the trouble would be in the filter or the receiver
itself. A condition of this kind is generally due to a short
circuit and the unit which most commonly causes this trouble
is a "shorted" filter condenser.

The filter condensers are al? connected in parallel and, as
explained for Figure 7, they must be disconnected from associ-
ated circuits and checked individually. The test set of Figure
1 may be used here and the prods should be placed across the
terminals of the condenser. A high reading on the meter in
dicates a shorted or partially shorted condenser. Remember,
however, that wnen checking electrolytic condensers, the polar-
ity must be observed and the "4" test prod must connect tc the
"+" terminal of condenser.
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After you have checked all the condensers and found them in
good shape, then check the connecting wires to see that none
of them are touching each other or the chassis, to form a
short.

Another trouble in the filter circuits is an open condenser
and it will generally manifest itself by causing a loud a -c
hum in the receiver. In some cases, where the open condenser
is connected directly across the output of a rectifier, the
d -c voltage output of the filter will be reduced. As pre-

viously explained, you can check for open condensers by the
use of the test circuit of Figure 1.

In all cases of shorts, whether the supply is from batteries
or the a -c power line, disconnect the supply as quickly as
possible and locate the short before trying to operate the
equipment. By following this method, there is less chance of
damaging some other good part connected in series with the
shorted circuit.

HEADPHONES FOR TESTING

Sometimes a voltmeter is not handy and an ordinary pair of
headphones, connected in series with several dry dells, is
suitable for testing. This form of tester is not as accurate
or reliable as the meter because we must depend on our sense
of hearing to determine the "clicks" in the phones.

The test circuit will be the same as Figure 1, by substituting
the headphones for the voltmeter, and when the two leads of
the tester are touched to an ordinary circuit of low resistance,
a click will be heard in the phones. When the circuit is open,
disconnected, or parts burned out, no click will be heard. In

a circuit with a resistor, the intensity of the click will de-
pend on the amount of resistance but a click can be heard
through a fairly high value of resistance.

When connected to a condenser circuit, the loudness of the
click depends on the capacity of the condenser. When first
connected across a condenser, this tester will charge it,
then, touching the condenser terminals a second time, will
not produce a click of enough loudness to be heard. To be
sure of the condition of the condenser, the test leads should
be reversed. If in good condition the condenser will then
discharge, causing a click in the phones.

You may have noticed, by now, that practically all the units
of a radio receiver are connected in some tube circuit. There-
fore, if all the tubes are supplied with correct voltages, nine
times out of ten, the receiver itself is in good operating
condition. There are conditions, however, which will cause a
receiver to be inoperative although all voltages are correct.
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Some of these troubles are shorted turns in the high frequency
transformers, shorted variable condensers, open voice coil in
dynamic speakers and faulty antenna and ground connections.
However, these troubles are not nearly as common as those
which affect the values of voltage and current.

POINT TO POINT TESTING

"Point to Point" testing is generally considered as a form of
continuity testing in which the resistance, between various
points in the circuit, is measured. This is accomplished by
using a test circuit similar to that of Figure 1, but the meter
is calibrated to read directly in ohms and is called an "ohm-
meter."

As we previously explained, a common trouble in a -c operated
units is shorted filter condensers which cause an excessive
current drain on the power supply. Should you find zero plate
and screen voltages on a unit of this kind and suspect a

shorted filter condenser, the simplest and quickest way of
finding the trouble is by making a "Point to Point" test from
the rectifier filament or cathode to ground. A low resistance
reading indicates a short and, to determine the defective unit,
it is only necessary to follow the previous explanations of
this Lesson.

The majority of units, on the commercial market today, are
very compact, shielded and many of the connections to the
various parts are out of sight. Therefore, in order to deter,
mine if the circuit is correct, the only practical method is
by making continuity tests.

Remember, a reading on the meter tells you that the circuit
is complete and then you must analyze the circuit to see if
the resistance reading is approximately correct. A zero read-
ing indicates an open circuit and can be run down by moving
one prod along the circuit, touching the exposed parts.

To make accurate tests, no matter what equipment is used, you
must keep the circuits in mind, not only those being tested,
but those of the tester itself. Unless you do this, the meter
readings, while showing the actual conditions, will be of
little benefit as you may not interpret them correctly.
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CIRCUIT TRACING

In our explanation of Continuity Testing we showed how meters
are used to check the electrical paths through component parts
of Radio and Television apparatus or the wires by which they
are connected in their respective circuits. Carrying this

idea a little further, you can test all of the various paths
in a complete unit.

When carried out on a more complete plan, continuity testing
is commonly known as "Circuit Tracing" and is often done to
determine the various circuits although they may not be de-
fective. When diagnosing many symptoms of trouble, it is
necessary to know the actual circuit connections and, if a
diagram is not available, the circuits must be traced.

Perhaps the greatest asset of any Radio and Television service
man is his ability to visualize the electrical circuits while

looking at an actual unit such as a Receiver or Amplifier.
At first, you may find this rather difficult but, with a
little practice, you will be surprised at the speed at which
you can develop this ability.

SCHEMATIC DIAGRAMS

If you have examined the under side of an ordinary Radio re-
ceiver chassis, you must agree that it is quite difficult to
follow wires which connect the various units, such as resis-
tors, condensers and coils. A photograph or line drawing of
the actual locations of the wires would be just as difficult
to follow therefore, it is common practice to simplify the
arrangement, without changing the electrical connections, to
make up what is known as a schematic diagram.

In these diagrams, the component parts are shown by means of
simplified symbols arranged so that the circuits can be com-
pleted with the smallest number of lines which represent the
connections. Thus, at first glance, the schematic diagram may
not even resemble the actual equipment although the electrical
circuits are identical.

For example, Figure 1 of this Lesson is the schematic diagram
of a 4 tube, A-C/D-C, TRF receiver which, with the exception
of the tube types and ballast, could be the unit shown in
Figure 1 of the "General Diagnosis" Lesson. To follow these
explanations more easily, refer to this former lesson and turn
out the illustration sheet so that you can compare its Figure
1 with Figure 1 of this Lesson.

To avoid confusion, we will call Figure 1 of the former Lesson
a Pictorial Diagram and Figure 1 of this Lesson a Schematic
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Diagram. You will f'nd diagrams of both these types are used
in describing certain units but, it is the schematic diagram
which contains most of the technical data.

Looking at the Pictorial Diagram you will find the 63K7 "R -F
Amp." tube at the lower right with the "25Z5 Rect." tube direct-
ly behind or above it. Going to the left there is the two gang
tuning condenser, the "R -F Coil" and then the "speaer" with
the "6J7 Det." tube directly above or behind. The "25L6 Output"
tube is in the upper left and, as mentioned before, we will
omit the ballast as it does not appear in the schematic diagram.

Following the signal, you know its path will be from the an-
tenna, through the r -f amplifier, then the detector, through
output tube and through the speaker. With this in mind, look
at the Schematic Diagram of Figure 1 in this Lesson. Here,

the 12K7GT is the r -f amplifier tube, the 12F5GT is the de-
tector tube, the 50L6GT is the output tube and the 45Z5GT is
the rectifier.

The signal circuit starts with the antenna symbol, at +he
upper left and continues straight across to the right, over
to the speaker. The power supply, which includes the rectifier
tube, filter and heater circuit is shown below because it can
be considered as separate from the actual signal voltage paths.
Thus, while the schematic diagram includes symbols which re-
present all the components, as well as the connections between
them, it does not indicate the location of the parts as they
are mounted on the chassis.

On the Pictorial Diagram, you see the two gang tuning condenser
is located between the r -f coil and the r -f amp. tube. In the
schematic diagram, you will find one gang of the timing con-
denser, marked 565 mmfd and shown with its trimmer, tunes the
grid circuit of the 12K7GT, r -f amplifier tube.

The other section of the tuning condenser is shown in the grid
circuit of the 12F5GT detector tube, completely separate from
the r -f section. To show that both sections are connected
mechanically, some schematic diagrams include a broken line
between the condenser symbols, an example of which will be
found in the circuit of Figure 3 of this Lesson.

Thus, the lines of the schematic diagram, which indicate the
electrical connection between the component parts, seldom
resemble the arrangement or location of the actual connecting
wires as they are placed in the unit. For example, in the
schematic diagram of Figure 1, the high voltage supply wire
is shown as a single horizontal line with vertical lines up
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to the screen grid of the 12K7GT tube, to the primary of the
r -f transformer, to the 1 megohm resistor in the plate cir-

cuit of the 12F5GT detector tube and to the screen grid of
the 50L6GT output tube, The line continues to the right,

down and back to the +700 ohm filter resistor.

In the actual circuit, as wired in the receiver, the outer
end of the 4700 ohm resistor might be connected directly to
the screen grid terminal of the 50L6GT tube socket. One end

of the 1 megohm detector plate resistor might also be connect-
ed to the same socket terminal together with a wire, the other
end of which might connect to the screen grid terminal of the
12K7GT tube socket. The supply end of the transformer primary
might also be connected to this same screen grid socket termi-
nal.

Thus, while the electrical paths would be identical, the actual
arrangement in the receiver would not resemble the layout of
the schematic diagram. The point to remember here is that the
electrical action is almost instantaneous therefore it makes
no difference in what order the parts are connected.

In the example we have just explained, the outer end of the
5700 ohm resistor mush connect to four points of the circuit.
Therefore, any plan of wiring which accomplishes those con-
nections will complete the electrical circuit properly. Should
you be making a continuity test, there would be practically no
resistance between the outer end of the resistor and the other

four points.

ISOLATION OF CIRCUITS

The arrangement of the schematic diagram also separates or
isolates the various circuits, to make them easy to identify.
Also, it separates the various stages to show the components
which they contain.

Going back to the schematic diagram of Figure 1, you will find
the heater circuit is drawn separately at the bottom although
the heaters are actually located inside the tubes and connec-
tions must be made to the proper tube socket terminals. The

heater of the 45Z5GT rectifier tube is shown inside the tube
symbol where it belongs but, instead of drawing lines up to
the other tube symbols, the heaters are shown in a row and
labeled to indicate it which tube they are located.

This arrangement makes it possible to see at a glance that all
the heaters are in series across the supply line and that the
heater of the rectifier tube has a tap to permit the #47 Mazda
dial lamp to be connected across a part of it.
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In much the same way, the high voltage plate supply circuit is
isolated sufficiently to make it easy to follow. Starting at
the lower prong of the attachment plug, the circuit is down
and over to the right to the connection between the dial lamp
and the 11-5Z5GT heater. Passing through the lamp and part of
the tube heater, these parallel paths join and continue on up
to the rectifier tube plate.

The action of this tube allows only the positive alternations
of the a -c to pass to the cathode which therefore carries
pulsating d -c. Thus, we consider the path as continuing from
the plate to the cathode and then on up, through the primary
of the sneaker or output transformer, to the plate of the
50L6GT tube.

This path or circuit continues inside the tube, from pate to
cathode and through the 150 ohm resistor to ground. To com-
plete the path, it is necessary to return to the attachment
plug and this can be done by picking up the ground at the
lower left of the diagram, going up to the power line, to the
right of the switch, through the closed switch and to the
upper prong of the plug.

Notice here, considering the prongs of the attachment plug as
the source or supply, there is a complete and endless path
from the lower prong, through various components of the re-
ceiver and back to the upper prong. Thus, with voltage across
the plug, there will be voltage across, the circuit. A31 grounds
are connected to a common conductor, usually the metal base or
chassis of the unit, and therefore are electrically connected
to each other.

To avoid confusion, remember, when tracing any circuit the ob-
ject is to follow the shortest and most direct oath from one
terminal of the supply back to the other supply terminal. How-
ever, it is not necessary to trace the complete circuit every
time because certain parts of one path may be common to others.

For example, it is common practice to consider the cathode or
filament, depending on the type of rectifier tube, as the posi-
tive terminal of the d -c supply. Starting here, there is a
path through the 5700 filter resistor, up, over o the left
and up to the screen grid of the 50LEGT tube. From here, the
path continues inside the tube to the cathode and through the
150 ohm resistor to ground.

The complete path extends to the attachment plug but those
parts between the lower prong of the plug and rectifier tube
cathode, as well as between ground and the upper prong of the
plug, were a part of the 50L6GT plate circuit and therefore
need not be traced again. In fact, the outer end of the 5700
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ohm filter resistor and ground can be considered as the ter-

minals of the d -c supply for all but the 50L6GT plate circuit.

With this in mind, there is one path up through the one megohrn
resistor to the plate of the 12F5GT detector tube, and through
the tube to the cathode which is grounded. Another path is

seen up through the r -f transformer passing to the plate of

the 12K7GT tube as well as one to the screen grid of the same
tube. Both of these continue inside the tube through a part
of the 25,000 ohm control to ground.

Checking back, you will find we have traced all the paths
connected to the parer supply and if these are all complete
with the component parts of each in good order, all of the
tubes will receive their proper operating voltages.

The remaining circuits carry only the signal voltages and with
the exception of the antenna path, include the control grids
of the tubes. The antenna path of Figure 1 includes a .001 mfd
condenser and the primary winding of the antenna transformer,
the lower end of which is grounded.

The upper end of this winding connects also to one end of the
25,000 ohm control to provide a path of variable resistance
in parallel to the winding. This arrangement provides a
volume control with a double action because, if the center
groundeorcontact is moved to provide greater resistance in
parallel to the coil, it will also reduce the resistance in
series with the 12K6GT tube cathode. An increase of parallel
resistance will permit a higher signal voltage across the coil
while a decrease of cathode resistance will reduce the grid
bias and allow greater amplification by the tube. Moving the
contact in the opposite direction will reverse both actions

The grid circuits must be traced completely from the grid to
the cathode of each tube. For the 12K7GT tube here, the path
is from the grid, through the secondary winding to ground and
from the grounded contact up through part of the volume con-
trol to the cathode.

The secondary winding is tuned by the 365 rnmfd variable con-
denser connected across it. In case you may have a question,
that hooked line, extending from the upper end of the secondary
over toward the primary represents a turn or two of wire, wound
on the primary but not connected to it. The purpose of this
arrangement is to provide some added capacity between the wind-
ings and thus provide a more uniform gain over the tuning range.

The grid circuit of the 12F5GT detector tube includes the 5
megohm grid leak and .005 mfd grid condenser as well as the
tuned circuit consisting of the r -f transformer secondary,
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and 365 mmfd condenser, the lower end of which is grounded.
The path is completed to the cathode through the ground.

For the 50L6GT tube, the grid circuit contains a one megohm
resistor, the lower end of which is grounded, and is completed
to the cathode through the 150 ohm bias resistor.

The voice coil of the speaker is connected across the secondary
of the output transformer which provides a complete circuit
with the induced voltage of the secondary as the source.

There are nine fixed condensers shown in figure 1. Starting
at the left, there is the .001 mfd in series with the antenna.
Then the .01 mfd connected from the cathode of the 12K7GT tube
to ground, an arrangement which places it in parallel to that
part of the volume control resistance in the cathode circuit.

The .005 mfd grid condenser has been mentioned and the 100 mmfd
unit, connected from the plate to cathode of the 12F5GT detector
tube, acts to bypass any high frequencies in the plate circuit.

The .01 mfd condenser, connected between the detector plate and
output tube grid, allows the signal voltages to be carried over
but prevents the d -c plate voltage from reaching the grid.

The .02 mfd condenser connected across the output transformr
primary, acts somewhat as a tone control by providing a low
reactance path for the higher signal frequencies and also tends
to prevent oscillation in the output tube.

The 16 mfd condensers, connected from each end of the 5700 ohm
resistor, make up the filter to eliminate the pulses which are
present in the rectifier output. The .02 mfd condenser, con-
nected from one side of the supply line to ground, placing it
across the line electrically, provides a low reactance path
for any radio frequencies which may be present in the supply.,

LOCATION OF COMPONENT PARTS

As we mentioned earlier in this Lesson, the mechanical arrange-
ment of the component parts may not even resemble the lay out
of the schematic diagram although the electrical circuits are
identical. This fact is of great importance when tracing cir-
cuits because the circuits must be the same regardless of the
location of the component parts.

Looking at the circuit of Figure 1 again, the primary of the
output transformer is connected in series with the plate of
the 50L6GT tube while the secondary is connected across the
voice coil of the speaker. Actually the transformer may be
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mounted on the speaker which, in turn, may buinounted separately
or on the chassis. Again, the transformer may be mounted on the
chassis, on ton or underneath.

The transformer has four connecting wires, two for the primary
and two for the secondary. When mounted on the speaker, the
connecting wires to the primary must be long enough to reach
the plate of the tube and the high voltage d -c supply. When
mounted on the chassis, the connecting wires to the trans-
former secondary must be lbng enough to reach the speaker voice
coil.

The same general idea is applied to all of the component parts

although it is good practice to keep all connecting wires as
short es possible especially those which are attached to the
grid and plate terminals of the tubes. Long wires may have
sufficient capacity to cause feed back which, in turn, produces
oscillation with its resulting squeals and howls. This subject
will be taken up in detail a little later.

COMMON CONNECTIONS

In tracing circuits diagrams, as well as the wiring of Radio
Receivers and Amplifiers, you will find a number of wires con-
nected to a single terminal. This is sorietimes known us a
"common" connection and may cause confusion. However, if you
will think of each of them as merely a junction of several
branch circuits, they become as obvious as the other connec-
tions.

For example, in the circuits of Figure 1 you will find eleven
ground symbols which indicate that eleven points of the com-
plete circuits have a common connection to the metal chassis.
Each of these points may be connected separately to the chassis
at a most convenient point or several may be connected at the
same point.

Another common arrangement is to connect one or more of these
grounded points to a grounded point of another circuit. Looking
at Figure 1 again, the cathode of the 12F5GT detector tube is
grounded and this socket terminal may make a convenient point
at which other wires can be connected. For example, the 1
megohm grid resistor and 150 ohms bias resistor of the 50L6GT
tube might be mounted with one end cm the detector tube cathode
terminal but, because this cathode is grounded, the electrical
circuits would be the same as those of Figure 1.

Component parts, such as resistors and small condensers, are
commonly supported by their connecting wires which are soldered
to a terminal of some other part. The terminals ofthe tube
sockets are very convenient for this purpose and often, if all
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of the terminals are not required for the tube, the spare
ones will be used as a mounting point for other components or

connecting wires.

The high voltage plate supply usually has a common connection
because there are branches of this circuit to nractically all
of the plates and screen grids of the different tubes. Earlier
in this Lesson, we traced the plate supply circuit of Figure 1
and you can see now that some point of the actual circuit
could serve as a common connection for all four branches.

CONTINUITY TESTING

In order to make full use of a schematic circuit diagram, in
locating a fault in a defective receiver, it is often necessary
to make a few continuity tests. This can be done with the
test outfit described in an earlier Lesson or with a com-
mercial type of Ohmmeter. The ohmmeter is of greater assis-
tance because its readings can be compared directly to the
values shown on the schematic diagram.

To illustrate this part of the work, we will assume you have
a battery type receiver with the circuit of Figure 2. Follow-

ing the plan of the earlier Lessons, your general diagnosis
indicated trouble in output stage which includes the 1C5G tube,
output transformer and speaker.

The diagram shows you all of the circuits, including the com-
ponent parts of each, and as your job is to find what is wrong,
you are going to trace the circuits of this stage. As the com-
mon types of Ohmmeter, or continuity testers contain their own
voltage source, the power supply of the receiver is shut off.

Before you can start testing, you must know which tube socket
terminals connect to which tube elements and with the great
number of tube types in use, it is not practical to try and
remember all of them. Instead, you consult a tube chart or
manual, look up the base diagram of the particular type and
make a pencil sketch of it or else mark the prong numbers on
the diagram symbol of the tube.

Looking it up, you will find the 1C5G has an octal base with
the following connections.

Pin No. - Tube Element
1 - No Connection (N.C.)
2 - Filament Pos. (F+)

3 - Plate (P.)

4 - Screen Grid (G2)

5 - Control Grid (GL)
6 - No Connection (N.C.)

7 - Filament Neg. (F-)
8 - No Connection (N.C.)
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With this information, the diagram, an ohmmeter and the re-
ceiver chassis upside down, you are ready to go ahead but be
sure the receiver switch is off. In making these continuity
tests, you can follow any sequence you desire provided you
follow a definite plan and test all of the circuits.

For this explanation we will assume you start with the high
voltage circuits and place one meter test prod on the switch
which connects to the +90v of the battery, making sure the
switch is open and the prod is on the terminal which does NOT
connect directly to the battery. The other prod is then placed
on the No. 3, or plate terminal of the socket and, if the cir-
cuit is in good condition, the meter should read a value of a
few hundred ohms.

Moving the test prod from plate terminal No. 3 to screen grid
terminal No. 1., the meter should read approximately zero ohms.
You can check these readings on the diagram because, between
the switch and screen grid, there is nothing but the connecting
wire while between the switch and the plate, you will find the
primary of the output transformer. Should either of these
tests give an extremely high reading, it would indicate an open
circuit.

Should the plate circuit test read zero ohms, it would indicate
a shorted Primary winding in the output transformer or a short
between the wires connected to the winding. A visual inspec-
tion will usually reveal a short in the wiring.

To test or trace the control grid circuit, one test prod should
be placed on socket terminal No. 5 and the other one on ground.
The reading here should be a little over .5 megohms because the
diagram shows a 3 megohm and an 820 ohm resistors between the
grid and ground. A much lower or higher resistance would
indicate trouble in these resistors or the connecting wires
between them.

When making these tests, be careful to keep your fingers off
the metal tips of the test prods because, should you happen
to touch them both, the meter would indicate your body resis-
tance, usually from 50,000 to 100,000 ohms.

To complete the tests of this circuit, one test prod should
be placed at each end of the 3 megohm resistor, then at each
end of the 820 ohm resistor and finally, one at the junction
between the two resistors and the other on the "B-" terminal
of the battery.

For the filament circuit test, the tube should be removed and
one test prod placed on the "A" switch terminal, NOT connected
to the battery, and the other on the No. 2 terminal of the
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socket. Like tests should be made between the No. 7 socket
terminal and ground, also between ground and the A battery
negative. The readings for each of these tests should be zero
ohms.

Before replacing the tube, tests should be made between the
No. 5 grid terminal of the socket and the plate terminal of
the preceding tube socket, as well as between the No. 3 plate
terminal of the 1C5G tube socket and ground. These tests
place the ohmmeter across the coupling condenser and plate
by-pass condenser and shou)d each indicate and "infinitely"
high resistance.

The output transformer secondary and speaker voice coil cir-
cuit present a little different problem because it is im-
possible to connect the tester across one without connecting
across the other. To overcome this difficulty, one connect-
ing wire is unsoldered, either at the transformer or speaker,
whichever is most convenient.

After this has been done, the tester can be connected first
across the secondary winding and then across the voice coil.
In both cases, if the circuit is complete the tester will
indicate a low resistance.

INTERPRETATION OF READINGS

In making these various tests, with the schematic diagram
before you, it is very easy to see at which positions of the
test prods the resistance readings should be high or low. On
the actual receiver however, it is often impossible to follow
the connecting wires by sight and therefore the readings must
be interpretated in order to trace the circuit properly.

In the tests explained for the 1C5G tube in Figure 2, you will
remember that, when testing from the B+ switch to screen grid,
the reading vas approximately zero ohms, while from the switch
to the plate, the indicated resistance was a few hundred ohms.
While this is a very simple example, it illustrates the need
of circuit knowledge to interpret the readings properly.

From your earlier Lessons, you know the screen grid of Pentode
type output tubes usually has a direct connection to the power
supply while the plate circuit must contain some sort of a
load, usually the primary of an output transformer. With this
knowledge, you can check your readings and if as given above,
you can assume them to be correct. Should the screen grid cir-
cuit indicate an appreciable amount of resistance with :Tac-
tically none in the plate circuit, remembering the basic circuit
you would immediately suspect a misconnection or other defect.
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The point we want to emphasize here is that, when circuit
tracing with an ohmmeter, the readings ere of little value
unless you are sufficiently fanilar with the circuit to inter-
pret them properly.

Looking at Figure 2 again, a test from the 1.5 volt A battery
negative to ground should show zero resistance or a short,
while a test from the 90 B battery negative to ground should
show a resistance of approximately 800 ohms. If you did not
have the circuit diagram you might be suspiscious of this
resistance value but most likely a close inspection of the
wiring would show the wire from the B battery negative to one
end of the 820 ohm resistance.

Then, one test from the B- to the ungrounded end of the re-
sistor would show ashort while a test from ground to this
same end of the resistor would show the 820 ohms. Thus you
would know the resistance was not accidental and was placed
in the circuit for a definite reason.

TABULATION OF READINGS

To aid in locating circuit defects, some manufacturers list
the proper value of resistance which should be found between
all the important points of the complete circuit. These are
usually tabulated with voiles between ground or B+ and the
socket terminals which connect to the different tube elements.
By following this information, a complete circuit tracing job
can be done and a great majority of circuit defects can be
definitely Jocated.

We have already traced the circuits of thelC5G tube of Figure
2 and, assuming the switch to be "off", with the tube out of
the socket, the correct tests could be tabulated as follows.

Plate to B+ switch - 400 ohms
Screen grid to B+ switch - short
Control grid to gnd - 3 megohms
Fil. neg. to End - short
Fil. pos. to A+ switch - short

B neg. to gnd - 820 ohms

The readings of the circuits for all of the tube elements can
be made on the same plan and, if a circuit diagram is available,
a check of the tabulated values against those shown on the
diagram will readily disclose any discrepancies.

LAYOUT OF CIRCUITS

In case a prepared schematic diagram is not available, the
tabulated readings can be used in making your own circuit.
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This work is not difficult, if you follow a definite plan,
and often may prove of great benefit.

Your inspection of the receiver, including a check of the tubes
and type of circuit should give you a complete idea of the
general arrangement, particularly of the path of the signal
from antenna to speaker. To follow conventional practice,
your diagram should be laid out with the antenna at the upper
left with the signal path straight across from left to right.

To begin, select a fairly large sheet of paper, the common
8-1/2 x 11" size will do, and turn it so that the 11" sides
will be at the top and bottom. Then, evenly dividing the
space between them, draw in the tube bases as they appear
from the bottom. These should be placed in a straight line
across the paper, about 1/3 of the way from The top and, if
they are crowded, the rectifier tube socket can be drawn below
or omitted unt21 the other circuits have been drawn in.

By consulting the tube base charts of the tube manual or table,
you can draw in the socket terminals as they actually appear,
but it is well to mark them according to the tube element to
which they connect. Thus, for a 6F6 tube the No. 2 terminal
connects to the heater, the No. 3 to the plate, the No. 4 to
the screen grid and so

After the sockets are drawn, you can start to sketch in the
component parts which , according to your identification of
the circuit, should be close to certain tubes. In the circuit
of Figure 2, for example, you know the plate of the mixer tube
connects to the primary of an i-f transformer, the secondary
of which connects to the grid of the 1N5G, i-f amplifier tube.

In much the same way, the plate of the 1N7G tube connects to
the primary of a second i-f transformer, the secondary of
which connects to the detector. As the 1H5G contains a diode
plate, this is most likely to be the detector.

These connections can be taken from your tabulated test read-
ings because the windings of the usual i-f transformers have
an approximate d -c resistance of from 25 ohms to 50 ohms.
This gives you a direct check .on the connections between B+
and the plate but may be a little confusing for the grid to
ground tests.

Checking the grid to ground circuits of Figure 2, you will see
the ave arrangement includes the 3 megohm resistor of the
filter as well as the 1 megohm volume control. Therefore a
direct test from the grid of the r -f or i-f tubes to ground
would show a resistance of 4
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megohms. When making the tests, this high value should have
caused you to make an additional test or two, as explained
for the grid circuit of the 1C5G tube, to show you where this
high resistance was located.

ELIMINATION OF DUPLICATE TESTS

From the explanations of this Lesson, you can see there are a
number of common conLections in the circuits of any Radio Re-
ceiver and, keeping them in mind, you can eliminate many tests
which are duplicates. In the grid to ground circuits of the
mixer and i-f amplifier tubes of the circuit of Figure 2, the
3 megohm resistor and 1 megohm volume control are common to
both.

Instead of testing each circuit separately, all the way to
ground, two circuit tests would show a low resistance from
each of these grids to one end of the 3 megohm resistor and
the 4 megohms to ground. Thus, that part of the circuit con-
taining the resistors need be tested but once.

Following the same plan, the circuit from the +90V switch can
be tested up to some common connection which can then be con-
sidered as the B+ supply for the plate and screen grid circuits.

With a little practice, you will find many similar short cuts
which eliminate duplicate tests and therefore speed up the
work. Should you be in doubt, regarding any common connection,
make enough tests to give you a complete picture of the circuit.

CONDENSER TESTS. - PAPER AND MICA

The other common units in these circuits are the condensers
which generally are used for bypass, coupling or filtering.
For the type cf testing we have been explaining, the paper
and mica types should read about the same as an open circuit.
However, real sensitive Ohmmeters which read 10 or 20 megohms
and higher may indicate a definite resistance reading when
connected across a condenser of this type. This may be due
to a parallel circuit therefore, to make sure, it is best to
completely disconnect one end of the condenPcr. Also, all
condenser tests should be made on the highest ohms range of
the meter.

The dielectric of a condenser is not a perfect insulator
therefore it will have some definite value of resistance.
However, present standards give this value of "Insulation
Resistance" as 500 megohms per Microfarad so that, with the
common types of ohmmeter, a good condenser should test the
same as an open circuit. In general, whenever a steady re-
sistance value is shown, when an ohmmeter is connected across
a paper or mica type condenser only, that condenser should
be replaced.
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When making these tests, you will find that, in some cases,
the ohmmeter hand will jump when the test prods are first
placed in position but it immediately drops back to its start-
ing point. This does not indicate any defect but shows the
condenser is being charged and the charging current causes
the meter hand to deflect. The amount of "kick" depends upon
the sensitivity of the ohmmeter used and the capacity of the

condenser.

Sensitive ohmmeters, VTVM's in particular, will show a kick
when first connected to condensers having capacities as low
as .001 mfd or even lower, Less sensitive meters may give
an indication only if the capacity is .05 mfd or greater. Be-
cause of the wide variation of ohmmeter design it is good
practice to check the action of the instrument when testing
units known to be good. Then it is easy to compare the read-
ing of similar units and judge their worth.

If a .01 mfd condenser causes a deflection of the meter pointer
and the unit being tested is the same capacity but does not
give any indication, it is reasonable to assume that the con-
denser is "open" and requires replacement. If, on the other
hand, you have a unit that is below the minimum capacity value
required to give a "kick", you cannot tell if the unit is open,
although a steady reading will still indicate a leaky paper or
mica condenser.

It is a good plan to reverse the meter connections and obtain
another kick if there is any doubt, and the charge already
present on the plates of the condenser will act to give a
greater kick than the first. Some circuits are very critical
and a slight leakage will cause series trouble, whereas other
circuits may be relatively unaffected.

The coupling condenser between audio stages is a common source
of condenser failure. A typical example of this is the .05 mfd
condenser between the 12SQ7 plate and 50L6 grid in Figure 3.
A leakage resistance in this part forms a d -c path from B+
through the 12SQ7 plate resistor, through the defective con-
denser and the grid resistor of the 50L6 to ground or B-. The

voltage drop tends to make the grid of the tube positive in
respect to ground. This positive grid voltage changes the
operating "point" of the tube and causes serious distortion.
(In service work a voltage across this grid resistor indicates
a possible defective coupling condenser and a further teat
should be made. A gassy output tube can also cause this con-
dition and it is best to substitute a good tube before going
further.)

CONDENSER TESTS - ELECTROLYTIC

Electrolytic condensers present a little different problem
because they are polarized and, when in good condition, allow
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a leakage current. When using an ohmmeter for testing, the
prod connected to the positive of the meter batter7 should
be placed on the positive terminal of the condenser. Under
these conditions, when the test prods are placed in position
the meter will indicate a comparatively low resistance. If

the condenser is good the meter pointer will swing almost
immediately toward an indication of a fairly high value of
resistance.

A high voltage (300 - 500 volts) electrolytic condenser of
8-16 mfd may have 300,000 - J00,000 ohms resistance, although
this may vary with different units. A condenser that has been
in stock for some time may have considerably lower resistance.
Low voltage "electrolytics" (25 - 50 vo]ts) usually have
around 50,000 ohms resistance, but here again a wide variance
may be found. In terms of current, the leakage through a good
electrolytic condenser should be from 50 to 100 microamperes
per microfarad a'u its rated voltage.

By watching the ohmmeter hand, you can check the condition of
an electrolytic condenser quite accurately. Let us remind
you here that most electrolytic condensers, are connected in
parallel to a resistance or coil and therefore at least one
condenser connection should be isolated before the tests are
made.

When the meter hand indicates a low resistance and retains
this reading for a minute or so, you are safe in assuming the
condenser is shorted and must be replaced.

As explained above, when the meter shows an initial low resis-
tance but changes quite rapidly to higher and higher resistance
values, the condenser is presumably in good condition. When
the meter hand shows little or no deflection, when the test
prods are placed in position, it indicates either an open con-
denser or one which has lost its capacity. In either case it
should be replaced.

COMBINING VISUAL INSPECTION WITH ELECTRICAL TESTS

In all of this work, you can save time by making a close visual
inspection as you select the various points for planing the
meter test prods. Many of the connecting wires are visible
for their entire length, many resistors end condensers are
supported by the connecting wires or "leads" and thus their
individual circuits can be seen.

Thus it is possible to combine visual inspection with elec-
trical tests by placing the test prods on the visible terminals
of a component or connecting wire. For example, if you see a
length of hook-up wire which connects from a terminal of one
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socket to a terminal of another, you know there should be a
direct connection or "short" between the two terminals. Plac-

ing the test prods on the terminals should indicate a short
but, if a high resistance reading is obtained, it indicates
either a break in the wire, inside the insulation or else a
poorly soldered connection at either end.

This same general plan can be used for other components such
as coils, resistors and condensers and the meter readings
should approximate the values your visual inspection leads
you to expect. A paper condenser, with the wax melted out or
a resistor with the paint blistered should arouse your sus-
picions in respect to that particular component and a test
of it will often locate a defect.

COMPLETE DIAGRAMS

Getting back to the diagram you started to draw, from the in-
formation you obtained by a general diagnosis and the tabu-
lated resistance readings, you continue to sketch in the
various components, placing them as close to the tube symbols
as convenient and, by means of straight lines, indicating their
connections to the tubes.

The other ends of these components generally connect to ground
or some other common connection and, with one end shown con-
nected to the tube, the common connections can be drawn in as
straight horizontal lines with vertical lines to each com-
ponent.

A good example of a completed drawing of this kind is shown in
Figure 3 which is the circuit of a 5 tube, a-c/d-c superhet-
erodyne type of radio receiver. For actual use, the socket

terminal numbers of the various tube elements could be added.

Notice here, the path of the signal starts at the upper left,
at the antenna and continues straight across to the right,
terminating at the speaker. The input and oscillator circuit,
with their coils and condensers are shown between the antenna
and "Osc-Mod" tube,

The i-f transformer in the plate circuit of this tube carries
the signal over to the grid circuit of the "i-f" tube. In turn,

the second i-f transformer carries the signal voltage over to
the diode plates of the "Pet" tube. As the cathode of this
tube is grounded, the demodulated signal voltage appears across
the 1/2 megohm volume control because, being grounded at one
end, it is in series with the cathode and secondary of the
2nd i-f transformer.
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The movable contact of the volume control permits any part of
the signal voltage to be applied across the path made up of
the .003 mfd condenser and the 10 megohm resistor. The result-
ing voltage drop across the 10 megohm resistor is applied
across the grid circuit of the triode section of the 12SQ7 tube.

The plate of this tube is coupled to the grid of the 5OL6GT
power tube through the .05 mfd coupling condenser. Finally,
the output transformer, in the plate circuit of this tube,
converts the variations of plate current in its primary to
corresponding voltage changes in the secondary and the sec-
ondary voltage drives the speaker.

Although the heaters are shown properly in the tube symbols,
the heater circuit is drawn in at the lower right as a part
of the Power Supply which includes the rectifier tube and
pilot lamp.

For the common connection, the grounds are shown directly be-
low the respective parts, one horizontal line takes care of
all the high voltage circuits while a second horizontal line
completes the ave circuit. As a matter of convenience, the
power supply filter is shown above and to the right of the
rectifier tube, in line with the common high voltage connection.

With a little practice, you will find it not at all difficult
to make your schematic diagrams of any unit you have available
and on which you can make the necessary circuit tests. Try it
in some simple unit first because, even if you do not make
many diagrams of this kind, the experience you gain in drawing
them will help you greatly in reading prepared or published
diagrams.

Now that the circuits and circuit diagrams have been gone over,
for our next Lesson we are going to analyze the distribution of
the supply voltage and show you how, by measuring the voltage
at various parts of the circuit, you can make a further diag-
nosis of trouble and simplify the location of defects.
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VOLTAGE ANALYSTS

The explanations of the earlier Lessons emphasized the fact
that electrcally, direct current circuits contained but three
quantities, Voltage, Current and Resistance. For A.C. cir-

cuits, we idad Inductive and Capacitive Reactances which,
with Resistance made up the Impedance of a circuit. In the
Circuit 7L icing Lesson, all of the tests were made with an
Chearater or Continuity Tester, using a battery as a source
of volta,;e and therefore they were ''Reeistanceo Tests.

As a battery produces D.C., reactance was net considered and,
when test!ng a coil, which might have a fairly high inductive
reactance, only the Ohmic resistance was considered. With a
D.C. source, only the charee, discharge and leakage currents
of condensers could be tested but as explained, it is possible
to obtain fairly accurate indicaaons.

For this Lesson we are going cc use Voltage as the main fac-
tor of teeting, with the Power Supply of the Receiver as the

everod. In nany ways, these voltage tests parallel the re-
sistance -beets, an far as results are concerned but, from a
practical standpoint, they are sometimes more convenient to

make.

Thinking back tc Ohm's Law, you can readily see the relation-
ship between Voltage, Current and Resistance is such that,
with correct values of Voltage and Resistance, the current

must be correct. in a radio receiver, the value of the supply
voltage is fairly well standardized or can be measured and
thus, by ch,nkin; the resistance of the various braneh cir-
cuits, tner ementior can be determined.

In much the came way, by turning on the power supply and
measuring the actual voltages across various points of. the
col,,piete circuits, the operating cenoitions can be learned.
Thus, by tehieg an analysis of the operating voltages, .the.
electrical erudition of the circuits can be determined.

While eitilar in many wayn, Contindity Tests and Voltaga.
Tests each have their own advantages. Complete continuity
tests will. indicate the condition of all the circuits but
show ncthil, in respect to the operation of the pcwer supply.
Voltage Teit,s will indicate the operating conditions, as far
as the 701aee supply is concerned but ere of no benefit in
checking the signal circuits. Therefore, the type of test

you make y.ill depend on the information you desire.

SUPPLY VOLTAGES

As we have mentioned before, the actual circuits of most
Radio Receivers are quite similar, the difference between them
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being mainly in the type of Power Supply. The tube heaters
may be operated on either d -c or a -c, but in all types, the
plate, screen grid and grid bias voltages must be d -c.

To illustrate the common types of Power Supply, for the illus-
trations of this Lesson we have selected typical circuit dia-
grams, each of which has some important variation. To start,
we will consider as supply voltages only those which are
applied to the tube heaters or filaments and to the rectifier
tube, if one is used.

Looking at the circuit of Figure 1 you will see a 4 tube trf
a-c/d-c type of receiver with a supply marked "100-120 volts,
a-0 or d -c", but for purposes of calculation this is usually
assumed to be 117 volts. Ordinarily, the common House Light-
ing circuit is the actual source of voltage.

For the heater circuit you will find the 2525, 45, 6D6 and
6C6 tubes are in series with a "Line Cord Resistor" marked
150. These figures must refer to the resistance in ohms and
the wording indicates the resistance wire is actually located
in the extension cord which plugs into a lighting outlet.
This is the type in which the attachment cord becomes quite
warm while the receiver is in operation.

To make a voltage test of the circuit, the meter must be the
same type as the supply. That is, a D -C Voltmeter will be
required for a d -c supply and an A -C Voltmeter for an a -c
supply. The frequency of an a -c supply is of no importance
here and the tests are the same for the common frequencies
of 25, 50 or 60 cycles per second.

For the first voltage test, the meter should have a scale of
about 150 volts and, with the attachment cord plugged in and
the switch turned on, the meter test prods should be placed
on the ends of the cord and its points of connection inside
the chassis. The diagram of Figure 1 shows these points to
be at the plate terminals of the rectifier tube socket and
the metal chassis base.

The full line voltage should be indicated on the meter when
the test prods are placed on these points and you will see
that the complete heater circuit is also connected across
these points and therefore should have the full line voltage
across it.

To test the voltages of the individual tube heaters, the
voltmeter test prods are placed on the socket terminals which
connect to the heater, inside each tube. All the tubes of
Figure 1 have six prong bases with the heaters connected to
the two larger pins, numbers 1 and 6.
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With the voltmeter test prods on terminals land 6 of the
tub c, the readilg should be approximately 25 volts. The

t:'pe h tabs should haw, the same reading while the 6D6 and
6C'_; tuo-Js s -could read f2om 6 to 6.5 volts each. The total.
drop acron four tunes, in Series, should be the sum of
the JeltarAo voltages which is 25 + 25 4. 6.5 + 6.5 = 63 volts.

The difforcnce between this value and the line voltage, 110-
63 47 velts -hould appeal° across the line cord resistor.
To make a test here, on voltmeter test prod could be placed
on the pie to terminals of the 'A)5Z!i tIlbe socket and the other
prod on tns heater terminals of the same tube. Although the
diagram shows one heater insido and another heater outside
the tube symbols they are actually one and the same for each
tube.

Thus, from the plate to one heater terminal of, the 25Z5, the
meter reading should be 47 volts hub, from the plate to the
other heater terminal, the reading should be 4,7 + 25 = 72 volts.
The lower reading indicates thv., heeter terminal connected dir-
ectly to the L'ie core while the hisher reading indicates the
voltage across both the lino cord rotor can the 2525 heater.

This test procedure will locate open 'circuited or short eir-
cultou heaters. 'Then the heater is open, the voltmeter read-.
ing across it will be high and may approximate the value of
the line voltage. This is due to the fact that the voltmeter.
has a cotiraraJ ely high resistance and, when connected across
an opE.11 fil mE,.)t, is in series w-t.th the other heaters. The
high resistnc... of the meter reduces the total current in the
c:_rcuit, taus red,cing the voltk:e drops across the other units'
so that practically all cf the voltage is across the meter.

When a heater is shortedlthe loo resistance causes little or
no volta,:e drop and thus, a voltmeter connected across it
reads zero.

BALLAST TUBE

The heater circuits of Figure 2 are quite similar to those
of FLguYe 1 except that the line cord resistor is -replaced
with the L- 9C ballast tub. The 25L6 output tube has the
same heater specifications as the type 43 tube of Figure 1.

The "L -4:)-C" number of the ballast .cuhe can be interpreted
as falows., The "L" indicates that 6.3 volt, .25 amp.. dial
lamps are to used. fha "40" indicates the total voltage
drop across the oallast at thF normal current of .3 ampere
while the "6" indicates the circuit arrangement as shown.

goltmLter tests can be made for this circuit as- explained
.for that of Figure. 1 except that the heaters are not -grounded
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directly to the chassis at any point. The full line voltage

should be found by placing one test prod on the 25Z5 socket

terminals.. connected to the plates, and the other test trod

on the switch.

AUTO-TRAITSFOROR

The circuit of Figure 3 appears to be of the conventimal

AC )C type but a close inspection of the supply circIlit re-

veals an auto-transforn.er, arranged to provide a higher volte

age for the plate of the 3.57,5GT rectifier tube. 'Men making

a general diagnosis of this particular unit, the auto -trans-

former could easily be mistaken for a choke because it has

but asingle winding with three connections. however, a snook

of the circuit mould show ttie supply voltage connected direct-

ly across a part of the minding, making it evident that the

receiver was designed for A.C. operation only.

The tube heaters are connected in series in the usual way l lit

their voltages add up to a total of 12 12 + 12 + 53 4- 35 =

121 volts, therefore no ballast or dropping resistor is need-

ed. That is one reason for the popularity of these hiLher
voltage heaters and, in addition, none of the energy or paver

in the heater circuit is wasted.

The sequence, orcrder in which the heaters are arranged is

done to reduce the possibilitj of hum, duo to A4C. potentials

between the heaters and eathoues. As the detector tube is
usually the most sensitive in this respect you will alai it2
heater connected at the lour potential or +Wound!! end of the

circuit. The rectiner tube operates normally With an A.C.
irreut and therefore its heater iv connected at the high Poten-
tial or Tdotn end of the circuit. As there 5s no amplifica-
tion beyond the output tube, its heater connects to that of
the rectifier and so on back to the detector.

AC DC BLTTE2Y 00EBINATION.

For Figure 4, re chow; the circuits of a popular type of
Battery portable arranged to operate also on A.C. or D.C. house
lighting circuits. As a battery oparaed Receiver, those
units can be taken 117A -here but the battery life is increased
by plugging then into a lighting circuit enever one 5s

available.

As shown in our drawing, the "Battery-Iine avitchn is in the
battery position ard there is a 3 volt nAl battery for the
tube filaments and a 90 volt 0Pn battery for the plates ard

screen grids. The HON-OFFn switch mere?y connects the nBn
battery negative and nAn battery positive to ground.
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The spcificatiens of the tubes show all filaments designed
fr operation at 1.4 volts and .05 allipere or 50 Milliampures
of cprrs,nt. Thus, witn a C. volt supply, the -filaments are

cuineeted in sries.

Unlike the heater type tubas, here he fila-ents must carry
the plate ani screcn currents and previsions must be made to
prevmt a dangerous increase of total-filanent current. In
the circulug of :7igurt. 4, this is done by resistors connected
in parallo.A. to the different filaments,

For example, the COO ohm resistor is in parallel to the fila-
ments of the 1H53' 1A7GT and 1N5(1 -T tubes whichmeans there
is

1,

aporoxiat31y 4- volts across At. At 4 volts, a 600 ohm
resistor will carry a current of 7.5 milliamperes which is
equal to the sum of the plate and screen grid currents of the
1T5GT tube. Thercfore, in effect, the 600 ohm resistor
carries the plate and screen currents of the 1T51T to .ground
and the current in the other filaments is not increased.

The plate end screen currents of the 1N5GT add up to but 1,5
MA. end pass through the heater _or the 1A7GT which has.a total
of about 2,5 LI.A. in its Plato and ScrOen circuits. This extra
4 M.A. of current is then carried by the 350 ohm resistor con-
nected across the 1H5GT tut°.

You can make voltage tests hare, exactly as explained for the
usual A3-DC types but, of cours, will need.a D.C. voltmeter
with a scale of not ovor 10 vc1Ls. Higher scales will do no
harm but will bs ,-nore difficult to read accurately.

When the "Battery-Line" switch is thrown to the Line (L)
position, both battery circuits are opened and connections
made tc tho 2000 011-1 and la)0 ohm resistors connected to the
catht.de of the 55Z50T tube, which operates when the attachL
merit cord :s plugged into a home lighting circuit socket.

The heater of this tube, in series with a 600 ohm line cord
resistor, op( -..rats properly when connected across the 117

volt line. The plate of the tube also connects to the line
so thot the rLctified line voltage is present from rectifier
cathk.de to -round.

The filament circuit is now rom rectifier cathode through
the 1900 onm dr,pping resistor and thrcugh all four filaments
in series to pround. The plate supply circuit is through the
2000 ohm dropping- resistor to that point of the circuit which
also connects to the 90V ilz" of the battery.

Voltage tests on the fil!)mcntsshould be the same as for
battery operation out, if you want to test the voltage across
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the 1900 ohms dropping resistor, the meter should have a scale

of at least 125 volts.

STORAGE BATTERY SUPPLY

The Auto Radio, using only a 6 volt storage battery as its
supply, is common enough to be considered as a distinct type
therefore we show a circuit for Figure 5,

As all of the tube heaters are rated at 6.3 volts, the same
value as that of the supply, they are connected in parallel
to each other. Also, as one terminal of the auto storage
battery is grounded to the metal frame of the car, one side
of each tube heater can be grounded to the metal chassis of

the Receiver which, in turn, is connected to the car frame.

In the circuits of Figure 5, the ungrounded or "Hot" terminal
of the battery connects at the lower right to the point marked
"To Ammeter." The heater terminals of the tube symbols show
only "arrows" but, near the lower right you will find another
pair of arrows marked "To Heaters."

This is a common method of simplifying a circuit diagram and
you need only assume that one arrow of each tube symbol con-

nects to one of those marked "To Heaters." With this in mind

you can see that one end of each heater connects to the hot

battery terminal through the switch (34) the R.F. choke (6)

and the "9 Amp. Fuse" while the other end is grounded.

For a voltage test here, you can connect a D.C. volimeter
from ground to the "Hot" or ungrounded terminal of each tube
socket and should obtain a reading the same as that aci-oss
the battery.

A.G. SUPPLY

The conventional type of A.C. power supply is shown in the
circuits of Figure 6, the main unit of which is the power
transformer. The primary connects to the house lighting
circuit, which must be A.C., and the various radio receiver
circuits are supplied by the secondary windings.

The upper secondary, as shown in Figure 6, supplies current
to the Rectifier tube filament only. The center tapped
winding supplies high voltage A.C. to the plates of the recti-
fier while the lower secondary supplies the heater current
for the other tubes.

The diagram here is much like tnat of Figure 5, as far as the
heater circuits are concerned because one end of each tube
heater is grounded while the other terminates in an arrow
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marked "F". This corresponds to the markings of the trans-
former secondary and indicates that all of the "F" arrows are
connected to each other.

Here again, voltage tests can be made by grounding one test
prod of an a -c voltmeter and placing the other test prod on
the ungrounded heater terminal of the other tubes, excepting
the type 80 rectifier. A voltage test of the rectifier is
made by placing the test prods on the heater terminals of the
socket but great care must be taken not to touch any other
terminals as this circuit is at a high potential, in respect
to ground.

All of the transformer windings can be tested by connecting
a voltmeter across their terminals but here again, be sure
the meter scale is sufficiently high. Connected across the

outer ends of the rectifier plate secondary, there may be
600 or 700 volts so, if you use a voltmeter, always start
with its highest range. If the reading is low, you can always

go to a lower scale.

HIGH VOLTAGE SUPPLY

To continue with these explanations, we are going back to
the circuit of Figure 1 and check the high voltage supply
which includes the rectifier and filter for the usual plate
and screen grid circuits.

Following the former explanations, an a -c voltmeter, connected
from the plate terminals of the 25Z5 rectifier tube socket to
ground, will indicate the value of voltage actually impressed
on the circuit. This rill be a -c or d -c in accordance with

the type of supply.

The next test can be made by placing one meter test prod on
the cathode terminal of the rectifier tube socket with the
other test prod on ground. Regardless of the type of supply,
the voltage here should be d -c. A -c voltage at this point

would indicate a defective rectifier tube or shorted wiring
between the cathode or heater and plate terminals.

In general, the d -c voltage at the rectifier cathode should
be approximately equal to the supply voltage, either a -c or
d -c. This is because the maximum value of a -c is 1.4 times
the stated value of effective voltage but there are some un-
avoidable losses in the tube.

Assuming the rectifier tube to be good, a zero value of d -c
voltage between cathode and ground would indicate a short in
the high voltage circuit. This action has already been ex-
plained and will produce excessive heating of the rectifier.
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Should the cathode voltage be low, say about 1/2 of the line
voltage, the trouble is often caused by an open filter con-
denser, or one which has lost its capacity. The first filter

condenser is possibly at fault because its charges and dis-
charges have an important effect on the D.C. voltage.

Should the cathode voltage be appreciably higher than the
A.C. supply voltage, there is probably an open in the high
voltage circuit, usually in the filter choke or output tube
circuits.

The voltage test, between the rectifier filter and ground
shows the input voltage to the filter while a similar test,
between the receiver end of the filter choke and ground, shows
the output voltage which is available for the circuits of
the other tubes. The current, drawn by the other tubes, will
cause a voltage drop across the filter choke and thus its
output voltage will be lower than its input voltage.

For example, if the plate and screen currents of the other
tubes of Figure 1 total 40 ellieperes, the 200 ohms resis-
tance of the choke will cause a drop of 200 x .04 = 8 volts.
In other receivers, using the field winding of a dynamic
speaker as a filter choke, this drop may be 100 volts or
To obtain sufficient excitation, the speaker field circuit in
Figure 1, is connected in parallel to the filter choke and
plate circuits of all but the rectifier tube.

For most receivers, with low rectifier or filter voltages
and without the symptoms of a short, a quick test is to merely
take a good electrolytic condenser, about 8 mfd at 450 volts
and, watching polarity, touch its lead wires to the connections
of the installed filter condensers. If this test restores

the voltage's to normal, it indicates the installed condenser
is defective and must be replaced.

Turning now to the circuits of Figure 2, the high voltage
supply is electrically about the same as that of Figure 1
except that the supply line is not grounded. Instead:tile

filter choke is placed in the neaative side of the circuit,
between the ground and one side of the supply circuit.

Voltage tests here are similar to those explained for Figure
1 except, for D.C. voltage output, the positive test prod
can be placed on the rectifier cathode terminal and held,
there while the other test prod is moved from the awitch
side of the supply to ground.

The test between the rectifier cathode and line switch le!ll
indicate the rectifier output or filter input voltage while
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the tests between rectifier cathode and ground will indicate

the filter output voltage.

In Figure 1, the two filter condensers have a common grounded

negative, the positive terminal of each being connected to

one side of the filter choke. In the circuits of Figure 2,

the two filter condensers have a common positive terminal

connected to the rectifier cathode, the negative terminal of

each being connected to one side of the filter choke. The

action of the filter choke is the same, whether connected in

the positive or negative side of the high voltage circuit

but, when in the negative side, the voltage drop across it

can be used for other purposes. The details of this arrange-

ment rill be given later in this Lesson.

The high voltage circuit of Figure 3 is almost the same as
that of 1,igure 1 except that the auto -transformer wIll in-

crease the values of both the input and output voltages of

the rectifier. The filter choke is really the field winding

of the dynamic speaker, having a resistance of 450 ohms. A

20 mfd condenser, connected between each end of the field

and ground, completes the filter.

For the high voltage supply of Figure 4, when the receiver

is operated on the home lighting circuit, again re have an

arrangement similar to that of Figure 1. Here, however,

there are two filters, one for the filaments and one fur the

plate and sereen circuits.

Instead of a choke or speaker field coil, these filter are

made up of resistors and condensers. This arrangement does

not alter the method of making voltage tests except that here,

there will be a large voltage drop across the 1900 ohm re-

sistor to provide the low voltage needed for the filaments.

Going now to the auto receiver circuits of Figure 5, we stert

with a 6 volt, D.C. srpp7y. Ike vibrator shown at the lower

left is really a switch which rapidly changes the connections

to permit current alternately in the halves of the power

transformer primary. This produces an alternating magnetic
flux in the transformer core and' it, in turn, induces an A.C.

voltage in the secondary.

By a proper turns ratio between the primary and secondaly,

the low primary voltage is increased, usually to 200 volts

or better in the secondary and this high voltage A.C. is the

rectifier input voltage. From here on, the circuits are

essentially the same as explained for the previous circuits.

In making voltage tests here, you will need a low scale D.C.

meter for the primary and a high scale A.C. meter for the

secondary. las°, as the OZ4G tube of Figure 5 is a full wave
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rectifier, input voltage tests should be made between each of
the rectifier plates and ground. The rectifier output and
filter voltage tests are the same as explained previously.

With the exception of the higher voltage a -c supply, the
voltage tests for the rectifier of Figure 6 are the same as
those explained for Figure 5. As the type 80 rectifier tube
has no separate cathode, the heater or filament is a part of
the high voltage circuit and the tests are made by holding
one test prod on the filament terminals of the socket.

The filter arrangement of Figure 6 is about the same as those
already explained but here, two resistances are connected
between ground and the center tap of the high voltage second-

ary. For this common type of the supply, the high voltage
secondary winding is the source, as far as the radio receiver
circuits are concerned, there being no direct or metallic
connection to the primary winding which, in turn, connects

to the house lighting circuit.

VOLTAGE DIVIDERS

In the earlier Lessons, we described a voltage divider as
an arrangement, made up usually of resistors, by which two
or more values of voltage could be obtained from a single

source of voltage. In the High Voltage supplies, explained
in this Lesson, the rectifier output provides a single value
of high voltage therefore, when lower values of voltage are
required for certain circuits, it is common practice to in-
stall a voltage divider.

An example of this type of circuit is shown in Figure 2 where
you will find three resistors, in series to each other, con-

nected in parallel to, or across, the speaker field. From

the laws of parallel circuits, you will remember that all
branches have equal applied voltage so that here, the voltage
drop across the field will be the voltage across all three

resistors.

Tracing the diagram, you will find the cathodes of all but
the rectifier tube are grounded and thus all the plate and
screen grid currents will return to ground. To complete
their circuits, these currents will reach the supply line by
passing through the field because it is grounded at one end
while the other end connects to the line.

Checking in a tube manual, you will learn that the plate and

screen currents of the three tubes in the signal circuits

have a total value of approximately 75 milliamperes. There-

fore, by Ohm's Law, the voltage drop across the field winding

will be equal to .075 amp times 455 ohms which is 34 volts.
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Actually, the multiplication shows 34.125 volts but, as the
.125 amounts to only 1/8 of a volt, it can be dropped without
causing any practical difference because normally this varia-
tion is less than the tolerance of a test meter.

From the laws of series circuits, with 34 volts across all
three resistors, the drop across each will be proportional to
its resistance. As shown on the diagram, the values are 350 M,
100 M and 50 M for a total of 500 M. Compared to the total
resistance, the ratios are as follows.

50 14

-
.1

500 M 50 10

1-QQ-111 = .2
500 M 5

35QN . .7

500 M 50 10

With 34 volts across all three, each one will have the follow-
ing voltage drop.

50 M has 34 x .1 . 3.4 volts
100 M has 34 x .2 = 6.8 volts
350 M has 34_ x .7 r03.8 volts

Total = 34.0 volts

To make voltage tests here, the meter can be connected from
the line switch to ground and should indicate the full 34
volts. Notice, the line is the most negative point of the
circuit therefore, the positive test prod must be placed on
the ground.

To test the voltage across the sections of the divider, cir-
cuit conditions must be considered quite carefully. Thinking
of the common 1000 ohms per volt type of voltemter, the meter
current does not exceed one milliampere for any of its ranges
therefore, when connected across the field, the meter current
is but a negligible part of the total current.

Suppose the test meter is set on its 50 volt range which means
the meter circuit has a resistance of 50 M or 50,000 ohms.
Connecting this meter across the 50 M resistance of the divi-
der will thus mean the total resistance of that section will
drop to 25 1\11 ohms because there are two 50 M resistances in
parallel.

Under this condition, the divider will be made up of a 350 M,
a 100 M and a 25 M section for a total of 475 M ohms. For
the 25 M section the ratio is .052 of the total resistance
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QUESTIONS

How many advance Lessons have you now on hand?

Print or use Rvbber Starp:

Name

Street

City_ ____ State

Student
No

1. For what circuits of a Radio Receiver are Supply Voltage
Tests of no benefit?

2. When testing the voltage across each heater of a series
circuit, What de -es an exceptionally high reading indicate?

Should an a -c or d -c meter be used for testing power trans-
former voltages? Why?

4. Should an a -c or d -c meter be used for testing the recti-
fier tube output voltage? Why?

5. What circuit of an Auto Radio power supply requires an
a -c meter for a voltage test?

6. Will a voltmeter reading be higher or lower than normal
circuit values when measuring the voltage drop across a
high value of resistance? vily?

7. At which points should the prods be placed to test the
plate voltage of a tube?

8. Using the usual type of test meter in resistance coupled
stages, will the indicated value of plate voltage be
accurate? Why?
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Name

QUESTIONS (Continued)
Student
No.

9. Using the usual type of test meter, what plan can be fol-
lowed to measure more accurately the grid bias voltage of
resistance coupled stages?

10. Should the circuit arrangement affect the voltage tests of
individual tube heaters? Why?





Lesson RTS-5 Page 12

and .052 of the 34 volt total is 1.76d volts. Connecting the

voltmeter across tne 1n0 section will reduce its resistance
to 33 M, giving it a ratio of .076 of the total. Under this

condition, the drop across the 100 M section v\lould be 2.58

volts.

Following the same plan, with the voltmeter connected across
the 350 M section, its re9istasee would reduce to 43,750 ohms
and the drop would be 7.82 volts. These values of voltaE,e

 drops would be read on the meter and, adding them 1210, would

give 1.768 + 2.53 7.82 for a total of 12.168 volts in3tead
of the 34 volts measured across the entire divicur of all
three.

Setting the test meter to a lower rane, say 10 volts, would
increase the deflection of the meter hand but would make the
readings even more inaccurate. A sieter with 10,00n ohms re-
sistance connected across the 50 M section of the divjder
would reduce the total resistance to 8,333 ohms which is .018

of the total resi stance. The meter then would read .018 x 34
or .612 volts instead of the 1.768 volts with 1 50 M ohm meter

or the 3.4 volts which should be Present without any meter.

or resistance test would possibly be more
satisfactory for this particular circuit, the voltage test
will provide a fairly accurate indication if the effect of
the meter is kept in mind. For example, the voltage across
the field can be measured accurately and the divider has sec-
tions of .1, .2 and .7 of the total. With 50 M ohms resis-
tance in the test meter, the readings were approximately 1.7,
2.6 and 7.5 and, to a certain extent, follow the resistance
ratio. Thus, by comparing the volto.ge readings across the
sections, rather tnan the value of the separate readings, the
condition of the divider can be chocked.

With either a short or open in any of the voltage divider
sections, the voltage across the circuit may be correct end
when testing across an open section, the indication may ipnear
to be correct. However, the voltage across a shorted section
will be zero and, with one ssction open, the voltage across
the other sections will be low, or zero. Thus, by comp3.ring

the voltages across all at the sections, the condition of
each can be checked.

You will find similar voltage divider circu4ts in various
parts of the high voltage supply but, in every case, there is
a complete circuit across all or part of the supply eith can-

nections made in between as shown in Ube divider of Figure 2.





Lassen RTS-5 Page 13

PLATE VOLTAU.

The plate voltage is generally the highest to be found in all
but the rectifier tube circuits because the plate circuits
usually connect to the high voltage filter output. The plate
voltage must not be confused with the supply voltage because
plate voltage is measured from the plate to the reference
point of each tube.

For the indirect heater types, the cathode is the reference
point. For D.C. operated filament types, the negative leg
of the fi-Kment is the reference point. For A.C. operated
filament types, the electrical center of the fiiment is the
reference point. Practically, the electrical center is a
center tap of a Power Transformer secondary or resistance
connected across the filament.

Going back to Figure 1, to measure the plate voltage of the
type 43 tube, one test prod would be placed on the plate ter-
minal of the socket and the other on the cathode terminal.
The indicated voltage here L.culd be equal to the supply volt-
age less the D.C. drop across the output transformer primary
and the drop across the 700 ohm cathode resistor.

For the 6C6 detector tube, the test prods would be placed on
the plate and catnode terminals of the socket but here, there
is a 500,000 ohm resistor between the plate and supply as
-real as a part of the volume control resistance between the
cathode and ground.

The current to operate the test meter must be carried by the

500 M plate load resistor and an increase of current will
cause a larger voltage drop which must oe subtracted from the

supply voltage. As a result, the indicated value of plate

voltage would be very low but, a deflection of tie meter hand

mould show the circuit to be complete and possibly in opera-
ting condition.

For the 6D6, R.F. amplifier, the plate voltage test would be
made in the same way but, because the R.F. transformer pri-
mary has a comparatively low resistance, the indicated volt-

age should be approximately equal to the supply voltage.

These conditions apply in general to all Radio receivers and

the plate voltage of transformer coupled 2.F. and I.F. stages
should be approximately equal to the supply voltage. For

de Lector tubes, resistance coupled to tLe audio amplifier,
the plate voltage will be very low compared to the supply
voltage.

For the diode ty of detector, as shown in the circuits of

Figures 4, 5 and 6, there should be no plate voltage, in
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the ordinnry sense, as these circuits operate by the signal
voltaes

Resistance coupled audio amplifier tubes, like the triode
section of tho diode --triode tubes of Figures 3, 4, 5 and 6,
will test low plate voltage, as explained for the triode or
pento'ie t:oa of detector.

Tr'Insforrar coupled audio amplifier tubes will test about the
same as ov!,)vt tubes because there ;Jill be a drop across the

mtransl'orcr primary winding in tae plate ci.cuit and thus the
pinto vo1t-3gc w11.1 test lower than the supply voltage. While
values vnly greatly in diff(xel4t models, the voltage drop
across the plate load will always be equal to the D.C. resis-
tance of trio load times the value of plate current in amperes.

SCRLFN flair+ VOLTAGES

In many ways, screen grid voltages can be tested the same as
plate voltages by placing one test prod on thtl screen grid
terminal of th,; socket and the other tout prod on the cathode
or reference point.

For. the smaller types, as shown in Figures 1 and 2, the.
screen grid and plate circuits arc almost alike and their in-,
dicated voltage should also be about th.,: same. The R.F. amp-
lifier tub screcs grid connects directly to the high voltage
supply and thus the screen grid and supply voltages should be
appro.4imbtely equal.

The detector tubs of Figures 1 and -2 include a high value of
resisbanct in their plate circuits and a higher value of re-
sistance in their screen grid circuits. For these tubes there-
fore, the indicated screen grid voltage will be very low.

The screen ,:rids of the output tubes connect directly to the
high vcltsj,-; supply and thus the screen grid voltages may
test as h_.711, or perhaps a little higher than the plate volt-
ag.

Lookin7 at the output tube circuits in Figure. 5, you will
find the --late circuit connects to the input end of the 2700
ohm filter resistance, while theScreen grid connects to its
output Thus, if the voltage drop across the filter is
greater th.:h that -cross the primary of the output trans-
former, the screen grid voltage will be lower than the plate
voltage.

Tracing the screen grid circuits of the 6SA7GT and 6SK7GT
tubes of Figure 5, you will find a 33 M ohm resistor in series
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with the supply. The screen grid currents in this resistor
will produce a voltage drop and thus reduce the tested screen
grid voltage. This resistor has an .05 MF. condenser at the
screen grid end and thus the combination acts as a filter to
maintain a more uniform voltage on the screen grids.

GRID BIAS VOLTAGE

For some unknown reason, grid bias voltages seem to cause
more confusion than plate or screen grid voltages although
basically they are the same. In every case, the voltage is
that Which exists between the element and the reference point
of the tube. About the only difference is that, for nearly
all receiver circuits, the.grid is negative, in respect to
the reference point, while the plate and screen grid are
positive.

Starting with the circuits of Figure 1 once again, the grid
circuit of the 6D6 tube is from the cathode, through the 150
ohm resistor and part of the 25 M control to ground, from
ground through the secondary of the antenna transformer to
the grid.

Notice here, that part of the grid circuit, between cathode
and ground is also a part of the plate and screen grid cir-
cuits and therefore carries the plate and screen grid cur-
rents. These currents in the resistors will cause a voltage
drop with a polarity that makes the cathode positive in re-
spect to the ground which, in this circuit, is the negative
of the supply.

With no signal, there will be no induced voltage in the an-
tenna coil secondary and thus, the only voltage in the grid
circuit will be the drop caused by the plate and screen grid
currents in the resistances between cathode and ground. There --

fore the grid potential will be the same as that of the ground.

Here is the point to remember. If the grid is at ground
potential and the cathode is positive, in respect to ground,
then the ground and grid are negative, in respect to the
cathode. Thus, the voltage between cathode and ground is the

t'Grid Bias Voltage.

The 25 M variable resistance acts as a volume control because,
when the movable contact is turned to place more resistance
between the 150 ohm resistance and ground, the grid bias volt-
age will be greater and the grid will be more negative in

respect to the cathode. The more negative the grid the lower
the amplification of the tube. When the control contact is
turned to reduce the resistance in this circuit, the actions
are reversed and the signal output of the tube is increased.
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The 606 detector tube grid circuit is much the same except
that the control is the only resistance between the cathode
and ground. Here, the low plate and screen grid voltages,
caused by the high values of resistance in the circuits,
cause the tube to operate as a detector.

As far as the cathode circuits are concerned, the action of
the control is opposite. When the resistance of the 6D6
cathode circuit is reduced, to allow stronger signals, the
resistance of the 606 cathode circuit is increased to in-
crease the bias and permit the stronger signals to be handled
properly.

To make a grid voltage test here, the positive prod of the
test meter could be placed on the cathode terminal of the
socket and the negative test prod on the grid terminal. This
would cause the meter current to pass through the secondary
winding, but its resistance is negligible in respect to that
of the meter.

For a complete test, the meter prods should be held in posi-
tion, while the volume control is turned from one extreme to
the other. With the control turned "ON" all the way, the
voltage should be minimum and compare with the values given
in a tube table. Then, as the control is turned down, the
voltage should increase.

In this particular circuit, the voltage readings should be
the same from cathode to ground as from cathode to grid.
Keep this fact in mind because it is not true in many cir-
cuits.

The tests for the 606 should be made in the same way but,
as the control is turned, the action should be opposite to
that for the 6D6. Here, at high volume, the voltage should
be maximum, dropping to zero at low volume.

For the type 43 output tube, the plate and screen currents
reach ground through the cathode and the 700 ohm resistor.
This arrangement is similar to that of the 6D6 cathode and
the voltage drop across this resistor will make the cathode
positive in respect to ground. The control grid circuit is
grounded through a 500 M resistor but, with no current or
voltage drop here, the grid bias will be the same as the
drop across the 700 ohm resistor.

To make a test here, the voltmeter could be connected to the
grid and cathode terminals of the tube socket but, under this
condition, the 500 M resistor would be in series with the meteracross the bias resistor. As the voltage is developed acrossthe bias resistor, this high resistance would cause a low volt-age reading.
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With a meter of the usual sensitivity, 1000 to 5000 ohms per
volt, a better plan is to test the continuity of the grid
circuit first and then test the voltage between cathode and

ground.

CATHODE VOLTAGE

This particular test is often classed as the "Cathode" volt-
age and, in the circuits of Figure 1, is the same as tne grid

bias voltage. In the circuits of Figure 2 however, referring
to the 25L6 output tube, conditions are different.

The cathode connects directly to ground and thus, with ground

as a reference point, the cathode voltage would be zero. The

control grid circuit is grounded through the 150 M grid re-
sistor as well as the 100 M and 50 M resistors of the voltage

divider.

As we have already explained the action and voltages of this
divider, with the positive end grounded, the grid bias volt-
age will be the sum of %he voltage drops across the 100 M and

50 M section. This is not a self bias arrangement because
the voltage drop across the divider depends upon the sum of
the plate and screen grid currents for all of the tubes, not

of the 25L6 only.

Here a voltage test across the sections of the divider would

give the best indication of the actual circuit conditions
but, as previously explained the test reading: may be low.

The cathode voltage of the 6c6 tube is zero, in respect to
ground but the 50 M section of the divider is in series be-
tween the grid and ground. Thus, the drop across the 50 M

section of the divider is the grid bias voltage.

In the circuit of Figure 3, the 50L6CT output tube circuits
are the came ar explained for Figures 1 and the grid bias

voltage being obtained by the drop across the cathode cr
bias resistor. All of the other cathodes are grounacd direct-
ly and thus the cathode to ground vAltage should be zero.

For the 12SA7 and 12SK7 tubes, the bias voltage is developed
by the signal in the 1P megohm vclume control because this

is the only current carrying resistance between the control
grids and ground. Thus, with no signal voltage there will
be no external grid Ties voltage.

For the triode section of the 125Q7 tub(, a slight grid cur-
rent: in the 5 megohm grid resi tar will provide proper bias.
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In the circuits of Figure L, the filaments of the tubes are
supplied with d -c and the voltage drop across them provides
the necessary grid bias. Remember, in circuits of this type,
the negative end of the filament is the reference point for
each tube.

With this in mind, you will find the control grid of the 1T5GT
tube is grounded through the 3 megohm resistor but, looking at
the filament circuit shown at the lower left, the filaments of
the 1N5GT, 1A7GT and 1H5GT are connected in series between the
negative of the 1T5GT filament and ground. At 1.5 volts per
filament, there will be a 4 1/2 volt bias on the 1T5GT grid.

The 1N5GT control grid circuit connects back to the negative
end of its own filament to provide zero bias, as recommended
in the tube manual.

The control grid circuit of the 1A7GT tube is completed to
ground through the 10 megohm avc filter resistance and 1
megohm volume control bat includes the 1H5GT filament between
ground and its own filament negative. Thus, with no signals,
there will be a fi),ed or 41Limum bias of 1.5 volts on this
tube.

The 1H5GT filament negative is grounded thus there is zero
external bias on the grid. However, as explained for Figure
3, the high value of grid load resistance, 10 megohms in this
case, provides proper operation.

Voltage tests can be made on the general plans already ex-
plained, testing from the control grid to the reference point
terminals on the socket, only when the total resistance in
the grid circuit is low. For avc circuits and resistance
coupled stages, the grid circuit can be tested for continuity
and voltage tests made from the reference point to the grid
return.

The grid and cathode voltages of Figure 5 are very similar
to those of Figure 3. All cathodes, except that of the out-
put tube are grounded and voltage tests can be made as before.

For the circuit of Figure 6, all but the cathode of the type
75 tube are grounded at th socket and the grid bias voltages
are obtained from a voltage divider between ground and the
center tap of the high voltage secondary winding which, for
circuits of this type, is the negative of the high voltage
supply. The arrangement here follows the general plan of
that explained for Figure 2 and tests can be made in the same
way.
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SERIES AND PARALLEL HEATER VOLTAGE

In all of these circuits and tests you should have noticed
many points of similarity, the principal difference being in

the connections of the heaters. For the a-c/d-c and combina-
tion battery types, the heaters are commonly connected in
series in order to operate at a low value of current while,
for the auto and a -c types of circuit, the heaters are con-
nected in parallel to provide operation at low values of
voltage.

As far as voltage tests are concerned, each individual heater
should operate at its rated voltage, regardless of the circuit
arrangement. Thus, you can make the same tests for all types
provided you place the test prods on the heater or filament
terminals of each individual socket.

To save time, some men place one test prod on ground or other
reference point and then move the other prod to the heater
terminals of the other sockets. Using this plan, the circuit
Must be kept in mind because, for a parallel circuit, all the
test readings should be equal while for the series circuits)

reading will increase test prods are placed
additional heaters.

Thinking in reverse, this method of testing can be used to
determine if the heaters are connected in series or in paral-
lel, should you have a doubtful case on rhich no continuity
tests had been made.

For the next Lesson, we are going to take up what is known
as "Dynamic Testing" a method which checks a Radio receiver
under actual operating conditions.
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The whole object of education is, or should be, to
develop the mind. The mind should be a thing that
works. It should be able to pass judgment on events
as they arise, make decisions.

-- Sherwood Anderson

RTS -6
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DYNAMIC TESTING

During the past few years, a great deal of publicity has been
given to "Dynamic Testing" as applied to Radio and Television
equipment. In order to emphasise its merits, this method is
often compared to "Static Testing" and, as the terms are some-
times confusing, we want to explain their meaningQ

In the dictionary you will find that "static" means "causing
to stand" and thus it is similar to the more common word
"stationary" Also, back in the early Lessons on the "Forms
of ELetricity" we told you that electricity at rust was
known as "static."

Going back to the dictionary again, "Dynamic" means active or
effective action and indicates a condition opposite to that
of static.

Applying those terms to the ordinary types of Radio and Tele-
vision eiuiement, even if all of the switches are turned on
and everything is in proper working order, without a signal,
the unit is at rest or in a static condition as far as its
intended use is concerned.

However, in the explanations of the preceding Lessons, this
is the condition under which most of the tests were made.,
For example, V3 told you to turn on the power supply and mea-
sure the socket volta&s of the various elements of the tubes.

Then, to turn off the power and measure the resistance or
capacity between the socket prongs Pnd the chassis or ground.

The first of these is an operating voltage test while the sec-
ond is commonly called a "point-to-point"test. As no signal
is present, for either of these tests, we cea tell you now
that they are considered as a "staticflanalysis.

On the other hand, should we apply a signal of suitable fro-,
quency and amplitude to the input circuit of tne unit, and

then check its effects on the various tubes and circuits, we
will have made a "Dynamic" analysis.

Neither method is entirely complete by itself because, when
a dynamic analysis indicates trouble in some cert-in circuit,

it is usually necessary to make static tests to determine
exactly what part or component of the circuit is at fault.

On this basis, the dynamic method saves time as it eliminates
all earts and circuits which are in good order and makes static

tests necessary only on those parts which are defective,

As we explained in the earlier Lessons, there are a number of

important signal circuits which are not included in the usual

static analysis and therefore it may be necessary to mEke a
dynamic test after a static analysis has been completed.
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You may have seen the words "Static" and "Dynamic" used fre-
quently in the description of tube testers and, in general
their meaning is the same as explained earlier in this Lcsson.

The "static" type of tube tester usually measures the emission
under fixed values of plate and heater voltages while the "dy-
namic" type tests the tube under conditions similar to those
at which it operates in normal service.

The better types of test equipment, designed for Dynamic an-
alysis and usually known as "Signal Tracers", emplo some form
of cathode ray tube as an indicator and, under the proper con-
ditions, the ordinary oscilloscope will make a satisfactory
"meter" especially when wave form is to be checked. For other
tests, where the amplitude is the imnortant factor, the common
"Tuning Eye" tube is used to advantage.

Before taking up the commercial types of Signal Tracers, we
want to show you how a cathode Ray Oscilloscope can be used as
a meter for dynamic tests because it indicates both the ampli-
tude and wave form of voltages in the various tube and supply
circuits.

In general, the vertical plates of the Cathode Ray tube are
used as the test circuit and test prods, connected to this
circuit can be placed across the grid and plate loads of the
tubes. By starting at the antenna or input circuit, and fol-
low the signal, stage by stage, a dynamic test, of the r -f
and i-f amplifier of a receiver, can be made.

To complete the test, it will be necessary to check the audio
amplifier as well as the power supply ana, to begin, we want
to tell you how the oscilloscope can be used for this part of
the work. From a practical standpoint, the power supply should
be tested first because, if the proper values of voltage and
current are not available, none of the other circuits will
operate correctly.

CHECKING PaiER SUPPLY

In following these explanations it may help you to think of
the oscilloscope as merely a form of voltmeter which, instead
of employing the usual scale and pointer, indicates conditions
by means of a pattern on its screen. Therefore, to use the
equipment efficiently, you will have to learn to "read" the
various patterns which appear.

A reading on an ordinary type of voltmeter is actually nothing
but a comparison between the voltage across the meter and an
arbitrary unit of measure, in this case the volt. The same

general idea is carried out in the use of the oscilloscope as
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we simply compare the nattern, actually obtained on the screen,
with one known to be correct.

Thinking of the usual type of power supnly, operating from an
a -c lighting circuit, there will be a definite relationshin
between the frequency of the supply and the pulsations in the
output of the rectifier and filter.

With this in mind, the vertical plates of the oscilloscope are
connected across the supply circuit and the linear time base,
or horizontal sweep circuit, is adjusted until two complete
cycles appear on the screen. The synchronizing control is
then advanced until the pattern is stationary. Of course the
positioning and amplifier controls are adjusted until the pat-
tern has the desired size and location on the screen.

The supply voltage is then removed, one vertical plate is con-
nected to the cnassis of the unit and a test orod is connected
to the other vertical plate.

Under these conditions, when the test prod is placed on the
output of a rectifier tube, cathode or filament as the case
may be, which is operating as a full wave rectifier and feed-
ing a condenser input type of filter, the pattern of Figure 1
should anpear on the screen. Under the same conditions, but
with a choke input type of filter, the pattern of Figure 2
should be seen.

Moving the prod to the output end of the choke, the pattern
of Figure 3 should appear but the amplitude of the waves will
be but 10% or less of those of Figures 1 and 2.

For half wave rectifiers, the wave form of Figure 4 should ap-
pear when the prod is placed on the rectifier outnut of a
condenser input filter. For a choke input filter, the wave
should have the form of Figure 5 while, at the output of the
filter, a wave lila, that of Figure 6 will be seen. As explain-
ed for Figure 3, the amplitude of the wave of Figure 6 Till be
much lower than those of Figures 4 and 5.

With the oscilloscope connected and adjusted as explained and
keeping the curves of Figures 1 to 6 in mind, we are ready to
make a dynamic test on any conventional a -c power supply.

For example, suppose we connect the test prod to a circuit
which should produce the curve of Figure 1 but instead, we
see the curve of Figure 2. Checking back, Figure 1 is correct
for a condenser input filter, full wave rectifier, while Fig-
ure 2 is correct for a choke input filter.

As the circuit under test apparently has condenser input but
the oscilloscope shows that actually it is choke input, we
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know at once that the first filter condenser is open or has

lost its capacity, due to some defect.

For another example, suppoSe that instead of the expected

curve of Figure 1, we see the curve of Figure 4 which indi-

cates at once that, instead of a full wave rectifier, the

circuit actually is operating as a half wave rectifier. The

trouble may be either in the tube or in one half of the high

voltage secondary of the power transformer. By replacing the

tube with one known to be good and again checking the pattern

on the oscilloscope screen, the trouble can be definitely

located.

We could go on, almost indefinitely with similar examples but

feel the two above will give you the general idea and show you

how dynamic tests of this kind can be used to advantage. You

know that the output of the common rectifier tube is pulsating

d -c and the purpose of the filter is to reduce or eliminate

the pulsations in order that the other tubes may have a uniform

or steady d -c supply. Using the oscilloscope, as explained
above, you simply place the test prod on various points along

the current path and, by checking the resulting patterns, see

exactly what is actually taking place. The final output of a

properly filtered supply will appear on the screen of the

oscilloscope as a straight horizontal line.

VIBRATOR TYPE POWER SUPPLY

With the development of the Auto Radio, the vibrator type of

high voltage power supply has become sufficiently common to

warrant special consideration. In fact, with the exception

of portable units, it has almost entirely replaced T" bat-

teries, for units which must overate without connection to a

commercial power line.

Thinking of an automobile installation and briefly reviewing

an earlier Lesson, the vibrator acts as a sort of a switch to

rapidly reverse the direction of the bettery current in the

primary winding of a transformer. The changing primary cur-

rent, which can be considered as a -c, induces a voltage in

the secondary by the usual transformer action.

With a large number of turns, the secondary voltage is high,

compared to that of the Primary, but it is e -c and must be

rectified and filtered before reaching the tube circuits. In

some systems, rectification is accomplished by means of addi-

tional vibrator contacts.

Those vibrators which interrupt the primary and also rectify
the secondary current of the transformer are celled "Synchron-
ous" or "Sync." types while those which interrupt the primary
only are known as "Non -Sync." types.
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In connection with vibrator testing there are several impor-
tant points we want to mention.

First:- To be of real value, tests should be made only while
the vibrator is properly connected in the receiver and is
operating with the transformer, buffer condensers and other
units of the power supply of which it is a part.

Second:- Due to the variation of automobile supply voltages,
four storage battery cells shoulc' be avai]able for test pur-
poses with provisions to vary the supply voltage from about
4 volts to 8 volts.

Third:- Due to the cost of replacement and the difficulty
of making proper vibrator adjustments without special tools,
jigs or other fixtures, it is usually a good policy to replace
defective units.

To make an oscilloscope test, we follow the general plan ex-
plained for a -c power supplies, the horizontal plates being
connected to the internal linear siveep with adjustments made
so that the resulting horizontal line extends across the
screen of the tube.

are then connected across the transformer
primary and, with the unit in operation, the linear sweep is
adjusted until two complete cycles appear. The "Sync." con-

trol is then advanced until the pattern is stationary.

Under these conditions, a non -sync vibrator, operaLinp pro-
perly under load, will produce the pattern of Figure 7, while
the sync. typo will produce the pattern of Figure 8.

It may be well to mention here that, with the load removed
from the filter output, the sync. type of vibrator will nro-
duce the pattern of Figure 7. With the exception of the small
points at each end of the horizontal portions of the trace,
Figures 7 and 8 are alike.

The points are caused by the secondary, or nick voltap.e con-
tacts which close slightly after and onen slightly before the
primary contacts. 'While the secondary contacts are closed,
the circuit is loaded and thus the primary voltage is reduced.
Thus, as mentioned above, it is good practice to remove the
load and see if the curve of Figure 8 assumes the shape of
Figure 7.

OPERATING CHARACTERISTICS

A study of Figure 7 will reveal practically all of the im-
portant operating characteristics of a vibrator and you will
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notice the wave approaches a square form. The flat tops and
bottoms indicate the periods during which tne contacts are
closed and the slanting portions show the time required for
the vibrator armature, or reed, to swing from one contact to
the other.

The time efficiency of a vibrator is the length of time the
contacts are closed divided by the time of the cycle. In

Figure 7, this would be equal to the length of the horizontal
traces divided by the total length of the cycle. While time
efficiencies have varied in the past, at present, most vibra-
tors operate between 85% and 90.

Starting at the left of Figure 7, one pair of contacts have
just opened but, due to the presence of a buffer condenser,
the voltage dies out gradually, instead of suddenly, causing
the slanting part of the trace.

During this time, the vibrator reed is swinging over and makes
contact at the time indicated by the left end of the lower
left horizontal trace. Because mechanical contact is made,
while the buffer condenser is still discharging, the light
vertical section of Figure 7 may not be seen on the oscillo-
scope. The heavy portions show the important parts of the
cycle and, for proper operation, the upper and lower portions
of the wave should be symmetrical.

The buffer condenser, often called the "Timing Capacity", is
an important unit of the power supply because it prevents
sparking, or arcing, at the vibrator contacts and thus pro-
longs their life. Also, acting as a sort of "tank" by absorb-
ing energy while the contacts are closed and releasing energy
when the contacts are open, the capacity prevents excessive
voltage which would break down the insulation of other parts.

To produce correct wave forms, as shown in Figures 7 and 8,
the buffer condensers must have a capacity value which is cor-
rect for the vibrator frequency and time efficiency as well as
the design of the transformer. Therefore, whenever a vibrator
is replaced, although it is marked as an exact dunlicate, it
is a good plan to make an oscilloscope test of its operation.

Should the capacity of the buffer condenser be too large, a
wave form like Figure 9 will appear when a non -sync type of
vibrator is operated under load. Compared to the correct
wave of Figure 7, you will notice the slanting part of the
trace is short and the remedy, of course, is to install a
buffer conaenser of smaller capacity.

Should the capacity of the buffer condenser be too small, the
wave will have the general appearance of Figure 10. However,
as this oattern may be easily confused, the load should be
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removed from the output of the filter and the wave will then
take the form of Figure 11. The remedy here is to increase
the capacity until the wave form of Figare 7 :s obtained.

The sync. type of vibrator can be checked mere accurate7y
with the d -c load remmed and, as we have mentioned before,
this means to remove the load at the filter outpet. Always

make sire that the filter condensers and choke are properly
connected across the transformer secondary.

Under these conditicns, too large a buffer capacity will pro-
duce the wave form of Figure 9 and too small a capacity the
wave form of Figure 12.

Remember, the wave forms shown will not always be exactly du-
plicated in practice and naturally will vary with different
units and circuits. Howe,,er, the shapes and variations we
show are representative and should be easily recognized.

In addition to eheehing the actual wave forms, the supply vol-
tage should be varied to test the action under the conditions
found in the us,a1 automobile. As we mentioned earlier in
this Lessor, a feriabe voltage supply shceld be available and
it should be possible to check the acieal voltage being used.

After a satisfactory wave form has been obtained a+ the normal
valee, the suppl voltag2 should bE rEdeced until the vibrator
stops operating. Next, the supply voltw should be increased
slowly until operation starts and a record of this voltage

made. Then, increasing the supply ep to its maximum cf volts,

the pattern should be raeuched closely. The higher voltages
will cat se a "higherh rave, bit its general form should remain
steady and of tne some shape.

Ordinarily, a vibrator which will start at 7.25 volts and
operate steadily up to 8 volts, will work satisfactorily under
all ordinary condieions of the average automobile electrical
system.

While these dynamic tests will inslre proper orLrat,on of the
vibrator, static tests should cc made to determine the values

of voltage and current in both the input and ortput circuits

of the unit.

AUDIO CIRCUIT TESTS

In the earlier Lessens, we gave yoe a general idea of a'idio

distortion and, at this time, will go further and snow some
of the common wave forms which may be obtained oh use screen
of the oscilloscope.
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For audio work, it is necessary to have some form of sigral

generator end most r -f oscillators contain sLch a un t fcr

modulating their high fremaencies. Usually, this tyne of

audio oscillator operates at LOC cycles and its output is

available separateb.

While a source of this kind is satisfactory for certain Tel-

t'ne tests, to make a complete: audio analysis, it is Leces

sery to have en aadio oscillator with an cutput, the frequency

of which can be varied over the entire audio range.

As you already know, the input and output voltages of an audio

amplifier should be ider.ticai with the exception of amplitude.

In other words, the plrpoac of the cmplif'er is to increase

the amplitode of the sifnal but all frequencies should DC

treated alike an', as far as wave form is concerned, ',,he output

and input voltages should be al'ke.

As we mentioned earlier in this Lesson, the oscilloscope is

"read' by comuering the patt(rns, which appear on the screen,

with those known to be correct. Therefore it is important

that the signal generator 1,roduce a true sine wave in order

that any varietiens may be readily detected.

To test audio circuits, the horizontal plates of the oscillo-

scope tube arc connected across the internal or sawtooth sweep

circuit and the vertical plates connected across the voltage

to be tested. To make sure of the audio oscillator, it is

always a good plan to first connect its output across th

vertical plates and check the wave form. As previously ca,o-

plained, the sweep frequency is adjusted until about 2 com-

plete cycles appeer while the horioontal end vertical controls

are moved until the pattern occupies nearly the full area of

the screen.

AP an added precaution. the output control of the oscillator

ahou:d be turned from minimum to maximum and the pattern

closely watched to make sure the wave retains ius proear form.

IL may be necessary to reduce the vertical gain control of the

oscilloscope, es the oscillatcr output is increased, in order

to keep the entire pattern on tne screen.

To check the overall fidelity of an audio amnlificr, the oscil-

lator output is connected across the amplifier input. For the

later type Radio receivers, the volume contro: can be consid

ered as the input, circuit. The vertical nlates of the oscil-

loscope are then connected across the amplifier output which

is usually the voice coil circuit of the ope,'acr.

Knowing the input is a sine wave, the eetput waet form can be

easily checked and the volume control of the amplifier should

be turned slowly from minimum to maximum nositiora It will
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usually be necessary to reduce the vertical gain control of
the oscilloscope, as the amplifier control is turned up, in
order to keep the pattern on the screen.

When operating properly, the pattern of the amplifier output
will maintain the sine wave fo/m of the input voltage for all
positions of the volume control. However, if the operation
is not correct, the wave form of the output will be distorted
and we want to show you representative traces caused by the
more common defects.

For example, if the wave form assumes a shape like that of
Figure 13 with sharp positive peaks and rounded negative peaks,
it indicates even harmonic distortion. The presence of even
harmonics, such as the second, fourth and so on will produce
a wave form of this general type and the greater the distortion,
the more pronounced the effect.

Should the output wave form assume the general shape of Figure
14, it indicates odd harmonic distortion. Compared to Figure
13, you will notice that distortion of 7rd, 5th and so on
harmonics produces a wave in which both the positive and nega-
tive halves are alike. Thus you will find the statement that
even harmonic distortion produces non -symmetrical waves while.
odd harmonic distortion produces symmetrical waves.

A third common form of distortion, due to overload of some
tube circuit, produces an output wave form of the general
shape shown in Figure 15. For single tube circuits, the
distortion will appear as shown while, for push-pull circuits,
the negative peaks will have the same shape as the positive.

Usually, this latter form of distortion will appear as the
gain of the amplifier is advanced and is commonly caused by
the signal voltage exceeding the grid Dias voltage of some tube.

Remember here that distortion occurs whenever the plate cur-
rent does not vary uniformly and in proportion to the grid
voltage. Therefore, wrong values of plate voltage, plate load,
grid bias voltage, bias resistors and so on, will produce dis-
tortion.

The value of the oscilloscope test is to indicate the presence
of distortion and then, by advancing the connection of the
vertical plates from the voice coil circuit toward the second
detector, it is comparatively easy to determine where the dis-
tortion arises. The various units of this circuit can then be
given the usual static tests to determine which of them is at
fault.
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To complete the dynamic tests of a receiver it will be neces-
sary to check the second detector which, in many cases, in-
cludes the automatic volume con'urol, (AVC) circuits.

For this work, a modulated R -F signal is needed and, as -re-
viously explained, tests should be made to make sure that the
signal generator furnishes a pure sine wave at this audio modu-
lation frequency.

The signal generator is connected to the antenna and ground
posts of the receiver, through a dummy antenna. and adjusted
to any frequency in the Broadcast band.

The oscilloscope connections and settings are similar to those
explained for the audio amplifier tents except, for all types
of diode detectors, the vertical plates are connected across
the detector output. For other types of detectors, such as
triodes, the vertical plates may be connected across the grid
load of the following tube.

For a general procedure, turn the oscillator output down to
the lowest point which will provide a satisfactory vertical
height of the pattern on the oscilloscope screen and then ad-
just the horizontal sweep circuit until two complete cycles
appear. As mentioned before, the "Sync ." control is th(n
advanced until the pattern is stationary.

The receiver is then carefully retuned, to mal:e sure it is in
exact resonance with the signal generator after which the shape
of the wave is examined,

Assuming that the preceding R -F and I -F stages have been
properly aligned and that the signal generator is producing
a pure sine wave, distortion of the pattern at this point
indicates trouble in the detector circuit. Following the
former explanations, the various units of the circuit can be
tested separately.

The next step is to slowly increase the output of the signal
generator while closely watching the pattern on the oscillos-
cope screen. For receivers without AVC, the vertical ampli-
tude of the pattern will increase in proportion to the increase
of generator output and it may be necessary to reduce the ver-
tical gain control to keep the trace on the screen. When the
circuits are operating prorerly, the pattern will maintain its
sine wave form UD the rated output of the unit.

For receivers with AVC, as the output of the signal genera-
tor is increased, the vertical amplitude of the pattern will
also increase in proportion at first and then more slowly as
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the avc operates. Here again, the pattern should retain its

sine wave form up to the rated output of the unit.

Should distortion appear, as the generator output is increased,

the circuits should be checked, unit by unit, for defects such

as leaky, open or shorted condensers and open or defective re-

sistors.

The actual sequence, in which these various tests are made de-

pends greatly on the nature of the complaint or the symptoms

of trouble which are found in the receiver. Some men prefer

to make tests only on these parts, or circuits, in which

trouble is apparent while others feel it profitable, because

of the comparatively short time required, to make a complete

dynamic test to make sure that the cause as well as the effect

of improper conditions will be found and remedied.

THE RIDER "CHANALYST'

Ac we have explained in this Lesson, the cathode ray oscillo-

scope is a very good output meter for dynamic tests especially

when wave form is the basis of checking.

However, dynamic tests can be made efficiently on an amplitude

basis and, for this type of work the small and inexpensive

used as an indicator

or output neter.

Working along these lines, a complete method of dynamic test-

ing, or analysis cf a complete receiver hes been developed

around an instrument known as the ICHArALYST".

Through the courtesy of John F. Rider, the designer, the fol-

lowing explanations are taken directly from the Manual of In-

structions supplied with each 'alder Chanalyst".

"One of the major obstacles presented to the successful main-

tenance of radio receivers in years past has been that the

basis of the servicina procedure was not fundament -11. In other

words, circuit and tube design changes introduced limitations

which prohibited universal application of any one particular

method of trouble localization. This has bsen solved by the
Chanalyst by utilizing as the basis of operation, the rost
fundamental of all items associated with radio receiving
systems, the signal itself.

"Inasmuch as the sole function of any receiver of any ago,
type or circuit design is to operate upon the received signal

pulse, it stands to reason that the signal is the most impor-

tant item associated wi'n the receiver. Furthermore, since

the function of every electrical component of the complete



a
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receiving system is to perforn a definite role with respect
to that signal, defects in one or more of these components
will have an effect epon tie signal. In addition, ob3ervation
of the character of the signal as iu passes through the radio
receiving system can be interpreted in terms of existing de-
fects and the localization of this defect. And last, but by
far not the least, -s the fact that the ,_se of the signal as
a basis of troeblc localization is ndependent of circuit de-
sign, tube design, age or type of receiver; therefore, this
testing system overcomes the iimutations which have heretofore
confronted various methods of trouble shooting.

"Expressed in the simplest words, the Rider Chanalyst is a
device whereby it is possible to trace the passage of a signal
through a radio receiver, ectablirh the cnaracter of the signal
in any portion of the radio recelving or amplifyine, system, and
to identify the nature end lcy,at;on of the faelt existing in
the receiver or ampl'fier with maximum accuracy and the ,;reat
est possible speed. To accomplish this end, the Rider Chanalyst
contains a series of electrical circuits whereby it is possible
to probe in EVERY portion of the receiver WIITOUT INTEFFER1NG
WITH ITS 002RATION.

"The manner in which the Chanalyst is used for troqble shoot-
ing is as follows:

1. To check he power consumption of the radio receiver
under test.

2. To feed a signal of known frequency into the receiver,
across tee antenna.ground terminals.

3. To check the passage of this signal through the r -f,

i-f and audio systems cf the receiver, inclusive of
the operation of the receiver oscillator, and note
its general character.

4. To measure d -c voltage in whatever portion of the
receiver comes under suspicion as a result of the con-
clusions derived from the signal trac:ng test.

5. To apply other tests in accordance with the conclusions
derived from the signal tracing test.

"Of utmost value during the process of trouble localisation is
the fact that as a result of the design of the Chanalyst BOTH
SIGNAL AND VOLTAGE conditions existing in ANY portion cf the
radio receiver CAN be checked simultaneously and NOTHTNG NEED
BE TAKEN FOR GRANTED.
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THE R -F I -F CHANNEL

"The r -f i-f channel, sho"in in schematic form in Figure 24, is

a three state tuned radio frcquency amplifier, terminating in

a diode de.ector and au elec ;,ron-rash indicator tube. This

entire assembly constiLntes a three -band receiver operative
over a frequency range from 95 kc to 1700 kc, thus embracin7
the comnlete intermediate frequency range found in commercial
broadcast receivers and the conventional broadcast band. Some

of the frequencies vilnin the 4-f band are also identified as
the "weather" baud in broadcast receivers. The three frequency
bards covered by this chaelpel are.

Band A 9) :2:c to 260 kc

Band B 2'0 kc to ()N kc

Band C 600 c to 170n kc

"These three bands are identified unon the frequency scales
engraved upon the panel and the band switch also bears iden-

tifying letIere.

THE 6E). INDICATOR EYE

"If you examine the schematic in Figure 16, you wil3 note that

the r-f/i-f assembly cf parts comprises what is a complete trf
receiver, Inch the 6E5 electron -ray tube as the final cut:net

indicator. indications upon the electron -ray tube appear as

changes in the shadow angle. Without any signal input iro
the r-f/i-C channel, the 6E5 "eye" is wide open, that is, maxi-

mum shadcA; a.igle exists. When a signal voltage is present
across the inpnt termina]s and the channel is resonated to

the signal frequency, the indical,er tube shadow angle decreases

and approaches zero, that is, the ''eye" closes. Thus, the var-

iations in rhadow angle upon the indicator tube can be inter-

preted in variations of signal voltage at the input of the

channel.

"If the signal voltage at the input of the channel is suffi-

ciently great, the "eye overlaps". Red- cing the signal vol-

tage at the input of the channel causes the eye to open or
the shadow angle to increase. Thus the 6E5 is a reference
indicator which shows the presence of a signal at the inpet of

the channel.

MULTIFLIIIt AND LEVEL CONTROL

"By means of the combined action of the Mu:tiplier anJ Level

Control it 7s nossible to check or compare si,nal voltages

over a calibrated ratio of 10,000 to 1. The LevL3 Control
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covers a continuous range of 10 to 1 and the Multiplier covers

a range of 1000 to 1 in three fixed steps which vary by a

factor. of 10. Therefore, it is tlossible by means of these

two controls to maintain a constant indication upon the r-f'i-f

"eye" when the signal voltage at the input of the r-f/i-f chan-

nel (the tip of the r-f/i-f probe) varies over a range of 10,000

to 1.

"In turn, it is possible to approximate the change in signal

voltage values at the input of the Channel by noting the ad-

justment of the Multiplier and Level Controls required to
maintain a constant indication upon the "eye". To secure pro-

per action of the Multiplier Control, the r-f/i-f pick-up cable

must be used.

'When the r-f/i-f pick-up cable is not used and contact is made

by means of a direct connection with the grid circuit of the

first amplifier tube, the Multiplier is not used. Here the

Level Control provides for operation over a range of a 10- to -

1 change in signal voltage.

"The general operation of the r-f/l-f "eye", Multiplier and

Level Control is as follows Let us imagine that we have two

signal voltages of like frequency secured from two different

sources. The frequency is not important, but for the sake of

illustration we will say that it is 600 kc. Call one voltage

"A" and the second voltage 'B". To check the relative values

of these two voltages, a reference indication must be estab-

lished upon the "eye" for one of these voltages, say the weaker

of the two.

"This is done by first setting the Multiplier and Level Con-

trols at (1) and feeding voltage "A" into the Channel by means
of the r-f/i-f probe and tuning the Chanalyst to resonance with

this 600 kc signal. Let us further assume that this simal
voltage is just sufficient to close the "eye", that is, the
shadow angle upon the indicator is zero.

"We now have the initial reference indication upon the "eye"

with a certain setting of the Multiplier and Level Control.
If we remove signal voltage "A" and apply signal voltage "B",

the "eye" will overlap, thus showing an increase in sigEal
voltage at the probe tip. To ascertain just how much greater

voltage "B" is than voltage "A", the Multiplier and Level Con-

trols are adjusted until the original reference indication
appears upon the "eye" -- in this case the overlap :s cleared

and the "eye" just closes.

"Now we examine the calibrations indicated by the Multiplier
and Level Control knobs. If -the NUli,ip2ier is at (1), the

second voltage 'fl" is greater than the first voltage "A' by
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the figure indicated by the Level Control pointer. If this
pointer is set at (1), then voltage "B" is /I times greater
than voltage 'A". If the Multiplier is set at (10), then the
second voltage "B" is greater than the first voltage "A" by
the figure indicated by the Level Control at 8, voltage "Be'
is 10 x 8 or 80 times greater than voltage "A".

"Such is the combined action of the Multiplier, Level Control
and indicator "eye" to check increase or decrease in signal
voltage at the pick-up probe. To establish the extent of loss
in voltage, the reference indication is established with the
greater voltage and the Multiplier and Level Controls then
are retarded when the weaker voltage is checked. The ratio
between the two establishes the extent to which the second
voltage is less than the first.

"If at any time only the Level Control is used and the ref er-
ence setting is obtained with the Level Control at some Figure
other than (1), then the ratio between the second setting re-
quired to restore the indicator to the original reference
value and the original setting is the gain in voltage. For
example, if original reference indication upon the eye or the
voltmeter is secured with the Level Control at (2) and the
second setting of the Level Control is (9), the gain in vol-
tage is 9/2 or L.5. If the original setting of the Level Con-
trol was 1.5 and the second setting was 7.5, then the gain in
voltage is 7.5/1.5 or 5, etc.

"The accuracy of these gain calibrations is about 20 per cent.
You may, of course, find if a quantitative check is made, that
the accuracy is greater because the Multiplier capacities are
held to within a 5 per cent tolerance, but in general, the
aforementioned variation is quoted. This degree of accuracy
is sufficient for all general use, particularly for service
work.

ETFCTRONIC VOLTMETER IN R -F I -F CHANNEL

"Chanalysts bearing serial numbers above 199 are equipped With
a pin -jack located on the front of the panel adjacent to the
R-F/I-F Input Jack. The purpose of this jack is to enable con-
nection of the Electronic Voltmeter to the control grid of the
r-f/i-f indicator eye. This connection is made by inserting the
metal tip of the voltmeter pick-up cable probe into the pin
jack, and the plug end of this cable is inserted into the volt-
meter jack.

"The purpose of the connection is to enable the use of the
voltmeter as a reference indicator in addition to the r-f/i--f
eye, particularly with weak signals. It is easier to follow
the movement of the meter pointer at low signal levels, than
small variations of shadow angle upon the indicator tube.
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"In addition, the meter type reference indicator functions in.
excellent manner who' the Chanalz-st is used as a field iAten-
sity meter or for checking antenna A similar pin
jack is located izi uhe Oscillator Channel and use is dis-

cussed in the chalAer devoted to t"le Oscillator Channel.

HOW THE R-F/I -F CHANAEL CAE BE USED

"Spea7ring in generalities, the following are the uses to which

the complete RF/T-F Cnannel can be put. These uses naturally
embrace all minor applications which come within these main
headings.

"1. As a conventional comparison broadcast receiver, (without
audio amplifier), substantially free from distortion and which.
operates over a range from 95 kc to 1700 kc. (To 1_sten to

the signal a pair of high impedance headphones are plugged into
the output jack J-5 in Figure 16, or if desired, a separate
audio amplifier can be connected to this jac.e so as to am7lify
the signal still further.

"2. As a_simple field intensity -meter operated over the fre-
quency range from 95 kc to 1700 1-c, with the voltmeter con-
nected to the 6E5 tube control grid and w:th th channel cali-
brated in signal input and d -c voltage at the 6E5 control grid.
(As a receiver, the various channels are s1 b3t9nt73.ally flat in
gain over the various ran;es and will develop about 1.0 volt
d -c at the 6E) control grid for each 12 micro,;olts of signal
at the first r -f tube control grid.

"3. As a means of establishin7 antenna_pick-up of sicnals
from broadcast transmitters operatiLg over the 95 kc to
1700 kc frequency range.

"4. As a means of ascertaining the ap'-roximate frequency of
any unknown signal, modtlated or unmod'llated and lying wfthin
the 95 kc to 1700 range. The source of the unknown signal
is of no conseqcence.

"5. As a resonated vacuum tube voltmeter to establish the
relative strezigth of r -f, i-f and oscillator signals present
in the different parts of a radio receiver.

"6. As a means of establishino- the presence, absence, and
level of signals at points in a radio receiving systen where
they are supposed to exist and also their presence where they
are not supposed to exist. The latter includeo core,ftiol,s
when signals of one frequency find their watt back into cdreeits
tuned to other frequencies.
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"7. As a means of listening to or viewing the signal in any
portion of the r -f or i-f systems of a radio receiver, when
these systems operate within the frequency range of 95 kc to
1700 kc. This can be done by listening to the signal with
headphones or observing it with an oscillograph.

"8. As a means of establishing the origin of noise developed
in the r -f or i-f system of a receiver.

"9. As a means of identifying an oscillating r -f or i-f stage
in a receiver.

"In these nine general applications of the Chanalyst will be
found myriad tests which may be required during the process
of trouble shooting.

THE OSCILLATOR CHANNEL

'This Channel is a single -stage, three -band tuned radio fre-
quency mplifier, terminating in a diode detector and an in-
dicator. It operates over the frequency range from 600 kc to
15,000 kc in three bands -

Band A 600 kc to 1700 Inc

Band B 1650 kc to 1.900 kc

Band C L800 kc to 15000 kc

"These bands are identified upon the tuning scale engraved
upon the panel and also upon the oscillator band switch.

"The Oscillator Channel pick-up cable and probe is similar to
that used for the R-F/I-F Channel. 'In general, the Oscillator
Channel is like the R-F/I-F Channel, except that it operates
over a different frequency range and is lest,. sensitive.

"Since this channel is intended primarily for application in
conjunction with the oscillator in the receiver, lower sensi-
tivity is satisfactory. The operation of the indicator in
this system is identical to that of the R-F/I-F Channel in
that the eye is a reference indicator used to show the presence
of the signal. As such, it serves to check the frequency of
the signal voltage applied to the input of the Channel.

THE OSCILLATOR TAVEL CONTROL

"The function of the Level Control in the Oscillator Channel is
primarily to enable correct tuning of the Channel with the 6E5

as the reference indicator. By manipulation of the Level Con-
trol it is possible to reduce the gain of the Channel so that
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the "eye does not overlap and correct resonance can be obtain-
ed between the tuned circuit in the Oscillator Channel and the
frequency of the input signal voltage.

USES OF THE OSCILLATOR CHANNEL

"Some of the general applications of the Oscillator Channel
are listed below.

"1. Compare signal voltage levels from oscillators.

"2. Check the frequency of signal voltages. as for example,
the frequency of the signal voltage developed by the oscilla-
tor tube in a radio receiver.

"3. As a resonated vacuum tube voltmeter for qualitative com-
parison of voltages in excess of .1 volt.

"L. As a constant monitor of the receiver oscillator output.
and frequency daring checking of an intermittent superhetero-
dyne receiver.

"5.
Aaa.fgz_.._.Qlitrannvc2i-lqge1s-ieoitor of sig-

nals secured from a signal generator or --,est oscillator. Once

again we remind you that in these five general applications of
the Oscillator Channel will be found all of the individual
tests which are required to locate trouble in oscillating
systems of radio receivers operative over the 600 kc to
15,000 kc range.

THE AUDIO FREQUENCY CHANNEL

"The Audio Frequency or A -F Channel is very easy to urderstand.
Like the R-F/I-F and the Oscillator Channels, it is a basic
network. The A -F indicator tube, the 6E5, is located ad,;acent
to and to the right of the r -f indicator tube. Next to the A -F

Channel inaicator is the A -F Level Control and to the right of
this Level Control is the Multiplier. Both of these last two
controls bear similar identifying names upon the schematic.
The input A -F Jack, shown as J3 in Fig. 16, is located at the
bottom of the panel and is marked "A -F". The nick -up probe

and cable used for this channel is shown in schematic form in
Fig'ire 16, and is a direct lead within a shielded braid.

"An output jack, J-6, in Figure 16, is shown connected into
the input circuit of the A -F Channel diode. A pair of high
impedance phones (Brush Crystal), and oscillograph or another
amplifier may be plugged into this jack in order to make au-
dible,yisible, or still further amplify the signal present
in the output circuit of the A -F Channel. When a device is
plugged into this output jack, :be a -f diode and indicator
are automatically disconnected.





Lesson RTS-6 Page 19

THE LEVEL CONTROL AND MULTIPLIFR

"The Level Control and MUltplier in the A -F Channel are used
in conjunction with the indicator "eye" and can be employed
to ascertain values of a -f voltage and also to compare the
relative strength of two a -f voltages ... Once more the eye
is a reference indicator. The sensitivity of the A -F Channel
is apprdximateiy .15 volt.

"To determine the audio voltage at the probe tip, the Level
Control and Malti:nlier are manipulated until the Dee" just
closes. This is the reference setting of the a -f "eye".
Then, the Level Control and Multiplier readings indicate the
value of this audio voltage within 15 or 20 percen6.

"If the Multiplier is at (1), the audio voltage at the probe
tip when the "eye' is just closed is equal to the number in-
dicated by the position of the Level Control knob times 1.5
... If the Multiplier is at (100), then the audio voltage at
the a -f probe, is egLal to the setting of the Level Control
required to just close the "eye" multiplied by 150.

"As a means of establishing the difference between two audio
voltage levels, the "eye" i8 used as the reference indicator
and the two voltage values are established. The ratio between
the tiro values is the gain or loss, depending upon the in-
dications.

"For example, if one voltage requires that the Multiplier be
at (1) and the voltage indicated by the Level Control setting
is .5 and the second voltage requires that 6he Multiplier be
at (1C0) and the Level Control is at .2, then the two respec-
tive voltages are .5 for the first and 100 x .2 or 20 volts
the second and the gain is 20/.5 or 40 times.

"The audio voltage calibrations apply to constant audio volt-
ages from 150 to 50,000 cycles. The calibrations indicated
upon the Level Control and multiplier are within 15 to 20 per-
cent accurate. These voltage calibrations do not apply to 25
to 60 cycle a -c line voltage or to ham voltages.

"This sacrifice of voltage calibrations at these low frequencies
is deliberate in order to be able to distinguish hum voltages
from the normal modulating voltages.

"The control grid circuit of the amplifier tube is isolated
from external d -c voltages, which means that the a -f channel
can be used to check an audio signal any place in a radio re-
ceiving system or in an audio system where such an audio signal
may exist.
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"The blocking condenser C-29 enables application of the chan-
nel to points which carry d -c voltages not exceeding 1,000
volts. The high impedance input enables application of the
A -F Channel to ,rid as well as plate circuits in audio systems
WITHOUT INTERFERING with the normal operation of the amp]ifier
system. The input impedance of the audio channel is about
2,000,000 ohms.

HOW THE A -F CHANNEL IS USED

"1. As an independent single -stakes_ high -pain amplifier hav-
ing flat resnonse over the high-fidelity audio range. (The

output of the RF-IF Channel can be amplified by the A -F Chan-
nel).

"2. As_an independent single -stage, high -gain voltage ampli-
fier coup zn two separate addi6 amplifiers, or an amplifier
and another audio device.

"3. As a means_of checking differqnt audio voltage_leyels, in
different units or the same unit.

"4. As a means of listening to or visually_obscrving an_audio
signal present at any point in an audio system, at plac.2s
where the signal is supposed to be present and at points where
the signal is not supposed to be present. For visual obser-
vation an oscillogranh is necessary.

"5. As a means of checking the pl-esenceof.hum by listening
or by approximating the level.

11 6. As a means of checking noise in audio systems.

THE ELECTRONIC VOLTMETER

"This device is unique in every respect and like the other
Channels in the Chanalyst, has no counterpart in the servicing
industry. Also, a single instrument; we identify it as the
Voltmeter Channel because of the many functions it performs.

"Unlike the other Channels, the Electronic Voltmeter does not
use an electron -ray indicator tube; instead it employs an
amplifier tube utilized as a d -c vacuum -tube amp]ifier. There-
fore, it is a vacuum -tube voltmeter of the d -c variety and is
not suitable for a -c voltage measurements.

"The Electronic Voltmeter will read both positive and negative
voltages without any switching of leads or connections. In
other words, one-half of the total scale is devoted to d -c
voltages which are negative with respect to the common lead,
which may be connected any place in the receiver or amplifier
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being checked, and the ether half of the total scale is devoted

to d -c voltages which are positile with respect to this common

lead. The meter is calibrated in four ranges:

-5 volts to 0 to f5 volts

-25 volts to 0 to 425 volts

-100 volts to 0 to l.00 volts

-500 volts to 0 to 4500 volts

"All of these voltage ranges are availbble with a constant in-

put impedance of approximately 10,000,000 ohms.

"Special design features enable the Electronic Voltmeter to

measure ANY D -C VOLTAGE, either operating or control, ANYWHERE

IN THE SYSTEA WITHOUT INTERFERING WITH THE OTERATION OF THE

RECEIVER OR ATLTFIER AND WHILE THE SIGNAL IS PRESENT IN THE

CIRC7IT. Furthermore, th's voltage may be EITHER POSITIVE OR
NEGATIVE with respect to ground or any selected point in the

system being checked.

"Ac a result of its extremely high input impedance, high re-
sistances which PO greatly hamper the cverage high -resistance
voltmeter have very little if any eife(t upon the indications
obtained w'th the Electronic Voltmeter. The d.c voltage pre-

sent in any point in the radio receiver, amplifier or device
being cheeped can be estalliohed by sl.mply placing the Elec-
tronic Voltmeter probe tin in contact wit hthat po'nt.

"A brief resume of general test=; of all -embracing character
which can be made with the Electronic Voltmeter are as follows:

"1. Measure any d -c voltage beween 0 and 500 volts, plus or

minus with respect to any commoei point.

"2. Measure rectifier voltages between 0 and 500 volts plus

or minus, et the place where re-ti-rication takes place with-

out interfering with the operation of the c4rcuit.

'13. Measure d -c voltages at the control grid, screen grid,
cathode and plate terminals of oscillating, rectifying or
amplifying vacuum tubes without interfering vitb. the function
of the tubes, with the sienal present in the tube circuits.

"4. Measure leakage volteges through various radio devices.

"5. Measure very low values of voltage developed by sources
which do not permit current drain in excess of 2 or 2 Wcro-
amperes, such as bias cells:
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THE WATTAGE INDICATOR CHANNEL

"The Wattage Indicator Channel does just what the name denotes.
It indicates the wattage consumption of the radio receiver,
amplifier, or device being tested. It is operative upon a -c
and a-c/d-c devices. On a -c devices, it is based upon an So
percent power factor, which is the power factor of the power
transformer under load as used in the average radio receiver,

"Referring to the schematic wiring diagram in Figure 16, the
wattage indicator as well as the complete Chanalyst power
supply circuit is shown.

"The wattage indicator circuit consists of a current transfor-
mer, diode rectifier and indicator. The power circuit of the
device under. test is placed in series with the current trans-
former by means of the power receptacle located at the rear
of the Chanalyrt chassis, and identified as "Test Watts". The
wattage indicator Level Control is calibrated in Watts with
respect to zero shadow angle upon the 6E5 electron -ray, that
is, with the eye just closed. The power consumed by the device
under test, assuming it to be an a -c device, then is indicated
by the setting of the "watts" control when the eye "just closes."
This is the actual power consumption within about 10 percent,
which is normal tolerance. The range of indications is 4'rom
25 to 250 watts. When checking devices of unity power factor
the power consumption indications are multiplied by 1.25.

"The idea behind the use of the wattage indicator is that it
provides an extremely rapid method of establishing power sup-
ply short circuit and other conditions which prohibit further
voltage or signal tests. When made simultaneously with a d -c
voltage test, it furnishes positive identificetion of the type
of trouble in a "dead" receiver or amplifier or one with re-
duced sensitivity. The power consumption can be compared with
data furnished in Rider's Manual or in service notes secured
from other sources. The power consumption test supplemented
by the simultaneous d -c voltage test will show "opens" es well
as "shorts" upon B supply circuits, as well as subnormal or
abnormal loads upon the power supply due to discrepancies in
the various tube circuits. All this can be done instantaneously
and without endangering the components in the device by pro-
longed exposure to overloads or extremely high voltages,

GENERAL SUVARY

"We have completed a general description of the Rider Chanalyst
and have described In brief just whfch elements constitute the
various channels, the location of the respective controls upon
the panel and a general idea of Ithal, these channels will do.
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"All of the circuits employ a single free return or "ground"
which, however, is not a ground in the ordinary sense of the
term. It may be connected to the chassis for signal checking
or to a cathode for voltage measurement, if the return for the
voltage points is the chassis, it remains at that point for
all measurements. It is a "free" ground. In other words, it
may be connected to whatever point is the return circuit for
signal or d -c voltage measurement.

"Concerning this ground, it is not connected to the primary
circuit other than through the filter network C25 -C26, hence
the Chanalyst can be used with all receivers, providing that
AC power is available to operate the Chanalyst."

Although the above explanation gives only the general tests
which can be made with this instrument, you should not have
any difficulty in determining many specific applications of
it to an inoperative receiver. In fact, by properly using
this instrument, considerable time will be saved in trouble
shooting.

These explanatioas conclude our description of general test-
ing methods therefore, starting with the next Lesson, we will
take up the application of these methods for locating the
common causes Of Radio Receiver defects.
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"All of the circuits employ a single free return or "ground"
which, however, is not a ground in the ordinary sense of the
term. It may be connected to the chassis for signal checking
or to a cathode for voltage measurement, if the return for the
voltage points is the chassis, it remains at that point for
all measurements. It is a "free" ground. In other words, it
may be connected to whatever point is the return circuit for
signal or d -c voltage measurement.

"Concerning this ground, it is not connected to the primary
circuit other than through the filter network C25 -C261 hence
the Chanalyst can be used with all receivers, providing that
AC power is available to operate the Chanalyst."

Although the above explanation gives only the general tests
which can be made with this instrument, you should not have
any difficulty in determining many specific applications of
it to an inoperative receiver. In fact, by properly using
this instrument, considerable time will be saved in trouble
shooting.

These explanatioAs conclude our description of general test-
ing methods therefore, starting with the next Lesson, we will
take up the application of these methods for locating the
common causes of Radio Receiver defects.
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QUESTIONS

How many advance Lessons have you now on hand?_

Print or use Rubber Stamp.

Name

Street

Cjty _State

1. What is meant by "Dynamic" iesting

Student
_No.

2. How are we able to interpret the "readings'' on the screen of
a cathode ray tube, used for dynamic testing?

3. What is the advantage of dynamic testing?

4. Under what conditions should a vibrator be tested?

5. Why is it generally a good plan to replace defective vibrator
units?

6. What is the time efficiency of a vibrator?

7. What should be the relation between the upper and lower portions
of the wave of a properly operating "non sync" vibrator?

8. As a general rule, between what range of input voltages should
a good 6 volt vibrator remain operative?
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QUESTIONS (Contirued)

Name Student No.

9. What is the main difference in the patterns produced by odd
harmonic and even harmonic distortion?

10. What commonly causes an overload pattern, like Figure 15, to
appear on the screen of an oscilloscope?
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TYPICAL FAULTS

In the first Lesson of this Radio and Television Servibing
Section, we listed six general types of trouble as follows.;

No Signals
Lack of Volume
Broad Tuning
Distortion
Noisy Reception
Intermittents

This grouping was made on the basis of customer complaints,
rather than electrical defects because, in almost every case,
the complaintlis the starting point of a diagnosis, test and
final repair. Also, as one defect c:in cause more than one of
the general types of trouble, by basing our explanations on
the complaint, we can follow practical procedure more closely.

With this general plan in mind, the former Lessons included
instructions on making 5 general diagnosis, identifying the
circuit, making continuity tests, tracing circuits, analysis
of operating voltage tests and dynamic testing. These ex-
planations covered all service work in a general way and,
starting with this Lesson, we are going to show you how to
apply. these various tests to the six general types of trouble
listed above.

NO SIGNALS

Thinking of all the component parts of a complete Radio re-
ceiver, there are possibilities for an almost unlimited number
of defects, any one of which could prevent operation and pro-
duce the condition of "No Signals.11 Instead of considering
these individually, our general plan is to think of the func-
tion of the parts and thus, by grouping on this basis, all
possible defects will fall into four general classes or loca-
tions.

1. The tubes
2. The power supply
3. The supply circuits
4. The signal circuits

A little thought will show that these four divisions include
all of the parts of any receiver and the failure of any one
could make the set inoperative. Fortunately, most failures
are caused by a single defect but there are cases in which
the original failure, or defect, produces circuit conditions
which, cause a second and perhaps a third defect.
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For example, as explained in the earlier Lessons, an open in
the high voltage supply circuit might cause a filter condenser
to puncture therefore, the first defect could be the direct
cause of the second.

Going further, the punctured filter condenser might allow
sufficient current to burn out some other component and thus
the recend defect could be responsible for the third.

Of course, if the power supply was turned off when the first

defect occurred, the others would not happen but the average
owner waits to see if the set will not start again after it

has stopped and may forget to turn off the switch.

We mention this condition mainly because it is often puzzling
to dia%nose a case of trouble which has several defects,
anyone of which could produce the "No Signal" complaint
However, the main job is to find and remedy the trouble nc
matter how many defects are present.

For this Lesson, we will assume a Radio Receiver which will
not reproduce any signals or as the owner will usually say,
"It won't play."

TUBE TROUBLES

Going back to the earlier Lessons of this series, when a
receiver is in this condition, it is best to make a quick
visual inspection, paying particular attention to the general
condition of both the chassis and cabinet. The accumulation
of dust en the tubes and other components mounted on top cf

the chassis will indicate who-ther or not it has been r,,i.ked

on recently. Sometimes, the lack of dust or presence of
finger marks will contradict the owner's story that no one
has touched it.

An inspection of the attachment cord and plug will sometimes
reveal a broken wire or other defect while an examination of

the cabinet ,d11 show whether the receiver has been dropped
or received other abuse. No matter what seems to be wrong,

the receiver is your responsibility and even though tne
owner's story is contradictory to tne symptoms of your in-
spection, it is poor business policy to argue with him.

Instead, take a somewhat symrathetic attitude, encourage him
to tell you all of the details beca-ise, his complete story
in conjunction with your inspection, will usually provide a
fairly accurate history of the job. While not strictly tech-
nical, information of this kind is often helpful in marine a
complete diagnosis and repair.
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Whenever possible, do not make any extensive tests in the
presence of the customer, especially if it is necessary to

remove the chassis from the cabinet. His conversation and
"advice" maybe distracting to you and seeing his property
"torn down" may be irritating to him. The better plan is to

have him leave the receiver for an estimate on the cost of
repair.

This arrangement saves you unpaid time, spent in conversa-
tion, and permits you to make your diagnosis without dis-
traction. Some service men have a fixed "Service Fee" which
they charge for making a diagnosis while others include the
time spent for this work in the repair bill. The service
fee has the advantage of allowing the service man to collect
for his time even though the customer does not permit him to
make the renair.

Some customers may insist on an immediate estimate and, fol-
lowing the explanations of the earlier Lessons, you may be
able to make a complete diagnosis. The method of estimating

your charges will be taken up later but there is one noint

we want to mention here.

From the profit, are better off to lose a

repair job than to do the work at a loss. Therefore, do not

cut your estimate for the "shopper" type of customer if he
threatens to take his work elsewhere.

Getting back to technical subjects, and assuming that you
are ready to go to work on a receiver which has been brought

in because "it won't play", the first step, after your general
inspection, is to test the tubes.

When a tube tester is available, it should be used to make
the tests and, of course, all bad tubes must be replaced.
As we have told you before, the tubes must be in good order
to obtain proper operating conditions and that is why the
tubes should be tested first. This is also the reason why a
tube tester is one of the first units a Radio serviceman
should purchase.

When starting a service business on limited capital, some
men take the tubes to an established dealer and let him make

the tests but this is satisfactory only as a temporary
arrangement. In most cases, the dealer does service work
also and objects to the use of his test equipment by a
competitor.

With a stock of new tubes on hand, tests can be made on the

replacement plan. The original tubes are replaced, one at
a time by new tubes of the same type but, this method is
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satisfactory only when the circuits are in proper operating
condition. While a defective tube will not operate in a good
circiut, a good tube will not operate properly in a defective
circuit.

Because of this situation, the common procedure is to test
the tubes first and then, knowing them to be good, go to work

on the circuits. This method has the advantage of immediate-
ly locating faults due to defective tubes and thus eliminates
any unnecessary tests or work on the circuits.

The explanations of this Lesson are based on the typical cir-
cuits of Figures 1 and 2 where you will find several dual pur-
pose tubes such as the 6A8G and 75 of Figure 1 with the corres-
ponding 6SA7 and 6SQ7 of Figure 2. When tested, these tubes
should be checked for both their functions, the "Osc" and "Amp"
sections of the mixer tubes as well as the diode and triode
sections of the 75 and 6SQ7.

Following the same plan, the 80 rectifier of Figure 1 and the
5Y3GT of Figure 2 both contain two plates, each of which
should be tested separately. No natter what you may suspect,
always make a complete test of the tubes not only to locate
the immediate defect but to prevent future failures.

POWER SUPPLY FAILURE

Should a receiver still fail to reproduce signals, when all
of the tubes are known to be good, the next logical step is
to check the power supply. Even good tubes must have the
proper voltages applied to the various elements, in order to
perform properly and the proper place to make initial tests
is at the voltage source.

However, in this case, there are no signals and the defect
may be a short which, if the power were turned on, would
cause further damage. Therefore it is best to make a few
preliminary tests before starting your regular routine.

In the previous Lessons on Continuity Testing, Circuit Trac-
ing and Voltage Analysis, the a-c/d-c type of Power Supply was
explained in detail therefore for Figures 1 and 2 of this
Lesson we have shown the conventional a -c type with a power
transformer and full wave rectifier.

Starting with the power transformer of Figure 1, there are
four windings with a total of nine terminals. The primary,
at the left connects to the supply line through the "On -Off"
switch and the circuit includes the .006 mfd line condenser
from switch to ground.
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There are three secondary windings and, as shown in the dia-
gram, the upper one supplies low voltage at comparatively
high current to the rectifier filament. The middle secondary,
with a center tap connection, supplies high voltage at com-
paratively low current to the plates of the rectifier tube.
The center tap is the common return for both plate circuits.

The lower winding supplies low voltage at comparatively high
current to the heaters of all the other tubes. The complete
heater circuits are not shown on the diagram but one end of
this winding is marked "F" while the other end is grounded.
Then, as each of the heaters is marked in the same way, it
indicates that all of the "F" points are connected to the
transformer "F" which means that all the heaters are in
parallel across this winding.

A short in any of these windings would cause the transformer
to overheat but the action would be comparatively slow and
would not injure any other parts although it might cause the
fuse of your lighting circuit to "blow". A short in the cir-
cuits connected across the low voltage windings would have a
similar effect and, ordinarily would not damage any other
components. However, a short in the high voltage circuit
would allow excessive current, through the rectifier tube and
other components, which could cause additional damage.

One method of checking this condition is to arrange a special
lighting circuit outlet connected in series with an ordinary
60 Watt Lamp. This can be done by cutting one wire of an
ordinary extension cord and connecting the cut ends of the
wire to the terminals of a standard lamp socket or outlet.

The line cord of the defective radio is plugged into this out-
let which, electrically, places the receiver in series with
the 60 watt lamp. If there is no short, the lamp will glow
when the receiver is turned on, the intensity of the glow
depending on the number of tubes in the Radio. Should the
lamp light at full brilliance, a short is indicated and it
will not be safe to connect the radio directly to the light-
ing circuit.

When a short is indicated, many men remove the rectifier tube
because, if the brilliance of the lamp reduces noticeably
when this is done, the short is in the high voltage circuit.
Other men make a continuity or resistance test between the
rectifier tube output terminal and ground. An indicated
resistance of less than about 2000 ohms indicates trouble in
the high voltage circuit.

A zero, or very low resistance reading, indicates a short in
the first filter condenser and one of its connecting wires
can be removed. Should the resistance reading increase to
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2000 ohms or more, when this wire is removed, you can assume

the trouble is in the condenser and the short has been removed.

Because this test must be made after the test lamp has indi-

cated trouble, some men do not bother with the lamp test at

all but make the continuity test first.

Should the continuity test indicate a resistance of from 200

ohms to 1000 ohms, it would indicate troubie at the filter

output, possibly in the filter condenser connected across the

output. Here again, removal of one condenser wire will show

if the condenser is at fault.

When the short still remains, it is necessary to follow the

high voltage circuit and disconnect one wire of all bypass

condensers connected to it. Removin; the connecting wire of

the defective unit will cause the indication of the rectifier

to ground resistance to be normal. As soon as this condition

is obtained, it is usually safe to plug in the receiver for

further tests.

A voltage test is perhaps the most convenient and, as a trans-

former operates on a -c, an a -c voltmeter mest be used. With

the switch turned on and the attachment cord plugged into a

lighting circuit outlet, the full line voltage should be indi-

cated on the voltmeter when it is connected across the primary

and, as most home lighting circuits are rated at 100-120 volts,

the meter range should be about 150 volts.

To test the secondary voltages, the test meter can be connec-

ted across the transformer terminals or the proper terminals

cf the rectifier and other tube sockets. Usually there are

four wires between the power transformer and rectifier tube,

two for the heater or filament and two for the plates. A

check on the base diagram of the tube will enable you to iden-

tify the socket terminals.

Before making the tests, remember the heater operates at a

low voltage, suitable for a 10 volt scale while the plates
operate at a high voltage which requires a 1000 volt scale

for the first readings at least.

With the test meter on the 10 volt range, place the test
prods on the filament terminals of the rectifier gibe socket

and the reading should be approximately the specified value

as given in a tube chart, which is 5 volts for a type 80. Be

very careful that the test prods do not come in contact with

the chassis or any other socket terminals.

To test the plate voltage, make sure the test meter is on a

high range, preferably 1000 volts, and then place one test

prod on the chassis. The other -bust prod is placed first on
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one plate terminal of the rectifier tube socket and then on

the other plate terminal. Both these tests should indicate
the same value of voltage, usually somewhere between 250
volts and 4o0 volts.

One word of caution here. The plate to plate voltage cf the
rectifier is twice that between either plate and the chassis
therefore, unless your test meter has a sufficiently high
range, do net place one test prod on each of the plate ter-

minalt. This Lest is really not necessary because, if both
plate to ground tests are equal, that is the correct opera-
ting conditien.

The third transformer secondary supplies the Heater current
for the other tubes and operates at a voltage comparable to
that of the rectifier heater secondary. For a circuit like
Figure 1, this voltage can be measured by placing one test
prod on the chassis and the other on the ItF" terminal at the
transformer Cr the tube sockets.

Transformer trcubDes consist of opens or shorts. An open
circuit in any winding will prevent current and thus, an
open pri.oary will prevent voltag3 in any of the secondaries.
An open in a secondary will cause zero voltage across that
winding only.

In cases of zero voltage, make a close inspection of the
transformer wires or lugs at the transformer. Sometimes

the open occurs at the junction of the Wire of the winding
and the external connecting wire and can be repaired. How-
ever, if the open is somewhere inside the winding, it is
seldom practical to attempt a repair.

When a short circuit occurs, the transformer will overheat,
or blow a fuse, when one is provided.. Snorts which occur
in the external circuits can be corrected but, as explained
for opens, Ihhen a short occurs inside, between the turns of
a winding, it is seldom practical to attempt a repair.

Going back to Figure 1, the output circuit of the rectifier
is from the filament to the center tap of the high voltage
secondary and, due to the action of the tube, all voltages
in it are D.C. Thus, to test the veltares here, a D.C.
meter is required.

As the D.C. output voltage of the rectifier is comparable to
the A.C. plate voltage, the test meter scale must be quite
high. For ordinary receivers, 500 volts may be sufficient
but, for the first tests at least, a 1000 volt scale will
provide greater protection for the meter.
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The d -c output voltage of the rectifier can be measured by
placing one meter test prod on a heater terminal of the recti-
fier tube socket and the other test prod on the chassis or
center tap of the high voltage secondary. As this is d -c,

the "+" terminal of the test meter must be connected to the
rectifier heater. Sometimes it is difficult to determine the
polarity of the test circuit therefore, should the meter hand
deflect in the wrong direction, reverse the positions of the
test prods.

Looking at Figure 1, you will see that this test places the
meter across the first filter condenser and, should the con-
denser be shorted, the test reading would be zero. This
defect has been mentioned before and should be corrected be-
fore the receiver is plugged into the lighting circuit.
Often, the receiver will reproduce signals as soon as this
condenser is removed from the circuit. The remedy here is to
replace the condenser but be sure the new one has the same
capacity and voltage ratings.

In case an exact duplicate is not available, the capacity of
the new condenser may be larger or smaller by 20% without
causing any appreciable difference in operation but, its d -c
operating voltage should be at least one and one half times
the a -c plate voltage of the rectifier tube. A higher volt-
age rating will increase the expected life of the condenser.

An open condenser, connected across the rectifier tube output
circuit will cause an appreciable drop in the d -c voltage.
For the a-c/d-c type of power supply this reduction of voltage
may be sufficient to prevent operation but, for their a -c types,
the reduced voltage is usually sufficient to permit some sig-
nals to be heard.

For this power supply test, if the d -c output voltage is
appreciably lower than the a -c plate voltage on the recti-
fier, it is a good plan to connect a good condenser temporari-
ly in parallel to the original condenser. When this addition
to the circuit causes an appreciable rise of d -c voltage it
is safe to assume that the original condenser is open or has
a greatly reduced capacity. In either case, it should be re-
placed.

The actual capacity of condensers can be measured with "Con-
denser Testers", now on the market and, if one is available
it can be used. However, at this time we are testing the
output voltages of the power supply and, knowing the purpose
and effect of the filter condensers, can make the voltage
tests serve also as capacity tests.
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For the next test, referring to Figure 1, the 1100 ohm field
winding of the Dynamic Speaker is used as the filter choke
and, the voltage across the rectffier output is also the volt-
age input of the filter. To measure the filter output voltage,
the positive test prod is moved to the other end of the field
winding while the negative prod is held on ground or the cen-

ter tap of the high voltage secondary.

Checking un in a tuoe manual, you will find the normal plate
and screen currents of all the other tubes add up to a total
of approximately 60 milliamperes and, as there are no voltage
dividers, this can be considered as the field current.

By Ohm's Jra, 60 milliamperes through 1100 ohms will cause a
drop of 66 volts therefore, for normal operation, the filter
output voltage should Pe 66 volts less than the filter input
voltage.

If the difference in voltage is less, it indicates a high re-
sistance or open in the plate or screen grid circuits of the
other tubes. If the difference in voltage is greater, it in-
dicates a low resistance or short, in the plate or screen
grid circuits of the tul,es.

With an indicated value of filter input volta:ve but zero out-
put voltage, eitner a seort or open might be indicated. How-

ever, as a short would overload the rectifier and cause it to
heat, a short can be identified easily and should be found in
the first test, made before the power was turnel on.

When the test indicates an open, it must be in the speaker
field circuit. As the field binding is located in the speak-
er, the connecting wires are usually quite long and often in-
clude a plug and socket. The best plan here is to shut off
the power and make a continuity test of the complete circuit.

As explained for the transformer windings, any external de-
fect can usually be remedied but an open, inside the Idnding,
makes a replacement necessary. Replacement field windings
are avilable but must be of the proper dimensions and have
the required d -c resistance. A 10% variation of resistance
will cause no appreciable difference in performance.

As we mentioned before, when the original test continues to
indicate a short, even rith the filter output condenser dis-
connected, the complete high voltale circuit must be checked.
Thinking of condensers, in the circuit of Figure 1, there is
an .006 mfd condenser connected between the 6A050 :gate and
ground. A short in this unit would cause test indications
about the same as a shorted filter output condenser.
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There is a .05 rfd condenser between the 6A8G screen grid
and ground and while a short here would allow high current,
it would pass through the 20 M ohm resistor, in series between
the filter output and screen grid. This value of resistance
is sufficiently high to pass the original test for shorts and,
with the power turned on, would allow a fairly high value of
voltage to be indicated on the test meter at the filter output.
However, the excess current in the resistor would cause it to
overheat and usually a visual inspection would show it to be
charred or its paint blistered.

Like the filter condenser, these bypass condensers can be
disconnected or, with the power shut off, they can be tested
with an ohmmeter. However, due to parallel paths in the com-
plete circuit, one side of the condenser should be disconnec-
ted to make an accurate resistance test.

With all bypass condensers disconnected, a low voltage at the
filter output would indicate high current due to defective
wiring or high tube currents. The wiring troubles are mainly
mechanical and can usually be found by inspection, paying
particular attention to those points at which the wires cross
or touch exposed points of the circuit.

As the tubes were tested and found to be good, excessive
plate and screen currents must be caused by circuit defects,
the most common of which is low voltage due to a defective
bias resistor nr its bypass condenser. Sometimes, a leaky
coupling condenser in a resistance coupled stage will allow
the plate voltage of the preceding tube to be impressed on
the grid. This condition produces a positive grid bias which
results in excessive plate and screen grid currents.

In the ordinary Receiver circuits, only the output tubes will
draw sufficiently high plate and screen currents to produce
a distinOt drop of filter output voltage therefore you can
concentrate on the circuits of the output stage when this
condition is found.

In the circuits of Figure 1, you will find a 50 ohm resis-
tance connected between ground and the center tap of the high
voltage secondary of the power transformer. The current of
approximately 60 milliamperes (current drawn by 75 tube is
small) is carried by this resistor to produce a 3 volt drop
to bias the grids of the 6A8G and 6U70 tubes. You can check
this by noting that the cathodes are grounded while the grid
circuits connect directly to the center tap of the high vol-
tage secondary of the power transformer, through ave circuit.

Thus, to complete the voltage tests of the power supply it is
necessary to check the voltages at the socket terminals of





Lesson RTS-7 Page 11

the tubes. The general plan to be followed for this work was

explained in the "Voltage Analysis" Lesson.

To provide some practice, we want you to apply our explana-
tions for Figure 1 to toe circuits of Figure 2. You will

find the circuits are very similar, a fact we want you to
remember because it is true for all receiver circuits of the
same general type. The plan which we followed for the power
supply of Figure 1 will apply to all receivers of this type.

OUTPUT CIRCUIT FAULTS

To cover as many defects as possible, we will assume that the
receiver of Figure 1 has all good tubes, everyone of which
is supplied with proper operating voltages and still, "it
won't play." Thinking of the four general classes of trouble,
listed earlier in this Lesson, the first three have been
checked leaving only "The Signal Circuits."

These signal circuits extend from the antenna to the speaker
but, following general practice, .1)%re will start at the speak-

er and work back to the antenna.

Before going further it is well to make use of some simple
tests mentioned in the former "General Diagnosis" Lesson.
Removing and replacing the output tubes shoula cause a click
in the speaker or placing your finger on the detector grid or
diode should cause a hum.

If you have a modulated test oscillator with provision for
obtaining the 400 cycle modulation frequency at separate ter-
minals, this voltage can be applied to the grids of the out-
put tubes and should produce a 400 cycle note in the speaker.

Should the speaker still fail to produce sound, the trouble
must be in the output transformer secondary or the speaker
voice coil circuit, because the field winding was checked as
a part of the power supply filter and the tests explained in
this Lesson cover the plate circuit of the output stage and
thus inclUde the primary of the output transformer.

As this circuit carries signal voltages only and there are
no signals, it is best to make a continuity test in conjunc-
tion with a visual and mechanical insnection. For the con-
tinuity test, one voice coil connecting wire should be
disconnected, preferably at the speaker. Then, with one test
prod on the connected terminal of the voice coil and the
other test prod on the disconnected terminal, the continuity
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of the voice coil can be tested. By moving the test prod
from the disconnected terminal of the voice coil to the end
of the wire which was removed, the continuity of the output
transformer secondary can be tested. Should either the voice
coil or secondary winding test open, a replacement is neces-

sary.

For the mechanical inspection, the voice coil can be moved
by nressing the center of the cone with your finger and its
movement should free without binding or scraping. Sometimes,

the voice coil will expand sufficiently to wedge it in the
air gap and when this happens, there will be no sound even
though the circuits are in good order. A scraping voice coil
can often be cured by centering, a subject which will be
taken up in a later Lesson on Distortion.

FAULTY COMPONENT PARTS

For the preceding explanation, we assumed correct operating
voltages on all of the tube elements but, checking the cir-

cuit of Figure 1, you will find a number of component parts
which do not carry any of the power supply current.

We have already mentioned the voice coil circuit of the
sneaker and moving back toward the antenna, you will find a
one megohm resistor in the 6PSG gria circuit, a ten megohm
resistor in the triode gria circuit of the type 75 tube as
well as the 500 M control and 50 14 resistor in the diode cir--
cult of this same tube.

Defects in any of these components could cause the "No Signal"
condition but they are not included in the tests of the power
supply voltages. The usual procedure is to make continuity
tests on these parts, checking the complete circuit in which
they are connected.

The diode circuit of the type 75 tube as well as the control
grid circuit of the 6U7G tube include the tuned secondary of
an i-f transformer. As we mentioned before, the r,-sistn.nce
of the co-kdon types of i-f transformer windings varies from
about 25 oums to 50 ohms and the trimmer condensce, connected
across the vending, should have a r..sistaneo too high for the
ordinary ohmmeter. Thus, a continuity test from the tube to
the opposite end of the winding should indicate the compara-
tively low resistance of the coil only.

An open or shorted coils indicated by a high or low resis-
tance, usually makes a replacement nccess-4ry but, as explained
for other windings, a visual inspection may locate trouble at
the joint between the coil and connecting wires.
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TUNING CONDENSER

The tuning condenser is a simple unit, both mechanically and
electrically and ordinarily does not cause trouble. However,

due to an accident, tampering or an accumulation of dust, an
electrical short may occur between the stator and rotor
plates.

The circuit of Figure 1 shows a 3 gang condenser, two of
which are employed for the band pass filter between the 6A8G

control grid and antenna while the third gang tunes the oscil-

lator.

Should any of these gangs short, the coil they are connected
across would also be shorted and could not develop a signal

voltage. Thus, with all of the other parts in perfect ccn-
dition, a shorted tuning condenser can prevent signals from
reaching the tube and naturally, under tnese conditions, they
could not be heard in the speaker.

The circuit arrangement of the coil and tuning condenser is
like that of the speaker voice coil and output transformer
secondary therefore, to make a separate continuity test of
the tuning condenser, one set of plates must be disconnected
from the circuit.

As the rotor plates are often grounded, the connecting wire
is removed from the stator plate terminal. The continuity
teater is then connected from the stator terminal to the
rotor and the meter is watched as the tuning dial is turned
from one extreme to the other.

The test meter should indicate infinite resistance, when the
tuning condenser is in proper condition, but will indicate a
short if the plates touch. 'When making this test be sure
the rotor plates are turned for the complete distance they
can move.

When a short is indicated, it can usually be eliminated by
bending the plates slightly. This job, usually done with a
thin bladed knife, is known as "Knifing the Plates" and a
visual inspection, locking through between the plates, will
usually show the points of contact.

Before reconnecting the condenser, always mike a continuity
test of the coil. It contains a comparatively small amount
of sire and, on the ordinary ohmmeter, may test as a short.
If the ohmmeter has a "Lo Ohms" scale, it is usually possible
to read a value of about 5 ohms for Broadcast Coils down to
less then .1 ohm for short wave coils.
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In the common types of mixer tubes, such as the 6A8G of Fig-
ure 1 and the 6SA7 of Figure 2, the anode voltages are check-
ed on the supply voltage tests but even when these are correct,

the oscillator may not operate.

The grid next to the cathode or "G1" is the oscillator grid
for both the mixer Lubes mentioned above and, like the signal

circuits, it does not carry any of the power supply current.
However, a voltage test can be made to determine whether or
not the oscillator is working.

In the circuit of Figure 1, you will find a 50 M ohm resistor

connected between G1 of the 6A8G tube and ground. On the

same plan, there is a 20 M ohm resistor connected between G1

of the 6SA7 tube and ground in the circuits of Figure 2.

To, cause oscillation, sufficient energy from the plate or
anode is fed back to the grid to cause grid current and this
current will cause a D.C. voltage drop across the grid re-

sistor. The polarity of this voltage drop will make the grid
and of the resistor negative.

While actual values will vary in the different circuits, there
should be from about 4 volts to 15 volts developed across the
grid resistor of an oscillator which is working properly.
However, when making this test, be sure and rotate the tuning.
condenser for its full travel to make sure the oscillator
operates over the entire frequency range. For all wave re-
ceivers, thetest should be repeated for each band.

Usually, this -test can be made by connecting the test meter
between the G1 terminal of the mixer tube socket and ground.
When a separate oscillator tube is used, you can test from
its control grid to ground.

Some tubes which test good in the ordinary tube tester, will
not oscillate when placed in the receiver therefore, when
your test indicates the oscillator is not working, it is a
good plan to try another tube or two, if you have them, be-

fore making any further tests.

Should none of the new tubes oscillate, then the oscillator
coil and tuning condenser should be checked the same as the
secondaries and other tuning condenser gangs. Also, a con-
tinuity test should be made for the oscillator grid circuit
and, if a coupling condenser is used, it should be tested
also.
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In the circuits of Figure 1, there is an .05 mfd condenser
between G2 of the 6A8G tube and the lower end of the oscil-

lator coil. In the circuits of Figure 2, there is an .00005

mfd condenser between Gy of the 6SA7 tube and the wave band
switch which connects to the different oscillator coils. A

short or open in these coupling condensers could prevent
oscillation.

It is usually worth while to reverse the connections to one
winding of a double coil or one section of a tapped coil as
circuit changes, which reverse the polarity of the feed back
voltage, may have been made.

When all other remedies fail and the circuit tests out proper-
ly, it is usually necessary to replace the oscillator coil.

INPUT CIRCUITS

The only remaining part of the circuits of Figure 1 is the
antenna or input circuit. It consists of a single coil,
connected to the antenna at one end and grounded at the other.

Like other circuits of this type, it should be tested for
shorts and opens and the tests should include all connecting
wires. To be sure, make your tests all the way from the ter-
minal or jack, to which the external antenna is connected, to
the actual ground.

For receivers with circuits like that of Figure 2, these
tests should be made in every position of the wave band
switch. Always check the input circuit carefully to see if
it contains a switch of this kind because, especially in the
smaller two band receiver models, the switch may not be
marked plainly or may be mounted on the side or back of the
chassis.

Many valuable hours have been wasted in hunting for trouble
in a Receiver which would not reproduce broadcast signals
only to find eventually that an inconspicuous wave band
switch was in the short wave position.

CIRCUIT VARIATIONS

The circuits of Figures 1 and 2 are quite similar and typical
for receivers of this type but they have several variations
we want to point out.

For Figure 1 there is a band pass arrangement between the
antenna and mixer tube control grid to provide greater
selectivity. In comparison, the circuit of Figure 2 includes
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the r -f amplifier stage of the 6SD7GT tube which is resis-
tance coupled to the control grid of the 6SA7 mixer tube. The

band pass arrangement requires a third gang in the tuning con-
denser while the r -f stage, operating with a two gang tuning
condenser, requires the additional tube and coupling com-
ponents between it and the mixer.

The i-f stages, Detector, avc and Power Supply are almost
identical although, in Figure 2, there is a switch to accom-
modate a phonograph pick-up. This switch, with its "Phonon
terminals, makes it possible to use the audio amplifier for
playing records.

The last two stages of the audio amplifier of Figure 1 are
direct coupled as the control grid of the 6AC50 is connected
directly to the cathode of the 6P5G driver tube. This is a

special case and the output tube grid operates at a positive
bias of about 13 volts, equal in value to the negative volt-
age on the control grid of the driver tube.

The output stage of Figure 2 consists of a pair of 66GT tubes
in push pull, the proper phasing of the signal voltage being
obtained by the 6J5 inverter tube.

With these variations in mind, we want you to check the various
tests, explained for Figure 1, to see that in practically
every case, they will apply equally well to the circuits of
Figure 2. Voltage tests can be made on the same plan, re-
gardless of the number of tubes, continuity tests are made in
exactly the same way, no matter what circuit contains the
parts. The signal voltages pass through the same types of
circuits and undergo the same changes.

Thinking along these lines, all receivers are pretty much
alike and when the tubes are all good, the power supply is
working properly, the supply circuits are correct and the
signal circuits are in order, the receiver must operate.

It takes much longer to explain these tests than it does to
do the actual work. With a little experience, you should be
able to make every test explained in this Lesson in a matter
of 10 to 15 minutes and, if you follow a complete and logical
routine, you will find that there are very few "tough" re-
pair jobs.

For our next Lesson we will continue this same general type
of explanation and take up complaints and troubles which are
caused by weak signals or Lack of Volume.
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QUESTIONS

How many advance Lessons have you now on hand?___

Print or use Rubber Stamp.

Name _____,

Street ___

City _ _ _State

Student
No.

1. In what four general classes or locations will all Radio Re-
ceiver defects be found?

2. After a general inspection of a defective Radio Receiver,
what test should be made first?

3. What should be done before "plugging in", or turning on the
power of a Radio Receiver which does not "play"?

4. What effect will an open filter input condenser have on the
rectifier output voltage?

5. What defect is indicated and in what section is the fault
when, without any symptoms of a short, the filter input
voltage is high and the filter output voltage is zero?

6. In the grid circuit of a tube in a resistance coupled stage,
what effect will a leaky coupling condenser have on its grid
bias voltage and plate current?

7. What must be done to make a continuity test of a speaker voice
coil only?

8. What must be done to make a continuity test of a tuning con-
denser?
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QUESTIONS (Continued)

Name Student No.

9. In a superheterodyne Receiver, what test can be made to de-
termine if the oscillator is working?

10. In an output stage with self bias, valet effect will a shorted
bias resistor, or its bypass condenser, have on the grid 'pies
voltage and plate current?
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The important thing in life is to have a
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LACK OF VOLUME

Next to the condition of "IJo Signals," lack of volume is per-
haps one of the most common complaints of Radio Receiver owners.
Like all other humans, their ears will become adjusted to a
comparatively high degree of distortion, they will tolerate
a lack of selectivity, es long as they can tune their favorite
programs without interference but usually call the service
man when the signals are not loud enough to be heard easily.

Although these Lessons are mainly technical, the successful
Radio Service Man must have and practice good Salesranship,
Psychology and Business methods. Technical knowledge and
ability alone is not enough, although it is the foundation
on which the business must be built.

Therefore, in our technical explanations we will include some
of the more common customer complaints and reactions because,
regardless of its technical perfection, your repair job is a
failure unless it satisfies the customer. Re may disclaim
all technical Radio knowledge but he does have very definite
ideas as to what his receiver did, or should do, and you must
satisfy those ideas.

There is a common slogan that "The Customer is always Right"
to which someone has added, "Even when he is wrong" and cases
of this kind require Salesmanship or Diplomacy rather than
Technical rilowledge. It is not only a waste of time but a
liability for your business to carry on a tech:neat argument
with a non-tec:inical customer.

Make it a general rule to avoid all arguments and never con-
tradict a customer. You can not agree iriih him at all times,
and may have to convince him. that he is mistaken, but this
should be cone as a friendly discusion without visible
irritation or anger. Under normal conditions, most of us are
quite reasonable but, when angry, become unreasonable and
will not admit a mistae even though we know we are wrong.

Knowing these conditions, most misunderstandings can be avoid-
ed. For example, suppose a customer brims in a Receiver,
three or four years old, and the accumulation of dust on the
chassis mates it evident that there have been no replacements
for a long period of time. In discussin7 the trouble with
the owner, you become quite certain than all of the original
component parts are still in place and your tests indicate
that one tube has "burned out".

From a technical standpoint, replacement of this one tube
restores the operation of the receiver and the repair job is
complete. From a business standpoint, there are other factors
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to consider, factors which may result in the dissatisfaction
or loss of a customer.

Your inspection and tests indicate that all the tubes are of

the same age and have passed the limit of their normal life
yet, all but one still test fairly good. However, as one tube

has gone bad, it is reasonable to expect the remaining life
of the others will be quite short.

Suppose you replace the one bad tube, return the Receiver to
the customer and, a week later he comes back and says his
set is "Dead again". You test the tubes and find another of
the original ones is bad, although your replacement tube is
as good as new. What are you going to do?

Right or wrong, the customer feels the responsibility is yours.
He is not technical, he brought the job to you, paid you your
price and now, a week later he is back where he started. He

doesn't know and doesn't want to know the difference between
the rectifier tube you replaced a week ago and the mixer tube
which is dead now. The only fact which interests him is that
your repair job lasted but one week, a fact which all your
technical "alibis" can not alter.

You can not afford to give him a new tube without charge,
when the fault is not yours, because that obligates you for
all the other old tubes as they go bad, one by one. Yet', if

you do not make some sort of an adjustment, you may lose a
customer and a certain amount of prestige.

All customers are not alike. In the case we are explaining,
some of them would not even bother to come back and complain.

They would simply assume you are incompetent and go somewhere
else. Others will accept your statement of the facts and pay
for the second tube without question. Your main problems con-
cern the customer who comes back and complains.

Instead of trying to work out a compromise for a situation of
this kind, our suggestion is to avoid them entirely. When
all the tubes of a receiver are old, and about the same age,
sell the customer a new set then, if one goes bad in a short
time you can make good on a guarantee basis.

Should the customer refuse to purchase all new tubes and in-
sist on replacing the bad one only, you can explain the
situation to him and safely prophesy that some other one will
go bad in a short time, also you can emphasize and make a

written record of the type of the new tube you install.

Then, when he comes in the second time, in a diplomatic way
of course, you can say, "I told you so".
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The same general idea. holds in other cases. For example,
when one section of an electrolytic 6ondensei- block goes bads
it is good business to replace the entire block instead of
the defective section only. As we explained for the tubes,
replacement of the defective section may restore normal opera
tion but, as the other sections of the block are the same age,
it is reasonable to expect their future life to be short.

From a financial angle, the replacement section may be less
expensive than the complete block but the installation time
will be about the same; Thus,  Lhe difference in cost to the

customer yin be small. However, if the block has three sec-
tions which are replaced one by one over a period of a few
weeks, the total cost to the customer Tliliebe more than twice
as great as if the entire block were replaced the first time.

Thus, a good complete job the first time may appear to be
higher priced but, in the long run, it saves the customer
money as well as the inconvenience of having -his receiver laid
up for repairs iaore than once. Also, a good complete job the
first time will permit yoe. to stand back of your work and
donate a little time for minor adjustments which may be need.
ed.

To meet this situation in a different way, sane men present
their custaners with two itemized estimates for a repair:
One, to paace the receiver in operation and the other for a
complete job which they can guarantee, Should the customer
take the job fOr operation only, he has no ground for com-
plaint if it goes bad in a short time.

COMPARISON TO CONDITION -OF 5 N0

Getting back to our technical subject, in the last Lesson
we explained a condition of 11No Signalsi and now are going to
explain another common complaint, BLack of Volume.fs In

general, you can think of Lack of Volume as a mild case of
No Signals but, as some signals can be heard it is evident
that all of the circuits are operating to a certain extent at
least.

In our discussion of the No Signals complaint, we covered all
of the circuits of a receiver and the various defects that we
mentioned were assumed to be severe enough to stop the opera-
tion completely. Many of these same defects occur in varying
degrees and will permit a certain amount of operation there-
fore, some of the explanations of this Lesson will be similar
to those of the last.

After you have studied all the Lessons of this series, you
will find that they can be consolidated into one general and
complete test routine which will include all ordinary complaints*
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Therefore, in order to take up all of the many essential
symptoms and tests, it is necessary that we mention the
similarity and differences of the different complaint-.

In general, when a receiver is brought in because of Lack of
Volume, you know most of the tubes are operating to a cer-
tain extent, uhe power 'upply is providing some voltage, and
in most cases, the circuits are complete. Strange as it may
seem, most cases of Lack of Volume are not due to defective
volume controls, therefors their troubles will be discussed
later.

Like the condition of "No Signals" all possible defects which
could cause "Lack of Volume" can be grouped into the four
general classes or locations of:

1. The Tubes
2. The Power Supp:y
3. The Suyply Circuits
4. The Signal Circuits

So far, the two comrlai_nts appear to be the same but, for
lact of volume, the test routine is usually more definite
and not as complete as for a case of No Signals.

The wiring diagrams, used for the illustrations of these
Lessons have been selected to show the various arrangements
and features which are, commonly found in the usual run of
service work. The successful service man should be able to
recognize these variations and similarities in order that he
can make a rapid and correct diagnosis of the symptoms of
trouble.

For the illustration of this Lesson, we show a 7 or 8 tube,
2 band superheterodyne receil-er of the a -c type. The 6U5
Tuning Eye Tube is included in the 8 tube models and omitted
in those of 7 cubes. Although intended to show the resonant
point of the tuned circuits, a tuning eye is a convenient
output meter for the r -f and i-f sections of the receiver.

Checking the diagram of Fig,Ire 1, you will find the grid cir-
cuit of the 6U5 is connected acros3 the 1/2 mcgohm volume
control in series with the 2 megohm resistor in the A.V.C.
circuit, Thus, the voltage on the grid will be proportional
to the detector output, and, the stronger this voltage the
smaller the shadow angle on the tuning eye.

For a complaint of Lack of Volume, the receiver can be turned
on and the action of the tuning eye checked as the tuning dial
is turned. When the shadow angle closes sharply, as different
carrier frequencies are tuned in, it indicates trouble in the
audio section of the Receiver, between the detector and speaker.
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Should the shadow angle of tuning eye show but a slight or
zero deflection; as different carrier frequencies are tuned
in, it indicates trouble between the detector and the antenna.

Thus, when making a general inspection of a receiver, the
action of the tuning eye can be of assistance.

TUBE TROUBLES

Like most other repair jobs, it is essential to start by
testing the tubes. This statement has been repeated a number
of times but it can not be over emphasized. We are all prone
to play "Hunches" to such an extent tha-u frequently re allow
them to over ride our better judgement.

You may feel absolutely sure that some certain condenser, re-
sistor or coil is the cause of trouble in a receiver and will
be tempted to go to work on it before doing anything else.
Your "hunch" may be right but the law of averages is against
you. Even if you are right, the tubes should be tested be-
fore you deliver the job therefore, it is good common sense
to test the tubes first.

For example, the ESF5 inverter tube or one of the 6K6G output
tubes, in the circuit of Figure 1 of this Lesson, might be
completely dead to cause the lack of volume complaint. The
resulting poor quality of the signals might cause you to blame
the speaker but, until good tubes were installed, no speaker
could operate satisfactorily and time spent on the speaker
might be wasted.

Low emission in the rectifier tube may cause a marked reduc-
tion in all plate and screen grid voltages, a condition which
would not only cause reduced volume but might produce symptoms
of entirely different defects.

Another fairly common trouble, especially in certain types of
tubes, is a short between the cathode and heater. Loohing
at the Output Tubes in the circuit of Figure 1, you rill see
that a tube defect of this type would short out the 400 ohm
bias resistor and naturally, other tests would indicate this
condition. However, if you took the time and trouble to re-
move the resistor and found it to be in good condition, you
would be "stuck" unless you remembered that the tube elements
are a part of the various supply circuits.

In cases of this hind, some men remove the tubes and make a
continuity test of the circuit. However this method is not
conclusive because, if the circuit checks properly when the
tubes are out but the signals are faulty when the receiver is
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in operation, the trouble may be in a circuit component which
becomes defective only when operating at its rated voltage
and current values.

In the case we have been explaining, this component was the
tube and therefore its condition should be tested as com-
pletely as that of any other component.

Many other similar examples could be mentioned but, in every
case, you would find that, by testing the tubes first, the

following tests, if necessary, would be simplified.

IMPROPER PLATE AND SCREEN VOLTAGES

With the Manufacturers circuit diagram and other specifica-
tions available, it isa simple routine test job to compare
the actual operating voltages with the correct values.
Usually the diagram and data you need most is bhe information
you do not have and therefore it is necessary to work out

your awn solution.

We have mentioned the value of a tube table for checking
the base connections of the different types of tubes and
now, want you to look at the other data which is given. You

will find one or more values of Plate Voltage with corres-
ponding values of screen grid voltage, control grid voltage,
plate current, screen grid current and often the total cath-
ode current. In addition you will find the plate resistance
and, depending on the type of tube, the amplification factor,
transconductance, load resistance and Power Output.

Except when substituting tubes of different types, the
interelectrode capacities and dissipation values are not of

great importance.

To show you how this information can be put to practical
use, we will assume that a receiver, with the circuit of
Figure 1 of this Lesson, has been brought in with the "Lack
of Volume" complaint. You have no diagram but, following
the routine of tests we have outlined, you find the power
supply is delivering 250 volts to the plate and screen cir-
cuits and your voltage tests at the sockets indicate what
might be a low value at the screen grid of the 6SK7 tube and
also the grids, G2 and G4, of the 6SA7 tube.

A continuity test of the circuit indicates that these screens
both connect to the same point with a resistance in series
between them and the output of the power supply filter. You

have no diagram and therefore do not know what the value of
this resistance should be.
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Looking at a tubo manual or chart, you find that, with 250
volts on the plate, the screen grid of a 6SK7 tube should
operate at 100 volts and carry a current of 2,6 milliamperes.
In the same way, for the 6SA7, the screen grid should operate
at 100 volts and carry a current of 8.5 milliamperes.

As your continuity tests indicate that both screens connect
directly to the series resistor, it must carry the total cur-
rent of 2.6 -4- 8.5 = 11.1 milliamperes. Also, with a 250 volt
supply and a desired operating value of 100 volts, there
should be a 150 volt drop across the resistor.

Knowing the normal values of current and voltage, by sub-
stituting in Ohm's Law, the proper value of resistance can
be calculated. Using the values of this example:

R = . 150 - 13,513 ohms
I .0111

As commercial resistors are made in even hundreds or thou-
sands of ohms, usually with a tolerance of 10%, by adding
10% or 1,351 to the above value the total is 14,864 ohms and
thus, a 15,000 ohm unit is the correct one to use. Refer-
ing to Figure 1, you will find this is the value shown on
the diagram.

Going back to the tube manual, you will find screen voltage
and current values for operating with 100 volts on the plate.
This condition is found in the ordinary a-c/d-c type of re-
ceiver and the screens operate approximately the same as for
the higher plate voltage. With a 100 volt supply and a recom-
mended 100 volts on the plate it is not necessary to install
any series resistance in the screen grid circuits. In the
a-c/d-c circuits of the earlier Lessons you will find the
screen grids connect directly to the output of the Power Sup-

ply filter.

Comparing the other listed values of a 6SK7 tube, you will
find that when the plate voltage is increased from 100 to
250 volts, the screen grid voltage does not change at all.
The plate current decreases 3.8 milliamperes, from 13.0 to 9.2
while the screen grid current reduces 1,4 milliamperes from
!.O to 2.6. Thus, the total cathode current will vary 5.2
milliamperes as the plate voltage is increased from 100 to
250 volts.

The transconductance decreases from 2350 to 2000 micromhos
but the plate resistance increases from .12 to .80 mogohm.
Thus, as far as the operating voltages are concerned, the
listed values of the tube chart will furnish all the in-



r
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formation you need to determine whether or not the tested
values are sufficiently low to cause "Lack of Volume".

The recommended operating voltage values for triodes and
Power Output tubes, of both Pentode and Beam Power types,
can be checked in much the same way and a variation of 10%

between recommended and tested values will seldom be suf-
ficient to cause any complaint.

However, you will find some receivers in which the voltage
output of the Power Supply varies 20% or more from the values
given in the tube chart. In cases of this kind, the fol-
lowing plan is particularly useful for output tubes.

Suppose, for the circuit of Figure 1, all parts of the
Power Supply test properly and appear to be in good shape
with a tested output of 200 volts. Most tube charts list
the operating conditions of type 6K6G tubes at 100, 250 and
315 volts, the 250 volt value being closest to the tested
value of 200 volts.

Thus, there is a ratio of 200 divided by 250 which is equal
to .8 and this can be used as a factor to calculate the
screen grid and control grid voltages for the lower plate
voltage. The tabulation can be worked out as follows.

Chart Values New Values
Plate Volts - 250 x .8 = 200 Volts
Grid Volts - -18 x .8 = -14.4 Volts
Screen Volts- 250 x .8 = 200 Volts

All the other specified values can be adjusted but the
calculations are not quite as simple. If we think of the
plate voltage ratio as "Fe", then the factor for finding
the new values of plate and screen grid current is:

3

Fi = Fee

For the power output,
5

Fn = Fez = 4Fes = FeFi

For the mutual conductance

Fgm =\gi;

For the plate impedance and load resistance,

Fgm
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Using the factor of .8 as mentioned above, these other factors
work out as follows.

Fi = 4.Fe3 = !.8x.8x.8 =^.512 = .7155 = .72

F = Fzi = .8 x .7155 . .5724 =.57
Fgm = NiFe = 4 .8 = .894 = .89

1
=
_1_ 1Fr = 7==1.12

4Fe 4.8 .89

Checking the other listed characteristics of the 6K6G tube we
have,

Chart Values New Values

Zero Signal Plate Current = 32 x .72 = 23 ma
Zero Signal Screen Current = 5.5 x .72 = 3.96 ma
Power Output = 3.4 x .57 = 1.94 watts
Conductance = 2300 x .89 = 2047 micromhos
Plate Resistance = 68000 x 1.12 = 76160 ohms
Load Resistance = 7600 x 1.12 = 8512 ohms

These various factors are quite accurate at comparatively small
voltage ratios from about 1/2 to 2, for practically all types
of tubes but are of particular value for power tubes. Thus,

for cases of loW volume, with questionable values of plate and
screen grid voltages, it is possible to calculate the recommended
values for any voltage developed by the Power Supply.

In most cases of "Lack of Volume", due to improper plate and
screen grid voltages, the tested values of the defective cir-
cuit will be so different from those of other similar circuits
that they will be detected immediately.

Going back to the circuits of Figure 1 again, we have mentioned
the 15000 ohm resistor in series with the screen grids of the
6SA7 and 6SK7 tubes and will imagine that a defect in this unit
has raised its resistance to 30,000 ohms. According to Ohm's
Law, the normal current of 11.1 milliamperes for this circuit
would cause a drop of .0111 x 30,000 = 333 volts across the re-
sistance but, with a 250 volt supply, this condition could not
exist. Instead, as the resistance increased, the voltage drop
across it would also increase and cause a reduction of screen
voltage which, in turn, would cause a reduction of screen cur-
rent. Thus, the voltage drops and current values would balance
each other with the total drop across the circuit equal to the
supply voltage. Due to the increase of the resistance value of
the resistor, the greater part of the drop would be across it,

leaving a noticeably low screen grid voltage.
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Looking at the circuit again, you will see a .1 Mf condenser
connected between each end of this 15000 ohm resistor and
ground. Should a short occur in the condenser at the supply
end, it would cause a short across the filter output as prev-
iously explained.

Should a short occur in the condenser at the screen grid end,
the screen grid circuit of the tube would be shorted out, the
drop across the resistor would be equal to the filter output
voltage and thus, the voltage between the screen grid and
ground would be zero.

Assuming a supply voltage of near normal value, low plate
and screen grid voltages are usually caused by high resistances
in series with the circuit, while zero voltage is generally
due to an open in the circuit or a shorted bypass condenser.
Either of these defects can be located by a continuity test
of the circuit.

GRID BIAS VOLTAGES

In most modern receivers, the manual volume control is in
the detector circuit while the A.V.C. is located in the re-
turn of the control grid circuits of the R.F. and I.F. ampli-
fier tubes. Some older models of Radio receivers placed a
variable resistance between cathode and ground of the R.F.
and I.F. amplifier tubes in order to obtain manual volume
control.

We mention these points to emphasize the fact that the grid
bias voltage is important in controlling the amplification
of a tube and therefore the volume of the signal. For com-
plaints of "Lack of Volume", the grid bias voltages should
be checked very carefully.

While explaining the circuits of the previous Lessons, we
have traced most of the common arrangements for obtaining
anegative grid bias and also suggested a combination of
continuity and voltage tests by which the gtid bias voltage
could be measured quite accurately.

Referring to a tube chart, you will find recommended values
of grid bias voltage for each type of tube and, as explained
for the plate voltages, the recommended voltages can be ad-
justed to suit any ordinary ratio of supply or plate voltages.

For the tubes of the circuit of Figure 1 you will find the
following recommended values:
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6SA7 - 0 volts
6SK7 - -3 volts
6SQ7 - -2 volts
6SF5 - -2 volts
6K6G - -18 volts
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Checking the diagram, the 6SA7 cathode is grounded through the
oscillator coils which have a low value of d -c resistance and
therefore the cathode to ground voltage will be low or prac-
tically zero. The control grid circuit is grounded through
two 2 meg resistors and the .5 meg volume control of the ave
and, with no signals there will be no voltage drop across any
of these resistors.

The control grid of the 6SK7 also grounds through the aim cir-
cuit but there is a 500 ohm bias resistor between the cathode
and ground. In -Cue resistor, the total cathode current will
cause a voltage drop which, with no signals, will be the grid

bias voltage for this tube.

For the triode section of the 6SQ7 tube, the cathode is ground-
ed and the control grid grounds through a 4 megohm resistor.
The tube chart recommends a 2 volt negative bias and, if you
want to figure it out, you will find that a leakage grid cur-
rent of .5 microampere in the 4 megohm grid resistor will cause
the required 2 volt drop. This arrangement has become quite
popular for high mu tubes, especially of the diode -triode types,
as it simplifies the circuits by eliminating the usual bias
resistor.

It will be difficult to measure the bias voltage in circuits
of this kind, when using the ordinary type of meter but, as
previously explained, a continuity test of this part of the
circuit is usually sufficient.

The characteristics of the 6SF5 are very similar to those of
the triode section of the 6SQ7 and therefore, its cathode is
grounded and the voltage between cathode and ground will be
zero. In high mu tubes, the control grid is placalquite close
to the cathode and an appreciable number of emitted electrons,
attracted.by the positive plate, are captured by the grid.
This causes the small leakage grid current mentioned for the
6SQ7 and the usual cathode bias resistor is not needed, Thus

while the grid bias voltage is obtained across a high grid
resistance, it can not be measured with the conventional type
of test meter, a continuity test of the grid circuit will usually

be sufficient.

For the 6K6G output tubes, there is a 400 ohm bias resistor,

between the cathodes and ground, the arrangement being similar

to that of the 6SK7 tube. Here, as both cathodes are connected

to this resistor, it will carry the total current of both tubes

and the voltage drop across it can be measured in the usual way.
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There is no condenser connected across this bias resistor
because, in a Class A push pull stage, the total current of
both tubes should remain at a fined value. That is because
the signals on the grids are 1800 out of phase and, as the
plate current of one tube ircreases, the plate current of
the other should decrease by an equal amount.

This balance does not always hold true in practice and there-
fore you will find many push pull output stages of this kind
with the usual condenser connected across the,bias resistor.

The omission of tree condenser also provides an inverse feed
back action because, without it, the voltage drop across
the resistor will vary with the current in it. Thus; if the
total current should increase, the voltage drop would also
increase and provide a greater ne=gative grid bias which
would tend to reduce the current.

High negative grid bias voltages are a common cause of wleack
of Volumen and a voltage test from the reference point to
the grid return, (usually cathode to ground), plus a contin-
uity test of the circuit, from the grid to the grid return,
will usuall; provide all the information you need in respect
to their operating voltages.

INPUT CIRCUITS

The input circuits are also common offenders in cases of
ULack of Volume.n The situation here is much like that of
the supply voltages because, without the proper source, the
following voltages can not be correct. Strictly speaking,
the input circuit consists of the antenna and all component
parts connected between it and ground.

One point to keep in mind here is that each model of Re-
ceiver, when operating properly, has a very definite value
of sensitivity. That is, for every micro velt of signal
developed across the input circuit, there will be a definite
value of output voltage or power.

Some manufacturers publish the sensitivity specifications
as part of their alignment data while others do not but
many Radio Service Men do not have the'equipment to make
accurate measurements of this kind. Therefore, the following
general suggestions should be helpful,

The sensitivity of most older model Receivers was so law that
for good reception of all but local Broadcasting stations,
an outdoor antenna was necessary. As later models were de-
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signed with greater sensitivity, the required length of the
antenna was reduced but an external antenna was still re-
commended.

Still later, some models had 5 ft to 50 ft of flexible wire
permanently attached to the Receiver and this wire was stretched
out around the picture moulding or under the rug in a room to
provide sufficient signal in the antenna or input circuit.

To eliminate the antenna, as far as the Receiver owner is
concerned, many modern Receivers are equipped with a "Built
In antenna, usual]y made in some form of a loop. Some of
these are comparatively large and are mounted inside the con
sole while for the table models, the tuned coil of the input
circuit is wound as a flat spiral of wire with dimensions a
little smaller than the length and height of the cabinet.

Many complaints of "Lack of Volume" can be traced to the
input circuit alone and are not due to defects in the Re-
ceiver. Any defect in an outdoor antenna will cause a re-
duction of signal input voltage with a corresponding lack
of volume.

An outdoor antenna may look to be in good condition but a
corroded connection or high resistance joint can greatly re-
duce its electrical efficiency. When a Receiver is brought
in with a lack of volume complaint but performs satisfac-
torily on your antenna, you are justified in blaming the
owner's antenna for the trouble.

Again, one of the attached antennas may be accidentally cut
to a fraction of its original length and the resulting loss
of signal input voltage will cause a "Lack of Volume" com-
plaint.

Loop antennas are quite directional and, when fastened per-
manently to the Radio Receiver chassis sometimes make it
necessary to place the Receiver in a certain position to
receive desired signals satisfactorily. With no external
antenna, it is a simple matter to move the Receiver from
one part of the room to another. However, this change may

place the loop in a "North -South" instead of an"East-West"
position, and signals which had plenty of volume in the
original location may be too low in the new location.

When this type of trouble is encountered, you can make a
convincing demonstration by tuning in some weak station and
then, without touching any of the controls, turning the Re-
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ceiver to different positions on your work bench or counter.
The signals should be loudest when the longest dimension of
the loop points directly toward the Broadcast station.

The input circuit has a double duty to perform. First, it

must intercept the radiated Radio energy traveling through
space and second, convert this energy into signal voltages
which will be carried through the receiver. The interception
of the Radio energy depends mainly on the physical character-
istics of the antenna which include its length, height and
location while the conversion of this energy depends on the
electrical constants of the input circuit.

As we explained in the earlier Lessons, external antennas
are not an integral part of a Radio receiver, as far as
mechanical constructLen is concerned but electrically, are
an importa_at p_a.rt cI he input circuit. From a service
standpoint, that part of the input circuit, built in as a
part of the Radio receiver can be checked electrically and
then when the receiver is installed in the owner's home,
the external part of the antenna should be checked.

In the circuit of Figure 1 in this Lesson, the input circuit
of the receiver extends from the "A" terminal at the upper
left to the ground or metal chassis. Tracing between these
points, you wiJ 1 find a few turns around the loop as well as
the primary of the short wave antenna coil. A continuity
test here should show a very low resistance because the total
length of wire is comparatively short.

For strong Broadcast Signals the loop itself provides suf-
ficient pick up for satisfactory reception but, for distant
Broadcast and short wave Stations, an external antenna is
required. In the arrangement shown, the rave band switch
does not connect to this input circuit.

Carrying only the usual signal voltages, there is apparently
little possibility of trouble here but, in practice, you
will find quite a number of these circuits badly burnt. One

common cause of this defect is that the owner is told the
lighting circuit wires make a good antenna and, to take ad.,
vantage of this fact, makes a connection from the antenna
terminal of the Receiver to a lighting circuit outlet. In

some cases this arrangement does provide good reception but,
in others, it forms a short across the lighting circuit and
the resulting high current often burns off a wire before the
lighting circuit fuse blows. When the outdoor antenna is used,
the same result may be caused by lightning although the owner
may not know that his antenna was struck.
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Burned wires are replaced quite easily but many antenna coils
have a primary made up of quite a number of turns and, if a
break occurs in the coil it is usually necessary to replace

it. For this work "Slip Over" or Replacement coils are
available in sizes which can be slipped over the original
coil, form.

This type of replacement reduces the required work and does
not disturb the original secondary winding which is matched
to those of similar coils to provide proper tuning.

When a Receiver is in operating condition, the input circuit
can be tested for defects by moving the antenna to the sec-
ondary circuit of the antenna coil or directly to the con-
trol grid of the input tube. When this change causes a pro-

nounced increase in signal strength at the speaker, there is
usually trouble in the input circuit.

TUNED CIRCUIT ADJUSTMENTS

In every Radio receiver, there are a number of circuits which
must be tuned to resonance to provide maximum signal voltages.
Some of these, controlled by the tuning dial, make it possible
to select individual Broadcast Stations while others, like
the I.F. transformers of superhetrodyne circuits, are tuned
to some definite, fixed frequency.

Should any of these circuits become detuned, the signal volt-
age will be reduced and "Lack of Volume" will result although

all supply voltages are correct and all circuits in good con-
dition as far as their continuity is concerned.

Looking at the circuits of Figure 1, the Band Switch is shown
in the short wave position and you will find the secondary of
the antenna coil is connected across section "A" of the 2
gang tuning condenser. Also, there is a 2-40 Mmf trimmer
condenser connected directly across the coil which places it
in parallel to the tuning condenser.

Section "B" of the tuning condenser is connected across the
secondary winding of the upier oscillator coil in parallel
to section "B" of the 3 gang trimmer. The trimmer condensers

are provided with a "screw" adjustment while the tuning con-

denser is moved to bring in the different stations. For
maximum signals, these condensers must be set so that the
resonant frequency of the oscillator will always be equal to
the resonant frequency of the tuned loop plus the intermediate
frequency.

The I.F. transformers consist of primary and secondary wind-
ings each of which has a_trimmer condenser connected in
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parallel. These trimmers are adjusted so that the circuits
will be resonant at the proper intermediate frequency and
thus will provide maximum signal voltages.

The method of making these adjustments will be explained
completely in later Lessons on "Alignment" therefore, at this
time, we want to point out only that a "Lack of Volume" com-
plaint may be caused by the improper adjustment of any one
of these tuned circuits.

Should some inquisitive owner tighten all of these trimmer
condenser adjusting screws, because they appear to be loose,
the circuits may be detuned sufficiently to cause a complaint
of "No Signals".

After all the routine voltage and continuity tests have been
made it is usually a good plan to make a check of all the
various controls. Starting at the left of Figure 1, you
will find the Band Switch Control. This is a simple four
circuit double throw switch but not all of the contacts are
used. Lake continuity tests up to and through the switch
in each of its positions.

The tuning condenser is shown as having two gangs, the rotor
of each being grounded. As already explained, a short be-
tween the plates most likely would cause a complaint of No
Signals, but it is well worth the time it takes to inspect
the plates for clearance and check the connections for re-
sistance.

The next control is a single pole, double throw switch, shown
just above the power transformer. It makes the audio ampli-
fier available for either Radio or Phonograph signals.

A simple continuity test here is usually sufficient but there
must be a good "zero resistance" contact across the switch in
either position. In arrangements of this kind there is some-
times enough capacity in the switch to allow some strong
Radio signals to pass even when the switch is in the "Phonon
position.

Thus, if this switch was accidently turned to the Phono
position, it might not be noticed by an owner not using it
yet could cause a complaint of "Lack of Volume". Things of
this kind are easily found by making a thorough inspection
and check of a Receiver but can cause endless trouble if
overlooked.

The Volume Control, shown directly above the "Radio Phono"
switch is the usual type of Potentiometer and can be checked
by a continuity test. A good plan here is to place a test
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prod on the center terminal and/ holding the other prod on
one end Germinal, turn the control knob for its entire arc

of travel. The indicated resistance Should increase or de-
crease steadily as the knob is turned. For a more complete

check, move the test prod from one, end connection to the
other and turn the control knob again. When the meter hand
is jumpy and does not always move the sane way, as the knob
is turned in one direction, it indicates trouble in the
control and usually a replacement is advisable.

The tone control, shown to the right of the volume control
is usually made as a three terminal potentiometer but often,
only two of the terminals are used. This makes the unit

operate as a rheostat and it can be tested exactly as ex-
plained for the volume control. According to the diagram
notation the VON-OFF(t power switch is mounted on the tone
control.

The moving arm of this 1/2 megohm -One control connects to
ground through a .003 MF. condenser, This circuit might
easily be overlooked when making the routine voltage and con-
tinuity tests but, should this condenser be shorted, it
could reduce the plate voltage of the triode section of the
630 and thus cause a Lack of Volume at some positions of
the tone control knob.

Thus, as a.part of your general inspection of a Radio Receiver,
make a close inspection to locate all of the control knobs
and switches. Then find out their purpose, by tracing oil...
cuits if necessary and, when the Receiver power is on, try
them in a)J. positions. You can not be too careful and often
it is the little details, easily overlooked, which cause the
most trouble.

As we stated earlier in this lesson, nIack of Volumes can be

considered as a mild case of nNo Signalsn and the possible
causes for both conditions are quite similar. However, with

even faint signals in the speaker, there is something to

work on and, with a little experience you will find the
variations in the quality of the weak signals often provide
good clues as to the location of the defect.

To continue with the general classes of trouble, for our next

Lesson we will take up the subject of Broad Tuning in which

the customer complains that he'can hear two or more Broad-
cast stations at the same time.





m
em

I 
es

um
 c

ca
o

a

00
02

3
ta

r

(2
2)

t5
4

7*
 -

-1

).
--

04
10

62
1 

54
00

01
1

(4
5)

R
 T

S 
8

(4
) 3 

5*
66

T
en

ut
ri

n
2-

40
 =

I
In

Z
O

O
 -

10
0

M
IN (4
)

FI
G

U
R

E
1

6S
A

7
O

S
C

.-
M

O
D

.

N
f

.-
-

6S
K

T
I.

F

60
5

T
E

LE
Y

E

c
w

14
r1

.1
4

1.
.6

so
ol

a 
-.

3 
va

m
p.

,
X

SO
S*

 N
O

O
E

L
S 

U
SE

 A
 T

U
N

IN
G

IN
D

IC
A

T
O

R
 D

O
T

T
E

D
 L

O
.C

3
SH

O
W

C
O

N
N

E
C

T
IO

N
St

.
N

ie
G

-A
W

A
Y

13
0)

A
O

LI
N

E

6S
Q

7
B

E
T

. -
A

.V
 C

 -
A

 F

00
0E

31
0

74
)

V
O

L
 C

O
ST

1/
21

0E
0

-C
P

T
O

 P
K

O
N

O
11

10
1u

P
T

E
L

E
V

IS
IO

N

*1
-1

*A
im

 1
'v

41
C

 -
J;

 .7
71

:s
oo

:N

S 
PS

 T
 S

W
O

N
 T

O
N

E
C

O
N

T
R

O
L

6S
F

5
P 

N
A

V
E

!M
E

R
T

E
S

1/
2 

01
0$

 a

16
11

T
O

K
 C

O
N

?
in

 M
S 15

11

0
0
3
N
r

T
s)

,T
E

L
 L

O
W

01
10

6K
6G

P
O

W
E

R

40
0a

.

(4
2)

6K
6G

P
O

W
E

R

0-
- ar

30
 Y

E
r

O
L

D
 -

Y
E

L
L

O
W

5Y
3G

R
E

C
T a 
x T
O

 H
E

A
T

E
R

S

X
L

A
W

PS
6-

6V
 0

 2
0 

A

C
O

S 
ei

lf

12
 0

)

SP
E

A
K

E
R

SO
C

K
E

T



.



Lesson RTS-8 Page 18

QUESTIONS

How many advance Lessons have you now on hand?

Print or use Rubber Stamp.
Student

Name T _No._

Street

City State

1. When checking the operation of a defective Receiver, for what
test purpose can the tuning eye be used?

2. With parallel connected heaters, what fairly common tube de-
fect can "short out" the cathode bias resistor?

3. Without the specifications of a Receiver, where can the opera-
ting values of plate and screen grid voltages be found?

4. A tube chart lists -50 volts grid bias for an output tube
operating with 250 volts on the plate. That value of grid
bias is required for operation with 200 volts on the plate?

5. With a normal supply voltage, what circuit defect usually
causes low plate and screen grid volTages?

6. With a near normal supply voltage, -what two defects generally
cause zero plate and screen grid voltages?

7. In high mu triodes, what is the common method of obtaining
self bias without a cathode resistor?

8. With self bias in a balanced push pull output stage, is a
cathode bypass condenser necessary? Why?

9. What simple correction may increase the signal output of a
Receiver equipped with a "Loop" or "Built In" Antenna?
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QUESTIONS (Continued)

Name Student No.

10. Using the antenna, what simple test can be made for de-
fects in the input circuit of a Receiver?
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BROAD TUNING

As a Radio Service man, you must always remember that your
customers, with a very few exceptions, are not technical and
have no Radio knowledge. They may be quite expert in the
manipulation of the various control knobs, may be right up to
date on the many Broadcast Programs and Personalities and may
have replaced a tube cr wire once or twice.

With the simplified controls cf the ordinary receiver, this
type of person honestly believes he is pretty smart, when
it comes to Radio and, when he requires service, is usually
inclined to tell the service man how it should be done. He
can easily become a nuisance, if not a liability to your
business, unless you handle him properly.

Repeating the suggestion of a former Lesson, do not argue,
even though he makes a mis-statement, but take him up on his
own terms and assume he knows nearly as much as he thinks he
does. Then you can say, "of course vou know this, that and
the other thing", points you want to emphasize and usually,
to protect his position, he will have to agree with you.

In this way, you can make him admit what you want him to
without argument or contradiction and perhaps make him feel
rather proud of your acceptance of his "knowledge". On the
other hand, should you corner him in an argument and make
him admit he was wrong, you would win your point but perhops
lose your customer.

The average customer makes no claims to Radio knowledge but
is easily offended if you question his ability to operate
his Radio Receiver properly. This attitude is more pro-
nounced among the "Old Timers" who purchased their Receivers
years ago and are accustomed to the low sensitivity and broad
tuning of the older models. They have difficulty in tuning
the later models, with their greater selectivity, and may
complain of noise and distortion which is due only to mis-
tuning and a high setting of the volume controls

Theirs is a genuine complaint which the successful service
man will handle with the same skill and customer satisfaction
as the replacement of a shorted filter condenser. The func-
tion of the service man is to provide his customers with sat-
isfactory Radio reception therefore, all troubles, in the
Receiver itself or with the operator, are his responsibility.

He must use his technical knowledge, not only to make actual
electrical repairs but to instruct or educate his customers
so that they may obtain the greatest pleasure and benefit
from their Radio equipment.
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Most people are anxious to learn provided they can obtain
information without being made to appear ignorant. For the
type of customer with tuning difficulties, it does not take
long to explain the great improvement in the selectivity of
the later model Radios as compared to the older ones.

The benefits of this increased selectivity can be emphasized
together with the additional tuning care which must be exer-
cised by the listener in order to obtain these benefits.
When the customer has a good idea of the actual conditions,
he will usually cooperate to the best of his ability because
it is to his advantage to do so.

The popularity of the "Push Button" tuners is good evidence
of the common difficulty in tuning, usually due to the im-
patience of the listener, and therefore, for complaints of
this nature, you may find that many of the Receivers are in
perfect electrical condition.

Perhaps the most common complaint of this general class is
that of interfering signals. That is, when the owner tunes
in one station he hears a second station also. A more ag-
gravated cause is one in which several stations are heard at
all points of the tuning dial.

Then there are other cases in which the interference occurs
only at certain points or over certain sections of the tuning
range and usually, a careful analysis of the complaint will
be of great ass is Lance in diagnosing the trouble.

TYPE OF CIRCUIT

After listening carefully to your customer's complaint, it
is well to ask questions to identify the variations mentioned
above. Does the trouble occur all over the dial or only at
certain points and with certain .Nations? If so, where are
these points and what are the call letters of the stations?
Does the trouble occur at all times or only during certain
hours of the day or evening? Can the reception be improved
by adjusting the volume control?

Depending on the locality, other similar questions may be
needed. For examnle suppose a local or nearby Broadcast
station_ has a frequency close to a distant clear channel
station. If the local station is on the air for certain
hours, and the interference occurs during those hours only,
the cause of the trouble is clear. Other combinations, of
relative power and distance from the receiver, of two Broad-
cast stations will be found which cause difficulties of
reception.





Lesson RTS-9 Page 3

Once the details of the cause of the complaint are known, it
is much easier to work out the necessary corrective measures.
Before this can be done, it is important to determine the

type of receiver circuit. This one can be done by following
the sug,,estions made for the "Indentification of Circuit"

in the earlier "General Diagnosis" Lesson.

As practically all commercial receivers are either TRF
or Superheterodynes, for the Figures of this Lesson we show
a representative circuit of each type. For Figure 1, we

show a common 4 tube, a-c,d-c receiver of the so called "Mid-

get" or Table type while, for Figure 2, you will find the cir-
cuits of a 3 band, 6 tube, a -c super.

The selectivity of any Receiver depends on its ability to dis-
criminate against unwanted signals while its ability to receive
desired signals is its "Sensitivity". Do not confuse these
two characteristics, although there is a certain amount of
interaction between them. In general, the selectivity de-
pends on the "sharpness" of the tuned circuits while the
sensitivity depends on the amplification or gain of the com-

plete circuit.

The more sensitive the receiver the greater the gain of the
unwanted, as well as the wanted signals and, as the volume
control chan,,es the overall gain, it also affects the sensi-
tivity. As high volume, the unwanted signals will be stron-
ger and thus, the setting of the volume control will alter
the apparent selectivity.

In our former explanations, we told you that, at resonance,
a tuned circuit provided maximum response to the resonant
frequency. That is still true but, for cases of interference,
it is well to think in reverse as to how weak the off -reson-
ance frequencies are as compared to the resonant frequencies.
That is why most values of selectivity are stated as "Down"
so much, usually a number of decibels, at so many cycles or
kc off resonance.

TRF circuits, on the general plan of Figure 1, use manually
tuned stages to amplify the modulated carrier between the
antenna and detector. The frequency is not changed and each
tuned circuit must resonante at all the frequencies of the
tuning range.

Superheterodyne circuits, on the general plan of Figure 2,
mix the carrier frequency with that of the local oscillator
to produce the intermediate frequency which is amplified
before reaching the detector. Here; the input and oscilla-
tor circuits must resonante at all frequencies of the tuning
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range but the i-f amplifier operates always at one and the

same frequency.

We are reviewing these actions because they are important
in the diagnosis and care of a "Broad Tuning" complaint.

NUMBER OF TUNED CIRCUITS

Looking at the circuits of Figure 1, you will find but two

tuned circuits. The grid circuit of the 6D6 r -f tube and

the grid circuit of the 6C6 detector tube. The short wave

switch, marked "S.W.", merely shorts out some turns of each
of these tuned coils to raise the frequency of the tuning

range.

Receivers of this same general type have been made with 3
or more tuned stages but each stage requires its own tuning

condenser. For single dial control, all these stages must
tune exactly alike thus, the greater the number of stages,
the greater the tuning difficulties.

In the circuits of Figure 2, again there is a two gang
tuning condenser, one gang for the input circuit and one

gang for the oscillator. The signal voltages pass through

the tuned input circuit two i-f trans-

formers each of which has a tuned primary and a tuned

secondary. Thus, neglecting the oscillator, the signal
passes through five tuned circuits between the antenna and

detector.

Another point to remember here is that the i-f transformer
operating on but one frequency, can be made to give greater

efficiency than a similar circuit which must resonate over
a band of frequencies. That is why the selectivity of a
superheterodyne receiver will be more uniform than that of

a TRF receiver over the tuning range.

We mention these facts to help you make a better estimate

on the degree of selectivity you can expect for any particu-

lar circuit. Often, on strong or local signals, the TRF
receiver will sound as well or even better than a superhet

because its lack of selectivity will permit a higher degree

of fidelity.

As a service man, you are not responsible for the design of

a receiver circuit but should be able to adjust the circuit

for its maximum performance. The designer has decided the
desirable or acceptable balance between selectivity and sen-
sitivity and it is your job to restore and maintain this
balance.





Lesson RTS-9 Page 5

As the gain of the various tuned stages has an effect on the
selectivity as well as the sensitivity or gain of the circuit,
your test routine, for complaints of "Broad Tuning" is about
the same as that for "Lack of Volume".

Test the tubes first and test all of them because a weak rec-
tifier tube can lower all df the plate and screen grid vol-
tages while a weak tube in an audio stage may make it neces-
sary to set the volume at too high a level.

After the tubes are known to be good, make sure that all of
them, particularly those between the antenna and Detector,
are supplied with the proper values of voltage. Tests for
these operating voltages are made as explained in the earlier
Lessons, therefore we will not repeat.

SIGNAL TUNING CIRCUITS

All of the circuits which carry signal voltages are impor-
tant but those which are tuned to resonance at the carrier or
Intermediate frequencies control the selectivity of a Radio
Receiver. In the circuits of Figure 1 of this Lesson there
are two circuits of this type. The secondary of the input
or antenna coil, or transformer and secondary of the r -f
transformer which couples the plate of the 6D6 r -f tube to
the grid of the 6C6 detector,

Neglecting the short wave switch, "SW", these are simple
arrangements with a variable condenser connected across the
coil or inductance. As shown in the diagram, it is common
practice to ground one end of the coil and the rotor plates
of the variable condenser, Electrically, the coil and con-
denser are in parallel to the control grid circuit of the
tube.

From a service standpoint, there should be a low resistance
path through the coil and adjacent turns should not touch
to short out any of the windings. The condenser plates
should not touch to form a short, a condition we explained
in the former "No Signals" Lessons,

For a complaint of Broad Tuning, shorts and opens are not
common but cases of high resistance are quite frequent. Any
increase of resistance in a tuned circuit causes a broaden-
ing of the resonance curve, a reduction of peak response
and a loss of selectivity.

For the usual continuity test, a variable condenser should
show "infinite" resistance but the resistance between each
set of plates and one end of the coil must be as low as
possible and should test as a "Short".



,
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To insure a low resistance between the rotor plates and the
frame, most variable condensers are equipped with a flat
spring which straddles the shaft and presses against the
rotor at its center and against the frame at its ends. This

arrangement forms a low resistance path between the rotor
and the frame, eliminating the shaft with its bearings which
may be oily.

Should the shaft and bearings be used as a part of the elec-
trical circuit, variations of resistance, as the rotor turns,
would cause "static" in the speaker and the increase of re-
sistance, due to oil between the shaft and frame, would cause
broad tuning.

Therefore, it is a good plan to inspect these springs by
slipping a knife blade through their points of contact to
check their tension. They should be tight enough to keep
their points of contact bright and shiny.

Dirt and corrosion can be removed by pulling a piece of sand-
paper through the points of contact with the sand side of the
paper first one way and then the other. To complete the work,
pull a piece of cloth through to remove any loose particles
of sand.

Some older models of tuning condensers were not equipped with
these springs but a good substitute can be made by attaching
a piece of flexible wire to the rotor, making a loose turn
around the shaft and fastening the other end to the frame.
This is known as a "pig tail" and it must be large enough to
permit full movement of the rotor plates.

The connection between the condenser frame and chassis, or
other point of the circuit, should be tested for low resis-
tance and should check as a short. To eliminate trouble
caused by vibration, some variable condensers are mounted on
rubber grommets, but the rubber insulates the frame from the
chassis base. Check these types to make sure there is a low
resistance path between the condenser frame and the proper
point of the circuit.

In much the same way, a resistance test should be made be-
tween the variable condenser stator plates and the grid of
the tube as well as the grid end of the coil. To complete
the work, test from the other end of the winding to ground
or other noint at which it connects to the circuit.

Similar tests can be made for the tuned grid circuit of the
6C6 detector tube shown in Figure 1 but there is one impor
tant difference. The rotor plates of the condenser are
grounded directly but the lower end of the coil is grounded
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through a one megohm resistor and the 100 ohm resistor in
the power supply filter.

In this arrangement, a resistance test -from coil to ground
would show about one megohm of resistance, a condition which
mig,,t be interpreted as a defect. However a visual in-
speotion -would locate the .25 'O. condenser connected between
the lower end of the coil and ground.

Liho the variable condenser, the D.C. resistance of this
fixeu condenser should be extremely high but, its connections
to the coil and ground should test as a short. This circuit

carries stz,nal voltages and, at the low Broadcast carrier
frequency of 550 K.C., the reactance of a .25 IT. condenser
is '-ut a little more than 1 ohm. Thus, as far as the signal
voltoees are concerned, the coil is effectively grounded.

In general, continuity tests of condensers should _show a
ver - high or PInfiniteo D.C. resistance for the condenser
its3lf but an ex-uremely 10N - resistance or short for the
comuctine wires.

To tune a circuit of this type, the fixed condenser is in
series with the variable condenser across the coil. To ex-
plain the action here, we will remind :jou that the total
capacity of two condensers..in series is equal to. the prodUct
of Glee separate capacities divided by their sum.

Common types of variaele condensers for Broadcast Receivers
have a maKinan capacity of 365 :TF.. and connected in series
.with a .26 LF. coniensJr, the total capacity will be about
3641- ILIF. Thus, tae fixed condenser does not interfere with
the capacity values for tuning, provides a low reactance
path for signal voltages yet permits a D.C. bias voltage to
be maintcined on the grid.

In this position, an open condenser would place the D.C.

bias volta:e res:_stors in the tuned circuit and -thus cause
broad tuning. A reduction of capacity could change the res-
onalt frequency of the circuit -while a shorted _condenser would
cause zero grid bias.

A somewhat similar arrangement is shown in the nAn band of
the circuit of Figure 2. The control grid of the 6A7 mixer
tube is connected to the stator plates of the tuning con-
denser and, through the switch to the upper end. of the an-
tenna coil secondery. The rotor plates of the condenser -are
grcunded direct but the lower end of the coil is grounded
through the A.V.C. circuit which consists of a 1 megohm re-
sistor, the volume -control ania 4000 ohm resistor.
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At the coil end of the 1 megohm resistor there is a .1 mfd
condenser to ground and, as far as the tuned circuit is
concerned, its action is like that explained for the .25 mfd
condenser of Figure 1. Continuity tests can be made here
on exactly the same plan explained for the grid circuit of
the 6C6 Detector tube of Figure 1,

For the "B" and "C" ranges, the arc circuit is not used and
the coils are grounded directly the same as that in the grid
circuit of the 6D6 tube of Figure 1. Therefore, the tests
for the "B" and "C" ranges can be made as explained for the
6D6 grid circuit of Figure 1.

The tuned circuits of the oscillator of Figure 2 are somewhat
different because, as explained in the earlier Lessons, the
grid current in the 50 M ohm resistor will cause the proper
voltage drop for the negative grid bias. Therefore the tuned
secondary of the "A" oscillator coil does not have a conduc-
tive or d -c path to ground.

The upper end of the coil connects to the stator plates of
the tuning condenser while the lower end connects to ground
through the two .0003 mfd parallel connected padder conden-
sers. A continuity test should be made here from the stator
of the tuning condenser through the coil to the ungrounded
ends of the padder condenser and from each of the other con-
denser terminals to ground.

Notice here, the .0003 mfd condensers are in series with the
tuning condenser across the coil the same as the .25 mfd
condenser in the 6C6 detector grid circuit of Figure 1. Here,
however, the two .0003 mfd units have a total capacity of
.0006 mfd or 600 mmfd which, in series with a 365 mmfd tuning
condenser makes an important change of total capacity.

At the positon of maximum tuning condenser capacity of 365
mmfd the .0006 mfd of series capacity will reduce the total
to about 225 mmfd. Assuming a 10 to 1 ratio, at the position
of minimum tuning condenser capacity of 36.5 mmfd, the .0006
mfd of series capacity will reduce the total to about 34.5
mmfd. Thus, it is evident that the padder condenser has its
maximum effect at the maximum capacity position of the tuning
condenser which is the low frequency end of the tuning range.

TRINU1R TUNED CIRCUITS

As we mentioned earlier in this Lesson, there are but two
tuned circuits in the diagram of Figure 1, each of which is
controlled by one gang of the tuning condenser and designed
to resonate at all frequencies of the tuning range. Although



,



Lesson RTS-9 Page 9

not shown in the diagram, each gang of the tuning condenser
usually has a small trimmer condenser connected in parallel.

For the common types, the trimmer has a variable capacity of
from 3 mmfd to 30 mmfd, adjustment being made by means of a
screw with a slotted head. Turning this screw with a small
screwdriver, controls the distance between the condenser
plates and thus adjusts the capacity.

Thinking of the common 365 mmfd tuning condenser gang, at
maximum capacity, the adjustment of the trimmer can cause a
reduction of but about 7% while, at minimum capacity, it
can cause an increase of about 7a%. These values show clear-
ly why, when used in parallel with a tuning condenser, a
trimmer condenser should be adjusted with the tuning con-
denser at a position of minimum capacity.

In the circuits of Figure 2, there is a trimmer condenser
connected across each of the three coils A, B and C, in both
the input and oscillator circuits. These are adjusted when
the receiver is aligned and are in the nature of an adjust-
ment because one setting holds good for all tuning.

Looking at Figure 2 again, there are two i-f transformers,
between the 6A7 mixer tube and 75 detector, each of wnich
has a tuned primary and secondary circuit. The tuning con-
densers here are of the trimmer type designed for adjustment
with a screwdriver or socket wrench because, due to the
action in the mixer tube, all the modulated i-f carriers are
of one and the same frequency. Thus, the trimmer condensers
are adjusted or set, usually for maximum response, at this
frequency and their circuits provide uniform amplification
for frequencies of the tuning range of the input circuits.

When connected in parallel to a larger capacity tuning con-
denser, the trimmer is used as a compensating device to
equalize variations of capacity in the connecting wires but,
when connected across a coil, as shown for the i-f trans-
former of Figure 2, it is the tuning condenser.

A later Lesson will take up the subject of alignment in de-
tail but, at this time we want to point out that, unless all
of the tuned circuits resonate at the proper frequency, the
selectivity of the receiver will be reduced and Broad Tuning
will result. In fact, you may find cases in which the mis-
tuning of these circuits will cause "Lack of Volume" and even
"No Signals" complaints.

Trimmer condensers should be tested for shorts on the same
plan as explained for tuning condensers, but the trimmers
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usually have mica as the dielectric. Adjacent plates may
touch the mica but there should be an extremely high resistance
between them.

NUMBER OF STAGES

While the characteristics of different receivers will vary
over quite a wide range, in general, the overall selectivity
depends upon the sharpness of each stage and the number of
stages.

The sharpness of a stage can be found by measuring the out-
put with uniform input voltages of different frequencies.
For example, suppose an input of one volt at the resonant
frequency produced an output of 10 volts, at 5 k -c off
resonance, an input of 1 volt produced an output of but 5
volts while at 10 k -c off resonance, an input of 1 volt
produced an output of 2 volts.

Working the other way, the input voltage can be varied to
produce a constant output voltage and, using the values above,
a one volt input at the resonant frequency would produce an
output of 10 volts. At 5 k -c off resonance, it would re-
quire an input of 2 volts and, at 10 k -c off resonance, an
input of 5 volts to produce a 10 volt output.

Thus, you can think of selectivity as a measure of the re-
duction of off frequency input voltages of the same ampli-
tude or as the required increase of off frequency input
voltages to provide equal output voltage.

Using either plan, for this example, the ratio between the
voltages at resonance and 10 k -c off resonance is 5 to 1
and for two stages of this kind the ratio would be 5 x 5 or
25 to 1 because each one has the same action. For three
such stages, the ratio would be 5 x 5 x 5 or 125 to 1.

This relationship holds true only when all stages are tuned
to the same resonant frequency but, after a receiver has
been in service for some time, the units in some circuit may
change value with age so that its resonant frequency is
different.

GANGED TUNING CONDENSERS

To illustrate this action, and thinking in terms of gain,
suppose that each of the two tuned stages of Figure 1 had a
gain of 10 at resonance. As already explained, the overall
gain for both would be 10 x 10 or 100.
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Using the values of the former example, we will assume further
that, for a voltage 5 kc off resonance the gain of each stage
is 5. Also, we will imagine that, due to change of capacity
in one tuning condenser gang, there is a difference of 5 kc
in,the resonant frequencies of the two circuits at some posi-

tion of the tuning condenser.

Under this condition, an input voltage with a frequency equal
to the resonant frequency of the first stage would be 5 kc
off resonance for the second stage. The gain would be 10

for the first stage and 5 for the second making a total of
50, reducing the overall gain to 1/2 of its proper value.

At the same time, an input voltage with a frequency of 5 kc
off the resonant frequency of the first stage could be equal
to the frequency of the second stage. The gain would be 5

for the first stage and 10 for the second, again making a
total of 50.

Thus, two carriers, 5 kc apart in frequency, would be ampli-
fied to the same degree and produce signals of equal strength.
There would be no selectivity, as far as these carriers were
concerned, causing a complaint of "Broad Tuning".

With both circuits tuned to the same frequency, a carrier of
equal frequency would have a gain of 10 x 10 or 100 while
carrier 5 kc off resonance, would have a gain of 5 x 5 or
25. Assuming equal input voltage, the carrier at the reson-
sant frequency would have 4 times the voltage of the 5 kc off
resonance carrier at the output of the second stage.

Many of the older models of Receivers employed tuning con-
densers with 3, 4 and sometimes five gangs. Although mounted

on the same shaft, the mechanical construction was such that
the rotors might shift in position thus changing the reson-
ant frequency of one stage in respect to the others.

Fortunately, the position of maximum gain is also the posi-
tion of maximum selectivity therefore, by making adjustments
for maximum gain, the position of maximum selectivity will
be found.

For Superheterodyne Receivers, on the general plan of Figure
2, one gang of the tuning condenser controls the oscillator
frequency which usually, should be equal to the signal
carrier frequency plus the intermediate frequency. Thus,

although it operates at a frequency different from that of
the input stages, the tuning of the oscillator is extremely
important. Unless it operates at the proper value, the
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intermediate frequencies will be incorrect and therefore the
i-f stages will not provide the proper gain and selectivity.

SIGNAL STRENGTH VS SELECTIVITY

In explaining the action of tuned circuits, in regard to their
gain and selectivity, we assumed conditions of equal input or
equal output for voltages of different frequencies. Under
actual operating conditions, neither of these assumptions are
completely correct because there is a wide range of input
voltages in respect to frequency and amplitude, with corres-
ponding variations of output.

Neglecting the effects of variations in Receiving Antennas,
carrier frequencies and terrain, for any Receiver, the in-
put signal voltage caused by any transmitting or broadcast
station will depend on the power of that station and the
distance between it and the Receiver.

Without going into mathematical details, this means simply
that a 100 watt, local broadcast station can produce a higher
signal input voltage than a distant 50,000 watt station and
thereby cause interference.

To show how this works out, we can go back to the circuits
of Figure 1 and, using the values of a former example, assume
the two tuned stages have a gain of 100 at resonance and a
gain of 4 at 10 kc off resonance, for a ratio of 25 to 1.
Further, we can consider the low power local station produces
an input voltage 25 times as greet as that of the distant high
power station. To complete the conditions, we will assign
carrier frequencies 10 kc apart.

Then, with the receiver tuned to the distant station, its
signal will be amplified 100 times while the signal of the
local station, with a carrier frequency 10 kc off resonance,
will be amplified but 4 times. Thus, although the original
signal of the local station was 25 times as great as that of
the distant station, they would be equal at the output of the
second stage.

Technically, the selectivity of these two stages has caused
a 25 to 1 improvement but practically, both signals would be
heard with about equal volume and the owner of the Receiver
would complain.

Following the same plan of calculations, if the local signal
were but 10 times as great as the distant signal, at the out-
put of the second stage, the distant signal would be 2-1/2
times as great as the local. With equal input signals, the

distant
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signal would be 25 times as great as the local at the output
of the second stage.

The figures cf these examples have been kept small for sin-
eltcity uecaese, in Practice, the satisfactory separation of
signals requires a voltage ratio of about 100 to 1. Also,

to prevent int 3rference of this type, Broadcast stations with
but a le H. differ3nce in their carriers are separated quite
widely in location.

Broadcast stoticns in the same locality usually have. carriers
at least' E0 TH.C. apart and, as the response of tuned circuits
drops off quite rapidly, at frequencies further off resonance,
a receiver having a circuit like Figure 1, usually provides

satisfactory reception.

To remedy conpleints of Broad Tuninev the service man can
radtore the tuned circuits to their original operating con-
ditions, in regard to supply voltages, resistance. and capac-
ity and usually, thin is se2ficient. Should the owner still
complain, -t,,en the trouble can be considered as the

Receiver and the operating conditions must be examined.

ANTENTAS

From your earlier stuaies, you will remember that the antenna
of a Receiving System is the part which converts the Radiated
Radio Energy into the signal voltages. -As this is essentially
an application of Electro-Magnetic Induction, the physical
dimensions of the antenna have an important bearing on the
strength or -melitude of the induced signal voltages.

Thinking of tr- common type of Broadcast Receiving antenna
which coasists of a single wire, connected at one end to the
Receiver, there are several points to keep in mind. Other

things being equal, the signal strength will vary in propor-
tioh to iLs leneth and height.

In some cases of broad tuning, a cure can be effected by
simply shortening the an'venna. This can be done by actually
cutting the wire or connecting a small capacity in series
with it. This will decrease the input signal voltage and,
from the exarples given earlier in this Lesson, it is easy

to underatond'Why the apparent selectivity is increased.

Buildings l'hich contain metal pipe systems for Heating anti

Vici.ter may present some interesting combinations. Customers

nay tell you their reception is improved by- removing the

ground connection, connecting the Receiver Antenna to the

steam pipe or other similar arrangerents. Due to the wide

variations in the size and construction of homes and apart-
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ments no general rule can be given and usually, the best arrange-
ment must be determined by experiment.

Starting from the earth or ground, buildings of this type have
three metallic systems, insulated from each other and elevated
above ground. The electric lighting wires usually enclosed
in metal conduit, form a metallic path from the receiver to
the grounded point of the circuit. Sometimes these lighting
circuit wires act as a quite effective antenna and, although

not connected to input circuits of the receiver, seem to
allow the carrier frequencies to "leak" into the signal cir-
cuits.

Also, rusty joints in the pipe systems may be quite effective
in insulating the elevated portion of a water or heating sys-
tem and thus, by connecting the receiver at an elevated point,
they may act as an antenna instead of a ground. Good results
are sometimes obtained by connecting the Receiver antenna ter-
minal to the heating system pipes and the ground to the water
pipe while, in other cases, the reverse may be true.

All commercial lighting circuits are grounded at some point
in the building and may form a good ground without any actual
connection being made. is because a comparatively small
capacity has a low reactance at Broadcast carrier frequencies
and the capacity between the 110 volt supply circuit and the
Receiver chassis may be large enough to provide the necessary
low reactance path.

With this action in mind, remember that but one wire of the
lighting circuit is grounded therefore it is always a good
plan to reverse the position of the power cord plug in the
lighting circuit outlet. This should always be done when
installing an a -c, d -c type of receiver.

With the plug in one position you will usually obtain a very
definite "shock" if you touch the metal chassis but, with the
plug reversed, the chassis is at ground potential and there-
fore can be handled without danger of shock.

Normally, the receiver and antenna should be installed for
maximum signals because in this condition, there will be
the most favorable signal -noise ratio. However, in cases
of Interference or Broad Tuning tt may be necessary to re-
arrange the antenna to provide a lower signal input to in-
crease the apparent selectivity.

When interference is caused by one or two stations only,
changing the direction of the antenna to provide minimum
interfering signals, will often provide the r'quired selec-
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tivity. This same action holds for Receivers with built-in
loop antennas because the loop, or the entire receiver, can
be turned until the interfering signal is at minimum.

SUMMARY

To summarize the total routine for a complaint of "Broad
Tuning", the first steps are the same as for "Lack of Volume".
A general inspection of the Receiver together with an identi-
fication of the circuit will provide enough information to
estimate the original selectivity of the circuit.

Next, the tubes should be tested because, any tuned r -f or
i-f stage with less than normal gain, will cause a reduction
of the apparent selectivity. As explained for "Lack of Vol-
ume", the operating voltages are important in producing proper
gain and therefore affect the selectivity also.

This means that all plate voltages, screen grid voltages and
grid bias voltages must be checked carefully, especially for
the tuned stages. Remember here, the avc circuits control
the operating grid bias voltages and a defective resistor or
condenser in the avc filter may cause broad tuning.

For the tuned circuits, the values of inductance and capacity
must be correct in order to produce resonance at the required
frequency. Unless replacements have been made, the coils and
condensers were originally correct therefore any defects which
have changed their original values must be located and remedied.

For the coils, the wire may break to cause an open, a defect
which can be located by a continuity test. Adjacent turns may
make contact and short out a part of the winding. As most
Receivers have two or more coils tuned to the same frequency,
a comparison of their total resistance will usually indicate
the trouble.

The coupling between the primary and secondary coils of r -f

and i-f transformers has a pronounced effect on selectivity.
In many common units of this type, both coif are mounted on
a single form and the coupling depends on the distance between
them. This distance is set carefully when the coils are as-
sembled but, after being in service for a time, the coils may
shift in position.

In this connection you need remember only that, the smaller
the distance between the coils, the "tighter" the coupling,
the higher the gain and the lower the selectivity. The greater
the distance between the coils, the "looser" the coupling, the
lower the gain and the higher the selectivity.
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An examination of the "dope" which covers most coils will
usually show if their location has changed and enable a re-
turn to their original position. However, in some cases
where there is ample signal strength in respect to selectivity,
the performance of a receiver can be improved' by ineTeasing
the distance between the coils.

Tuning condensers, variable and trimmer types, must have no
internal circuit between the two groups of plates but each
group must have a low resistance connection to the proper
points of the circuit. A continuity test is usually suffici-
ent, after one group of plates has been disconnected from
the circuit, but the capacity must be varied for its complete
range while the test is being made.

A fixed condenser, connected in series with the tuning con-
denser in some circuits, must have sufficient capacity to pre-
vent detuning and low resistance connections to maintain
proper selectivity. An open condenser will cause broad tuning
while a shorted condenser will alter the grid bias voltage.

For the input signal voltages, the higher their amplitude or
strength, the lower the apparent selectivity thus, a change
of antenna to reduce the input will provide more selective
reception.

When you feel confident that a Receiver is operating to the
full efficiency of its design and interference still per-
sists, it will be necessary to "educate" the owner. That
is why we have Included many of the details of the explana-
tions of this Lesson. If you have a clear picture of the
relationship between Receiver design, Selectivity, Sensi-
tivity and signal strength, it will be much easier for you
to "sell" your customer on the conditions and thus enable
him to obtain the best possible reception.
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QUESTIONS

How many advance Lessons have you now on hand?

Print or use Rubber Stamp.
Student

Name No.

Street

City State

1. Over the tuning range, why is the selectivity of a Super, -
heterodyne receiver more uniform than that of a T.R.F. re-
ceiver?

2. Which circuits control the selectivity of a Radio Receiver?

3. Nhat are the effects of an increase of resistance in a tuned
circuit?

4. In most tuning condensers, what is done to insure a low re-
sistance between the rotor plates and frame?

S. In general, what resistance values should be indicated when
making continuity tests of condensers?

6. In tuned circuits with a grounded tuning*condenser and a
coil grounded through theA.V.C. circuit, what is the pur-
pose of the fixed condenser connected between the lower
end of the coil and ground?

7. What will be the effect, on the operation of the circuit
of Question 6, if the fixed condenser is open?
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QUESTIONS (Continued)

Name Student No.

8. In the circuit of Question 6, what will be the effect if
the fixed condenser is shorted?

9. In general, upon what does the overall selectivity of a Re-
ceiver depend?

10. How does the coupling, between the coils of R.F. and I.F.
transformers, affect the selectivity?
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Do your duty as well as you can do it -- and begin
by not hurting others in the effort to please or
help yourself. Each can do his duty and he who does
that does all that can be asked and all that any man
ever did since the world began.

-- Arthur Brisbane
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DISTORTION

Pagel

Used in everyday language, distortion means a twisted or
mis-shapen condition and in general, its technical meaning
is about the same. As a general definition we can state:
Any departure from the initial waveform of a signal, during
its complete transmission, is known as Distortion.

Thinking of a Radio Broadcast, a complete transmission in-
cludes all steps between the original sound wave, which
strikes the diaphragm of the microphone, to the sound waves
which reach your ears from the speaker of the Receiver.
Thus, all parts of the Transmitter and Receiver are included
in a complete transmission.

During a complete transmission, the original sound waves are
converted to corresponding changes of electrical energy by
the'microphone. These changes of electrical energy are then
amplified and impressed as modulation frequencies on a Radio
Carrier which radiates through space.

The modulated carrier, intercepted by the Receiving Antenna,
is converted to corresponding changes of electrical energy
which are amplified to some desired level. These amplified
signals are then demodulated, leaving the modulation fre-
quencies which are strengthened by the audio amplifier until
strong enough to drive the speaker.

The speaker converts these modulation frequencies to corres-
ponding mechanical vibrations of the cone or diaphragm and it
converts the mechanical motion to corresponding sound waves
which strike the ears of the listener.

Thinking of the definition given earlier in this Lesson, any
variation of wave form which occurs during any of these changes
will cause Distortion. There can be Acoustical distortion be-
tween the origin of the signal and the microphone. There can
be mechanical or electrical distortion in the microphone itself.
There can be Amplitude and Frequency distortion as the strength
of the signal is increased electrically. There can be Modula-
tion distortion as the signal frequencies are impressed on the
Radio Carrier. There can be Envelope distortion as the modulated
carrier passes from the transmitter to the antenna.

In a reverse order, similar typei of distortion can occur as
the signal passes through a Receiver from the antenna to the
speaker. Technically, these general forms of distortion are
subdivided into specific types, the more important of which
will be taken up later.
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By this time, you may wonder if it is possible to transmit
an undistorted signal but, for ordinary programs, it is not
necessary to do so. The overall puiode of the usual Radio
Receiver is to reproduce speech and music which is pleasing
to the ears of the listener and, as the response of human
ears varies over quite wide ranges, a certain amount of dis-
tortion is sometimes desirable. For example, many Radio
Receivers are equipped with a Tone Control yet, according
to the general definition, a tone control introduces dis-
tortion.

In order to satify your customers, from a Receiver Service
standpoint, you must be able to eliminate or reduce unde-
sirable distortion and provide desirable distortion. Here
again, the personal tastes of the customer are sometimes of
greater importance than the technical performance of a Re-
ceiver.

For example, suppose you repaired a complaint of Broad Tuning
and returned the Receiver with its original selectivity. The

owner, accustomed to "sloppy" tuning, may not tune the stations
sharply and complain of distorted signals. Here, you can try
to "educate" the customer and sell him on the advantage of
good selectivity although a little more care will be required
in the operation of the Receive/a.

Again, the improved performance of a properly repaired Re-
ceiver may cause some confusion in the reception of "Chain
Broadcasts". Tuning quickly for the "Program" instead of
some particular station, a customer may complain of the noise
or "static" and lack of volume. A check up of the Receiver
will show that, instead of the local or nearby station he
thought he was listening to, actually he had tuned in a dis-
tant station of the same chain, operating on a frequency
close to that of the local.

The human ear adapts itself quite rapidly to various types
of distortion and sometimes, when a repair greatly improves
the quality of the signals, the owner may complain because
his ears to not react favorably to the change. Complaints
of this type are usually temporary because, as soon as the
customer becomes accustomed to the change, he will appreciate
the improvement.

A little advice or suggestion cn the use of a tone control
is helpful as many receiver owners do not realize its purpose.
A large percentage of them want overemphasized bass for the
musical programs and leave the control in this position for
news and other voice programs for which the bass response
should be reduced.
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GENERAL TYPES

The ordinary Radio Service Man is not concerned with the
various kinds and types of distortion which may occur in a
Broadcast station or Transmitter. Due to competition and
technical regulations, most Broadcast signals are of good
quality therefore, we are concerned mainly with Distortion
which occurs in the Receiver.

According to the general definition, any change in the wave
form of the signal is distortion but, as already explained,
some changes are considered as an improvement and are there-

fore desirable. This general type of distortion causes no
complaints and therefore seldom concerns the service man.

It is the other general type of distortion, that which impairs
the listener's pleasure, which concerns us and which we want
to split up into general types according to iti description
by the customer.

First we want to eliminate the general subject of Noise or
Noisy Reception because, while it is distortion in the word-
ing of our definition, usually it originates separately from
the signal. In fact, there are so many varieties of Noise
that we will spend an entire Lesson on them.

For this Lesson we will consider the complaints of the customer
who, not being familiar with technical terms, tells you his
Receiver sounds "Tinny", "Raspy" or "Muffled". Or he may say

it "Gargles", "Stutters", "Squeals" or "Howls", making it
difficult to understand what is being said. There are endless
variations of these general complaints but, in every case,
they indicate undesirable distortion of some kind.

We have already explained the amplifying action of the tubes
for Lack of Volume complaints, the action of tuned circuits
for Broad Tuning complaints and now want to review these
actions from the standpoint of distortion.

Starting with the simple case of a triode tube used as a
Class A amplifier, it should operate on the "straight" portion
of its Plate Current - Grid Voltage curve. This meens that
the Grid Voltage, Plate Voltage and Load Resistance must have
the proper relative values. A change in any of these values
may allow operation on the lower curved portion of the curve
so that, the changes of plate current Till not vary exactly
in proportion to the changes of signal voltage on the grid
and distortion will result.

From a service standpoint therefore, the operating voltages
must be measured on the same general plan as explained for
"Lack of Volume" complaints. The point to remember here is
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that the operating conditions which produce maximum amplifi-
cation are not always aatisfactory from the standpoint of
distortion.

Going back to Radio Fundamentals, the reactance of a coil or
condenser is controlled to an imeortant extent by frequency
and Radio signals cover a band of frequencies. Thus, either
a coil or condenser 7hich carries the signal voltages will
develop different values of reactance for signals of differ-
ent frequencies. As the original design of a Receiver Cir-
cuit should include details of this kind, the main responsi-
bility of the service man is to restore the circuit components
to their original values.

This action should be 11 pt in mind when replacing parts, be-
cause the values of some components are critical while others
are not. For example, the inductance of a power supply fil-
ter choke, of the common untuned type, can vary over quite a
wide range without any noticeable effect but, the inductance
of a coil, used in a tuned circuit, must be very close to
the design value.

OPERATING VOLTAGES

For the illustrations of this Lesson we show the circuits of
two Radio Receivers with signal circuits which are -almost_
identical but with different typ,,s of Power Supply.

The circuit of Figure 1 is of the common AC -DC type, arranged
to operate on any 110 Volt Lighting circuit. It employs
tubes with heaters designed for equal current and thus Nr-
mits the usual series arrangement of the heater circuit.
This is shown at the lower center of the diagram and, wken
the 6N5 eye tube is installed, its heater is connected in
series to the others.

The heaters of the six tubes shown in the diagram have a
total drop of 120.4 volts and therefore ulll operate satis-
factorily on any 117 volt lighting circuit without a series
or dropping resistor. The addition of the 6N5 heater would
raise the total to 126.7 volts which is still less than a
10% variation of the 117 volts value of the line.

The manufacturers recommend that all heaters and filaments
be operated at their rated values for maximum life and that
suggestion is followed closely by most Radio Receiver design-
ers. For AC -DC types howevr, there is a tendency to operate
the heaters at slightly reduced values of voltage for protec-
tion against high line voltage.

Should a receiver, with a circuit similar to that of Figure
1, require frequent tube replacements because of burned out
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heaters, many men would replace the 35L6GT with a 50L6GT to
reduce the current in the heater circuit. This reduction
of circuit current would cause a corresponding reduction of
voltage, about across each of the other tube heaters.
This reduction has little apparent effect on the operation
of the ordinary receiver but does provide some protection
against high heater voltages.

The high voltage, or plate surely of Figure 1, consists of
a 35Z5GT half wave rectifier, a filter made up of a 40 ohm
protective resistor, a h50 ohm speaker field winding, a 30
mfd input condenser and a 20 mfd output condenser.

The input condenser is connected across the supply line, in
series with the rectifier, and the peak values of its charg
ing current may exceed the maximum allowable values for tube
plate current. The 40 ohm resistor will act to limit the
peak values but have a negligible effect on the d -c output
voltage.

The filter output voltage is applied directly to the plate
loads of all the signal carrying tubes, except the detector,
and directly to their screen grids. This is the conventional
arrangement and we mention it in order to make a comparison
to the similar circuit of Figure 2.

As we mentioned before, Figure 2 is the circuit diagram of
a conventional a -c type of receiver employing a power trans-
former, the primary of which connects across the lighting
circuit. This is the original source of supply but, as far
as the receiver circuits are concerned, the transformer sec-
ondaries supply the operating voltages and current.

Here, the tubes are all of the 6.3 volt type and their heat-
ers are connected in parallel across a transformer secondary.
The complete circuit of the 6X5GT heater is drawn and the
caption, "To Fils", shown just below the dial lamp, indicates
all other heaters are connected in the same manner.

In the circuits of Figure 1, the heaters are connected in
series and thus, all operate at the same value of current but
may have different values of voltage. In the circuits of Fig-
ure 2, the heaters are connected in parallel and thus all op-
erate at the same value of voltage but may have different
values of current.

The high voltage, or plate supply of Figure 2 includes the
high voltage, center tapped secondary of the power trans-
former, a 6X5GT full wave rectifier, a filter made up of the
1800 ohm speaker field winding, a 16 mfd input condenser and
a 16 mfd output condenser. No protective resistor is needed
here because the comparatively high impedance of the second-
ary winding will prevent excessive peak current surges.
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The filter output voltage is applied directly to the plate
loads of all the signal carrying tubes, except the detector,
directly to the screen grid of the 6K6GT power output tube
but through a dropping resistor to the screen grids of the
6SK7, r -f, the 65A7 modulator and the 6SK7, i-f tubes. Com-

paring the two circuits further, both employ a type t%',;1(7"

r -f tube, an SA7" modulator tube, an 'SK7" i-f tube and an

'31:),7" detector and a -f tube. Referring to a tube chart you
will find that, with the exception of the heater voltage and
current, tubes of these same types are identical.

The filter output voltage of the plate supply, shoTr in Figure
1, should be approximately 100 volts while that of Figure 2

should be about 250 volts. Neglecting the heaters, that

means like tubes must produce comparable signals a] though

operating at widely different values of plate voltage. This

situation is often confusing to the service men and makes him
wonder as to the value of making voltage tests.

However, the tube chart will be of assistance because, in
most cases of this kind, you will find two sets of operating
values, one for 100 volts on the plate and another set for
250 volts on the plate.

For example, an "SK7" with 100 volts on the plate requires
100 volts on the screen grid also. Thus, in Figure 1, the
plate loads and screen grids connect directly to the power
supply filter output. With 250 volts on the plate, an "SK7"
requires 100 volts on the screen grid and therefore, in
Figure 2, the plate loads connect directly to the power sup-
ply filter output but there is a 15,000 ohm dropping resistor
in series between the filter output and the screen grids.

PLATE LOADS

The main point to remember is that any type of tube can be
made to operate without objectionable distortion over quite
a wide range of plate supply voltages provided the other
operating voltages and circuit components are proportioned
properly. Thinking of a Class A amplifier, which should
operate on the straight portion of its plate current -grid
voltage curve, in addition to the plate voltege, there are
three important factors -- 1. the plate load, 2. the grid

bias voltage, and 3. the signal voltage.

From a service standpoint, the plate loads for both r -f and
i-f amplifier tubes usually are made up of tuned circuits to
provide maximum impedance at resonance which, in the form of
an equation, is expressed as:

=
L-
CR
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when L represents the inductance, C the capacity and R the
resistance. We have already explained the common methods of
tests for these circuits and mention this equation merely
to emphasize that, in addition to the effects already ex-
plained, an increase of resistance will cause a reduction
of impedance at resonance and thus reduce the plate load.
A reduction of plate load will permit an increase of plate
voltage, other factors remaining the same, and may produce
distortion.

Many distortion complaints, due to incorrect plate loads,
are found in the power output tube circuits which include
the output transformer. This may be due to the fact that the
greatest amount of power is carried by these circuits and
also the need of matching the plate load to the speaker voice
coil.

Speaker troubles, which will be taken up a little later, are
quite common and speaker replacements are quite numerous but
serious distortion may result, unless there is the proper
impedance match between the load impedance of the plate cir-
cuit and the speaker voice coil.

Looking in a tube chart, you will find a recommended value of
load resistance for all Power Output tubes, also all speak-
ers are listed in respect to their voice coil impedance.

For example, the tube chart recommends a load of 2500 ohms
for the 35L6GT output tube of Figure 1, operating with 110
volts on the plate and screen. To present a practical ex-
ample, suppose that the speaker voice coil has a rated imped-
ance of 4 ohms. By means of the output transformer, this 4
ohms of the voice coil is reflected into the plate circuit as
2500 ohms. The impedance ratio of the transformer is equal
to the square of the turns ratio. Thus,

Impedance Ratio = 2222 - 625
4

Turns Ratio =. J625 - 25

Should this speaker be replaced with one having a 2 ohm voice
coil, the same output transformer, with an impedance ratio
of 625, would reflect a plate load of 625 x 2 or 1250 ohms
and distortion would result although the voltage and con-
tinuity tests of the circuits could be correct.

Operating at 100 volts on the plate, the 6K6GT output of Fig-
ure 2 requires a load resistance of 12000 ohms but, with our
assumed value of 250 volts for this circuit, the tube chart
recommends a load resistance of 7600 ohms. Assuming a 4 ohm
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speaker voice coil here, the impedance ratio is 7600 4

1900 and the square root of 1900 is approximately 45.5 as
the required turn ratio of the output transformer.

Thus, even though the speakers of Figure 1 snd 2 were alike,
the output transformers could not be interchanged without
causing a decided change of load resistance with excessive
distortion.

For a practical application of this condition, suppose the
receiver of Figure 1 is in your shop for repair because of
distortion, apparently in the output circuit, but neither
the speaker nor output transformer is marked in respect to
electrical values. However, you do have a multimeter for
measuring resistance and a -c volts.

First, you can disconnect one end of the voice coil and
measure its resistance. This will be the d -c or ohmic re-
sistance of the wire but, the impedance is calculated at a
frequency of 400 cycles in most cases. For service work, it
is sufficiently accurate to consider the impedance of the
voice coil as being 1.5 times its d -c resistance.

Knowing the voice coil impedance and checking in a tube
chart for the value of load, you can use these
values to calculate the impedance ratio. The square root
of this ratio is the required turns ratio of the output
transformer,

Going back to electrical principles, the voltages induced in
the windings of an unloaded transformer are approximately
equal to the turn ratios and thus a simple method of
measurement is available.

To measure the resistance of the voice coil, one wire was
disconnected and thus the output transformer secondary cir-
cuit is open. With the exception of plate bypass condensers
or tone controls, the primary circuit is isolated when the
power is off or the output tubes are out of their sockets but,
can be opened by removing the Connection to the plate of the
tube or to the power supply filter. All that remains is to
supply one winding with a -c and then measure the voltage
across each winding. The ratio of these voltages will be
the turn ratio.

Remember, these voltage tests must be made with a -c and,
for the circuit of Figure 1, you could connect the primary
across the supply line. Then, with your a -c voltmeter
connected across each winding in turn, read the primary and
the secondary voltages.



.
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In a previous explanation of this circuit we found, with a
4 ohm speaker, the turns ratio of the transformer should be
25 to 1. Here then, if the A.C. voltmeter reads 110 when
connected across the primary it should read 1/25 as much or
nearly 4.5 volts when connected across the secondary.

For the output circuit of Figure 2, we found a turns ratio
of 43.5 was needed for a 4 ohm speaker. Here, after the
transformer had been disconnected, you could connect the
6.3 volt filament secondary of the power transformer across
the secondary of the output transformer. The voltage across
the primary should then be 43.5 times 6.3 or about 275 volts.

Of course, you could follow the plan explained for Figure 1
and, with 110 volts across the primary there should be about
2.5 volts across the secondary because 110 divided by 43.5,
the turn ratio, is equal to 2.5.

For push pull output circuits, the load for each tube re-
mains the same as for a single tube therefore the impedance
of the total primary of the output transformer, or plate to
plate load, should be twice that of a single tube. For out-
put tubes connected in parallel, the plate load should be one
half the value recommended for a single tube.

Thus, by a few simple tests with ordinary equipment, it is
possible to determine the trans ratio of the output trans-
former as well as the approximate impedance of the voice
coil. These values, together with the recommended value of
plate load is all that is needed to check up on the actual
plate load of the output tube.

One more point to watch is the construction of the output
transformer itself. The iron core must be large enough to
carry the flux developed by the D.C. plate current of the
tube, plus the variations caused by the signals, without be-
coming saturated magnetically. '.then the core is saturated,

the magnetic flux does not vary exactly as the plate current,
the secondary voltage will not follow the variations of signal
voltage and distortion will result.

For push pull output stages, the D.C. plate current does not
magnetize the core to any great extent because, in the prim-
ary of the output transformer, the plate current of one tube
is in a direction opposite to that of the other tube. There-

fore, there is usually lets iron in the core of a push pull
output transformer than in one designed for a single tube.
That is why an output transformer, designed for a push pull
stage of any certain type of output tube may cause distortion
if used for a single tube of the same type.
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GRID BIAS VOLTAGE

In an earlier explanation of tube action, we stressed the
fact that the grid bias voltage is most important in fixing
the operating point. For a Class A amplifier, the operating
point is located on the straight part of the grid voltage -
plate current curve so that equal increases and decreases of
negative grid voltage will cause equal decreases and in-
creases of plate current.

With a higher value of negative grid bias, equal changes of
grid voltage may cause uneoual changes of plate current. Due

to the bend in the lower part of the curve, for equal changes
of grid voltage, the reduction of plate current will not be
as large as the increase and distortion will result.

With a lower value of negative grid bias, the signal voltages
may cause the grid to become positive, in respect to the
cathode or filament, and allow grid current. This grid cur-
rent will produce a voltage drop across the grid load and
thus, the changes of total grid voltage will not coincide
with the changes of signal voltage.

In either case, there will be distortion because the changes
of voltage drop across the plate load will not follow the
changes of signal voltage.

Checking back over the circuits of this series of Lessons,
there are three common methods of obtaining grid bias volt-
ages. One is the cathode or bias resistor arrangement as
Shown for the 6SK7 and 6K6GT tubes of Figure 2 of this
Lesson.

The plate and screen grid currents of the tube are carried
by the cathode resistor and the resulting voltage drop is
the grid bias voltage. As the variations of current cause
variations of voltage drop, a condenser is usually connected
across the resistor to provide a more uniform voltage.

As explained in the earlier Lessons, continuity tests can be
made to check the resistor and condenser. Also, due to the
comparatively low value of most bias resistors, the ordinary
1000 ohms per volt type of test meter will give sufficiently
accurate readings of the voltage actually developed.

A second method of obtaining grid bias voltage is to connect
the grid return to a voltage divider. In some battery types
of circuits, the tube filaments are connected in series and
act as the voltage divider. In some a -c types of receivers,
the dynamic speaker field, used as a filter choke in the
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negative side of the circuit, has a voltage divider connected
across it. Both of these methods have been explained in the
former Lessons.

The third type, also explained in the earlier Lessons, is the
use of a high resistance grid load. This arrangement is
popular with high mu triodes and is shown in the triode grid
circuits of the "SQ7" tubes of Figures 1 and 2.

Going back to the bias resistors in the cathode circuits,
like those shown in the output stages of Figures 1 and 2,
the question often arises as to what is the correct value
of capacity to use for the bypass condenser. Like all simi-
lar conditions, there are many variations but a general con-
servative rule is that, at the lowest signal frequency, the
reactance of the bypass condenser should be one tenth the
value of the resistance. As a formula, this rule can be
written,

,
Ac = or 10Xc = R

The relationship between Capacity, Capacity Reactance and
Frequency cat be stated as,

1 1 C1Xc or f - or
6.28fC 6.28XcC 6.282(c

When Xc = Capacity Reactance in Ohms
R Resistance in Ohms
f = Frequency in Cycles per second
C = Capacity in Farads

Substituting the value of Xc in the formula for the rule:

1 R 10 1
or R - or R

6.28fC 10 6.28fC fC6

Transposing the terms,

R
1.6

or C 16or
-

1.6

fC fR CR

but as most capacity values are given in microfarads, the
equations can be written as,

1,600,000 1,600,poo
Cmfd _ Cmfd R

Applying this rule to the cathode circuit of the 35L6GT tube
of Figure 1, which shows a 150 ohm resistor and a 25 mfd con-
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denser, we can find the lowest frequency at which the capa-
city reactance will be equal to one tenth se the resistance.

Substituting in the second form of the equation,

19609,000 - 1,6000,000 -f _426 cycles per sec.
25 x 150 3750

For the output circuit of Figure 2, with a 500 ohm resistor
and 20 III' . condenser,

1600,000- -1,600.000f160 cycles per sec.
20 x 500 10,000

Following the same general plan for the 470 ohth resistor in
the cathode circuit of the 65K7 tubes of Figure 2, the low-
est frequency is 455 K.C. or 455,00Q cycles per second. To

find the proper value of capacity, we substitute in the first
form of the equation,

C
1 600,000 1,00,000 _ 0074 NSF .

455,000 x 470 213,850,000

Thus, for the same electrical ratios, the bypass condensers
for cathode bias resistors in R.F. and I.F. stages can have
a much smaller capacity than those in A.F. stages.

The purpose of these bypass condensers is to maintain a more
uniform or steady voltage drop across the bias resistor by
charging, during periods of increasing cathode current and
discharging during periods of decreasing cathode current.
At higher frequencies, a smaller capacity will operate satis-
factorily but, at low audio frequencies, a larger capacity
is required. Where cost is important, you will find some
manufacturers use smaller values of capacity, down to about
1/2 of those indicated by these formulas.

Notice also, other things being equa], the higher the value
of bias resistance, the smaller the required capacity. In

some cases you may find the cathode bypass condenser omitted
entirely to provide inverse feedback because, without it,
an increase of cathode current will cause an increase of
bias voltage which tends to reduce the current.

Leaky coupling condensers are a quite common source of dis-
tortion because they permit some of the plate voltage of
the preceding tube to be impressed on the grid. Depending
on the amount of leakage, this positive plate voltage will
reduce the negative grid voltage or may overcome it entirely.
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Looking at the circuit of Figure 1, there is an .006 mfd

coupling condenser between the 12SQ7 tube and the 35L6GT
control grid and a leak here would complete a circuit from
the plate through the condenser and 680,000 ohm grid resis-

tor to ground. Current in this circuit will cause a volt-
age drop across the resistor to make the grid positive in

respect to ground. Note -- the formulas given for bypass
condensers of bias resistors apply also to coupling con-
densers and the following grid resistor.

For proper operation, there should be a 7.5 volt drop across
the 150 ohm bias resistor with nothing but signal voltages
across the grid resistor. However, by Ohm's Law, a leakage
current of but .011 milliampere in the 680,000 ohm resistor
would cause a drop of about 7.5 volts, reducing the grid
bias to zero.

Going further, and assuming 50 volts on the 12SQ7 plate, a
resistance of slightly less than 4 megohms, in the coupling
condenser, would allow this amount of current and thus re-
duce the 35L6GT grid bias to zero. Operating at zero bias,
the signal voltages would drive the grid positive, in res-
pect to the cathode, cause grid current and as the changes
of voltage across the grid resistor would not follow the
changes of signal voltage, distortion would result.

To complete a check of the grid bias voltages, do not over-
look the components of the avc circuit. Remember, avc

action depends on a change of bias voltage and thus defective
resistors or condensers in the avc filter, and the included
parts of the detector circuit, can cause distortion.

In modern receivers, the resistors are color coded and the
condensers are either color coded or marked so that their
actual values can be checked by resistance and capacity tests.
When making these tests, be sure that at least one end of
each unit is disconnected from its circuit and is entirely
open.

SIGNAL STRENGTH

A similar condition can be caused, in circuits which are
electrically correct, by the presence of strong signal volt-
ages. Looking at the grid circuit of the output or Power Tube
of Figure 1, the total grid voltage will be equal to the sum
of the voltage drops across the 150 ohm bias resistor and
the 680,000 ohm grid resistor.

With no signal voltage, there should be no current in the
680,000 ohm resistor and therefore, no voltage drop across
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it, but the plate and screen currents it the 150 ohm cathode
resistor produce the voltage drop which is the grid bias.

Signal voltages, carried over by the .006 coupling condenser,
cause alternating current in the 680,000 ohm resistor and
these produce alternating voltage drops which, added to the
d -c drop across the cathode resistor, provide the total grid
voltage. For one alternation, these voltage drops will be
series aiding and thus the total voltage will be equal to
their arithmetical sum. For the following alternation, the
voltage drops will he series opposing and thus the total
voltage will be equal to their arithmetical difference.

Should the drop across the 680,000 ohm resistor exceed the
drop across the 150 ohm resistor, the grid would be positive,
in respect to the cathode, for a part of one alternation of
each cycle of signal voltage. As explained for a leaky coup-
ling condenser, a positive grid allows grid current which, in
turn, causes a voltage drop across the grid resistor. As a
result, the variations of grid voltage do not follow the
variations of signal voltage and distortion results.

For Class A amplifiers, the peak or maximum value of signal
voltage in the grid circuit should not exceed the d -c bias
voltage. Remember here, the peak value of a -c is 1.41 times
the effective values indicated on the ordinary a -c meter
therefore, as a safe general rule, you can assume the peak
a -c values to be 1-1/2 times the effective values.

OVERLOAD

Distortion, caused by excessive signal voltage is commonly
known as "Overload" distortion and can be checked readily
by means of the volume control. If the signals are satis-
factory at low volume but distort as the volume is turned
up, the trouble is due usually to overload in some stage.
This condition may occur in the plate circuits but is found
more commonly in the grid circuits.

In addition to the condition of positive grid voltage, pre-
viously explained, excessive signal voltage may cause suf-
ficiently high negative grid voltages to make an amplifier
tube act somewhat as a detector and thus cause distortion.

One point to remember is that some designers provide suf-
ficient sensitivity, for the reception of distant stations
or weak signals, to cause distortion of strong signals at
maximum volume. Therefore; when a receiver provides satis-
factory signals of distant stations at full volume, but dis-
torts on strong local signals, the conditions should be



0
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explained to the owner. Should you cut down the sensitivity
to prevent distortion on local signals, the distant stations
could no longer be heard.

One simple method of checking for overload distortion is to
connect a pair of headphones, preferably with a series con-
denser in each wire, across the detector load, and listen to
the signal. In the circuits of Figures 1 and 2, the phones
would be connected across the volume control.

Distortion at this point would indicate a defect between the
phones and antenna. If no distortion appears here, the
phones should be moved to the output circuit of the first
audio stage, which is across the 220,000 ohm resistor in the
triode plate circuit of the "SQ7" tubes of Figures 1 and 2.

Following this plan, and moving the phones, circuit by cir-
cuit toward the speaker, it is possible to hear in which
one the distortion occurs. When the faulty circuit is
located, the usual voltage and continuity tests can be
applied to isolate the defect.

Overload distortion of this type is sometimes called, "Second
Harmonic" or "Even Harmonic" distortion because the negative
variations of voltage or current have less amplitude than
the corresponding positive alternations.

SPEAKER TROUBLES

As you already know, the function of a speaker is to convert
variations of electrical energy to corresponding variations
of sound energy or to sound waves of corresponding frequency
and amplitude. In the common types of speakers, the elec-
trical energy is converted to magnetic energy which, in turn,
is converted to mechanical energy or motion. Assuming that
electrical tests indicate correct signal voltages or current
in the output circuit, distorted sound must be due to mag-
netic or mechanical detects in the speaker.

In modern types of speakers there are two distinct and sepa-
rate sources of magnetism. First, the "Field" which sets up
a steady or fixed magnetic flux and second, the "Voice Coil"
which sets up an alternating magnetic flux proportional to
the electrical signals.

The field flux may be produced by an electromagnet, in the
"Dynamic" types or by a Permanent Magnet in the P.M. types.
The mechanical construction is arranged so that the voice
coil is suspended in a small air gap of the magnetic circuit
of the field. The mechanical motion of the voice coil is
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produced by the attraction and repulsion of the alternating
flux, set up by the voice coil, to the steady flux set up by
the field.

To prevent distortion, the movement of the voice coil should
follow exactly the frequency and amplitude variations of the
electrical signals therefore, the magnetic flux of both
field and voice coil must be of proper relative strength and
mechanically the voice coil must be free to move.

We have described the electrical tests which can be made to
check the voice coil but, unfortunately have no similar
tests for the field flux. For dynamic speakers, the con-
tinuity and resistance of the field winding can be checked
as a part of the power supply tests previously explained.

One simple but often effective method of testing field
flux, is to place the end of a screw driver or other steel
rod on the end of the core inside the voice coil. Then,
with the speaker in operating condition, the pull required
to remove the screw driver or rod is estimated. A few
tests of this kind, on different sizes and types of speakers,
will indicate about how much pull to expect and thus form a
basis for future tests.

Mechanical troubles are caused mainly by the voice co41
shifting off center in the air gap and rubbing on the iron
of the field. This can be remedied usually by "Centering"
the coil by the methods explained in the earlier Lessons.

The cone is that part of the speaker which converts the
mechanical motion of the voice coil into sound waves and
therefore, to avoid distortion, it must follow exactly the
movements of the voice coil. Cone troubles are mechanical
and consist of tears or looseness.

The outer edge of most cones is connected to the speaker
frame while the center opening is attached to the voice
coil. Any looseness here will permit the movements of the
cone to vary, in respect to those of the voice coil, and dis-
tortion may result. Every service man should have a supply
of "Cone Cement" to repair defects of this type.

Tears or cracks in the cone can also cause distortion be-
cause they may allow variations in air waves set up by the
movements of the cone. For small cracks and tears, a coat-
ing of cement may be sufficient but for larger tears, a piece
of toilet or cleansing tissue can be cemented to both sides.
However, when good fidelity is desired, the best plan is to
replace the entire cone.
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OSCILLATION

Distortion may be caused by oscillation in one or more stages
of a receiver. Defects of this type will be explained more
completely in a following Lesson but should be mentioned here.

When the oscillation is at low audio frequencies it causes a
low frequency rumble or "put -put" often called "Motorboating".
At higher frequencies, it may produce a squeal or howl while,
at still higher frequencies, it will cause a certain amount
of "Fuzziness" in the signals.

Most cases of unwanted oscillation are due to feedback caused
by loose shielding or insufficient filtering. Many of these

defects will be found when making a general inspection, vol-
tage analysis or continuity test and therefore will nat be
taken up in detail at this time.

TUNABLE HUM

Another form of annoying distortion is known as "Tunable Hum"
because it appears as a low frequency hum only as the differ-
ent stations are tuned in. This defect is found usually in
A.C. operated receivers and is due frequently to signal
carrier frequencies entering the receiver circuits through
the power supply circuit.

The common remedy for this trouble is to connect a paper type
condenser, about .05 MF. capacity, from either of both sides
of the 110 volt supply circuit to the chassis. At Broadcast
carrier frequencies, the reactance of an .05 NF. condenser
is about 5 ohms and thus it "shorts out" the carrier fre-
quencies before they reach the receiver circuits. At 60
cycles, the frequency of the common lighting circuits, the
reactance of an .05 MF. condenser is about 5000 ohms and thus
it makes no appreciable difference to the normal operation
of the receiver.

When tunable hum is present in a receiver which has a con-
denser, between the supply circuit and ground, it should be
checked for capacity and a test made by installing a larger
capacity. Should this fail to reduce or eliminate the
trouble, check the position of the heater circuit wires.

This circuit carries A.C. at the frequency of the supply and
sets up an alternating magnetic flux around its wires. In
many receivers, you will find these wires are twisted to re-
duce this flux but it can induce A.C. voltages in the wires
of other circuits. The remedy here is to separate other
wires, especially those of tube grid circuits, as far as pos-
sible from the heater circuit wires.
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A heater -cathode leak, inside a tube, can cause tunable hum.
Therefore, when the tubes are tested, they should be checked
carefully for "Shorts" and "Leakage".

Hum, which is present at all times regardless of the posi-
tion of the tuning dial, is caused usually by insufficient
filtering and should not be confused with the tunable hum
mentioned above.

Distortion, extremely annoying to some individuals, may not
be noticed by others therefore, it is always advisable, in
handling a "Distortion" complaint, to learn the tastes of
the customer before deciding on the extent of the service
which will be necessary to produce signals, satisfactory to
him.

To fulfill the promise made early in this Lesson, the ex-
planations of the following Lesson will cover the subject
of "Noise" or "Noisy Reception" which, in a broad sense,
can be considered as a special form or type of distortion.





M
od

ul
at

or
12

3A
7

X
0i I

4i
C

45
5K

C I

/2
SK

7

I 
qY

6 
it7

T
A

V
A

L

2"
 D

et
 &

 A
F

12
SQ

7

-
45

5 
K

C
2

- 
-

M
E

G
 r

a.

J
av

-R
oi

Q
td

l

vs
oi

vs
,v

I2
SK

7 
12

5K
7 

35
1.

66
1/

FI
G

U
R

E
1

'4
7

M
az

da

Po
w

er
 A

F
35

1.
66

T
01

T
N

FP
?V

D

R
T

S 
0





R
. F

M
od

ul
at

or
6S

K
7

6S
A

7
N

am
65

1(
7

FI
G

U
R

E
 2

2"
 D

 t.
 4

 A
 ic

65
07

Po
fr

ef
t A

P
6 

K
 6

6T
.c

oe

R
T

S





Lesson RTS-10 Page 19

QUESTIONS

How many advance Lessons have you now on hand?

Print or use Rubber Stamp:
Student

Name No.

Street

City State

1. What is the general definition of Distortion?

2. What is the relation between the impedance ratio and turns
ratio of a transformer?

3. What simple method can be followed to calculate the approx-
imate impedance of a speaker voice coil?

4. How can a transformer be tested for turns ratio?

5. What are three common methods of obtaining grid bias voltage?

6. What effect does a leaky plate coupling condenser have on
the bias voltage of the following grid?

7. Using the volume control, how can overload distortion be
checked?

8. How can headphones be used to check distortion?

9. What is a simple method of testing speaker field flux?

10. What is a common remedy for tunable hum?

RTs100.)
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To do anything in this world worth doing,
we must not stand back shivering and
thinking of the cold and danger, but jump
in, and scramble through as well as we can.

--- Sydney Smith
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NOISY RECEPTION

Ever since the development and construction of the first
mVireless" systems, radio reception has been marred by un-
wanted sounds, known generally "Static", "Noise", or "In-
terference". This condition still exists because much of
this "Noise" originates in space or the atmosphere and thus
has not been completely eliminated despite the enormous im-
provements which have been made in receiver performance.

For this Lesson, we want to analyse the various types of
noise and discuss the methods by which it can be reduced in
some cases and eliminated in others. To begin, we want to
examine a few general definitions to determine exactly what
your customer means when he makes a complaint of Noisy
Reception.

The dictionary states that "Noise is a sound of any sort",
and on that basis, all sounds produned by the speal-er of a
radio receiver are classed as. "Noise. Sound is defined as
a wave motion or vibration, usually of the air, which st:mu-
lates our ears and causes us to hear.

Going further, noise is defined also as:

Sounds which are objectionable to some persons.
Sounds without agreeable musical quality.
Sounds which may or may not have significance.
Sounds that are undesired or that interfere with something
to which one is listening.

Then, to distinguish noise from music, noise is defined as
irregular or confused impulses, or as sounds which do not
exhibit clearly defined frequency components. Musical
sounds are due to regularly recurring vibrations or clearly
defined frequency components.

SummarLing these various definitions, when your customer
complains of noise, he is referring usually to non-musical
sounds which are objectionable or which interfere with the
sounds he wants to hear. However, perfect reproduction of
some programs may sound "Noisy" to some listeners.

As we have mentioned before, complaints of this nature are
based on the preferences or tastes of the indilidual customer
and, to be satisfactory, the repair must satisfy him. It is
not enough that a repaired receiver sounds "good" to you, it
must sound "good" to the customer also.

There is seldom any confusion in regard to a complaint of
Noisy Reception because the customer is bothered by signal
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voltages which do not carry intelligence, have no constant
or fixed frequency but do interfere with the reception of
desired signals.

Thinking back to the former Lessons, noisy reception could
be caused by a lack of selectivity and could be classed as
a form of distortion. However, from a practical standpoint,
noisy reception is a distinct type of trouble because it may
occur in,a selective receiver which is operating properly
without noticeable distortion of the signals.

Like all other troubles, there is a definite cause for Noisy
Reception and a cure can be made only after the cause has
been determined and removed or corrected. Analyring the
complaint in a general way, there are two possible causes
of noise. First, random voltages may be generated in space
or our atmosphere and, radiating like desired signals, be
picked up by the antenna and reproduced by the speaker.

Second, variations of operating voltage:, caused by changes
in the electrical values of the component parts of a recei-
ver may produce noise in the speaker.

Therefore, when a customer brings in a "Noisy" receiver, your
first job is to determine whether the noise originates inside
the receiver itself or is picked up by the antenna. For those
models which plug into a lighting circuit, it is necessary to
8onsider the supply as a part of the antenna.

As a quick test, the antenna or input circuit can be "shorted"
while the receiver is in operation, and if the noise is re-
duced to a noticeable extent, it is safe to assume it is of
external origin. However, if "shorting" the input circuit
has no effect on the noise, it is logical to suspect the
presence of a defect in the receiver circuits.

Keep this general division in mind as it is the basis for
the explanations of this Lesson and details of the various
tests will be given later,

NATURAL AND MAN MADE STATIC

As far as radio receivers are concerned, the term "Static"
has come into general use to describe many of the unwanted
noises which are heard in the speaker. Static is often
defined as that form of electricity which is at rest, and
it is produced commonly by friction. Most atmospheric
electricity is therefore rightly named as static.

A thunderstorm is perhaps the most common and spectacular
exhibition -of atmospheric electricity and according to a
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common theory, the static charges are built up by the fric-
tion between the air and the rain drops which cause the
drops to break up into smaller narticles. When the static
charges build up sufficiently, the space between those of
opposite polarity is pierced and a discharge takes place.
We call these discharges "Lightning" and you may have seen
it flash from cloud to cloud or from a cloud to the earth.

It is these discharges which radiate energy, similar to
Radio energy and, picked up by the antenna, cause the static
in the speaker of the Receiver. Other similar actions occur
in the atmosphere and, while not as spectacular as Lightning,
cause the same type of noisy reception.

From the standpoint of Service, there is not much which can
be done to cure this "Natural" static, because the origin
of the complaint is outside the receiver. However, this
type of static has broad frequency characteristics there-
fore, as the selectivity of a receiver is increased, less
static will pass the tuned circuits and reception is im-
proved. One of the main advantages of Frequency Modulation
is that this type of transmission differs sufficiently from
most natural static to permit the receiver to pass the sign-
als and block the static.

As we mentioned previously, it is the static discharges
which cause noise and, in much the same way, a spark or an
arc along any electric power line will produce similar re-

sults. A leaky insulator on a high tension line, tree
branches rubbing against a power wire, or loose connections
anywhere in a power circuit may produce interference quite

similar to natural static.

In cities and industrial districts, Flasher Signs, street

cars, elevators in bui]dings, commutator type motors and

other types of electrical equipment which cause sparks
or arcs, all cause radiations which can cause "Static" in

a Radio Receiver.

Electric Razors, Clippers, Motor Driven Hair Dryers, Violet

Ray and Diathermy Machines may radiate energy of high fre-

quency which causes noise in a Radio Receiver. All these

are known as "Man Made" static to distinguish them from

natural or atmospheric disturbances and, most cases of Man

Made static are curable by methods explained later in this

Lesson.

SIGNAL vs. NOISE RATIOS

Under ordinary conditions of Radio Reception, there is always

a certain amount of atmospheric static which varies with
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local as well as general conditions. As far as the lisener
is concerned, this is the noise he hears in the speaker when
-the receiver is in oporatin7 condition but with no signa7s

tuned in. It can be identified as a "frying" or "crackling"

sound, the intensiu of which can be varied by adjusting the

volume control.

As this noise is not due to any defect in the Receiver and
is present all over the tuning dial, the common method of
obtaining satisfactory rece?tion is to provide signal vo]t-
ages of greater strength or ampJ itude than the static.

The comparative amplitude of the Signal end Noise voltages;
induced in the Receiver antenna, is known as the Signal -

Noise Ratio. With a high ratio, satisfactory reception of
the desired signa]s can be obtained with the volume conrol
set at a point so low that the Noise is not objectionable.

With lower ratios of Signal to Noise voltages, satisfactory
levels of the desired signal may cause Noise levels high
enough to cause interference. In general, the weaker the
signal voltage the higer the noise

In some respects, Noisy Reception is a special type of in-
terference and therefore, when discussing a complaint of
this kind, ask she customer for information similar to that
suggested in the earlier Lesson on Broad Tuning.

Is the noise present at all times? If not, during what

hours is it present?

Is the noise present at all points of the tuning range? If

not, at what frequencies is it most Proneunced?

Is the noise present when listening to any station? If not,

what stations are the noisest?

If the receiver is available, you can turn it on end listen
but it is always a good plan to ask the customer to describe
the noise. Remember, it is your job to please the customer
and the more information he gives you, the easier it will be
to learn his individual likes and dislikes.

With the answers to the questions above, is is usually a
simple matter to determine the general nature of the noise
and make helpful suggestions such as more careful tuning,
listening to local or nearby stations instead of distant
stations, adjusting the volume control for best reception
and so on. Often, a reduction of volume will cause a great-
er reduction of audible noise and the desired signalswill
be more satisfactory although at a laver level.
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All of these explanations have been made on the assumption
that the Receiver is in good order and the noise is dun to
Natural Static only. However, there are many Receiver de.
facts which cause Noise, defects which require service on
the circuits or their compoment parts.

To make our explanations definite, for the illustrations Of
this Lesson we have the circuit diagrams of two receivers.
Figure 1 shows the circuit of a 2 band, 6 tube, A0C, nsuperlf
while Figure 2 shows the circuit of a 6 tube automobile type
11Supern,

Analyzing the circuits briefly, for Figure 1, there and two
input transformers, one for the short wave or 4011 band: and
another'in the form of a loop aerial, for the broadcast or
!IB!t band, Both primaries are in series between the external
antenna terminal and the ground while the HDBli switch cony
fleets either secondary across one section of the two gang
tuning condenser.

This tuned secondary circuit is coupled to the control grid
of the 6SA7 tube through a .0005 MF. condenser and the grid
connects to the A.V.C. circuit through a 2 megohm resistor.

For the oscillator, the cathode of the 6SA7 connects to ground
through a part of the nn coil and the primary of the RBI,
coil: depending on the position of the band switch.

The second section of the two gang tuning condenser tunes
the entire IlDu coil or the secondary of thOBH coil. The
oscillator grid 'is grounded through the 40,000 resistor and
coupled to the tubed circuit through a 50 MMF. condenser,

There is a separate trimmer condenser for each of the input
coil secondaries and another trimmer across the vscillator
section of the tuning condenser, For the oscillator: there
is a variable trimmer condenser across the HIP coil and a
fixed trimmer condenser across the HY coil secondary which
also has a'variable padder condenser in series between it
and ground.

The plate of the 6SA7 tube connects to the high Voltage
supply through the primary of the 1st I.F. transformer and
the screen grid connects to the same supply through a 17,000
ohm resistor, A ,04 MF. condenser is connected from the
screen grid to ground,

The secondary of the 1st I.F, transformer connects across
the grid circuit of the 6SK7, 1st I.F. tube, the grid re.
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turn connecting to the avc circuit. Th- plate circuit of this
tube is resistance -capacity coupled to the grid circuit- of the
6SK7, 2nd i-f tube by means or a 2500 ohm plate resistor, e 10
mmfd coupling condens,r and e 1 megohm grid resistor. The
screen grids of both 6SK7 tubes are connected to the high volt-
age supply through a common 40,000 ohm resistor with an .0)4 mfd
condenser between the screens and ground.

The control grids of both 6SK7 tubes connect back to the avc
circuit and the cathodes of both are grounded. In fact, the
cathodes of all but the 6SA7 tube Pre grounded direct and thus
there are no cathode resistors for producing grid bias voltages.

The plate of the 6SK7, 2nd i-f tube connects to the high volt-
age supply through the primary of the 3rd i-f transformer.
There is no 2nd i-f transformer because of th.?, resistance -cap-,
acity coupling between the 6SK7 tubes.

Checking back to the high voltage supply you will find a fil-
ter, made up of a 250 ohm resistor and .02 mfd condenser be-,
tween the plate circuit of the 6SK7, 2nd i-f tube and the plate
circuits of the 6SK7, 1st i-f and. 6SA7 tubes.

The secondary of the 3rd i-f transformer connects across ore Of
the 6SQ7 diodes, the complete circuit including a 50,000 ohm
resistor and a .5 megohm volume control. The second diode plate
is grounded with the cathode and thus is not used. The eve
cuit connects through a 2 megohri resistor to the junction be-
tween the 50,000 ohm resistor and volume control of the diode,
or 2nd detector circuit.

The two 60 mmfd condensers, in conjunction with the resistors,
form the 2nd detector filter while the 2 meg resistor and .05
mfd condenser in the avc circuit, filter out the signal fre-
quencies to provide the proper bias voltages.

The triode grid of the 6SQ7 is coupled to the detector cir-
cuit through the movable contact of the volume control and the

mfd coupling condenser, A 5 meg resistor from grid to
ground completes the grid circuit.

The triode plate of the 6SQ7 is resistance -capacity coupled to
the grid of the 6V6GT output tube by a .5 meg plate r-sistor,
an .02 mfd coupling condenser and a .25 meg grid resistor.



,
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The 6V6 grid circuit contains a tone control, consisting of
an .004 mfd condenser in series with a 3 meg variable resistor.
Also, the grid connects to ground through the .25 meg resistor
and His. Resistor His forms a voltage divider with R14 across
the speaker field, and the voltage across Res constitutes the
grid bias for the 6V6 tube.

Checking the power supply, you will find the high voltage
filter includes the 1470 ohm field coil, connected as a choke
in the negative side of the circuit, a 20 mfd condenser con-
nected across the filter input and a 40 mfd condenser across
the filter output.

As the center tap of the high voltage winding of the rower
transformer is the most negative point of the high voltage
circuit, the grounded end of the speaker field must be pos i-
tive and thus, the voltage drop across the field will be
negative in respect to ground.

The divider is made up of a 90,000 ohm and a .6 meg or 600,000
ohm resistor for a total of 690,000 ohms. The 6V6 grid re-
turn connects to a point 90,000 ohms from ground and the bias
voltage will be equal to 9/69 of the drop across the field.
Assuming a typical value of 100 volts across the field, 9/69
of 100 is equal to approximately 13 volts and the specifica-
tions of the 6V6 call for a 12.5 volt bias with 250 volts on
the plate.

Looking at the Power Transformer symbol, you will find re-
sistance values for each of the windings but you will notice
a 10 ohm difference in the values for each half of the center
tapped high voltage secondary. It is naLural to assume that
each half of a center tapped winding should have the same
resistance but, as most of these coils are wound in layers,
the outer layers are of larger diameter and thus each turn
is longer.

To provide equal voltage, the center tap is made so that the
number of turns is equally divided and, as the longer turns
of the outer layers contain more wire, the total resistance
of one half of the total turns is greater than the resistance
of the other half.

To complete the circuits, the screen grid of the 6V6 connects
directly to the output of the power supply filter while the
plate connects to the same point through the primary of the
output transformer. The secondary of the output transformer
connects to the speaker voice coil in series with a bucking
coil.



,
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HUM

With the details of thi.s circuit in mind, we will assume you
have the Receiver which has been brought in with a complaint
of noise. You have made the usual routine of inspection,
tested the tubes as well as the operating voltages and every-
thing checks correctly, yet there is objectionably loud hum
when the receiver is placed in operation.

In a former Lesson, we explained the cause and cure of "Tun-
able" Hum but, in this case, the hum level remains the same
regardless of the Position of the tuning dial.

Disconnecting the antenna, shorting the antenna -ground ter-
minals, or loop if one is used, makes no apparent difference
to the noise therefore it appears that the defect is in the
receiver circuits somewhere. To locate the source of the
trouble, the general plan is to start at the spea',Ker and,
working back to the antenna, short the output and input cir-
cuits of each stage.

A convenient method of "shorting" the noise voltages, with-
out causing largo variations of supply voltages, is to tem-
porarily bridge a paper type condenser, of .1 mfd capacity,
across the output and input circuits. Usually, this can be

done by placing one wire lead of the condenser on the plate
or grid connection of the tube, while the other condenser

wire is held on she chassis.

At the noise frequencies, the reactance of this test conden-
ser is quite low, compared to the normal plate and grid loads,

and thus it provides the desired shorting action with little
disturbance of the d -c supply voltages. Some men produce a
test short by bridging a screw driver blade from tube plate
to ground but this arrangement not only reduces all plate
voltages but allows excessive current which may damage some
circuit component.

An experienced service man would suspect the components of
the filter in the high voltage plate supply. If the hum is
present with the volume control turned all the way down the
filter condensers have probably decreased in capacity and
are not providing sufficient filtering action. For a quick

test, a good electrolytic condenser, preferably rated at 450
volts and 8 mfd or more, can be held so that its connecting
wires touch the terminals of the installed condensers. A-c/d-c

type sets require a 20 mfd or larger condenser for this test
but the voltage need not be over 150 or 200 volts.

Electrically, this places the good condenser in parallel to
the one installed in the circuit and, if a reduction of hum
is noticed when the test connection is made, it is safe to
assume the installed condenser is defective and should be
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replaced. Looking at Figure 1, the test condenser should be
placed first across the 20 mfd filter input condenser and
then across the 40 mfd filter output condenser.

Electrolytic condensers are made with connecting wires sev-
eral inches long and, for the common tubular types, these
are both solid wires. When making these tests: first bend
these wires so that the ends are approximately the same dis-
tance apart as the terminals of the installed condenser.
Then, make sure the polarity of the test condenser is cor-
rect, that is, its positive wire must be placed on the posi-
tive of the circuit. In Figure 10 the positive side of the
circuit connects to the rectifer filament. Pe sure your
fingers do not touch the bare wires of the condenser, while
holding it in test position and, after the test has been
made, discharge the test condenser by placing both of its
wires on the chassis.

As we assumed all the operatirg voltages were correct, it is
safe to assume also that none of the bypass condensers are
shorted therefore, bridging a good condenser across those in-
stalled is a quick, inexpensive test for open condensers.

With dynamic speakers, like that of Figure 1, the action of
the entire filter can be checked by shorting the voice coil
circuit. This can be done by connecting a short piece of
wire or holding a screwdriver blade across the terminals of
the voice coil, on the speaker, or on the terminals of the
output transformer secondary.

This short will remove any signal voltage from the voice coil
and, if the hum remains it indicates variations of field cur-
rent due to insufficient filtering. Should the hum be re-
duced or eliminated, when the voice coil is shorted, it in-
dicates the origin is in some stage and the hum voltages are
coming through like signal voltages.

In this case, the next step is to short the input circuit of
the output stage and, referring to Figure 1, a short piece
of wire could be held across the .25 mee grid resistor. Whcn
this short reduces or eliminates the hum, it indicates its
origin is in some preceding stage. However, if th:, hum re-
mains, the trouble is in the output stage and all parts, in-
cluding the tube, should be rechecked carefully.

Following the same plan, the next stage can be checked but,
before making any tests, be sure all shorts, used for the
preceding tests, have been removed. In Figure 1, the .5 meg
load resistor of the 6SQ7 triode plate could be shorted but
it usually saves time to short the input circuit first.
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Here, the 5 meg resistor, connected between the 6SQ7 triode
grid and ground would be shorted. In practice, the shorting
wire could be held with one end on the grid terminal of the
socket and the other end on the chassis.

This same plan can be followed, stage by stage, back through
the detector, I -F and mixer stages until the shorting of a
grid circuit causes no reduction in the hum level, thereby
indicating the defective stage.

When the defective stage has been located, pay particular
attention to the tube as it may be the source of the hum
although it tests "OK" on a tube tester. The trouble, es-
pecially in a-c/d-c equipment, is due to faulty insulation
between the cathode and heater and requires a replacement.

The detector and audio stages are the most common offenders
because they will amplify hum voltages therefore, small hum
voltages, introduced in the detector circuit, receive the
full amplification of the audio amplifiers before reaching
the speaker.

When checking defective stages for hum, it is always a good
plan to recheck the supply as additional filtering may be
provided. For example, in the circuits of Figure 1, tile
main filter is made up of the speaker field, a 20 mfd and a
40 mfd condenser. The output of this filter supplies the
plate circuits of the 6V6GT, the 6SQ7 and 6SK7, 2nd i-f
tubes.

A filter, made up of the 250 ohm resistor and .02 mfd con-
denser is included in the plate supply circuits of the 6SK7,
1st i-f and 6SA7 tubes. Although the comparatively small
values indicate this filter is designed to decouple these two
tubes, in respect to high frequencies, in other circuits you
will find similar arrangements designed to provide additional
filtering for the plate voltage.

HASH

The term "Hash" is usually applied to the noise which, gener-
ated by the vibrator of an automobile receiver, is heard in
the speaker. As this is a common, yet distinct type of noise,
for Figure 2 we show the circuits of a 6 tube superheterodyne
auto receiver using a synchronous type of vibrator in the
power supply.

Checking the circuit, there is a 6SK7 r -f, a 6SA7 mixer, a
6SK7 i-f, a 6SQ7 Detector, avc and 1st Audio, a 6F6 driver
and a 6N7 push pull class B output stage.
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The r -f, Mixer Input and Oscillator circuits are "Permeability"
tuned by means of adjustable iron cores in the coils. As shown
by the broken line of the diarTam, all three cores are "ganged"
to provide single dial tuning. Trimmer condensers are install-
ed for alignment.

The r -f tube is Resistance -Impedance coupled to the Mixer input.
by the 15,000 ohm load resistor in the 6SK7 plate circuit, the
.001 mfd coupling condenser and the tuned coil in the 65A7 cones
trol grid circuit. Except for th.- type of tuning, th9 oscilla-
tor circuit of Figure 2 is similar to that of Figure 1 for the
Broadcast Band.

The 65A7 is transformer coupled to the 68K7 i-f tube 'which, in
turn, is transformer coupled to a diode circuit of the 6SQ7 dew
tector. The detector circuit is about the same as th%t shove
for Figure 1, except for the tore compensated volume control.

The human ear does not respond as readily to the lower and
higher frequencies therefore, as the volume of a Radio receiv-
er is reduced, there is an apparent loss of bass and high fre-
quency response. The arrangement shown in Figure 2 is design-
ed to overcome this action, by increasing the relative high
and low frequency response as the volume is reduced.

To understand the action you need remember only that the re-
actance of a condenser varies inversely as the frequency and
for the followi=ng general explanation we will disregard phase
angles by considering the capacity reactance as resistance.

With the movable contact all the way to the left, as drawn in
Figure 2, the volume will be at maximum and the full voltage
across the control will be impressed on tho triode grid of
the 6SQ7 through the .01 mfd coupling condenser. The other
resistors and condensers have no noticeable affect.

Next, with the movable contact set at the tap, the volume
will be reduced because the voltage impressed on the grid
will be the voltage between th, tap and ground only. Accord-
ing to the values given, the resistance between the tap and
ground is but 1/5 of the total resistance.

Thinking of the grid circuit, the .4 meg section of the vol-
ume control is in series and any voltage drop across it will
be lost. As the 50 mmfd condenser is in parallel to the ser-
ies part of the volume control resistance, its reactance will
cause a reduction of the total resistance, or impedance to he
technically correct. The higher the frequency, the lower the re-
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actance of the condenser and the lower the total impedance.
Therefore, the reduction of the higher frequencies will be
less than that of the lower frequencies.

The 7000 ohm resistor, in series with the .06 mfd condenser,
form a parallel path to that part of the volume control be-
tween the tap and ground. Here again, the reactance of the
condenser varies inverse)y as the frequency and will increase
as the frequency is reduced to cause an increase in the total
impedance.

This impedance is in parallel to the grid circuit and an in-
crease of its value will cause an increase of voltage on the
grid. Thus, the lower frequency signal voltages will be in-
creased.

The movement of the movable contact of the volume control
causes a gradual change of resistances in series and parallel
to the circuits just explained and therefore, both the high
and low frequencies will be increased gradually as the over-
all volume is reduced. This acticn is entirely independent
of the usual type of tone control which is connected across
the triode plate circuit of the 6SQ7.

This plate circuit is resistance -capacity coupled to the grid
circuit of the 6FC second audio or driver tube which, in turn,
is transformer coupled to the 6N7 double triode output tube
which operates as class B, push-pull.

Tracing the cathode circuit of the 6F6 driver tube, you will
find it includes a secondary winding of the output transfor-
mer in addition to the bias resistor which is bypassed by a
20 mfd condenser. This arrangement provides inverse feedback
as the output voltage is introduced in the cathode circuit
of the driver.

Due to the higher background noise in a moving auto, as a
rule you will find auto receivers have a higher audio output
than corresponding models of Home Radios. In general, the
circuit is conventional and, with the exception of the power
supply, does not differ greatly from those of Home and Port-
able receivers.

Looking at the power supply, there is no rectifier tube but,
as a vibrator socket is shown, the vibrator must be of the
synchronous type. As you already know, the vibrator contacts
are rapidly closing and opening their circuits and will there-
fore cause a certain amount of sparking or arcing in addition
to sudden changes of current.
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The sparks at the contacts radiate energy which will be picked
up by the signal circuits as "Hash", unless sufficient shield-
ing is provided and the sudden changes of current will feed
back into the signal circuits unless adequate filters are in-
stalled. Thus, for a quiet operation, a vibrator type of Power
Supply reauires more careful tests than the common a -c or a-c/d-c
types.

Going back to Figure 2, the main supply to the automobile
storage battery is made through the wire at the lower left,
marked "To Ammeter". Tracing from this point, the circuit
passes through a fuse and choke coil "LI" to the "ON -OFF"
switch.

When the switch is closed, or "ON", there are three paths to
follow but notice, choke Li with the 250 mmfd condenser on the
supply side and .5 mfd condenser on the switch side form a
filter in the main supply. To keep their functions in mind,
you can think of this as a filter to keep noise, which orig-

inates in the electrical system of the auto, out of the radio

circuits.

From the .5 mfd condenser of this filter, one path leads
straight up to the "H" arrow which indicates it connects to
all of the ungrounded "H" terminals of the tube sockets.
Just below this arrow, another path leads to the "Dial Lamp"
and includes a choke coil L2 as well as the 250 mmfd and 200
mmfd condensers.

Looking at the diagram, it appears that these two condensers
are directly in parallel but, in the actual installation, the

dial lamp may be on the cowl with the remote controls for
tuning, tone and volume, an appreciable distance from the re-
ceiver chassis. The length of the circuit wire, between these
two condensers, makes them both necessary.

Going back to the "ON -OFF" switch, there is another path to
the center tap of the transformer primary. This path contains

a filter, similar to that in the main supply, but the main

function of this filter is to prevent the variation of pri-
mary current from feeding back into the heater circuit.

The center tap of the power transformer secondary is the posi-

tive of the high voltage supply and the .008 mfd condenser,
connected across the entire winding, reduces the arcing of

the rectifier contacts. Following the circuit from the center

tap there is first a filter made up of choke L5, with an .01 mfd

condenser on the input side and a 200 mmfd condenser on the

output side. The values of these components indicate that the

filter operates to eliminate any high frequencies which may be
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present in the rectified output of the transformer. The plate
circuits of the driver and output tubes connect to the output
of this filter.

The output of this filter connects also to the input of another
filter made up of a 1500 ohm resistor and two 40 mfd condensers.
This compares quite closely to the filter of Figure 1 and its
output connects to the plate and screen grid circuits of the
other tubes, including the screen grid of the driver tube.

To check for noise in this type of receiver, assuming it to be
installed in an auto, the engine should be idle and the car
stopped to eliminate other possible sources of noise. Should
the "Hash" continue under these conditions, the trouble is ap-
parently in the power supply, the components of which can be
tested on the general plans explained for the signal circuits.

The additional filters are necessary to prevent the vibrator
noise from reaching the signal and supply circuits and there-
fore all components should be checked carefully. In addition,

you will find this type of supply is shielded completely be-

cause, in addition to circuit paths, the sparks at the vibra-

tor controls radiate noise like a small Radio Transmitter.

Therefore, all shielding must be held tightly in place and
make good electrical contact with the chassis. To make sure

of this condition, you will often find pieces of flexible wire

soldered from one to another part of the shielding, forming
what is known as a "Bond". Should you find it necessary to

remove any of the shielding, be sure all the bonds are replaced

properly when the parts are reassembled.

MICROPHONICS

Sometimes classed as "Distortion" but included here as "Noise",

are the howls and hums caused by the mechanical vibration of

certain parts or components. The frequencies of this type of

noise may vary from high pitched squeals to low pitched rumbles

or hums. Regardless of the frequency, they are known as "Micro -

phonics".

Loose elements, inside the tubes, are often the cause of this

trouble because, the air waves from the speaker cause the tube

to vibrate. When this happens, the slight movement of the

loose element causes a change in tube output which is ampli-

fied and causes a corresponding sound wave in the speaker.

This sound wave strikes the tube and sustains the vibration,

resulting in a continuous howl.

The detector tube is usually the worst offender but, in some

cases, vibration of the tuning condenser plates will produce





Lesson RTS-11 Page 15

the same effect, That is why, in some models, you will find
the detector tube socket, the tuning condenser or the cam.
plete chassis mounted on soft rubber grommets°

Loose laminations in the iron core of chokes and transformers
will sometimes produce this trouble because, the mechanical
motion of the part causes a change in electrical conditions*

Microphonic howls are usually identified quite readily be-
cauce the start at low vflle-me and 'guild up rather slowly°
Often, illey will occur only at high \iolume levels or at some
certain signal frequency,

One simple test for microphonic tubes is to place the re-
ceiver in operations preferably with no signals and then tap
each tube sharply ; 1th a fineer or lead p:noil° The inten
sity of the res.J1ting click in the se eater will indicate the
troublesome tu5e, Mhen the microphomic howl is present, by
gracuLng ',he tunes firmly, ens by one, the defective one may
be leuated becauee the howl will often die out when it is
held° .

Microphonic tubes must be replaced but if the receiver con -0

tains otherS of the same type, a satisfactory repair ean
often be made by reversing positions the tthes° Also
remembers a tube which causes microphonics in one receiver
may operate satisfactorily in another.

To locate loose laminations, some men tune in a signal at
fairly high volume and then temporarily short the speaker
voice coil° In some cases the signal will still be heard
but usually the loose laminations m'ke enough noise to per-
mit the location of the faulty unit.,

Loose liminations can often be cured by releasing the coil
clamps and inserting thin wedges near the center of the core.
laminations removed from the Cores of defective or Iljunku
parts are ideal for this work. Sometimes, the coil is loose
on the core and this can be cured by driving a thin wooden
wedge between the core and the coil* Tien inserting a wedge
of this kind be sure it is next to the core and does not in-
jure the insulation around the coil°

OSCILLATION

Every stage in every Receiver has a certain amount of feed-
back or regeneration which, in most cases, is not enough to
cause oscillation° However, circuit conditions often arise
which allow the feedback to increase enough to cause oscil-
lation* This condition is necessary for the oscillator cin.
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cuits of a Super heterodyne, as shown in the diagrams of this
Lesoon, but must not occur in the amplifier or detector stages.

Oscillation in these stages will cause howls, 'thistles or "3ird-
ies" which arc similar to microphonic howls. However, the os-
cillation howls can bs identified becn.use they are usually con-
trolled bz the operation of the tuning condenser. In generell
you cm think of this action as being like that of an old tepe
regenerative detector with the regeneration control advanc:ed
too far. The incoming carrier frequency will hLtarodynl with
the oscillation frequency to produce the beet notes which cause
the squeals and howls as the carrier frequencies are tuned in.

From a service standpoint, ass'wiing the operating voltages h=ive
been tested and found correct, oscillation is dua vainly to
lack of filtering in the plate and screen grid circuits. For
complaints of this kind, all plate and screen bypass cond,nsers
should be checked for capacity as rell as low resistance connec-
tions.

High resistance, in tuned grid circuits, may alga cause oscilla-
tion but as this trouble was explained for "Broad Tuning" com-
plaints the test routines will not be repeated.

In some cases, especially trf circuits, the removal or sho-ten-
ing of the antenna may cause oscillation. This is because the
antenna acts as a load on the input or grid circuit ani, -hen
this load is reduced or removed, there may be sufficient feed-
back to cause oscillation.

Also, after a receiver has been serviced, the location of con-
necting wires, especiall7 those of the grid and plate circuits,
may be changed enough to provide the feedback needed to cause
oscillation. In these cases, the frequency of the oscillation
note can usually be changed by placing a finger on the insula-
tion of the dislocated wire. The remedy is simple; mov, the
wires further apart or at different angles to each other until
the oscillation ceases. In the manufacture of Receivers this
operation is known as "Dressing" the wires or leads.

TONE CONTROLS

In the typical circuits of this Lesson you will find that each
includes a tone control consisting of a fixed condenser in
series with a variable resistance. In other models, various
values of capacity are connected to the contacts of a rotary
switch but, for both types, the action is controlled by a mov-
able contact which is a possible source of noise.
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Variable resistors, used as tone and also volume controls, con-
sist of a metallic contact which slides over the surface of a
resistance strip, made up of a flat paper or bakelite form
which is impregnated with a carbon or graphite solution.
After a period of service, the surface of the strip may become
rough or worn and the tension on the contact may reduce suf-
ficiently to prevent proper electrical conductivity.

Frequently, noise from this source will occur only as the
contact is moved and therefore the source of the trouble is
located readily. Then there is noise in the speaker, only
while the tone or volume control knobs are moved, the control
is at fault and, in most cases, should be replaced.

However, with improper contact between the moving arm and 1-e-
sistor strip of a control, mechanical vibration of the ae-
ceiver or variations of 1-oltage across the control may produce
noise in the speaker. Fortunately the volume control which
has an irregular or noisy action, when moved, is usually the
one which is noisy at other times and therefore is not diffi-
cult to locate.

As explained in the earlier Lessons, a continuity test of the
control, between one end and the center connection, made
while is turned, will indicate the irregular varia-
tions of resistance which can cause noise when the control is
in operation.

Various methods have been suggested for the repair of noisy
controls of this type, such as using a soft lead pencil to
make the surface of the resistor strip more uniform but,
from the standpoint of service, a replacement is more econom-
ical and satisfactory.

CABINET - RESONANCE

The cabinets of most Radio Receivers, from the largest console
to the smallest midget, not only protect and support the
chassis but act as a baffle for the speaker. Some larger in-
stallations mount the speakers separately but, for the com-
mon types, the chassis and speaker are enclosed 5n the same
cabinet.

When the speaker is in operation, the movement of the cone
produces sound waves which are projected through the opening
or grille, usually on the front of the cabinet. Similar
sound waves are projected backward into the cabinet and, at
certain frequencies, may produce what is known as "Cabinet
Resonance".
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At lower frequencies, usually between 100 cycles and 250
cycles, the air in the enclosure formed by the cabinet walls,
has what can be thought of as a resonant frequency. When the

speaker cone vibrates at or near this frequency, there is a
standing wave pattern in the cabinet which causes an increase
of sound.

This condition is recognized by most designers and the stiff-
ness of the cone, as well as its suspension is arranged to

provide the desired overall frequency response. However, at

the frequency of the cabinet resonance, the air pressures are
comparatively high and may cause the panels of an old cabinet

to rattle.

In other cases, panels or other parts of a cabinet with a
natural or resonant vibration frequency may produce an annoy-
ing rattle after the cabinet has been in use for some time.
Noise of this kind can usually be located by holding your hand
firmly against the various parts of the cabinet because the
vibrations can be felt and the pressure of your hand will :top
them.

The remedy here is mechanical and the loose parts can be
tightened with glue, new fastenings or reinforcing strips, de-
pending on the construction. In other cases, strips of sound
absorption material, tacked on the vibrating parts, will be
sufficient.

While this type of work is not electrical, your customer ex-
pects you to do it because he makes no distinction between the
various causes of noise. He brought the receiver to you for
service therefore, it is your responsibility.

TUBE NOISE

In explaining the action of a simple triode tube, it is al-
ways assumed that, with fixed plate and grid -eoltages, there
will be a fixed and uniform value of plate current. For most

purposes, this assumption is sufficiently accurate but in
highly sensitise receivers, especially those operating on the
higher frequency or short wave bands, there are two causes of
noise in addition to those mentioned earlier in this Lesson.

Going back to the simple triode tube again, the plate current
is said to be a stream of electrons therefore, strictly speak-
ing, it is not continuous but is made up of a series of ran-
dom pulses as each electron strikes the plate. In a sensitive
receiver, these random pulses sound somewaht like machine gun
bullets striking a target and therefore the action is known
as a "Shot Effect" or "Shotty Effect".
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Another similar effect is caused by what is known as "Thermal
Agitation", due to the random motion of electrons in a wire or
circuit. Noise from this source depends upon the temperature
and resistance of the circuit and usually increases with either
or both.

For ordinary Broadcast Reception, neither of these effects are
of great importance because the Signal -Noise ratios are fairly
high. However, for the reception of distant stations or weak
signals, especially on the Short Wave Bands of "All Wave" re-
ceivers, the noise level may be sufficiently high to cause a
customer complaint. In fact, it is these unavoidable noises
which limit the amplification or useable sensitivity of a
Receiver.

As far as the Receiver is concerned, there is not much to be
done in respect to Noise generated by the Shot Effect and
Thermal Agitation. However, as the selectivity of a Receiver
is increased, this type of noise is reduced and therefore,
the suggestions made for Broad Tuning complaints will apply
here also.

Microphonics, caused by loose and vibrating tube elements
require a tube replacement for correction. In some cases,
it may be necessary to try a number of new tubes before a
satisfactory replacement is found. Other vibrating parts,
such as tuning condenser plates and laminations of iron core
components can usually be corrected by mechanical methods.

A similar result may be caused by loose shielding, especially
when the shields are riveted to the chassis. When the rivets,
or other mounting units are loose, there is a varying re-
sistance between shield and chassis, resulting in noise or
oscillation.

Holding the shields tightly, with pressure against the chassis,
will frequently locate the troublesome part. Some types of
mounting can be tightened but for others, the best remedy is
to solder the shield to the chassis, at or near the mounting
points.

Noise caused by dirty or imperfect contacts of switches and
variable components is also a mechanical defect and may be cor-
rected by cleaning or replacement. Noise may also be pro-
duced by rapid changes of resistance in fixed condensers and
resistors. Trouble of this type usually causes changes of
output at such a slow rate that they are classed as "Inter-
mittents", a subject which will be taken up in the following
Lesson.
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NOISE REnUCTION METHODS

For checking noisy resistors, condensers and coil windings, a
useful test circuit can be made by connecting a battery, of
two or three dry cells, in series with a pair of headphones.
The suspected part is then connected in series with the test
circuit and any slight variation of current, caused by changes
of resistance, will cause noise in the phones.

This test circuit is quite sensitive and can be used on the
same plan as an ohmmeter. However, to make sure that noise
originates in the suspected part, all connections of the test
circuit must be good. One click should be heard when the
test circuit is completed and another click when it is opened
but, as lung as the circuit is complete, the phones should be
silent. The circuit itself can be tested for noise by con-
necting the phones to the battery.

As it is commonly used, the expression "Noise Reduction" re-
fers to the reduction or elimination of man made static and,
while the receiver itself is not at fault, the cure is often
an important part of a complete service job.

Mere are two main plans for the elimination of this type of
noise. First, to locate and eliminate the source and seccnd,
to keep the noise out of the receiver. The first of these is
a rather large job as it means a check up of all the electri-
cal apparatus within a radius of a mile or more, an under-
taking usually impractical for the average service man.

However, due to the popularity of broadcast radio, most Elec-
trical Power Companies have the personnel and equipment to
make a check up of this kind and usually are glad to cooperate,
Therefore, whenever you receive a number of complaints about
a certain type of interference, which occurs in some neighbor-
hood or locality, a report to the Power Company will usually
bring assistance.

The second plan, of preventing the noise from entering the
Radio, is perhaps the most practical as all the work can be
done on the customer's premises. We have already mentioned
the test of shorting out the input stage to determine if the
noise originates outside or inside the Receiver and now sug-
gest a good commercial type of Line Filter as a useful piece
of test equipment.

These filters consist of a combination of condensers and
chokes mounted in a metal container with a cord for plugging
into a house wiring outlet and a receptacle for the receiver
power cord plug. Usually, a terminal is provided which per-
mets the filter housing to be grounded to the conduit of the
lighting circuit wires.
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Should noise still persist, with the input circuit shorted and
the line filter properly installed, it must originate in the
receiver circuits or be picked up by direct radiation. In mod-,
ern receivers, direct pickup is possible usually when the
shielding is loose or improperly grounded while, for older type
receivers, unshielded coils or connecting wires may act as an
antenna,

For a cure here, all shields and ground connections should be
inspected carefully for low resistance connections to the cha+
ssis and, when necessary, shields should be installed on un-
shielded parts.

You will find however, that persistent interference of this kind
is often generated in the customer's home therefore it is a g.od
plan to check his electrical appliances. With the receiver in
operation, eo all around his home and turn off everything, ref
frigerator, fans and so on, including all of the lamps, checking
the noise each time a unit is disconnected.

To make this check complete inspect all fuses, to make sure they
are in good condition and make good tight contact. A cracked
fuse wire may allow operation of the lamps and appliances but
produce a small arc which radiates enough noise to spoil the re-
ception of Radio Programs.

After the Lighting circuit has been checked, should the noise
still persist, especially when someone walks across the floor
or heavy traffic passes, check the lighting circuit for points
where the metallic conduit of the wiring system may make corees
tact with water, steam or gas pipes. An intermittent contact
at these points can produce a great deal of noise. Friction
Tape, wrapped around the pipe to insulate the point of contact,
will cure this trouble,

Frequently, a complete check of the house lighting circuit and
appliances will locate the source of the noise but, with the
Receiver in good condition and a line filter in the circuit,
any remaining noise apparently enters through the antenna, along
with the desired signals.

For loop antennas, a position may be found which reduces the
noise sufficiently to allow acceptable reception and, for out-'
door antennae, a noise reducing lead in may be used. The idea
here is to locate the antenna proper outside the zone of the
noise and make connections to the receiver through a special
form of "Lead In".

The simplest form of this arrangement is the "Twisted Pair"
made up of two wires wrapped around each other like the old
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style "Lamp Cord". One of the wires is attached to the an,
tenna while the other is supported by, but not connected to
the antenna.

Signal voltages, induced in the antenna, will be carried to
the Receiver through the connected wire but noise voltage,
induced in the lead in, will be cancelled by like but oppo-
site voltages induced in the supported wire. Noise reduc-
ing antennas can b purchased compl,:te with detailed in-
structions for connections to common typos of Receivers.
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QUESTIONS

How many advance Lessons have you now on hand?

Print or use Rubber Stamp:

Name

Street

Student
No.

City State

1. In what two places does Radio Receiver "Noise" originate?

2. Referring to Figure 1, what conclusion can be drawn if "noise"
in the speaker does not decrease when the artenna and ground
terminals are shorted?

3. What is meant by "Signal -Noise" ratio?

4. What would happen to the grid bias on the 6V6 stage of Figure
1 if resistor R14 is "open"?

5. What quick test can be made to determine if bypass condenser
Cil of Figure 1 is open?

6. What is meant by the term "Hash" as applied to Radio Receiver
noise?

7. In an operating receiver, how is it possible to determine if
the tubes are microphonic?

8. What undesirable condition is likely to exist if screen by-
pass condenser C13 in the receiver of Figure 1 becomes "open"?

9. Referring to Figure 1, what would be the probable result on
the "sound" if the 40 mfd filter condenser, part C19B, reduces
in capacitance?

10. What unit is at fault when there is noise in the speaker only

N
while a control knob is moved?
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INTERMITTENT TROUBLES

One of the most common, but perhaps the most troublesome com-
plaint is that of Fading or Intermittent reception. Your
customer tells you his Radio works fine for a while and then,
either slowly or suddenly, the signals drop to a low level or
die out altogether. This may happen for no apparent reason)
when some light in the home is turned off or on, when someone
walks across the floor or many other seemingly unrelated in-
cidents.

Unfortunately, the cause and effect are not always the same,
sometimes the signals will die out when a certain lamp is
turned on and the next time, they may die out when the same
lamp is turned off. Again, one thing may cause the trouble
one time and have no effect the next.

After the signals have died down or out, they may be brought
back in a variety of ways such as slapping the cabinet,
wiggling the antenna lead-in or power cord and more often,
by snapping the OFF -ON switch.

The details of some of these complaints may lead you to be-
lieve the customer is just trying to be funny but usually,
he is telling you exactly what has happened, as well as he
can remember. In any event, find out all the details you
can because, as we have mentioned before, the more informa-
tion you have in respect to the behavior of the Receiver,
the better your diagnosis should be.

Another difficulty in analyzing cases of this kind is the
irregularity of the trouble. The receiver may operate for
hours, days or even weeks without any indication of trouble
and then suddenly the signals will die down or out every few
minutes. Naturally, you can not test for trouble when it is
not present and therefore have to operate the Receiver until
the trouble shows up.

Then, after waiting hours for the signal to die down, the in-
stant you make connections with your test meter, the signals
may jump to normal volume and remain there.

Complicated as these symptoms may seem, there is a cause for
every effect and a careful diagnosis, plus some of the usual
types of tests, will usually indicate in a general way at
least, what section or stage of the Receiver is at fault.

SIGNAL VS. CIRCUIT TROUBLE

It is a well -established fact that the radiated energy of a
Broadcast station, even when held to a constant level at the
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transmitting antenna, may not always induce equal signal volt-

ages in the Receiving antennae This is frequently due to con-

ditions in space and the action is known generally as "Fading".

The variations of received signal strength may vary slowly or

rapidly and are more troublesome when the signals are weak,

the distance between Transmitter and Receiver is great or the

carrier frequencies are high. Fading of this kind is not due

to any Receiver defects but the results may sound the came.

Fortunately, it is not difficult to make a check because the

conditions which cause Fading of signals from one Transmitter

do not affect others. Therefore, if fading occurs on one sta-

tion, tune in several others and compare results. With trouble

inside the receiver, the reception will be similar for most

stations but, if the trouble is due to external fading, the

changes of reception will vary for each station tuned in.

Like all general rules, there are exceptions to this one and,

for short wave reception, an entire band may fade out during

certain hours. A check here is to tune in on other bands

because, excluding trouble in the input circuits of one band,

fading caused by internal troubles will be present on all

bands.

Another quite common test is to tune the Receiver to the out-

put frequency of a signal generator and, with fairly loose

coupling between them, reduce the output of the signal genera-

tor until the avc has little if any control. Under these con-

ditions, the input signal voltage should be reasonably steady

and variations of output are due, in most cases, to trouble

inside the receiver.

Following these general plans, which require little test equip-

ment) it is usually possible to determine quickly and accurate-

ly, whether the fading is due to external or internal cauees,

For the ordinary customer, little can be done to cure fading

of the signals but, once he fully understands the conditions,

he will not blame his receiver nor expect you to cure the

trouble.

Our interest is in the internal defects which cause fading

or intermittent reception because, to many service men, these

are the "headache" jobs. Every component in the signal and

supply circuits is a possible cause of the trouble, even

though the ordinary voltage and continuity tests do not indi-

cate any defect.

As a basis for our explanations of the causes and cures for

this type of complaint, Figure 1 of this Lesson shows the

circuits of an 8 tube, 3 band superheterodyne Radio Receiver
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combined with a Phonograph. Combination models of this type
are gaining in popularity because, with a collection of records,
the owner can enjoy his favorite music at any time regardless
of the programs on the air.

Going further, Figure 2 shows the circuits of an 11 tube com-
bination which includes Frequency Modulation reception as well
as 2 bands of a -m radio and provisions for a Phonograph. Un
like the combination of Figure 1, Figure 2 does not include
the Phonograph turn table and pick uo but does have a "Phono
Jack" and include a "Phono" position on the band switch.

Looking at Figure 1 you will find the common tyre of a -c re-
ceiver circuit using a full wave 5Z4 rectifier tube and a
dynamic speaker, the 1000 ohm field of which is used as a
filter choke.

There are three sets of input and oscillator coils, controlled
by a four circuit, three position band switch which connects
them to a conventional 6SA7 mixer tube. Like pervious cir-
cuits we have explained, this arrangement reqLires a two gang
tuning condenser.

The plate circuit of the 6SA7 tube is coupled to the grid of
the 6SK7 by the usual double tuned type of i-f transformer.
The plate of the 6SK7 is coupled to the diodes of the upper
6SQ7 by a similar transformer, the secondary of which is a
part of the diode detector circuit.

Checking this circuit, you will find the catnode of the tube
is grounded and a z megohm resistor connects from cathode to
the lower end of the i-f transformer secondary. Also, there
is a parallel path from ground, through the 2 megohm volume
control, an .01 m -f coupling condenser, the "Radio -Phonon
switch and 50,000 ohm filter resistance to the lower end of
the i-f transformer winding. the avc circuit connects
to the junction between the "Radio -Phonon switch and the
50,000 ohm resistor.

The Radio -Phone switch is in two parts or sections. The one
mentioned above allows either the signals of the detector
circuit or those of the crystal pick-up to be impressed across
the volume control. The other section of the switch controls
the Phonograph Motor, closing its circuit when in the "Phonon
position.

The triode grid of the 6SQ7 detector tube is coupled to the
Moving contact of the volume control by an .01 mfd condenser
and the circuit includes a 5 megohm grid resistor. The tri-
ode plate is coupled to the upper 6KGT tube by a 4 meg
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plate resistor, an .01 mfd coupling condenSer and a .5 megohm
grid resistor.

The grid resistor connects to ground through a .25 meg resist-
or and the triode grid of the lower 6SQ7 is coupled to the
junction between these resistors by an .01 mfd condenser.
This arrangement permits the lower 6SQ7 to operate as a phase
inverter and its plate circuit is coupled to the lower 6K6GT
by a .25 meg plate resistor, an .01 mfd coupling condenser and
a .5 meg grid resistor. Notice here, this grid resistor con-
nects to the junction between the resistors of the other 6K6GT
grid circuit to make up what is sometimes known as a balanced
phase inverter.

Thus, the two 6K6GT tubes operate as a push-pull output stage
and drive the speaker through the usual type of output trans-
former.

A 6U5 type of tuning eye tube, with its grid connected to the
avc circuit, completes the tube complement. A tone control
is installed in the triode plate circuit of the first audio
6SQ7 and there is the usual -ON -OFF switch in the main supply.

COUPLING CONDENSERS

With the details of this circuit in mind, imagine the receiver
has been brought to you with a complaint of Fading or Inter-
mittent reception. Your job is to determine first, whether
the trouble is external, due to signal fading, or internal,
due to circuit defects. After obtaining all possible infor-
mation from the owner, you place the receiver in operation,
duplicating as nearly as possible the conditions under which
the trouble occurs.

Unless the trouble shows up immediately, you tune in some
station with a steady signal, set the volume at a comfortable
level and allow the receiver to "warm un", while you go ahead
with other work. Of course, you keep one ear tuned to the
signal so that you can make an immediate check in case the
volume changes noticeably.

After operating for 30 minutes or more, the receiver should
be heated to its normal operating temperature and be ready
for further tests. If the trouble has not shown up, you
can tune over its entire range and check on the reception
of various stations, comparing the results with the informa-
tion given by the owner.

Should the operation still appear to be normal, remove the
chassis from the cabinet so that all of the parts are ac-
cessible. Then, with a station tuned in, tap each of the
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tubes, as previously explained for microphonics, listening
closely for variations of signal. Using a small rod, prefer-
ably of inqulating material, the resistors, bypass condensers
and connecting wires, underneath the chassis, can be tapped
and also punned slightly from side to side.

This is done to discover any loose connections which may te-rt,
correctly, as far as continuity is concerned, but which may
change because of vibration or expansion due to the increased
temperatures of operation. The source of many intermittent
troubles enn be found by this plan because, when the defective
part is tapped or moved, cithce the signal will change in
volume or clicks will be heard in the speaker.

Coupling condensers are quite common offenders in this respect
and, in the oirclits of Fidelirc 1, you will find eight of them.
Two in the oscillator coil assembly, one in the 63A7 oscil-
lator grid and five between the de;ector and speaker. Of

these, then: is one between the Radio-P'iono switch arm and
volume control, one between the moving contact of the volume
control and the triode grid of the upper 6SQ7 and one between
the triode grid of the lower 6SQ7 and the jurctIon betv:cen
the grid resistors of the output stage.

These circuits carry signal voltages only and thus the con-
densers do not 'lave to withstand the higher voltages of the
plate supply. However, they must be checked carefully be-
cause, every time the receiver is operating, their tempera-
ture is raised, causing some expansion of the metal foil and
connections. When the receiver is off, the par -is cool and
contract to their original size. In time, this repeated
expansion and contraction may produce a high resistance or
intermittent open and cause a customer complaint.

The coupling condensers between the 6SQ7 plates and 6K6GT
grids arc subject to the same conditions but, in addition,
have to withstand the plate voltage. We have already ex-
plained the symptoms and tests for shorted coupling conden-
ser but, an intermittent open will not show up on the ordinary
voltage or continvity tests.

As many of these troubles are caused by the heating of the
parts when the receiver is in operation, some men exaggerate
this condition by exposing the underside of the chassis to
a reflector type of electric heater. This treatment raises
the temperature in a very :port time and often causes the inter-
mittent effect to appear.

When the intermittent does appear there are usually certain
indications which permit quick tests. For the circuits of
Figure 1, the cause of e drop in volume can be localized in
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the rf-if section ovt-f section by means of thetuning eye.
With trouble between the detector and antenna, a drop
volume will be accompanied by an increase of shadow angle
in the 6U5 tuning eye. If the defect is between the detector
and speaker, a drop in volume can occur with no change in the
shadow angle of the tuning eye.

With a combination like that of Figure 1, the audio amplifier
can be tested separately by playing a record and comparing
the signals with those of Radio Programs. When the trouble
is present for both, it is located in the audio amplifier
but, if it occurs only for Radio signals, it must be located
between the detector and antenna.

Because the cost of new parts may be less than the cost of
the time spent in testing, come men replace all the coupling
condensers when the intermittent symptoms indicate that one
of them may be defective.

BYPASS CONDENSERS

By-pass condensers are subject to conditions like those mention-
ed fer coupling condensers and therefore develop the same de-
fectH. In this case, the complaints may be duo to intermittent
hum, howling or' ocher forms of distortion depending on the
location of the defective unit.

Checking the circuit of Figure 1 you will find an .05 mfd from
the 6SA7 grid return to ground as part of the avc filter or
'tuned input circait, a .25 mfd across the 300 ohm bias resistor
of the 65K7 tube, and an .0_; mfd between the 6SA7 and 63K7
screen grid and ground. Another ,05 mfd is connected betwee-a
the supply end of the 21,000 ohm screen dropping resistor and
ground while, in a similar arrangement in the diode detector
circuit, there is a 100 mmfd condenser between each end of the
50,000 ohm resistor and ground.

For the triode section of the 6S0,7 detector there is a 100
mmfd between plate and ground with an .006 mfd in the tone
control. Each of the 6K6GT tube plates have an .002 mfd to
ground and there are 'two 16 mfd condensers in tic power supply
filter, to make a total of twelve bypass or filter condensers.

While intermittent condenser shorts are possible, they are
not as common as intermittent opens because the current, re-
sulting from the short, usually males the defect permanent to
cause a No Signal, Low Volume or other s imiJ ar complaint.
Intermittent opens do not allow excess current and therefore
cause no change in the condition of the defect.

A check of the symptoms will usually indicate the general
location or purpose of the defective condenser. For example,.
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suppose for the circuit of Figure 1 that, after playing nor-
mally for a time the signals suddenly sounded "Tinny" with
an increase of high notes or frequencies. Naturally you
would suspect the tone control condenser because its purpose
is to reduce high frequency response and an open condenser
would make the circuit inoperative. However, each of the
output tubes has an .002 mfd bypass condenser connected
from plate to ground which, with the exception of the vari-
able resistance, is the same arrangement as used in the
tone control. Thus, anyone of these condensers could cause
the trouble taken for this example.

A similar diagnosis can be made for most troubles and, if
the screen bypass condenser should open, it might permit the
i-f tube to oscillate and cause squeals or howls but would
have little effect on the frequency response of the signals°

RESISTORS

Similar troubles occur in resistors, especially those of the
carbon type, because they carry current and are tnerefore
subject to internal heating. In addition to the possibility
of intermittent opens between the resistor and its connecting
wires, the repeated expansion and contraction may cause the
body of the resistor to crack or partially crumble.

Any resistor, which has been overheated sufficiently to
blister or burn its outer surface, should be suspected and
given a careful continuity test. First, the indicated value
of resistance should be checked against the color coding on
the body and, if the variation is over 20%, a replacement
is advisable. In case the color coding is blistered so bad-
ly it can not be read, it is a good plan to replace the re.,
sistor as it may cause future trouble.

With the continuity tester or Ohmmeter connected across the
resistor, strain the connecting wires and tap the body, match-
ing for chages in the test reading. Be sure the test con-
nections are tight and then, if theteetreading varies,
replace the resistor.

R. F. COILS

To continue these explanations, we will refer to Figure 2 of
this Lesson which contains the circuits of an eleven tube
General Electric receiver with provisions for two a -m bands,.
one f -m band and also a "Phone" position on the band
switch.

The band switch consists of four sections, marked "Sl', "S2",

"S3" and "S4" and, as the arm is shown in the f -m position,
we will trace the signals for this band.
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The input circuit, connected to a special f -m antenna, con-
sists of transformer T5 which, tuned by condenser C3, covers
the band of 42-50 megacycles. The 7Q7 oscillator uses part
of coil T-7 which, tuned by condenser C5, covers a band of
18.85-22.85 megacycles.

These outputs are coupled through condensers C6 and C7 to the
grid of the 6SG7 r -f tube through contacts 6 and 7 of switch
S2 and condenser C13, Under this condition, the tube acts as
a mixer and its plate circuit will carry the two original
frequencies as Well as beat frequencies equal to their sum
and difference.

The plate circuit of this tube includes part of one coil of
transformer T6 which is tuned by condenser C29 to cover the
band of 23.15-27.15 megacycles. Checking the frequencies
of the input and oscillator circuits, you will find the plate
circuit is tuned to the beat frequency equal to their differ-
ence but this value is fairly close to that of the oscillator.

As a result, both the oscillator and beat frequencies will
appear in the plate circuit and be carried over to the grid
of the 6SG7 converter tube by coupling condenser C16. Here
again there is a mixer action and i-f transformer T1 is
tuned to 4.3 mc, the frequency equal to the difference of the
beat and oscillator frequencies.

For example, when the input circuit is tuned to 46 mc, the
oscillator tunes to 20.85 mc for a beat of 46 - 20.85 me or
25.15 mc. The 25.15 mc beat and the 20.35 oscillator fre-
quency are impressed on the grid of the 6SG7 converter to
produce a beat of 25.15 - 20.85 or 4.3 mc.

The i-f transformer Tl consists of two pairs of coils. As
shown in the diagram, the upper pair are tuned to 4.3 mc
for f -m reception as explained above while the lower pair
are tuned to 455 kc for the usual Broadcast and Short Wave
bands. Switch S4 shorts out the low frequency i-f primary
and thus the f -m signal voltages appear across the high
frequency primary with 4.3 megacycles as the mean frequency.

The two secondaries are in series at all times but operate
one at a time. For f -m, the intermediate frequency is 4.3 mc
or 4300 kc, while for the a -m bands, the intermediate
frequency is 455 kc, a ratio of about 9-1/2 to 1. Both secon-
daries have a parallel connected tuning condenser but, for
the higher frequency, the values of inductance and capacity
are much smaller than for the lower frequency.

With the band switch in the f -m position as shown, the 4.3
mc i-f will resonate the upper secondary circuit but, at
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this frequency, the reactance of the other condenser is so
low that, in effect, it shorts out the other unit.

With the band switch in the a -m position, the 455 kc, i-f
will resonate the upper secondary but, at this frequency, the
reactance of the upper coil is so low that, in effect, it
shorts its circuit.

Thus, the signal is impressed on the grid of the 6SG7 i-f
amplifier which, by means of a similar i-f transformer, is
coupled to the grid of the 6SH7, 1st limiter. The purpose
of this tube is to remove variations of signal amplitude and
therefore it operates at values of plate and grid voltages
which permit normal signal voltages to drive it from plate
current saturation to plate current cut-off. Under these con-
ditions, any voltages above normal level are prevented from
passing through and do not appear in the plate circuit, thus
eliminating much of the "Noise".

To eliminate the noise more completely the 6SH7, 1st limiter
is coupled to a 6SH7, 2nd limiter by a modified form of re-
sistance -capacitance. Instead of the usual arrangement, the
plate load consists of a coil and resistor in parallel to
limit the impedance at high frequencies.

The 2nd limiter operates on the same plan as the 1st, re-
moves any remaining variations of amplitude and is coupled
to the diodes of the 7K7 by the conventional type of dis-
criminator transformer. The discriminator is really the
detector as it converts the frequency variations of the
carrier into corresponding variations of rectified signal
voltage.

The output of the discriminator is like that of other detec-
tors and, in Figure 2, it is impressed on the volume control,
R27, through resistance R36, a section of switch S4 and coup-
ling condenser C45. This signal voltage is impressed on the
triode grid of the 6SQ7, 1st audio tube, by coupling conden-
ser C46 and grid resistor R26.

The audio amplifier is of a conventional type but uses the
triode section of the 7K7 tube as a phase inverter which,
with the triode section of the 6SQ7, drives the push-pull
6176GT output stage. Notice here, the plate of the 6SQ7
couples to the grid of the 7K7 through C67 while C68 and C69
couple the inverter to the output tube.

The plate circuit of the 6SQ7 includes a simple type of tone
controls made up of condenser C66 and variable resistance R44,
connected in series between plate and ground. The volume
control is tone compensated with switch S5, arranged to pro-
vide three positions of apparent bass boost, and inverse feed
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back resistor R29, connected to the voice coil circuit through
R3.

The power supply is conventional but you will find additional
filtering in the plate supply circuit. Starting at the 5U4G
rectifier filament, the speaker field with a condenser to
ground at each end, is used in the first filter and its out-
put connectsto the plates and screers of the 6V6GT output
tubes.

From this same point, there is a circuit to the plate of the
6SG7 i-f amplifier, with R16 and COt as 4 filter, also a
path to the plate of the 6SG7 Converter and, with the switch
S1- in the position sholirrIR11 end C32 act as a filter.

Going back to the speaker field, there is another path con-
taining R46 and 073C as a filter, the output of which con-
nects to other plates and screen grids. Following this cir-
cuit you will find a voltage divider, made up of R34 and R23
with a condenser from each end of R34 to ground. The screen
grid of the 6SH7, 2nd Limiter connects to the junction be-
tween the resistors.

Also, there is a circuit to the screen grid of the 6SG7 i-f
amplifier through R15 with C38 to ground. From thismreen
there is a voltage divider made up of R20 and R56 with the
screen grid of the 53H7 lot Limiter connected to the junction
between the resistors. Condenser C54, from screen to ground,
completes the circuit.

In much the same way, R15 and C38, P5 and C20, R6 and C21,
R2 and C14 make up isolating filters for the various tube
circuits.

One other interesting feature here is the f -m squelch cir-
cuit to reduce bhe noise in the speaker when no f -m carrier
is tuned in. Under these conditions, noise voltages will
appear across resistor R35 in the plate circuit of the 6SH7,
2nd Limiter and be carried over to one diode of the .SQ7,
1st audio tube through coupling condenser C63, causing a
rectified voltage to be developed across R32.

With switch SO open, R32 is in the triode grid circuit of
this 1st audio tube and the rectified noise voltages, across
R32, increase the grid bias to plate current cut-off. With
no current in the triode plate circuit of the 6SQ7, no sig-
nals, or noise, reach the speaker.

With the f -m carrier on the grid of the limiter tube, the
average plate current remains constant, eliminating any volt-
age changes to be carried over by coupling condenser C63.
Therefore, the voltage across R32 dies out, restoring the
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grid bias to normal and allowing the triode section of the
6SQ7 to operate as an amplifier. Switch S6 is installed to
short out R32 and permit the reception of weak signals which
are noisy.

For a -m reception, the inpit circuit consists of transformer
T)1 tuned by condenser C12. For the short wave band, the ex-
ternal antenna is used but, for Broadcast, the loop "13" acts
as the antenna. There are two oscillator coils in Transformer
T7, one used for short wave and one for Broadcast but both
tuned by condenser C22.

The first 6SG7 tube acts as an r -f amplifier on the a -m
bands and is coupled to the 6SG7 converter through T6, the
circuits of which are tuned by condenser G18. For these
bands, the oscillator is coupled to the converter through
its cathode circuit which is completed to ground through
12-R55 and part of one oscillator coil.

The signal is carried by the low frequency coils of the i-f
transformers, the secondary of T2 being connected to a diode
of the 6SQ7 a -m detector. As the cathode of this tube is
grounded, the circuit is completed through R18 to the lower
end of the secondary.

The signal voltages across R18 are carried to switch S4
through the filter made up of R24, C49 and C2 From the
switch, the signals are fed to the triode grid of the 6SQ7
tube and follow the path to the speaker as explained for
f -m signals.

Looking at this switch, "S4, you will find its fourth posi-
tion connects the "Phono-Jack" to the input circuit of the
6SQ7 and thus, the audio amplifier of the receiver is avail-
able for the reproduction of phonograph records. All switches,
shown as Sl, S2, S3 and SL are ganged to operate by a single
control and, when in the "Phone" position, the input, oscil-
lator and detector output circuits are opened to prevent
Radio signals from causing interference while the phonograph
is in use.

We have included these details of the circuit of Figure 2
to try and show you that individually, the components of a
more complicated circuit are no different from those of a
simpler circuit. Their construction and functions are the
same therefore the same test routines and checks apply in
all cases. The only difference is one of quantity, The

more tubes and stages, the greater the total number of com-
ponents and therefore a larger number of tests may have to
be made.
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For example, in the circuits of Figure 1, the three band re-
ceiver has 3 pairs of input coil windings, three oscillator
coils and two i-f transformers, each of which contains one
primary and one secondary winding. Thus, there are a total
of 15, r -f and i-f coils to test.

In comparison, for the circuits of Figure 2, input transfor-
mer TJ includes 3 coils and loop, input transformer T5 has 2
coils, oscillator T7 has 2 coils, interstage transformer T6
has 3 coils, i-f transformer Ti has 4 coils, i-f transfor-
mer T2 has four coils and discriminator transformer T3 has 3
coils for a total of 22,

To continue the comparison, the band switch of Figure 1 has
a total of 12 contact points While the band rwitch of Figure
2 has a total of 39 active contacts in its four sections.
Individual continuity tests for each confect are the same
for all switches but the circuits of Figure 2 have more than
three times the numLer of contacts shown in the circuits of
Figure 1.

Many intermittent troubles in r -f and i-f coils are due to
open circuits and frequently, these occur ec4 or near the lug
to which the end of the coil wire is soldered. In commercial
coils, the wire is wound tiglItly on the form and usually, the
ends are wrapped around a lug and soldered. As we explained
for condensers, expansion of the parts, due to the increased
temperature of operation, may strain the wire sufficiently to
cause a crack or complete break.

When the coil is cool, the sides of the break msy touch
enough to pass the usual continuity test and the insulation
on the wire or the done on the winding may make the break
invisible to the eye. Thus, it is a good plan to bare the ends
of the coil wires of a suspected unit.

In some similar units, the coil wire is joined to a heavier
flexible wire which is used for making connections to the
circuit. For this arrangement, examine the joint carefully
for defects due to slight breaks of the smaller coil wire,
poor soldering or corrosion. The application of a hot, well
tinned soldering iron will usually restore the proper con-
ductivity of the joint.

In other types of eons, especially shielded i-f transfor-
mers, the connecting wires are carried from the trimmer con-
densers, at the too, to the bottom of the shield. ID
addition to the intermittent opens just explained, these
wires may shift sufficiently to touch each other, or the
shield and form intermittent shorts.
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IRON CORE COILS AND TRANSFORIiiSRS

Intermittent troubles which develop in iron core coils and
transformers are similar to those explained for r -f and i-f
coils. However, the windings are usually made up of insulated
layers of closely wound enamel wire which, for audio and our -
put transformers, is of small size. Also, the iron core which
passes through the coil is at ground potential.

Looking at Figures 1 and 2 of this Lesson you will find the
primary of the output transformer is connected to the output
of the high voltage filter in series with the plates of the
output tubes. Thus, this winding will not only carry the
plate current but must be insulated for the high plate volt-
age because it is supported by the grounded core. Because

of this condition, there are more possibilities of shorts
than in the r -f and i-f coils.

You will not find much trouble in modern transformers, due
to the improved methods of construction but shorts, opens and
grounds are possible, either singly or in combinations which
are often confusing. Usually, the coils and core are mounted
inside a closed metal shield and the entire assembly is fill
ed with an impregnating compound which makes repairs rather
impractical.

Older models of audio transformers and chokes sometimes caused
intermittent or noisy operation because of corrosion in the
windings or internal connections. A temporary, or sometimes
permanent repair could be made by connecting the winding
momentarily across a fairly high d -c voltage source to allow
excessive current. This condition caused the corroded points
to weld together or burn completely apart to provide a- sort
of "Kill or Cure" treatment.

Some modern audio transformers and chokes bring the internal
connections out of the compound to lugs on the bottom or
sides of the outer shield. For these types, it is a good
plan to make a close check of the connection between the in-
ternal wire and the lug, resoldering if necessary.

Although the wires of the windings are somewhat larger, a
similar plan is used on mazy power transformers, the ends of
the coil wires being wrapped around and soldered to lugs
which also carry the external circuit wires. Sometimes, when
soldering the circuit wire to the lug, the joint between it
and the coil wire is weakened and develops trouble later on.

Uhen a continuity test on this type of power transformer
cates a complete or intermittent open, always resolder each
lug making sure of every wire attached to it. Them make
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another continuity test before deciding the trouble is inter-
nal and requires a replacement.

You may find several circuit wires wrapped around one trans-
former lug and therefore the joint must be heated thoroughly
to make sure the solder runs in and tins all of the wires
equally. Unless this is done, the inner wires may not be
soldered properly, if at all, although the external appear-
ance of the joint is perfect.

HIGH RESISTANCE JOINTS

Looking at the power transformer of Figure 2, you will see
nine external connections to the Receiver circuits, each in-
dicated by a single line. However, you will find one end of
the heater secondary and the center tap of the high voltage
plate winding connect to ground together with one end of fil-
ter condenser C73C and one terminal of each of the three
dial lamps, P1, P2, and P3.

In the actual construction of the unit, these grounded ter-
minals of the transformer may form a convenient point for
making additional grounds and thus several wires may be
supported by them. Sometimes, the enamel insulation on the
ends of the coil wires is not completely removed so that,
although completely covered with solder, there is a "High
Resistance Joint" as far as electrical conductivity is con-
cerned. The value of this resistance may vary, due to the
expansion and contraction caused by changes of temperature,
and thus become the cause of intermittent trouble.

For troublesone joints of this kind, you may find it neces-
sary to remove all of the wires, carefully and completely tin
each one separately and then solder all of them after they
have been twisted around the lug,

Similar conditions can occur in any soldered joint and, in
most cases, a momentary touch with a hot, well tinned solder-
ing iron will "rerun" the solder and restore the connection
to its proper electrical condition. This is another reason
why, when making continuity tests, at least one connecting
wire of the unit should be removed from the circuit. Also,
it explains some cases where, after a unit has been removed
from the circuit, tested and replaced, the trouble disappears
although the tests did not indicate any defect.

In this connection, all continuity tests should be made first,
with the test prods directly on the connecting wires and
second, with the test prods on the lug or terminal so that
the joint is a part of the test circuit. If the unit is moved
around slightly, as this second test is made, many high re-
sistance joints can be located.
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Similar troubles are caused by what are known as "Cold Solder-
ed Joints". These are joints made in a harry, made with parts
not properly cleaned or made with an iron that is not hot
enough. Facternally, the, joint looks perfect but the solder,
although holding tho parts mechanically, has not run in and
tinned them sufficiently to form the necessar low electrical
resist,ance.

LINE VOLTAGE VARIATIONS

Another cause of intermittent reception, and one that is com-
monly overlooked, is the variation of Line Voltage. While
most Power Companies make ever:, effort to maintain a uniform
voltage, local conditions may cause sufficient change to
case troub:eseme variations of Radio Reception.

These changes may be gradual, sudden or intermittent, depend-
ing on their cause. in some localities, the bea'ry power load
of the large numbar of lights used duriig the early evening
hours may cause a gradual red'ictmon of line a-citage. If this

is sufficient to affect the Radio Receiver, usually it causes
a correspondingly gradual decrease of volume.

Sudden changes of line vol rage arc caused by the operation of
some electrical devices connected to the circuit. For example,
the common types of Electric Refrigerators DoTcatarily draw a
heavy current uncu the motor is turned on. OrdiLarily this
will cause a cick in the Radio Receiver and may also cause
a visible dimming of the house lights. Howe-er, this action
seldom causes cemlairt because it does not happen too fre-
quently and 'C'IC C2l-30 is 03-i0S.

However, if a eimilar motor is installed on the lighting cir-
cuit, either in the Receiver owner's home or some neighboring
building, and is started and stopped more frJquently, it may
cause complaints. There may be a nearby store with motor
driven cash registers, ccffee grinders and so on or a neigh-
bor may have motor driven tools in his basement workshop.

The starting and stopping of these motors freeeently cause
complaints of noisy reception but, ander certain cond,tions
may cause intermittent reception.

The main difficulty in locating intermittent troubles is to
have the receiver and test instruments available when the
defect occurs, As s.ggested earlier in this Lessen, Inc re-
ceiver can be turned on and loft in operation while other
work is being done, until :,he defect appears.. Sometimes this
will not happen for hoer-, or even drys, meld ag it difficult
to promise a definite time for the com-)leuion of the repair.
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Again, the defect may appear only to disappear the instant
the test meter '-rods are touched on exposed points of the
circuit. In this connection, it is well to remember that a
voltmeter is essentially a resistance and, wit.h its test
prods placed on two points of a circuit, it can act as a
substitute resistance between those points.

For example, the common tyre of Radio voltmeter has a sensi-
tivity of 1000 ohms per volt with 500,000 ohms as the total
resistance of the 500 volt range. Connected across an open
500,000 ohm resistance, the voltmeter circuit will restore
normal circuit conditions and thus may pro7ide normal opera -
tin; conditions,

As long as the voltage across the test meter prods does not
exceed the meter rare, a multiscale voltmeter can be used
as a handy resistor for test replacements.

No matter what the complaint, or method of testing, after a
defectve part has been located, it must be repaired or re-
placed. Although this part of Radio Service is mechanical,
rather than electrical, it is important and therefore the
next Lesson will contain explanations on -Lie removal and re-
placement of component parts and their connecting wires.
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QUESTIONS

How many advance Lessons have you now on hand?

Print of use Rubber Stamp:
Student

Name No.

Street

City State

1, How can the operation of a Receiver be used to make a check

on Fading signals?

2, What simple plan can be followed to test for loose connec-
tions which test correctly as far as continuity is con-

cerned?

3. How does the action of a tuning eye tube localize the cause
of a drop in volume?

4. How can an ohmmeter be used to test a resistor for intermit-
tent trouble?

5. In r -f and i-f coils, where do intermittent opens frequently

occur?

6.. What condition may cause intermittent shorts especially in

shielded i-f transformers?

7. What should be done when a continuity test indicates a com-
plete or intermittent open in a power transformer with lug

type terminals?

8. What two checks should be made for all continuity tests?
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QUESTIONS (Continued)

Name Student No.

9. In addition to its normal use, what handy test replacement doe's
a multistate voltmeter provide?

10. What two complaints are caused frequently by motors operating
on home lighting circuits?
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If you succeed in life, you must do it in spite of
the efforts of others to pull you down. People are
willing to help a marl who can't help himself, but
as soon as a man is able to help himself, and does
it, they join in making his life as uncomfortable
as possible.

-- E. W. Hove

RTS -13
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REPLACEMENT OF PARTS

In the former Lessons of this series, we have given a great
many details in respect to the various methods and applica-
tions of electrical tests. By comparing the symptoms of the
general types of customer complaints with the functions of
the circuits and their components, we have tried to bring out
the principles of diagnosis.

As far as radio equipment is concerned, it is generally agreed
that the important and difficult part of service work is in
the location of the defect. However, after this has been
done, the defective part must be repaired or replaced and,
while this part of the job is mainly mechanical, electrical
conditions must be carefully preserved to provide the desired
operation.

For this Lesson therefore, we want to explain some of the
proven methods which will complete the mechanical operations
of a complete service job in the shortest time possible to
provide for satisfactory future operation. From time to time,
many "Short Cut", "Slap Stick" ideas have been presented for
emergency repairs and, while some of them have merit, it is a
good idea to analyze them carefully. Any Radio Service Man
who has, or is establishing, a reputation for good work can-
not afford to turn out even one makeshift job. If a customer
refuses to accept your estimate for a good job, don't try to
meet him on his own terms and do a "cheap" job. In case of a
disagreement, follow the suggestion of an earlier Lesson and
give him two estimates on the repair. One, to place the Re-
ceiver in operation only and another to service it properly,
a job you can stand back of.

Even when this is done, many customers still assume the proper
operation of the Receiver is the responsibility of the last
service man who worked on it and, if dissatisfied, will go out
of their way to tell your other customers, as well as prospect-
ive customers, what they think,about you.

You cannot completely please everyone, no matter how hard you
try but, by refusing to do slip -shod or makeshift work, you
can keep dissatisfied customers at a minimum. As far as your
reputation is concerned, complaints of high prices are not
detrimental but, complaints of poor work are.

You will receive requests to "Just patch it up any way so I
can hear the fight tonight", or "Just keep it working until
after the football game tomorrow". Many of these requests
are made in all sincerity but, after the fight is over and
the game is won or lost, should the receiver go bad, the cus-
tomer begins to wonder if you could not have done a better job,
nn matter what you charged him,
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Then, especially if the outcome of the program was disappoint-

ing, his recollection of the transaction may be completely

negative, as far as you are concerned. He may bring the re-

ceiver back and make demands that will surprise you, placing

you completely on the defensive. As the have said before, the

best solution for situations of this kind is to avoid them

entirely therefore, regardless of the details, do not under-

take these "special" jobs.

Fortunately, many of your customers will be reasonable and
cooperative, have confidence in your judgment as well as
your ability and cause no trouble. We mention these rather
extreme cases because they are the ones which can harm your
business.

A satisfied customer does not brag about your ability or

boost your business at every opportunity. You gave him ser-

vice, which he bought and paid for and "thatfs that In

answer to a direct question, he may say a good word about

you but he has no more reason to boost your business than

that of his barber, grocer or garage man.

In contrast, a dissatisfied customer may feel it his duty to
warn his friends, acquaintances or anyone else who will lis-

ten, in regard to your lack of ability, inefficient service
or exhorbitant prices. Each time he tells the story he may
add a few imaginary details until finally, what began as a
minor disagreement is built up into an all important issue.

It is often said that "Bad News Travels Fast" and because
this seems to be the natural tendency of human nature, it may
take a hundred satisfied customers to offset the effect of
one that is dissatisfied. That is why we have emphasized con-
ditions of this kind because, although but few in number, dis-

satisfied customers can do much to harm your reputation.

IDENTIFICATION

While making a general inspection, continuity test or voltage
analysis of a defective receiver, the defective part, com-
ponent or circuit usually provides some indication of its

condition. This may be a visible indication, which locates
the position of the part, or an electrical indication which
identifies the circuit in which it is connected. In either

case, both the physical or mechanical location of the part,

as wellmrits electrical position, should be determined ac-

curately before any repairs or replacements are begun.

This may seem like an unnecessary precaution, especially in

those cases where the defective part can be located by in-
spection but, as we will explainalittle later, it often
saves time to obtain full information before starting a job
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You may see a broken or burnt resistor, with its color cod-
ing still readable and your first inclination is to replace
it immediately before making any tests. However, in order
to remo:e the defective part, in most cases, it is necessary
to remove other connecting wires also and, for a simple job
like this, few men will take the time to label or tag these
other wires.

Then, before you find the proper replacement, the phone may
ring and another customer may come in so that thirty minutes
or more slip by before you get back to the job. By that time,
you will find yourself wondering just which wire went to which
terminal and, not knowing their circuit locations, the simple
job becomes complicated.

Of course, you can cut and try because, with but a few wires
there are not a great many combinations possible but, if you
happen to misplace two wires in your first try, changing them
one by one will not be of much help.

Working on general averages, you will save time by checking
the circuit first and making a pencil sketch of the parts if
there are more than three connecting wires. Then, regardless
of the number or duration of interruptions, you can pick up
the work at any stage of the job and go ahead with little
chance of error.

Even if you feel a sketch is not necessary, it is Well to
identify the defective part electrically. Think of it as,
"The plate resistor of the 1st a -f', "The screen bypass of
the second i-f'', "The cathode resistor of the output" or in
similar terms which make its electrical location definite.
You will find this a much easier and better method than one
which depends entirely on mechanical location.

For example, to identify a resistor by location you may have
to remember, "It is the third one to the left of the second
socket to the right when the chassis is upside down and the
power transformer is at the lower left as I face the bench".

SPECIFICATIONS

Knowing the circuit location of a defective part gives you a
definite idea of its purpose and an approximate idea of its
required values. For resistors, there are two important speci-
fications, the ohms and the watts. For condensers, there are
two important specifications, the capacity and the voltage.

For iron core chokes, the specified values of inductance,
current and resistance are important while for power trans-
formers the values of voltage and current of each winding
should be known.
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For audio transformers, the turn ratio is usually considered
of greatest importance although the primary winding should
provide sufficient inductance to load the plate circuit of
the tube properly. For output transformers the turn or im-
pedance ratio and the power capacity, in watts, are the
essential specifications.

For i-f transformers, the principle specification is the
resonant frequency of the circuits but there are variations
for those units installed in the input, interstage and output
positions in the i-f amplifier.

For the r -f, Mixer and Oscillator coils of the signal tuning
circuits, the values of inductance are most important. How-
ever, most of these coils are sold commercially to cover a
certain band when tuned by a variable condenser of some stated
capacity.

As far as the actual units are'concerned, resistors are
usually color coded to show their ohmic value but are seldom
marked in respect to their "Wattage". However, with a little
experience you can estimate the wattage of the common types
of carbon resistors by noticing their size. While dimensions
vary somewhat, the average I Watt resistor is a little over
one inch in length with a diameter of about 1 inch. The
half watt size is from g inch to 1 inch in length with a
diameter from 26" to

You will find a number of i watt and 4 watt carbon resistors
in use with dimensions proportionately smaller than those
given above. Some 2 watt carbon resistors are installed but,
for higher values of wattage, it is customary to employ wire
wound types.

Most condensers are marked with their capacity value, either
by color coded dots or by printed numbers. The paper and
electrolytic types also are marked with a value of test or
peak voltage as well as a lower value of "Working Volts".
For safety, the value of the 'Ivorking volts" should be about
twice the normal circuit voltage and, because the difference
in cost is small, many service men install 600 volt condensers
for all paper type replacements. For most bypass and filter
circuits, both the capacity and voltage rating of a replace-
ment condenser can be higher than the values of the original
unit but should not be lower.

Exceptions to the statement above are found in the signal
circuits where an increase of capacity could cause a change
in frequency response. For example, a plate bypass condenser
has the same circuit location as many common tone controls
and an increase of its capacity would cause a reduction of
high frequency signals.
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METHODS OF MOUNTING

From a mechanical standpoint, the assembly of a Radio chassis
and its component parts is quite simple. The sheet metal
chassis, or "can", is used as a base and most of the larger
parts, partly or completely shielded, are mounted on top with
connections made from below through holes in the base.

To illustrate this arrangement, for Figure 1 we show a cut
away section of a chassis with a "Half shell,' type of Power
Transformer in place. The core is on top, covered by a shield
or shell while the lower half of the coil, with the connecting
lugs, projects below through an opening or "cut --out". Mount-
ing bolts extend from the top shield down through the lamina-
tions of the core, through holes in the chassis and are held
in place by nuts on the lower end. The larger types have four
mounting bolts, one in each corner, while smaller types may
have but two bolts, one in the center of opposite sides.

A similar method for mounting the fully shielded types of
Power Transformers, Audio Transformers and Iron Core chokes
is shown in Figure 2. Here, the core as well as the complete
coils are above the chassis while the sides of the shield aro
flanged out at the bottom to provide a space for the mounting
bolts. As the core is clamped securely by the shield, many
commercial Receivers mount units of this tyre with rivets in-
stead of the small bolts shown in Figure 2. Holes are pro-
vided in the chassis, below the shield, to permit connections
to be made to the windings of the unit.

An unshielded or open type of iron core unit is shown in Fig-
ure 5. The core is held by a metal strap, the ends of which
are bent out to form brackets and provide what is known as a
"strap type!! mounting. Here again, the actual mounting may be
made with bolts or rivets as explained for Figure 2, The con-
necting wires are brought out from the top or bottom of the
coil and therefore, units of this tyre are mounted below as
well as on top of the chassis.

For unshielded R.F. and I.F, coils, the same general plan of
mounting is used by means of a small metal bracket attached to
the coil form. As shown in Figure 4, a simple bracket may be
bolted or riveted to the chassis. You will find variations in
regard to the method of attaching the bracket to the coil form
and the chassis but a visual inspection will reveal all the
details.

A somewhat different arrangement is employed for shielded types
of R.F. and I.F. coils which have the general appearance of
Figure 5. Here, the coil is mounted mechanically inside the
shield which, in turn, is mounted on the chassis. Spade lugs
are riveted to the lower edge of the shield with their lower
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threaded ends extending through holes in the chassis. A nut
and lock washer on the threads complete the mounting.

A somewhat similar arrangement is used for electrolytic con-
densers as well as shielded r -f, i-f transformers and r -f
chokes. As shown in Figure 6, the lugs are riveted to the
lower end of the shield or cover while their lower end extends
through a narrow slot in the chassis. The lower end of the
lug is given a slight twist to make a firm fastening. In
some cases, the lower, twisted end of the lug is soldered to
the chassis to provide a low resistance electrical connection.

As shown in Figure 7, other types of electrolytic condensers
are mounted by means of a large nut on a threaded sleeve of
insulation. The metal can of the condenser acts as one of
the terminals while the other is brought out to a lug mounted
on the end of the threaded sleeve.

In many circuits, the condenser can is grounded directly to
the chassis while, in others, the assembly of Figure 7 is
mounted on a fibre or bakelite washer which, although mounted
on the chassis, provides electrical insulation between the
chassis and condenser can.

There are two common methods of mounting tube sockets. As
shown in Figure 8, wafer type sockets are mounted below the
chassis, with bolts or rivets, directly below an opening large
enough to permit the pins on the tube base to be inserted in
the socket from the top.

The chassis type of socket, shown in Figure 9, is placed
through a hole in the chassis and held in position by a spring
washer which fits in a groove in that part of the socket be-
low the chassis.

In some cases, where the tube is to be shielded, you will find
a metal flange mounted on the upper side of the chassis around
the wafer socket of Figure 8. After the tube is in place, the
shield is slipped down over it and pressed firmly on the metal
flange.

Small units, such as trimmer and padder condensers, are often
installed by the "Single Hole" plan of Figure 10. A threaded
sleeve, mounted rigidly on the body of the unit, extends up
through a hole in the chassis and a nut, screwed down on the
threads, holds the part in place. A variable shaft, mounted
inside the sleeve, permits adjustments to be made without dis-
turbing the mounting.

Checking back over the illustrations of the Lesson, the units
of Figures 1, 7, 8 and 9 carry lugs which are strong enough to
support the connecting wires of their circuits. For the other
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units shown, flexible wire leads are provided for connection
to the proper points of the circuits. As most of these wires
must be supported mechanically and insulated electrically, the
mounting strips of Figure 11 are in common use.

These mountings, sometimes called "airplanes", consist of a
strip of bakelite or fibre on which a number of solder lugs
are riveted. As shown, one or two of these lugs extend below
the strip to provide a means of mechanical mounting.

You will find these strips made up in a variety of combinations
with two or more lugs and one or more mounts. The upper ends

of the lugs provide convenient points of connection for in-
sulated, as well as grounded circuit wires because the short
lugs are insulated while those which extend to the chassis are
grounded. All of them are mechanically secure and, in an
actual installation, each may carry a number of wires,

As shown in Figure 12, practically all variable resistance
controls, as well as rotary switches, are installed by the
single hole plan of Figure 10. Other units, such as the "Jack"
of Figure 14, follow the same general plan and are held in
position by means of nuts which fit the threaded sleeve.

To accommodate a variety of installations, the threaded sleeves
are sometimes longer than needed but, with two nuts, installed
on the plan of Figure 12, the position of the sleeve can be
adjusted in respect to the panel or chassis wall,

Smaller units, such as resistors and bypass condensers, are
provided with wire leads which are soldered to the lugs of
the sockets, mounting strips or other units. This is known
as "Point to Point" assembly because the leads of the units
are connected directly to the proper electrical points of
their circuits.

REMOVAL

In the explanations of the earlier Lessens, we mentioned some
of the troubles caused by loose mounting of parts and shields
and naturally, when a defect of this kind is found, it should
be corrected. However, when a defective part has been located,
it must be removed for repair or replacement.

Looking at Figures 1, 2, 3, 4, 5, 8 and 11, you can see that
a screwdriver and small socket wrench are the only tools need-
ed to remove the mounting bolts. For Figures 7, 10, 12 and 141
the removal of one nut will disconnect the parts mechanically
while, for the arrangement of Figure 6, the lower part of the
lug can be straightened with a pair of pliers and unsoldered
if necessary.



.
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When the parts are riveted to the chassis, the safest plan of
removal is to "drill" them out. This is done by using a metal
type of twist drill, with a diameter slightly smaller than
that of the body of the rivet, held in the chuck of a Hand or

Breast Drill.

For hollow rivets, the drill will follow the opening and, to
prevent the rivet from turning, the drill should be operated
at a fairly high speed but with light pressure. For solid
rivets, it may be necessary to center punch the center of the
head in order to keep the drill in proper position. The idea

is to drill out the rivet without injury to the mounting hole
in the unit or the chassis.

Other typos of mounting are usually modifications of those
illustre,'d -nd a visual inspection of their arrangement will
be suffic_enb to indicate a method of removal.

IDENTIFICATION OF CONNECTING WIRES

In most cases, you will find it a better plan to remove or
disconnect all the circuit wires before dismounting a part

mechanically. If this is not done, the part will be "hang-
ing" by the wires and, if the chassis is turned up or over,
the weight of the unit will shift and may break some of the

connections.

To insure their rapid and correct replacement, all the con-
necting wires should be identified before they are removed
from a defective unit. Some men trust their memory because
many of the wires have color coded insulation or the circuit

arrangement may be quite obvious. However, as mentioned
earlier in this Lesson, the work may be interrupted and make
it difficult to remember all the details when the job is

resumed.

Other men tag each wire, as it is removed, using their
colors or positions as a method of identification. This

method is not extremely popular because, to a customer, it
appears to indicate a lack of familiarity with the circuits.

Repeating our former suggestion, whenever a replacement job
involves three or more wires, make a circuit diagram which
includes all of the connections. With a diagram of this
kind available, you can go back to an unfinished job after a
delay of a week or a month and pick up where you left off.

When complete schematic diagrams are available, you can re
fer to them in case of doubt but often a partial circuit
diagram, with the parts arranged according to their actual
location will save time in the identification of connecting
wires.





Lesson RTS-13 Page 9

For the actual connections, most of them are made by hooking
the end of the wire through a hole in a lug and covering both
the hook and the end of the lug with solder. To open a joint

of this kind, a hot soldering iron is held on the solder until
it melts sufficiently to expose the wire hook and then, with
a small screw driver or long nose pliers, the hook is opened

by bending the end of the wire.

When all parts are thoroughly tinned, it may be necessary to
keep the soldering iron in contact with the joint but, after
the hook has been opened, and the solder is hot enough to be
soft, the wire can be pulled through the lug.

With several wires mounted on one lug, each can be removed on
the same plan. Any excess solder can be removed from the wire

ends, or the lug, by heating with an iron. Should solder run
to the inner end of the lug, the chassis can be turned so that
when heated, the solder will run out or off.

It may seem faster to cut off the connecting wires of a
defective unit but, quite often, the cut ends interfere with
the replacement wires and must be removed before proper
connections can be made. It will also speed the replacement
of the wires if n31 excess solder is removed when the wires
are taken off. With open holes in the lugs, the wires can be

replaced quickly and properly.

Regardless of the actual number of wires which may be removed,
always make certain of some means for identifying each one.
For a simple job, such as the replacement of a plate supply
filter input condenser, don't assume its negative connects to
the chassis, make sure before you remove it. Unless you are

certain the replacement of the new unit will be completed
without interruption, make some sort of a record which will
insure its proper installation.

DIAGNOSIS OF FAILURE

In the earlier Lessons of this series we explained the general
method of making a diagnosis to determine the nature of
a defect and to help locate its source. After this has been

done and the defective part has been removed, the diagnosis
should be continued to determine, if possible, the cause of
the trouble.

For example, when you remove a defective resistor which has
been overheated, the replacement of a duplicate unit will
restore that part of the circuit to its original condition.
However, to insure the life of the new part, the operating
conditions of the complete circuit as well as the condition
of the other components, should be checked carefully.
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Thinking of the dropping resistor in a screen grid circuit, a
leaky by-pass condenser could cause an increase of current,
sufficient to overheat the resistor but not enough to serious-
ly affect the operation of the receiver. Unless the circuit
is checked and the leaky condenser is replaced, the new re-
sistor will develop trouble in a short time.

Again, when testing the tubes or a Receiver for complaints of
Low Volume or No Signals, if all but the rectifier tube test
ttO.K.Ilt always cheek the condensers of the high voltage fil-
ter because, a defect in them could allow excessive rectifier
current and shorten the life of the tube.

The defect of a part is usually the cause of the symptoms of
the customerts complaint but it, in turn,, may be caused by a
defect in some other unit. That is why a diagnosis should be
continued until the original cuase of the trouble has been
determined.

NEED OF NEW SPECIFICATIONS

A complete diagnosis of this kind may indicate circuit condi-
tions which overload the original parts and thus, to insure
a permanent repair, new specifications may be needed for re-
placements. For example, the full load current of a 1 watt,
500000 resistor is approximately 4.5 milliamperes. This value
is calculated by using the equation which states that watts
and equal to the current squared times the resistance. As
a formula,

W = 12R or I or= = -a

For the example above, the second form of the formula was used
and, substituting the given values,

ATI / 1
I =R = 50,000 -

V.00002 = .00447

.00447 Amp, = 4.47 Milliamperes.

For a 1/2 Watt, 50,000 Ohm resistor,

I - 50,000
V.00001 = .00316

I = .00316 Amp. = 3.16 Milliamperes .

Thus, if you found a burnt out, 1/2 watt, 50,000 ohm resistor
in 4 circuit with a normal current of 4 11/1.A. for a permanent
repair it would be advisable to replace it with a 1 watt
unit of the same resistance value.
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Along similar lines, you will find some ac/d-c receivers
equipped with filter input condensers rated at 150 volts. For
a -c, the peak values are 1.41 times the effective or stated
values and thus a supply line rated at 117 volts has a peak of
approximately 165 volts. Allowing for a drop across the rec-
tifier tube, the filter input condenser will operate at almost
its rated voltage value. A surge of line voltage or drop of
lbad current could cause a voltage above the rated value.

When a condenser of this type causes trouble, for a permanent
repair it is a good plan to replace it with a unit of equal
capacity but higher voltage rating. For the line voltage of
this example, a rating of 200 volts or 250 volts would be an
improvement.

The same conditions hold for bypass and coupling condensers
and it is a good conservative policy to install replacement
condensers of a higher voltage rating. As mentioned before,
some servicemen use only 600 Volt raper condensers for re-
placement in circuits normally operating at 250 volts or less.

The point to remember here is that the capacity of a condenser
is most important, as far as the electrical operation of a
circuit is concerned. The voltage rating indicates only the
strength of the insulation between the condenser plates and
it must be able to withstand the operating voltage without
breakdown. Condensers of equal capacity are made with various
voltage ratings and while they are alike electrically, those
with higher voltage ratings provide greater safety in service.

A .1 mfd, 200 Volt paper condenser can be replaced by any
.1 mfd condenser with a voltage rating of 200 Volts or more.
Therefore a .1 mfd, 400 Volt or .1 mfd, 600 Volt could be
used as a replacement and the higher voltage rating would
provide an additional factor of safety against breakdown.

In contrast, a .1 mfd, 400 Volt condenser should not be re-
placed by a .1 mfd, 200 Volt although the capacities are
equal. The defect of the 400 Volt type would indicate the
need for a higher voltage rating rather than a lower one.

When cost is a factor, some manufacturers install minimum
values of capacity and, as explained in the former Lessons,
an increase of capacity will remedy certain troubles due to

insufficient bypass or filtering. However, as a general rule,

it is well to replace defective condensers with new ones of

equal capacity.

Larger components, such as Power Transformers, Filter chokes,

Output and Audio Transformers can be considered as having the

correct specifications but, in case of trouble, the defective
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part should be checked to make sure it is an original com-
ponent and not a replacement. A careful inspection of the
chassis and its wiring will usually reveal the components
which have been replaced because they will differ slightly
in make or model from other similar components. Also, the
arrangement and type of hook-up wire will indicate which
parts have been serviced previously.

A voltage analysis of the circuits will reveal the operating
conditions and these can be checked against the recommended
specifications for the various tubes. With this information,
the required specifications of the various components can be
compared with those of the installed parts so that any needed
changes can be made.

In most Engineering work, definite allowances made for un-
expected or unforeseen overloads are known as the "Factor of
Safety". This same principle is important in Radio Service
work especially when retairs are guaranteed for some definite
period of time. As a good conservative plan, make it a rule
to install replacement parts of the next higher rating.

For example, when a resistor must dissipate a 1/2 watt load,
install a 1 watt unit. When a condenser is connected across
a 200 volt circuit, install a replacement with a !i00 volt
rating. The increased cost of these components with higher
ratings is usually very small when compared to the cost of
replacing any one of them.

INSTALLATION METHODS

When installing replacement parts, always complete the mech-
anical mounting first because that will provide a solid and
permanent support for the electrical connections. Of course,
there are a few exceptions where the mechanical arrangement
does not provide space to make electrical connections after
the part has been mounted mechanically but, in general, you
will find it saves time to complete the mechanical work first.

For point to point wiring, the electrical connections are
also the mechanical supports but the above plan still holds
because all joints should be made secure mechanically before
applying solder. Making joints so that the solder provides
both mechanical support and electrical conductivity is a
rapid method satisfactory for temporary work only.

When components like those shown in Figures 2, 3, 4 and 5 of
this Lesson have been removed by drilling out the original
mounting rivets, it is usually more convenient to mount the
replacement part with small machine screws, held by a nut and
lock washer.





Lesson RTS -13 Page 13

Round head, 6-32 machine screws are in most common use for
this work bedause they fit the ordinary rivet hole and, with
a 1/4" x 6-32 nut require about the same space as the orig-
inal rivet. These screws are available in various lengths up
to 1-1/2 inches and can be fitted with #6 lock washers which
are made in several types.

Some larger components are mounted with 8-32 or 10-32 machine
screws and, as mentioned for the more common 6-32 size, nuts
and lock washers are available. For replacement work, mach-
ine screws and nuts have the advantage of easy installation
without disturbing any other parts and can be tightened with
a screwdriver and pliers or socket wrench. In contrast, rivets
present somewhat of a replacement problem as special tools are
often required to clinch them properly. Even when the tools
are available, a complete chassis seldom has sufficient space
for their proper positioning and the required hammering may
disturb other components.

When the replacement part is not an exact duplicate of the
original, other problems may arise. For example, all of the
windings of the Power Transformer of Figure 1 are brought out
to terminal lugs which are used to support the circuit wires.
The replacement unit may have flexible wire leads, instead of
lugs, thus eliminating the mechanical supports for the con-
nections between the transformer windings and the circuits.

As it is poor practice to simply splice the wires and allow
the joints to hang loosely, some men install mounting strips
like those shown in Figure 11. Strips of this kind, mounted
along each side of the replacement transformer, can restore
the original arrangement and thus simplify the work.

The original circuit wires can be mounted on the lugs of the
strip, together with the proper lead wires of the transfor-
mer, thus maintaining both the electrical and mechanical ar-
rangement of the original parts. To simplify future service
work, by yourself or someone else, always make replacements
to retain the original circuit arrangement as closely as
possible.

REWIRING PROCEDURE

After a replacement part has been properly mounted, the wir-
ing is replaced in the reverse order to which it was removed.
Here again it pays to be careful and the wires should be re-
placed, one by one, only after their electrical location has
been checked against a diagram or other means of identifica-
tion. Then, after the mechanical mounting has been completed,
it is good insurance to make a continuity test of the wire to
make sure the removal and replacement has not caused it to
break.
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Precautions of this kind may seem to cause a needless delay
in the work but, there is nothing more aggravating than to
find a completed replacement job which will not work because
one of the connecting wires has broken. Usually, this broken

wire is the most difficult to replace and makes it necessary
to remove other wires also. A simple continuity test of each
wire, as it is replaced, insures the proper operation of the
completed job.

However, to make sure of the replacement part, as well as the
connections, the continuity tests should be extended to in-
clude a complete part of each circuit. For example, when a

new output transformer is installed, all of the circuit be-

tween the output of the supply filter and the plate of the tube

should be included in the test. Thus, not only the connecting
wires but the circuit of the unit will be checked.

In most cases, the original circuit or "hook-up" wires can be

used for replacements but, wires with brittle or damaged in-

sulation should be replaced. This is also a good time to in-

spect all of the wiring and replace any which has defective

insulation.

While it is used quite often, the ordinary electricians tape

does not work out well for Radio repairs. It is bulky and

the increased temperatures of operation cause it to dry out

rapidly. When it is necessary to make a joint which requires

insulation, slip a short length of insulated tubing, "spag-

hett", over one of the wire ends and then, after the work is

done, slide the tubing back over the wire joint.

Careful attention to the mechanical details of a wiring job

will insure the best electrical conditions. All radio re-

ceivers, especially those with speakers attached, are subject

to vibration which may cause loose wires or components to

shift in position. These changes of position may cause noise,

introduce feed back to cause oscillation or degenerative feed

back to reduce volume. Continued vibration of a connecting

wire will cause it to break eventually, a condition which may

provide an intermittent trouble. A little extra time, spent in

doing a good mechanical job of wiring, will usually prove a

good investment.

CHECK OF INTERRELATED COMPONENTS

The need of a complete diagnosis, to determine the original

source of trouble, has been mentioned earlier in this Lesson

therefore, after a replacement part has been installed, re-

wired and its circuits checked, the job is not quite complete.

All other components, which could affect the voltage or cur-

rent values of the replacement unit, should be given a final

test.
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We have mentioned the effect of leaky bypass condensers in
the plate and screen grid circuits but, a shorted bias resis-
tor or bypass condenser can cause excessive plate and screen
grid current. A leaky coupling condenser can cause a reduc-
tion of grid bias and thus produce the same effect as a shorted
bias resistor.

Following the routine suggested in these lessons, all of the
components will be checked by continuity or voltage tests.
However, when a general inspection of the chassis reveals the
defective part, many men neglect the overall tests. That is
why we want to emphasize the Importance of making tests on
all component parts, the condition of which could affect the
replacement parts.

CIRCUIT TESTS

No matter how difficult a service job, or how clever your
method of repair, the customer bases his opinion of your work
on performance only. Unless the customer understands complete-
ly and agrees to a temporary job, the cost of the work has no
appreciable effect on his complaint when a breakdown occurs.
Therefore, it is a matter of good common sense to do every-
thing possible to insure continued uninterrupted operation of
every job you deliver.

For that reason, you will find it a good investment of time
to make a fairly complete circuit test of every completed job.
While some defects occur suddenly, others take place more
gradually and can be detected before the receiver becomes in-
operative. While there are exceptions, the safest plan is to
consider that any defect, no matter how slight, will become
more pronounced with age and eventually cause a complete break-
down.

Coupling condensers with slight leakage, filter condensers
with reduced capacity and resistors with increased or decreased
values are good examples of this condition. Although the cus-
tomer may not agree to a replacement until he has cause for
complaint, the recommendation should be made and placed on
record to avoid future dissatisfaction.

OPERATING TESTS

After a repair job has been completed, the receiver should be
Placed in operation for a reasonable length of time. Many
Manufacturers guarantee their products against defective
material and wort manshiP for a period of 90 days on the as-
sumption that any defects, in the original assembly, will
show up in that time. Some Radio servicemen follow the same
policy and, with the same general thought in mind, operate all
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reparied Receivers for an hour or two before making delivery
to the customer. 'Most hidden defects, which may be present
in replaced components, will show up during this test run and
can be corrected before the job leaves the shop.

Another point which has an exaggerated importance in the cus-
tomer's mind, is the "feel" of the control knobs. As shown
in Figure 12, practically all controls hava an extended shaft
for mounting the knobs which should be secure but not rub
against the panel. Therefore, make sure that every knob is
tight on its shaft.

You will find a number of mounting methods in common use with
several types of shafts. As shown in Figure 13A, the standard
shaft is a round rod, usually in in diameter. lhe grooved
shaft of Figure 13B has the same general size and shape but
is provided with a number of grooves which act as "markers"
for cutting the shaft of a replacement part to the desired
length.

For mounting on shafts of this type, the knobs have a *"
hole, to fit over the shaft and a small set screw, threaded
in the body of the knob, is tightened to secure the mounting.
This arrangement permits the knob to be shifted, in respect
to the panel, and turned to align any mark or pointer with
dial scales, before the set screw is tightened.

There are other arrangements, such as the slotted shaft of
Figure 13-C which permits the knobs to be mounted securely
without the use of a set screw. Other types have a flat side
on the shaft to hold a spring placed inside the opening of
the knob.

No natter what the mechanical arrangement, make sure the
knobs are tight on the shaft and turn freely without rubbing
against the panel. If the original assembly included felt
washers, between the knob and panel, be sure they are all
replaced.

Small details of this kind, while not of great imnortance
from an electrical or mechanical standpoint, do impress the
customer and, when properly done, make him feel his receiver
has been repaired carefully, not just "fixed"





FIGURE 1 FIGURE 2

0

FIGURE 3

FIGURE 4

hr."42,1150;

"T: I I

FIGURE 5

41111111111MEk/OW

FIGURE 8 FIGURE 9

A

FIGURE 6

0

ArZ Ared,22.5, Aremaws

(0)

FIGURE 7

FIGURE 10

I

0 0

FIGURE 11

RTS 1.3 FIGURE 12 FIGURE 13 FIGURE 14





Lesson RTS-13 Page 17

QUESTIONS

How many advance Lessons have you now on hand?

Print or use Rubber Stamp.
Student

Name No.

Street

City State

1. What are two important specifications for Resistors?

2. What are two important specifications for Condensers?

3. What are three important specifications for iron core chokes?

4. What are the important specifications for Power Transformers?

5. Why should all connecting wires be identified before they are
removed from a defective unit?

6. When excess solder runs to the inner end of a lug, how can it
be removed?

7. Why should a diagnosis be continued until the original cause
of a trouble has been determined?

8. What specifications are necessary for a unit to replace a

.1 mfd, 200 volt paper condenser?

9. When installing replacement parts, should the mechanical
mounting or the electrical connections be completed first?

10. Should repaired receivers be operated for an hour or two be-

fore delivery to the customer? Why?
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In all things, success depends upon previous prepara-
tion, and without such preparation, there is sure to

be failure.

-- Confucius
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SUBSTITUTION OF PARTS

Strictly speaking, the duties of a Radio Service man should
include only the location of defects and, when necessary, the
replacement of duplicate parts and components to restore the
proper operation of a Radio Receiver. However, to make a
success of his business, the modern service man must be able
to do this work without undue delay although duplicate re-
placements are not available.

In effect, he must be a designer as well as a Service man,
in order to adapt the circuits of any receiver to conform to
the specifications of replacements which are available. For
this type of work, the operation of the various circuits must
be known quite completely, a fact which is frequently over-
looked or ignored.

Some Service men, especially among the "Old Timers", rely
almost entirely on their mechanical ability plus their ex-
perience in handling previous complaints. They are inclined
to ridicule modern methods especially if some "pencil" work
is required. Men of this tyre are quite successful on older
models but usually have to give up when a repair includes
some circuit which is new to them.

That is why these Lessons include detailed explanations of a
variety of Receiver circuits, analyzed in respect to their
electrical operation, because this knowledge makes Possible a
proper choice of repair methods or substitution of parts when
needed. In any service work, especially Radio with its wide
variation of makes and models, the more complete your knowledge
of the operation of the various circuits and the purpose of the
various parts, the better your ability to restore the proper
conditions.

LOCATION OF DEFECT

For every service job, the first part of the work is the loca-
tion of the defect which is the cause of the complaint. As
explained in the earlier Lessons, this can be done by follow-
ing the suggested routine of general diagnosis, continuity
testing, circuit tracing or voltage analysis. When the equip-
ment is available, Dynamic Testing can be employed.

Revieving briefly, there are but three electrical quantities
in any circuit, Resistance, Inductance and Capacity therefore,
all methods of testing are designed to check one or more of
them. The importance of tube testing has been emphasized in
the earlier Lessons and, with the universal use of "Tube
Testers", can be considered as a special or separate test of
any general routine.
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Continuity or Resistance tests are perhaps the most common
in general work as they apply directly to all resistors and
connecting wire. They are also useful when testing induc-
tances for continuity, especially when the resistance of the
coil is known. Resistance tests are also useful for checking
the leakage2 as well as shorts of condensers.

Because of the definite relationship between Voltage, Current
and Resistance, as defined by Ohmts Law, Voltage tests are
simply another method of checking conditions in a circuit.
In some cases, they are preferable because the tests are
made under conditions which approximate those of actual opera-
tion, but they do not include those circuits which carry sig-
nal voltages only.

Both Voltage and Continuity Tests are classed as "Static" be-
cause they are made without the presence of signal voltages.
As Radio Receivers are made for the purpose of reproducing
signals, the:,, are not in operation unless the signals are
present. With the power turned on, a Receiver can be in an
operating condition but it is not actually in operation until
signals are received.

We mention this fact to bring out the distinction between
Static and Dynamic Tests. Static tests, such as Voltage
Analysis, can be made with all operating voltages applied to
the circuits to place them in operating condition. Dynamic
Tests, based on the signal voltage, are made only when the
receiver is in actual operation.

Regardless of the method, the sole purpose of all testing
methods or routines is to isolate any defects to some certain
stage or circuit. After this has been done, all the component
parts of each indicated stage are tested separately to locate
the exact point of trouble. Usually) this is the major part-
of any service job because, once the defect is located, the
cure is comparatively simple.

DIAGNOSIS OF FAILURE

Again referring to the earlier Lessons, locating and correct-
ing a defect does not always complete a repair. When a fuse
"blows") in your home lighting circiut, it indicates trouble
which ordinarily, a new fuse will not cure and a larger fuse
may make worse. The usual procedure is to locate the trouble
and then replace the fuse.

The same general idea holds for radio service and the defective
unit, located by tests, may compare to the fuse of the home
lighting circuit. Therefore, after the defect has been re-
paired, always analyze the conditions before turning on the
power.
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For example: Did the defective resistor simply break down
from age or vas it subject to overload due to some other de-
fect? Did the shorted bypass condenser absorb enough moisture
to weaken the dielectric or was it operating at excessive
voltage? Did the resistance strip of the volume control just
wear out or did some other defect permit it to carry excessive
current.

All of these possibliities have been explained in the earlier
Lessons and we repeat them now because of their importance.
Knowing the nature and location of a defect, a rapid analysis
of the circuit will indicate which other components could have
caused the trouble, in case they Caere defective. A careful
test of these components is good irsurance against "come back"
repairs.

In the home lighting circuit, new fuses will continue to
"blow" until the cause of the overload has been located and
corrected, In Radio Service, the replacement condenser, re-
sistor or other part will break down quickly unless the cause
of the trouble is located and corrected.

Every Radio or other Electronic unit is nothing but a combina-
tion -of circuits, each of which is comparatively simple there-
fore, for your service work, keep the circuit in mind. Any
defective part must be replaced but do not consider the work
complete until the circuit, which contains the defective part,
has been checked completely.

ANALYSIS OF CIRCUIT

Carrying the circuit idea still further, you will find it is
the basis for practically all design and maintenance work.
The great variety of component parts, a few of which are
shown in the illustrations of this Lesson, can be considered
as nothing but different physical forms of the three electri-
cal euantities together with arrangements to complete or
change the circuits.

The units of Figure 1 are representative -of iron core com-
ponents which include power transformers, chokes, audio trans-
former and output transformers. All the units of Figure 1
could be identical, in respect to their electrical specifica-
tions and their substitution, one for another, would depend
on the available chassis space and mechanical arrangement.
Thus, while the size and shape must be considered, the elec-
trical specifications are of first importance.

The analysis of ordinary radio circuits is not rliZficult if
their purpose is understood and the function of each empenent
is kept in mind. For example, a common screen grid circuit,
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connected to the output of the power supply filter, contains
a dropping resistor and bypass condenser, either or both of
which may be defective.

We have already explained the action by which a short in the
bypass condenser would allow excessive current in the resis-
tor and, along similar lines, a short in the resistor would
allow higher voltage across the condenser. Hot ever, the com-
plete circuit includes the tube, between screen grid and
cathode as well as the path between cathode and ground or
high voltage negative.

With the complete circuit in mind, it is evident that high
values of screen current can be caused by conditions in the
control grid and cathode circuits of the tube. The grid bias
could be reduced by a leaky coupling condenser, a reduced
value of bias resistance or a shorted bias bypass condenser.
Thus, an analysis of the complete circuit includes the tube
and other components, in addition to the resistor and conden-
ser connected between the positive of the power supply and
the tube.

A complete circuit includes all of the components connected
in any path across the source of voltage. This fact has
been explained before and, in the case of signal circuits,
the source is the coil, resistor or condenser across which
the signal voltage is produced.

Keeping each complete circuit in mind will not only be of
assistance in locating defects but will permit a more com-
plete analysis to help in the diagnosis of the failure and
thus insure a more permanent repair.

SELECTION OF SUBSTITUTE CIRCUIT

A review of the typical circuits, given earlier in this series
of Lessons, will show a variety of arrangements to produce
like results. To name a few, there are volume controls in the
antenna, cathode bias and detector circuits, tone controls in
grid and plate circuits of different audio amplifier stages,
cathode resistors for self bias and voltage dividers for semi -

fixed bias, stages coupled by transformers and by resistance -

capacity networks.

Thus, when exact replacement parts are not available, many
Receivers can be placed in operation by the use of substitute
circuits made up of parts which are different from those of
the original circuit. Most Radio Servicemen do not hesitate
to substitute a replacement part with similar electrical
specifications but of different size or shape than the origi-
nal, yet some are reluctant to alter the electrical arrange-
ment of a complete circuit.



,
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That is the important distinction between a "Repairman" and

a "Service Man". The repairman depends entirely on duplicate

parts to restore a circuit to its original condition while a

service man employs his Radio knowledge to restore operating
conditions with substitute parts or substitute circuits if

necessary. During World War II, the scarcity of Radio Tubes
and parts made it necessary to substitute both in order to

keep some receivers in operation. Even in normal times, the
percentage of obsolete and "Orphan" models is quite high so
that substitution must be considered as a regular part of
successful Radio Service.

Another application of this same service is in modernizing
old receivers for customers who want to retain expensive con-
sole cabinets. Work of this kind should be accepted only on
the basis of a complete rebuilding as the installation of
newer tube types or other components is seldom satisfactory.
Also, much of the actual work may not be of an electrical
nature as the purpose of the job is to retain the beauty of
the original console and the modernizing may require new
panels, speaker grilles and so on.

When making any circuit substitution, there are several main
points to keep in mind in order to prevent any loss in per-
formance. First, new circuit must not disturb opera-
tion of existing circuits; Second, each stage must retain its
original gain, Power output or both; Third, the selectivity
and frequency response can be improved but must not be re-
duced and Fourth, all controls should retain their original
"authority".

These specifications may not always be met completely but
should be held as a standard and approached as nearly as
possible, As we have said before, your customers are not
technical and therefore judge your work by its results, not
by the amount of effort or ingenuity necessary to complete
it.

R -F COIL REQUIREMENTS

Thinking of the points mentioned above, suppose you have a
job which requires a new r -f coil and no exact replacement
is available. Analyzing the circuits, you find the secon-
dary of this winding is tuned by one gang of the tuning con-
denser and therefore its inductance must be of proper value
to match or track with the other tuned circuits.

In most parts catalogues, the inductance value of Antenna
and r -f coils is seldom stated but instead, the specifica-
tions state, "Secondary covers 545 to 1580 kc with 365 mmfd
tuning condenser", or whatever the particular values of fre-
quency and capacity may be. Thus you have the information
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necessary to select a substitute coil with specifications
close to those of the original. As most tuning condensers
have a trimmer for each gang, it is possible to compensate
for a certain amount of variation in the inductance of the
coil.

The primary of the coil is also important as it usually forms
the load in the plate circuit of an amplifier tube. Here
again, exact specifications are seldom stated but the primary
windings are listed as "High" impedance or "Low" impedance.
For older model Receivers, using triode tubes as r -f ampli-
fiers, a low impedance primary might be satisfactory but for
modern types of r -f pentodes, a high impedance primary is
needed to obtain proper gain. This is one reason why the
installation of modern high gain tubes in an old model Re-
ceiver may not provide the expected improvement.

The same general requirements apply to i-f transformers and
Oscillator coils, the resonant frequencies of which must
match those of the other components. In a parts catalogue,
you will find i-f transformers listed as "Input", "Interstage
and "Output" to describe their locations in the circuit. The
coils may be "Air Core" or "Iron Core" with single or double
tuning by mica or air type trimmer condensers.

While these specifications should be matched as closely as
possible, the substitute unit must resonate at the proper
frequency and the standards available are 175 kc, 262 kc,
370 kc and 456 kc. The adjustment of the trimmer condensers
will permit operation over a fairly wide band and thus a 456
unit can be used for receivers with an i-f of any value be-
tween 445 kc and 465 kc.

In general, all tuned coils must resonate at frequencies to
match those of similar units in other parts of the complete
Receiver circuit while untuned windings must provide the
proper load for their circuits.

TUNING CONDENSER CAPACITIES

The variable capacities, used to tune the coils, are made in
two general styles or types. First, the trimmers and padders,
shown in Figure 7, are adjusted with a screwdriver and their
specifications usually list the maximum and minimum capacity
values.

Second, variable condensers with rotatable plates are used
generally for manual tuning of signal carriers. The specifi-
cations for these units include the number of gangs, the maxi-
mum capacity of each gang and whether the capacity increases
by clockwise or counter -clockwise rotation of the shaft.
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For Broadcast Reception, the common capacities are about 365

mmfd or 450 mmfd maximum and, if the minimum value is not

stated, it is safe to assume it to be 10% of the maximum. For

smaller capacities, used in short wave Receivers, both the

maximum and minimum capacity values are given for most models,

However, when a substitute unit is installed, some allowance
must be made for the capacity of the connecting wires and the

actual minimum capacity will be greater than that given for
the condenser itself,

Superheterodyne type tuning condensers with specially shaped
plates in the oscillator section are seldom available as sub-
stitute replacements because the oscillator coil must be de-
signed to 'match" the condenser. When a condenser of this

type require replacement, the common trf type can sometimes
be used by rearranging the oscillator tuning circuit to in-
clude a padder condenser. However, it may be necessary to
substitute a "standard" oscillator coil also, in order to

obtain proper tracking.

Like the r -f and Antenna coils, these replacement oscillator
coils are designed to cover the Broadcast Band when tuned
with a variable condenser of stated maximum capacity, usually
365 mmfd, in conjunction with a padder condenser. Also, their
specifications state the intermediate frequency which will be
produced.

RESISTANCE VS. TRANSFORMER COUPLING

From your study of audio amplifiers, you will remember the
three general forms of coupling, Transformer, Impedance and
Resistance, a coupling condenser being required for the two
latter types. Most of the early Radio Receiver Models em-
ployed transformer coupling but the trend has been toward
the resistance -capacity method. In fact, with the exception
of the output transformer, the audio amplifier stages of the
typical circuits shown in this series of Lessons are all re-
sistance -capacity coupled.

As we mentioned before, the older types of audio transformers
are subject to many defects, some of which make their re-
placement necessary. However, when but one transformer wind-
ing is at fault, it is often possible to install a substitute
circuit. Thinking of an interstage transformer, the defective
winding is disconnected at both ends to remove it from the
circuit and a coupling condenser, .05 mfd to .1 mfd is in-
stalled between the plate and grid of the tubes originally
connected to the transformer windings. The defective wind-
ing is then replaced with a resistor, connected to complete
the original plate or grid circuit, to provide a "Resistance -
Impedance" coupling. The substitute resistance provides
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resistance load, for the plate or grid, while the remaining
transformer winding provides an impedance load.

When both windings of the transformer are defective, a com-
plete resistance -capacity coupling circuit can be substituted.

In general, the resistance coupling will provide less gain

than the transformer but, in many cases, it will improve the

frequency response of the amplifier. However, the substitu-

tion can be made for single tube voltage amplifier stages only

because one resistor can not replace a center tapped winding

and a transformer is needed for the transfer of power.

For example, the power in the plate circuit of the output
stage is transferred to the speaker voice coil circuit by the

output transformer which, at the same time, provides the proper

impedance match. The driver stage of a Class 13 amplifier sup-
plies power to the grids of the output stage and therefore a
transformer is required.

When resistors are used as substitutes for defective transfor-

mer windings, their proper value will depend on the types of

tubes used as well as other details of the individual cir-

cuits. However, as a general rule, a resistance of from

50,000 to 100,000 ohms will usually be satisfactory as a
substitute for a transformer primary while a resistance of from
250,000 ohms to 500,000 ohms will make a similar substitution
for a transformer secondary. The common type of coupling con-

denser has a capacity of .05 mfd and should be rated at 600

volts.

When it is desirable or economical to substitute a new trans-
former for one that is defective, the turns ratio is perhaps
the most important specification. Most modern audio trans-

former windings have sufficient impedance to provide satis-
factory performance and the common turns ratios are 2 to 1 and

3 to 1.

They are made as push-pull input with a single primary and
center tapped secondary and as push-pull interstage w4th
center tapped or separated windings for both primary and
secondary. The substitute transformer should be designed for
the same circuit arrangement as the original because, as men-
tioned before, the core of a push-pull type may become mag-
netically saturated if used with a single tube.

DYNAMIC SPEAKER FIELDS

A review of the typical circuits, shown in the earlier Les-
sons, will indicate the popularity of the Dynamic speaker for

most models of Radio Receivers. This is due, in part, to the
economy of using the speaker field as a choke in the high
voltage supply filter, connected in either the positive or





Lesson RTS-14
Page 9

negative side of the circuit. In some a-c/d-c equipment,

the speaker field is connected across the rectifier tube out-

put circuit therefore, when substitute speakers are installed,

there are several points to keep in mind.

Looking in a parts catalogue, you will find speaker specifi-

cations given somewhat as follows.

12" Dynamic Speaker, Normal Rating 16 Watts,

Peak 2I Watts, 8 ohm voice coil -- 1500 ohm;

9 Watt field.

5" Field Coil Dynamic -- Normal Rating 3

Watts, 4 ohm voice coil -- 3 Watt, 1800 ohm

field tapped at 300 ohms.

Checking these values, you will find the diameter of the cone,

the power the voice coil will handle, the voice coil imped-

ance as well as the resistance and power of the field winding.

Right now we are interested in the field and want to investi-

gate the importance of the specifications -- given in terms

of ohms and watts.

Going back to fundamentals, Watts equal Volts times Amperes

and by transposing terms, the following equations can be de-

rived: -

W= EI or I= 111 or E= A

To include resistance, we make use of Ohm's Law which states,

E= IR or I =L or R= E
R I

Then, as things equal to the same thing are equal to each

other, we can substitute the value of "E" or "I", as given

by Ohm's Law, into the power equation to find,

W = EI or W = (IR)I or W = I2R

W = EI or W = EL or W = Lf-

However, as the values of watts and resistance are given, we

can transpose further to find

W = I2R or 12 = R or I =

E2
W = or E2 = WR or E =
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By using the last form of these two equations, we can find the

values of voltage and current which are required for any stated
value of watts in any given resistance.

Substituting the specifications above for the 12t1 speaker

field,

I z:Al! ,g00 -1T. TOT - .077 Amp.

E = = x 1500 = 4713500 = 117 Volts

Thus we know that, for proper excitation, this field must
carry a current of .077 amp, or 77 milliamperes which will
produce a drop of 117 volts.

Following the same plan for the 5 inch speaker field,

R .117-1800 - k
00167 = 041

Amp.

E = \rWR = x 1800 = "..51477) = 73 Volts

Here we see that, for proper excitation, this field must
carry a current of .041 ampere or 41 milliamperes which will
produce a drop of 73 volts. With this information, the speci-
fications of the speaker can be expanded to include the current
and voltage values of the field.

To install a substitute speaker, the first step is to check
its normal power rating against the power of the output stage
of the receiver. This can be done quite easily by reference
to a tube chart which lists the power output of the various
types of tubes, singly and in push pull.

As home receivers are seldom operated at full volume, the
peak power rating of the speaker should equal the maximum
output of the tubes. For Public Address and other commercial
sound systems, operated at higher volume levels, it is better
that the normal power rating of the speaker equal the power
output of the tubes.

A check of the power supply circuit is necessary to locate
the electrical position of the field to determine the amount
of current it will carry and the effect of the voltage drop
across it. Remember here, while excess current may overheat
and damage the field winding, insufficient current will not
cause proper excitation and both the quality and volume of
the signals may suffer.

To emphasize these variations, suppose the 1500 ohm, 9 watt
field of the 12u speaker was used to replace the 1800 ohm,





Lesson RTS4-14 Page 11

3 watt field of the 5" sneaker. This might be done on the
idea that the larger speaker would provide better tone and
greater volume. However, the 41 milliampere field current of
the smaller speaker would provide but 2.52 watts of excita-
tion, instead of the specified 9 watts, and this the reproduc-
tion of signals would be poor.

Some variations of field current can be made by circuit al-
teration such as tapping the output plate circuit off the
rectifier, ahead of the field, to reduce the current or in-
stalling a bleeder circuit, across the filter output to in-
crease the current. However, before making changes of this
kind, be sure that decreased current will not allow high plate
voltages and that the power transformer has sufficient cap-
acity to supply additional current.

-Vvhen analyzing a receiver circuit of an earlier Lesson, we
explained the production of grid bias voltages by the use of
a voltage divider across a speaker field connected in the
negative return of the high voltage circuit. In the specifi-
cations of the 5" speaker of this Lesson, the 1800 ohm field
was tapped at 300 ohms making it possible to obtain a grid
bias voltage without installing resistors to form a voltage
divider. With a normal drop of 73 volts across the entire
field, there will be a 12 volt drop across the 300 ohm sec-
tion, a voltage value suitable for the negative grid bias for
severaltypes of output tubes.

For a-c/d-c receivers there are two general types of dynamic
speaker fields, both of which require about 3 watts excita-
tion. Connected as a series filter choke, the fields have a
resistance of about hoo ohms but, when connected across the
rectifier tube output circuit, the fields require a resistance
of 2500 ohms to 3000 ohms.

DYNAMIC VS. P.M. SPEAKERS

As a general definition, any speaker, activated by means of
current in a coil suspended in the air gap of a magnet, is
"Dynamic". In practice, a distinction is made according to
the source of the magnetic energy and when an electromagnet
is used, the result is a "Dynamic" speaker. With the same
general construction, but using a permanent magnet, the re-
sult is a p -m speaker.

With recent improvements in permanent magnet materials, p -m

speakers are the equal of Dynamic speakers, as far as the re-
production of signals is concerned, without the need of an
external source of d -c voltage to supply the field. This is
an advantage for nulti speaker installations as the p -m
speakers require but a two wire circuit for their voice coil,
a circuit which need carry signal voltages only.
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For single speaker units, such as the common types of Radio

Receivers in which the speaker is mounted on or close to the

chassis, the dynamic or field coil type of speaker is still

popular. As we mentioned earlier in this Lesson, the speaker
field serves as the choke of the power supply filter, a unit

which is necessary, regardless of the type of speaker.

Therefore, in order to substitute a P -M for a Dynamic speaker,
in most cases the speaker field must be replaced by a choke
with similar resistance and reactance. When the speaker field

connects across the high voltage circuit, it can be replaced
with a resistor of equal value. In either case, the substitute
unit must have a power rating equal to that of the field.

As shown in Figure 10-A, both Dynamic and P -M speakers are
similar in appearance and often are classed generally as
"Moving Coil" speakers. This is because both types use the
same cone and voice ccil assembly of Figure 10-B.

OUTPUT TRANSFORMER IMPEDANCES

The output transformer is an important component of the com-
plete speaker circuit and, as their voice coils are alike,
the requirements are the same for both P -M and Dynamic types
of speakers. The two important functions of the output trans-
former are first, to couple the voice coil and plate circuits
of the output tubes and second, to match the impedances of the
voice coil and plate load of the output tubes.

Reviewing the explanations of an earlier Lesson, the impedance
ratio of a transformer is equal to the square of its turns
ratio and, as the voltage ratios of the windings are approxi-
mately equal to the turns ratios, voltage tests can be made to
determine turns -ratios. As the details of these tests have
been given, we will not repeat at this time.

Universal output transformers are available for substitution
work in sizes from 2 watt "Midgets', up through 5 watt, 10
watt and 12 watt to 20 watt. The power specification is of
first importance because, the primary winding must carry the
plate current of the output stage including the variations
caused by the signals.

Electrically, the universal output transformer usually in-
cludes a center tapped primary and secondary with several
taps to provide a variety of turns ratios. The catalogue
specifications may read somewhat as follows: -

Universal Output Transformer
Primary -- 2000, 4000, 7000, 8000, 10,000, 14,000

and 18,000 ohms.
Secondary -- .11 to 54.5 ohms.
Strap Mounting -- 5 watt.
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The wide variation of both primary and secondary values may be
confusing but, for impedance matching, the actual impedance of
the transformer windings themselves are disregarded. The turns
ratio of the windings is the factor which determines the re-
flected impedance, the values of which are given in the speci-
fications.

For example, if we assume an output transformer with a turns
ratio of 20 to 1, the impedance ratio will be 20 sauared or
400 to 1. Connected to a 4 ohm voice coil, the reflected im-
pednace of the primary will be L00 times 4 or 1600 ohms. How-
ever, with the same transformer connected to an 8 ohm voice
coil, the reflected impedance of the primary will be 400 times
8 or 3200 ohms.

Thus, by tapping the secondary winding so that different num-
bers of turns can be included in the circuit, it is possible
to obtain a variety of turns ratios which, in effect, vary
the primary impedance although the number of its turns is not
changed.

For another example, we can assume an output transformer
which has a secondary winding of 100 turns with taps at the
points shown in the following table.

TERMINAL
1

TURNS DIFFERENCE
0

2 46 46
3 68 22

4 77 9-

83 6

6 100 17

The first column identifies the terminals by number, the
second column shows the number of turns between each ter-
minal and No. 1 while the third column lists the number of
turns between adjacent terminals. 'As the voice coil can be
connected across any two terminals, in addition to the com-
plete winding, quite a number of codinations are possible
as shown in the following table.

TERNINALS TURNS TER:.111TALS TURNS

4 - 5 6 3 - 6 32

3 - 4 9 2 - 5 37
3- 15 1 - 2 46
5 - 6 17 2 - 6 54
2 - 3 22 1 - 3 68

4 - 6 23 1 - 4 77
2 - 4 31 1 - 5 83
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To complete this example we will assume a 2000 turn primary
with a center tap and thus, for the entire secondary, ;.;he

turns ratio is 2000/100 or 20 to 1 for the full primary and
1000/100 or 10 to 1 for Either half of the primary. In tcrns

of impedance, these ratios become 1400 to 1 and 100 to 1.

In contrast, by making connections to secondary terminals 3
and 5, there are but 15 active turns and the turns ratios
become 2000/15 or 133 to 1 and 1000/15 or 67 to is In terms
of impedance, these ratios become 17,689 to 1 and 4489 to 1.

For substitute units, the exact ratios are not always avail-
able for every combination of output tube and voice coil but
variations up to 10% will seldom cause any appreciable dif-
ference in the reproduced signal. However, when a change is
necessary, always select the next higher value of reflected
impedance as the increase of distortion is more pronounced
at reduced values of plate load.

The "strap Mounting" item of the specifications refers to the
tyoe of transformer shown in 1,igures 1-D and 1-E. Thinktng

of circuits, the type of mounting is often important as the
substitute output transformer may have to be mounted on the
speaker, instead of the chassis, or vice vcrsa.

PONER TRANSFORMER VOLTAGES AND WATT&GE

The replacement of Power Transformers is a quite common part
of Radio Service and here again, when exact replacements are
not available, there are several important points to check
in the selection of a substitute. Usually the largest single
component of a Radio chassis, the physical size and shape of
a substitute power transformer is important. The units shown
at "A", "IP and "C" of Figure 1 illustrate the common tynes
of power transformers and, while those shown at A and C pro-
ject part way through an opening or cut out, the one shown at
B mounts on top of the chassis with openings for the connect-
ing wires.

To substitute a tyre "B" unit for either the "A" or "C" of
Figure 1 can usually be done with a minimum of mechanical
work as the original cut out provides ample space for the
connecting wires. However, depending on the dimensions, new
holes may have to be drilled for the mounting bolts.

In contrast, to substitute either type A or C for type B of
Figure 1, the chassis will have to be cut out to accommodate
the lower part of the winding. Here again, new holes may
have to be drilled for the mounting bolts. A careful compari-
son of the original and substitute units will usually indicate
the solution of any mounting problems.





Lesson RTs-14 Page 15

Electrically, the catalogue specifications of a Power Trans-
former read somewhat as follows:

Plate - 675 volts, C.T. - 50 ma

Fil. 1 - 5 volts - 2 amps.
Fil, 2 - 6.3 volts - 2 amps.
110-120 volt - 50-60 cycle operation

Checking here, the center tapped plate secondary develops a
total of 675 volts or 337-1/2 volts for each half, with wire
large enough to carry a current of 50 milliamperes. Connected
in the supply for a full wave rectifier, this winding will
provide about 350 volts d -c at the rectifier output, and with
a 100 volt drop across the filter will supply 250 volts to
the plate and screen grid circuits.

With this information and a list of the tubes in the Receiver,
a tube chart will permit the plate and screen circuits to be
added to find the required current. The circuit should be
checked for bleeder currents as they must be added to those
of the tubes to find the total. This total should not exceed
the current rating of the plate secondary and, if it does, a
substitute with'a higher plate current rating should be
selected.

A similar check should be made of the filament circuits in
respect to their required voltage and current. In the speci-
fications given above, the secondary "Fil. 1" is evidently
designed for the rectifier tube filament only and will handle
the common types.

Referring again to a tube chart, the specifications for the
heater of any particular tube can be found and while the volt-
age rating of the winding should equal that of the heater, the
winding must be able to supply an equal or greater amount of
current. With specifications of 5 volts, 2 amps., this wind-
ing is too small for a 51740 rectifier with heater specifica-
tions of 5 volts, 3 amps.

The heaters of all but the rectifier tube of the common a -c
type of Receivers, are connected in parallel and therefore
operate at equal voltage, the value of which should be the
same as the rated voltage of the transformer secondary. In
the specifications given above, secondary winding "Fil. 2"
is rated at 6.3 volts, 2 amps.

As the common 6.3 volt tube heaters operate at .3 amp. this
secondary will supply six of them with an allowance for an
output tube with a heater which requires a higher current,

In general, a check of a Receiver circuit, together with the
tubes which are used, makes it possible to total the tube
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chart values and determine the required amount of current for
the low and high voltage circuits. The transformer specifi-
cations should equal or exceed these requirements for trouble
free operation. When a transformer is overloaded, its out-
put voltages are reduced and it will overheat. The reduced
voltages may impair the sensitivity of the receiver while the
overheating will reduce, not only the life of the transformer,
but other components located close to it.

The specifications we have been explaining are for a small
type of Power Transformer suitable for the common 6 or 7 tube
Receiver. Many other substitute units are available with a
variety of voltage and current values and with three, four or
more secondaries. However, the power requirements of the Re-
ceiver must be checked carefully before a suitable substitute
unit can be selected.

Although listed as lower Transformers, the specifications of
these units seldom include any values of watts but, if needed,
they can be calculated from the given values of voltage and
current. Referring to the specifications of this explanation,
the high voltage output was estimated as 350 volts at 50 ma
which is equal to 350 x .05 or 17.5 watts. Fil. 1 at 5 volts,
2 amp. rates at 5 x 2 or 10 watts while Fil. 2, at 6.3 volts,
2 amps. rates at 6.3 x 2 or 12.6 watts. Adding these three
values, the total is 40.1 watts.

When fully loaded, the power transformer of an average Radio
Receiver operates at about E10% Power Factor which, together
with the losses in the transformer, may cause the product of
the primary volts and amperes to be as much as 1-1/2 times the
calculated wattage. Keep this fact in mind when checking sup-
ply line power with a voltmeter and ammeter.

Some testing methods use the power in the supply line as a
check on the condition of the Receiver circuits because the
power in the transformer primary will vary with the secondary
load. That is why a short across a secondary will blow a
fuse in series with the primary.

MOUNTING YETHODS

In the former Lesson on the Replacement of Parts, we described
the common form of mounting but, when substitute parts must
be installed the method of mounting may be changed.

As explained earlier in this Lesson, if the transformer of
Figure 1-B is replaced by a unit like Figure 1-C, it may be
necessary to cut an opening in the chassis to accommodate the
lower part of the winding, as well as drill new holes for the
mounting bolts. For strap type units, like those of "Dh and
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"E", Figure 1, the size of the' substitute unit may differ from

that of the original.. However, it is usually possible to use
one of the original mounting holes and drill but one addition-

al hole to line up with the substitute part.

The R.F. and I.F. coils of Figure 2 are equipped with two spade
lugs and require two mounting holes like the strap mounted type

of Figure 1. The opening provided for the connecting wires of
the original unit will, in -most cases, accommodate the wires
of the substitute unit but, if the substitute shield is of dif-
ferent size, one mounting hole must be drilled to accommodate
the different spacing of its spade lugs.

Figure 3-A shows the common wafer type of socket in compari-
son to'the chassis type of Figure 3-C. For general substi-
tution, the socket of Figure 3-B is convenient because it is
made up of a chassis type mounted on a metal flange with
mounting holes spaced the same as those of wafer type sockets.

As shown in Figure 3, this type can be used to replace the
wafer type sockets at A but, with the flange removed, it
will replace the chassis type shown at C.

The "Standard" size of wafer sockets have mounting holes
spaced with 1-27/32" centers while the more common "Midget"
size has li" mounting centers. Some sockets, of the type

shown in Figure 3-B, have slotted openings to replace either
of the above sizes. These are made in 4, 5, 6, 7 large, 7

small, octal and loctal types to accommodate the bases of
standard tubes. The later types of smaller tubes require
miniature and bantam type sockets made especially for them.

Practically all controls, such as the switches of Figure 4
and Potentiometers of Figure 5 are designed for single hole
mounting and) in addition to their electrical specifications,
substitute units must be checked for size to make sure the
chassis contains sufficient mounting space.

The resistors of Figures 6-A and 6-B are supported usually by
their connecting wires and thus a substitution can be made as
a replacement. However) when conditions indicate the need
for a resistor of higher wattage, the type shown in Figure
6-C may have to be substituted.

Because of their greater weight, this type of resistor re-
quire mechanical mounting and) as shown, many of them are
supplied complete with brackets. The actual mounting of
these brackets is the same as explained for Figures l -D
and 1-E' but, as these' larger resistors dissipate:an appre-
ciable amount of heat, they should be located where the heat
will not damage other components.



.
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The trimner condensers of Figure 7-4 and the small fixed,

mica type condensers of Figure 8 are mounted on the same gen-

eral plan as the resistors of Figures 6-A and 6.B. For types

like Figures 8-A and 8-31 short lengths of hook up wire can

be-soldcrod to the terminal lugs to simplify substitution

for the tape shown at Figure 8-C.

Electrol;tic condensers are made in the three general forms

shown in Figures 9-A, 9-3 and 9-C, The type shown at NO

mounts through a hole in the chassis which makes substitute

parts, like B and C rather difficult to mount. However,

there is usually enough space, somewhere in the chassis, to

mount the brackets of type B, or suspend type C by its con-

necting wires.

The condunsor shown in Figure 940 is often called a IlHath-

tubo type, because of its metal case. Extensions of this

case are shaped to form mounting lugs which, when bolted to

the chasiis, provide solid support. Substitute parts of

different, size can be mounted by following the plan explained

for the units of Figures 1-D and 1-E.

Men substituting any component parts, both the mechanical

and electrical sp,-cifications must be acceptable. As far as

the mechanical specifications are concerned, the substitute

componert must bo of a size and shape that will fit the

availablc, space. Electrically, the substitute part must

have specifications which will permit all circuits to operate

at, or IHry close to, their original values.
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QUESTIONS

How many advance Lessons have you now on hand?

Print or use Rubber Stamp:
Student

Name No.

Address

City State

1. What is the sole purpose of all testing methods or routines?

2. When a defective tart is located and replaced, why should its
complete circuit be checked?

3. In general, what components does a complete circuit include?

1.. What are two important specifications of r -f coils?

5. What value of current is required to excite properly a 2500
ohm, 3 watt dynamic speaker field coil?

6. When properly excited, what is the voltage drop across a 10
watt, 1000 ohm dynamic speaker field?

7. In most cases, what must be done in order to substitute a p -m
speaker for a field coil type of dynamic speaker?

8. What are the two important functions of an output transformer?

9. What turns ratio is necessary in an output transformer to
match an 8 ohm voice coil to a 9800 ohm plate load?

10. When substituting a power transformer, how can the voltage
and current requirements of a receiver be determined?
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READINESS

BE READY. The way to be ready is to be at work.
Opportunity comes to the worker, not to the idler
who is waiting for opportunity to come.
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ALIGNMENT

Following the routine of the preceding Lessons, which include
Inspection, Diagnosis, Testing and Replacement or Substitution
of Parts, every defect in the components of a Radio Receiver
should be located and corrected. However, the performance of
the Receiver may be far from satisfactory until all of the
tuned circuits have been adjusted to resonate at the proper
frequency.

As tuning adjustments are provided, this important part of
Radio Service is considered as a separate subject known com-
monly as "Phasing" or "Alignment". In the ear]ier explanations
on the causes for "Lack of Irolume" and "Broad Tuning", the
need of correct tuning was emphasized and now, to fulfill the
promise made at that time, the details of this work will be
explained in this Lesson.

In a Radio Receiver, the purpose of all tuned circuits is to
provide maximum or minimum resnonse at some definite frequency
or over a band of frequencies. As far as the desired signals
are concerned, the tuned circuits are arranged to provide the
maximum response. Thus, the tuning can be checked with any
type of indicator 'which will register the relative response
of the circuit and, when used for this purpose, the indicator
is known as an "Output Meter".

Because all ordinary Radio Signals are a -c, any a -c Volt-
meter can be used as an output meter, provided it has suffi-
cient sensitivity and is connected properly. When no a -c

meter is available, some men connect a d -c meter in the de-
tector circuit because the average value of the rectified
current will vary with the strength of carrier frequency.

OUTPUT METhR CONNECTIONS

As the a -c Voltmeter type of Output Meter is in most common
use, for Figure 1 we show the usual methods of connection to
the output stage of a Receiver. At position "A", the meter
is connected across the voice coil and output transformer
secondary to indicate the voltage across this circuit. rue

to the comparatively low impedance of the voice coil, the volt-
age across it is also comparatively low.

For example, a 4 ohm voice coil, with 5 or 6 volts across it
would carry from 6 to 9 watts of signal, a fairly high value
for the ordinary home type of Receiver. Therefore, for use
in this position, the voltmeter requires a fairly low scale.
Similar measurements can be made by connecting the voltmeter
across the output transformer primary as shown at Figure 1-B
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for a push-pull stage and at Figure 1-C for a single tube.
Because of the d -c present in this circuit, blocking conden-
sers must be connected in series with the meter, riot only to
protect it from the high d -c plate voltage but to insure
readings proportional to a -c signal voltages only. In many
commercial types of multineters, these condensers are placed
in the circuit when the selector is in the "output" position.

Compared to the secondary, the voltage across the output trans-
former primary is quite high and therefore, a meter, connected
in position "B" or "C" of Figure 1, must operate on a higher
scale. Here, if we assume a reflected impedance of N00 ohms
for the primary, there will be about 200 volts across it for
the 9 watt signal explained for the secondary.

For routine work, the meter reading need not be calibrated
accurately in volts as most adjustments are made to obtain
maximum deflection of the meter hand. In position "A" of
Figure 1, the meter reads the voltage across the voice coil
circuit but, as many a -c voltmeters are calibrated at 60
cycles and the common types of Cignal Generators pro,.7ide en
audio Pignal of 400 cycles, the reading may not be accurate.
In positions "B" and "C" of Figure 1, the blocking condensers
are in series with the meter and, due to their reactance, the
reading may not be accurate.

Connected across the output transformer primary or secondary,
the a -c voltmeter becomes an output indicator to show when
adjustments produce maximum response or output. For this
work, the actual output voltage is of secondary importance
but, for greatest sensitivity, the lowest possible output
meter scale should be used.

For example, the 200 volts mentioned abo-e could vary 5 or 10
volts with a comparatively small variation of meter hand de-
flection. However, by reducing the test signal input to pro-
duce an output of .1 watt, there would be but L2 or 23 volts
across the primary and, using the 25 volt scale of the output
meter, any slight variation of output would cause a more
noticeable change of meter hand deflection.

TPF PECEIVEES

As explained in the Lesson on Broad Tuning, to align a trf
receiver, it is necessary to "Balance" the gang condenser.,
For Figure 2, we show a typical gang condenser, made up of
three variable condensers mounted on a single shaft with metal
shield plates between them. Because of the mechanical con-
struction, it is known as a "Three Gang Condenser".

To be properly matched, all sections of this condenser must
have equal maximum capacity equal minimum capacity end equal
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capacity for any other position of the rotor plates. No mat-
ter how carefully the parts are made and assembled, there will
be slight differences and the connecting wires usually add un-
equal amounts of capacity. To take care of these differences,
and match or "Balance" the sections, small "Trimmer Condensers"
are employed.

As shown in Figure 2, each section of the gang condenser has
a trimmer made of two small metal plates, one of which is
fastened to the main stator plates, and the other to the
rotor. A piece of insulating material separates the plates
and an ordinary machine screw is ussa to adjust the distance
between them.

All condenser plates are made as nearly alike as possible and,
when assembled, the rotors are all lined up ana fastened to
the main shaft. 'while the maximum capacity of the various
sections is usually almost equal, the minimum capacity varies
and the trimmers are used to bring the minimum capacity of all
the sections to the same value.

Looking at Figure 2 again, you will notice the outside rotor
plates of each section are slotted. By bending the segments,
formed by the slots, the total capacity of each section can
be changed for different rotor positions.

ALIGNMENT

When the sections of a gang condenser are out of alignment,
the receiver will tune broadly, or tune one station at two
or more points on the dial. To properly align the the gang, it
is necessary to employ a signal generator, or test oscillators
and an output meter.

To show you how this is accomplished, we will assume that we
have a trf Receiver in which the condenser gang, like that
of Figure 2, is out of alignment. First, we closely inspect
the gang, watching to see that all the rotors are tightly
fastened to the shaft and all in about the same position. In
some of the older tyoes, when one rotor does not turn with
the others, it can be lined up by eye and its set screw tight-
ened.

With the rotors turning in the same relative positions, the
test oscillator is connected across the antenna ani ground
terminals of the receiver and the output meter is properly
connected across the output stage in one of the positions
shown in Figure 1.

To secure proper alignment of the antenna stage however, and
simulate the conditions of normal operation with an antenna,



-,
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the signal generator is connected to the antenna post through
what is known as a "Dummy Load" or "?ham: y Antenna".

While there are various recommended values 'or this duarriy load,
perhaps the simplest it to use a series condenser of .00025 m'd
for frequencies from 600 kc to 1800 kc and, for frequencis
above 1800 kc to connect a 490 ohm resistor in series with the
condenser mentioned above.

With the signal generator end output meter properly connected,
the generator is set at, a freeuncy of about 100 kc and the
receivun volume control turned on ell th: way. Next, the con-
denser gang is tuned: to the frequency of the vrer-ter, a con-
dition which will be indlceted by maximum deflection of the
pointer of the output meter. Should the pointer L -c) off scele,

the output of the gen.:reter should be decreased. Do not turn
down the volume con+rol of the receiver.

As mentioned in the explanation of output meter connect:tons,
maximum sonsitivity e output readings is o)tlined at Tnirreen
signal levels. Therefore, as a general rule, with th,. Fccrrivor
Volume all the way on, the signal generator output shoulrl be
held at the lowest poseible value which will produce a rende5le
deflection of the output meter hand.

With the receiver tuned to the frequency or the signal
tor, the trimmers are then adjusted for maximum meter r': ;dire.

In this connection, we want to remind you that the trimmer con-.

denser adjusting screws should never he turned dam tight. In
this position, the full capacity of the trimmer is added to the
variaole condenser and may prevent the receiver from tuning to
the higher frequencies. -

As a general rule, the trimqier should be adjusted for the low-i
est possible capacity. If the cang is badly out or balance,
it is a good plan to turn the adjusting screws all the ray
down and then back them off one full turn befbre starting to
make adjustments. Then the receiver is carefully tuned to the
generator frequency and the trimmers adjusted, one by one, for
maximum reading of the output .aster.

When this adjustment is made properly, the trimmers will he
"peaked" whch means the output meter readin7 will decrease
when the adjusting screw is moved in either direction.

In modern receivers, the tuning dial is marked in Kilocycles,
or Megacycles for the high frequency bands, and freT:Intly,
the indication on the dial does not coincide with the frequen-
cy of signal generator, when the receiver circuits are tuned
for maximum output meter reading.
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When the variation is small, it is customary to turn the re-
ceiver dial until it reads the frequency at which the signal
generator is set and then adjust the trimmers for maximum
output. When the variation is great, it is usually more prac-
tical to first tune the receiver circuit to resonance, as ex-
plained above and then, without changing the position of the
tuning condenser, mechanically adjust the dial until the read-
ing is correct.

ADJUSTING SLOTTED ROTOR PLATES

After all the tririmers have been properly adjusted, the sig-
nal generator is set at about 1000 kc and the receiver is
tuned for maximum output at this frequency. With a condenser
like that of Figure 2, the rotor will be in approximately
the position shown and the segments of the end rotor plates,
which are partly in mesh with the stator plates, can be bent
in or out for max.imum output meter reading.

For this type of condenser, you will have to read the output
meter, bend the sections in or out slightly with a screwdriver
and then read the meter again after the screwdriver is re-

moved. If the second reaair_ is higher, bend the segments a
little further in the same direction and take another reading.

After the segments are bent, always retune the receiver for
maximum output before starting to adjust the next section.
All sections are adjusted in the sane way and the segments of

each section should be bent in or out about the same amonait

as eacn adjustment is made.

After these adjustments have been completed, the signal gene-
rator is set at about 300 hc and again, the receiver is
tuned for maximum output reading. This will bring the next
segment of the slotted end plates partly in mesh with the

stator and adjustments are made as explained for 1000 kc.

For the final adjustment, the signal generator is set at about

600 kc and the receiver is tuned again for maximum output.
This will bring the last segment of the s3otted end plates in

position and the adjustments are made es explained for 1000

kc.

By this plan, the tuned circuits have been balanced at four

different points of the receiver range and thus its tuning

should be approximately correct at all points of the dial.

Ycu will find many variations
plan remains the same for all
different frequencies, other
ments, some have an adjusting

ef this method, bnt the general

.
Some manufacturers balance at

use a different number of seg-

screw for each segment and so
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on. If you have no detailed instructions, the method we have
explained will, if carefully followed, give a good job on
almost any trf receiver.

In order to cut down on the capacity effect of metal screw-
drivers and wrenches, regu2ar aligning tools should be used
when doing any type of balancing. Even tben, it is a good
plan to entirely remove the tool and your hands from the
chassis before reading the output meter.

NEUTRODYNE RECEIVERS

In many of the earlier models of trf Receivers, it was
necessary to balance out the grid -plate capacity of the r -f
amplifier tubes in order to prevent oscillation. While
several types of neutralisin; circuits were developed, the
receivers in which they wore installed were known generally
as "Neutrodynes". From a se:nice standpoint, their important
feature was a trimmer type of balancing or neutralizing ccn-
denser connected so as to parFlIel the grid -plate capaci%
of the tube.

To prevent unwanted oscillation, each r -f stage of a Neutro-
dyne Receiver was neutralized by adjusting the Leutralizing
condenser until its capacity was of a value to offset exactly
the effect of the grid -plate capacity of the tabe. To make
this adjustment, the tube had to be in place bit not in
operation and, to obtain this condition, 4:c was customary to

open the heater or filament circuit.

One popular method of opening the filament circuit was to slip
a short length of thin wall spaghetti, or even a soda fountain
straw, over one of uhe filament prongs of the tube before
placing it in its socket. To make the adjustment, a signal
generator and output meter were employed, as explained for a
trf Receiver, the signal generator set at a frequency of
about 1000 kc and the receiver tuned for maximum output.

The neutralising condenser, for the stage of the open circuit-
ed tube, was then adjusted for LITNIMUM output. The tube was

then restored to operation and the same plan followed for
each stage is turn. When all of the stages were neutralized,
the gang condenser had to be balanced by the procedure ex-
plained for a trf Receicer.

The neutrodyne receiver was very popular when only triode
tubes were available. Since the advent of pentodes, the popu-
larity of this receiver had decreased considerably and today,
very few are in use. Howe\er, if you are called upon to phase
or align one, the above procedure should be followed.





Lesson LTS-15 Page 7

SUPMT-T,T-EZODY;TE FECEIVh1tS

The alignment of the suerheterodyne receiver, which has re-
placed practically all other types for Broadc'st reception,
entails the tuning of each I.F. stag:: to the interrediate fre-
uency and the tuning of tne oscillator stage to track with

the rixer and R.F. stages.

The tuning condensers, usually mounted on a sin:ac snaft, con-
trol the fre uency of the R.F. and Oscillator stages but, to
provide adjustment for proper tracking, t'rese tuned circuits
also contain semi -fixed or adjust blo units which are known as
Trimmer and Padd r Condensers. SimilAr types of condensers are
used to tune the I.F. transiormers and you nay find one, two
or three of them in each unit, depending on its design.

For Figure 3-A, we show the circuits of a "Single Tuned" I.F.
transformer with the tuned nrimary in the plate circuit of
one tube lnd the secondary in the grid circuit of tae follow-
ing tube. You may find this sirgle tuning condenser in either
the primary or second-ry circuit Jut its purpose is always the
same, to tune its circuit to the intermediate frequency.

For Figure 3-B, we show the circuits of the more common "Double
Tuned" I.F. transformer which has a condenser in both primary
and secondary circuits. Ro:aembor, all I.F. circuits are tuned
to,and operate at, one definite frequency end therefore,
these condensers are of the adjustable, or semi -fixed t:pe.

Mechanically, their capacity is vrried by turning a threaded
screw which usually has a slotted or ne,:agon head. Thus,

some types require the use of a screwdriver while ethers need
a socket wrench. To conserve space, rther tTnes are made so
that the slotted screw, for adjusting one tri.mer condenser,
is placed inside a hollow hexagon head screw wnich aejusts
the other triLmer.

W0 mention this arrangement because it is quite common and
at first glance, appears to be only a single adjust. ent
up of a slotted screw with a lock nut. To align a unit of
this type however, both the slotted and .,exagon head screws
must be handled as senarate adjustments.

The circuits of Figure 3-C, represent a "Triple Tuned" I.F.
transformer which has throe condensers and three coils. The

primary and secondary are connected as shown in Figure 3-B
but are more loosely counled. .":hen tunel to the save frogmen-

cy as the secondar:, the third winding, some -Lit -es cal_ld a
"TERTI,TY" winding, will absorb a certain amouilt of energy
and thus "Flat -cop" and bro don the frequency respells° curve
of the unit.

In some receivers, you will find a variable resistance con-
nected between the tertiary winding and ground. By changing
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the value of this resistance, the action of the circuit can
be controlled to provide variable selectivity. For the usual
alignment procedure, all three windings are tuned to resonance
at the same frequency.

OSCILLATOR CIRCUITS

In order that the i-f frequency will be present at all posi-
tions of the main tuning condenser, arrangements must be made
to maintain a constant difference between the frequencies of
the oscillator and the resonant frequencies of the Mixer and
Radio Frequency stages.

The oscillator is usually tuned to a frequency higher than
that of the r -f stages because this arrangement requires a
smaller percentage of oscillator frequency change to cover
the tuning range. Because of this small percentage change,
it is practical to use tuning condensers with the common
"maximum to minimum" capacity ratio.

Two general types of oscillator circuits are in use.

1. The oscillator and Radio Frequency sections of the main
ganged tuning condenser are all alike with a combination of
shunt and series condensers, in the oscillator circuits, to
maintain the constant frequency difference.

The simplified circuit is shown in Figure L where "A" repre-
sents the oscillator gang of the main tuning condenser and
"B" a small "Trimmer" condenser of the adjustable tyre, "C"

represents the fixed series or "Padder" condenser and "D",
like "B", is a trimmer.

In practice, trimmer "B" is adjusted for proper tracking at
the low capacity or high frequency end of the tuning range
while trimmer "D" is adjusted for the low frequency end of
the tuning range.

2. The main ganged tuning condenser contains plates of a
special shape for the oscillator section. Because of their
special shape, these plates produce the same effect as the
padder condenser and provide a lower capacity to maintain
the proper frequency difference between the oscillator and
r -f stages. However, to compensate for variations due to
stray capacities, the oscillator section of the tuning con-
denser is usually equipped with a high frequency trimmer.

There are many minor variations of the circuit of Figure 4
and in some receivers, one or both of the trimmers are omitted.
The purpose of the various condensers however, remains the
same as explained above.
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To properly align a superheterodyne receiver, it is necessary
to use a signal generator rod an output m,ter. The signal
g, aerator rust have a rroquency ranc,e whl.ch includes th3 tun-
ing ranee of the receiver as well Ls its intermediate frequn.,
cy.

With the output motor in place, it is good practice to shot
the antenna and ground connections of the receiver and also
stop tno operation of its oscillator. This can be dane by
connecting a .1 mfd paper condenser betwe,n the stator and ro...
tor plates of the oscillator gang of the rain tuning cond-,1ser
or by connecting it from tl13 control grid to grounl,. nhen a
separate oscillator tube to employed, it may be removed from
its socket,.

The signal generator is th-en placed in operation, adjusted to
produce a modulated signal at th i-f frequency and connected
to the grid of the last i-f tube. Practically all cennerclal
signal generators ere equipped with a shielded cnblo 7rhich car»
ries the signal frequency to the ,-rid of toe receiver tub-.
The signal generator output circuit is compl-t throuh th,
cable shield which is en :rally provided with a clip that at-
taches to the receiver chassis.

To prevent any change in the operation of the stago, th re -u-

lar grid connection should be left in place and th generator
output connected to it trirough a series condenser of .001 mfd
to .01 mfd capacity.

The volume control of the receiver is turned on all the way
and the output of the signal gener,.tor increased only until an
indication can be seen on the output motor. In some cases, it
may be necessary to increase the generator output to maximum
and even then, the output meter will indicate zero.

When this happens, the signal generator frequency is adjusted
slowly to values above and below the original and proper sett..
ing until there is a readin- on the output meter. The genera.
tor frequency is then adjusted, 1 or 2 kc at a time, to the de-
sired frequency. Each time the frequency is changed, the trim-
mers are adjusted for maximum output reading.

With the generator adjusted to the proper frequency, the trim-
mer condensers of tne i-f transformer in the plate circuit of
the tube, ar, then adjusted carefully for maximum deflection
of the output meter hand. Should the meter reading increase
to the end of the scale, the signal input should be reduced
because, as previously explained, the purpose of this job is
to obtain maximum deflection of the motor hand.

This point is not difficult to locate because, turning the
trimmer adjusting screw in one direction will cause an in-
crease of motor readinc but, when turned too far, th-, reading
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will decrease. The screw is then "backed up" until maximum
deflection occurs again in order to "peak" the adjustment.

The actual amount of output meter hand deflection can be var-
ied by adjusting either the volume control of the receiver or
the output of the signal generator. However, as practically
all modern receivers incorporatf: automatic volume control: the
operation of which will prevent the output readings from vary-
ing exactly with the input, it is necessary to follow the for*,
mer instructions and turn the receiver volume on full with the
signal generator output as low as possible. In this way, the

avc action is r:duccd sufficiently to permit more accurate
output readings.

After both trimmers of the last i-f transformer have beer ad-
justed for maximum output, the signal generator is connected
to the grid of the preceding i-f tube and the above procedure
is repeated.

Starting at the second detector and working back toward the
mixer tube, each i-f transformer is adjusted in the same man-
ner, the trimmers being peaked for maximum response or maxi-
mum reading of the output meter.

For the common i-f transformer, with more than one trimmer
condenser, it is customary to adjust first ono and then the
other but, after the last adjustment is made, the former ores
should be uon ye over to take care of any variations caused b
tuning th2 circuits.

In much th' same way, efter all the i-f transformers have been
aligned, the signal generator is connected to the grid of the
mixer tube and all adjustments given a final check. This final
adjustment of all steges will compensate for any changes in im-
pedance of the tubas, caused by shunting the simal g-nerator
across their grid circuits.

R -F AND OSCILLATOR ADJUSTLIENTS

After the i-f amplifier has been properly aligned, the r -f am-
plifier and oscillator must be adjusted for maximum deflection
of the output meter.

The receiver oscillator is restored to operation and the tum-.
ing dial is set near the high frequency and of th- Broadcast
Band. The signal generator frequency is then set: usually at
1400 kc and: with its "Dumny Load", connected across the an-
tenna and ground terminals of the rnceiver.

The general procedure here is the same es explqined for the
i-f stages and the trimmer condensers, usually mounted. on. the
main tuning condenser/ are adjusted for maximum response.



,
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Due to errors of dial calibration, there may be no response in
the output meter when the signal generator -and receiver dials
are tuned to the same frequency. Under these conditions, the
receiver dial is adjusted slowly until a position of maximum
response is found.

Then, completely disregarding the Receiver dial readintzs9 the
tuning condenser is rocked back and forth, as the trimmers
are adjusted for maximum response, usually higher than that
obtained by adjusting the tuning condenser only.

As the tuning condenser is moved, in either direction, the de-
flection of the output meter hand will increase, r'ach a peak
and then decrease. 'It is these peak readings which are im-
portant therefore, the tuning condenser is rocked only far
enough to pass the peak deflections. The adjustment of the
trimmers will var2, the peeks and the job is not complete un-
til the maximum peak is located.

Here again, the trimmer should be "peaked" and, turning its
adjusting screw in a direction to increase the peaks caused
by rocking the tuning condenser, you will find they increase
to a certain point and then start to decrease. When this
happens, the trimmer adjusting screw is turned in. the reverse
direction until the maximum peak is located.

Once the trimmers are adjusted for the high frequency end of
the band, they must net be disturbed to provide an improved
response at any other frequency.

The next step is to align the lour frequency end the band
and, for this part of the job, the signal grnerator is set
at about 600 kc. The tuning dial is turned to ?pproximately
the same frequency reading and then moved only enough to
tune the signal.

Following the plan explained for the high frequency -nd of
the band, the tuning condenser is "rocked" across the sig-
nal as the padder condensr is adjusted for maximum response.

'When the tuning condenser contains specially shaped plates
in the oscillator section, this adjustment can not be, made
because the circuit does not contain an adjustable padder
condenser.

After the low frequency end of the band has been adjusted,
it is a good plan to go back and recheck the high frequency
end as there may be some interaction between them.

For all wave receivers, the same general procedure is follow-
ed for each band, but the i-f, trimmer and padder adjustments
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of the Broadcast Band, must not be disturbed. It is common
practice to install separate r -f, mixer and oscillator coils
for each band and equip each with trimmers or padders as ex-
plained for the Broadcast Band.

CALIBRATION

After the alignment has been cemnleted, the tuning dial should
be checked for accuracy and caliorated if necssary. For this
work, the signal generator is set at abeut 14n0 kc and the re-
ceiver tuned for maxirpum response. The reading of the tuning
dial is then checked against the frequency of the signal gen-
erator, a notation beng made of any variation between them.
The same plan is followed for other frequency settings of the
signal generator, such as 1000 kc and 600 kc, with the dial
read carefully for each.

A comparison of signal generator frequencies against the cor-
responding dial readings will usually indicate in which direc-
tion and about how far the dial or pointer must be moved, in
respect to the position of the tuning condenser, to provide
accurate calibration of the dial. This adjustment is entirely
mechanical and must be made in accordance with the mechanical
construction of the tuning indicator.

Whenever the manufacturer's alignment procedure is availal-le,
it should be followed exactly as the stated values of test
frequencies, coupling circuits and points of connection have
been worked out carefully to permit a better job in a shorter
time.

WAVE TRAPS

To reduce interference, due to the heterodyne action of two
carrier frequencies with a difference equal to the Inter-
mediate frequency, some receivers incorporate a wave trap
between the antenna and mixer input circuit.

As shown in Figure 5-A, the trap may consist of a simple
series resonant "ACCEPTOR" circuit shunted across the antenna
circuit. The other arrangement, shown in Figure 5-B, is a
parallel resonant, "REJECTOR" circuit connected in series
with the antenna circuit. When a receiver circuit includes
an r -f stage, similar circuits may be found in the mixer input
circuits.

To adjust either type of wavetrap, the signal generator, ad-
justed to produce a modulated signal at the intermediate fre-
quency, is connected across the antenna or input circuit.
The wave trap condenser is then adjusted until the output
meter has minimum ,deflection. Notice carefully, in our for-
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mer explanations, adjustments were made for maximum deflection
of the output meter but the wave trap is adjusted for minimum
deflection.

IMAGE FREQUENCY

On high frequencies, or short walres an image frequency can
easily be mistaken for the true frequency and therefore, a
check should be made on the received signal_

One method of making this check is to first tune the receiver
to the signal generator frequency and then detune the receiver
to a frequency equal to twice the i-f less than the signal
frequency. If the signal is heard again, the first setting
was correct.

For example, we will assume a receiver with an i-f of 456 kc,
and a short wave band extending up to 18.75 mc. In most cases,
better tracking is obtained by selecting alignment frequencies
near, rather than at the extreme ends of a band therefore, the
signal generator has been set at 15 mc and the trimmer adjusted
for maximum response.

Under these conditions, the oscillator is operating at 15 mc
plus 456 kc for a value of 15.456 mc to produce the 456 kc
i-f. Twice the i-f is 2 x 456 or 912 kc which, subtracted
from the 15 mc gives 14.088 mc as the check frequency to
which the receiver is tuned. At this setting, the oscillator
will be operating at 14.088 me plus 456 kc for a value of
14.544 mc.

The signal generator, still operating at 15 mc will hetero-
dyne with the oscillator frequency of 14.4+ to produce a
beat note of 15.000 mc minus 14.544 mc for a difference of
.456 me which is equal to the i-f of 456 kc. Thus, the gen-
erator signal may be heard at the lower frequency setting
of the tuning dial although the original tuning was correct.

If no signal is heard at the lower frequency setting it may
be that the first setting was the image frequency and to
check on this condition, tune the receiver to a frequency
equal to twice the i-f plus the signal frequency. If the
signal is heard again at this point, this is the true fre-
quency. However, if no signal is heard, the first signal
was the correct cne and you can assume the receiver has good
image frequency suppression.

A second method, to determine whether the receiver signal is
correct, is to first tune the receiver to the signal and then
increase the capacity of the trimmer in the oscillator tank
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circuit until the signal is heard again. This second signal
will be the image frequency and the trimmer caeacity is then
decreased until the original signal is heard again.

SUPERHET ALIGITENT

Due to the extreme popularity of the superheterodyne receiver
and the fact that its ali,Turrit is more difficult than other
types, we are going to show rou the step by step alignment
procedure of the circuit sham in Figure 6. This circuit
appeared in en earlier series of Lessons and we are repeating
it to avoid duplicate expi.anatiors.

Checking through the circuit, you will notice that with the
exception of the push button tuner, there are 20 tuned cir-
cLits, all of wn4ch muet be acc,rately adjusted in order to
allow the receiver to operate at maximum efficiency. For

this work, we will assume the Broadcast Band covers the fre-
quencies from 540 to IWO Ice, the Police Band from 1.7 to
5.6 me and the Short 'lave sand from 5.5 to le Megacycles.
Also, we will assume the i-f frequency to be 465 kilocyPles.

To go ahead with the alignment, the output meter should be
connected as shown in either Figures 1-A or B. The signal
generator is then set to 465 he and its output fed into the
control grid of T4, Figure 6, through an .01 condenser. Then,

with the output of the generator set as lcw as possible to
give a readable deflection on the meter and the oscillator
tube T12 remoled, the trimmers across the primary and secon-
dary of the i-f transformer, between T4 and T5, are adjusted
for maximum output.

With these trimmers properly adjusted, the output of the sig-

nal generator is connected to the control grid of T3 and the

second i-f transformer peaked. To complete the i-f align-

ment, the signal generator oeteut is applied to the input grid

of T2 and all the i-f transformers are readjusted for maximum

output.

The next step in this circuit is the alignment of the afc

system which will necessitate a little additional explanation.

From an earlier Lesson, you will remember that the discrimina-

tor transformer operates at the i-f frequency and, when the

i-f frequency is exactly that to which the 1-f transformers

are peaked, there should be Rio difference of potential be-

tween the cathodes of the discriminator rectifier. Thus, for

proper alignment, the primary and secondary of the discrimina-

tor transformer must be adjusted to exactly the same frequency

as that to which the i-f transfrrmers are peaked.

To do this for the circuit of Figure 6, the signal generator

is set at 465 kc and its output fed into the input grid of





Lesson RTS-15 Page 15

T2, the same as for the final adjustments of the i-f's. The
regular output meter cannot be used here but instead, a more
sensitive instrument, such as a 200 microampere meter or
vacuum tube voltmeter, is connected across the cathodes of the
discriminator rectifier, T10.

With the connections properly made and the afc switch turned
"ON", the output of the signal generator is increased until
an indication is observed on the meter. Should it be impos-
sible to obtain a reading, it indicates the secondary is cor-
rectly adjusted and its trimmer should be turned slightly, in
either direction, until a reading is obtained. Then, the
trimmer across the primary of the discriminator transformer
is adjusted for maximum meter reading.

After this is done, and without changing any connections. the
trimmer across the secondary is adjusted for zero deflection
of the indicator. The accuracy of this adjustment can be
checked by disconnecting one side of the indicator and noting
whether there is any deflection of the pointer. If there is,
then further adjustment of the secondary trimmer should be
made until there is no motion of the indicator needle.

This secondary adjustment is very critdcal and, in general,
there will be three positions which give zero voltage output.
One of these adjustments occurs when the trimmer capacity is
at minimum, the second occurs at maximum capacity, while the
third occurs for a position approximately half way between
the first two. The minimum and maximum caoacity settings of
the trimmer are incorrect adjustments and should be avoided.
The correct adjustment can be easily recognized because of
the fact that the indicator reading changes rapidly from plus
to minus for a slight change in the trimmer setting.

When the secondary trimmer is properly adjusted, the afc
alignment is completed and the indicator should be removed
from the discriminator rectifier.

The r -f, mixer and oscillator coils of the Broadcast Band
are ready for alignment next, therefore the signal generator
is connected to the antenna and ground terminals of the re-
ceiver, and the oscillator tube, T12, is put back in its sock-
et. The signal generator is set at a frequency near the "high"
end of the band, preferably between 1300 kc and 1500 Ice, and
tie receiver is tuned to the generator signal.

The exact value of this test frequency is not important as
long as it is high enough to tune in on the receiver when the
tuning condenser is close to its position of minimum capacity.
Should Broadcast station signals be received also, slightly
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raise or lower the signal generator frequency until its sig-
nal can be tuned in without interference.

Then referring to the output meter, connected in the output
circuit for the i-f amplifier alignment, the trimmers, con-
nected across the coil secondaries of the broadcast band, are
adjusted for maximum output. AF explained earlier, the tuning
condenser may be rocked across the signal as the trimmers are
adjusted.

One common procedure, in aligning at this point, is to adjust
the oscillator trimmer first after which antenna and mixer
coils trimmers are adjusted for maximum response. Should
either of these adjustments fail to "peak", the oscillator
trimmer is readjusted and the entire routine is repeated.

Without changing any connections, the signal generator and
receiver are both tuned to about 600 kc and the series oscil-
lator gadder is adjusted. When making this adjustment, it
is necessary to "rock" the condenser gang until maximum meter
deflection occurs. When this is completed, both the receiver
and test oscillator are returned to 1400 kc and the procedure
outlined for this frequency is repeated.

This completes the alignment for the broadcast band and for
the police band, the same procedure, as outlined above, is
followed, however, the high frequency adjustments for this
band should be made at about 5.4 megacycles and the low fre-
quency adjustments at about 1800 kc. For the short wave band,
follow the same procedure but make adjustment at freauencies
of about 5.6 me and 16 me.

When aligning at these higher frequencies, be sure that you
are working on the true freauency. It is always a good plan
to make a check by the method explained earlier in this Les-
son under the heading "Image Frequencies". Also, remember
the i-f frequency remains constant, regardless of the band,
and once the circuits operating at this frequency are adjust-
ed, they should not be disturbed when aligning the separate
bands.

After the alignment has been completed the dial should be
checked for calibration as it may read high or low when tuned
to the known freauencies of the signal generator. In most
cases, you will find the dial reading is either high or low
for all frequeneies and therefore it can be calibrated mech-
anically by changing the relative positions of the dial pointer
and tuning condenser rotor.

The push button tuner of Figure 6 can also be adjusted by
the use of a signal generator and output meter. To do this,
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The output meter is connected as before and the signal gener-
ator connected to the antenna and ground posts of the receiver.
The generator is then set to the frequency of the desir:i.d
station and a push button is depressed. The oscillator trim-

mer for this push button is first tuned for maximum indica-

tion on the output meter. Then, the other trimmers for this
same push button are tuned for maximum output. The same

procedure should be followed for each button, the signal
generator operating at the frequency of the desired station.

Unless otherwise stated, the output of the signal generator
should always be kept at the lowest value which will give a
satisfactory reading on the output meter. As previously ex-
plained, this is to prevent the avc action of the receiver
from giving inaccurate output readings.

Whenever possible, always follow the manufacturers alignment
procedure. However, when this data is not available, the
explanations of this Lesson, if properly followed, will re-
sult in good alignment jobs. Remember, the performance of a
modern superheterodyne receiver depends to such a great ex-
tent upon proper alignment that a little extra care in making
the adjustments will more than repay you for the time spent.





OUTPUT STAGE

/OUTPUT TRANSFORMER

FIGURE I

TRIMMER CONDENSERS

STATOR

ROTOR

PLATE

SHAFT

P

FIGURE 2

B
FIGURE 3

SPEAKER

SLOTTED
END PLATES

IIC

FIGURE 4

ANTENNA CO IL

B+

FIGURE 5





r1

C

rn

ti

dm,

'11F)
'Mu. as xxu

coocoksocco Se=

HO VOLT A.C.
SW.

CH FIELD

C24IT
C" 4_-rC22÷

1

TO HEATERS

JaC04.-

)1





Lesson RTS -15 (N) Page 18

QUESTIONS

How many advance Lessons have you now on hand?_

Print or use Rubber Stamp.

Name

Street

Student
No._

City State

1. When using a voltmeter as an output indicator for the receiver
of Figure 6, where should the test leads be placed to secure
the highest readings?

2. Are the trimmer condensers adjusted at the maximum or minimum
capacity setting of a gang condenser?

3. What is the purpose ofthe slotted outside rotor plates in
each section of a gang codenser?

4. condenser gang is out of alignment, what effect will
it have on the tuning of the receiver?

5. An output meter and signal generator are properly connected
to the receiver shown in Figure 6. As the tuned circuits

are adjusted, how is resonance determined?

6. When aligning a receiver is the oscillator padder adjusted at
the high or low frequency end of the band?

7. When aligning the receiver of Figure 6, which circuits should
be adjusted first and at what frequency?

8. Why should the test oscillator output be as low as possible
when aligning receivers with aye?

9. What is the purpose of 'rocking" the tuning condenser as the
trimmers or padder is adjusted?

10. At what circuit frequency are wave traps adjusted and for what
reading at the output?

RTS-15(N)




