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DC CIRCUIT CALCULATIONS

One of the very first things that
is explained toanyone learning elec-
tronics is Ohm's Law. You will re-
member that this is the basic law
covering the relations of voltage,
current, and resistance in electrical
circuits, In addition to being one of
the most basic of the fundamentals
of electronics, it is also one of the
most important rules or laws. You
will find that no matter how far you
go in the study of industrial elec-
tronics, radio communications, or
electronics engineering, this law
which states that "the current flow-
ing in a circuit is equal to the ap-
plied voltage divided by the resist-
ance" will be used and applied over
and over again.

At the same time that youlearned
about Ohm's Law, you also learned
that it could be expressed much more
simply by using the symbols for cur-
rent, voltage, and resistance in the
formula: I = E + R, This is the math-
ematical expression of the lawusing

symbols instead of words and is
called a formula. Most of the rules
or laws of electronics, or of any
other science for that matter, are
expressed with formulas for two
reasons, One reason is that these
simple mathematical expressions
of the laws are much easier to
memorize. The other reason is that
they automatically provide a work-
able relationship of the laws foruse
in calculations. Thus, once youhave
learned the formulas, you not only
have learned the rules, but you also
have them expressed properly for
use in circuit calculations.

One of the best things about for-
mulas is that they can be arranged
to find a particular quantity that we
want to know. For example, the for-
mula for Ohm's Law, [=E + R, is
used when we know the voltage and
resistance and want to find the cur-
rent in a circuit, We also learned
that another way of saying the same
thing is to state that E =1 X R. We



usually simplify this expression
still further by dropping the X sign
and writing the formula simply
E = IR. This way of expressing the
basic formula is used when we know
the current and resistance and want
to find the voltage.

By still another arrangement, we
can state the formula so we can
easily find the resistance by saying
R = E + [. Weuse the formula in this
form when we know the voltage and
current in the circuit and want to
find the resistance. All three of these
statements of Ohm's Law say ex-
actly the same thing. They are
simply arranged in different ways
for convenience in making circuit
calculations.,

If you do not already know the
three forms of Ohm's Law, stop
right now and memorize them. You
will save yourself a great deal of
time in the long run, and inaddition,
knowing these formulas and under-
standing the way in which voltage,
current, and resistance in a circuit
are related will help you to under-
stand electronic circuits. The three

forms of Ohm's Law are:
I=E+ R
E = IR
R=E-=+I

Actually the three forms of Ohm's
Law are really only one formula with
the letters manipulated around the
equals sign. We are able to change
these formulas around to suit our
purposes by applying some very
basic rules of mathematics. Inelec-
tronics, we must learn quite a few
formulas to perform certain calcu-
lations sothat we canunderstand how
the circuits work and what may be
wrong with them, Of course, the for-
mulas can be arranged depending on
what we want to find out arnd what we

already know, Obviously, if we have
to learn not only all the formulas
but all the different forms of the
formulas as well, we would have to
do a lot of memorizing.

This would be impractical be-
cause we can easily learn a few of
the basic laws of mathematics and
then change the formulas to suitour
own purposes. By doing this, we need
to learn only one form of each for-
mula, plus the rules for changes. In
this way, mathematics becomes a
useful tool, both in studying, and
working in the electronics field, You
will learn how to rearrange formulas
later, so that then all you will have
to do is remember one form of
Ohm's Law and you will be able to
get the other two. Right now, how-
ever, to save time, be sure that you
know all three forms.

These lessons in mathematics
may be just review for you. How-
ever, don't skip over them lightly.
They are just as important as any
other lessons in your course. You
must study them carefully and send
in answers to the questions in the
back of the book. The only difference
between these mathematic lessons
and your regular study lessons is
the order in which you will do them.
The math lessons should be studied
immediately after the regular les-
son text with the same number. For
example, the first lesson should be
studied after you finish lesson five.

We will break up our study of
mathematics in this way for two rea-
sons, The first and most important
reason is that these mathlessonsare
different from any you have ever
seen, Most math textbooks teach
general mathematics so that the
learning can be applied to any sub-
ject. Here, we are primarily in-
terested in mathematics from the
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standpoint of usefulness in elec-
tronics. In other words, we are in-
terested in its application to a spe-
cific purpose. Therefore, we will
take up the subjects inthe order that
you will need them and will use
practical examples from the textthat
you have already studied. In this way
you will be sure to learn the mathe-
matics that you need, and you will
also learn how to use it in practical
examples.

The other reason that we break it
up into several books spaced among
the technical lessons isthat we don't
want to take you away from your
technical progress long enough to
study the math lessons all at once.
By spacing the math lessons, you
will be able to keep up with your
technical lessons too. In this first
lesson, we will do a number of prob-

lems in electronics which involve
only addition, subtraction, multipli-
cation and division. We will then
start a detailed review of arithmetic
starting withfractions and decimals.
Examples and problems include cir-
cuit applications to help you learn
how to make calculations in dc cir-
cuits. It may seem rather simple,
however, you should read it all to be
sure you remember it. Also, we have
put in a few short cuts which you
probably did learn in school and pre-
sented some of the material in a
special way to help you later in your
more advanced studies.

If mathematics has always both-
ered you before, don't be discour-
aged by the fact that you have to
study it now. We present it very
simply, and having a practical use
for it makes it easier tounderstand.

Simple Arithmetic Review

Before going ahead with fractions
and decimals, we want to point out
here that the basic arithmetic oper-
ations of addition, subtraction, mul-
tiplication and division are impor-
tant in electronics as they are in
every other science. We assume that
you are able to perform these basic
operations; if you cannot, stop and
get a book on basic arithmetic from
your library. If you know how to add,
subtract, multiply and divide, but
have become rusty because youhave
not had occasion to perform these
basic arithmetic operations, take
some time now to do a little prac-
ticing. You will be surprised how
quickly you will be able to pick up
speed again after a little practice.

ADDITION

You might think that you will not
have much occasion to use such a
basic arithmetic operation as addi-
tion. However, this is not the case.
As an example, in a series circuit,
where two resistances are connected
in series, the total resistance is
equal to the sum of the two resistors.
This means that if youhave two 100~
ohm resistors in series, to get the
total resistance you add the resist-
ance of the two resistors, 100 + 100
= 200, If you have a 100-ohm resis-
tor in series with a 25-ohm resis-
tor, to find the total resistance you
add 100 + 25 = 125. If you have a
number of resistors connected in




Fig. 1. A simple series circuit.

series, such as shown in the series
circuit in Fig. 1, to get the total re-
sistance between terminals A and B
you add the resistance of the indi-
vidual resistors. Suppose in this cir-
cuit that R1 = 100 ohms, R2 =250
ohms, R3 =1500hms, R4=175 ohms,
and R5 = 250 ohms. To find the total
resistance between terminals A and
B you write down the value of the
individual resistors as shown and
add.

100
250
150
175
250
925

The preceding example is a simple
example of addition inelectronicsto
find the total resistance in a series
circuit. Sometimes you have to be
somewhat careful because the value
of the resistors may vary quite
widely and then it isimportantto get
the digits arranged in the proper col-
umns, In other words, you simply
have to make sure that you arrange
your work neatly so thatthe addition
can be performed easily. As a sec-
ond example, suppose the resistors
have the following values: R 5
ohms, R2 = 75 ohms, R3 = 6 ohms,
R4 =125, R5 = 32 ohms. To add the
resistance of these resistors to get

4

the total resistance between termi-
nals A and B you writethe resistors
down as shown below and add.

5
75
6
125
32
243

SUBTRACTION

There are occasions when you will
have to subtract. In Fig. 2 we have
shown a series circuit where the
total resistance of the circuit is 197
ohms. The value of four of the resis-
tors is known, but the value of the
fifth resistance is unknown.

60 1000,
A w AN
197 0, v
B i—avv\f AMA-

9.q 340,

Fig. 2. A series circuit where one resist-
ance is unknown.

Youwill remember thatin a series
circuit the total resistance is equal
to the sum of the individual resist-
ances. Therefore, the sum of the re-
sistances must be 197 ohms. Since
we know the value of four of the re-
sistances we can find what their re-
sistance is and then subtract this
one value from 197 ohms to get the
value of the unknown resistance,

To solve this problem we first
write down the value of the known
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Fig. 3. An example where the formula E=IR
is used to find the voltage.

resistors and add as shown:

16
100
34
9
159

Thus the total resistance of the
four known resistors is 159 ohms.
Since the total resistance is 197
ohms we can find the resistance of
the unknown resistor by subtracting
159 from 197. We set the problem
down as shown below and subtract:

197
-159
38

MULTIPLICATION AND
DIVISION

Simple multiplication and division
are also important in electronics,
The various forms of Ohm's Law
that you memorized demonstrate the
importance of being able to multiply
and divide.

An example of the use of the for-
mula E = IR is shown in Fig. 3. In
this circuit we know that the resist-
ance is 68 ohms and the current flow-
ing in the circuit is 2 amps and we
want to find the value of the applied
voltage. Using the formula E = [Rin
substituting 2 amps for Iand 68 ohms
for R we get:

= IR
=2 X 68
136 volts

loNoN ol
|

In case you wonder why we used
this particular form of Ohm's Law,
the answer is that this is the form
which is used to find the voltage,
which is the unknown, when we know
the value of the current and resist-
ance, which are the known values.
We have the unknown on one side of
the equals sign and the two known
values on the other side of the equals
sign,

In the circuit shown in Fig, 4 we
know the value of the voltage and re-
sistance and want to find the current.
Therefore, we will use a form of
Ohm's Law which places the unknown
on one side of the equals signandthe
known values on the other side. This
means that [ must be on one side of
the equals sign, and E and R on the
other side. Thus, we use the formula
I = E + R, Substituting 32 volts for
E and 16 ohms for R, we canget the
value of the current:

I
I
I

E+ R
32 + 16
2 amps

Fig. 5 is an example in which we
use the remaining form of Ohm's
Law, R = E + I, Again, in this case
we have R, which is the unknown

R=16 JL

Fig. 4. An example of the formula |=E<R
vsed to find the current.



value, on one side of the equals sign,
and the two known values E and I on
the other side. Substituting 26 volts
for E, and 2 amps for I we get:

R=E~+1
R =26+ 2
R = 13 ohms

Notice that in each of the three
preceding examples, not only did we
carry out the mathematical opera-
tions to get a numerical answer, but
we also gave the answer in its cor-
rect units. For example, in the first
case, in the circuit shown in Fig. 3,
where we wanted to find the value of
the applied voltage, we gave the an-
swer in volts. In the second case,
where we had to find the current we
gave the answer in amps. Inthe third
case, where we had to find the re-
sistance, we gave the answer in
ohms. Remember this, it is impor-
tant. You should always indicate the
units of your answer. If you simply
give a numerical answer, it has no
meaning. If you are looking for the
voltage in the circuit, the answer
should be given in volts or some
fraction or multiple of a volt. If you
are looking for the current in a cir-
cuit then the answer should be given
in amps or again in some fraction
or a multiple of an ampere. Simi-
larly, if you are looking for the re-
sistance in a circuit, then the answer
should be given in ohms or some

E=26V —

o)
N/
I=2AMPS

Fig. 5. An example of where the formula R =
E = 1 is used to find the resistance.

680 3l 9.0
A —AAM—AA——AM——
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Fig. 6. Circuit for problem no. 1.

fraction or multiple of an ohm.

So far we have shown simple ap~
plications of addition, subtraction,
multiplication and division in elec-
tronics. The examples were very
simple, and in all probability you
can handle problems of this type
without any trouble. However, just
to be sure, we have included ten
practice problems which we have
called, "Self-Test Questions." Even
though you may think the problems
are extremely simple, we urge you
to do all ten to get practice finding
the resistance in a circuit and in
using Ohm's Law, A little practice
now will help you become so familiar
with these basicoperations that when
you have more complicated calcula-
tions to perform later, you will see
that in many cases you're simply
performing these simple operations
several times.

You will find the answers to these
questions at the back of the lesson
along with a brief solution of each
problem. Try to do each problem
before you look at the answer so you
will be working on your own. Be sure
to check your answer and if you have
made a mistake be sure to find out
where the mistake is before going
on,

SELF-TEST QUESTIONS

1. Find the total resistances be-
tween terminals A and B in the cir-
cuit shown in Fig. 6.



2. In the circuit shown in Fig. 7
the total resistance is 81ohms, Find
the resistance of the unknown re-

sistor R.

14.0L 84L
A v AN 4AAY
8141 17 0L
B L 0 AA A%

R 230

Fig. 7. Circuit for problem no. 2.

3. Find the total resistance be-
tween terminals A and B in the cir-
cuit shown in Fig. 8.

12740 974

A —— "N M
9Ju

B e—w\ MV

594L 2194V

Fig. 8. Circuit for problem no. 3.

4. In the circuit shown in Fig, 9,
the total resistance between termi-
nals A and B is 823 ohms. Find the
value of the unknown resistor R.

21641 3184y
A T AA' A 'A%A'%
8230, 91 Jy
B i NN AN
564L R

Fig. 9. Circuit for problem no. 4.

E=57V R =19 .0,

L®

1=

~

Fig. 10. Circuit for problem no. 5.
5. In the circuit shown in Fig, 10,
the voltage is 57 volts, and the re-

sistance in the circuit is 19 ohms.
Find the current flowing in the cir-

Cuit,

E=? —
Lo

I=3AMPS

R=2ISL

Fig. 11. Circuit for problem no. 6.

6. In the circuit shown in Fig. 11,
the current flowing is 3amps and the
resistance in the circuit is 21ohms,
Find the value of the applied voltage.

o

E=84V_T
L~
S

1=7?

R=28.0

Fig. 12, Circuit for problem no. 7,

7. In the circuit shown in Fig, 12,
find the current, if the applied volt-
age is 84 volts, and the resistance
if the circuit is 28 ohms.

8. In the circuit shown in Fig, 13,
the applied voltage is 96 volts, and
the current in the circuit is 4amps.
Find the resistance in the circuit.



R_—.?

®

I=4AMPS

Fig. 13. Circuit for problem no. 8.

9, Find the voltage in the circuit
shown in Fig. 14, if the current flow-
ing in the circuit is 5 amps, and the
resistance in the circuit is 17 ohms.

Ei= R=174L

—_——
—
T (w)
o/
I=5AMPS

Fig. 14, Circuit for problem no. 9.

10. In the circuit shown in Fig. 15,
the applied voltage is 32 volts, and
the current flowing in the circuit is
2 amps. If R1 is equal to R2, find
the value of these two resistors. (We
have not covered anexample exactly
like this, but here is a chance for
you to try a problem that is a little
new on your own. Be sure to give it
a good try, before looking at the
solution at the back of the book.)

ANN—

e

E=32V
=

R2

I=2AMPS

Fig. 15. Circuit for problem no. 10.

RULES OF ORDER

So far we have done problems in-
volving addition, subtraction, mul-
tiplication and division. These are
all very basic mathematical opera-
tions which we will use over and
over again in our study of elec-
tronics. In the preceding problems,
we have been concerned with just
one operation at a time. In actual
practice we will find a need to do
several, or perhaps all these opera-
tions in order to find an answer to
these problems.

While it may not seem at first
glance that there is anything special
about this, most of the time there
will be a definite order in which we
should do them. For example, takea
simple problem like "find the value
of 10 x 5 + 2." Let us look at this
problem closely.

If we do the multiplication first
and then the addition, we get 10 X 5
= 50, then we add the 2 and find the
answer 52, However, if we look at
the problem and say 5 + 2 =7 and
then 7 x 10 we come up with an an-
swer of 70. As you can see, there
is quite a difference between our
first answer of 52 and our second
answer of 70. Thus, the order in
which we do a problem is important.

R|=|0\n.
—A
al
E=100V —
T VvV
R2=404L

Fig. 16. Practicol circuit where rules ot
order ore important.



Let us take another more practi-
cal operation that we might find in
our work in electronics. In the cir-
cuit shown in Fig. 16, we have a volt-
age supply of 100 volts and two re-
sistors. One resistor is 10 ohms and
the other is 40 ohms. Now the cur-
rent in the circuit will be equal to
this voltage divided by the resistance
(I=E + R). Let us take the problem
mathematically and then substitute
the values in the formula:

I=E+ R
I =100+ 10 + 40

Which operation do we do first?
We know from our lessons on Ohm's
Law that we are dealing with a total
voltage of 100 volts. Therefore, we
will be finding the total current, and
to do this we will want to divide the
total voltage by the total resistance.
For this reason, we must add the
two resistances first to get 10 + 40
= 50 ohms and then divide 100 by 50
to get a current of 2 amperes.

We did the problem this way be-
cause we know something about elec-
tronics; Ohm's Law states thattotal
current equals total voltage divided
by total resistance. We also know
that the total resistance is equal to
the sum of the resistances inthe cir-
cuit., Therefore, in our problem,
though we might not be aware of it,
we actually thought this way:

I\' =
R;

Er + Ry
R1+Rg

so we kept the two resistances to-
gether.

If a person who did not know any-
thing about electronics triedto work
this problem he might not know the
importance of keeping the two re-
sistances together. Yet, one of the

big advantages of using formulas in
electronics is to express things
simply so that problems can be
easily worked out. Therefore, so that
there will be no misunderstanding
about the fact that R, and Rz should
be kept together, we enclose them
in parentheses and write them as
(R1 + R3). Now the formula becomes:

I: =Er+ (R1 + R2)

Then we substituted to get:

I: = 100 + (10 + 40)
thus, I, = 100 + 50
= 2 amps

If someone saw this problem with-
out the parentheses, and he knew
nothing about electronics, or math,
other than addition and subtraction,
multiplication and division, he might
come up with a different answer.
For example:

I=
I

E+ R
100 + 10 + 40

Then, they might first divide 10
into 100 and get 10 so that for the
current they would get

I =100+ 10 + 40 = 10 + 40
50 amperes

From the preceding you can see
the value of using parentheses, and
also the need for establishing some
rules in which the various arithme-
tic operations should be performed.
These rules are called the rules of
order and they insure that everyone
everywhere will always know in what
order to tackle a problem, The rules
of order are very easy to learn and
must always be followed. Always
start at the left of a problem and



work towards the right and do aii
the operations inside the parenthe-
ses first, Next, startattheleftagain
and work towards the right and do
all the multiplication and divisionin
the order in which they occur. Then
go back to the left of the problem
again and once again work to the
right doing the addition and subtrac-
tion,

By following these rules there is
no possibility of coming up with the
wrong answer or doing the wrong
operations at the wrong time. A
problem such as:

(6+3)x3-81+9+4

can have only one answer, We start
at the left and do the operations en-
closed in the parentheses first. Since
there is only one parenthesis, the
firsttime, working from left to right,
there is only one operation to per-
form: we add 6 + 3. Thus our prob-
lem becomes:

(6 +3)x3-81+9+4=
9x3-81+9+4

Now we start at the left and go
through from the left to the right
again doing the multiplication and
division in the order in which they
occur, The first multiplication we
hit is 9 x 3 and this is 27. The next
operation we must perform is the
division of 81 by 9; 9 goes into 81,
9 times. Since there are no other
multiplications or divisions indi-
cated these are the only operations
we perform through this time. Thus
we have:

9%xXx3-81+9+4=27-9+4

Now we go through the problem
again, working from the left to the

10

right, doing the addition and subtrac-
tion,

27 - 9 =18 and adding 4

to this would give us 22. Thus we
have

27 -9 +4 =22

Sometimes all of the operations
covered in the preceding example
are not found in a problem, For ex-
ample in the problem

8XT7T+2%x4-16%3

there are no parentheses and there-
fore we start right in going from
left to right to do any multiplication
or division that might be indicated.
You will notice that in this problem
there is no division so you simply
go through doing the indicated mul-
tiplication, 8 X 7 =56, 2 X 4 = 8 and
16 x 3 = 48; therefore, our problem
becomes:

8 X7 + 2 %X 4 -
56 +8 - 48 =16

16 X3 =

The problem might have parenthe-
ses in it, but no multiplication or
division. As long as the parentheses
are there, you must perform the op-
erations inside the parentheses, As
an example, in the problem,

29-(17T+4)+ 11
we must perform the operation 17
+ 4 which is inside the parentheses
first. Since 17 + 4 = 21 our prob-
lem becomes:

29 - (17 +4)+11=29 - 21 +11 =19

Sometimes we need to do two or



more things in a special order. For
this reason we also use brackets
[ ] which are really adifferent kind
of parentheses to indicate which
comes first. Thus, we might have a
problem:

5x300+[2x(15+35)] +20 -5

Here we do the operations within the
parenthesis, (15 + 35) =50first,and
rewrite the bracket operation, re-
placing the (15 + 35) with 50 to get

5x300+[2%x50] +20-5

then we do the operation inside the
bracket to get:

2 x50 =100

Now we rewrite the whole problem,
placing everything inside the brack-
ets with 100 and leaving the brackets
out, thus, our problem becomes:

5 x 300+ 100 +20 -5

By following our rules of order, we
start at the left and multiply 5 X300
to get 1500, and then we divide this
by 100 to get 15. Now we do our
addition and subtraction: 15 + 20 -5
= 35 - 5 = 30 to find our final an-
swer,

Since these rules of order are so
important, let us state them again.

First we do all the operations within
the parentheses. Second, if we have
one parenthesis within another, we
do the operations inside the inner
parenthesis first, and then do the
operations within the outer paren-
thesis. When all the parenthetical
operations are out of the way, we re-
move the parentheses, replacingthe
data within them with the answer we
got. Then we rewrite our problem,
starting at the left and working to-
wards the right, doing all the mul-
tiplication and division in the order
in which they occur. Then we return
to the left and work to the right,
doing the addition and subtractionin
the order in which they occurred to
get our answer.

You are going to runinto problems
in which you will have to perform
the various operations inthe correct
order to get the correctanswer.You
will run into problems of this type
in this lesson. Therefore, to get
some practice doing the various op-
erations in the right order, do the
following five Self-Test Questions.
You will find the answers inthe back
of the book,

SELF-TEST QUESTIONS

11, 25 + 16 X 3 - 28 + 7

12, 5 X (11 - 8) +3 X (T-5)+2
13. 4 + (5+2)%20-(10 - 6) + (7 - 5)
14, 3% 500 + [ 2 % (28422)] +25 - 6

15. 95 + (22 - 17) - 6 X2 -3 +8

11



Fractions

In the simple circuit shown in Fig.
17, we have 100 volts applied to a
circuit containing a total resistance
of 100 ohms, This means that we will
have a current flowing through the
circuit of 1 ampere and a voltage
drop across the resistances equal
to the applied voltage of 100 volts.
However, in this circuit we do not
have a single 100-ohm resistor. In-
stead, we havetwo 50-ohm resistors
in series, which makes up the total
resistance of 100 ohms, Therefore,
our voltage drop of 100 volts does
not occur as one voltage, it occurs
as two voltage drops of 50 volts
across each resistor. In a case like
this, where we have two equal volt-
age drops of 50 volts that add up to
a total voltage of 100 volts, we often
say that each drop of 50 volts is
equal to one half of the total voltage.
Just what do we mean when we say
that we have one half of something?
First, we mean that the "something, "
in this case 100 volts, is split up
into parts. Further, since we have
only two parts and they are equal we
mean that the whole 100 volts is split
into two equal parts. Thus, when we
say one half of one hundred, it is
like saying one of two equal parts
of one hundred, or, more simply we
mean 100 + 2

Likewise, in a circuit such as the
one shown in Fig. 18, the total volt-
age drop of 90 volts is split up into
three equal parts of 30 volts each.
This is just the same as saying that
the voltage is split into thirds and
one drop of 30 volts is equal to one-
third of the total or 90 + 3.

12

E|)=50V
e A 'AA%
* R|=500
100V I=
DC SUPPLY I AMP
* R2=50.0,
° NN
E2=50V

Fig. 17. One hundred volts divided into two
equal narts or halves.

This can be written as ey

3
100 + 2 can be written as 1.00

Whenever we split anything into
parts we call the parts fractions.

Thus, 1@,15 a fraction and 9—0'15

2 3

also a fraction. Now these particular
fractions can easily be worked out
by performing the actual division so
that LZO—O is 100 + 2, or 50; and %gis
90 + 3, or 30. When they are worked
out like this, 50 and 30 actually be-
come whole numbers in themselves
because they each represent an indi-
vidual voltage drop. However, when
we consider them as part of the total

E),=30V
AN
* Ry =304L
30v E2=30V
DC SUPPLY R2 =304
R3=30J4L
L A%AY
Ez =30V

Fig. 18. Ninety volts divided equally into
three parts or thirds.



voltage drop, they are both fractional
parts of something and therefore
they are also fractions.

When we want to represent 50 volts
as some fraction of 100 volts, or 30
volts as a fraction of 90 volts, we

50 30

would write them as 100 °F 9g° Te"

spectively. The fraction ﬂcan be

100

written more simply by dividing both
the top of the fraction 50 and the
bottom of the fraction 100 by the
same number. For example, if we
divide 100 by 50 we get 2 for an an-
swer, and if we divide 50 by 50 we
get an answer of 1. But placing the
1 in place of the 50 and the 2 in the
place of the 100, our fraction be=-
comes %, or one-half, Thus 3)% can
be changed tozi, or as we say, one-

half, by dividing both the top and the
bottom of the original fraction by 50,
In the same way we can write 90 °F
can simply divide both 30 and 90 by
30. This gives us 30 + 30 = 1 and
90 + 30 = 3, Then by replacing 30
with 1 and 90 with 3 we have the
fraction %‘—. which we pronounce "one-
third." This fraction-5and the frac-

tion—l— which we found previously,

2
are the simplest forms of the origi~
nal fraction. We call this process of
changing a fraction to its simplest
form reducing the fraction.

Thus, in the circuit in Fig. 17
either one of the voltage drops can
be considered several ways. They
can be considered as one-half of a
hundred which we write mathemati-

cally as %‘of 100. They can be con~

13

sidered as ls.%which we can reduce

to one-half orTlor they can be con-

sidered lzﬂ which is equal to 50.

Now, these are all just different ways
of saying the same thing. Likewise,
any one of the voltage drops in the
circuit in Fig. 18 can be expressed

;—of 90 -ggwhich equals %, or 0
which equals 30,

* 90 3

We also have many other frac-
tions, In fact, just as there is no
limit to the largest number we can
write by using combinations of digits
from 0 to 9, there is no limit to the
smallest part of something we can
write by using the same digits. Just

as %means a whole something di-

vided into two parts and -;‘—means

something divided into three parts,

1
6’
whole something is divided into six

equal parts, We can continue in this

we can write which means the

way indefinitely. For example, Ej"{

L1
' 128
means one of one hundred and

means one of sixty four parts

1
twenty-eight equal parts and 2465

means one of two thousand four hun-
dred and sixty-five equal parts of
something,

Notice, however, that a fraction
by itself does not mean anything
specific. For example, one half, one
third,—%, or ﬂ% arefractions, but
until we say what they are fractions
of, we do not have any idea to what
they are equal. One half of 50 volts
{s 25 volts, but as we have already



seen one half of 100 volts is 50 volts,
So a fraction to indicate anything de-
finite must be accompanied by the
whole something that we are talking
about, Thus, we always say one-half
of a gallon, or one-third of a quart,

12% (pronounced one, one hundred

twenty-eighth) of an ounce, one-fifth
of the voltage, etc.

There are two parts to every frac-
tion: there is the top part written
above the line which is called the
numerator, and there is the bottom
part below the line called the de-
nominator. The number in the nu-
merator always tells us how many
parts we have, and the number in
the denominator tells us the size of
the parts. Just as we can have one
third of a gallon, it is also possible

to have two %’s of a gallon which we

would write % of a gallon. The two

indicates that we have two parts of
a gallon and the three indicates that

each part equals % of a gallon,

There are also two kinds of frac-
tions. One kind is called a proper
fraction and always hasanumerator
that is smaller than the denominator,
thus,—;, -%, %, and % are all proper
fractions because their numerator
is smaller than the denominator, The
other kind of fraction is called an
improper fraction. An improper
fraction is one in whichthe numera-
tor is larger than the denominator,

100 100 755
such as ‘E, T, —4—, etc.
Improper fractions can always be
converted into whole numbers or
whole numbers and proper fractions,

For example, the improper fraction

100
50
vision and divide 50 into 100, The

becomes 2 if we perform the di-

improper fraction lzﬂbecomes 50

if we divide 2 into 100, In the im~-
proper fraction %, when we divide
4 into 755, it will not go an even
number of times. It will go one hun-
dred and eighty-eight times with a
remainder of 3, This means that in
the improper fraction % there are
one hundred and eighty-eight whole

parts and three %parts. Thus we can

. . . 15
write the improper fraction 2

3
as 1882-

Both proper and improper frac-
tions can be added, subtracted, mul-
tiplied and divided just like any whole
numbers. After all, it is possible to
have several halves of something, or
several fifths of something which
we might want to add or subtract
from each other. The basic opera-
tions with fractions are much the
same as with whole numbers, but
there are certain rules that we must
follow. In this section of the lesson
we will learn the rules and see how
to apply them.

ADDITION OF FRACTIONS

In adding fractions, we must re-
member one of the basic rules of any
addition problem. Only like things
can be added together. For example,
we can add six oranges and four
oranges and say we hadtenoranges,
Similarly, we can add twenty apples
and nine apples and say we had
twenty-nine apples. However, we
could not add six apples and eight

14



oranges and say we had fourteen
oranges or fourteen apples. If we
want to call the oranges and apples
pieces of fruit then we could add the
six and eight and say we had fourteen
pieces of fruit because here we
equated them to a common name.
Similarly, we can add any number
of volts to any other number of volts
and get a total number of volts. We
can add ohms to ohms and amperes
to amperes, but we cannot add ohms
to amperes or volts. The same rule
applies to fractions except that we
have an additional item of similarity
to consider.

The denominators of fractions
must be alike if we are going to add
them. For example, one halfa gallon
can be added to another one half of
a gallon to get a whole gallon. One
third of a gallon can be added toan-
other one third of a gallon to get two
thirds of a gallon. Thus, fractions of
like things with like denominators
can be added together very simply by
adding their numerators. Thus:

L+L_1+1-2__1
2 727 2 T2~
2,1 _2+1_3 .
373 3 ~3°
1.1 _1+1_2

373" 3 3

1.3_4

55 5

12 13 _12 +13 _25
64 764 T 64 o4
55 67 _ 55 + 67 _ 122

37 Y137 131 137

Now we have just seen that all
fractions with like denominators can

be added together simply by adding
their numerators. However, frac-
tions with unlike denominators can-
not be added so simply. Before we
can add fractions with unlike de-
nominators, we must arrange them
in a way that their denominatorsare
all alike. This is called finding the
lowest common denominator.
The Common Denominator.
When we first started our dis-
cussion of fractions, we discovered
that we could "reduce" a fraction
such as 150—% to a fraction 2Lby di-
viding both the numerator and the
denominator by the same number.
In this case, the number was 50
because with both the numeratorand
50

denominator of mdivided by 50, we

get 21 When we did this, we realized

50 1

100 °F z—meant exactly
the same thing. Since either of these
two ways of writing the fraction is
correct, the two fractions must be
equal. Thus, bydividingthe numera-
tor and the denominator by the same
number, we have not changed the
value of the number.

If this is true, we must also be
able to multiply the numerator and
denominator of a fraction by the
same number without changing its
value. 50 times both the numerator

that either

and denominator oleis 50 X1 =50

50 .
and 50 x 2 = 100, or 100° From this

we can see that we can either mul-
tiply or divide the numerator and the
denominator of a fraction by the
same number without changing the
value of the fraction. Accordingly,

a fraction such as Elmight be written

15



in any one of several ways as follows:

1,2 22,2 4
X2 2T *3°%

1.3 _34_4_16
2 38 T "3

16 ., 100 _ 1600
32~ 100 3200

All these fractions are exactly equal

to ,,Lbecause they can all be reduced

=

1
to 2
Likewise, we can change a frac-

tion such as —;.—to any of the following

fractions;:
1.3_31.2_2
33 93 2°%
2 .5 _ 10
6 X5 = 30 o

Let's see how this will help us in
adding fractions. Suppose we want to

add —;— + % Since their denominators

are not alike, we know that we can't
add them as theyare. However, sup-

pose we change %to %—which we can

do by multiplying both the numerator
and denominator by 3. Then, if we
also change %— to %which we can do
by multiplying both numerator and
denominator by 2, we now have two

same denominator so that they can
be added without changingthe values

of the fractions themselves. %is ex~
2

6
Added together they

actly the same as—;—and is exactly

the same as %
make %or five-sixths.

When two fractions have the same
denominator, we say they have a
common denominator. When we
change two or more fractions to
equal fractions having the same
common denominator so that we can
add them, we call it finding the com~
mon denominator. Let's try a few
more examples, For example:

3 5"

Cﬂlb—‘

This is a very simple problem and
we can readily see that both 5 and 3
will go into 15. As a matter of fact,
15 is the lowest common denomina-
tor of 5 and 3. 5 goes into 15 three

times and therefore we change %to

a fraction and with 15 as the denomi-
nator we must multiply both the top
and bottom by 3. Thus%becomes 1—35

Similarly, 3 goes into 15 fivetimes
and therefore to change —;-into afrac-
tion with 15 as the denominator, we
must multiply both the top of the
fraction by 5 and the problem be-

fractions which have tl;e samze de- comes _1% To change % into a frac-

e T 6 g -G—and tion with 15 as the denominator, we

they can be added together in the again multiply the numeratorandthe

4

usual way to get _3722_01__2__ We have denominator by 3 and therefore 5

changed-ziand-%to fractions withthe will become % Thus our problem
16



While % is the correct sum of the
three fractions, it is not the usual
custom to leave a fraction in the
form of an improper fraction. We
normally simplify the fraction., 15
goes into 20 once with a remainder
of 5. Therefore,

20_.5
15 15

Thus, we can say our answer is 1 1-55

However, % can be simplified by di-

viding both the numerator and de-
nominator by 5 and this would give
us % Therefore our sum is 1-;-

If we look back at the original
problem we can see that this is the
answer we should expect. Notice that

the first fraction we have is L

4 5
and the third one is 5
4 1 _5
5*5 "% which is equal

to 1, Now we add
-;—'-to 1 and the answer is l%
In this problem it is quite obvious
that the lowest common denominator
of 5 and 3 is 15. However, suppose
that instead of using 15 as the com-
mon denominator we had used 30.
Both 5 and 3 will go. into 30, This

will not cause any difficulty; we will
get exactly the same answer, but we
will be working with bigger numbers
because we did not use the lowest
possible common denominator.
Using 30as the common denominator
the problem becomes:

57375

6 + 10 + 24 _
30 -

1
13

Similarly, if we had used 45 as a
common denominator, once againwe
would get the same answer, but we
would have to work with larger num-
bers. In this case the problem is,

1,14,

5*3*5 "

9 + 15 + 36 _
5

50 _ 15 _ 1

-l 13

In the preceding example it was
easy to find the lowest common de-
nominator. We were dealing with
fifths and thirds and we got the low-
est common denominator simply by
multiplying 5 and 3 together. How-
ever, we cannot always do this and
get the lowest common denominator.
Suppose, for example, that you had
the problem:

17



+3
9

1

6

If we simply multiply the two de-

nominators together we will get

6 x 9 = 54, Therefore, 54 is a com-

mon denominator. Now our problem
is:

1.2
69

9+12=
54

7

21 _
54 18

2—lwe im-
54

mediately could see that 3 could be
divided into both the numerator and
the denominator and therefore we

When we get the answer

could reduce the fractionto i7§ Often

when you get a fraction that can be
reduced it is a sign that you did not
use the lowest commondenominator.
However, as long as you reduce the
fraction and perform your addition
correctly, you will come out withthe
same answer as you would have if
you had used the lowest common de-
nominator. When you can find the
lowest common denominator, it is
best to use it, because you will be
working with smaller numbers and
there will be less chance of making
a mistake.

There is an easy way to find the
lowest common denominator. To do
this take the denominators of the
various fractions and factor them.
Now you might wonder what a factor
is. A factor is a number that when
multiplied by another number gives
you the original number. For ex-
ample, 1x 6 = 6, Therefore, 1 and 6

18

are factors of 6. Also 3 X2 = 6 and
therefore 3 and 2 are factors of 6.
We call 3 and 2 prime factors be-
cause they themselves cannot be
broken down into factors other than
the number and one. In other words,
you could say that 2 was equal to
2 X 1, but there is no other way you
could factor it. The factor 2 still
appears in 2 X 1; therefore, 3 and 2
are prime factors, When we factored
6 into 6 X 1 we did not factor it into
prime factors because the 6 could
be broken down into 3 and 2. There-
fore, we break our denominators
down into prime factors. The prime
factors of 6 are 3 X 2 and the prime
factors of 9 are 3 x 3. Now to find
the lowest common denominator we
look for common factors in the two
denominators. We see immediately
that we have a 3ineachdenominator
and therefore we write down 3 as
one of the factorsinour lowest com-
mon denominator and then place a
stroke through the 3 in 3 X2 and one
3 in 3 x 3, Thisleavesustwo unused
prime factors:the 2 from the factor-
ing of 6 and one of the 3's from fac-
toring 9. Since these are not com-
mon, but are different numbers, we
must write both of these down be-
side the first three we set up in de-
termining our lowest common de-
nominator. Therefore, our lowest
common denominator will be 3 X 2 X
1,2
6 9

as the common denominator we have:

3 = 18. Now if we add using 18

w0 m|p—a
+
> wlm



Now let's try another example, Let
us do the problem,

3,5,8
7 14 21

We can find a common denomina-
tor in this problem by multiplying
7 X 14 x 21. However, you can see
immediately if we do this we are
going to have a rather large number
as our common denominator. There
is no point in getting involved in such
big numbers because we see at a
glance that 7, 14 and 21 are all di-
visible by 7. Therefore, it is worth-
while to factor the three denomina-
tors into prime factors to see if we
can find the lowest common denomi-
nator. When we factor them we get:

7=7x1
14 =7 x 2
21 =7x3

Now to get our lowest common de-
nominator we first look for prime
factors that are common to allthree
denominators. We notice first that 7
is a prime factor of all three so the
first digit in our common denomina-
tor will be 7. Now we mark out the
three 7's to be sure that we seethey
have been used, This leaves us with
1 in the first number, 2 in the next
and 3 in the third. Therefore our
complete lowest common denomina-
tor will be 7x1x2 x 3, This is equal
to 42 and therefore 42 is the lowest
common denominator. Now the prob-
lem becomes:

3,.,5,.8_
7ttt 31
18 + 15 + 16 _
T 43 -
49 7 .1
- 1T L
19

Let us do one more example, Add
the following:

Again, we see immediately that if
we find a common denominator by
multiplying the three denominators
together we will have a very large
denominator, Therefore it is worth-
while to factor the denominator to
see if we can find a smaller common
denominator. 18 is equal to 9 x 2,
but 9 is not a prime factor because
it in turn can be factored into 3 x 3,
Therefore, the prime factors of 18
are 3 X 3 x 2, Similarly, 27 and 45
can be factored into prime factors
so that we will get:

18
27
45

"
W W W
X X X
L W W
X X X
oW N

Now to get our lowest commonde-
nominator we first look for factors
that are common to the three num-
bers. We see that the first digit in
each factor, which is 3, is common
to all three so we put down the 3 as
the first factor in our common de-
nominator andthen markout the first
3 in each of the factors to indicate
that this 3 has been used. The sec-
ond digit is also a 3 so weuse a sec-
ond 3 in our lowest common denomi-
nator to give us 3 X 3 and we mark
out the second 3 in each of the three
numbers. Now this leaves us 2, 3, 5
and since these are not common in
any of the three numbers we must
include them in our lowest common
denominator. Thus the lowest com-
mon denominator becomes 3 X 3 X 2
X 3 x 5, Multiplying these together
we get 270 asthe lowest common de-
nominator, 18 goes into 270, 15



times. 27 goes into 270, 10 times
and 45 goes into it 6 times. There-
fore, our problem becomes :

27" 15

+

Bl

75 + 70 + 48 _
270

193
270

So far, in finding common factors
in the denominators in order to find
the lowest common denominator, we
have had a common factor ineach of
the denominators. However, this will
not always be the case. Sometimes
the common factor may appear in
only two of the denominators. For
example, in the problem,

1,1 1
3t1d* 21

we will have two different common
factors whicia appear in only two of
the denominators. Factoring thede-
nominators we get:

3 =3x1
14 =2x7
21 =3 x 7

Now we start looking for common
factors. Looking at the first number
factored, we see that 3 is one of the
factors so we place a stroke through
it to indicate that we have used it.
Looking at the second number we see
that there is no 3 in its factors, but
we see a 3 in the factors of the third
number so we place a stroke through
it indicating that it has beenused and
then put down 3 as the first number
in the product which will eventually
give us our lowest common denomi-

nator. Now looking at the first num-
ber again we see that the only fac-
tor left is 1, so we skip it and go on
to the second number. Here we see
that the factors are 2 and 7 and we
take the first number which is a 2
and place a stroke through it. Now
we write a X sign next to the 3 we
have in the common denominator and
place the 2 to the right of the x sign.
This gives us 3 X 2 as the first two
numbers in the common denomina-
tor. Since there is no 2 in the third
group of factors we startover again.
Looking at the second number we see
that we still have a 7left sowe place
a X7 asthe nextfactor in our common
denominator and place a stroke
through the 7 to indicate it has been
used. Moving on to the third group
of factors we see that we also have
a 7 so we place a stroke through it
to indicate that it has beenused. Now
the factors we have for our lowest
common denominator are 3 X2 x 7
and if we multiply these out we get
42 which is the lowest common de-
nominator.

From the preceding we can see
that some of the factors that go to
make up our lowest common denomi-
nator might not appear in all of the
numbers factored. However, when a
common factor appears in two or
three of the denominators that have
been factored there is no point in
placing it in the productthatis going
to make up our lowest common de-
nominator more than once unless it
appears in one of the factors more
than once.

Another situation that you should
be on the lookout for is a problemin
which one of the denominators is a
factor of the denominator in one of
the other factors. When you run in-
to this situation you can completely
forget about the smaller denomina-
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tor. For example, in the problem,

1

1 1

3TTt 14

we see that 7is a factor of 14, There~
fore any number that 14 will divide
into, 7 will divide into also. There-
fore, we can simply forget about the
7 and find the lowest common de-
nominator for 3 and 14.

You should also be on the lookout
for a fraction which may not be re-
duced to its simplest form. For ex-
ample, in the addition,

L ol
5 8

| =

we could go ahead and finda common
denominator. The lowest common
denominator in this caseis 40, How-

ever, % can be reduced to -2— by di-

viding the top and bottom of the frac-
tion by 2. If we do this our problem
becomes:

»J:-Ib—l

1,13
5 4

Now we see that our lowest common
denominator is 20. In this problem
it would not make a great deal of
difference if we used 20 or 40 as a
common denominator in performing
the addition so long as we reduced
the fraction to the simplest form
after the addition; in some problems
the lower figure could make the addi-
tion a great deal simpler.

Now to get practice adding frac-
tions do the following problems. Be
sure to work each problem carefully
before looking at the answers at the
back of the book. If by any chance you

find that you have made a mistake in
one of the additions, be sure to check
your work over carefully comparing
it with our solution to see where you
made your mistake,

SELF-TEST
QUESTIONS

21



SUBTRACTION
OF FRACTIONS

Subtracting fractions is just the
reverse of adding fractions, All the
rules that apply to the addition of
fractions applyto subtraction. First,
the fractions must be parts of like
things and they must have the same
denominator in order to subtract
them. If they do not have a common
denominator, we must find the low-
est common denominator for them,
We do this in exactly the same way
as we did for addition.

When we are subtracting one frac-
tion from another, we subtract only
the numerators and when we have
finished our subtraction, we always
reduce the answer as much as pos-
sible. For example:

To subtract %from %, we must find
the lowest common denominator
which is 6, Thus the subtraction be-
comes:

As you can see, the procedure is
essentially the same as addingfrac-
tions, however, in this case we sub-
tract the numerators instead of add-~
ing them.

Just as in problems involving
addition of fractions where we had
more than two fractions to add,
sometimes we have several subtrac-
tions to perform. You proceed in
essentially the same way. For ex-
ample, in the problem,

22

we first find the lowest commonde-
nominator, which in this case is 12,
Then we perform first one subtrac-
tion and then the other. If we wanted
to do so we could add the numera-
tors of the two fractions to be sub-
tracted and then perform a single
subtraction. The problem will be
worked out as follows:

a1 1.

127173

11 -3 -4
12

Now we can subtract 3 from 11 which
would give us 8 and 4 from 8 which
gives a remainder of 4 and an an-

4
swer of 7 which we reduce to -31— The

other method would be to first add
the 3 and 4 together toget 7and then
subtract the 7 from 11 which again

4
gives us 2 We get the same answer

in either case so youcandothe prob-
lem whichever way you want., The
usual procedure is to start at the
left and go from left to right and
perform one subtraction after the
other.

There is no way to really learn
how to subtract fractions other than
by doing problems involving sub-
traction of fractions. Therefore, you
should do the following problems. Do
each problem carefully before look-
ing at the answers in the back of the
book. Once again, if you should fail
to get the same answers we got, be



sure to check your work to find out
where the mistake is.

SELF-TEST
QUESTIONS
2.2 - <
275 - 2
28, £~ &
zs.%-%
30.%-%
3122 -2
R

MIXED
NUMBERS

Often you will have toadd and sub-
tract mixed numbers. You will re-
member that a mixed number is a
number made up of a whole number
and a fraction. For example, add,

2 1
1§+ 26

There are two ways you can do
this problem. One method is to add
the whole numbers firstandthenadd
the fractions and then add the sum
of the fractions and the sum of the
whole numbers together. The other
method is to convert each mixed
number to an improper fraction and
then go ahead and perform the addi-
tion and then convert the answer
back to a mixed number. Usually the
easiest way to do this type of prob-
lem is to add the whole numbers and
the fractions separately. However,
we will go through both methods
here. Using the first method first,
that is of adding the whole numbers
and fractions separately we get:

2
1—3—+2

®|H

2 1
1+2+§+3-—

4 + 1
6

3 +

5 _ 45
3+6—36

As you can see, in using this
method we simply add the whole
numbers and then add the fractions,
following the same procedure as we
used before, that of finding the lowest
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common denominator and then
adding,

When we convert the numbers to
improper fractions we sometimes
have to deal with slightly larger

numbers, but this method works out
equally as well, For example,

lgcan be converted to 2

3 3
3 3.2_5
1153and§+ T3
2%;-can be converted to 2—3

Now our problem becomes

2.
3

ol

And using the lowest common de-
nominator of 6 we get:

10 + 13

_ 23
6 T 6

23
6

@l

As you see, we got 32—as the an-

swer both ways. One method is as
good as the other; use whichever
method you prefer.

Subtraction of mixed numbers can
be performedin essentially the same
way as addition. However, some-
times we come up with a small
complication in subtraction. Let us
look at the problem:

3 1
3 - 2 B
We can perform this subtraction by
subtracting the whole numbers first
and then by subtractingthe fractions,

using the same method as we used

24

previously. Following this pro-
cedure the problem becomes:
o2 2k
3-2+%-%=
148 ; 1_
1+ %=
15

We can also perform this subtrac-
tion by converting both numbers to
improper fractions and then sub-

tracting. To convert 3%bo a mixed

number we multiply 3 X4 which gives
us 12; there are twelve quarters in

3 plus 3 which gives us 145

2%becomes 2x8+1 =%

Now our problem is
15 17

4" 8
As in previous subtraction problems
we must convert to the lowest com-
mon denominator which in this case
is 8 so we get:

30 17 _
8 8
13 _

3

5

g

Once again, you see thatwe getthe



same answer so it does not matter
which method you use. The first
method is simple enough in most
cases, but sometimes when using
this method you have to borrow in
order to perform one of the subtrac-
tions. We can best see what this in-
volves by looking at the example:

1 3
45-24

If we proceed with the subtraction by
subtracting the whole numbers first,
we get 4 - 2 which is 2. Now when
we try to subtract the fractions we
have

1.3
8 4

and when we convert this to the low-
est comion denominator which is 8
we have

1 -6
8

If we subtract 6 from 1 we end up
with a minus answer. Therefore, to
perform this subtraction we must
borrow from the whole number. In
the original problem the whole num-
ber was 4 - 2 which gave us 2, We

8 and then add

can change 2 to 1 *+3

8, 1 9
the 8 to 8 andget8

Now we can subtract

9
8 and get—s-

. 3
and our answer is 1—8-

If you do this problem by convert-
ing to improper fractions, youdonot
run into this problem.

1
43

6
—8-from

becomes 4 X 8 + 1=3—8:i

11

Z%becomesz X4 +3=

4
Now our problem is
33 11 _
8 4
33 - 22 _ 11 _ lg
8 8 8

Some problems will involve addi-
tion and subtraction of mixed num-
bers. When you encounter this type
of problem you can do the addition
and subtraction of the whole num-
bers first and then the addition and
subtraction of the fractions or you
can convert all the numbers to im-
proper fractions and work the prob-
lem this way. As an example, con-
sider the problem:

7

8

L
4

23

U 8

+ 4 3.+

16

Adding and subtracting the whole
numbers we get 7 - 2 + 4~3 =6.
Now we must handle the fractions
and to do this we must convert to
the lowest common denominator
which in this problem is 16. Thus,
we have:

4 -6+ 14 -9
16

Now adding together the numbers to
be added and at the same time add-
ing the numbers that are to be sub-
tracted we get:

4 +14 -6 -9 _
16

18 - 15 _

K0
16 16
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Therefore, our complete answer is

3
616

Now if we decide to dothe problem
by converting the fractions to im-
proper fractions

1 _29
7Ebecomes TX4+ 1 = 1
Zg—becomeSZXS+3=1—9

8
7
4—becomes 4 X 8§ + 7 = 39
8 8
9 57
and 31—6- becomes 3 X 16 + 9 = 16

Thus our problem becomes:

29 19 3987

4 - 878 " 16

and changing these fractions to a
common denominator of 16 we get:

116-38+78-57=
16

Once again we have the same an-
swer so the choice of which way you
do the problem is yours. Decide on
which way you think is the easier
and then do all of them the same way.
Usually it is best to stick to one
method rather than jump back and
forth between the two because this
often results in confusion. Now to get
practice handling mixed numbers do
the following problems. Again, be
careful of your work to be sure that
you get the right answer. Be sure
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you check each problem carefully
before comparing your answers with
ours which are at the back of the
book.

SELF-TEST
QUESTIONS
36. 17 + 25
37. 2;’—+ 3é—+ lé
38. 47 - 33
39. 5% - 23—
10, 83 - 3% - 22
41.%+%-%
W 3.1, 3. 1
497183

Sl
7
44, lg’ -3

1 3 1 1
45. 63—- 44—+ 9 - 13



MULTIPLYING FRACTIONS

There is a very simple rule that
we follow in multiplying fractions.
We simply multiply the numerators
of the fractions together to get the
numerator of the product and mul-
tiply the denominators together to
get the denominator of the product.
%X%= ;];- We have
multiplied the two numerators, 1x1
and got 1 as the product and then
multiplied the two denominators,
2 X 2 and got 4asthe new denomina-
tor. Actually, we can take the prob-
lem 2l X -;—and write it as ;‘i;‘
and then it becomes quite obvious

For example,

that our product will become % It

might at first disturb you that when
you multiply two fractions together
the product is smaller than either
fraction, However, if you consider

1
2—0f

see that the resultant should be%

the multiplication as -21—, you will

1
7 of some-

thing and you are taking—;-of that so

In other words, you have

that the resultant will be %

Often after you have multiplied two
fractions together you can reduce the
fraction to its simplest form, For
example:

A

2
3 %

M|)—a

2
3

X
[

X
N

2
6

w';—a
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We can also multiply several frac-
tions together at once. For example,
2,3,5
9% 4%7
tiplication like this:

would be set up for the mul-

2 X3x5
9 x4 x7
5

30 _ 15 _
252 © 126 42

In this example the resultant frac-
tion is reducible: this usually means
that it is possible to reduce some of
the fractions before we perform the
multiplication by what we call divi-
sion or cancellation, before we mul-
tiply. Thus, in the problem,

2
9

X
X4 %7

the first number in the numerator
is 2 which can be divided into the
second number in the denominator
which is 4. This would leave us:

We can also divide the 3 in the
numerator into 9 in the denominator
which leaves us:

1 1
ZxFx5
39’x;£x7

Now when we multiply we have
1X1X5or 5 in the numerator, and
3 X 2 X 7 or 42 in the denominator

and we get our answer 4%directly.

Thus, by cancellation before we mul-
tiply we simplify the problem.
You can perform your multipli-



cation of fractions either way: you
can multiply them out and then can-
cel later or you can do the cancella-
tion first. Usually the best method
is to do the cancellation first be-
cause you will then be multiplying
smaller numbers together andthere
will be less chance of your making
an error,

For practice do the following mul-
tiplication problems. As before, be
sure to do each problem carefully
before checking your answer with
those given in the back of the book
and if you do make a mistake be
sure to find out where your mistake
lies before leavingthe problem.

SELF-TEST QUESTIONS

46, X
1 2
47.7)(3
3 3
48.'4—X§

7
49.8X

DIVIDING FRACTIONS

Division of whole numbers is just
the opposite of multiplication of
whole numbers. For example, if we
are multiplying 3 x 4 we get 12. If
we divide 4 into 12 we get 3. Like-
wise, division of fractions is just
the reverse of multiplication of frac-
tions. In division we have a fraction
for our dividend and a fraction for
our divisor and we are asked what
number or fraction, when multiplied
by the divisor, will give us the prod-
uct that equals the dividend,

yl, . |
If 3 x2—_
-1—+-lmnst uall-
T2 equats
Likewise,

2,1_2 1
g X5=%0T3
theni-* l-mnst equalz—

3 2 3
To divide one fraction into an-
other, all we dois invert thedivisor,
in other words, we turn it upside

down, and then multiply the two
fractions together. Thus, in the
problem,

1.2

6 3

-:25— is the divisor so to perform the

division we invert it and multiply
so that our problem becomes:

l-l- —2—=

6 3

1 3 1

5721
Likewise,
3 . 5 3_6 18
RN =x—== <8
7% becomes7 5 38
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When performing the multiplica-
tion it is usually worthwhile to see
if it is possible to doany cancelling,
This will simplify the problem and
usually you will be working with
smaller numbers so there is less
chance of your making a mistake.
For example, in the problem,

3,9
4 16
9
we invert the 16 and multiply so we
have
3 .16
T 79
We immediately see that the 4 in
the denominator of S-will go into 16

in the numerator of -lgifonr times.
At the same time we see that the 3
in the numerator of the fraction %
will go into the 9 in the denominator
ofl—g three times. Thus, dividing by

4 and 3 we get:

1 4
Ax W _
4 9
1 3
4 1
313

In some problems we will have
more than one division to perform.
In this case you can set the problem
up as one problem by inverting all
the divisors. For example, in the
problem,

3 7 3
T 18T

we have two divisors. The first di-

visor is — which when inverted be-

16
comes —17;1 and the second divisor
which is -:;—becomes%-when it is in~

verted, Thus, if we invert both di-
visors our problem becomes:
3,16 7
8 7 3
Again, we can multiply all the
numbers in the numerator to getthe
numerator product and then multiply
all the numbers in the denominator
to get the denominator product, but
it is easier if we cancel first. No-
tice that in the first fraction, which

is X the 3 in the numerator will

8)
cancel the 3 in the denominator of
, 3 Similarly, the 8

in the denominator of the firstfrac-~
tion will go into the 16 of the nu-
merator of the second fraction twice.
The 7 in the denominator of the sec~
ond fraction will go into the 7 in the
numerator of the third fraction, Thus
when we perform the divisions our
problem becomes:

the last fraction,—-

7
xF=

xqav

=] -'mlu
[}
N

Now you need to get practice di-
viding fractions so do the following
problems carefully and compare
your answers with those at the back
of the book to be sure that you have
the correct answer for each prob-
lem,
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SELF-TEST QUESTIONS

MIXED NUMBERS AND
IMPROPER FRACTIONS

To multiply and divide mixed num-
bers, you should convert the mixed
number to an improper fraction and
then proceed as you do with simple
fractions, For example, inthe prob-
lem,

3 2

lz'x 27

we convert the 1%1:0 fourths; to do
this we multiply 1 X 4 which gives

us 4 plus 3 or the total of-Z—. We con-

vert the 2%’

plying 2 X 7 to get 14 plus 2 equals

to sevenths by multi-

1—76:. Our problem then becomes:

16
.

vl-*-|~1

and rather than perform the indi-
cated multiplications we cancel the

7 in the numerator of %and the 7

in the denominator of -17£ Similarly,
we divide 4 into the denominator of

%and 4 into the numerator in the

fraction L

4" Thus, our problem be-

comes:

X
\1|'5§ »
i

HT&I\I

e
]
FS

We do our division the same way:
we convert both mixed numbers to
improper fractions, For example:

5. .3
2-7-“' 17——
19,10 _
7 7
19 7 .9
7 *i0~ io

Sometimes you will runinto prob=-
lems with both multiplication and
division involving mixed numbers,
To do these problems you convert
the mixed numbers to improper
fractions and then go ahead and
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proceed as you would in a multipli-
cation and division of simple frac-
tions. Remember that to divide you
simply invert the divisor and mul-
tiply. For example: '

If you worked all these preceding
multiplication and division problems
you should have no difficulty doing
the following problems involving
mixed numbers. Be sure to check
your work carefully as you go along
and if you should get the wrong an-
swer be sure to find out where you
made your mistake before leaving
the question,

SELF-TEST QUESTIONS

1 1
66. lz X 25

3
67. 25

72.

74.

6x2£

7
75. 1§+ 63 5

RULES OF ORDER

In some problems you will have
addition, subtraction, multiplication
and division all in the same prob-
lem. In problems of this type you
follow the rules of order that we
established for addition, subtrac-
tion, multiplication and division of
whole numbers. You will remember
that you do any operations enclosed
inside of brackets or parentheses
first. Then going through the prob-
lem, working from the left to the
right, you do the multiplication and
division in the order in which they
occur and then you go back to the
left and work through to the right
doing the addition and subtraction
this time all the way through,

Where there is a multiplication
and division side by side, rather
than perform either operation sepa-
rately, you can set the problem up
S0 you can cancel as you did in
earlier examples and, in this way,
sometimes save yourself some
work,

We are not going to give you any
detailed examples on how to do prob-
lems of this type because you have
done all the operations involved
many times and you should be able
to work out this type of problem.,
However, we have included five
problems at the end of this section
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for you to do. Try working these
problems and then after you have
worked them out check with the an-
swers at the back of the book to see
how you made out, If you have made
any errors be sure to check the
sample solution carefully to be sure
where your error lies,

SELF-TEST QUESTIONS

77.-%'—-&%)(%-%)(%-;%.

78.—%-%—x%+%+%-.61_

79 17+ 13 x 323 54103

o (34) 4-(1-4)3
SUMMARY

We have now gone through all the
rules for operating with fractions
and we can summarize our results
for easy reference as follows:

(1) The product of two or more frac-

@)

(4)

®)

tions is a new fraction whose
numerator is a product of the
numerators of all these frac-
tions, and whose denominator is
the product of the denominators
of all the factors. Any whole
number may be considered as a
fraction with a denominator of 1.
127 means l—i—’]-
The quotient of two fractions is
the product of the dividend times
the divisor inverted (turned up-
side down).

Notice that neither multiplica-
tion nor division of fractions re-
quire the use of a common de-
nominator,

To add fractions, they must be
reduced to equivalent fractions
with a common denominator;
then their sum is the sum of the
numerators divided by the com-
mon denominator,

Similarly, to subtract one frac-
tion from another, we must use
a common denominator and the
difference isthe difference of the
numerators, divided by the com-
mon denominator,

All results should be reduced to
their simplest form by dividing
both nhumerator and denominator
by the largest common divisor.

For instance,
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Decimals

A decimal is simply a fraction
whose denominator is 10 or some
multiple of 10, for example, 100,
1000 etc. For example, the fraction
1% can be written as .6 and .6 is
called a decimal or a decimal frac-
tion. We omit the denominator be-
cause it is understood. The decimal

fraction i%% can be written as .65

and the fraction _G_ﬁ can be written

1000

as ,655

At first you might think decimals
are something new or something dif-
ficult to deal with, but this is not the
case., You deal withdecimals every-
day when you handle money. Youare
acquainted with these coins: a cent,
a nickel, a dime, a quarter dollar,
and a half dollar,

1 1 111
100’ 20° 10" 4 2-—0f a dollar
or —&, 5 1025 .y 0ot
100’ 100* 100’ 100 100
dollar,

It is just second nature to write
these as $.01, $.05, $.10, $.25 and
$.50, That is, $1.25 means one dollar
25
mdol—
lars. On this basis you can easily
add up such amounts as:

and twenty-five cents or 1

$ 3.25
7.12
2.84
6.33

$19.54

Just as we separate the dollars
and cents (the cents are hundreths
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of a dollar), we can separate our
whole numbers and fractions with a
point. This is called a decimal point,
and we can write all our fractions
with denominators of 10, 100, 1000,
etc. as whole numbers by learning
to use this decimal point. Todothis,
we use the first place to the rightof
the point for tenths, the next for hun-
dredths, the third for thousandths
ete.

In this fashion 11% becomes 1.1
1 I%becomes 1.2
1 1%0- becomes 1.01

1 .
and 1m can be written as 1.001

CONVERTING FRACTIONS
TO DECIMALS

With a little practice many frac-
tions can be converted to decimals
simply by inspection, This is true
of fractions whose denominators are
multiples of 10. However, there is
a standard rule that we can follow
for converting other fractions to
decimals so that the procedure be-
comes almost automatic. Letus take
as an example the fraction -;—

To convert ;—into a decimal we
simply divide 8 into 1. We do this
by setting up the problem for divi-
sion and then placinga decimal point
to the right of the 1 and then adding
as many zeros as we may needto the
right of the 1. Now we start by di-
viding 8 into 1 and since it cannot
go, we place a decimal point above



125
8/1.00000
8
20
16
40
40

Fig. 19. Converting 1/8 ta a decimal.

the line immediately above the deci-
mal point to the right of the 1 and
now divide 8 into 10 as shown in
Fig. 19, 8 will go into 10 once so we
place a 1 to the right of the decimal
point and place an 8 beneath the 10.
Subtracting 8 from 10 we get 2, so
we bring down the next 0 and now
divide 8 into 20, It will go twice so
we place the 2 in our answer to the
right of the 1 and multiplying 8 by
2 we get 16 which we place beneath
the 20. Now subtracting 16 from 20
gives us 4 and we bring down the next
0. 8 will go into 40 five times so we
place a 5 to the right of the 2 in our
answer and since 5 times 8 is 40
we place this 40 beneath the other 40
and subtracting,our remainder is 0

so the decimal equivalent of %_is
.125,

To convert %-to a decimal we pro-
ceed in exactly the same manner.
We set down the division as shown
in Fig. 20 and divide 8 into 5 and
get as our answer .625,

625
8/5.000
48
20
16
40
40

Fig. 20, Converting 5/8 to o decimol.

Any fraction can be converted to
a decimal by following this simple
procedure., However, not all frac-
tions will work out to an evenvalue.
Sometimes you will get a number in
the answer or a combination of num-
bers that will repeat indefinitely. In
this case you simply carry out the
division as far as necessary. How
far you will actually have to carry
it out depends upon what accuracy
you want in your answer. If you are
dealing with money, there would not
be much point in carrying the divi-
sion past two decimal places be-
cause the third decimal is less than
a cent and a cent is the smallest
denomination of money we have.

.3333
3/1.00000
2
10

9_
10
2
10
9

1

Fig. 21. Converting 1/3 ta o decimal pro-

duces o repeating 3. Na matter haw for we

carry the division we will always have the
remainder of 1 in this problem.

An example of a common fraction
that cannot be converted to an exact

decimal value is -1— Fig. 21 shows

3
the conversion of ;—to adecimal.We
have shown four decimal places and
you will notice that no matter how
far we carry the division we will
always have a remainder of 1 and
the next figure to the right will al-
ways be a 3. If we wanted to express

the fraction % as a decimal to 3
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«6666
3/2.0000
18
20
18 _
20
18
20
18
2

Fig. 22. Converting 2/3 to a decimal; to
three decimal places, 2/3=.667.

places we would write it as .333

When we try to convert g—to a
decimal we run up against a repeat-
ing 6 as shown in Fig. 22, Hereagain
we have to decide how many figures
we want and then round off our an-
swer, If we wanted to express %as
a decimal to three decimal places
we would write it as .667. Notice
that we changed the digit in the third
decimal place from a 6 toa 7. The
rule for rounding off decimals in
this way is that if the next number
to the right is more than 5 we add
1. If it is less than 5 we leave the
decimal figure as it is, If the next
digit to the right should happen to
be a 5 then we add 1 if it will make
the last number an even number. If
the last digitisalreadyanevennum-
ber we do not add 1. For example,

0625
16/1.0000
96
o
32 _
80
80

Fig. 23. Converting 1/16 to a decimal.

to express thedecimal .7635 to three
decimal places, since the 3isanodd
number, adding 1will make it an even
number so we would round that off
as ,764. On the other hand, to ex-
press the decimal .8665 to three
decimal places, since the third digit
is a 6 which is alreadyan even num-
ber, we simply drop the 5 and write
the decimal as .866

Another example of converting a
fraction to a decimal is shown in
Fig. 23. Here we have converted '1'%
to a decimal. Notice that in the first
division when we trytodivide 16 into
10 it will not go so we place a 0 to
the right of the decimal point. Then
we try to divide 16 into 100 and it
will go 6 times. 6 sixesare 96 which
we subtract from 100 to give us a 4.
Now we bring down another 0 and 16
into 40 goes twice. 2 X 16are 32 and
subtracting we get 8. Bringing down
another 0 we get 80, and 16 goesin-
to 80, 5 times. Thus the decimal

equivalent of i% is ,0625. You will

run into this situation quite fre-
quently in converting small fractions
todecimals, however, do not forget,
if the denominator of the fraction will
not go into 10, we must place a 0 to
the right of the decimal point. If the
denominator of the fraction is so
large it will not go into 100 then you
have to put two zeros to the right of
the decimal point and try to divide
it into a thousand etc.

Now to get practice converting
fractions to decimals, convert the
following fractions to decimals. If
a fraction does not convert evenly
to a decimal, round your answer off
correctly to four decimal places.
You will find the answers in the back
of the book so you can check your
results,
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SELF-TEST QUESTIONS

81.
7
82. 8
1
83. 6

5
84, T

13
16

ADDITION AND
SUBTRACTION OF DECIMALS

The operations of addition and
subtraction of numbers involving
decimals are precisely the same as
those involving whole numbers, In
setting up the problems, thedecimal
points must be all placed in a verti-
cal line and the decimal point in the
sum or difference will be in that
same line. Here are several ex-
amples:

85.

ADD 123.45
23.41
1745.00
1.12

.03

1893.01

985.00
27.43
957.57

From
Subtract

For practice, try the following:

(1) ADD 2543,67
100.24

78.29

2.27

.09

768.08
129.29

(2) From
Subtract

Answers: (1) 2724.56 (2) 638.79.
MULTIPLYING DECIMALS

Multiplication of decimal numbers
is exactly the same as multiplica-
tion of whole numbers except that
we need a rule for determining the
position of the decimal point in the
product. The rule is that we count
the number of decimal places in
each factor. Then, starting at the
right of the product we count off the
same number of decimal places to
the left as the sum of the number of
places in the two factors. For ex-
ample, in the multiplication

232.7 x 4.89

there is one decimal place in the
number 232.7 and two decimal places
in the number 4.89 and therefore in
our answer we will count off three
decimal places to the left starting
at the right of the product. The mul-
tiplication is shown in Fig. 24 and
notice that we have a total of 3deci-
mal places in our answer.

232.7
4.89
20943
18616
9308
1137.903

Fig. 24. There are three decimal places in
the factors and therefore there must be three
places in the product.

We follow this rule for placing the
decimal point at all times even if it
means adding several zeros in our
answer, For example, if we find the
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product of
L1273 x ,0032

we will get as our product 40736 as
shown in Fig.25. However,thereare
four decimal places in the number
.1273 and four decimal places inthe
number .0032. Therefore, there must
be eight decimal places in our an-
swer, Starting at the right of the
product and counting to the left, we
find that there are only five digits in
our answer and therefore we must
add three zeros to the left of the 4
before placing the decimal point so
that our answer becomes .00040736.

1273 4 decimal places
.0032 4 decimal places
2546 8 decimal places

3819

40736 5 digits

.00040736 8 decimal places

Fig. 25. We must add three zeros to get the
required eight decimal places.

DIVIDING DECIMALS

It is no more difficult to divide
numbers involving decimals than it
is to divide whole numbers, if we re-
member a few simple facts. You will
remember that a division problem is
really a fraction., In other words,
1000 + 18 can be written as 1—(1)%
You will also remember that in a
fraction you can multiply the nu-
merator and the denominator by the
same number without changing the
value of the fraction,

In division involving decimals, if
the divisor has a decimal in it we
get rid of the decimal by movingthe
decimal point to the right. If we

move the decimal point one place
to the right. This is the equivalent
of multiplying the divisor by 10 so
we must multiply the dividend by 10
also. We do this by movingthe deci-
mal point one place tothe right also,
For example, in the problem 42,97 +
4.8, we can get rid of the decimalin
the divisor by moving it one place to
the right and at the saine time moving
the decimal point in the dividend one
place to the right so that our prob-
lem then becomes 429,7 + 48,

Sometimes in order to move the
decimal point to the right in the
dividend we have to add a 0,For ex-
ample, in the problem 634 + 82,7,
to get rid of the decimal point inthe
divisor we move the decimal point
one place to the right andthe divisor
becomes 827, We must move the
decimal point one place to the right
in the dividend also and todothiswe
add a 0 so that the dividend becomes
6340,

When performing a division in-
volving decimals we must keeptrack
of the decimal point, This is done by
placing the decimal point inthe quo-
tient immediately above the decimal
point inthe dividend. For example, in
the problem 207.09 + 3.9, the first
thing we dois move the decimal point
one place to the right toget rid of the
decimal in the divisor.Thenwe pro-
ceed with the divisor as follows:

53.1
39/2070.9
195

120

117
39
39

Notice that the decimal point in the
quotient is placed immediately above
the decimal point in the dividend and
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the first two digits in the quotient
were obtained before we used the
decimal in the quotient. This means
that the 5 and the 3 to the left of the
decimal point and the 1 which was
obtained using the .9 from the divi-
dend obtained from the right of the
decimal point.

Now to get practice adding, mul-
tiplying, dividing and subtracting
with decimals do the following prob-
lems. Be sure thatyoudo your arith-
metic carefully and watch the deci-
mal point to be sure you have it in
the right place. Check youranswers
with the answers given in the back
of the hook.

SELF-TEST QUESTIONS

86. Add 1.34
26.2

8.41

91.74

87. Add 8.33 + 92,1 + 1741 + 6,3

88. Subtract 91.31

-80.94
Subtract 137.42 - 43.8

89.

90.
91

92.
93.
94,
95.

137.6 x 4.88
43 x .0061
108.33 + 2.3
45.227 + 049
.01887 + ,051
.00173 x 21

MULTIPLYING AND
DIVIDING BY TEN

One of the greatest advantages of
the decimal system is that multipli-
cation or division by 10,100, or 1000,
or any power of ten can be accom-
plished by simply moving the deci-
mal point as many places to the right
(in multiplication) or left (in divi-

sion) as there are zeros in the par-
ticular power of ten. Thus, to mul-
tiply a number like 2.35 by 1000, all
we have to do is move the decimal
point three places to the right, filling
in the vacant spaces with zeros to get
2350,

Similarly, to divide by any power
of ten requires only that we move the
point to the left. Thus, 3500 + 1000
=3.5.

You will remember that the basic
electric units - ampere, volt, farad,
cycle, henry, watt, etc, -- are some-
times too large for convenient
handling in electronics., In other
cases they are much too small. So
a set of five prefixes for measure-
ment are used to remedy these situ-
ations. These are:

Units
M MEGA 1,000,000
k KILO 1000
m MILLI .001
~ MICRO .000,001
p PICO .000,000,000,001

Pico =uu or micro-micro.

These units help us by making it
possible to express electrical terms
in more convenient figures. For ex-
ample, a radio station in the stand-
ard broadcast band might operate on
a frequency of 1,470,000 cycles. By
moving the decimal point three
places to the left, we can convert this
frequency in cycles toa frequencyin
kilocycles. The frequency in kilo-
cycles would be 1,470 kilocycles, If
we wanted to go a step further, we
could move the decimal point six
places to the left instead of 3 places
and convert from cycles to mega-
cycles. In this case the frequency
would be 1.470 megacycles. Since a
kilocycle equals a thousand cycles
and a megacycle equals a million
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cycles it follows that a megacycle
equals athousand kilocycles. There-
fore, we can convert from kilocycles
to megacycles by movingthe decimal
point three places to the left. The
terms milli, microand picoareused
to express values smaller than one.
Thus, to change a current of 1 amp
to milliamps, we would move the
decimal point three places to the
right so that 1amp=1000 milliamps.
If we had a current .047 amperes,
we would convert this to milli-
amperes by movingthe decimal point
three places to the rightandthe cur-
rent would then be 47 milliamperes.
If the current was .000047 amperes,
we could convert this to milliam-
peres again by moving the decimal
point three places to the right and
the current would be .047 milliam-
peres. If instead of converting to
milliamperes we converted to
micro-amperes, we would move the
decimal point six places tothe right,
in which case the current would be
47 micro-amperes. To convert from
units such as farads to picofarads,
we move the decimal point twelve
places to the right. This term has
recently come into use and previ-
ously was referred to as micro-
micro. You will probably see both
terms used; you should remember
that they mean the same thing. To
summarize, to convert from a unit
to a larger value we move the deci-
mal place to the left. To convert
from units to kilo you move three
places to the leftand toconvert from
units to megaunits move it six places
to the left, To convertfrom kilo units
to mega units move it three places
to the left. It follows that if you are
given a value in megohms and you
want to convert to ohms, you would
move the decimal point six placesto
the right and if you were given the
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Fig. 26. Electricol unit conversion toble.

value in kilohms and you wanted to
converttoohms, you would move the
decimal point three places to the
right. Thus, in a resistor that had a
value of 4.7 megohms, to convert
to ohms, you move the decimal
point six places to the right and get
4,700,000 ohms. If you had a resist-
ance of 4700 ohms and wanted to con-
vert this to kilohms, youwould move
the decimal point three places tothe
left and get 4.7K (kilohms).

A chart which shows which way to
move the decimal point and how far
to move it to convert if from one unit
to another is shown in Fig,. 26, After
you have used the chart a few times
it will become second nature and you
will find it comparatively easy to
convert from one unit to another.

Remember that when youmove the
decimal point and there are spaces
not filled by numbers, they must be
filled by zeros. Now to get practice
converting from one unit to another
do the following problems:

. 2.3 kilohms to ohms

. 437,000 ohms to kilohms

. .023 megohms to ochms

1.5 amperes to milliamperes

. 13,000 microamperes toamperes
. 3 kilovolts to microvolts
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1.28 megacycles tokilocycles
4,000 cycles to megacycles

1690 kilocycles tomegacycles

. 3000 microamperes to amperes

Answers

2,300 ohms

437 kilohms
23,000 ohms

d. 1500 ma

e. .013 amperes

f. 3,000,000,000 uv
g. 1280 ke

. .004 mc

. 1.69 mc

. .003 amps

a.
b,
c.

e e

PERCENTAGE

It is very expensive to make any
electronic part to an exact value.
Fortunately, considerable tolerance
is permissible in most electronic
circuits so that the components used
in it do not have to be made to an
exact value, Parts usually have a
certain tolerance and this tolerance
is expressed as a percentage of the
rated or required value.

Percentage is a fractional part
expressed in hundredths. In other
<55 2% 1s 5 and 10%

We normally use the symbol

words, 1% is

is 10
100°
% to stand for the word percent. Thus
5 percent is written 5%. This means
5
m.

If we say that a resistor hasatol-
erance of 10%, what we mean is that
its actual measured resistance will
be within 10% of the value it is sup-
posed to be. In other words, if a re-
sistor is supposed to be a 1,000 ohm
resistor and it has a tolerance of

10%, 10% of 1000 is

%% 1000 = 100 ohms

This means that the resistor is with-
in 100 ohms of 1000 ohms. The re~
sistor might have a value as low as
900 ohms or as high as 1100 ohms.
In other words, the resistance of the
resistor will fall somewhere be-
tween 900 ohms and 1100 ohms - it
is rare that the value would fall on
the exact value of 1000 ohms,

Most resistors used in communi-
cations and electronics equipment
have tolerances of 5% or 10%. If you
want to find an exact range of re-
sistance that a resistor might have,
you find how much it might vary
from its value by determining the
percentage variation from its rated
value, If the resistor is a 5% resis~
tor multiply the value of the resistor
by 5 over 100 to get the amount it
could vary from its rated value and
if it is a 10% resistor, multiply the
value by 10 over 100, For example,
a 470 ohm 5% resistor may have a
tolerance of 1(5)—0x 470 = 23.5 ohms.
This means its value will lie some-
where between 470 - 23.5 ohms and
470 + 23.5 ohms,

The same value resistor that has
a 10% tolerance could vary by as
much as

10
100 X 470 =47 ohms

Therefore, it might havea value any-
where between 470 - 47 and 470 +47
ohms.

In accurate measuringequipment,
resistors having a tolerance of 1% or
1
2
If you want tofind how mucha 1% re-

of 1 & are frequently encountered.
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sistor canvary from its rated value,
you multiply 1 over 100 times the
value of the resistor, If you want to
find how much a one half percent

resistor varies, then multiply%over

100 times its rated value or 2%0

times its rated value to find how
much the one half percent resistor
could vary. Then to get the limits of
the resistor, you subtract the vari-
ation to find how low the resistance
can actually be and then you add the
variation to find out how high the
resistance can actually be.

Sometimes you know the value by
which a part varies from its rated
value and you want to find whatper-
centage this is of the rated value.
To find the percent that one nhumber
is to the second number, divide the
first number by the second and mul-
tiply the quotient by 100, In other
words, if you had a 600 ohm resis-
tor and found that it actually meas-
ured 650 ohms and you wanted to find
what percentage the resistor was of
its rated value you would subtract
600 from 650, In other words, the
resistor was 50 ohms over its rated
value, To convert this topercentage
you set the problem up as

20 8.33%

E'O x 100 =

Since percentage is a fraction of
100 we can easily convert percentage
to its decimal number. For example,

40% means 100

To divide 40 by 100 we move the
decimal point two places to the left.

40
Thus 40% = 100 - -40
_ 12 _
Similarly, 12% = 100 = .12
6
6% = 00 = .06

You will find it useful to be able
to find the given percent of a num-
ber. For example, what number is
40% of 3507 To find this number we
convert 40% to a decimal and then
multiply 350 by the decimal,

40

40% of 350 = 350 x {00 =

350 x ,40 =140

To get practice doing percent
problems you should do the following
ten problems. If youfind that youare
unable to do one particular type, be
sure to refer to the model solution
in the back of the bookto see how the
problem is worked and then go back
and work the other problems of the
same type. Percentage is useful not
only in electronics, butin many other
activities of every day life.

SELF-TEST QUESTIONS

96. What percent of 105 is 35?

97. What percent of 40 is 8?

98, What is 15% of 60?

99. What is 36% of 42867
100. A 680 ohm resistance hasa tol-
erance of 10%. What is the low-
est value the resistance may
have and still be in tolerance?
A 2200 ohm, 5% resistor meas-
ures 2300 ohms, Isthis resist-
ance (a) above, (b) below, (c)
within its rated tolerance?
A 4.7K-ohm, 10% resistor
measures 5200 ohms. Is this
resistance (a) above, (b) below,
(c) within its rated tolerance?

101.

102.

103, If 71— of the voltage applied to a

circuit is dropped across a
certain resistor, what percent-
a