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FOREWORD

It is suggested that this programmed text be used as an aid in the
study of reactor technology. It is not the intent of the author and editor
that the text be considered a finished product. While field testing of
both the subject matter and continuity of thought has been limited, the
need for study material in programmed form was a basic consideration in
the decision to publish the text. Revisions may be made at any time to
correct errors, to expand the subject matter coverage, or to update the
reactor technology. If the text is used with these reservations, and in
conjunction with other study helps, it can be the basis for very rewarding

individual study on the part of the student.
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REACTOR OFPERATOR STUDY HANDBOOK
(Programmed Instruction Version)

VOLUME I - ELEMENTARY MATHEMATICS

As a part of the Reactor Operator Training Program of Operations
Division, Oak Ridge Naticnal Laboratory, five areas of instruction have

been programmed for individual study. They are:

Volume I - Elementary Mathematics Review
Volume IT - Radiation Safety and Control
Volume IIT -~ Reactor Physics

Volume IV  ~ Heat Theory and Fluid Flow
Volume V - Instrumentation and Controls

These programmed studies are a part of a course in reactor operation
that includes classwork, lectures, and on-the-job training. At the end
of the course, the operator trainee is tested for competence in all areas
of reactor operations before being certified to operate a particular
reactor.

It is suggested that the programs be studied in the sequence given
above; however, sequential dependence has been minimized so that they may
be studied either individually or as an integrated group.

The author and editor would like to especially acknowledge the
patience and assistance of the members of the Operations Division clerical
staff who worked on this repori; namely, Gladys Carpenter, Linda Comstock,

Milinda Compton, Joanne Nelson, and Barbara Burns.



INSTRUCTIONS

The material contained in this manual has been prepared using a tech-
nique called '"programmed instruction'. This technique of instruction

consists of:

1. Presenting ideas or information in small, easily digestible
steps called "frames"'.

2, Allowing you to set your own pace.

3. Encouraging response in an active way so that you have a
stronger impression of the idea presented.

4, Letting you know immediately if your answer is right, thus
reinforcing your impression.

5. Presenting many clues at first to help you arrive at the
correct answer. (As you progress, the number of clues is

reduced.)

A few sample frames are found on the next page. These will be used
to illustrate the proper use of 'programmed instruction'. Most frames
will require you ﬁo respond by filling in a blank, or blanks, to complete
a sentence. Other frames will give you a choice of several responses. A
few frames are for informational purposes only and require no response.
The correct response tc a given frame is always found on the right side
of the page adjacent to the following frame. When reading a frame, a
sheet {or strip) of paper should be used to cover the area below the
dotted line which follows the frame. After completely reading a frame,
you should write your response on.a piece of paper. Next, move the paper
down the page until you reach the next dotted line or turn the page.

This will uncover the next frame and the correct response for the frame
you have just completed. Compare your response with the correct response.
If they dc not match, read that frame again before moving on to the next

one; do not proceed until you understand the information in the frame you

are reading. If the responses do match, proceed to the frame you have

just uncovered,
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At the end of each section, there are self-test questions for review.
If you miss one of the self-test questions, repeat the pertinent frames.
it is not enough to respond correctly as you proceed through the material;
you must remember correctly at the end of the program and even later. You

should attempt to complete each section once you have started,
SAMPLE FRAMES
i. Programmed instruction is a method of presenting

information in short paragraphs called "frames".

These usually contain only one or two

concepts for the student to grasp.

ii. By requiring you to think of the appropriate response frames

and to write that on a piece of paper,

you take an active part in the program, and thereby

reinforce your learning.

iii. This method of instruction, called response

, allows you to proceed with the

material at a rate which you determine for yourself.

iv. Programmed instruction provides the appropriate programmed

instruction
response immediately and thus should reinforce

the student's .

learning



VOLUME I. ELEMENTARY MATHEMATICS

Introduction

This program has been developed to allow reactor operator trainees
to refresh their knowledge of the basic principles and concepts of mathe-
matics. It is the aim of the program to discuss basic principles and then
offer enough drill to give the operator some proficiency in the use of the

principles.

SECTION I-1

FRACTIONS

1,1. Common Fractions

1. A fraction is a part of any number, quantity, or object.
The digit 2 is a fraction of the digit 8. A bottle of
soda is a fraction of a carton or case of soda. A

quart of liquid is a fraction of a gallen of liquid.

- e mmm e e em mw e e

2. In arithmetic, the use of a fraction is also a means
of indicating that one number is to be divided by
another.
1 Numerator
- Division Sign
3 Denominator
The fraction, one-third, can also be written 1/3 and
1 + 3. 1In the latter case, the 1 is called the dividend;

and the 3 is called the divisor.

- e m mm e ew e e e

3, The upper number of a fraction such as %—is called

the : the lower number is called .



If the fraction is written 2 + 5, the first number is
called the ;3 the second number is called

the .

In most of our work, fractions will be written in the

form 3/4, where the upper numeral is called the

A fundamental rule for fractions is that when both
the numerator and the denominator of a fraction are
multiplied or divided by the same number, the value

of the fraction is not changed. Thus,

2 x 16 _ 32 16 : 8
2

x 64 128 64 + 8

16/64, 32/128, and 2/8 are equivalent.

To show that 5/8 and 15/24 are equivalent, either:

Multiply both 5 and 8 by 3 ~-

3 x5 _ 13
3 x 8 24
oY
Divide both 15 and 24 by 3 --
15 +3 _ 5

numerator,
denominator

dividend,
divisor

numerator,



10.

11.

1z,

Show that the following are equivalent fractions:

3 21 15 5 64 16
B and 355 51 and 75 ggﬂand 5

Whole numbers such as 3, 4, 14, and 72 may be
written as fractions., When written as fractions,
the denominator is always 1 (one). Thus, when a
number such as 72 is written 72/1, we mean that 72
is divided by 1l; and the answer is 72, The numbers

7, 64, 9, written as fractiomns would be ,

. .

In order to add or subtract fractions, the denomi-

nators must be the same.

To add fractions which have the same denominator,
add the numerators and place the sum over the

denominator that is common to all of the fractions.

- e am e e mm am  we e

In order to add fractions with different dencminators,

such as 1/4 + 1/3 + 5/8, you must find a common
denominator into which each of the denominators can

be divided evenly.

3 x 7

5 % 7

15 + 3
21 + 3
64 + 4
36 4
7. 64,
kG
11

]
uro
[N IV I
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o
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13.

14.

15.

16.

17.

In the above case, 24 is the smallest number that

can

numerator and denominator of each, 1/4 + 1/3 + 5/8,

be used as a common denominator. Multiply both

by a number which will make the denominator 24,

For

For

For

The
5/8

Add
The

the fraction 1/4, the number is 6. So,

X X

oo
1
I
l

the fraction 1/3, the number is .

the fraction 5/8, the number is 3, giving:

problem can now be changed from 1/4 + 1/3 +
= 7 3 to 6/24 + 8/24 + 15/24 =

1/6 + 3/8 + 5/12 .

smallest number into which 6, 8, and 12 can

be divided evenly is usually determined by

inspection, If this cannot be done, you can

always use the product of the denominators. In

this case, inspection should show that

is the smallest common denominator.

Now

the problem may be written 4/24 + 9/24 +

10/24 = .

24



18.

19.

20.

21,

I1f, in the above problem, the common denominator 23
72 was picked, the answer would have been 24
12/72 + 27/72 + 30/72 = 69/72, This fraction

could then have been simplified by dividing

both numerator and denominator by 3 to give the

answer in its simplest form,

A fraction may be simplified as long as both
numerator and denominator can be divided by

the same number as:

~iin
[e] foxt
it
NN
W
wico
b
(W31 Roel
o
~ o~

Add: 1/4 + 1/3 +1/6 .
This answer can be simplified to .
Add: 1/8 + 3/5 + 3/20 =

This answer (can, cannot) be simplified.
’ P

1

To subtract fractions, make sure that the denomi- 9/12,

3/4,
35/40,
as indicated. For example, subtract 1/4 from 5/12. can

nators are the same and then subtract the numerators

Write as:

5/12 - 1/4 = 7 .

Rewrite with the common denominator 12:

5/12 - 3/12 = 2/12

which, when simplified, is 4 .




22,

23,

24,

25.

26,

Subtract as follows:

7/8 - 1/4 =
21/40 - 3/8 =
5/16 - 1/5 = .

To multiply a fraction by a whole number,
multiply the numerator by the whole number and

place the product over the old denominator. Thus,

5 x 3/8 = 15/8
3 x 3/16 = 9/16

To multiply a fraction by a fraction, the product
of the numerators is the new numerator; the product

of the denominators is the new denominator.

1/6 x 5/8 = 5/48
3/4 x 1/8 x 6/2 = 18/64 .

Often in writing problems, the word "of" is used,
as: 1/4 of 16. The word "of" in this sense means

to multiply 1/4 by 16.

1/8 x 1/2
1/3 of 1/2
1/2 of 6/2

il

or .

1/6

5/8,
6/40 or 3/20,
9/80



~J

Multiply: 1/16 ,

i/6 ,
6/4 or 3/2 .
5x 3/8 x 1/2 =
2/3 » 8/3 x 3 =
This can be simplified to __
7/8 x 3/5 x 5/6 =
This can be simplified to
To divide a fraction by another fraction, invert 15/16,
the divisor and multiply it times the dividend izjz’
s
(the other fraction). Thus, if you have the problem 105/240,
3/8 + 1/2, the divisor is 1/2. Rewrite the problem 7/16
as 3/8 x 2/1 and perform the indicated multiplica-
tion. The answer is 6/8 or
Now try: 3/4

25/4 = 5/16

rewrite as:

25/4 x = 20

and:

rewrite as:



30.

31.

32.

33.

34.

Perform the following divisions: 16/5,
16/5

3/8 + 1/6 = .

7/16 + 3/8 = .
12/5 + 6/15 = .
In all cases where the numerator of a fraction 18/8 or 9/4,
is larger than the denominator, the denominator iég/gg 23/28’
may be divided into the numerator to produce a
mixed number (a whole number and a fraction).
For example, the fraction 27/4 may be written as a
mixed number by dividing 27 by 4. The answer is the
whole number 6, and there is a remainder 3 which is
placed over the divisor to make the fraction 3/4.
The answer, then, is 6 3/4.
Rewrite as mixed numbers:
18/8 = ; 7/6 = ;3 180/30 = .
Also, when a number in a problem is given as a mixed 2 1/4;
oumber, such as 2 5/16, it can be changed to fraction é 1/6;

form by multiplying the whole number by the denomi-
nator and adding the numerator to this product.

Thus, 2 5/16 may be changed to a fraction by:

16 x 2 = 32 ; 32 + 5 = 37

37/16 is the fraction.



35.

36.

37.

38.

Change the following mixed numbers to fractions:

35/8 =
71/3 =
22/7 = .
Often the simplification of fractions, as mentioned 20/8
o
earlier, may be carried a bit further. Since we can ig;?

divide both the numerator and denominator of a
fraction by the same number without changing its
value, we can do the same with two fractions that

are being multiplied or divided.

. e e e o em

For example: With the problem 2/3 x 15/16, divide
the numerator of the first by 2 and the denominator

of the second by 2 to give

wita =
%
o 55

Then, divide the denominator of the first and the

numerator of the second by 3 to give

e
aJSiU

Multiply as usual to give 5/8.

The act of doing both the division by 2 and the
division by 3 is called "cancellation" or "dividing
out"., It is a process used to simplify problems .
before they reach the final multiplication or
division step.

ws



39.

40,

41.

42.

10

Now, take the problem 3/8 * 14/16. Write the problem

with the divisor inverted:
3/8 x 16/14 .

Now "cancel" an 8
b

2
%
1% °

X

o)W

Before you multiply, note that the 2 can be cancelled
into the 14 to give 3/1 x 1/7., Now multiply to give
the answer, 3/7.

A note of warning--cancellation may be used only in

problems that involve multiplied fractions.

Reduce the following to simpler terms by cancellation:

6/15 x 5/6 = x =
3/8 + 15/16 = x -
4/7 x 3/8 + 9/16 = x y -

Put your work in the frame below. Compare your

answers with the solutions in Frame 43,
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(continued)
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Do the following examples:

43
bb.



b4,

45.

(continued)
n. 2% X L% =
1.1
0. 35 YT
1. 3 _
L T
2 1 1
3tats
- T
8 6 4
2.1
. 36
| 1
———-X—_-
4 3
oL 4+ 3k
s —£L-7f1 =
b+ —
3
1 of 8
4
t. i =
LE of 3
1 8 3
..._..+.—-—-. —
L 3Tt T
. 3 ——
= 10
1 2 3 1
, 6'3573*%3
° 7 1 1
7763
Answers to Frame 44 are:
a. 9/35 i. 36
b. 1/4 i. 9
c. 1/9 k. 4/3 or 1 1/3
d. 3/10 1. 32/7 or 4 4/7
e. 9/2 or 4 1/2 m. 5/4 or 1 1/4
£. 7/96 n. 35/8 or 4 3/8
g. 25/54 o. 14
h. 1/6

12

6

34/5 or 6 4/5
48

5/4 or 1 1/4

4/9

28

11/5 or 2 1/5
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1.2,
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Practice Problems:

a. The following amounts of grain are poured together:
1/2 bu wheat, 3/4 bu oats, and 1 5/8 bu of rice.

There will be bushels of combined grains.

b. A fuel element has the following dimensions:
length of lower end piece —— 6 7/8 in.
length of fuel region —— 16 3/4 in.
length of upper end piece -~ 4 3/16 in,

What is the total length of the element?

c. If three 3 5/8-in.-long p-tube rabbits and
two 1 7/8-in.~long p-tube rabbits are placed
end to end, the overall length of the rabbits
will be .

d, A man wishes to run water to an outlet in a
field which is 230 1/2 ft from an available water
line., If the water pipe comes in 20 1/4 ft
lengths, he will need to buy full lengths

and a short piece of pipe ___ long.

Decimal Fractions

47.

The word fraction means a part of a whole., So, a
fraction that actually is less than a whole is a
proper fraction, One~fourth of a pie is a proper
fraction.

2 7/8

27 13/16 in.

14 5/8 in.
11,
7 3/4 ft



48,

49,

50.

51.

52.

Ui
A
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While the number 15/2 may be written in a fraction
forw, it is not a real fracticn because its numerator
is larger than its denominator. It is actually a
whole number and a fracticn. Thus, it is called an
improper fraction.

Decimal fractions are proper fractions that are
written in a special way. The word "decimal' means
related to 10, and a decimal fraction is always

read as if it bas a denominatcr that is some multiple

of 10.

Thus, the fractions 1/10, 2/100, 3/1000, 4/10,000
would be written 0.1, 0.02, 0.003, and 0.0004
because we are actually dividing 1 by 10 and 2 by
100, ete. More of the principles of division will

be discussed later.

The proper fractions 2/10, 25/100, and 46/1000

would be written 0.2, 0.25, and

The pericd is called the decimal point, and the
numbers are placed a certain number of digits to

rhe right cf the decimal point.

Given the decimal fraction 0.025, the zero is

gaid to be in the tenths place, the 2 is in the
bundredths place, and the 5 is in the thousandths
place. This fraction is read 25 thousandths because

thousandths is the last decimal place given.

0.046



54,

55.

56.

57.
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In the following fractions, give the decimal place

for each digit number:

0.37; the 3 is in the place
and the 7 is in the place.

0.005; the 5 is in the place.

The fractions 0.78, 0.01, 0.235, and 0.6 would be

read:

0.78 would be s
0.01 would be
0.235 would be
0.6 would be .

As the decimal places to the right of the decimal
point increase, the fourth place (0.0004) would be
4 ten thousandths and 0.00235 would be read 235
hundred thousandths.

You will note that zeros between the decimal point
and the number serve to determine the size of the
number;VOQO5 shows that the number is 5 hundredths
and not 5 tenths or 5 thousandths. However, a
zero after the number does not change its value;
0.050 could be read 50 thousandths, but 50/1000
can be simplified to 5/100; so the zero after the

number has no significance.

- e wm me A e e e e

tenths,
hundredths,
thousandths

78 hundredths,

1 hundredth,

235 thousandths,
6 tenths
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58. The decimal fractions 0,32, 0.00045, and 0.0023

would be read:

0.32 would be

0.00045 would be

0.0023 would be

- e e e = e o e

59. While the fraction 0.135 is commonly read 135
thousandths, for brevity and convenience it is
also read "point one three five'". By this

method, 0.023 would be read point

"

"four point one eight",

; and a number such as 4.18 would be read

60. For practice, write the following numbers as they

would be read by this method:

0.01 = ;
0.5 = s
2.10 = 3
23.45 = R
0.0608 = ;
3.125 = .

61l. Using the same fractions, write them using the

hundreds, thousands system:

0.01 s
0.5
2.10
23.45
0.0608
3.125 .

i

i

tens,

32 hundredths,

45 hundred
thousandths,

23 ten thousandths

zero-two-three

point zero one;
point five;
two point one zero;
twenty-three point
four five;
point zero six
zero eight;
three point one
two five.
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Decimal fractions may be added or subtracted as one hundredth;

. . , . 5 tenths;

if they were whole numbers with only one provi 2 and 10 hundredths;
sion; the decimal points must be aligned correctly. 23 and 45 hundredths;

608 ten thousandths;
3 and 125 thousandths

For example, you wish to add 2,54 + 75.3 + 121.67 +
14. Place the numbers as for nmormal addition,

but with the decimal points in a vertical line:

2.54
75.3
121.67

14,

Since it has already been determined that a zero to

the right of the decimal point does not change the

number, we could also write the problem

2.54
75.30
121.67
14,00

This form is preferred by many people because it is

easier to keep the numbers in each column straight,

Now, add the numbers in each column and place the
decimal point in the answer in the same vertical

line. The answer is .

— am em e e = n e ame

Add the following: 213.51

4,15+ 67.3 + 2.639 + 0.5 = .
173.1 + 17,31 + 1.731 + 0.1731 = .
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When subtracting decimals, it is necessary to 74,589,
. 314]
keep decimal points aligned as when adding. For 192.3141
example, if you subiract 14.3 from 146,73, write
146,73
_14.30
Subtract, as with whole numbers, to give the
answer .
It is suggested that, as in the illustration above, 132.43
you use zeros to make the same number of digits to
the right of the decimal point in all cases. This
form is especially advantageous if you are subtracting,
for example, a number with 3 digits to the right from
a number with only one or two digits to the right.
In the problem, 146.1 - 27.462, it is usually less
confusing to write
146.100
and subtract as usual to give the answer .
Practice the following problems: 118.638
65.321 - 17.4 = , 3

il

561.2 - 540,67 H
0.275 - 0.05 = .

3]
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71.

72.

73.
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Now, let us turn to the multiplication of decimal
numbers. If you can multiply 25/100 times 6 and
simplify it to tenths, you have 15/10. As a mixed

number, it is read 1 5/10,

o mm e e mm s ww e

Since 5/10, written as a decimal, is 0.5, we could

write 1 5/10 as 1.5.

If we had written the original 25/100 as 0.25, we
could have written the problem 0.25 x 6., Multiplying

as if both numbers were whole numbers,

0.25
x 6

1.50 ,

Since there are 2 decimal places in the problem,
there must be the same number of places in the
answer, giving 1.50., Since 0.50 can be read as
either 50 hundredths or 5 tenths, the zero may be

ignored and the answer is 1.5 as before.

)

The rule for multiplying decimals is:

To multiply a decimal by any number, multiply
as with whole numbers. Count the places to

the right of the decimal in both the multiplier
and the multiplicand, and place that many
places to the right of the decimal point in

the product.,

47.921;
20.53;
0.225.
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75.

76.

77.
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In the problem 0.31 x 5.3,

0.31 multiplicand
5. multiplier

9
155

1.643 product

w

There are three places to the right of the decimal;

two in 0.31 and one in 5.3. So, the answer is 1.643.

The answer in the above frame may be read either

one and 643 thousandths or __ point o
Practice solving the following problems: one,
six four
18.5 x 4 = ;
3.9 x 2.4 = ;
0.56 x 0.74 = 3
0.0069 x 10,000 =
7.49 x 10 = :
0.021 x 1000 = H
13.2 x 0.006 = .
Let us begin our division of fractions by restating 74,03
a rule that was stated regarding common fractions. 8.2i24'
This rule is: When both dividend and divisor 65; ’
(numerator and denominator) are multiplied by the ;i;g;

same number, the answer is not changed. 0.0792.

— o e e e e e e e

three
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Thus 1/5 could become 2/10, which could be

2 4
25 x 4
would be 8/100 and could be written .

written as the decimal fraction 0.2; andy

The changing of a common fraction to a fraction
with a denominator which is a multiple of 10 is
not necessary in this procedure, as will be shown
in the following frames. We repeated the rule for
multiplying dividend and divisor by the same

number for another reason.

This rule allows us to multiply a dividend and
divisor by a multiple of 10 so that the divisor
is a whole number, and the placing of the decimal
point is simplified.

Take the problem 16.42 + 4,1: 16.42 » 10 = 164.2.
The divisor, 4.1, x 10 = 41.0 (a whole number)
A

41 164.2
164

After the new decimal point is placed in the
dividend (164.2), the decimal point in the quotient
(quotient is the correct name for the angwer in a
division problem) is in line with it.

With the problem 135.4 + 0.46, we would multiply
both by (10, 100, 1000) in order to make the

a whole number. Now the problem

is to divide 13540 by 46,

.08
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We might simplify this in the following manner: 100,

Indicate the division as in the original-- divisor

46.) 135;ﬁ9a

N

Move the decimal point in both the dividend and
divisor enough places to the right to make the

divisor a whole number.

- e mm e wm e mm o e

The problem is now

46. Y 13540.

The decimal point in the quotient will be in line

with the decimal point in the (divisor, dividend).

Thus, in dividing 6.48 by 0.4, we multiply both dividend
6.48 and 0.4 by 10 and do the division.

16.2
0.8 T B
2 4
24
8
8
The quotient is .
To check that 16.2 is correct, multiply 16.2 X 16.2

0.4, and the product should be 6.48. It (is, is not)

correct.
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Again, in order to divide decimals, multiply
both dividend and divisor by a number which will
make the divisor (the number you are dividing

by) a whole number.

If you are dividing 63.8 by 4.75, the number

is the divider.

The first step, then, is to multiply the divisor,
4,75, by , which will make it

Then multiply the dividend, 63.8, by 100; and it

becomes

Now divide as usual:

13.4
475 ) 6380.
475
1630
1425
2050
1900
150

The answer, 13.4, is called the .

Now try 175.6 divided by 0.032. Place the numbers

in the right form for division.

is

100,
475

6380

quotient
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In the above problem, the quotient will be

Work the following problems:

a. 167,25 + 0.5 =
b. 23.4 + 1.4 =
c. 78.3 % 90.67 =
d. 24.64 + 0,48 =

Now check your answers. To do this, multiply th

e

divisor by the quotient. Thus using the problems

in Frame 94:

a. 0.5 x 334.5

il

o
X
=
o
<
I}

Note that answers b, ¢, and d do not check exact
You will remember that in the original problem t
was a remainder in each of these cases. When

solving actual problems, the number of digits to

the right of the decimal point is usually left t

ly.

here

(¢]

the discretion of the person solving the problem.

For example, if you are buying fencing for a yard, you

will probably not measure a length or width any
precisely than tenths of a foot or one digit to
right of the decimal point. In such a case, it
practical to measure to the hundredths place or

digits to the right of the decimal point.

more
the
is not

two

32. Y 175600.

5487.5

a. 334.5;

b. 16.7;

c. 0.863 or
0.864;

d. 51.3.

a. 167.25;

b, 1.4, 23.38;

0.863, 78.25
or 0,864,
78.343

.48 x 51.3 =
24.624.



25

98. At the beginning of this section, we noted that
it was relatively easy to change a fraction whose
denominator was a multiple of 10, as 35/100, to a
decimal fraction. Now let us change any fraction

to a decimal.

99, Proper fractions may be changed to decimal fractions

by dividing the numerator by the denominator.

e e e e e e e e

100. You can change the fraction 5/8 to a decimal
fraction by dividing the numerator, the number

, by the denominator, the number .

- o e e e o e e

101. In effect, you are making the denominator unity

(equal to one) as:

— e e e e e e e e

102. To shorten the process, divide as below, and you

find that 5/8 is the decimal fraction 0.625:

0.625
89y 5.0
48
20
16
40
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In the same way, show that 3/4 is 0.75 and that

1/32 is

Change the following fractions to decimal numbers:

To change a mixed number to a decimal number, write

the whole number as it is.

7/8 =
14/32
64/12
164/8

i

part to a decimal and add to the whole number.

For example, to change 12 3/4 to a decimal, change

3/4 to 0.75 and add to 12 as:

12.00
.75
12.75

Change the following mixed numbers to decimals:

a.
b.

Cc.

23 1/8
14 2/3
123 14

il

/16 = .

Then change the fraction

0.03125

a. 0.875;
b. 0.4375;
c. 5.33;
d. 20.5,
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The method for changing decimal fractions to

common fractions is quite simple. Just place

all numbers to the right of the decimal point

over the number 10, 100, 1000, etc., in whose

place the last digit is found. For example,

0.235 can be read 235 thousandths. So, write

the fraction 235/1000 and simplify by cancella-
tion to 13/40.

— o e e A e e e

Write the following decimal fractions as the

smallest common fractions possible:

a.
b.

Ce

0.75 = H

0.125

=

0.0625 =

Practice exercises:

18.5 x 4 =
3.9 x 2,4 =
0.56 x 0.74 =
0.021 x 0.204
0.601 x 0.003
0.236 x 12.13
7.43 x 0,132
126 x 0.0064
1200 x 0.003
65.1 x 1.4 =

i

]

It

il

I

[}

k. 534.79 % 100 =
1. 534,79 x 100 =
m. 534.79 + 1000 =
n. 642 + 2.4 =

o. 58.6 ¢+ 2,93 =
p. 0.46 % 20 =

q. 6.88 + 320 =

r. 688 & 3.20 =

s. 12 + 0.03 =

t. 0.03 + 12 =

P T

a, 23,125;

b. 14.667 or
14,675

¢, 123,875,

a. 3/4;

b. 1/8;

c. 1/16.
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111. Answers to the above practice exercises:
a. 74 k. 5.3479
b. 9.36 1. 53,479
c. 0.4144 m. 0.53479
d. 0.004284 n. 267.5
e. 0.001803 o. 20
£f. 2.86268 p. 0.023
g. 0.98076 q. 0.0215
h. 0.8064 r. 215
i. 3.6 s. 400
j. 91.14 t. 0.0025
112, Practical problems:
a. 1I1f one gallon of water weighs 8.25 pounds,
16,000 gallons will weigh pounds.
b. If the primary water flow at the HFIR is
16,000 gpm, how many pounds of water move
through the reactor per hour? per second?
1.3. Percentage
11%. Percentage is another method used to express a

fraction. In this method, the fraction is always
expressed as a fraction whose denominator is 100,

as a certain number of parts of 100,

132,000;
7,920,000
2,200



114.

115,

11e.

117.

118.

29

For example, the fraction 1/4 may also be written
as 0.25 or 25/100. Instead of reading this
fraction as 25 hundredths, we use the word percent
and read it 25 percent. Thé symbol for percent

is %; the above number could be written 25%.

Eight percent means 8 parts of 100. It can thus
be written as either 8%, as a common fraction

8/100, or as a decimal fraction 0.08.

If a tank holds 100 gallons of water and you put
only 20 gallons of water im it, you are using
only 20 parts out of 100 parts of its total
capacity. This is 20/100 or 20 ____of the
tank's capacity.

Since percent means parts of one hundred, it is percent
easy to change a percent to a decimal fraction;

just divide the percent by 100. Usually, this is

done by moving the decimal point two digits to

the left.

- - o vem a w wm = e

Thus 63%, which is really 63 parts of 100, can
be written 63/100. Divide 63 by 100, and you have
0.63. You have moved the decimal point from 63.%

to 0.63, which is digits to the '
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119. Change the following percents to decimal fractions: two,
left
a, 2% e. 3.4%
b. 25% £f. 365%
179% g. 0.46%
38.5%

120. 1In order to work problems involving percents, it a. 0.02
is advisable to change the percents to decimal 2' g'gg
fractions and then do the arithmetic according d. 0.385
to the rules for fractions. ?: 3:224

————————— g. 0.0046

121. 1In decimal fraction form, percents can be added,
subtracted, multiplied, and divided according to
the rules for decimals.

122, You will recall that when decimals are added or
subtracted, the decimal points must be correctly
aligned. Thus, to add 14.7%, 64%, 5%, and 1.4%,
change each percent to a .

123, Now as decimals, you can align them as: decimal

0.147
0.64
0.05
0.014
0.851

The sum of these is 0,851 and can be written as a

percent -—- -— by moving the decimal

point back two places to the right.
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may be added or subtracted 85.1%

without changing them to decimals. However,

to avoid confusion, it is often advisable to

change them to decimals.

Multiplication and
merely a matter of

decimals and doing

Practice exercises:

You will recall that in the language of mathe-

matics, "of' means

practice exercises above, 2/3 of 967 was

2/3 x 0.96, to give

Practice problems:

division of percents is
changing the percents to

the necessary arithmetic.

5 % 40% =
2 x 15%
10% + 18.5% + 30% =
14% - 6% =
172 x 3 =

1/2 of 967%
2/3 of 96%
51% = 3 =

i

it

O VAV UU

to multiply. Thus, in the

.

the answer 0.64 or 64%.

o'ge O oL ol

a. Here in Tennessee, we pay a 37 sales tax.,

On a $10 purchase, the sales tax is 3% of

810, which we calculate by multiplying

0.03 x 10. to get $__ tax.

200%
30%
58.5%
8%
51%
48%
64%
17%
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Three percent of $10 is $0.30 dollars. In
terms of money, we write the above answer
$0.30, but we read it 30 cents. This amount,
as a percent, is __of 81 and only

7% of $100.

If you get a 6% discount when buying a
refrigerator that normally sells for $450,
you actually pay $ _ less than the normal

price.

You are asked to make 100 gallons of 5% caustic
solution. Five percent of 100 gallons is
N gallons, so this is the amount of

caustic that you will need.

One hundred gallous of solution minus 5 gal
of caustic leaves gal of water. So,
you put 95 gzl c¢f warer in the mix tank, add
the 5 gal of caustic, mix thoroughly, and you
have the 100 gal of 57 solution.

If the No. 3 primary coclant pump handles 35%
of the 16,000 gpm coolant flow, it pumps

gal per min,

What percent of the 16,000 gpm coolant flow
is handled by the No. 2 pump if it pumps
5,280 gpm?

0.30

30%,

95

5,600



33

h. If you put 38 gal of water in a tank and add 33%
2 gal of concentrated nitric acid, you have

40 gal of a % nitric acid solution.
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SECTION I-2

ANALYSIS OF PROBLEMS

Numbers with Dimensions

1,

Let us begin our analysis of problems with a discus-
sion of the dimensions that are most often a part of
the problem. Numbers that have dimensions are called
dimensional numbers and are the results of a measure-

ment.

The numbers 25 miles, 5 gallons, and 15 seconds

represent measures and are called

numbers.

The number 10 ft represents a measure of something
that is 10 ft long; and the dimension, feet, is a

very important part of the total number, 10 £ft.

There are two systems of measurement that are in
common use today. The traditional British system is
the one most familiar to people in the United States,
Some of the most used dimensions are found in the

following table.

dimensional
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Table 2.1. British Units of Measure

Length Volume
12 in. = 1 ft 2 pints = 1 quar
3 ft = 1 yd 4 quarts = 1 gall
36 in. = 1 yd
5280 ft = 1 mi Cubic Measure
1728 in,? = 1 f£t3
Weight 27 ft3 = 1 yd?
16 oz =1 1b
2000 1b =1 ton Time

60 sec = 1 min

24 hrs = 1 day

— e e e e ae v e e

6. The other system, the metric system, is in common use
in most non-English-speaking countries of the world.
It is also preferred by most scientists. The
following table gives a few of the most often used

units.

Table 2.2. Metric Units of Measure

t

on

Prefix Meaning Length Mass

Volume

mega 1,000,000 x

kilo 1,000 x kilometer (km) kilogram (kg) kiloliter (kl)
1 X meter {(m) gram (g) liter (1)

centi 0.01 x centimeter (cm)

milli 0.001 x millimeter {(mm) milligram (mg) milliliter (ml)

micro 0.000001 x micron (u)* microgram (ug)

hThe symbol u is the Greek letter Mu.
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Since most of our work will be with the British

system, we will concentrate on its use.

In adding and subtracting dimensioned numbers, the
dimensions must be the same. Thus:
60 mi ~ 5 mi =

1/2 hr + 3/8 hr =

0.63 gal + 0.025 gal =

When multiplying or dividing dimensioned numbers

by nondimensioned numbers, the answer retains the

dimensions. Thus:
36 ft + 2 = ft
24 hrs + 3 = hrs
5><5gal=—* gal
6 *x 50 lbs = 1bs

However, when multiplying and dividing numbers,
both of which have dimensions, care must be exercised

to imsure that the answer has the proper dimensions.

For example, when finding the area of a plot of
ground 20 ft wide by 60 ft long, we multiply

20 x 60 to get the number 1200 and also multiply
ft x ft to get square feet (ft?)., The answer is

1200 ft?; and we read the answer 1200 square feet.

55 mi,
7/8 hr,

0.655 gal

18,

25,
300
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If we wanted the volume of a box 3 ft wide by 10 ft
long by 2 ft deep, we would multiply:

A number is squared when it is multiplied by

itself. Thus:

e e e e am e e

2

A number multiplied by itself twice, that is, mi“ or square
3 x 3 x 3, is said to be cubed. Thus: miles
3 x 3 x 3 =33 or 27
4 x 4 x & = 43 or 64
2 ft x 3 ft x &4 fr = 24
If the numbers multiplied have dimensions which are ft3 or cubic
feet

not the same, the dimensions are still multiplied.
For example, the work performed when a 400~-1b weight
is lifted 2 £t = 800 ft 1lb. This is read 800 foot
pounds. The foot pound is a unit that represents

work, a measure of the work done.
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16. Solve the following problems:

a. 5 ft x 6 ft x 20 ft =
b. 20 1b x 60 ft =

c. 3 in. x 5 din. =
d. 20 kw x 10 hrs =

17. When dividing one dimensioned number by another of a. 600 ft3
the same dimension, the answer is a nondimensioned :' igognfg 1b
numbetr because the dimensions cancel in the same way d. 200 kwh

that numbers are cancelled:

or

24 fr? _ 2k x ft x fk
3 ft 3 tt

= 8 ft.

18. Solve the following problems:

a, 16 1b + 32 1b =

b. 80 ft + 2 ft =

¢, 1000 gal + 20 gal =
d. 240 hours * 8 hours =
e. 500 fe3 = 10 ft =

£, 200 ft? : 8 ft =

g. 900 Megawatt days : 30 days =
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When dividing a dimensioned number by a number
having another dimension, the answer's dimension

is the numerator's dimension divided by the denomi-
nator's dimension. Thus, 510 miles 30 gallons

of gasoline would be

510 mi

*36-EEI = 17 mi/gal .

This is read "17 miles per gallon'.

Work the following problems:

700 tons : 20 days =

b, 630 miles + 15 hours =

¢c. 8 hours x 3 dollars/hr =

d. 24 payments at 50 dollars/payment =

These problems often involve converting from one
size unit to another, such as feet to yards or
minutes to hours. To change 3000 gallons per
minute (gpm or gal/min) to gph, multiply 3000 gpm x
60 min/hr. The minute dimension cancels, leaving

gph. The answer is .

Tennessee Ernie Ford shovels 16 tons of coal in an
8~hour day. How many tons does he shovel (a) in an
hour? (b) in a minute?

a, 16 T # 8 hr =

b. 16 T/8 hr #+ 60 min/hr -- for clarity, write:

2 2

156 T b _ 1T
# bk * 60 min 480 min
1 60

a.
b.

d.

1/2 or 0.5
40

50

30

50 ft2

25 ft

30 Mw

35 tons/day
42 mi/hr
824

$1200

180,000 gph
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23, How meny pounds per minute is 1/30 ton/min? a. 2 T/hr
b. 1/30 T/min

2000 1b 1 tdnm
t¢n 30 min

24, When working such problems, make sure that your 66.7 1lb/min

work produces the desired dimensions for the answer.

25. If a pump will pump 100 gal of water per minute, how
many hours will if take to empty an 18,000-gal tank?
Qur problem is twofold. First, how many minutes of
water do we have at 100 gpm; then, how many hours of
water in the tank? So, divide 18,000 gal by 100 gpm.

Write it:

18,000 gal : 290 8al

min

and multiply as:
180

180,000 gaf 1 min  _ .
T l¢0 gﬁl = 180 min .

Now, change 180 min tc hours.

180 min *+ 60 min/hr is written:

el
180 min x —2L. = 3 pours

6¢ min
1
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In the above problem, if in the latter part we had,

without thinking, multiplied 180 min by 60 min/hr,

the answer would have been much larger than we should

have expected (10,800); and the dimensions would have

been ;r . There are no such dimensions, sc it is
obvious that we should not have , but
should have 180 min by 60 min/hr.

—_ e e e e em e e

A man uses 15 gallons of gas in driving 270 miles in
six hours. How many gph does he use? Arrange the

dimensions so that the answer is gph. Write

Eé% s o ; the miles will cancel and give
mi ———— hr
the answer gph.

A man's wages are $2.50 per hour. Assuming that he
works 248 eight-hour days per year, his yearly

income (before taxes) is R

P . T T )

A 60-watt lamp is left on when a family leaves the
house for a week of vacation. When the family
returns, 7 days and 2 hours later, they turn the
light off. The watt hours of electricity used

were

Since 1000 watts = 1 kilowatt, the lamp burned

kwh of electricity.

- e mae em e e e e e

At $0.02/kwh, the lamp used cents

worth of electricity.

multiplied,

divided

15 gal

X

270 mi

270 mi

2.5

$4,960

10,200

10.2

6 hr
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Ratio and Proportion

32,

33.

34.

35.

36.

37.

The term ratio means that two numbers are related,
as in a fraction. For example, the numbers 1 and 2
can be related as the fractions 1/2 and 2/1. The

first is read 1 is to 2 and the second is 2 is to 1.

The above ratios can also be written 1:2 and 2:1,

but the common fraction is the form most often used.

Whatever the manner of writing a ratio, its arith-

metic value is always the same,

Since ratios may be written as fractions, the rule
that both terms of a fraction may be multiplied or
divided by the same number without affecting its

value is true also for ratics.

Thug, in the above illustration, the ratio 16/64

may be simplified by dividing both numerator and

denominator by 16. The new ratio is .

20.4

16/64
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Simplify the following ratios:

a. 16 to 4 =
13 to 39 =
c. 7/56 =
49/56 =
e. 21:36 = .

When a man drives 512 miles and uses 32 gallons of
gas, the ratio of miles traveled to gallons of gas
used is 512:32. Normally, we simplify this ratio

to .

A proportion is a method of expressing equality

between two ratios. This equality is usually

written =" as in 16/32 = 1/2; but it may be
written as a double colon, "::". The above pro-
portion is then written 16:32 :: 1:2 and is read

"16 is to 32 as 1 is to 2".

In the form 16:32 :: 1:2, the numbers at each end,
16 and 2, are called "extremes'" of the proportion.
The numbers on each side of the colon are called

the "means'" of the proportion, presumably because

they are in the middle.

1/4

a.
b.
c.
d.
e.

16

4 to 1
1l to 3
1/8
7/8
7:12

mi/gal
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Write, in the following blank spaces, the propor-

tions below as they should be read:

a. 2/9 = 16/72 5
b. 10:50 :: 2:10 :
c., 6:30 :: 7:35 3

d. 3/8 = 24/64 .

When writing proportions involving dimensions, it is a.
customary to use the same dimension on the same side b
of the equality sign. Thus, ‘
c.

10 £t 4 din,
= d.

30 £t 12 din.

Write the following proportions as two fractions

separated by an = (equal) sign.

a., 1 ft is to 10 ft as 6 mi is to 60 mi.
b. 5 gpm is to 30 gpm as 300 gal/hr is to 1800 gal/hr.
c. 20 Mw is to 100 Mw as 1 is to 5.

When two numbers are separated by an equal sign, a.
as: b.
22 = 2 x 11
3/4 =0.75 , c.

we use the word "equation'" to represent the

arithmetic form.

2 is to 9 as
16 is to 72;
10 is to 50

as 2 is to 10;
6 is to 30 as
7 is to 35;

3 is to 8 as
24 is to 64.

1 ft = 6 mi
10 ft 60 mi

2 gpm _

30 gpm

300 gal/hr
1800 gal/hr
20 Mw _ 1

100 Mw 5
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It is easy to see that a proportion written as
16/48 = 4/12 is an . It is not
quite so obvious that the form 16:48 :: 4:12 also

represents an equality.

Proportions written in equation form often are
used as methods for solving problems where three
of the values are known and you need to know the

other value,

You will recall that the numerators and denomina-
tors of fractions can be multiplied by or divided by
the same number without changing their value. We

used this method to simplify fractions.

There is a similar rule for equations. You can
multiply both sides of an equation or divide both
sides of an equation by the same number without
destroying the equality.

ar et waa e am e e am e

When the fractions are in an equation, as in a
proportion, we use this method to simplify the
equation. That is, we "clear" the equation of

fractions.

L S

equation
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Let us take the proportion

3/16 = 15/80 .

A common denominator for these two fractions would

be 80. Multiply the numerators by 80 as:

80 x 3 _ 80 x 15 |
16 80 ’

cancel common terms to give the equation the form:

Clear the following equations of fractions:

a. 3/8 = 12/32;
b. 3+ 5/8 = 116/32;
c. 2+ 3/7 =N/14 .

Note that the simplification process involves two
steps. First, find the common denominator; second,
multiply both sides, cancel, and combine terms.
Take the above equation 3/8 = 12/32. The common

denominator is 32.

3 x4 =1 x 12

29 x 4
17 x 2

1j

1 x 116
1 xN
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This can be shortened by a process called "cross~
multiplication", which is another term for what we

have been doing.

When the proportion is written as a fraction, such
as 3/12 = 9/36, you cross-multiply. You multiply
the numerator on one side by the denominator on the

opposite side of the equal sign. Thus:

3 x 36 =9 x 12 .

- e e s e e e e

At times, as in the above example, this can be

shortened by doing only one cross-multiplication.

3/12 = 9/36

Cross multiply the 36 and 3 to give

3 x3 _9
12 1°
Now cancel the 12 into 36 to give
3 x3=9,

Now a problem: 3 is to 12 as what number is to 727
Write the problem in fraction form and write the
letter N (for the number) where the number you are
looking for should be. As: 3/12 = N/72. Now cross
multiply the 3 and 72 to get the fraction

3 x 72
12 7

on one side and on the other side of the equal
sign.

- e e e e e =
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The number you are looking for is found by doing N
the arithmetic indicated by the 3—%13 . The

number, then, is o

In solving problems by the ratio and proportion 18

method, it is first necessary to recognize that a
proportion exists and, second, whether the propor-
tion is direct or inverse.

A proportion is direct when two quantities are so
related that an increase (or decrease) in one causes

a corresponding increase (or decrease) in the other.

"The taller the object, the longer the shadow'" can
be stated thus: The length of the shadow is
directly proportional to the height of the object.

Written as a proportion, it would be

shadow length 1 _ height 1
shadow length 2 height 2

For example, if a 6~ft man has a shadow 12 ft long,

his 4~ft son will have a shadow ft long.

If it rains at a constant rate of 0.5 in. per hour, 8
in 5 hours a rain gauge will show that the total

rainfall has been in.
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If a pump is rated at 300 gpm, in 24 hours it will
pump gallons of liquid.

The above problems are examples of situations where
the relationship between the'quantities is a

proportion.

- am e e a e me e

An inverse proportion is one in which as one quantity
increases, the other quantity shows a corresponding

decrease.

In a situation such that as speed increases, the time
to go a certain distance decreases, the proportion

is .

If a 100~-gpm pump fills a 1,000-gal tank in 10 min,
a 250-gpm pump will £ill the same tank in T min. The

form used in the inverse proportion is:

Pump 1 _ Time 2
Pump 2 Time 1

am e e e e em e e e

Using this form on the above problem, we have:

100 gpm _ _ T3
250 gpm 18 -min °

Solving for T,, then, the second pump will f£ill the

tank in min.

2.5

432,000

direct

inverse
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If one tractor plows 10 acres in 8 hrs, 5 of the
same size tractors can plow the same area in

hrs.

An army camp has provisions for 240 men for 28 days.
If only 112 men are sent to the camp, the provisions

should last days.

A restaurant can feed 120 people in 30 minutes and

can feed 452 pecple in 2 hours. The above relation-

ship:

a. Is an inverse proportion
b. Is a direct proportion

¢. Is not a proportion

Circle the letter indicating the correct answer.

Tn order for the ratio of pecple-fed-to-time to be
a proportion, either the number fed in 30 min should
be changed to people, or the number fed

in 2 hrs should be changed to people.

Graphs

74,

Graphs are diagrams in which two or more related
bits of information are presented so that the
relationship between the two kinds of information
may be more easily understood and trends more
readily diagnosed.

1.6 hrs

60

113,
480
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For example, let us say you wish to show the relation-
ship between the temperature of the air and the time
of day. On some scaled paper, draw two lines perpen-

dicular to each other as shown in Fig. 2.1 below.

- Y S AU

¢
S

76.

77.

Fig. 2.1. Lines for Rectangular Coordinates

Using the above form for your diagram, mark horizontal
lines to represent temperatures from the coolest that

you expect to have (at the bottom) to the hottest that
you expect (at the top). In the summer the night tem~
perature would seldom go below 50°F or the day tempera-
ture above 110°F, so mark the lowest line‘50°F and the

highest 110°F.

Below the bottom horizontal line, mark the vertical
lines to represent each hour beginning at the left with
midnight; and mark the 24th line to the right midnight

again. Your diagram should resemble Fig. 2.2 below.
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110+
100+
90+
80
704
60T
L Tl S S S e e e o S B A S Wi o o
2 3 4 5 6 7 8 9101112 1 3 4 5 6 7 8 91011 12
Midnight Noon Midnight
Hours of the Day
Fig. 2.2. Rectangular Coordinates for a Temperature vs Time Plot
78, Let us assume that you have already taken temperature
readings for 24 hours and they are as follows:
Midnight 70° 8:00 73° 4:00 89°
1:00 69° 9:00 76° 5:00 89°
2:00 68° 10:00 80° 6:00 87°
3:00 65° 11:00 82° 7:00 84°
4:00 61° 12:00-N 83° 8:00 80°
5:00 62° 1:00 85° 9:00 75°
6:00 64° 2:00 87° 10:00 74°
7:00 69° 3:00 88° 11:00 73°
Midnight 72°
79. The numbers given (such as 1:00 and 69°) are called

coordinates.

line on the

line on the

The number 1:00 represents a vertical
chart and 69° represents a horizontal

chart.

Where these two lines cross is

a point on the diagram.
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1104
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Temp.
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82.

83.

604
50—t
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Each point on the diagram represents the intersec—

tion of two .

Make a point on your diagram for each of the two coordinates

given, time and temperature. Connect

the points with a smoothly curved line because the
temperature does not change sharply at a point (this

is called a line graph).

[ I

1

| ]
T T T
1 2 3 4 5 6 7 8 9101112 1 2 3
Midnight Noon Midnight

| | ! | l !
[ !

———+
8 910 11 12

&~
%]
(=2
~t1——

Hours of the Day

Fig. 2.3. A Graph of Temperature vs Time

—-_— e me e e e e e =

Now we can call the finished diagram a graph because coordinates

it depicts how two kinds of information are related.

As in our graph above, the most common graph has two
scales. One type of information is plotted on a
vertical scale, and the related information is on a

horizontal scale.
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84. A similar graph is shown below:

] 1] S Ll
20 - by
18 - - B EREas
RIS S |
16 4l |
- 5o -
14 - H
SEEAE N I
, 12 o =
Accidents T uapRERE BN A A e ma
per 10 - Bt e et ! T
100,000 g - Egaaast . : RS AER SRS P
» bt L |
Population {Eesa) gRcessy: a
4 A A HHT e T
‘J b4 [EBS JJH",H#,:L ,,,,,, p— [ & 1 1
2 4 e e
is= : o s
: 1 ‘ ; :
(@) wn (@] 1) (@] wny (]
o oA ~ o~ ™ ™ ~3
3N N (&) () (o)) (@) N
~ — | i 1 —~

Calendar Years

Fig. 2.4. Automobile Accidents per 100,000 Population

85. Points on the graph which relate information on the
vertical gcale to that on the horizontal scale have

values called coordinates.

86. The preceding graph was plotted by making a dot in
the appropriate place for each year's number of
accidents per 100,000 population. Each dot or point
would represent two values or numbers called

. The dots or were

then connected by lines to produce the graph.
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The coordinates for the year 1920 would be the number
of accidents per 100,000 population and the year 1920.
There were about 13 accidents per 100,000 pcpulation
in 1920, so a point is placed on the graph on the line

for 1920 and opposite the number .

Information is obtained from.a graph by picking one
coordinate and reading the information from the

scale for the other coordinate.

For example, which year had the highest accident
record? From the graph, the greatest number of
accidents on record was 20 per 100,000 population,
The number 20 and the year 1929 are the coordinates
for this highest point. Thus, the year that recorded

the highest accident record was the year .

Find the following information:

a, The number of accidents per 100,000 population

in the year 1935,

b. The yvear in which there were almost six accidents

per 100,000 population.
c. Between which years was the increase the greatest?

d. Between which years was the decrease the greatest?

Other types of graphs which are used to display
certain types of information are bar graphs, as
illustrated below, and circle graphs, as illustrated

in Fig. 2.6.

coordinates,

points

13

1929

a. 15

b, 1913

¢. 1916 and
1917

d. 1931 and

1932
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20,000

15,000

10,000

5,000

92. 1If, in the above graph, we could have information for
the years 1940 to 1945 added to this graph, we might
expect that (more, fewer) cases would be examined by

the medical advisory service.

93. 1In the years from 1936 to 1938, the increase in the more
number of cases examined was from about 7,000 to

about -—an increase of about percent.,

94. Then in the years from 1938 to 1940, the increase in 10,000,
the number of cases examined was from about 10,000 43
to almost . This was an increase of

percent.
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The increase in the number of cases examined between 23,000,
1939 and 1940 was almost as great as the total number 100

of cases examined in the year ;

Figure 2.6 is a circle or pie graph. 1935

Genera Labor
Overheaf 66 2/3%

Material
16 2/3%

The circle graph above is good for display purposes
but cannot be used for predicting trends.

A type of graph which is always helpful is similar
to the line graph but is usually a presentation of
quantities that change together according to a

formula or an equation, as in Fig. 2.7.

B T T
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Fig. 2.7. Relations between Distance Walked and Time

99. 1In Fig. 2.7., the graph represents the equation:

distance walked = miles per hour x hours walked.

100. This graph is called a "linear" or straight-line
graph because a given change in time produces a
corresponding chaunge in miles. We might say that

the distance traveled in miles is directly propor-

tional to the walked.
101. Since the line does not change direction, we can time or

. . . hours
say that the man is walking with a constant speed.

We can check that the rate is constant by noting
that he is 12 miles from the start in 2 hours; and

in 5 hours, he is miles from the start.
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102. If the line on the above graph should reach the 30
top of the graph in 4 hours, we would say that the
line has a steeper slope. This steeper slope is

produced by a (higher, lower)’speed.

103. Using the graph below, answer the following higher

questions:

?

L

Absorption cross section o, (barns)
I

g
_8

| | | 1 l -
0 0.08 0.24 0.40 o

Neutron energy

Fig. 2.8. An Absorption Cross Section Peak

104. a. This {(is, is not) a linear graph.
b. The absorption cross section for 0.24 ev neutrons

is

c. A 9, of 6,000 barns occurs for neutrons of two

energies. These energies are ev and ev,
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a. 1is not
b. 2,700 barns
c. 0.14,

0.20

06 I I | |

11 HR
0.5 ’A

o
>

4,:2,”0"

]
\ AN |
ol ‘*k\i\ |

TS

XENON POISONING
o
w
|

“"\
l l l "'\T\..._ ]

10 20 30 40 50
TIME AFTER SHUT-DOWN, HR

Fig. 2.9. Rate of !35xe Buildup after Shutdown

Answer the following questions about the graph in

Fig. 2.9.

a. This graph (is not, is) a linear graph.

b. If the flux (¢) is 1014’ the xenon poisoning
3 hours after shutdown is

c. If the flux (¢) is 2 x 10!*, in 3 hours after

shutdown the poisoning is .
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106. There is another type of graph with which we should a. 1is not
become familiar. At first glance, this graph, E. 8.;9

Fig. 2.10, looks like the others we have studied.
However, on this graph, note that both the vertical
and horizontal scales increase by decades (factors

or multiples of 10) rather than by even units.

10,000 ————y—-

TOORN TOTONS TSNS DU WO MO O
1072 10711 10 100 1000 10° 10° 10°
Energy {ev)

Fig. 2.10. Absorption Cross Section versus Neutron Energy

107. This type graph is most often used when the spread
of information is too great to be placed on a
graph with linear lines.
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Answer the following questions about the graph in

Fig. 2.10:

a. As energy increases from 1073 ev to 10° ev
the absorption cross section (increases,
decreases).

b. One of these particles with an energy of 10 ev
has a O, of about _ barns.

c. A l-ev particle has a much (better, poorer)
chance of being absorbed than a 100-ev particle.

d. The absorption cross section decreases as the
energy increases. Is this relationship linear?
(Yes, No)

e. Is it linear between 1073 ev and 10 ev?

f. Why did you answer e as you did?

Answer to f: a. decreases
b. 50

If it were linear, a change from 1073 ev to c. better

1072 ev (ratio of 1/10) and a change from d. no

1l ev to 10 ev (ratio of 1/10) would give e. no

corresponding changes in ¢_. They do not.
Between 1073 ev and 1072 e%, oa changes
from 4,000 to 1,000 (ratio of 4/1); from
1 ev to 10 ev, g changes from 100 to 40
(ratio of 2.5/1)2 Actually, the curve
follows the form:
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Our discussion thus far has been concerned with
positive numbers. However, there are many situa-
tions which can best be analyzed by considering
negative numbers, We tentatively define negative
numbers as those which represent measures of

quantities oppesite in direction to positive

Temperatures below zerc are called

If we define west as a positive direction,
would be considered a negative direction.

- wm o am e Gm e e e

When using signed numbers in arithmetic, there are
a number of special rules to be remembered. The
first rule is that if a number is unsigned, it is

understoed to be positive.

2.4, Signed Numbers
109.

numbers.
110,

temperatures.
111.
112.
113.

When adding numbers of like sign, add the numbers
as usual and give the answer the common sign. When
adding numbers of unlike sign, combine all positive
and negative quantities, subtract the smaller from
the larger, and give the result the sign of the

larger,

negative

east
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For example:

I

Add: 5+ 3 + 16 24
Add: 16 - 4+7+1-8-3 =27

as below:

Add: 16 + 7 + 1 = 24
Add: -4 -8 -3 = -15

m mat ot e e e mm e e

Add the following:

a. 3+8-6=

b, -4 -7-9+ 3=

c. 3+ 19+ 4~ 45 =

d. A man walks 5 blocks east, then turns and
walks 8 blocks west. How far is he from where

he started?

To subtract signed numbers, change the sign of the
number to be subtracted and add according to the

rules for addition of signed numbers. TFor example:
Subtract 20 from 32; change 20 to -20 and add 32 -20.

The answer is 12.

Subtract the following:

a. +47 b. +54 c., =26 d. -80
+19 -12 -27 ~50

e. -5 minus -8 =

f. ~20 minus +14 =

g. -9 minus -16 =
from 65°F to -6°F is °F.

+9,

+9

5

-17

-19

-3 blocks
or 3

blocks west
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When multiplying signed numbers, the preduct is
positive if the signs are alike; the product is

negative if the signs are unlike. As:

-8 x ~4
8 x 4

i’

32 -8 x 4
32 8 % =4

#

-32
-32

#
il

Multiply:

~-43 times +60

25 times -6 =
-14 times =5 =

The temperature change from -5°C to 20°C is
degrees., Three times as much change would raise

the temperature from ~15°C to °C.

The mechanics of dividing signed numbers is no
different from ordinary arithmetic division.
However, the sign of the quotient is positive if
the divisor and dividend signs are alike and
negative if the divisor and dividend signs are

unlike.

Divide:

-16 ¢+ -2 =
-4 & =16 =
-32.4 + 9 =

— - o am aw v e e e

a. 28
b. 66
c. 1
d. =30
e, 3
£, -34
g. 7
h. 71
-2580,
-150,
70

25,

60
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Often it is advisable to do a number of arithmetic
manipulations in the same problem, as: 4 + 5 x 8 -
4 x 6 + 12. The accepted rule is to do the mul-
tiplication and division first and then the addition
and subtraction. This would give an answer of

4+ 40 - 2 = .

However, one who does not know the rule might do the
addition and subtraction first to give a quite

different answer, as:

In order to insure that the arithmetic is done in
the intended order, parentheses are often used to
enclose those items that need to be grouped together,

such as:

2x (6+3) x(8-6) % (15~-06) =

Work the following:

(3+8) x (53 -11) + 22
3+ (8 x 5) -~ (11 + 22)
(16 + 4) - (16 - 20) _

I

8,

1/4 or 0.25,
-3.6

=12

42

b
42.5,
12
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SECTION I-3

ALGEBRA REVIEW

Algebraic Expressions

1.

4,

Algebraic expressions are those in which a letter

or other symbol is used to represent a number.

- e e e A v mm ae

The symbol A, for area, could be used in algebraic

expressions, such as A = nr2

or A = length x width.
In each of these expressions, the symbols are used

in place of ,» which will vary as

measurements vary.

— wm = wms wm m— wn we e

When symbols such as letters of the slphabet are

used to represent numbers, the multiplication symbol

"x'" can be confusing. So, when two symbols such as

1 1 "__i1i

multiplication can be shown as: a x b; a » b; (a) (b);

or ab. Usually the form is ab.

- e v o e wm mm

When two symbols in an algebraic expression are
placed together, such as BC or WT, it is assumed

that one is to be , by the other.

The symbols for addition, subtraction, and division

remain unchanged because they cause no conflict.

a" and "b" or "x" and "y" are to be multiplied, the

numbers

multiplied
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a + b means b is a.

a - b means b is a.

a ¥ b means a is multiplied by b. Write other

forms which indicate a is multiplied by b:

a .
T means a is b.

Let us use, for example, the letter '"B" to represent
one bushel of apples. We do not write 1B because B

is only one. However, 5 bushels of apples is 5 times
one bushel and is usually written 5B with the number

(called the "coefficient" of the letter) always first.

When adding or subtracting, we can add or subtract

only symbols which are alike. Thus:

2a + 3a = 5a, but

2 a + 3 cannot be added; it
can cnly be indicated as shown.

added to;
subtracted from;
ab, a * b, (a)(b);
divided by

358
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Thus:

L]

2a + 4a ~ 5 6a - 5
and

3x + 2y - 5x%

it

2y - 2% ,

Notice that in the second problem we placed the
number that had the plus sign first and the number
with the minus sign next. This is customary but

not necessary; it could have been written:

You can add 6 ft and 12 ft to get 18 ft, but you
cannot add 3 ft and 16 min.; you can only indicate

the addition as +

- ot e mn e o o= wm e

Addition and subtraction:

3a + 2b .+ 5b -~ 2a = H
X+ 3y - 4x -y = ;
4y + 35 + 128 + 6 = .

When two lettexs with coefficients are multiplied,
asg 2a x 5a, the ceoefficients and letters are
multiplied separately and then are placed in the

correct form. Thus:

and

3 ft,
16 min.

a + 7b;

2y - 3x or
-3x + 2y;

10r + 15s .
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Even when the letters are different, the procedure
is the same. If you multiply 6y x 3z, 6 x 3 = 18,

and y X z is yz. The answer then is

Multiply the following: 18yz
3a x 4a = H
6b x 2a = 3
b x 3a x 6b = H

ab x 2a x 3b .

You will note that we are treating the letters in 12a2;
12ab;
18ab?;
when we were talking about dimensional numbers. 6a?b?,

the above frames exactly as we treated dimensions

The letter "A" is just as much a part of the number
5A as the dimension, feet, is part of the measure-

ment 6 ft.

Division of numbers represented by letters is also
performed in the same manner as division of
dimensioned numbers. Thus, when you divide 12A by
4A, the A's cancel and 4 divides into 12 to give

the quotient

To check that the answer is correct, multiply the 3
quotient, 3, times the divisor, 4A, to give the

dividend
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Divide the following: 12A
1448 + 12 = H
1448 + 12B = :
c. 144B ¢ 12A = 3
144 3 12B =
Practice problems: a.
Use cancellation where possible. b-
5a x _6a x 3b _ . d
a. 15a e 2 ‘
b 5 X 6a x 3b _ .
: 15ab —
15xyz _
C. = .
5xz
You will recall that the sum of two numbers that a.
b.

are different can only be indicated, as: the sum

]

of 2a and 3b can only be written as 2a + 3b.

This number is called a "binomial"; "bi" means 2
and "nomial" means number, so we have a two-part
number. A three-part number, such as 5a + 4b + ¢

would be a trinomial {(tri is for three).

P T T P A e

If two such numbers are added or subtracted, they
are usually enclosed in parentheses so that they
are identified; Thus (a + b) + (a - b) is the sum
and (a+ b) - (a -~ b) is the difference of the two

nomials.

12B;
12;
128

6ab;
6
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In adding or subtracting such numbers, there are bi
two methods of procedure. The first is to place

them in vertical columns, as

a+b
a->b

and add or subtract as indicated. Thus, (a + b) +
(a - b) would be

a+b
a->
22 + 0

or just 2a,

Recall that when you subtract signed numbers, you

change the sign of the subtracted number and add.

The second method is to remove the parentheses from

the original form and add according to the sign.

The rule to follow in this case is: if the parentheses
are preceded by a +, remove the parentheses with no
sign change; 1f the parentheses are preceded by a -,
reverse the signs of all numbers in the parentheses

and add the terms as usual.
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In the problem (a + b) + (a - b), the parentheses
may be removed without changes to give a + b + a - b.

When you add, you have for an answer.

In the problem (a + b) - (a -~ b), the signs of the
letters in the gecond binomial must be changed to
give the problem the form a + b - a + b.  Now, the

answer is

Practice problems:

a. (2a + 3b) - (a + 5b) =
b, (6x - 4y) + (x +y) =
c, (4r + w) = (6 - 4w) =
d. (a+ 3 + 4c) + (23 - 3b - ¢} =

A pack rat has a collection of 5 marbles, 2 pennies,
and 6 Ppepsi-Cola caps. While his collection is
unguarded, another pack rat finds his collection and
takes 3 marbles and 3 pepsi-Cola caps but leaves

2 more pennies. The first pack rat now has

marbles, pennies, and Pepsi-Cola

caps.

The multiplication of a binomial by another number
is usually indicated by writing the multiplier

followed by the binomial in parentheses as:

2a(5a ~ 3b)

or

2(3x + 4y)

ae

Ex I S
we us

[O%]

a - 2b;
7x - 3y;
=2r + 5w
3a + 3c.
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Thus the problem, 5x times 3x + 4y would be

written as .

The multiplier is multiplied times each number of
the binomial in turn, and the sign given is deter-
mined by the rule for wultiplying signed numbers
(plus if the signs are alike; minus if they are
different).

Thus, the problem in Frame 31 would be
5x(3x + 4y) = 15x2 + 20xy.

Multiply:
a. 5(2x - 3y) = ;
5x(2 - 3y) = H
c. Sy(2x - 3) = ;
d. =-5y(-2x+ 3) = 3
e. -5x(-2x 4+ 3y) = H
f. 5%%(~2x +y) = .

Now, let us multiply two binomials such as (a + b)

and (a - b). To do so, it is convenilent to place

one number above the other as in the multiplication

of arithmeiic numbers:

5x(3x + 4y)

a. 10x - 15y;
b. 10x - 15xy;
c. 10xy - 1l5y;
d. 10xy - 15y;
e. 10x?2 - 15xy;

-10x3 + 5x%°y.
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With the problem in the form shown in Frame 35,
multiply the upper binomial by each of the lower

numbers in turn, starting with the number on the

left as:
a+b
a-b
a? + ab This is a(a + b)
- ab - b? This is -b(a + b)
add to give: aZ + 0 - b2 or just a? - b2,

Note that the above problem could also be written

in the form:

a(a + b) + (~b)(a + b)

to give

a? + ab + (~ab - b?)

Remove the parentheses and add to give:

a2 + ab - ab - b? or a? - b2 .

Multiply (2a + 3b)(a - b). Write the correct
form here , » Multiply,

beginning at the left a(2a + 3b) = .

Now, the second multiplication:

Add these according to sign to give
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Now, multiply: a(2a + 3b) +
(-b) (2a + 3b)
a. (a+b)d +ec)= or
b. (2a + 3b)(a - c) = 2a + b
c. (a+b)(a-b) = 2aZ + 3ab
- 2ab - 3b%?

d. (a +b)(a + b)
e. (s + t)(r + h)

2a® + ab - 3b7

ab + b2 + ac + be

The same rules apply for multiplying numbers a.
2 - -
of any size. Multiply 2’ i? ~+b§ab 2ac 3be
d. a? + 2ab + b?
(a+b+c)b+c) = e. rs + rt + hs + ht
x+y+z2)x-y) =
When algebraic expressions are divided, the ab + b2 + 2bc + ac + e?;
2

x? + xz - y2 - yz

same rules are used as for dividing dimensioned
numbers. Also, when a binomial is divided by a
number, each part of the binomial is divided in

turn.

For example, with the problem (45x + 18y) + 3,
divide 45x by 3 to give 15x and 18y by 3 to
give 6y. The quotient, then, is 15x + 6y.

If the divisor and dividend have like signs,
the rule for signs says that the sign of the
quotient is (plus, minus). If the divisor

and dividend have unlike signs, the sign of

the quotient is
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Thus, if you divide (15x ~ 25y) by =-5x, the answer

is 3 21
X
Divide:
a. b5x by x = 3
b. 125y by 25 = H
c. (3a ~ 18b) by 3 = :
d. (3a - 18b) by 6a = H

e. {(3a - 18b) by ~-6b =

Check your answers to the above problems by

multiplying the quotient times the divisor.

a. 5 - =
b. 5y - o=
c. f(a - 6b)( ) =
(0.5 -~ 3b/a)( ) =
e. (~0.5a/b + 3)( ) =

Division of a binomial, trinomial, or larger number
by a binomial is very similar to arithmetic long
division. For example, to divide (2x? + 5xy + 3y?)
by (x + y) use the form:

X '+ y13 2x% + 5%y + 3y?

What number can you multiply x by to get 2x2?
2x, of course.

Place 2x in the quotient, multiply 2x(x + y) and
place the product as below:

(continued)

plus,

minus

minus,

plus

a. 5;

b.  5y;

c a - 6b;

d 0.5 - §§1
-0.5a

e. o + 3

a. X, 5x

b. 25, 125y

c. 3, (3a - 18b)

d. 6a, (3a - 18b)

-6b, (3a - 18b)

~
1w
.



78

47. (continued) 2%
Subtract x+y Y 2x? + Sxy + 3y2
and bring 2x2 + 2xy
down the 3xy + 3y?

next number

Repeat the process with +3y in the quotient.

2x  + 3y
x+y3 2x2 + 5xy + 3y?
2x? + 2xy
3xy + 3y?
3xy + BXZ

The quotient is 2x + 3y with no remainder.

48. 1If there should happen to be a remainder, it is
handled in the same manner as the remainder in

long division of ordinary numbers.

49, TFor example, if you divide 100 by 3, you have:

Olw

3

3 10
3
10

2
1 Remainder

Place the remainder over the divisor as a fraction,

in this case 1/3, and add it to the quotient to

make the total answer 33 1/3.



79

50. 1If we had the algebraic problem, 2x% + bxy + 5y2
divided by x + 2y, it would be worked as follows:

2x  + 2y
X + 2y‘) 2x% 4+ 6xy + 5y?

2x% & 4xy
2xy + 5y2

2xy + 422

y2 Remainder

Place the remainder, y?, over the divisor x + 2y

to make the fraction

_y:

x + 2y

Add this fraction to the 2x + 2y to make the

correct quotient

P T

51. Work the following:

(a2 - b2) + (a+ b)) =
(¥2 4+ 2xy + y2) + (x +y) =
(3c? + ed - 4d2) = (c - d) =

— A M e oam we mm e

52. Review and practice problems: ‘ a - b;
' X +y3
3c + 4d.
a. 5a(2a + 3b - 4a) = H
b 3(5x + 15) - :
. = ;
c. 2ab(3a - 4b) - Sb(a? - ab) = H
d 3xy(x + 5y) . 2x2(3x - 12y) _ .
: y 2x 1}

e. 7{x +vy) - (-5% + 6y) =
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In our discussion of proportions, we identified

the word "equation" with the form used for setting

two proportions equal to each other.

that concept by saying that any two mathematical

equalities may be separated by an equal sign and be

Many algebraic equations are statements of fact

written in the mathematical shorthand of algebra.

For example, the statement, the area of a rectangle

is the product of its length times its width, is

3.2, Algebraic Equations
53.

called an equation.
54,

written A = Lw.
55.

Write the following statements as equations:

The perimeter (p) of a rectangle equals twice
its length (L) added to twice its width (w).
The distance (d) traveled by an object that
moves at a constant speed (v) for a given time
(t) equals the speed times the time,

The distance (d) in feet that any object will
fall in a given time (t) is equal to the
square of the time multiplied by 16.

To get the input horsepower (HP in) to an
electric motor, multiply the number of volts (V)
by the number of amperes (I) and divide by 746.
The output of an electric motor (HP out) is

the input horsepower multiplied by the percent
of efficiency of the motor (% Eff).

Let us enlarge

15ab ~ 10a?
3x + 9
a?b -~ 3ab?
6x2 + 3xy
12 + y
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Now that we can take problems and write them
in equation form, let us review the rules for
sclving equations.
The equality (we call it an equation) remains
an equality when:
a. The same number is added to both sides.
The same number is subtracted from both sides.
c. Both sides are multiplied by the same number.

Both sides are divided by the same number.

- e e am ee mm we e

When solving equations, we first try to get the
equation into a form such that the unknown (the
measurement for which we substitute a letter) is
on one side of the equal sign and known values

(numbers) are on the other side. For this

manipulation, we use the above rules.

For example, if:
55 4+ 4 - 3x = 16 ,
simplify to
2x + 4 = 16
subtract 4 from both sides:

16 - 4
12

28 + 4 ~ 4
2%

It

divide both sides by 2:

p = 2L + 2w or
p = 2(L + w)
d = vt
d =16t vy
N 76
HP = HP X
out in
ZEff
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Thus, if:

a. p+3=28, p= g %~+ %~= 36, a =

b, 2n = 25, n = h, W = §3 b =

. 1/2x = 14, x = ;

d. 5¢c -3 =27, c = . V=75 A=

e. 18 =5y ~ 2, vy = j. H = ~£3 W o=
IN — AW

f. =5 = 24, N =

Problems:

a. If watts = volts x amperes, how many amperes
of current will flow through a 60~watt lamp
used in a 120-volt circuit? Let W = watts,

V = volts, and a = amperes in your equatiomn.

b. If centigrade temperature is equal to 5/9 times
(°F - 32), the equatiomn is . Let
°C = degrees centigrade; °F = degrees fahren-
heit.

c. The centigrade equivalent of a temperature of
77°F is °C.

d. TIf the distance an object falls, neglecting air
friction, is equal to 16 times the square of
the time in the air, the equation is d =
where d = distance and t = time.

e. An object that falls for 10 sec will fall

fr.

f. A car has a speed of 30 miles/hr. 1In 2 sec
it will move a distance of ft. A
mile is 5,280 ft.

g. A tank is 6 ft in diameter (diameter = 2 x

radius, r) and 20 £t long. If the volume is
found by the equation V = 7r?L (v = 3.14),
how many cubic feet of water will this tank

hold?

a, 5 g. 48
b. 12.5 h. cW
c. 28 W
d. 6 oy
e. 4 ] P
£, 36 J4° HA

.5a

°C = 5/9(°F - 32)

25°C

16t2

1600

88
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h. If a cubic foot of water weighs 62.4 1lbs, the

weight of water in the above tank would be

i. If a gallon of water weighs 8.25 1bs, the
above tank would hold gallons

j. If fuel oil weighs only 7.5 lbs per gallon,
the above tank would hold (more, fewer, the

same number of) gallons of fuel oil (than/as)

k. 1I answered the above question by (guessing,

reasoning, arithmetic calculation) and T

The act of multiplying a number by itself is
usually called squaring the number, It may also

be called raising the number to the second power.

- e an wm aw w ae me e

For example, 42 is read "4 squared" and means

4 x 4, The number 42 may also be read "4 to

60. (continued)

of water.

water)

was (right, wrong).
3.3. Powers and Powers-of-Ten
61.
62.

the second power".

63.

If you multiply 3 by itself twice to get .
3 x 3 x 3, you could write it 3° and read it

either "3 cubed" or "3 raised to the third

"
.

35,256 1bs

4273 gal

the same number
of,
as

This answer
depends on the
individual.
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67.
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The small 3 to the upper right of the large

3 is called the exponent.

The exponent determines the to which

a number is raised.

If you write two to the fourth power as a number

with an exponent, it is written . 1f

you write it as a multiplication problem, it is

written

To raise a number to a given power, multiply the
number by itself the number of times indicated by
the . If the number is written B5, the
multiplication is B x B x B x B x B, or B to the

power.

Practice problems:

. NXN=xN= 3
. 63 = ;
(1/2)? = ;

d., 4° = :

e. (3/5)3 ;
162 =

[

power

power

3
2 x 2 %2 x 2

exponent,
fifth
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When a number has a negative exponent, as 4’3, it
1 .

may be written 730 the reciprocal of 43. (The

reciprocal of a number is the fraction formed when

you put one over the number.)

Thus:
-3 .1
- a. 2 33 3
-2 .1 _ .
b. 4 " G 3
Ca 3--1.:, = %‘4 = .

You will note that we have not mentioned numbers
which have exponents of zerc or cne. A number
with the exponent, 1, is just the number; so the
exponent is not written.

Before we discuss numbers with the exponent zero,

let us learn the laws of exponents.

The first law may be stated thus:

When a number of one power is multiplied
by the same number of a different power,
the number stays the same and the exponents

are added.

a.
b.
c.

N3

216

1/4 or 0.25
1024

0.216

256

1/8;
1/16;
1/81.
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If 22 is multiplied by 23, the answer is 2°. To

check that this is true, multiply 22, which is

which is 23,

In the above frame, the number 2, which had the

exponents 2 and 3, was called the 'base'". The

use of this word allows us to state the first law:

To multiply powers of the same base, add

their exponents.

If 43 is multiplied by 47!, the exponents add to
make the number . If we do the final

multiplication, the answer is .

In the above problem, the number 4 is called the

. The numbers 3 and -1 are called the

it e

Problems:

a 23 x 21 = 3
b. N2 x N¥ x N7% = 3
c. A% x ATD x aM ;

ja ¥y
w
w
X
w
[
X
w
i
N
il

, by 23, which is , to give 32,

16

base,
exponents
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To divide numbers of the same base but with
different exponents, subtract the exponent of
the denominator from the exponent of the

numerator.

For example, if vyou divige 38 by 37, you have
3875 or 33. Note that-%g could be written
3% x 375 = 33,

- o am e wa e e e

A number with the exponent zero is always equal
to one. This is easy to see if you multiply

42 x 40, 42 x 40 = 42 according to the law of
multiplication; and since any number multiplied

by 1 is the number, 4% must be equal to .

Now, let us consider the number 10 as a base.

107 = oy = 75 = 0.1 10t = 10

102 = 0.01 | 102 = 100

1073 = 0.001 10° = 1000

107% = 0.0001 10" = 10,000
108 = 1,000,000

1076 = 0.000001

From the above frame we could conclude that 10 with
a negative exponent is the number 1 placed as many
digits to the right of the decimal point as the
quantity of the exponent. Thus, 107° could be
written as a one placed digits to the

right of a decimal point. 107

one
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The number 10 with a positive exponent may be
written as the number 1 followed by as many zeros
as the quantity of the exponent; 10° is 1 followed
by Zeros, oY .

Thus, very large or very small numbers may be
written in shorter form as a small number multiplied

by a power of 10,

For example: 32,000 may be writtenm as 32 x 103 or

3.2 x 10%; 10" = 10,000; and 3.2 x 10,000 = 32,000.

6,900,000 = 6.9 x 106
0.0000069 = 6.9 x 1076
200 = 2 x 102

0.002 = 2 x 1073

Normally, numbers changed to the power of 10 notation

are written as a number between 1 and 10 times a power

of 10. As 231,000 = 2,31 x 105,

Write the following as powers of 10:

a. 23,000,000 = ;
b. 12,500 = ;

320 = ;
d. 0.0056 = ;

e. 0,000000089 = .

35
0.00001

’
100,000



89.

90.

91.

89

The reason for writing large numbers as powers of
10 is to make computation easier. Since the base
is always 10, the rules for multiplication and
division, by adding and subtracting exponents, hold
true for the powers of 10. The numbers which are
raised to powers of 10 are multiplied or divided

as usual.

For example, let us multiply 32,000,000 by 140,000.
Rewrite as powers of 10; 3.2 x 107 x 1.4 x 10°.

3.2 x 1.4 = 4,48
and
107 x 105 = 1012

so the answer is 4.48 x 102,

T e

If the numbers had been larger, such as 4.6 x 107
and 6 x 10°, the product of 4.6 x 6 would be 27.6
and 107 x 10° = 1012, So, a correct answer is
27.6 x 1012, However, in order to hold to our
general rule of writing numbers between 1 and 10
times a power of 10, we want to write 2.76 times

some power of 10.

°

k3

[a PR o T = a1V}

o]
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To do this correctly, observe the rule:

If you move a decimal point one digit to the

left, change (multiply) the power of ten by

101, If you move the decimal point a digit

to the right, change (multiply) the power of
ten by 1071,

0.64 x
64 x

Thus, 6.4 x 10° could be written

; or, it could be written

To divide:

3.2 x 107 + 1.6 x 105

, i
%Lg—f—%gg =2 x 10775 or 2 x 102 .

With as small a number as 2 x 102, you probably

would rather write it .

- wm e e = me wem e

Work the following, using power-of-10 notation:

3600 x 5500 =

6 x
6 x
6.3
6.3
7 x

10° x 4.3 x 108 =
107° x 4,3 x 108 =

x 10° + 4.2 x 108 =
x 105 ¢+ 4,2 x 1078 =
10" x 6 x 102

3 x 106 ;
10° x 7 x 103 : 10° = .

- am e o e mm e e

106,
10"
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Roots

Most people have an understanding of the meaning

-

of the terms square root and cube root. These

Y

two roots are probably the most often used by the

:-

average person. However, they are only two of

*

g Hho o T o

thousands of roots.

*

The square root of a number such as 9 is the number
3, which when multiplied by itself gives the
original number 9. Three is a root of 9 and is

the square root because it is multiplied by itself
only once.

The number 8 is the square root of 64 because

8 x = 64,

If the number 3 is multiplied by itself twice, 8
3 x 3 x 3, the product is 27. The cube root of
27 is the number which, when multiplied by itself

twice, is 27. Thus, the cube root of 27 is .

The symbol which represents square root is ¥ ; 3
higher roots such as 3rd, 4th, and 5th roots are

éndicated by placing the number 3, 4, or 5 as shown:
4 5

v v v .

] s

1.98 x 107 ;
2.58 x 101%
2.58 x 10%
1.5 x 10~3
1.5 x 1013

14

3.5 x 10° .

-

wr W
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100. Indicate the following roots by placing the number

under the correct symbol:

Square root of 64 ;
b. Cube root of 27 ;
c. Fourth root of 81 ;
d. Square root of 225 ;
e. Cube root of 1000 .

101. Roots may be also represented as fractional a.
exponents. Thus: /64 could be written b.

64172 or } 81 as 811/3, c.

d.

e.

102. Rewrite the following using the common root

sign:
1 11
a. N = : d. A§1B§ - :
b. 62551= e, 325 -
c. 1728% = ;

103, Roots of smaller numbers may be found easily by a.
trial and error methods. For example, b.

v 8 may be quickly shown to be 2 and v 25 is 5. c.

d.

RSN
N O
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w
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104. Find the indicated roots of the following:

PP

c = s
d ' 49 = H
e 4 1000 = 3
f. ¥ 64 =

3

105. Note that in the last problem v 1000 = 10, If we a. 8 ;
should write 1000 as 10°, we could take the cube E' g f
root of 10° by dividing the exponent by 3 to give d. 7 3
10. Also, /100 could be found by dividing the ? 20 ’
exponent of 10 by 2 to give 10.

106. In like manner, find the square rcot of:

a. 10,000 = :
b. 1,000,000 = H
c. 0,0001 =

Find the cube root eof:
d. 0.001 = ;
e. 1,000,000 = 3
f. 1,000 = .

107. This affords an easy method of taking the square a, 100 ;
root of quite large numbers. For example, take :” 3082 f
the square root of 360,000; 360,000 may be written d. 0.1 ;
as 36 = 10%. The square root of 36 is 6; the ?' 180 3

square root of 10% is 102, 80 we have 6 x 102 or

600.



109,

110.

111,

94

Please note that when extracting square roots, the
exponent of 10 must be divisible by 2; and, when
extracting cube roots, the exponent of 10 must be
divisible by 3.

Thus, in the above problem, you should not write
360,000 as 3.6 x 10° for purposes of taking either
gquare roots or cube roots because you do not
already know the square or cube root of 3.6, and
the exponent 5 is not evenly divisible by either

2 or 3.

The rule could be written:

To take the square root of a large number,
rewrite the number as a power of 10 with
an exponent of 10 that is divisible by

two.

The rule for extracting any other root would be
similar.

Take the cube root of 27,000,000. In order to have
an exponent of 10 divisible by 3, we must write the

number 27 x 106,

a. The cube root of 27 is

b. The cube root of 10° is

c¢. The cube root of 27,000,000 is
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112, By the same method, take the indicated root of: a. 33

c. 3 x 10°
v 40,000 = ; or 300 .
/78,100 =
/7 0.008 = ;
/70.09 =
W=

v 125,000 = .

o w®

a0

56 @

200 ;

(o]
w
“e

0.06 ;

oo RS R O
&
(=]
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SECTION I-4

LOGARITHMS

Introduction

Logarithms represent a method for simplifying the
multiplication and division of very large numbers,

those containing many digits or decimal places.

In order to better understand logarithms, let us look

PO A )

at "powers—of-ten" once more. One hundred, in power-
of ~ten notation is 102; 1000 is 103; 0.001 is 1073,
In these cases, 10 is called the base. Any number
can be written as 10 with an exponent. This exponent

is called the "logarithm" of the number,

The logarithm, to use the base 10, of 1000 is the
of ten when 1000 is written 10°. Therefore,

the logarithm of 1000, to the base 10, is 3.

Logarithms which are to the base 10 are most often
used in elementary mathematics and are called
common logarithms.

exponent
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The common logarithm of:

1 =0 0.1 = -1
10 =1 0.01 = -2
100 = 2 0.001 = ~3
1000 = 3 0.0001 = -4
10,000 = 4 0.00001 = -5
100,000 = 5 0.000001 = -6
There are two systems of logarithms in use today~--
common logarithms, which are to the base 10; and
natural logarithms, which are to the base e; e,
numerically, is 2,718.
Common logarithms are to the base ___ and natural
logarithms are to the base . Since it is often

confusing to discuss them both at the same time, we
shall 1limit our discussion to common logarithms.
However, the rules for using them are the same, no

matter what the base.

The common logarithm of a number is the exponent of 10,
10--the power to which 10 must be raised in order to
be that number. - For example, the logarithm of

100 is 2. Ten with the exponent 2 or, in other words,

10 raised to the second power, is the number

The number 103 is 1000, so the logarithm of 1000 is 100
. The number 10! is 10, so the logarithm of
10 is .
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If you multiply 103 x 10!, you add exponents. But
if we use the term logarithms instead of exponents,
you add the logarithms 3 and 1. The sum of these
logarithms is 4. The number that has the logarithm

4 is ten with the exponent s, S0 the number is

Since the logarithm of 10 is 1 and the logarithm

of 100 is 2, the logarithm of a number between 10

and 100 would be between 1 and .

The logarithm of 1 is 0.0000, since 109 is one. The

logarithm of 10 is 1.0000, since 10! is ten. The
logarithm of 5 is between the logarithms of 1 and

of 10; so it is zero point something.

Mathematicians have calculated the logarithms of a
host of numbers and placed them in tables such as
Table 4 so that we may use these tables to look up

the logarithm for any number.

Let us make a short table, ("Leg 1" means "logarithm

of 1".)
Log 1 = (0.0000
Log 5 = 0.6990
Log 10 = 1.0000
Log 50 = 1,6990
Log 100 = 2.0000
Log 500 = 2.6990
Log 1000 = 3.0000

=
Q
aq
i
o
o
o
it

10,000
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Table 4. Common Logarithms of Numbers
N 0 1 2 3 4 5 6 7 8 9
10 | 0000 0043 0086 0128 0170 | 021z 0233 0294 0334 0374
11 | 0414 0453 0492 0531 0569 | 0607 0645 0682 0719 07535
12 | 0792 0828 0864 0899 0934 | 0969 1004 1038 1072 1106
13 | 1139 1173 1206 1239 1271 | 1303 1333 1367 1399 1430
14 | 1461 1492 1523 1553 1584 | 1614 1644 1673 1703 1732
15 | 1761 1790 1818 1847 1875 | 1903 1931 1959 1987 2014
16 | 2041 2068 2095 2122 2148 | 2175 2201 2227 2253 2279
17 | 2304 2330 2355 2380 2405 | 2430 2455 2480 2504 2529
18 | 2553 2577 2601 2625 2648 | 2672 2685 2718 2742 2765
19 | 2788 2810 2833 2856. 2878 | 2900 28923 2945 2967 2989
20 | 3010 3032 3054 3075 3096 | 3118 3139 3160 3181 3201
21 | 3222 3243 3263 3284 3304 | 3324 3345 3365 3385 3404
22 | 3424 3444 3464 3483 3502 | 3522 3541 3560 3579 3598
23 | 3617 3636 3655 3674 3692 | 371L 3729 3747 3766 3784
24 | 3802 3820 3838 3856 3874 | 3892 3909 3927 3945 3962
25 | 3979 3997 4014 4031 4048 | 4065 4082 4099 4116 4133
26 | 4150 4166 = 4183 4200 4216 | 4232 4249 4265 4281 4298
27 | 4314 4330 4346 4362 4378 | 4393 4409 4425 4440 4456
28 | 4472 4487 4502 4518 4533 | 4548 4564 4579 4594 4609
29 | 4624 4639 4654 4669 4683 | 4698 4713 4728 4742 4757
30 | 4771 4786 4800 4814 4829 | 4843 4837 4871 4886 4900
31 | 4914 4928 4942 4955 4969 ! 4983 4997 5011 5024 5038
32 | 5051 5065 5079 5092 5105 | 5119 5132 5145 5159 5172
33 | 5185 5198 5211 5224 5237 | 5250 5263 5276 5289 5302
34 | 5315 5328 5340 5353 5366 | 5378 5391 5403 5416 5428
35 | 5441 5453 5465 5478 5490 | 5502 5514 5527 5539 53551
36 | 5563 5575 5587 5599 5611 ; 5623 5635 5647 5658 5670
37 | 5682 5694 5705 5717 5729 | 5740 5732 53763 5775 5786
38 | 5798 5809 - 5821 5832 5843 | 5855 5866 5877 5888 5899
39 | 5911 5922 5933 5944 5955 | 5966 5977 5988 5999 6010
40 1 6021 6031 6042 6053 6064 | 6075 6085 6096 6107 6117
41 { 6128 6138 6149 6160 6170 | 6180 6191 6201 6212 6222
42 | 6232 6243 6253 6263 6274 | 6284 6294  63C4 6314 6325
43 | 6335 6345 6355 6365 6375 | 6385 6395 6405 64153 6425
44 | 6435 6444 . 6454 b464 6474 | 6484 6493 6503 6513 6522
45 | 6532 6542 65351 6561 6571 | 6580 6590 6599 6609 6618
46 | 6628 6637 6646 6656 6665 | 6675 6684 6693 6702 6712
47 | 6721 6730 6739 6749 6758 | 6767 6776 6785 6794 6803
48 | 6812 6821 6830 6839 6848 | 6857 6866 68753 6884 6893
49 | 6902 6911 6920 6928 6937 | 6946 6955 6964 6972 6981
50 | 6990 6998 7007 7016 7024 | 7033 7042 7050 7059 7067
51 | 7076 7084 7093 7101 7110 | 7118 7126 7135 7143 7152
52 7160 7168 7177 7185 7193 7202 7210 7218 7226 7235
53 | 7243 7251 7259 7267 7275 | 7284 7292 7300 7208 7316
54 | 7324 7332 7340 7348 7356 | 7364 7372 7380 7388 7396
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Table 4. (Continued)

N 0 1 2 3 4 5 6 7 8 o
55 7404 7412 7419 7427 7435 7443 7451 7459 7466 Thi4
56 7482 7490 7497 7505 7513 7520 7528 7536 7543 7531
7 7559 7566 7574 7582 7589 7597 7604 7612 7619 7627
58 7634 7642 7649 7657 7664 7672 7679 7686 7694 7701
59 7709 7716 7723 7731 7738 7745 7752 7760 7767 7774
60 7782 7789 7796 7803 7810 7818 7825 7832 7839 7846
61 7853 7860 7868 7875 7882 7889 7896 7903 7910 7917
62 ' 7924 7931 7938 7945 7952 7959 7966 7973 7980 7987
63 7993 8000 8007 8014 8021 8028 8035 8041 8048 8055
64 8062 8069 8075 8082 8089 8096 8102 8109 8116 8122
65 8129 8136 8142 8149 8156 8162 8169 8176 8182 8189
66 8195 8202 8209 8215 8222 8228 8235 8241 8248 8254
. 67 8261 8267 8274 8280 8287 8293 8299 8306 8312 8319
68 8325 8331 8338 8344 8351 8357 8363 8370 8376 8382
69 8388 8395 8401 8407 8414 8420 8426 8432 8439 8445
70 8451 8457 8463 8470 8476 8482 8488 8494 8500 8506
71 8513 8519 8525 8531 8537 8543 8549 8555 8561 8567
72 8573 8579 8585 8591 8597 8603 8609 8615 8621 8627
73 8633 8639 8645 8651 8657 8663 8669 8675 8681 8686
74 | 8692 8698 8704 8710 8716 8722 8727 8733 8739 8745
75 | 8751 8756 8762 8768 8774 8779 8785 8791 8797 8802
76 8808 8814 8820 8825 8831 8837 8842 8848 8854 8859
77 8865 8871 8876 8882 8887 8893 8899 8904 8910 8915
78 8921 8927 8932 8938 8943 : 8949 8954 8960 8965 8971
79 8976 8982 8987 8993 8998 9004 9009 9015 9020 92025
80 9031 9036 9042 9047 9053 9058 9063 9069 2074 9079
81 9085 9090 9096 9101 9106 9112 9117 9122 9128 9133
. 82 9138 9143 9149 9154 9159 9165 9170 9175 9180 9186
. 83 9191 9196 9201 9206 9212 9217 9222 9227 9232 9238
84 9243 9248 9253 9258 9263 0269 9274 9279 0284 9289
83 9294 9299 9304 9309 9315 9320 9325 9330 9335 9340
86 9345 9350 9355 9360 9365 9370 9375 9380 9285 9390
87 9395 9400 9405 9410 9415 9420 9425 9430 9435 9440
88 9445 9450 9455 9460 9465 9469 9474 9479 9484 9489
89 9494 9499 9504 9509 9513 9518 9523 9528 2533 9538
30 9542 9547 9552 9557 9562 9566 9571 9576 9581 9586
91 9590 9595 9600 9605 9609 9614 9619 9624 9628 9633
92 9638 9643 9647 9652 9657 9661 9666 2671 9675 9680
93 9685 9689 9694 9699 9703 9708 9713 971.7 9722 9727
94 9731 9736 9741 9745 9750 9754 9759 9763 97¢8 9773
95 9777 9782 9786 9791 9795 9800 9805 9809 9814 9818
96 9823 9827 9832 9836 9841 9845 9850 9854 9859 9863
97 9868 9872 9877 9881 9886 9890 9898 9899 9903 9908
98 9912 9917 9921 9926 9930 9934 9939 9943 9948 9952
99 9956 9961 9965 9969 9974 9978 9983 9987 9991 9996
NOT¥E: For numbers less than 10, look for 20, 30, 40, etc., in table.
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We let you put in the last number because we were
sure you could See that the part of the logarithm
to the right of the decimal point was the same
regardless of the power of 10 by which 5 was
multiplied (50, 500, 5000). The same would be
true for any other number multiplied by any power

of 10.

If the logarithm of 20 is 1.3010, the logarithm
of 200 is 2. -

The number to the left of the decimal point in the
logarithm changes with the power of 10. Since 50
is between 10 {(or 10%) and 100 (or 102), ??ggg%e
exponent is the logarithm, we say 50 = 10

The one (1) to the left of the decimal point means
that the number is between 10 and 100. For the
number 500, since it is between 100 and 1000, the
number tec the left of the decimal point of the
logarithm would be __ and the number to the right
of the decimal point would be ___ ; thus, the
logarithm of 500 is .

If the logarithm of 30 is 1.4771, the logarithm of
3000 is . The logarithm begins with 3 because
3000 is greater than 1000 and less than 10,000.

e

The number 2000 could be written 103°3010,  The

logarithm of 2000 is .

3.6990

3010

2
0.6990,
2.6990

3.4771
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Characteristic and Mantissa 3.3010

20.

21.

23.

24,

25.

From Frames 15 to 17 we know that a logarithm has
two parts. One part determines the position of the
decimal point and is the whole number part of the

logarithm. This is called the characteristic.

The characteristic of the logarithm of 500 is 2
because 500 is between 102, which is 100, and 103,
which is 1000. By the same rule, the characteristic

of the logarithm of 50 is and of 5000 is .

The part of the logarithm that determines the place 1,

of the decimal point of the number is called the

Write the characteristics of the logarithms of the characteristic

following numbers: 19, 56, 6, 145, 6394,

As you may have already guessed, the characteristics i, 1, 0, 2, 3
of numbers greater than one are positive whole

nunbers.

The characteristics of numbers less than one are
negative whole numbers. For example, 0.01 is 1/100
or 1/10%, which can be written 1072, Thus, the
characteristic of the logarithm of the number 0.01
is .
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You should recall that 0.0l can alsoc be written -2
1 x 1072, When in doubt about the characteristic

of a number, write the number as a power of 10

(a number between 1 and 10 times a power of 10).

In this form, the characteristic of the logarithm

of the number is the exponent of the base, 10.

Thus, the characteristic of the logarithm of

1 x 1072 is , as noted above.

Write the characteristics for the logarithms of the -2

following numbers: 0.5, 5, 530, 0.05, 0.005, 5000.

A number such as 100 or 1000 is an even power cof 10, -1, 0, 1,
-2, =3, 3

so the characteristic is a whole number. Thus,
the logarithm of 1000 is 3.0000. However, between
1000 and 10,000 is a host of numbers whose logarithms

are greater than 3, but less than 4.

For the in-between numbers, the logarithm has two
parts-~the characteristic, which is the whole number,
and the mantissa, the fraction. This last part of
the logarithm, the mantissa, is found for any number
by looking in a table of common logarithms and is

the same regardless of the position of the decimal

point in the number.

The part of the logarithm of a number that determines

the position of the decimal point is the .
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34,
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The part of the logarithm of a number that is not
related to the position of the decimal point is

the .

When we call Table 4 a table of logarithms, we

are not exactly right. It is a table of mantissas
because, as we learned earlier, the mantissa is the
same for numbers which have the same series of
digits.

Thus, if 32.4 has the logarithm 1.5105, 324000 has
the logarithm 5.5105. The part of the logarithm

that is the same is the .

Thus, we can use a table for the mantissas of our

logarithms and determine the of each

logarithm from the position of the decimal point.

Now let us find the mantissa of a number such as 264.
In Table 4, look for the first two digits of 264--
two, six--in the column labeled N. Then, move
across the page to the column under 4 and read the
number 4216. This is the mantissa of the logarithm
of 264. The characteristic of the logarithm of

264 1is

When we add the mantissa 4216 as the fraction 0.4216
to the characteristic 2, we have the logarithm of
264 which is 2.4216. This is usually written

log 264 = .

characteristic

mantissa

mantissa

characteristic



105

4.3. Logarithmg and Antilogarithms 2.4216

37. To find the logarithm of any three-digit number, look
up the mantissa, as noted above, and add it to the
proper characteristic as determined by the size of
the number.

- e s e A A e mm A

38. Note that if we change the decimal point of the
number 264, used in the example above, the only part

of the logarithm that changes is the characteristic.

Log 264 = 2.,4216
Log 2640 = 3.4216
Log 2.64 = 0,4216
Log 0.264 = ~1.4216 or 9.4216-10

it

i

B S oY

39, Now find the following:

a. Log 156 = e. Log 0.056 =
b. Log 25 = ' f. Log 843000 =
c. Log 327 = g. Log 84.3 =
d. Log 7.3 = h. Log 0.000843 =
40, We mentioned earlier that fractions have charac- a. 2.1931
. s . R . b, 1.3979
teristics that are negative numbers. Since this c. 2.5145
sign applies only to the characteristics, it is , d. 0.8633
R . e, 2.7482 or
usually placed above the characteristic to remind 8. 7482-10
the operator that it does not apply to the mantissa. f. 5.9258
A ; g. 1.,9258
Also, for reasons that will be more obvious later, h. 4.9258 or
a characteristic -2 is often written 8.0000-10 or 6.9258-10

4.9258 is written 6.9258-10,
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For more practice, write the following:

a. Log l44 = d. Log 2340 =
b. Log l.44 = e. Log 763 =
c. Log 0.0144 = f. Log 67.8 =

Now let us reverse the process. Take a logarithm
and find the number (called the "antilogarithm') to

which it belongs.

To find the antilogarithm of the logarithm 1.3324,
look for the mantissa 3324, It is for the number
two one five. The characteristic 1 means that the
number is between 10 and 100; so, the antilogarithm
of 1.3324 is 21.5. The number whose logarithm is
1.3324 is .

Find the antilogarithms of the following logarithms:

a. Antilog 2.4232 = >

Antilog 1.6794 = 4
c. Antilog 3.8176 = 5
d. Antilog 0.9741 = 3

e. Antilog 8.4378-10 = .

a. 2.1584

b. 0.1584
2.1584 or
8.1584-10

d. 3.3692

e. 2.8825

£, 1.8312

21,5
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For practice purposes, we have picked numbers which
are found in our table. However, with real problems
we are seldom so fortunate. For example, let us

say we need the logarithm of the number 2357. Our
table gives 2350 and 2360, so we must calculate the
mantissa that is 7/10 of the difference between the
one for 2350 and that for 2360. This is called
"interpolating".

The mantissa for 2360 is 0.3729.
The mantissa for 2350 is 0.3711.
The difference is 0.0018.
7/10 of 0.0018 is 0.00126.
So, the mantissa for 2357 is 0.3711 plus 0,00126 or
0.37236.

By interpolation, find the logarithms of the following

numbers:

a. Log 37.25
b. Leg 8.126 ;
c. Log 1728 = .

[

e

]

The reverse process, interpolating mantissas to find

the antilogarithms, is done in the same manner.

e e e e awn v ea A e

a, 265;

b, 47.8;
c. 65703
d. 9.42;
e. 0.0274.
3.37236

a, 1.5711;
b. 0.9099;

c. 3.2375.
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50. For example, we wish to find the number

logarithm is 1.6357. From the table:

The mantissa for 433 is

The mantissa for 432 is
The difference is

Our mantissa is

The mantissa for 432 is

The difference is

51. Thus, our number is 2/10 of the difference between
432 and 433. Without the decimal point, then, we
would write it 4322. The characteristic 1 means

that our number is greater than and less than

; so, the number is actually

52. By interpolation of mantissas, find the antilogarithms

for the following:

whose

0.6365

0.6355

0.0010
0.6357

0.6355

0.0002

a. Antilog 2.639 =
b. Antilog 0.9481 =
c. Antilog 9.808-10 =

d. Antilog 3.9835 =

4.4, Multiplication and Division

53, The value of logarithms is most appreciated when a
problem involves multiplying and dividing three or
four times in succession. For practice, however, we

would rather use small numbers in single acts of

muultiplication or division.

10,

100,

43,22

a. 435.5;

b. 8.874;

c. 0.6427;
d. 9627.5.
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To multiply by logarithms, add the logarithms of the
numbers to be multiplied and find the antilogarithms

of the sum.

- e o e s e e e

For example, multiply 25.3 by 42.2 as follows:

Log 25.3 = 1.4031
Log 42.2 = 1.6253

The sum is o

Now find the antilogarithm of 3.0284.

0.0294 is the mantissa of 107;
0.0253 is the mantissa of 106;

is the difference.

0.0284 is our mantissaj;
- 0.0253 is the mantissa of 106;

is the difference.

— e Am s mm e e e e

The antilogarithm of 0.0284 (without worrying yet
about the decimal point) is 106 plus the fraction
31/41 by our interpolation. This fraction as a
decimal is 0.756, which makes our number 106756,

Now we can consider the characteristic 2 which means
the number is between 1000 and 10,000. Thus, our

answer is .

3.0284

0.0041,
0.0031
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1f you are so curiocus, and we hope you are, as to
multiply the above numbers in the ordinary way, you
will get the answer 1067.66 and will feel that the
answer by logarithm multiplication is not very
accurate. To allay such concern, let us discuss

"significant figures',

Let us assume that you wish to paint a room. You
measure its length at 14 ft 10 in., its width at
12 £t 2 in., and its height at 7 ft 11 in. One
gallon of paint is advertised to cover 500 square
feet. In this case you are interested only in
whether it will take one gallon or two gallomns of

paint,

Thus, instead of multiplying 14 ft 10 in. by 7 £t 11 in.
to get a wall size, you probably multiply 15 £t by 8 ft

because these numbers are close enough. For your
purposes, 15 ft is as significant as 14 ft 10 in. and

8 ft is as as 7 ft 11 in.

In your problem, then, you have two walls at

15 ft <« 8 ft for a total of __ ft?. The other

two walls, at 12 ft x 8 ft each, have a total of

192 ft?, making the total area of the four walls
ft?, This means that you buy only one gallon

cf paint. :

You have not used exact measurements, but you have

used measurements which were for your

problem.

1067.56

significant

240,
432
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In the same way, let us look at the problem of significant
Frame 55. We were multiplying 25.3 by 42.2., Let

us assume that 42.2 is an exact measure but the

25.3 is "rounded off to the nearest tenth". The

number may be 25.29 or 25.31, and we call it 25.3.

25,29 x 42.2 = 1067.238

25,31 x 42,2 = 1068.082

Note that with this assumption we are unsure of the
fourth digit. Is it 7 or 8? Is our answer 1067 or
10687

Since both of the original answers fall between these
two numbers, we can accept either as correct for

the problem.

In the original problem, the answer by logarithms
was 1067.56. The answer by multiplication was
1067.66. Any digits beyond 1067 were not only

doubtful but, actually, had no real significance.

e

A rule that is often used where the significance of

certain digits in an answer is in doubt is:

The number of significant digits in an
answer is no greater than the number of
significant digits of the smallest number
used in the problem.

- e mm me e ww ee e e
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68, Thus, in our original problem, 25.3 x 42.2, there
were only three digits in the answer in which we
should place full confidence--the one, zero, and
six. We were not sure whether the next digit was
7 or 8.

69, Seldom is this rule adhered to exactly. Most people
who work with mathematics look at the reasonableness
of the answer. They use those digits which make the

answer reasonable, as we did in the paint problem.

70. We would like for you to adopt this policy of

"reasonableness" in the problems that follow.

71, Using logarithms, multiply 63 X 147 x 64.8,

Log 63 is
Log 147 is ;
Log 64.8 is ;
The sum is 5.7782.

ws

72. The antilogarithm of 0.7782 is , neglecting 1.7993;
the decimal point. The characteristic 5 means the i“;iig;

nunber is between 100,000 and 1,000,000. Thus:

63 x 147 x 64.8 = .
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Using logarithms, multiply 534 x 186 x 14. The

sum of the logarithms is . The charac-

teristic of this logarithm means that the number

is greater than and less than .

The closest mantissa in cur table to the mantissa
of our number {(1431) is 1430 which is for the digits
139. We do not expect our number to have signifi-
cant digits beyond two or three; so, rather than

interpolate for this small difference, we say the

answer to 534 x 186 x 14 is .

Multiply 0.51 x 12 x 0,043.

Log 0.51 1.7076 or 9.7076-10
Log 12 1.0792
Log 0.043 = 2.,6335 or 8.6335-10

i

The sum is

T

Rewrite the sum of the logarithm, 19.4203-20, as a
logarithm with a negative characteristic .

The sums of the logarithms of the following numbers

are:

Log 60 + Log 0,35 + Log 430 =
Log 0.8 + Log 0.034 + Log 900 =

six zero,

600,000

6.1431,
1,000,000,
10,000,000

1,390,000

19.4203-20

1.4203

0.263
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To divide by use of logarithms, subtract the 3.9558,
logarithm of the divisor from the logarithm of 1.3888
the dividend.
For example, to divide 476 by 28:
Log 476 is 2.6776
Log 28 is 1.4472
The difference is 1.2304
The antilogarithm of 1,2304 is ; thus,
467 + 28 is
Divide 231 by 221. 17,
17
Log 231 is .
Log 221 is .
The difference is .
From the information available, we would say that
the answer is a little closer to than .
Divide 1.43 by 0.621. 2.3636,
2.3444,
0.0192,
Log 1.43 is 0.1553. 1.05,
1.04

Log 0.0621 is 2.7931.

Since this is a difficult subtraction, we make it
easier by rewriting both logarithms in the form

used when the characteristic is negative.
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83. From the above problem,

Log 1.43 is 10.1553-10
Log 0.0621 is 8.7931-10
Subtract to give 1,3622

The antilogarithm of 1.3622 is R

R e e e T T T S SV

84. Divide 0.5 by 25. 23
Log 0.5 is .
Log 25 is .

The difference is .

The antilogarithm is .

— v mal am v e e = e

85. Now let us try this problem: 9.6990~-10,
' 1.3979,
N 2.3011,
(257 x 2.35 x 10% x 9,81 x 10~2) divided by 0.02

(7.6 % 102 x 3,5 x 107}y = ? .

To work this problem, the logarithms of the numbers

in the first set of parentheses are

together. Subtract from this the sum of the leogarithms
in the __set of parentheses. Then find the

of this difference.

v e e e o e ww we

86. The sum of the logarithms of the numbers in the added,
s ' . second,
first set of parentheses is . The sum antilogarithm

of the logarithms of the numbers in the second set

of parentheses is . The difference is
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If we assume that the answer will have no more
than three significant digits, it is .

Powers and Roots

88.

89.

90.

9l.

You will recall that when a number is raised to a
power, such as 6 raised to the fifth power (6°%),
yvou multiply 6 x 6 x 6 x 6 x 6, With one-digit
numbers, this is not difficult. However, if you
raise 253 to the fifth power, it is time consuming,
at least, and the possibility of error is increased

if you multiply in the usual manner,

Logarithms allow you to raise a number to a power
easily. Simply multiply the logarithm of the
number by the power to which the number is to be
raised. This is the same as adding as many

logarithms as the power indicates.

If you wish to raise 253 to the fifth power,
Log 253 is
Multiply this logarithm by 5 to give .

From the above frame, we have log 253% is 11.0155.

The antilogarithm of the mantissa is about halfway

between and . By interpolation

the next digit will be , making our answer,

to four digits, .

4.7727,
2.4249,
2.3478

223

2.4031,
11.0155
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The characteristic is 11. Thus, the number is
103,600,000,000., It is much less cumbersome to
write such a number as a number between 1 and 10,
times a power of 10, as discussed in Section 3.3,

pages 84 to 91,

In power-of-ten notation, the number would be
written 1.036 x 101!, Note that the exponent of
10, the number , 1s exactly the same as the
characteristic of the logarithm 11.0155 because

1 x 10!'! is 100,000,000,000.

Thus, it is easy to write an antilogarithm with power-
of~ten notation. TFor example, given the logarithm
3.4669, the antilogarithm is written 2.93 (a number
between 1 and 10) times 10 with an exponent 3

because the characteristic of the logarithm is 3,

The antilogarithm of 3.4669, then, is

in power~of~ten notation.

Using logarithms and giving answers to no more than

three significant figures:

a. 16% = 3
b. 0.053% = ;

255 = :
d. 0.6353 = ;
e. (2 x10%)3 = H
£. (2 x 1073 = ;

103,

6,
1036

11

2.93 x 103
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Now let us find the square root of a number such a. 6.55 x 10%
. = b. 7.89 x 107% ;

f . ig ? i ’
as 64 by use of logarithms. What is V64 First c. 9.76 x 106 ;
find the logarithm of 64. d. 2.56 x 107}

or 0.256 ;
e. 8 x 1012,
Log 64 = 1,8062 £. 8 x 10712 ;
g. 25 .
Divide 1.8062 by 2 (because we are taking the
square root).
1.8062 = 2 = 0.9031 .
The antilogarithm of 0.9031 is , which
you probably knew already;
V64 = 8
3

Now find the cube root of 343, v343 , Log 343 = 8
2.5353. Divide 2.5353 by 3 (because we are taking
the cube root). 2.5353 % 3 = (0.8451. The anti-
logarithm of 0.8451 is , which is the cube
root of 343.
In each of the above cases, we divided the logarithm 7

of the number by the root--2 for square root, 3 for
cube root-—-for which we were looking. Then we

found the antilogarithm of the logarithm.

Now we can make a general statement of the rule,

To find a given root of a number by use of
logarithms, divide the logarithm of the number

by the root and then find the antilogarithm.



119

100. TFor example, to find the square root of 144, Log 144
is . Divide this logarithm by to

give . The antilogarithm of is

101.

102,

103.

104,

To find the cube root of a number, divide the

of the number by This will
give the logarithm of the of
the number., Finally, find the of

this logarithm,

The above problem was easy because you knew what
the answer was.
46,7007

solution to the problem.

Now, what is the cube root of

Write in the next frame your step-by~step

The cube root of 46,700 is not exactly but is

very nearly

2.1584,
2’
1.0792,
1.0792,
12

logarithm,

3,

cube root,
antilogarithm

Leg 46,700 =
4.6693;
4.6693 + 3
1.5564;
antilogarithm
of 1.5564 =
very nearly 36.
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105. There are many symbols used in mathematics to 36
replace words. We use + for plus, + for divided
by, etc. Another symbol you should become
familiar with is = or *, which means "approximately
equal to". We could have used it in the last

3
frame to write v46,700 is __ 36.

Id

106. The square root of 15,900 (as calculated with
logarithms) is = .

107, Find the indicated roots of the following numbers 126
to no more than three significant figures. The

answers are in Frame 108.

a. /625 £. /0.02

b. 3T7§§ g. /0.2

c. V256 h., V2

d ) i /20

e. VEE 5. /300

108. a. 25 f. 0.141 or 0.142

b. 12 g. 0.447
c. 16 h. 1.41 or 1.42
d. 6.32 i. 4.47

e. 2 j. 14.1 or 14.2

or
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SECTION I-5

USE OF THE SLIDE RULE

Introduction

1.

Basically, the slide rule is an instrument with
which logarithms may be added or subtracted quickly.
Thus, the same problems that we worked in Part 4 of
this study may be solved without looking up the

logs and antilogs in a table.

To lay some foundations for our thinking, let us
look at two ordinary pieces of wood with ten

equally-spaced markings on each.

Fig. 5.1. Linear Spacing of Calibration Marks

3. We can use these sticks to add small numbers (3 + 5)

as shown below.

(2a) Place the left zero of the top stick in line
with one of the numbers to be added, 3, on the
bottom stick.

(b) TFind the other number, 5, on the top stick and
read the sum of 3 + 5, which is 8, on the bottom

stick.
(Continued)
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(Continued)

BT
U o
O\ 4 W
~

~-00 = Ut
O 4O

Fig. 5.2. Addition

- o o e = wm s

Now let us make our sticks more useful by making

the large graduations equal 10 units, rather than

one unit, as below. |

0 10 20 30 40 50 60 70 80 90 O

Fig. 5.3, Smaller Linear Graduations

Now, each large scale division has a value of 10, 20,

30, etc., and the arrow points to a value of .

We have been referring to lines on sticks. Often it 64
is more convenient to refer to the lines as a scale,

meaning a series of steps. Each stick in Fig. 5.1

has a or a series of equal steps from

zero to ten.

On the stick in Fig. 5.3, we have decided to increase scale
the value of the steps of our by a factor of
ten, making the steps 0, 10, 20, 30, etec. The value

of our scale is now from zero to
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Using the same method as that used in Frame 3, let us
add 27 and 64 using two sticks with scales graduated

as in Fig. 5.3.

scale,
100

0 10 20 30 40 50 60
1hadsisiria .l::n:{ itie rirgidasodos {

Liel abideindois
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0 10 20 30 40 50 60 70 80 90

Fig. 5.4, Addition of Larger Numbers

Place the zero of the top scale opposite 27 on the
bottom scale. Draw a straight line (hairline) so
that it intersects both scales at 64 on the top

scale., The answer, on the bottom scale, is .

Each slide rule has a sliding member with a hairline
etched on it. The purpose of this hairline is, as
in the above frame, to allow numbers on the two

scales to be matched more closely.

Our scale (Frame 7) is approaching a limit for precise
work because the lines are getting very close together.
However, if high precision is not important, we could
let each large scale division be worth 100 and each
small one worth 10 to extend our ability to add larger
numbers.

- e me em me A e e

Using the scale in Fig. 5.4, allow each large scale
division to be worth 100. Now add 270 and 360. The

answer on the lower scale is .

- mm . e e o e e e

91
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Also, we could double the length of the rule and 630

extend our ability to add without losing precision,

We said that a slide rule is an instrument for adding
logarithms. Thus, we camnnot use rules with linear
divisions but must use rules that are marked loga-

rithmically, as below.

Fig. 5.5. A Logarithmic Calibration

This spacing is produced as shown in Fig. 5.6. Note
that the spacing is for the logarithm of the number.
Thus, we can add logarithms (multiply numbers) in
the same manner that we added linear numbers with a
linear scale.
S IS
o 1 2z 3 4 5&7 5
18

Linear Spaci

SO
(>3

3 ¥ 5 6 8 7 /0
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.30/ Y7 .cgz. £37 788 .
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Qs IR, 75y

Logarithmic Spacing

!

Fig. 5.6. Comparison of Logarithmic and Linear Calibrations

Since one is the number whose logariithm is zero, we
mark the left end of the stick, one. The log of 2
is 0.301, so the mark for 2 is 0.301 parts of the
whole scale: 3 is 0.477 parts of the scale, etc.
These numbers are the mantissas of the logarithms of

numbers from one through ten.
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The mantissa for log 10 is , as it was for
log 1. You should recall that, although charac-

teristics change, the mantissas repeat in a '"factor-

of-ten" cycle. Each such cycle is a "'decade'. This
scale, then, is a one (factor-of~ten)
scale.

You will recall that the characteristic of a
logarithm determines the decimal point of a number
and the mantissa does not. Thus. & slide rule,
which adds only the of the logarithms,
cannot determine the size of a number; it can deter-

:zine only the digits of the number.

The scale divisions on a slide rule are spaced to

represent the of the logarithms of

the numbers on the rule.

The mantissa of the logarithm of 4 is 0.602. The
number 4 on our logarithmetic scale is

parts of the total distance from the left end to
the right end.

Since our scale is logarithmetic, there is no zero,
The left end is one, or ten, or 100, etc., The right
end is always a factor of larger than the

left end.

We refer to the left end as the left index and to

the right end as the right .

Zero,
decade

mantissas

mantissas

0.602

ten
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Fig. 5.7. A Slide Rule with Six Scales

Perhaps we should mention that, in the
following illustrations, we have used three
different slide rules. We felt that we
should use, in each illustration, the slide
rule best suited to illustrate the text.

The reader will probably find that his slide
rule is very similar to one of the three
that we have shown.

Since there are no decimal points, the left index
number may represent any multiple of 10 less or
greater than 1, The right index number, then, is

a factor of 10 (greater, less) than the left index.

If the left index represents 10, between this index
number and 2 we would have 11, 12, 13, 14, etc.,
each separated by 10 spaces (as shown on the C and

D scales in Fig. 5.8 below).

There are a number of scales on each slide rule index

labeled A, B, C, D, etc., as shown in Fig. 5.7.

For multiplication and division, we shall consider

only the C and D scales.
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24,

25,

26.

Fig. 5.8, Slide Rule Calibrations between the Left Index and Two

Note that although the divisions between the large
numbers one and two are in units of ten, they are

not linear but are spaced .

Note, in Fig. 5.8, that between one and two, it is
possible to read a three-digit number. On the C
scale, a small three is between the larger one and
two. If the large one and two are designated 10
and 20, the small three is at a point we could call
13. This number 13 on the C scale is opposite a
point on the D scale halfway between 10 and 11. The
third digit in this case would be five; and the
number on D, opposite 13 on C, would be 105 or 1.05
or 10.5 or 10,500, etc., depending on the problem
we may be working.

Thus, since decimal points (can, cannot) be read on
a slide rule, we may write the digits 105; but it
is better if we say one zero five rather than one
hundred and five because one hundred and five is an
exact number and indicates a decimal point; one
zero five does not. We will discuss the determina-

tion of the decimal point in Frames 59, 60, and 61.

logarithmically
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On the same figure, note that the number 146 o

C scale is opposite

161 on C is opposite o
125 on C is opposite o
c. 173 on C is opposite o}
d. 135 on C is opposite __o©
e. 140 on C is opposite __ o
f. 151 on C is opposite o

Now let us look at the portion of the scale that

extends from 2 to 4, Fig. 5.9 below.
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Also:

n D.

n D.

n D.

n D.

n D.

n D.
118
a. 130 ;
b. 101 ;
c. 140 ;
d. 109 ;
e. 113 ;
£f. 122 .

nlr QIR

||||||||‘ yl||||||J?||||l|ul|||l|||||I(

u‘\s.m ST T T g ....: |Iluulnlr|n|rlmlnullmlmlmﬂ'u T e .-...|m.|....|....m..%m.’.T.
I 'lflyf""”liw' 'ml';?ﬁ’ gl il Mé iy whwu ﬂw(w’! Jmhw'w'mgu'nt'a]sh.., .alu.l,xmm? I
1||||m1|‘%;|.|<|

\)\\H] Hi\)1\\\l\l);vwII]HH\ll\lynH]lm]lHI)I]!)IIIU]TI}O I|I‘1||I|IIll||\H|HH!1b|IUI||\l\}|||||I||llHJ)l:!;!l|lIII\H||[Illllll\l'HH|HI1|IHI|HH|11HJ)|2 IRty

Fig. 5.9. C and D Scales between Two

The numbers in this part of the scale are clos
together because from log 3, which is 0.4771,
log 4, 0.6021,
their difference: 0.6021 - 0.4771 = 0.1250.
linear distance from log 1, which is zero, to
0.3010, is 0.3010--which is more than double t

linear distance from log 3 to log 4.

and Four

er

to

is a linear distance proportional to

The
log 2,
he
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Since these numbers are closer together, the spacing
is such that there are only five small divisions
between the major divisions. Thus, each small divi-
sion is two greater than the preceding one. Note
that the number 250 on the C scale is opposite 202

on the D scale.

B e T T s S

The first two digits of a number are marked exactly,

but the third digits are marked exactly only to "two's"

as in ccunting by "two's'". Therefore, we mugt esti-

mate the positions of odd digits like 1, 2, 5, etc.

- e aw e e e am s me

Note that 266 on C is about halfway between 214 and
216 on the D scale. Not knowing exactly what the
number 1is, we "interpolate'. This is the same as
"interpolation" with logarithms--we make a calculated

guess or "estimate" that the number is =215,

Practice in reading numbers: (Use Fig. 5.9.)

a. 222 on C is opposite on D
b. 260 on C is opposite on D.
c. 280 on C is opposite on D.
d. 312 on C is opposite on D.
e, 342 on C is opposite on D

When the number we want is between two points on a
slide rule and we try to mentally divide the distance
between the two peints such that we can make an

estimate as to its position, we .

a.

c.
d.
e.

179
210
226
252
276

we we we
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35. Given the two marks below, the arrow is pointing interpclate
to about (3.5, 3.6, 3.7).
3 4
This process of estimating is called .
36. Recall that we did much the same thing arithmetically 3.6,
when we wanted a mantissa or an antilogarithm which interpolation
was between numbers given in the table of logarithms.
37. 20 30 40 50 60
A I S B R
No. 1 No. 2 No. 3
By interpolation, estimate the numbers to which the
arrows point.
No. 1 is about
No. 2 is about e
No. 3 is about _ .
38. Between the numbers 4 and 10 on the slide rule, the 22
. 38
spacing is such that it is difficult to divide the 51

space between 40 and 41 or 64 and 65 into more than

two parts (see Fig. 5.10).
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Fig. 5.10. Spacing of Numbers between Four and Right Index

39. 1In this part of the scale, we must interpolate for
the third digit for all numbers except those which

are exactly halfway between the longer spaces.

40. For practice in reading the following numbers, use
Fig. 5.10 or your own slide rule with the right

index placed in the same position as in Fig. 5.10.

a. 470 on C is opposite on D.
b. 530 on C is opposite ______ omn D,
c. 625 on C is opposite on D.
d. 870 on C is opposite on D.
e. 965 on C is opposite on D.
f. 720 on C is opposite on D,

41. You may have noted that it is difficult, especially a. 346 ;
where the spacing is close, to interpolate as 2: 228 ;
precisely as you would like. Usually, if the third d. 640 ;
digit is not off more than one number, your answer ?: ;ég :

is considered correct. For example, if you read
417 and the true answer is not more than 418 nor

less than 416, vou are considered correct,
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5.2, Multiplication

42, Now that we have had some practice at reading the
C and D scales, let us do some actual addition of
logavrithms (multiplication). We shall continue to
show figures of slide rules as needed; however, you
should have one with which o work problems as we

proceed.

43, On the slide rule in Fig. 5.11, the left index of
the C scale is aligned with __on the D

scale. The hairline has been moved to the right and

is aligned with on the C scale.
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Fig. 5.11. Slide Rule for Answering Frame 43

44, If we add log 15 to log 22, their sum is the one five
s ; . . two
logarithm of the number on the D scale which is at two two
the hairline. This number is .
45, We said we were adding logarithms. Try the same three three

problem with your logarithm tables.

H

Log 15
Log 22
Antilogarithm of 2.5185 is .

i
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Note that when working with the complete logarithm,
the characteristic allows us to determine the

. On a slide rule, we have

only the mantissa, so the position of the decimal

point is dependent on the numbers in the problem.

- em e e mm omm W wa

In Frame 44, the numbers on the glide rule were
one five and two two. The actual problem might

have been

1.5 x 2.2
1.5 x 22
15 x 220
1500 = 0.22

or a host of others. 1In any case, the digits of

the answer were three three.

When a problem is worked on a slide rule, the placement

of the decimal point in the answer is (pick the correct

answer) :

a. read on the slide rule;

b. determined independently according to the

numbers used in the problem;

¢, found by referring to a table of logarithms.

- e e mm e e wm e e

1.1761,
1.3424,
330

decimal point

Practice problems: b.
a. 12 x 17 = ; e. 25.8 x 3,7 = 3
b. 12 x 21 = ; f. 5.55 % 13.2 = 3
1.76 x 3,22 = 5 g. 2.24 x 1073 x 3,68 x 10° = ;

d. 176 x 32,2 = 3 h., 1.25 x 103 x 4.5 x 102 = .

- - e e e e o e e
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50. Now, suppose we wish to multiply 7.35 x 5.625. 1If a. 204 ;
we set the left index number of the C scale opposite 2' §527;.
735 on the D scale, as in Fig. 5.12, the other d. 5670 ;
number 5625 on the C scale does not contact the D ?' 3;'; f
. .3
scale. g. 8.25 x 102
_________ or 825
h. 5.63 x 105 .
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Fig. 5.12. Left Index of C Scale Set at 735 on the D Scale
51. So, we ''switch ends" of the slide and place the
right index of the C scale at 735, as in Fig. 5.13,
Now we can use 5625 on the C scale and read the
answer on the D scale.
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52. When we use the right index of C, we are essentially
shifting to a "new" D scale as illustrated in
Fig. 5.14. But, since the scales read only mantissas,
the "new" D scale is, of course, identical to the

old scale, Thus, 7.35 x 5.625 = .

&
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Fig. 5.14. Simulating an Extension of the D Scale

53. Practice problems: 41.3
a. 52.3 x 6 = :
b. 9.8 x 45 = ;
c. 9.33 x 1072 x 1,86 x 10° = :
d. 3.7 x 107! x 8,5 x 1072 = ;
e. 0.667 x 3 = ;
£. 16 x 0.375 = :
g. 8.75 x 423 = :

h., 106 x 16 = .
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54. Now let us discuss division. To divide numbers by a. 314 ;
using logarithms, subtract the logarithm of the 2: i?fB;O
divisor from the logarithm of the dividend., We d. 3.14 x 1072
perform the same manipulation with the slide rule. o or.0.0BlQ ;

2. 2
——————— - - £. 63

g. 37CC ;

h. 1695 .

55. Let us lock first at our linearly ruled sticks. 1In
the figure below, we place one number on the lower
scale and adjacent to it on the upper scale the
number to be subtracted.

0 1 2 3 4 5 5 7 8 d
T —tt i J
10 1 2 3 4 5 ) 7 8 9 0
Fig. 5.15. Subtraction with Linear Scales

56. Our answer is read on the lower scale oppcsite the
left index of the upper scale. Let us, for example,
subtract 6 from 9; the answer is 3, the number on
the lower scale opposite the
on the upper scale.

57. Let us do the same with the logarithmic scale cf left index

the slide rule. Divide 6 by 2.5. As in Fig. 5.16
below, place the hairline of your rule on 6 on the
D scale and move 2.5 on the C scale under rhe

is read on the D

hairline. The answer

scale opposite the left index of the C scale.

number
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Fig. 5.16. Dividing 6 by 2.5

58. If the numbers are such, as in Fig. 5.17, that the 2.4
left index of C is off scale, read the answer on

the D scale opposite the right index of the C scale.
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Fig. 5.17. Hairline at 4 on C Scale and 18 on D Scale

59. 1In Fig. 5.17, we have divided one eight by four and

the answer is
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61.

62.

63.
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As in multiplication, the decimal point cannot be four five
determined by the numbers on the slide rule. Usually

the operator determines the location of the decimal

point by quickly dividing numbers of roughly the

same size. Using numbers in power-of-ten form is

a help in this process.

For example, in Fig. 5.17, we could be dividing
180,000 by 40. The digits in the answer are four
five., If we write 180,000 as 18 x 10" and 40 as

4 x 10%, it is obvious that the answer is _ .

A less simple problem would be to divide 14.6 by 4.5 x 103

0
0.0334, The digits in the answer, read opposite or 430
the right index of C, are four three seven. Write

the problem

14.6 x 100
3,34 % 107

and it is easy to see that the answer is x 102
or .
Practice problems: 4,37,

437

a. 673 + 231 = ;

b. 5.87 x 103 + 6.7 x 10° = ;
1.873 + 0.0562 = :

d. 12550 + 172 - ;

e. 2.62 x 107" + 3,59 x 1076 = ;

£f. 262 + 327 = ;

g. 3.89 : 3.96 ]

h. 3.89 + 2.19 )

Hi

oo

X
—
o

[
3
“
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65.
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There is a gaying that the more a slide rule is used a,
the more accurate it becomes. The truth is that

the more you use a slide rule, the more expert you d.
become in its use and in the ability to interpolate ¢
with greater precision. So, if you wish to be o
really "good" with a slide rule--PRACTICE. h

There are times when problems involve successive
acts of multiplication and division. With a little
practice, it is easy to do such problems. Let us

try one such as

For this problem, we wish to combine the multiplica-
tion and division steps. It is immaterial whether
you divide or multiply on the first step. Let us
multiply 500 x 273, and the answer is on the D scale
at the hairline. Now move 295 on the C scale over
to the hairline and you have divided the product of
500 x 273 by 295. The answer is four six three.

Placement of the decimal point makes it .

Practice problems: 463

26 x 13 _
a. ""—"“12 -
14 x 22 x 843 _ )
16 » 574 —————— }
365 x 31.5 _ _
Co ”"‘“"‘““‘““""""30 s
25 x 92 x 18 _

d. =T ~1io1 T —

we

2,91
8.76
33.4
73
73
0.802

. X oee

H

»
b

10"3 .

9,83 x 1073

1.775
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69,

70.

71,
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We said that it was immaterial whether you divide a. 28.2 ;
b. 28.3;

c. 383 ;
will find that there are times when one beginning d. 10 .

first or multiply first. This is true, but you

makes the problem easier than another beginning.

Let us use, for example, problem b of Frame 67. If
you began the problem by dividing 14 by 16, you
should have had no difficulties. However, if you
multiplied 14 x 22 and then divided by 16, you now
find that the most likely step, to multiply by 843,
cannot be done directly because 843 is off the

scale to the right,

The left index of C is on the number 1925. From our
previous experience, we know that we can switch ends

of the slide; that is, place the

of the C scale on the number and proceed

to multiply by 843 as usual.

There is another procedure which may be simpler in right index,
1

this case. Place the hairline at 1925, divide 1925 925

by 574, and then 843 is in the correct position to

multiply. The answer will be the same

regardless of the path taken.
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73.

74,

75.
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Work each of the problems left to right; then, work 28.3

them right to left and check the answers.

28 x 3

8 36 x5 x 0,0206 ;
o 9:15 x 37 x 0.236 _ .
: 2.25 % 1.5 —

0.214 x 750 x 0,1857 _
€ 70.995 x 26 x 1,235

It would be impractical in this study to mention all a. 22,6 ;
of the shortcuts for multiplication and division. b §§°g ?r
However, before we leave the subject, we should c. 0,942 .

mention the CI scale, often called the C-Inverted

or reciprocal scale.

- . . em e mm ww = e

Just above the C scale on most slide rules is the
CI scale (shown in Fig. 5.18). It is also called
the C-Inverted scale because it is exactly like the
C and D scales except that it is reversed. Before
we discuss its use, we should review the meaning of

the term reciprocal.

When we were discussing common fractions, we mentioned
that the reciprocal of a number is the fraction formed
by writing 1 over the number. That is, the reciprocal

of 2 is 1/2; of 68 is ; of 1/2 is .
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Fig. 5.18. Slide Rule with Arrow Pointing to CI Scale

You will note from the last example that the recip-
rocal of 1/2 is 2. So, dividing a number N by the
reciprocal of M, 1/M, is the same as multiplying

N x M. That is, N + 1/M = N x M/l = .

The number 134 divided by the reciprocal of 2, 1/2,

is:

134 2 1/2 = 134 x 2/1 =

Multiplying a number N by a reciprocal 1/M is the
same as dividing N by M. N x 1/M = N/M. The

number 134 multiplied by the reciprocal of 2 is:

134 x 1/2 = 134/2 =

"‘—q@ Tl nhmllmll|||I||nl||||I|||1Illnlu|x||lmhh|>l|l|l|ll mnhl.l-m ndiia lq||l|ill||l?mllnulnnh»||I|llllllll|nvllnl|I|nnl||l|I } ‘
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1b % 104 ) ;
i lll||l|ll Ill)|IIH l|II|IIIl|III'[IIII'IHI]HII|III| ki 8 -: .
1!5 1!7 1]3 2 2|5'“l “us i

1/68,

268
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Thus we can use the inverted C scale to multiply
and divide by reciprocals. Set your slide rule to
multiply 25 by 1/16. Set the right index on 25.
Then multiply 25 by 16 on the CI scale. The

answer on the D scale is .

e T T RO

In the above frame, instead of dividing 25 by 16
on the C and D scales, we multiplied 25 by the

of 16 on the CI scale and read

the answer as usual on the scale.

Work the problem 45 x 620 x 72 = ? as follows:
Right index of C on 45;
Hairline to 62 on C and the answer, so
far, is opposite 62 on the D scale.
In order to multiply again, we would need
to shift the right index of C to the

hairline at on the D scale.

Instead of multiplying, let us divide by the

of 72, Without moving the hairline,

move 72 on the CI scale over to the hairline. Now

read the answer on the D scale opposite the
index of the CI scale. The digits of the answer

are . The answer is .

— e e e e em e e e

1.56

reciprocal,
D

279
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83. 1In the following problems, multiply the first two
numbers as usual, divide by the reciprocal of the

third, and multiply as usual on the fourth.

a. 148 x 24 x 0.157 x 0.032 =
b. 1.2 x 36 x 0.58 x 2 =

c. 56 x 0,21 x 940 x 0.375 =

d. 842 x 60 x 0,125 x 3 x 10-3 =

84, Work the following problems using the CI scale as

much as possible.

250 _ )
90 % 1.37  ————— 3
57.5 _ )
be 58563 —
345 ~
€+ 146 X 5.6

5.3. Scale of Common Logarithms

85. One of the several scales on most slide rules is a

scale of common logarithms. This L scale on the
rule in Fig. 5.19 is located just above the CI
scale and is used with the C scale for finding
mantissas in the same way that a table of common

logarithms is used,

-e

reciprccal,
left,
two zero one
2.01 x 10°
a. 1.783 ;
b. 50.2 ;
c. 4140 or
4150 3
d. 18.94 .
a. 2,03 ;
b. 3.26 ;
c. 0.422 .
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Fig. 5.19. The Scale of Common

86.

two six three on the C scale. The number
hairline on the L scale is 0.42, which is
mantissa of log 263. So,

the logarithm of a number,

ITAREYEN)

”l“ll:,llilll)lll“

'lll' |||lllgollll

1|m|]n'u£1fu|
|‘I'I‘l'2|6| 4

—¢

You will note that the hairline in Fig. 5.

Logarithms

19 is at
at the
the

to find the mantissa of

place the hairline on

the number on the C scale and read the mantissa

on the L scale.

-

87.

Find the common logarithm scale on the rule you are

using and write the logarithms of the following

numbers:

156

a. Log 3
. Log 5.35 x 103 = :
. Log 1.75 = ;
. Log 30.4 = 3

e. Log 0.036 3

f. Log 0.5225 = .

I T RR R O]
¥ | 11.357 [ ljl‘l,li

B
AL et bRt an “”"ll'
JO I 5’0 ! e IIC

ll'Vl"lll]lx’é’ll"l"l!lll‘“
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5.4. Squares and Square Roots a., 2.193 ;

b, 3.728 ;

c. 0.243
88, The worth of the slide rule as an instrument for d. 1.483

e, 8.556-10 ;

i extracting square and cube r for
either g sq e an b oots or fo £, 9.718-10 .
squaring and cubing numbers is determined by the
need of the operator for precise or approximate

answers.

- em wm em s e wm me wn

89. As you have probably already determined, the slide
rule is not a precision instrument, especially if
the precision desired is greater than two or three
significant digits. However, it is an excellent

instrument where few-digit significance is useful,

U VORI

90. While the above statement is certainly true with
regard to multiplication and division, when you
begin squaring two or three digit numbers, the
precision with which you can read the answer is

no more than three digits.

91. For example, let us square the numbers 16 and 46

by regular arithmetic multiplication.
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92. The square of 16 is 256, which can be read rather 256,
easily on the slide rule. However, the exact square 2116
of 46 is 2116. On the slide rule, you would probably
need to interpolate between 2110 and 2120. You would
not be able to read the 6 at all and would guess as

to whether the third digit was one or two.

93, Let us look at the slide rule again. This time we
shall use the A and D scales. Note in Fig. 5.20
that the slide has been removed to lessen the
possible confusion of the intervening scales. On
your slide rule you may find that the B and C scales
are easier to use together. The A and B scales are

identical, as are the C and D scales.
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Fig. 5.20. The Two~Decade A Scale

94, ©Note that the A scale is exactly as long as the D
scale, but it is made up of two shorter one-through~-
ten scales. Since the right end of the D scale is
a factor of ten greater than the left end, the right
end of the A scale must be two factors of ten (107

or 100) greater than the left end.
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If the left end of A represents numbers from 1 to

10, the right end represents numbers from 10 to 100,
If we were speaking of graph paper, we would call it
two~decade paper. For the same reason, we can call

the A scale a two-decade scale.

Since the D scale is one decade long and the A scale
is two decades long, the logarithm of the number
under the hairline on the A scale is twice as large
as the logarithm of the number under the hairline on

the D scale.

When we place the hairline over a number on the D
scale and shift our attention to the number under
the hairline on the A scale, we effectively multi~
ply the logarithm of the D scale number by two.
Thus, the number on the A scale is the square of

the number on the D scale.

In Fig. 5.20, we have placed the hairline at 2 on
the D scale. On the A scale you read
which is 2%,

Refer mow to Fig. 5.21 where we have placed the
hairline on 16 on ithe D scale. At the hairline

on the A scale you should read 256 because the
hairline is slightly to the right of the line which

represents the number 255.
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Fig. 5.21. Using the Left Half of A with D

100. Since vyou have already determined in Frame 92 that
162 is 256, you will know that 255 is not quite
right., We are trying to emphasize that interpola~
tion on the shorter A scale is a little more diffi-
cult than on the D scale. However, we are still
within the accuracy limit of plus or minus one for

the third digit.

101. Now let us move to the other end of the D scale and
place the hairline at 46. 1In Fig. 5.22 we are
using a 10-in. slide rule to make interpolation
easier. The square of 46, as noted on the A scale,

is .
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Using the Right Half of A with D

Again, the interpolation calls for a more critical

decision; but, since we know from Frame 92 that

46”2 is 2116, we are well within the "plus-or-minus—

one in the third place" accuracy that we should

have.

Actually, in this case and similar cases where the

answer has four digits, you can be sure of the

fourth digit.

Since we are squaring 46, we can

see that the last digit is a six by mentally

multiplying the last digit of the multiplier and

multiplicand:

6 x 6 = 36 .

So, if we know that the answer is a four-digit

number and we can read the first three from the

slide rule, we can easily supply the fourth.

2110 ox
2120
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Thus, in Frame 101, we read on the slide rule the
number either 2110 or 2120. We know that the
answer is greater than and less than

As in Frame 103, we deduce that

the fourth digit is six, so the correct answer

to the problem 462 is

Practice problems: 2110,
2120,

a, 122 = ; jo 3.52 = T e

b, 133 = : k. 352 = :

c. 1.3%2 = ; 1. 512 = =

d. 1302 = ; m. 6.22 = ;

e. 1.82 = ; n. 6.85% = ;

£, 182 = ; 0. (7.2 x 102)2 = ;

g. 1802 = ; p. 0.0832 = :

h., 312 = ] q. 0.232 = ;

i. 33% = ; r. 0.1142 = .

The answers are in the frame which follows.

a, 144 j 12.2 or 12.3
b. 169 ; k 1225 ;

c. 1.69 ; 1. 2600 ;

d. 1.69 x 10% ; m. 38.5 ;

e. 3.24 ; n 47

f. 324 3 o. 51.9 x 10% ;
g. 3.24 x 10% ; p. 68 x 107"

h. 960 or 961 ; q. 5.29 x 1072 ;
i. 1089 ; s 0.013 .
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107. Now let us reverse the process. When extracting
square roots, there are two rules to remember.
The first is: If your number has an odd number
of digits to the left of the decimal point, use
the left half of the A scale. If the number of

digits is even, use the right half of the A scale.

108. The other rule is: 1If you are extracting the
square root of a decimal fraction, write the
fraction as a power of ten where the exponent of
10 is divisible by 2. For example, 0.121 would
be written 12.1 x 1072, The number 0.0121 would
be written either 1,21 x 1072 or 121 x 107",

109. 1In the first case, v 12.1 x 1072 , place the
hairline over 121 on the right hand A scale.
The answer, on the D scale, is 3.47 x 107!

(-2 + 2 = -1). The square root of 0.121 is

110. 1In the second case, ¥ 121 x 107 , place the 3,47 x 1071
hairline over 121 on the left hand A scale. The or 0.347
answer, on the D scale, is 11 x 1072 or, written

as a decimal fraction, .

111. To extract the square root of 40, place the hairline 0.11
on 4 on the right half of the A scale (40 is two
digits, even). Read six three two on the D scale.

vV 40 = .
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112, To extract the square root of 7.3, place the 6.32
hairline at seven three on the left half of the
A scale. While 7.3 is two digits, there is only
one digit to the left of the decimal point (one
digit, odd, use the left side)., So, /7.3,

read on the D scale, is

113, Practice problems: 2.7

a. /1.3= ; /550 = ;
b V13 = H i. V55 = H
c. Y130 = ; j. /5.5 = :
d. /0.13 = ; k. /0.5 = ;
e. /0.013 = ; 1. /0.05 = ;

V17.4 = ; m. v/ 195 = 3
g. 8.35 = 3 n /348000 = ;

114, a. 1.14 h. 23.45 ;
b. 3.6 ; i, 7.41
c. 11.4 j. 2,345 ;
d. 0.36 ; k., 0.741 ;
e. 0.114 ; 1. 0.2345 ;
£f. 4,17 m. 13.95 3
g. 2.89 ; n. 590
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There are several other scales that can be
studied and many shortcut procedures that are
useful in the working of particular problems.

We leave these for the person who wishes to

go further with the study of the slide rule.

Our purpose was to give an introduction to the
slide rule, and we feel that you now have a base

for continued study. GOOD LUCK!
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