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Introduction

The slide rule is a handy caleulating device which can be used to
solve a variety of problems with speed and aecuracy. A knowledge
of the slide rule can be of great benefit to students, technicians,
engineers, scientists, statisticians, and businessmen.

(.0036 X .392)?
029 X 1.06
kolved in a few moments. Inches can be converted to centimeters,

or francs to dollars, with ease.

There’s nothing magical about the slide rule, although it may seem
so to the uninitiated. Itsoperation is based upon & few simple mathe-
matical facts of life which will be explained here in some detail.

There are many kinds of slide rules with different scales, ranging in
form from the familiar straight rule to round and even cylindrical
rules. All work on the same basic principle. If you understand one
kind, you'll be able to transfer your knowledge to others without
much trouble.

You should have a slide rule handy while reading this TutorText*
course, The type of slide rule used for illustrations is the Mannheim
Polyphase, marketed under several trade names, such as Maniphase,
Multiplex, Polyphase, ete. A rule costing only a few dollars is quite
ndequate for most purposes.

The emphasis in this course is on understanding the slide rule
rather than on merely performing operations with certain scales.
When you understand why the slide rule works, the how will become
cvident, even in new situations.

The first two chapters will develop the principle behind the most
commonly used scales of the slide rule. Ninety per cent of the work
done by slide rules is performed entirely on these scales. Later
chapters will treat the various arithmetical, algebraie, and trigono-
melric operations made siropler by the use of other scales.

We have assumed that the reader has only an elementary knowl-
edpe of simple arithmetie, algebra, and plane geometry. All con-

With the slide rule, a problem such as n be
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clusions will be made on the basis of material that we advance in
this book. The more informed reader will find his knowledge helpful,
but we will not take it for granted. We have made every effort to be
complete yet readable for both the student and the casual reader.

The TutorText book is an automatic teaching machine in book
form. You will find it necessary to work your way through this book
by choosing answers to multiple-choice questions. Should an answer
choice be wrong, you will be given additional information to enable
you to make the correct choice.

We are deeply indebted to Norman A. Crowder, technical director
of the Fduecational Science Division, U. 8. Industrics, Inc., for devel-
oping this automatic tutoring system, and for giving us the oppor-
tunity to prepare this book.

RoBERT SAFFOLD
ANN SMALLEY

NOTE TO THE READER

This is not an ordinary book. The pages are numbered in the
usual way, but they are not read consecutively. You must follow
the directions which you find at the bottom of each page.

You will find that reading this book is very much [ike having an
individual tutor. The book will continually ask you questions, and
correct errors as well as give you information.

Your progress through this course will depend entirely on your
ability to choose right answers instead of wrong ones—and on
your endurance. The course is divided into chapters, and several
short learning sessions produce better results than a few long
ones.

Follow the instructions and you will find it is impossible to get to
the final page without mastering the fundamentals of the slide rule.




CHAPTER 1

Scales and Powers

What is a slide rule? It is nothing more than a set of scales, some
ol which can be moved relative to others, with a movable hairline
indicator that simplifies setting and reading the scales. Yet, by
using these scales properly, you can carry out many kinds of cal-
ewlations with speed and accuracy.

"Uo use the slide rule effectively, you should know how the scales
nre derived and what the numbers on them really represent. The
lirst two lessons are devoted to teaching you these matters,

‘I'wo simple facts provide the basis for the slide rule:

1. Quantities can be represented by distances along a scale.
2. Two scales can be used to add and subtract quantities rep-
resented by distances on the scales.

Suppose you had two six-inch rulers. You could let a distance of
I inch on the rulers represent the quantity 2. FEvery half inch would
vepresent 1, a three-inch distance would represent 6, and so on.

If you placed the two six-inch rulers end to end, you would be, in
c¢ffcct, adding the quantities represented by them. What quantity
would be represented by the sum of the two six-inch distances?

Plcase choose the correct answer and then turn to the page in-
dieated after your answer.

The quantity represented would be 12. page 6

The quantity represented would be 24. page 11
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You did not follow instructions.

This course in the use of the slide rule is not put together like an
ordinary book. You do not turn directly from page 1 to page 2 to
page 3, and so on. This TutorText course will make no sense if you
try to follow that procedure.

Each page that you read will tell you what page to turn to next. Now
there was no way you could have arrived at this page if you had
followed instructions.

Please return to page 1 and select the correct page to read next.

3

[from page 151
vounr ANSwWER: 10° is the proper notation for 100,000.

Very good.
10 X 10 X 10 X 10 X 10 = 100,000
'Ten is a factor 5 times, so the notation is 10%; it is read, 10 to the
fth power.
livery number made up of a 1 followed by zeros is a power of 10:
1,000
10,000

100,000
. . and on and on.

A power of 10 can always be factored in this fashion:
10,000 = 10 X 10 X 10 X 10 = 10*

The number of times 10 is used as a factor determines the power
ol 10. Ten is a factor of 10,000 four times, so we write 10,000 as 10%

‘I'here’s a shorter way of arriving at this brief notation. Instead
ol Inctoring the number, it is enough simply to count the number of
veros in it.  For example, there are six zeros following the 1 in
1,000,000, 50 it is written 10°.

The advantages of this notation become even more clear when
vout look at a pumber such as one quadrillion:

1,000,000,000,000,000

If you ever save this many pennies you will find it an advantage to
o nble to total them as 1015,

But, you're here to learn to multiply, using the slide rule. So
lire's o problem, Solve it the easiest way you know.

1,000,000 X 100,000,000 = 2

T'he answer to this multiplication is: >
110,000,000,000. page 7

100,000,000,000,000. page 12
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Lirom page 111
YOUR ANSWER: The setting represents 1 + 5 = 6.

You are quite right in supposing that the drawing shows a setting
that is equivalent to 1+ 5 = 6. But you were asked to think
about the calculation in terms of subtraction. Your answer in-
dicates addition. ‘

~
(V7 = 7 ¢ [0
VAV RS
NS Ny

Using the same quantities you used in your answer, but thinking
of them in terms of subtraction, you can read the scales as follows:

The drawing shows the setting of 6 on the lower scale. Opposite
6 on the top scale is the number we wish to subtract, 5. And now
moving left to the end of the top rule we can read off the answer on
the bottom scale, 1.

Do you see how the operations of addition and subtraction differ?

To add, we set the left end of the top scale opposite one of the
numbers on the bottom scale. Then we find the other number on
the top scale and read the answer directly below this number. To
one distance, we add another in the same direction,

To subtract, we adjust the scales until the lesser number located
on the top scale is opposite the greater number on the bottom scale.
We then read downward along the top scale to the left end and find
the corresponding number on the bottom scale, which is our answer.
To the distance representing the original number we apply a distance
in the opposite direction.

In each case, the lower ruler gives us the starting figure and the
answer. The upper ruler is used to extend the starting figure, up-
ward (toward higher numbers) in adding, downward (toward lower
numbers) in subtraction.

Please return to page 11 and look at the problem again.

5
[from page 12]

YOUR ANSWER: Yes, we've simply added the exponents of the
powers of 10.

You are correct. The values of exponents can be represented by
dintances, and added or subtracted with the aid of two rulers. And
when we add and subtract the exponents we are really multiplying
niml dividing the powers of 10. Be sure you understand that the
{wo equations below represent the same process with the same
(nnntities.

1,000,000 X 100,000,000 = 100,000,000,000,000
nud

10% x 108 = 10%+% = 10'*

‘I'iis manipulation with powers of 10 is fundamental to an under-
ninnding of how s slide rule works.

We have shown powers of 10 with exponents. There is another
nolntion in wide use, called the common logarithm.,

A logarithm can indicate any number merely by showing the power
to which 10 must be raised to create the number.

Confusing? Perhaps it i3 at first, but it’s very simple once you
pol the idea. We're introducing a kind of code for writing ordinary
nmunbers such as 100, 23.6, or 0.00729. It’s a logical and orderly
valn. Our base of operations is the number 10. When we want to
supress the number 100, we say that the logarithm of 100 is 2. This
mennyg simply that we can get the number 100 by using our base 10
win fuctor twice. (We'll get to the logarithms of numbers that are
nol. whole-number powers of 10 in due time—numbers such as 23.6
auel 0.00729, for example. For the time being, though, we’ll keep
nn uning whole-number powers of 10 in our explanations.)

10 K 10 = 100. Thus the logarithm of 100is2. 10 X 10 X 10 =
1,000, Ho the logarithm of 1,000 is 3. The logarithm of 10,000 is 4.

Now think about this question carefully: Why does the logarithm
ol 10,000 equal 4? g

Beenanie there are four zeros in the number 10,000. page 9

Heenme 10 X 10 X 10 X 10 = 10,000, page 16
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{from page 1]

YOUR ANSWER: If a half-inch distance on a ruler represents the
quantity 1, then two six-inch rulers placed end to end represent the
quantity 12.

No, you have chosen the wrong answer.
These are the points we want to make:

1. Distances can be used to represent quantities. If one-half
inch represents the quantity 1, then 3 inches stand for 6, a
six-inch length stands for 12, and so on.

2. Distances can be added by means of scales. And since this

is so, the quantities represented by the distances can likewise
be added.

We have two six-inch rulers, each representing the quantity 12.
By placing the rulers end to end, we add the two distances—and
add the two quantities at the same time.

What quantity is represented by the total length of the two rulers?
Please go back to page 1 to choose the correct answer.

7
[from page 31

vour aNsweg: 1,000,000 X 100,000,000 = 100,000,000,000.

No, you lost some zeros somewhere.

You may recall that you can multiply a number by a power of
't just by adding the appropriate number of zeros.

T'o multiply by 10, add one zero.

To multiply by 100, add 2 zeros.

‘I'o muttiply by 1,000, add 3 zeros.

To multiply by 10,000, add 4 zeros, and so on.

35 X 10 = 350.
35 X 100 = 3,500.
35 X 1,000 = 35,000.
35 X 10,000 = 350,000.
And so on.

Now to our problem;

1,000,000 X 100,000,000 = ?

We write the first numeral without commas, and then count and
ree Lhat there are eight zeros in the second numeral and merely
mdil on eight more zeros like this.

100000000000000
— N ——

(the first  (eight more
number) ZEros)

I’ul the commag where they should be, and then return to page 3
v choose the right answer.
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[from page 151

YOUR ANSWER: A notation for 100,000 is 10°,

Sorry, but no.

Remember: the exponent of 10 in a power of 10, such as 108, in-
dicates how many times 10 must be used as a factor to obtain the
product. '

Let’s break this down a little:

10 =10 X 10 X 10 X 10 X 10 X 10 = 1,000,000

power 10 used as a factor multiple
of 10 6 times

On the left, then, we have 10 raised to the sixth power—that is to
say 10 used as a factor in multiplication 6 times.

In the same way, if we have 10* (10 raised to the fourth power)
it is 10 multiplied by itself repeatedly until 10 has been used as a
factor 4 times.

10* = 10 X 10 X 10 X 10 = 10,000

There’s something that will help you with powers of 10. Notice
that the exponent in each power of 10 tells you how many zeros
follow the 1 when the number is written out. To go back to 105, it
represents 1,000,000 (1 followed by six zeros); 10* represents 10,000
(1 followed by four zeros).

What number do you think 10% represents? And how would you
express one billion as a power of 10? Think about these before you
£o to the next paragraph.

Did you figure that 10% is a 1 followed by 3 zeros, or 1,000?7 And
did you decide that one billion is 1,000,000,000 which is 1 followed by
nine zeros and may be written as 10%?

If you didn’t get those answers, go back over this page again, After
doing so, you should be in good shape to decide how to write 100,000
in powers of 10 so that you can answer the question on page 15.

9

[from page 61

vour ANSWER: The logarithm of 10,000 is 4 because there are
Jowe zevos in the namber 10,000.

You may think we’re being unnecessarily difficult, but we can’t
neeept this answer.

I is essential that you understand what a logarithm is. Your
ninwer is wrong because it doesn’t strike at the heart of the matter.
{t i true that there are four zeros in the numeral 10,000. But 10,000
cnn nlso be written as 10%  There aren’t four zeros in 10* but the
lpnrithm still is 4. Don’t confuse the way of writing a number
wilth the number itself.

In defining logarithms, we start with a given base. Our base is 10.

When we use the base 10 as a factor twice in a multiplication, the
product is 100.  That is, 10 X 10 = 10* = 100. Because our base
1} is used twice, we say that the logarithm of 100 is 2.

When our base is used as a factor three times, the logarithm is
(hree. Thus, since 10 < 10 X 10 = 1,000, the logarithm of 1,000
i1 23,

I s {rue that with a number such ag 10,000.0, the logarithm of
(he number is equal to the number of zeros to the left of the decimal
jment.  But this is incidental; it’s not a definition of the logarithm
ol the number.

By definition, a logarithm of a number is the exponent indicating
the power to which the base 10 must be used as a factor to produce
the namber.,

I'lense return to page 5 and pick the better answer.
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[from page 16]

YoUuRr aNswEr: If 10% X 10° = 108, then log 10% 4 log 10% =
log 108,
Good. An example of such a multiplication might be;
1,000 X 100 X 10,000 = ?

First, we determine the logarithm of each factor.

log 1,000 =3
log100 =2
log 10,000 = 4
Using the form above, log 1,000 + log 100 4 log 10,000 = ?, we get
3+2+4=09;

9 is the logarithm of 10° or 1,000,000,000, which is our answer.

The answer could have been found by adding the logarithms on
the rulers, of course, but not in one step. The first setting would be
log 1,000 4+ log 100, or 3 + 2:

M s 7
Lz 13) 5/

Read 5 on the lower scale. Then add log 10,000, or 4, to the first

M Eshy
L3 4\3) 8 \8)¢

Ny
The final answer, 9, again is read on the lower scale. Two factors
can be handled in one step, or setting, but each additional factor
requires another setting.
So much for multiplication of powers of ten. Let’s see whether
logarithms are useful in division. Try this problem, using the best
mcthod you know. 100,000 divided by 1,000 is:

100. page 14

- O 4 Cat
_\I___J:_

2
a
¢

=0y 4~
EXESNE

1,000, page 20

11

[from page 11

vouit ANswrr: If a half-inch distance on a ruler represents the
qunntity 1, then two six-inch rulers placed end to end represent the
unnlity 24,

Cinrect.  Quantities ecan be represented by distances; distances
wnin e ndded and subtracted by means of scales; therefore, quantities
enh b added and subtracted by means of scales.

I, would be a simple matter to mark a ruler directly with the
qunnlitics represented. A pair of rulers with such markings can be
hnecd edge to edge to form an elementary slide rule—one that will
unly ndd and subtract. Here is the way they would be set for the

camputation 4 4+ 2 = 6.
(T 7
1 2 3lu)sle]

N

- O - —
= ]+ G-

"I'he rules are placed side by side so that the distance corresponding
lo2 on the top scale is placed at the end of the distance corresponding
foo Ion the bottom secale. The answer, 6, appears on the lower scale
uppoile the 2 of the top scale. This means that 4 inches, extended
Iy “inches, equals 6 inches.

tHow about subtraction? What do you think this setting repre-
mentiin lerms of subtraction?

M R
e &,

N N

R )
G
D
N

Thenelling represents 1 + 5 = 6. page 4
Ui elding represents 6 — 5 = 1. page 15

Fdon'l understand this. page 19
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Efrom page 31
YOUR ANSWER: 1,000,000 X 100,000,000 = 100,000,000,000,000.

Yes, and how did you find the answer?
With numbers that are not powers of 10, the usual procedure is this:

143
93

429
1287

13299

With the numbers 1,000,000 and 100,000,000 this is inconvenient
and unnecessary. There is an easier approach. There will be as
many zeros in the answer as there are in the terms combined.

Probably you were taught to use that rule, way back when. And
most likely you were never given a reason for the rule, Like so many
mathematical operations, it is simply learned.

Consider our problem again:
1,000,000 X 100,000,000 = 100,000,000,000,000
Using the notation you’ve just learned, this could be written ag
10% X 10° = 10

As you can see, the exporents of the factors have been added to
obtain the exponent of the product.

You know how to add with & pair of rulers. Does this setting
represent the problem correctly?

(N T3
A¢) o oz bl

Yes, we have simply added the exponents of the powers of 10. page 5

-\q o o
e o 4o
L oo
-'_;-
=du
~TO

No, this violates the rules we’'ve learned. page 17

13

[from page 161

vour ANswWER: If 10% X 10° = 105, then log 103 X log 10° =
bop, 10" expresses the same fact.

No, you missed the point.

"T'he logarithm (often abbreviated log) of a number is the exponent
midienting the power to which the base 10 must be raiged to equal
tho nmnber,  For example, the logarithm of 1,000 is 3, because
' 10 X 10 X 10 == 1,000. The logarithm of 10,000 is 4, because
[0' 10 X 10 X 10 X 10 = 10,000 and so on.

Now, we found that 10° X 10% = 10'. That is, the exponent of
this product was equal to the sum of the exponents of the factors—
68,

Il we also know that 6 is the logarithm of 10°, 8 is the logarithm
ol 10", und 14 is the logarithm of 10'%, So if we write

log 10° + log 10® = log 10™*
I expression may be taken to represent the multiplieation
10° X 10° = 10™

Himilarly, the expression

10° X 10° = 108
ot Ll
the exponent of 103, plus
the exponent of 105, equals
the exponent of 10%,
nonl Ehisomuy also be written
log 10® 4~ log 10® = log 10®

Vo cnune the logarithm of the product equals the sum of the logarithms
wl the factors. N

Py Lhis page carefully. When you feel sure of yourself, return
to qaepe 16 and choose the correct answer.
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[from page 101

YOUR ANSWER: 100,000 divided by 1,000 is 100,

Good. Did you use a short cut in arriving at this answer?

As with multiplication, there are short cuts for division by powers
of 10. To divide any number by a whole-number power of 10,
simply move the decimal point to the left as many places as there
are zeros in the divisor:

10,000 + 10 = 1,000.0
R
35,002 + 100 = 350.02
Y/
1,000,000 + 1,000 = 1,000.000
=/

To divide 100,000 by 1,000, then, simply move the decimal point of
100,000 three places to the left: 100.000.

Another method is to write the problem in fraction form and
reduce to lowest terms as follows:

100,500
1,000

As you may have guessed by now, the same problem can be solved
by the use of logarithms. Suppose we rewrite the problem:
108

0= 102

= 100

Here, the exponent of the denominator has been subtracted from
the exponent of the numerator to give the exponent of the quotient.
Written in terms of logarithms: log 10° — log 10° = log 102

When dividing powers of 10, the logarithm of ithe quotient (the
answer) is found by subtracting the logarithm of the divisor (the
number that does the dividing) from the logarithm of the dividend
(the number being divided).

100
What is the logarithm of — ?
100
log 100 = 1. page 18 log 100 = 0. poge 23

I don’t understand. page 29

15

[from page 11]
vounr ANSWER: The setting represents 6 — 5 = 1.

Clood,

Whaen we place the rulers side by side in this manner, the distance
surrenponding to 6 on the bottom is “shortened” by & on the top
menlo. We have used the rulers to figure that 6 shortened by 5 equals
! oo the bottom scale.

Ho Lwo rulers ean be used to add and subtract numbers. But what
i thin to do with the slide rule?

Ar o matter of fact, the main function of a slide rule is to add and
miblrnel in exactly the fashion you have observed.

[t you probably know that the scales on a slide rule can be used
{0 mulliply and divide. Let’s see how this is done.

Wea'll have to dig a little bit into mathematics to see how we can
mnltiply by adding and divide by subtracting. The number 10
will be the most important to us, so let’s investigate some of its
prapoerbies.

1. will be no news to you that 10 X 10 = 100. From this we can
my thad, 10 appears twice as a factor of 100. This may also be
vapreied as

10% = 10 X 10 = 100.

in' inny be read 10 squared, or 10 to the second power. The small
winernl 2 is called an exponent. When we write numerals with
sponenls, their meaning is shown by the following examples:

102 = 10 X 10 = 100

10® = 10 X 10 X 10 = 1,000
52=5X5=25

% =2X2X2X2=16

Himilorly, 1,000,000 may be written as 10°; this time, the exponent
b (0 This means that the number 10 is used as a factor six times,
thun:

108 = 10 X 10 X 10 X 10 X 10 X 10 = 1,000,000.

lo when 10 is used as a factor six times, the product is one million.
fuppose you try one.  What is a correct notation for 100,000?

'
)
)
i

1", page 3 105, page 8 I don’t understand. page 21
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[from page 61

YoUR ANSWER: The logarithm of 10,000 is 4 because 10 X 10 X
10 X 10 = 10,000.

You are correct. A common logarithm shows the number of times
the base 10 must be used as a factor to yield a certain product. Be-
cause 10 X 10 = 100, the logarithm of 100 is 2. Because 10 X 10 X
10 X 10 X 10 = 100,000, the logarithm of 100,000 is 5.

The word logarithm is often shortened to log. Instead of writing
the logarithm of 100 is 2 we simply write log 100 = 2. Of course,
since 100 = 10%, we may also write log 10° = 2. Note that the
logarithm of a power of 10 is simply its exponent.

We have pointed out that 10° X 10% = 10'%, and observed that
for simplified computation we merely added exponents, 6 + 8 = 14,
Since

log 10° = 6
log10% = 8
log 104 = 14

we can write
log 10® 4 log 10% = log 104,
Now look at this staterent:
103 X 10° = 108.
Which of the statements below expresses the same fact?
log 102 + log 10° = log 108, page 10
log 10° X log 105 = log 108, page 13

I don’t understand. page 22

17
[from page 12]

vour aNsweR: This violates the rules we've learned.

You'd better take another look. Here is the problem again:
1,000,000 X 100,000,000 = 100,000,000,000,000
Lling the powers of 10 notation,
1,000,000 = 10°
100,000,000 = 10%, and
100,000,000,000,000 = 10**
1o we can write the problem this way:
108 X 10® = 10"

Hinee 6 4- 8 = 14, it’s clear that the exponents of the factors have
lawen ndded to give the power of ten of the product.
Now, look at the ruler setting again:

F}j Y

-.CD-.LN_
L o+
-s_L;-
L= 41 o

A

Ihe end of the top scale is over the 6 of the bottom scale; counting
nver 1o 8 on the top scale, and reading the number directly below it
aie Lhe bottom scale, we see that this scale setting represents the
niddition of 6 and 8. In other words, it represents the addition of
the exponents of the factors 10% and 108.

Relurn to page 12 and answer the question correctly.
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[from page 141

. 100
YOUr ANSWER: 1 is the logarithm of 100"
No, it isn’t.
100 _
100

because any number (except 0) divided by itself is 1. But you were
asked to find the logarithm of the answer, not the answer itself.

We have seen that when we are dividing one power of 10 by
another, the logarithm of the answer is equal to the logarithm of the
dividend (the number to be divided) minus the logarithm of the
divisor (the number that does the dividing). For example:

10,000,000 _ 107

Y 13
1,000  10* 10
and
log 107 — log 10° = log 10*
or
7—3=4
In this particular problem,
100 10?2
100 102
and
log 10% — log 10% = log 10?
or

2—-2=7?

Return to page 14 and select the correct answer.

19
Lfrom page 11}

vounr Answer: I don’t understand.
Wo'll nssume to begin with that it is the actual operation that isn’t

wlonr, Let’s look again at the first diagram from page 11.

) Aél\ T T
| [2) s 4 F
Tz s\wfsief7 8 2

Wa have taken a number, 4, as a starting point on the lower ruler.
{ hen wring the upper ruler, we have added 2 by exiending along the
upper riler to that number. Transferring to the lower ruler again,
wir el Lo answer that 4 extended by 2 equals 6. Or, in figures:

442=06.

Now lol’s think about that same setting of the rulers in terms of
aublhinetion. We'll start with 6 on the lower scale and, by shortening
it by 2 on Lhe upper ruler, read off the answer 4 on the lower ruler.
‘Thun we enn use the rulers to figure that 6 shortened by 2 equals 4 or,

6—-2=4.

th you see the difference in the two operations?

T ndd, wo extend from the original number on the first scale by
wuthing upward through the values on the second scale. To one
Hintnneo we add another in the same direction.

T nabtragct, we shorten the original number on the first scale by
wotlny downward through the values on the second scale. To the
sbhdunes representing the original number we apply a distance in the
wppomlo direetion.,

Aud now, if your “I don’t understand” meant that you didn’t
s why we were doing this, we can only say, “Patience. This simple
fdnent of moving scales back and forth relative to each other and
pavling from one to another is all there is to using a slide rule.”

Ilenne reiurn to page 11 and try again,
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[from page 101

YOUR ANSWER: 100,000 divided by 1,000 is 1,000.

You can do better than this. By long division:
100

1,000) 100,000
1000
000

Besides, you should remember that division by a power of ten can

be accomplished by moving the decimal point to the left the correct
number of places.

To divide by 10, which bas one zero, move the decimal point
one place to the left.

To divide by 100, which has two zeros, move the decimal point
two places to the left.

To divide by 1,000, which has three zeros, move the decimal
point three places to the left.

And so on.

So to divide 100,000 by 1,000, all you need to do is move the
decimal point of 100,000 three places to the left:

100.000.
=~

Return to page 10 and choose the right answer.

21

[from page 15]

vOUR ANSWER: I don’t understand.

let’s begin by making sure you know what a factor is. The
fnetors of a number are those numbers that, when multiplied to-
pelher, give the original number as a product. For example, 7 and
3 nre factors of 21, because 3 X 7 = 21; and 2 and 5 are factors of
10, heeause 2 X 5 = 10.

A number can appear more than once as a factor of another num-
lwr. Ten appears as a factor fwice in the expression 10 X 10 = 100,
i we say that 100 = 102 (read 10-squared, or 10 raised to the second
power).  The exponent 2 indicates the number of times that 10 is
e as a factor.

[n the expression

10 X 10 X 10 = 1,000,
10 in used as a factor three times, so we say that 1,000 = 10® (read

1) vubed, or 10 raised to the third power).
Civing on in the same vein:

10 X 10 X 10 X 10 = 10,000, so 10,000 = 10*
10 X 10 X 10 X 10 X 10 = 100,000, so 100,000 = 10°
10 X 10 X 10 X 10 X 10 X 10 = 1,000,000, so 1,000,000 = 10°

Himilarly, 107 means the product arrived at when 10 is used as a
fietos 7 times, 10® means the product obtained when 10 is used as a
Inclor 8 times, and so on indefinitely.

Before you return to page 15 to pick the correct answer, be sure
you understand what an exponent signifies.
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[from page 161
YOUR ANSWER: I don’t understand.

Let’s work it out together.

The logarithm (often abbreviated log) of a number is the power
to which the base 10 must be raised to equal the number. For
example, the logarithm of 1,000 is 3, because 10® = 10 X 10 X 10 =
1,000. The logarithm of 10,000 is 4, because 10* = 10 X 10 X
10 X 10 = 10,000, and so on.

Now, we found that 10° X 10° = 10'%, That is, the exponent of
the product was equal to the sum of the exponents of the factors—
6 +8 =14

But we also know that 6 is the logarithm of 108, 8 is the logarithm
of 108, and 14 is the logarithm of 10'%. 8o if we write

log 10° 4 log 10% = log 10™*
this expression may be taken to represent the multiplication
108 X 10% = 10*
Similarly, the expression

103 X 10° = 108
means that

the exponent of 10%, plus
the exponent of 10 equals
the exponent of 108,

and this may also be written
log 10* + log 10® = log 10°

because the logarithm of the product equals the sum of the logarithms
of the factors.

Study this page carefully. When you feel sure of yourself, return
to page 16 and choose the correct answer.,

23
Ifrom page 141

100
YOoUR ANsWER: The logarithm of 100 is 0.

Correct. You know that log 100 is 2 so the division of 100 by 100
can be thought of as log 102 — log 10% = 0 = log 10°.

Now, if we divide 100 by itself we get an answer of 1. Working in the
logarithms for the powers of 10, we cin say that log 1 = log 10° = 0.

Let’s stop and pick up some loose ends.

Anything that can be represented by numbers—eggs, logarithms,
or anything else—can be represented as distance on a ruler.

Two such rulers, properly marked, can be used to add or subtract
the quantities represented.

To multiply powers of 10, it is often convenient to use logarithms.

The logarithm of a power of 10 is the number of times 10 is used
ns a factor to get the power. For instance, 10 is a factor of 10,000
four times:

10 X 10 X 10 X 10 = 10,000 = 10*

therefore log 10,000 = log 10* = 4

In multiplying powers of 10 using logarithms, the logarithm of the
nngwer is simply the sum of the logarithms of the factors. If 4 X
B = C, and 4, B, and C are powers of 10,

logC =log A 4 log B

In dividing powers of 10 using logarithms, the logarithm of the
nnswer is the difference between the logarithms of the dividend

nnd divisor, If % = C, and 4, B, and C are powers of 10 as before:
logC =1logd —logB

Let’s have a closer look at this matter of division. Could we write

A 1
I)_-~CasA ><§=C?

Yes, they are equivalent expressions. page 27

No, multiplication just isn’t the same as division. page 31
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[from page 271

YOUR ANSWER: log 10,000 = —

Yes. Negative logarithms may seem to be simply an added
complication, but they’ll be very handy for dealing with fractions,
1 .
To keep our notation straight, we’ll write Iaaas 10~2. This ex-
tends our collection of logarithms quite a bit. Here are a few:

1 3
= = - = 1 0 —
log 1,000 log —; 0% = log 10 3 log 1 og 10 0
1 ~2 - 1
log 100 = log — 07 =log107* = ~2 logl0 =logldt =1
1 Lo Io L log 1071 = —1 log 100 = log 10> = 2
0og 0 = log 101 = log = 2 g

The list, of course, can go as far as you wish in either direction.
For the most part, it won’t matter whether you elect to use the

form 4 =C,or4 X % = (€. This will be especially true for prob-

B
100 X 1,000,000 X 1 .
lems such as: 0 >;’ 0(’) OOX,OSO X1 C. The logarithm of the
answer may be written as: logC = 2+6+0)— 3+ 1) =4
1
The same problem can be written as: 100 X 1,000,000 X 1 X i—O(R) X
l
10 =C
In this case, logC =2+6+0—3 — 1 =4, Consider the in-
1,000 X10
100 X 1,000,000 X 1
What will the expression for the logarithm of the answer look like?

verse of the problem.

LogC=(34+1)— 2+46+0) = —(4), page 28

TlogC=34+1—-2—-06—0= —4. page 32

Either is correct. page 35

25
[from page 361

YOUR ANSWER: The second step is to place 2 on the top scale over
4 on the bottom scale.

That’s right.

So far we’ve accounted for 3 + 1 — 2. The answer, 2, is read on
the lower scale opposite the end of the upper scale.
The next step is to consider —6. Here is the correct setting:

:
!

This time, the top scale extends out to the left, and the answer,
—4, is oppos1te the end of the bottom scale. In general, when the
answer is to be found on the top scale, it will be negative.

Consider this problem:

102 X 107 X 1079 X 108 X 107! = ?

How many steps will be necessary?
Four. page 33

Five. page 37 i
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[from page 831

YOUR ANSWER: The first group contains an error.

No, all the problems in the first group are correct. Here they
are, with explanations:
log 1078 = —5
Of course. The logarithm of a number is the exponent indicating
the power to which 10 must be raised to equal the number.

log (10® X 107%) = 0
Yes, because
log (10° X 1072%) = log 10* + log 1073
=3 4 (—3)
=0

—5

100,000
=1log 1 — log 100,000 = 0 — 5 = —5. But —5 =

i
100,000
log 1073 (see first example on this page), so it’s true that

log

1
100,000

= 1075.

log (10 X 10 X 10 X 10) = 4

Right—log (10 X 10 X 10 X 10) = log 10* = 4.
Return to page 33 and try again.

27
[from page 231

4 1 .
YOUR ANSWER: Yes, B C,and A X 3= C are equivalent expres-
Hions,

1
Yes. B 1s the reciprocal of B. Division by a number is the same as

multiplication by the reciprocal of the same number.

Suppose we have a division, such as , in which the divisor

100
10,000
is larger than the dividend. How do we solve this problem by means
of logarithms? Well, if we follow the rule for division, we must sub-
lract the log of the divisor from the log of the dividend to get:

~log— = log1 —log 100 = 0 — 2 = —2

lo 100

1
£ 10,000

1 .
Thus, we see that log To0 = —2, and we have “discovered” negative

1
logarithms. The logarithm of 100 is 2 and the log of 100 is ~2.

On this basis, what would be the logarithm of 10,000 ?
lo 1 —4. page 24
®10000 ~ " P
lo L. 4. page 34
£10,000 & P99
1 1
86000 ~ 1 Poee®
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[from page 241

YOUR ANSWER: Log C = 3+ 1) — 246+ 0) = —(4).

This is one possible expression. If

_ 1,000 X 10
100 X 1,000,000 X 1

then

log €' = log (1,000 X 10) — log (100 X 1,000,000 X 1)
= (log 1,000 + log 10) — (log 100 - log 1,000,000 + log 1)
=@+~ @2+6+0)

= (4) — (8)
- -
However, the original expression can be rewritten in the form
(J=1,000><1O><L><———1~~—><1

100~ 1,000,000 " 1

And in this case, log C is given by the expression

1 1 1
log ¢ = log 1,000 + log 10 + log— + log ———— -
& & LOOD A log 10+ log 1735 + log 7550 555 + o 7.
Determine these logarithms, and return to page 24 to choose the
right answer,

29
[from page 14]

YoUrR anNswBR: I don’t understand.

Well, let’s retrace our steps.
Specifically, we found that

100,000
1,000

Then we rewrote the problem in terms of powers of 10:

1 3

0 g
where the exponent of the result is equal to the exponent of the
dividend (the number to be divided) minus the exponent of the
divisor (the number that does the dividing). But this is the same
as saying that the logarithm of the result is equal to the logarithm
of the dividend minus the logarithm of the divisor:

log 10° — log 108 = 5 — 3 = 2 = log 10?

So we made the following generalization:

= 100

When dividing powers of 10, the logarithm of the answer is
found by subtracting the logarithm of the dividend from the
logarithm of the divisor.

In this case, we want to divide 100 by 100, using logarithms:

100 —> dividend (number to be divided)
100 —> divisor (number that does the dividing).

Our general rule tells us that the logarithm of the result will be equal
to the logarithm of 100 minus the logarithm of 100. Log 100 =
2, because 10?2 = 100. Therefore, log result = log 100 — log 100
=2—-—2="?

Complete the problem, and return to page 14 to select the correct
answer. "



30

tfrom page 351

YOUR ANSWER: The next step is to place 1 on the top scale over 4
on the bottom secale,

No, that’s the result we get when we add 3 and 1, in the first step
of the problem:

A
R
R AUVEEIRY,

Now, however, we want to subiract 2 from 4, the answer we got
when we added 3 and 1. This isn’t difficult if we just remember what
we would do to add 2 to some other number, such as 3: we would
place the end of the top scale over the 3 of the bottom seale. Then
we would count over to 2 on the top scale, and the answer, 5, would
appear directly below on the bottom scale:

T 4/1,\
. ! I 2\ 7
12 3 415) i
N\
Now, to subtract 2 from 4, we just reverse this process. We place

the 2 of the top scale directly over the 4 of the bottom scale. Our
answer then appears on the bottom scale, directly beneath the end

of the top scale:
[ 57

.\ .
\4) 7/

When you’re sure that you understand what’s happening here,
return to page 35 to choose the right answer,

- Qo+ U

_O)-..u_
- ~J 4 =

-U‘l.-u_
LO)_-_;-.

:
3

31
Lfrom vage 23]

Your ANsWER: No, multiplication just isn’t the same as division.

1
No, but saying that% =Cand 4 X B= C are equivalent, expres-

nions is not the same as saying that multiplication and division are

{he same.
Consider this arithmetic example:

5 X 1_5 < 1
3 173
_5x1
1X3
5
"3
Applying these principles to the given expressions, we see that
1 4_1
A X 371 X B
4 X1
T 1XB
_4
B

1
So, since 4 X % and % are equal, the expressions 4 X = C and
g = ( are equivalent.

Return to page 23 to select the right answer.
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[from page 24]
YOUR ANSWER: LogC =3+1—-—2—6—0= —4,

Yes, because if
B 1,000 X 10
100 X 1,000,000 X 1

then we can write

1 1
C—IOOOXIOXIOOXWXI‘

And the logarithm of this expression is given by

1 1
1 1 00 + log 10 + 1 —_— -
og C = log 1,000 + log 10 + og —|-10g1000’000+10g1

=341+ (-2)+ (—6)+0
=3+1~-2—-—6-40
= —4

But look at the original expression again:

1,000 X 10
100 X 1,000,000 X 1

The logarithm of this expression, as it stands, is the logarithm of the
dividend minus the logarithm of the divisor:
log C = log (1,000 X 10) — log (100 X 1,000,000 X 1)
= (log 1,000 + log 10) — (log 100 + log 1,000,000 4+ log 1)

Complete the problem, and return to page 24 to choose the right
answer.

C =

33

[from page 2561

YOUR ANSWER: Four steps are necessary to find the logarithm of the
answer to: 10% X 107 X 107° X 10® X 107!

Fine. Let’s run over them one by one. The expression for the
log of the answer will be: 3 + 7 — 9 + 6 — 1. Now add 7 to 3:

12 3 4 5 6 [
X2 3 456 78 9\

The answer, 10, appears on the lower scale. Next to subtract 9:

\ 1 2 305 7
\1/2 3° 8

This gives 1, again read on the lower scale. Adding 6:
EIARAN:
\7) 8 /
‘ N
This is 7, still on the lower scale. Last of all subtract 1:
(I L
3 ¢ o\ef\7) ¥

The log of the answer is 6. The answer then is 108,
Which series of problems contains an error?

...(J'(—._K__

-\g-....».‘
'm"LN-
ROENAE

log 10~6=—35 104X 10-3=10~7  [100,000,000,000 =101
log (108X10~%) =0 log 1=0 10:;%2::;2:5):0“ —10-4
1o 1,000X100 _ 108102 ov10h - 10-5
100,000 1,000,000 108 [og (107°X10%)=1
10° log —— = —4
log (10X10X10X10) = =4 =108X10"2 %8 10000
page 26 page 36 page 39
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[from page 271

YOUR ANSWER! log

1
10,000~ *

The numerical value of your answer is correct, but the sign is

wrong. We found that the logarithm of %5 is —~2, and we can

1 1 .
observe that 100 = 0% Does this tell you anything?

| 1 . .
1,000 is equal to 155 50 it looks as if the

. 1
logarithm of i—’-o—(-}a should be ~8. We can check this by using the

Let’s go a little further,

rule for finding the logarithm of a quotient:

'Ijh‘? logarithm of a quotient is equal to the logarithm of the
dividend minus the logarithm of the divisor, i.e.,

log

=] - =0—8 = —
1,000 ogl —1log1,000=0—3 3

So our assumption is correct: log = log —1~§ = —3,

1,000 10

At this point, you should be able to choose the correct answer on
page 27.

35
Lfrom page 841

YOUR ANSWER: Either is correct:
logC=@B+1)—2+6+0) =—4
logC=3834+1—-2—-6—-0=—4

Very good.

The logarithm of 10™* is —4. Because this problem was the
reciprocal of the original problem its answer is the reciprocal of the
original answer (which was 10%).

In general, to express the reciprocal of a power of ten such as 104,

| S
write it with a negative exponent. Thus, TRt 1074,
Let’s make sure that you understand how —4 can be the logarithm

1
of 107% Remembering that 10~ can be written 10.006° and that

A -
10,000 is merely a simple problem of the form 3= C, the expression

1
for the logarithm of 10,000 will be of this form:

= ~ =0—4=—4
log 10,000 log 1 — log 10,000 = 0
Could the problem have been worked out on our simple slide rule?
103 X 10!
Here it is again: 0T X10 107

102 X 10% X 10°
The expression for the logarithm of the answer was:
3+1—2—6—0=log (107%)
Adding the first two numbers, 3 and 1, is no problem:
47
17

{
!
A

T3
I

But what’s the next step?
Put 2 on the top scale over 4 on the bottom scale. page 25

Put 1 on the top scale over 4 on the bottom scale. page 30
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[from page 381
YOUR ANSWER: The second series contains an error.

No, it doesn’t. Look at the problems again:
107* X 1078 = 1077

The logarithm of a product is equal to the sum of the logarithms of |

the factors, so

log (107% X 107%)

log 107* +- log 1073
—4 4 (-3)
= -7

Which means that 107 X 1073 = 107,

logl =20
Right. 1 is equivalent to any number (except 0) divided by itself.

1,000 X 100  10® X 10?
1,000,000  10°

Just count the zeros:

1,000 has 3 zeros, so 1,000 = 103
100 has 2 zeros, so 100 = 102
1,000,000 has 6 zeros, so 1,000,000 = 108

108 . s
07 = 10° X 10
Checking the logarithms of the two expressions:

10% s 5
log1—0-§=log10 —log10°=8~-2=46
log (10° X 1072) = log 10®* + log 102 =8 — 2 = 6

Since their logarithms are equal, the two expressions are equal.
Return to page 33 for another try.

37
[from page 251

YOUR ANSWER: Five steps will be necessary,

Well, let’s check. Here’s the problem again:
108 X 10" X 107° X 108 X 107! = ?

The first setting of the rules will be 3 + 7:
N

B3
\10f

R

e
N3 EENE
L o+
BN o
L 004U -
Lo+ o

X2 3

The answer is 10. So the second setting of the rules is 9 on the
lop rule over 10 on the bottom rule, to subtract 9 from 10:

T3 557
\1) ¥t s

The answer is 1. The third step is 1 + 6:
N

[eV ¢ ¢
\{/8 f

N

-w-.N -

!
2

PN == = ~]
= 3=} PN =
e ML
Gt =

This gives us 7, and the final setting is 1 on the top rule over 7 on
the bottom rule, to subtract 1 from 7:

=

\._.-/>
o+
RG]

¥

Xeo:E A NE

So our final result is 8.
Now, count the number of steps that were necessary, and then

return to page 25 to answer the question correctly.
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[from page 27]

1

10,000 4

YOUR ANSWER: log

No. Either this is a careless error, or you missed the point. Let’s
review what we did.

We found that the logarithm of Wlo is —2, and we observed that

1, 1
— 135 the same as 0 Does this tell you anything?

100
) . 1 1
Let’s go a little further. 1,000 is equal to 08 so it looks as if the
. 1
logarithm of 1,000 should be —3. We can check this by using the

rule for finding the logarithm of a quotient:

T.h(.a logarithm of a quotient is equal to the logarithm of the
dividend minus the logarithm of the divisor, i.e.,

1
1 - —_ =0 —8 = —
og 1,000 log1l ~1og 1,000 =0 — 3 = —3
1 1

o000 = o8 1gs =

This should tell you how to find the value of log 1 . Return
to page 27 and answer the question correctly. 10,000

So our assumption is correct: log -3.

39
[from page 831
YOUR ANSWER: You have found an error in the third series:
100,000,000,000 = 10**

108 % 10% X 10° X 10°
1015 x 10° X 10°

log (107° X 10%)

=10"*

1078

log ——— = —
€ 10,000

You’re right, but which one?
100,000,000,000 = 10
There’s no error here. There are 11 zeros, so 10 has been used as a
factor 11 times.
108 X 102 X 10° X 10°
105 X 10°* X 10°

The log of 107* should result from this expression: 8 + 2 + 9 —
15 — 3 — 5= —4. It does, so this problem is o.k.

=10"¢

log (107 X 10°) = 1078

Tere’s the trouble! 107° X 10% is 107% But log (1079 X 10°)
is —~6. .
10° o8« 1072
17~ 10° X 10
Of course this is correct. Dividing 10® by 10? is the same as multi-
plying 108 by the reciprocal of 10% or 1072
In this first chapter you have built & foundation that should make
the remainder of this book smooth sailing. As you’ve gathered, the
slide rule works by adding and subtracting logarithms. There is
really nothing mysterious about it at all. *
Now please go on to Lesson 2, which begins on page 40.
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CHAPTER 2

The C and D Scales

In the first lesson, you learned some basic facts about logarithms
and how to use them. To review briefly:

Numbers such as 100, 1,000, and 1,000,000 are whole-number
powers of 10; any of these can be obtained by multiplying 10 by
1tself an appropriate number of times. For example,

100 = 10 X 10 = 102
1,000,000 = 10 X 10 X 10 X 10 X 10 X 10 = 10°

When a pumber is written as 10 with an exponent, the exponent
shows how many times 10 must be used as a factor to obtain the
number, For example, 3 in 10 means that 10 X 10 X 10 = 10°.

The common logarithm of a number is the exponent which indi-
cates the power to which 10 must be raised to yield the number.
For example, log 10,000 = 4 because 10,000 = 10 X 10 X 10 X 10 = 10%,

Numbers can be multiplied by using logarithms; the logarithm
of the product is the sum of the logarithms of the factors. For
example: log (4 X B) = log A + log B.

The addition of logarithms can be carried out with seales. If the
distance corresponding to log A is added to that corresponding to
log B, then the distance corresponding to the logarithm of their
product, log (4 X B), is:

— A A+B )/

e

What about division by means of logarithms? Ts this the proper

A
setting for the log of 3 ?

—=8 )

—_ A }

Yes. puage 45 No. page 49

41

[from page 691
vouR ANSWER: This setting represents the log of 8.

No, it doesn’t. Look again:

LOG ?

01 02 03 O4 05 08 07 08 09yl
o1 0.2 0.3 04 05 0.6 07 0.8 08 10 01 ;

The point of the arrow lies approximately halfway between 0.9
and 1.0—let us say at 0.95.
Now consult the table of logarithms:

log 1 = 0.000 log 6 = 0.778
log 2 = 0.301 log 7= 0845
log 8 = 0.477 log 8 = 0.903
log 4 = 0.602 log 9 = 0.954
log 5 = 0.699 log 10 = 1,000

Which logarithm is closest to 0.95, the estimated position of the
arrow in the drawing above? Certainly not the logarithm of 8,
which is 0.903. But what about the logarithm of 9?

Now return to page 59 to select the correct answer.
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Lfrom page 451

YOUR ANSWER: Yes, it is possible that log 2 is 0.2 and log 5 is 0.5.

No, it isn’t. Look at it this way:
We have seen that the log of a product is equal to the sum of the
logs of the factors:

log (A X B) = log A - log B.
Since 2 and 5 are factors of 10 (because 2 X § = 10), we know that
log 2 + log 5 = log 10;
since log 10 = 1,
log2—+logh = 1.
But obviously,
02405 = 1.
(# means ¢s not equal o)

8o we must conclude that 0.2 is not the log of 2, that 0.5 is not the
log of 5, or that both are wrong,.
Return to page 45 to answer the question correctly.

43

[from page 58]

YOUR ANSWER: The number 9 is 0.903 of the distance between
0 and 10.

Your answer is incorrect. And since we're making a big step
here, it’s important that you follow the argument.

WHOLE NUMBERS

|

& 1 ] ! || i i1
1 2 3 L3 g 8 7 & 8 1%
‘od oia 0i3 Oil-l- 035 Oie °i7 0;8 Oiﬁ JiO

i
LOG SCALE

The large figures on the top of the scale are the whole numbers,
or integers, 1 through 10.

The small figures on the bottom of the scale are the logarithms of
these integers. As you know, the logarithms of the numbers 1 to
10 range from 0 to 1.0.

The logarithms on the bottom scale are evenly spaced. Thus the
logarithm 0.5 is just halfway up the scale. The logarithm 0.75 is
just three-quarters of the way up the scale.

The integers are not evenly spaced. Each integer is placed directly
above its logarithm,

So the whole number which is 0.903 of the distance between 0 and
10 is the number whose logarithm is 0.903. This number, as you
should know by now, is 8.

To understand the slide rule, it is absolutely imperative that you
follow this idea of varying the intervals between integers according
to the intervals between their logarithms. Go over this carefully
until you are sure you understand; then return to page 58 and select
the right answer.



44
Lfrom page 481

YOUR ANSWER: .301 is the log of 2. Yes.

Now let us consider the use of the table for a very simple multipli-
cation problem. Use the table to check this example.

Number Logarithm

0.000
0.301
0.477
0.6)2
0.699
0.778
0.845
0.903
0.954
10 1.000

2 X 5 = 10, then log 2 + log 5 = log 10, and .301 -+ .699 = 1.000.

Let’s see whether our scales will work for this problem. To indi-
cate .301 and .699 divide the intervals on the scales like this:
LoG 2

© 00 =3O Gt i O DD =

01 0.2 03 O4 05 0.6 0.7 0.8 0.8 1 0. }{
{ 1 1 [] (] ] ] 1 L

{ ] ] ' 1 ) 1 { ] l 4
0. 0.2 03 04 05 0.6 0.7 0.8 0.9 1 OI /

LOG &

Adding the distances corre-
sponding to the log of 2 and the
log of 5 gives us this setting:

01 0,2 0,3 OM

T T T T T t + + t

01 02 03 04 05 0.6 0.7 0.8 0.8 }\ 0.1
A\

NN

LOG 5 LOG 10

The answer 1, the log of 10, appears on the lower scale.
Referring to the table above, what is the log of 4?

log 4 = 2.5. page 53 log 4 = .602, page 59

45
[from page 40]

) A
YOUR ANSWER: Yes, the setting shown is log 3

A
Correct. The log of 3 is log A — log B, as shown.

— 7

IR Y ’;

Most of the numbers you will handle are neither as large as 109,
nor simple whole-number powers of 10. Since you can readily do
such calculations mentally, scales are really not much help.

A more realistic problemn concerns the amount of conerete required
to pave g patio 6 feet 6 inches wide and 32 feet long. If the concrete
must be 4 inches thick, the formula for the number of cubic yards of
concerete required is given in this fashion:

6.5 feet X 32 feet X % feet
27 cubic feet/1 cubic yard

= 2.57 cubic yards

If you were regularly estimating the cost of conerete work, the
ability to find such answers rapidly and accurately could easily mean
the difference between making money and losing it.

You know that common logarithms are .
gimply exponents of the base 10. The number | logarithm
logarithm of a number is the power to 1 0
which 10 must be raised to produce the 2 ?
number. 5 ?

10 1

The logarithm of 1 is 0, and the logarithm of 10 is 1. Now what
about the numbers between 1 and 10? Isn’t it reasonable to suppose
that they also have logarithms? The logarithms of the numbers
between 1 and 10 are fractions between 0 and 1. In other words,
for each number between 1 and 10, there is a fractional power to
which the base of 10 can be raised to equal that number. (Notice
that the term raised is used even though we are seeking a product
that is smaller than the base of ten that we’ve more or less arbi-
trarily adopted.)

Is it possible that log 2 is simply 0.2, and log 5 is 0.5?

Yes. page 42 No. page 48 I don’t know. page 50




46
[from page 481

YOUR ANSWER: Log 2 = 1.5.

No. You must read the table from the left column to the right
column. To find the logarithm of 2 in the table, look in the column
headed ‘“number” until you find “2”, Then read to the right and
you will find “.301”,

Number Logarithm

0.0600
0.301
0.477
0.602
0.699
0.778
0.845
0.903
0.954
10 1.000

© 00 I DU W

Return to page 48 and answer the question correctly.

47
[from page 591

YOUR ANSWER: The arrow indicates the logarithm of 9.

LOG 9=0.954

0] 02 03 ox 05 06 0.7 08 090 1;000 1.1 ,{
} Jl —{ T 1 T T T T T T
01 02 03 0% 05 06 0.7 0.8 0,900 10001100 é

Very good. Of course, your answer is based on an estimate, since
you can’t really tell from the drawing whether the arrow is at 0.954
or, say, 0.950.

Nearly every answer you will read from the slide rule involves
estimating of this sort. Here is another example:

Suppose you had to locate 0.845,
the log of 7, on the scale.
Here is 0.800:

| o1 02 0.3 o4 05 06 0.7 08 09 § O 1;(

To the right of 0.800, halfway
between 0.800 and 0.900, is 0.850:

04 0.2 0.3 O 05 0.6

0.845 will be just a bit to the
left of 0.850:

0.1 0.2 O3 OU 05 06 07 08 oo 1 1o %
1

Read the settings indicated below. Choose the one that is in
error and turn to the page indicated.

: : i}
" o1 02 03 Ou 0.5 06 07 08 08 ‘El 1.0 ?

0.157. page 52 0.528. page 54 0.855. page 58




48
Lfrom page 461

YoUR ANsWER: No, it is not possible that log 2 is 0.2 and log 5
is 0.5.

You are right. When logarithms of any two numbers are added,
their sum is the logarithmn of the product of the two numbers. The
logarithm of 2 plus the logarithm of 5 must equal 1, which is the
logarithm of 10.

In mathematical notation, 2 X 5 = 10, and log 2+ log 5 =
log 10. However, the sum of the suggested logs does not equal log 10.

024051
(5 means does not equal)

So it’s not quite this simple.

The process of computation of logarithms of numbers other than
whole-number powers of 10 involves some aspects of mathematies
which are not properly a part of this text. You will simply have to
accept these facts:

(1) Every positive number has a logarithm,

(2) Tt is possible to compute these logarithms to a high degree
of accuracy.

Here is a simplified section of a table of logarithmg

Number Logarithm

0.000
0.301
0.477
0.602
0.699
0.778
0.845
0.903
0.954
10 1.000

According to the table above, what is the approximate log of 2?7

© 0 ~TI O U 0N

log 2 = .301. page 44
log 2 = 1.5, page 46
I don’t understand. page 55

49
[from page 40}

A

your answer: No, this is not the proper setting for the log of 3

Yes, it is. o

You have previously seen that the log of a quotient is equal to
the log of the dividend (the number to be divided) minus the log of
the divisor (the number that does the dividing). So

A
logl—g =logd —logB

Now, using scales, we were told that the distance corresponding

to log A is:
S 4§
and that the distance corresponding to log B is:

0 4

A .
Then the distance corresponding to log BB found by setting the

scales so that they represent log A — log B:

7
. = - j

Study this until you’re sure you understand it. Then return to
page 40 to choose the right answer.

~
|




50

[from page 45)
YOUR ANSWER: I don’t know,

The questio cIs i ; _
5is 0‘5(?1 n was: Is it possible that log 2 is simply 0.2, and log

There’s a fairly straightforward way to check,

You have seen that the Jog of a product, 1
Joge i e e g product is equal to the sum of the

log (4 X B) =log 4 + log B

Since 2 and 5 are factors of 10 (2 X 5 = 10), we know that

_ log 2 + log 5 = log 10;
since log 10 = 1,

log2+1log5=1
But obviongly,

024+05=1
(5% means is not equal o)

So we must conclude that 0.2 is not
. the log of 2 i
log of 5, or that hoth are wrong,. 012 that 0.5 is not the

Return to page 45 to answer the question correctly.

51

[from page 651
YOUR ANSWER: 1 don’t understand.

You're probably confused because the arrow doesn’t point directly
to one of the numbers identified on the scale.
Here’s the table of the first ten integers and their logs again:

log 1 = 0.000 log 6 = 0.77’8-1
log 2 = 0.301 log 7 = 0.845
log 8 = 0.477 log 8 = 0.903
log 4 = 0.602 log 9 = 0.954
log 5 = 0.699 log 10 = 1.000

Now, look at the setting below:

o) 02 03 Ou OS 07 08 09 1§o T Z
01 02 03 O4 05 O6 07 0.8 0.9 1.0 il é

Since 0.3 (or 0.300) is very close to 0.301, the log of 2, the first arrow
can be taken to indicate log 2 on the scale. Similarly, 0.6 is very
close to 0.602, the log of 4, so the second arrow can be taken to in-
dicate log 4 on the scale.

Now look at the original setting again:

LOG ?

01 02 03 04 03 06 07 08 09\/10 01 ;{
04 0.z 03 0% 05 0.6 07 0.6 09 LO o4 oJ'.;

In this setting, the arrow lies approximately halfway between 0.9
{or 0:900) and 1.0 (or 1.000). According to our table, there are
two numbers whose logarithms lie between 0.900 and 1.000—8 and 9.
Decide which of the two logarithms the setting represents, and then
return to page 59 for another try.



52
[from page 471

voUR ANSWER: The arrow indicating 0.157 is wrong.

No, it’s all right. Look at an enlargement of that part of the
diagram:

TV 1
0.160

0.150

0.100 0,200 ©.300

If we divide the distance between 0.1 (or 0.100) and 0.2 (0.200)
into ten equal parts, then the halfway point between the two numbers
is at 0.150. Moving 5 of the distance more, we are at 0.160. The
point representing 0.157 must lie between 0.150 and 0.160, and it
must be closer to 0.160.

Now look at a reproduction of the original diagram:

r 0. 0.2 0.3 Ouk 0.5 OB 0.7 0.8 00 i 1.0 Z
A

Since this diagram is so small, it is close to impossible to determine
whether the arrow is in exactly the right spot to represent 0.157.
However, it appears to be just a little to the right of the halfway
point between 0.1 and 0.2, so, as nearly as we can tell, it’s accurate.

Return to page 47 and try again.

53
[jrom page 441

YOUR ANSWER: Log 4 = 2.5.

No. Evidently youw're not getting the idea of. reading the t.able.
Here is the table again, with that portion that indicates the logarithm
of 4 circled.

Number Logarithm
0.000
0.301
0.477
0.699
0.778
0.845
0.903
0.954

10 1.000

You should understand this now, so return to page 44 and select
the correct answer.

© 00 I




54
[from page 471

YOUR ANSWER: The arrow indicating 0.528 is not accurate.

Sorry, but as nearly as
accurate,
. If we divide the distance between 0.5 (or 0.500) and 0.6 (or 0.600)
into ten equal parts, these divisions represent 0.510, 0.520, 0.530

glir,dg Oso on. Now, 0.528 must lie close to 0.530, between 0.520 and

Look at this enlargement:

we can tell on such a small scale, it is

( 0.520{ 50.5\30)

Illllll[[

0.3 Oy 0.500 0.6

Now look at the original scale:

0.1 0.2 03 0% 05 06 07 o a9 ﬁ o 1%

As closely as we can estimate, the arrow i
W 18 accurately pl .
Return to page 47 and try ag;in‘ Y placed

55
Lfrom page 481

YoURr ANSWER: I don’t understand.

Let’s see if we can clear up the difficulty.
Each number hag a logarithm, which is to say that since

logl =0
log10 =1
log 100 = 2
and so on,

then it is reasonable to assume that between log 1 and log 10 there
are numbers corresponding to log 2, log 3, log 4. However, since it
is not our purpose in this book to devote additional chapters on the
development of mathematical processes necessary for the computa-
tion of log 2, log 3, log 4 and many others, we simply present here
the results of such computation in a simplified table. To find the
logarithm of 2 in this table, look in the column headed ‘“number”’
until you find “2”. Then read to the right and you will find “.301”.

Number Logarithm

0.000
0.301
0.477
0.602
0.699
0.778
0.845
0.903
0.954
10 1.000

© 0N SO N

Return to page 48 and answer the question correctly.




56

Lfrom page 681

YOUR ANSWER: 8.

You are correct. The logarithms on this scale are evenly spaced.
The whole numbers are unevenly spaced because each one is placed
directly over its own logarithm,

WHOLE NUMBERS |

T T T 1 T 1 1 1
1 e =3 4 ] 6 7 8 9 ‘li7
Oiﬁ ola OJJ Olll- OiS Oib °i7 0}5 &Q 1;0
LOG SCALE [}

NOW! Get out your slide rule. Find the C and D scales. These
scales are indicated with a letter C and a letter D at the left end of
the scale. On all slide rules they will be identical and placed one
above the other, with the C scale on top. Study the simplified
illustration below and note that we have left out all of the smaller
divisions on the C and D scales. Those shown below may be called
the magor divisions.

o

2
5

STB

T N T T

c 3 ;
D 2 3 6 78 9 |

Ag we noted above, the numbers are not evenly spaced. These
numbers are placed on the rule at intervals corresponding to their
logarithms, For example since log 2 = .301, the number 2 is placed at
a position corresponding to .301 or about 3/10 of the total length of
the scale. If your slide rule has an 1, scale (do not confuse this with
any LL scale) you will see that 2 on the D and C scales is very nearly
opposite .3 (exactly opposite .301) on the L scale. This is because
the L scale is evenly divided for the entire length of the scale, and
the total length of the scale is considered as one unit.

Now study the figure below. What happens when we increase
2 units on the D scale by 3 units on the C scale?

C

D ! 3 —
| IR
Wesee that 2 + 3 = 5. page 65  We see that 2 X 6

Loil.!L‘?)'?r?LAsllhlel‘l;l"lil‘

57
[from page 69]

YOUR ANSWER: Any multiplication is a form of addition because
3 X 4 can be written as 4 + 4 + 4.

True, but it does not describe the theory of slide rule operatiox}.

The fact that 3 X 4 is the same as 4 + 4 + 4 only means that it
would be possible to take two ordinary rulers a_nd perforr.n any
multiplication by extending one factor by itself again and again and
again—if the rulers were long enough—just as we did earlier.

Thus we could multiply 2 X 8 in the following manner:

2X3=24+2+2
STEP1. 2+2=14

1 2 3 4% 8 é
T T ] 1 i
BN EEEY
STEP.2. 4+2=6
L2 3 7
[ ¢ 32 4 3 & 7

This would be  tiring and time-consuming task, especially_ if you
had to perform some calculation such as 107 X 35.64. "l‘he idea of
the slide rule is to simplify calculations, not to complicate them,

Your choice of this answer suggests that you may not yet under-
stand the basic operation of the slide rule. For a review, return to
page 40.



58

Lfrom page 471
YOUR ANSWER: 0.855 is not correct,

Right. The arrow more nearly points to 0.875,

T 1 1
0.t 0.2 0.3 oW 0.5 o6 o7 o8 on i 11071

Now, here is the setting for 3 divided by 2.

LOG 2

LOG I5 LoG 3

The result is 12, of course, But the answer isn
1-and 2 on the scale, because log 1.5 = 0.176, whi
(ie., 0.301) than to log 1 (ie., 0.000). ’

- Now that we've some idea
\ of how logs worlk
a glant step. Look at the scale below. ¢ T e dre ready to fake

’t midway between
ch is closer to log 2

: WHOLE NUMBERS /
\ ] [
2 3 4 5 g 5 ¥ 8 3
‘o1 02 o3 '
; . . au 05 os 07 o8 a8 10

LOG scALE

intle::rsnuxgll)lirstbalodr{gt the top of this scale are whole numbers, or
X ¢ distances between them are not e ’
ual. I
thfé ir;lzzﬂggrs Iare spacgd to correspond to the values of thqeir logaxx"liﬁleric:’
o Wayefrgi c:i 2115.f t0.30dl, ;he figure 2 is placed not at a point 1%
€ left end of the scale, but at a noint 3 i
‘ °nd , point just '
0 igi gn the log.scale. Similarly, the number 5 is not atg the zl;lljf(::e~
p g :t oppostte 0.699 on the log scale, since log 5 is 0.699 7
at whole number is 0.903 of the distance between 0 .and 10?

9. page 43 8. page 56 I don’t know. page 75

59
[from page 44}

YOUR ANSWER: Log 4 = .602,

You have the correct answer.

It turns out that the log of 2 isn’t exactly .301, nor is the log of 5
cxactly .699. TIn fact, seldom can the log of an integer such as 2 or 5
he completely written down, for most logs are unending decimals.
Tor instance the log of 2 starts out:

log 2 = 0.30103010. ..

and keeps on going.

This isn’t so good. We’ve been trying to simplify matters, not
complicate them. Besides, how can you find a mark on a scale
corresponding to such an endless number? 0.3 isn’t hard to find.
0.35 simply requires that the interval between 0.3 and 0.4 be divided
in two, but 0.301030 . . . ! Clearly there must be a happy medium.
Let’s be content with three figures: log 2 = 0.301.

Here is the table of the integers, or whole numbers, from 1 to 10,
with their logs computed to three decimal places.

log 1 = 0.000 log 6 = 0.778
log 2 = 0.301 log 7 =0.845
log 3 = 0.477 log 8 = 0.903
log 4 = 0.602 log 9 = 0.954
log5 = 0.699  log 10 = 1.000

|

What integer corresponds to the logarithm indicated below?

or 02 03 O% 0S5 0.6 0.7 0.8

e
S

ol 0.2 03 O 05 0.8 07 0.8

8. page 41
9. page 47
I don’t understand. page 51



60

[from page 69]

YoUur ANSWER: The numbers on a slide rule are spaced according

to the values of their logarithms, and we can arrive at a product by |

adding logarithms.

Very good. That is the theory of the slide rule in a nutshell.
Let’s summarize the important points before going on.

1. Any quantity can be represented by a distance on a scale;
two quantities can be added graphieally by means of two
scales.

2. The common logarithm of a number is the power to which
the base 10 must be raised to obtain that number.

3. Numbers ean be multiplied by adding their logarithms: the
logarithm of the product is the sum of the logarithms of
the factors.

4. The slide rule multiplies by graphically adding logarithms.
However, the logarithms themselves are not shown. Instead,
the numbers corresponding to the logarithms are placed on
the scales. Thus, when you add the distance representing
one number to the distance representing another on the slide
rule, the result is the product of the numbers.

Simple, isn’t it?

How would division be handled with logs? (Remember that in
division, the dividend is the number to be divided, the diszsor is the
number that does the dividing, and the quotient is the answer.)

The log of the quotient should be added to the log of the divisor to find
the log of the dividend. page 64

The log of the divisor should be subtracted from the log of the dividend
to find the log of the quotient. page 68

The log of the dividend should be divided by the log of the divisor to
find the quotient. page 81

61
Lfrom page 671

= 3.352.

1.45 X 4.90
YOUR ANSWER! 00

No. If you weren’t guessing, you slipped up on your readings.

On your slide rule follow the procedur.e below: N

To multiply 1.45 by 4.90, set the left mdex. of .the C scale over the
1.45 of the D seale. Then glide the hairline indicator over until the

hairline is over 4.9 (or 4.90) on the C scale:

e

.45

)

Next, to divide the product of 1.4? and 4.90 by 2.00, shift 2
(or 2.00) on the C scale under the hairline:

The answer appears on the D scale at the index of the C sc_ale.
When you have it, return to page 67 to make the correct selection.



62

[from page 68]
YOUR ANSWER: The indicated number is 2.73

Let’s look at the scale again:

r\"rlT*llll
T

_It[}f;l is clear that the point of the arrow lies between 2.70 and 2.80
. ls vge can say Vfor sure. And we can feel safe in saying tha,f: it
: E:t?slg btlytto tl;e left of 2.75, in the vicinity of 2.73 and 2 ;4 But
about as far as we can go. The scale does n e o
) . ot h
mar.ku'lgs to lefi us make 8 more accurate statement ave cnough
Similarly, this setting can be taken ag 3.66, 3.67, or 3.68:

— Ty
3 4

And this could be anything from 5.74 to 5.76:

Without marks indicati i i
denhout marks ing still smaller intervals, we can’t be more

Return to page 68 and answer the question correctly.

i T g e S T TG o T A B e =

. 1

e

63
[from page 981

(373

YOUR ANSWER:—% = o 188 correct proportion.

3 40
2.7 .5

Isit? Let’s check.
1§ you divide out both fractions to three figures you will see that:

3 4.05
_ _1 rhi — = U 0-
57 1.11 while 15 0.90
Clearly, then,

3 405

27 45

To find out what's really happening, look at the setting again:

c
! 1‘15 %lanlnu?nnh.u‘# |"”B" s 7819 )
| |l$ én|ll‘lil|:|, h, 1 3
3]
According to this setting,
3 4.5
— = —— = 1.11.
27 1.11 and also 205

In each case, the number on the C scale is the numerator and the
number on the D scale is the denominator.
Therefore, the correct proportion is
3 _ 45
27 4.05

Study this until you're sure you understand why your answer was
wrong. Then return to page 08 and select the correct one.



64
Lfrom page 601

YOUR ANSWER: In division, the log of the quotient should be added
to the log of the divisor to find the log of the dividend.

It is true that when you add the lo
the divisor, you get the log of the dividend as an answer. Or, to put
it in non-logarithmic form, when you multiply the quotient by the
divisor, your answer is the dividend.

For example, since 12 + 8 = 4,
Therefore log 4 + log 8 =
the log of the quotient plu
of the dividend.

But how do you start out with the quotient? In a division prob-
lem the quotient will be your answer. You can’t start with the
answer. You have merely chosen g way in which the accuracy of
the original division can be checked.

Please return to page 60 and choose the right answer,

g of the quotient to the log of

it’s also true that 3 X 4 = 12,
log 12. Or as the answer you chose said,
s the log of the divisor is equal to the log

65

[from page 561

YOUR ANSWER: When we increase 2 units by 3 units we see that

2+3=5,
{

i/

We do not. We put the figure 1 of the top scale (the C scale)
opposite the figure 2 of the bottom scale (the. D scale). Then, we
find the figure 3 on the C scale and notice that it is exactly a_bove the
figure 6 on the D scale. While it is true that 3 + 2 = 5, this c%early
doesn’t prove it. What it does prove is that the sum of the logarithms
of 3 and 2 is equal to the logarithm of 6. o

We are adding logarithms, which means we are multiplying
their numerical equivalents (remember that the log qf AXB=
log A + log B). However, instead of putting t]:lle logarithms on the
scales, we have, over the last few pages, substituted th? numbers
themselves for their logarithms, That is the whole tnck‘ of the
slide rule. It is not necessary to look up in a table the logarlthms of
the numbers we want to multiply, then add the qu&rﬂzhms, and
finally try to discover the number for which the loganthlm_c prgduct
is the equivalent. Since the numbers h‘ave been logarithmically
spaced, all those intervening steps are avoided, an.d we can perform
multiplication by adding, and division by. subtracting. o

So, when 2 units are increased by 3 umts‘on our logarithmic seale,
the result is the product of 2 and 3, not their sum.

Here is another example:

(v}

o !

'
: g 3

2
]
T T
i

4

N

C

D {

K ) +s§+§w/

4 units are increased by 2 units. We see that the figure 2 on the
top seale falls opposite the 8 on the lower scale. Once again, the
result is not the sum but the product of 4 and 2.

Now if you feel you have the right idea, return to page 56 and
select the correct answer.



66
[from page 861

YOUR ANSWER: When the divisor, 3, is set under the hairline on
the D scale, and the dividend, 6, is set under the hairline on the C

scale, the answer is read on the C scale opposite the index of the
D scale.

You are correct. Here’s how this division looks:

C

v

5 Jf

You are reducing the value of the log on the C scale by the value
of the log on the D scale; what’s left over on the C scale is your
answer.

Just for practice, perform the same simple divisions you did on

the last page by this method, with the divisor on the D scale and the
dividend on the C scale.

D

3 6 8 2 3
2=t 3=7 ;=0 3=t §=!
Now look at this setting:
c
| 2 es 3 4 % & 798%1
| 2 5 4 s e 78

]

Suppose you are told that the setting represents a problem in
division. Can you tell exactly what this problem is?

This setting represents 5 <- 4. page 72
This setting represents 2.5 + 2. page 77
This setting represents both § + 4 and 2.5 <+ 2. page 92

This setting represents many divisions. page 97

67
{from page 881

YOUR ANSWER: 1.5 X 3.6 X 1.2 = 6.48.

Fine. Here’s the way it goes: - o

First, find 1.5 on the D scale and align the left index (’pegmmng)
of the C scale with it. Next, slide the indicator along until the hair-
line is at 3.6 on the C scale:

C

! e
o
1.5 5t

Tt isn’t necessary to read 5.4 on the D scale. Leave th(:} hairlige
indicator at this point and move the sliding scale to the rlght‘ until
the 1 on the C scale is under the hajrline. Once this is done, simply
slide the hairline indicator to the right, stopping at 1.2 on the C
scale. The answer, 6.48, appears on the D scale.

Lee———

k| 4
D :

5.4 648

To divide, of course, we just reverse the order ir} which we perform
these operations. Thus, instead of adding loganth_ms,. we subtract
the logarithm of the divisor from the logarithm of the dividend. For
instance, let’s now divide 6.48 by 3:

1. Slide the hairline indieator to 6.48 on-the D scale.

2. Slide 3 on the C gcale under the hairline. )

3. Read the answer, 2.16, on the D scale at the index of the
Cscale.

Now try this one: ,
145 X 4.90 _ ? r

2.00
3.352 page 61
3.552 puge 70
3.55 page 86



68

Lfrom page 60]

YOUR ANSWER: In division, the log of the divisor should be sub-

tracted from the log of the dividend to find the log of the quotient.

Exactly. Division and multiplication are inverse operations, just
as addition and subtraction are inverse operations. Since we multiply
by adding logs, we can divide by subtracting them.

Here is how we might divide 6 by 2 with a slide rule:

C

D t
t 2 3

/

g—-
-
otn
~-
o
ofw

The log of 6 on the lower scale is decreased by the log of 2 on the
upper scale. The quotient, 3, is read on the lower secale.

Of course the question of finding a quotient such as g—-g is still with

us. That is, we need to be able to read between the integers,

It would be impossible to make marks for every number between
1 and 2, or between 3 and 4, but on all slide rules these spaces are
marked off in tenths in & manner similar to the way integers (whole
numbers) were, i.e., logarithmically spaced. These marks may be
called secondary divisions and are shown in the figure below.

| LN Ny

Now we need to be sure that you can read our completed scales.
In the figure above, where is the arrow pointing?

2.73. page 62
2.74. page 76

It might be cither one. page 88

69
[from page 661

YOUR ANSWER: When we increase 2 units by 3 units with the C
and D scales, we see that 2 X 3 = 6.

(Y

1

T

P
¢ 1/

Exactly. Because log (A X B) = log A + log B, we can multiply
2 by 3 simply by adding the logarithm of 3 to the logarithm of 2.
On the slide rule, then, we add the distance corresponding to the
logarithm of 3 to the distance corresponding to the logarithm of 2.
However, instead of marking the values of the logarithms on the
scales, we have, over the last few pages, substituted the numbers
themselves for their logarithms.

And that is the basic principle of the slide rule. Since the numbers
have been logarithmically spaced, we can perform multiplication by
adding distances and division by subtracting them.

Here is the setting for the calculation 2 X 4 = 8:

e derv

T
t 2 3
1 1

¢

. Y

| 2 : % 5 0 7.

D 1

-+~

In the illustration above, the first factor is extended by the value
of the second factor. The product is read on the lower scale opposite
the second factor.

Now, which of the following best describes the theory behind the
operation of a stide rule?

We can multiply by adding on a slide rule because any multiplication is
a form of addition; 3 X 4 can be written as 4 4 4 4 4. page 57

The numbers on a slide rule are spaced according to their logarithms,
and we can arrive at a product by adding logarithms. page 60

The slide rule operates by multiplying the logarithms of numbers instead
of multiplying the numbers themselves. page 73



70
Lfrom page 671
1.45 X 4.90
YOUR ANSWER. ———————— =
2.00 3.552.

Well, yes, but how did you get here? A slide rule is accurate to
only three figures, and your answer has four figures. Fvidentl
you performed the multiplication longhand, or used a table of lo .
arithms. Or you guessed. , o

Let’s start over.

To multiply 1.45 by 4.90, set the left index of the C scale over the
1..45 _of the D scale. Then slide the hairline indicator until the hair-
line is over 4.9 (or 4.90) on the C scale:

C

148

Next, to divide the product of 1.45 and 4 :
) - 90 by 2.00, sh
(or 2.00) on the C scale under the hairline: Y shift 2

C

D 2,0 ){

Th.e answer appears on the D scale at the index of the C scale.
And it has only three figures. When you have the answer, return to
page 67 to make the correct selection.

71
[from page 881

YOUR ANSWER: 1.5 X 3.6 X 1.2 = 4.50

Tt looks as if you multiplied 1.5 by 3.6, and then divided by 1.2;

1d have multiplied. Here’s the way it goes, step by step:

you shou
TFirst, slide the left index of the O scale over the 1.5 of the D scale:
c
o l
15

Then slide the indicator until the hairline is at 3.6 on the C scale:

C
|
1.5

(At this point, if it were necessary, the product of 1.5 and 3.6 could
be read from the D scale, directly beneath the hairline. However,
since we still have another factor, we just leave the indicator at this
point and go on with the problem.)

The next step is to slide the C scale to the right until the left index
of the C scale is under the hairline. (Don’t move the hairline in-

dicator!)
c

!

T

Finally, slide the indicator to 1.2 on the C scale:
c

D ! :
SA(_ .
1

e hairline on the D
ge 88 to choose the-

The final product appears directly beneath th
sezle. When you know what it is, return to pa

right answer.



72
[from page 661

YOUR ANSWER: Yes, we can tell exactly what problem the setting

represents: 5 + 4.

Well, let’s check. Here's the setting again:

[¢]

1 28 2 25 3§ ﬁz???i?}
‘ e T 4§ 5§34
D

It certainly can be considered a representation of 5 + 4, since 5
on the C scale is directly over 4 on the D scale. The answer, 1.25,
is then on the C scale at the end of the D scale.

But how about 2.5 + 2? Since 2.5 on the C scale is in line with
2 on the D scale, the setting also represents the division 2.5 + 2.
The answer is again 1.25.

Looking at it another way, we find that this setting can also rep-
resent the divisions 4 + 5 and 2 + 2.5. In each of these cases,
the answer is 0.8, and it appears on the D scale at the right index of
the C scale.

In fact, if we consider each of the numbers on the C scale as being
divided by the number directly below it on the D scale, we see that
the setting represents all possible divisions for which the answer is
1.25. And going from the D scale to the C scale, the setting represents
all the divisions for which the answer is 0.8.

When you’re clear on this point, return to page 66 to select the
correct answer.

P

et et et BT

73
[from page 691

i tes by multiplying the log-
answeRr: The slide rule operat .
ariﬁiﬁ of numbers instead of multiplying the numbers themselves

Really? You'd better consider what would happen if you multi-

lied logarithms.
’ 1,000 X 1,000 = 1,000,000

i 3 = 1,000.
ithm of 1,000 is 3, because 10 , s .
;[;h;éofjﬁtiplied 1o’garithms, our product Would-be 10 ,ugdl:)né
But 10° # 1,000,000. It equals 1,000,000,000, & difference s
’ neern, to say the least. ‘ .
* \()3?: S;Z(i;?;l;otwo aumbers by adding their logarithms. Thus
1,000 = 10% or 10% .
1,O’T(]g(:(slic’le rule works because the units on the scales alre sgssceic;
according to the value of their logarithms. All the scale
add the logs. ’
If this isn’t clear, you'd be

i f logs straightened out. .
bu;n;sssu?re sitisﬁed that you understand this, you may return to

page 69 and pick the correct answer.

tter return to page 40 to get this whole




74

[from page 88]
YOUR ANSWER: 1.5 X 3.6 X 1.2 = 4.13.

No, and this answer looks lik
e ’ i
top Lo a guess. Here's the way it goes,

First, slide the left index of the C scale over the 1.5 of the D scale

o]

ot /

15

Then slide the indi A L
C soale: e indicator over until the hairline is at 3.6 on the
C

| 36
1.5 5

}()At th(iis point, if it were necessary, the product of 1.5 and 3.6 could
e rea fro.m the D scale, directly beneath the hairline. However
since we still have‘another factor, we just leave the indicator at thi;
point and go on with the problem.)

The next step is to slide the C sc i
. ale to th h ;
C scale is under the hairline: e right until the 1 of the

c

D 1 /(

Stk

Finally, slide the indicator to 1.2 on the C scale:

C

2

si‘l‘ é)

| ey

The final product appears directly beneath the hairline on the

D scale. When you know what it i
. 18, ret
the right answer. , return to page 88 and select

75

[from page 58]

vour Answer: I don’t know what whole number iz 0.908 of the
distance between 0 and 10.

Well, let’s go over it carefully.

WHOLE NUMBERS |
T ) 1 t [| ] i L)
1 a 3 Q 5 6 7 8 %X
‘0t 62 63 O# 05 08 07 08 05 19
3 [ 1 t ] 1 ) 1
LOG SCALE

The whole numbers are the figures on the top of the scale above.
They are spaced unevenly, as you see.

Beneath them are the evenly-spaced logarithms. The logarithm
0.5 is just half the way up the scale; 0.25 falls one-quarter of the
way between 0 and 1, and so on.

The whole numbers are unevenly spaced because each one is placed
directly over its own logarithm. Thus 2 is placed above 0.301;7 is
placed above 0.845.

Since the logarithms are evenly spaced, it is correct to say that the
pumber 2 is placed 0.301 of the distance between 0 and 10; and 7 is
placed 0.845 of the distance between 0 and 10.

Now, what whole number is placed 0.903 of the distance between
0 and 10? Obviously this is the whole number that has a logarithm
of 0.903.

With this information, you should be able to return to page 58
and select the right answer.




76

[from page 681
YOUR ANSWER: The indicated number is 2.74.

Let’s look at the scale again:

IIIII[‘II][

_g:ﬁ;s wcl:ar that the point of the arrow lies between 2.70 and 2.80
-t can say for sure. Apd we can feel safe in saying that it
ies ? ightly to the left of 2.75, in the vicinity of 2.73 and 2.74. But
thats: about as far as we can go. The scale does not ha,v.e én h
malikl{lgs to let us make a more accurate statement. o
Similarly, this setting can be taken as 3.66, 3.67, .or 3.68.

l; — YT
3 4

And this could be anything from 5.74 to 5.76:

Without marks indicating still smaller intervals;, we can’t come to
any more concrete conclusion.

Return to page 68 and answer the question correctly.

g
¥
i

77

Ifrom page 661

YOUR ANSWER: Yes, we can tell exactly what problem the setting
represents: 2.5 + 2.

Well, let’s check. Here’s the setting again:

1 128 25 :15 4

~0

[
(re

1

D

It certainly can be considered a representation of 2.5 + 2, since
2.5 on the C scale is directly over 2 on the D scale. The answer, 1.25,
is then on the C scale at the end of the D scale.

But how about 5 + 4? Since 5 on the C scale is in line with 4 on
the D scale, the setting also represents the division 5 + 4, 'The
answer is again 1.25.

Looking at it another way, we find that this setting can also rep-
resent the divisions 4 + 5 and 2 + 2.5. In each of these cases,
the answer is 0.8, and it appeats on the D scale at the right index
of the C scale.

In fact, if we consider each of the numbers on the C scale as being
divided by the number directly below it on the D scale, we see that
the setting represents all possible divisions for which the answer is
1.25. And going from the D scale to the C scale, the setting rep-
resents all the divisions for which the answer is 0.8.

When you're clear on this point, return to page 66 to select the
correct answer.



78

[from page 861

YOUR ANSWER: When the divisor 3 is set under the hairline on the
D scale, and the dividend 6 is set under the hairline on the C scale,
the answer is read on the D scale opposite the index of the C seale.

And, if you worked this out, you presumably arrived at the con-
clusion that § = 5.

It doesn’t. Your answer is incorrect.

Actually, the operation you have performed is equivalent to
dividing 3 by 6, and your answer is 0.5.

When the divisor is located on the D scale, and the dividend on
the C secale, the quotient will be found on the C scale, too. This is
because you are reducing the value of the log on the C scale by the
value of the log on the D scale; what’s left over on the C scale is your
answer.

Now please return to page 86 and select the right answer.

‘.ﬁmfrﬁ";.’-‘\‘iﬁ.——l‘mn;f?w-j-:w.‘.“ﬁ.”,._ﬂfm"__ TS
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79
[from page 1021

vOUR ANSWER: This group contains an error:
415 = 4.15 X 10
135,000,000 = 1.35 X 10®

No. both of these numbers are factored conjefztly. I'Aet’sf zhec_k
them’and see. Remember, multiplying by a posmvg poweﬁ‘ 0 erllg ;i
equivalent to moving the decimal point tovsllard the nghi (1):2 e nu;love
of places indicated by the power. To multap.ly 4.15 by 10%, we
the decimal point of 4.15 two places to the right:

4.15.
A

So the first problem is all right:
415 = 4.15 X 10

. . 35 eight
To multiply 1.35 by 10%, we move the decimal point of 1.35 eig

places to the right:
1.35000000.
——— A

So the second problem is also correct:
135,000,000 = 1.35 X 10°

Return to page 102 and try again.



80

Lfrom page 93]

YOUR ANSWER: 0.0000162 = 1.62 X 10~%

No.
1 1
0= =
10° ~ 10,000 *°
1
162 X 10* = 1.62 X ———
X 62 X 16,000

= 0.000162

But 0.000162 has only three zeros between the decimal point and
the 1. The number we’re working with, 0.0000162, has four.
Let’s retrace our steps a bit. We've seen that

1

1
1.62 X 107t = 1. — = 1.62
X 62 X 0 1.62 X 1o

= 0.162,

1 1
62 X 1072 = 1.62 X — = 1.62 X — = 0.
1.62 % 10 62 X 105 = 1.62 X 35 = 0.0162, and
L 1 1
1.62 X 1078 = 1.62 X —5 = 1.62 X —— = 0.00162

10° 1,000

You should now be able to see the pattern: When writing a decimal
fraction in scientific notation, the power of 10 that’s needed is neg-
ative, and is always one more than the number of zeros between the
decimal point and the first significant digit of the number.

In the number 0.0000162, the first significant figure is 1, of course.
And since there are four zeros between the decimal point and the 1,
we know immediately that

1.62 X 10~° = 0.0000162

Check this out for yourself. Then return to page 93 to choose
the right answer.

t

81
Lfrom page 601

voUr ANswER: In division, the log of the ‘dividend should be
divided by the log of the divisor to find the quotient.

No. Absolutely not. .
TFirst of all, when working with logarithms, you add to multiply

ract to divide. .
Bdngesgcl)lr)lti, when working with logs, your answer, is also & !.ogamthrii
Tven if your operation were correct, what you d 1?e getting wou
have to be the log of the quotient-—not the quotlept itself. Of course,
the slide rule allows you to translate this log directly to the corre-
sponding number. .

Please return to page 60 and select the right answer.



82
[from page 1021

YOoUR ANswER: One of these numbers is factored incorrectly:
12 = 1.2 X 10?
057,346 = 9.57346 X 10%

Yes; the first is wrong.
12 = 1.2 X 10!, not 10°

Factoring 8 number so that it can be written as the product of
some number between 1 and 10 multiplied by a power of 10 is called
writing the number in scienizfic notation. With this notation it is
possible to do many very involved calculations quickly and easily.

For example, consider the problem

285 X 3,569 X 92
9,472 B

We begin by writing in scientific notation each of the numbers
involved:

?

2.85 X 10% X 3.57 X 10% X 9.2 x 10*
047 X 10°

(3.569 X 10° has been rounded off to 3.57 X 10%, and 9.472 has
been rounded off to 9.47 X 103, because ordinarily the slide rule can’t
be read aceurately to more than three significant figures.)

Next, we make a rough estimate of the final answer, by combining
the powers of 10, rounding off each of the other factors to the nearest
integer, and performing the indicated multiplication and division.
Since 2.85 is almost 3, 3.57 is closer to 4 than to 3, 9.2 is just over 9,
and 9.47 is closer to 9 than to 10, we get

3X10° X4 X10° X9 X 10" 3X4XgX10°
9 X 10 B g x 10°
or 1.2 X 10% So the complete answer should be somewhere near

1.2 X 10%

Complete the problem on your slide rule, and select the correct
answer below:

=12 X 10%,

9‘89 X 103‘ page 89
9.89 X 10% page 91
1.012 X 104 page 96

i

+ aarter

83
[from page 931

YouR ANSWER: 0.0000162 = 1.62 X 1075,

That’s correct.

We've seen that ~
) 0.162 = 1.62 X 10 1

0.0162 = 1.62 X 1072
0.00162 = 1.62 X 107°

s now clear: When we're writing a decimal

fraction in scientific notation, the power of 10 we want is nega:,llvg,
and is always one more than the number of zeros between the decl-

mal point and the first significant digit of the numbet.

and so on. The pattern i

1
—5 __ .
162 X 107" = 1.62 X 15

= 1.62 X 155,000

= 0.0000162

In the number 0.0000162, there are four zeros betwet?n the‘decli—
mel point and the first significant figure. So we know immediately

that ~
0.0000162 = 1.62 X 107°

our original problem, 0.0000162 X 13,600, becomes
1.62 X 1075 X 1.36 X 10 =?

Accordingly,

Which of the answers below 18 correct?

2.20 X 10~.. page 94

2.20 X 10°% page 101



84
[from page 98]

X 3 .
—— 18 a correct proportion.

3
YOUR ANSWER!: 27 = 105

It certainly is. Here’s the setting again:

c
| 15 2 3 4 5 6 7 B 9
| T 1 ’[#‘ltl(l‘ﬁg%""h“'l rlrr[nrr[ | [" iL
) 1.5 2 3 ﬁ 5 7
D

According to this setting,

3 4.5 3 4.5 4,05
! R | P80 o= fatc
57 1.11, and 108 1 also; so 27 = 108 (not )
Enough of that for now.
At first glance, the next problem we’re going to consider seems
too simple to bother with. How do we multiply 3 by 5 on the slide
rule? Let’s try the same procedure we’ve used before:

1. Set the left index of the C scale at 3 on the D scale.
2. Now slide the hairline indicator to 5 on the C scale and read
the answer on the D scale.

But wait a minute! If you've been trying this on your rule, you
know that at this point the 5 of the C scale is overhanging the lower
scale entirely. We need another approach.

Try the procedures below. Which gives the correct answer?

Set 5 on the C scale in line with the right index of the D scale. Slide
the hairline indicator to 3 on the C scale and read the answer on the D scale
in line with the hairline, page 87

Set the right index of the C scale at 3 on the D scale. Slide the hairline
indicator to the left, stopping at 5 on the Cscale. Read the answer on the
D scale in line with the hairline. page 102

Neither of these methods works. page 107

85

[jrom page 89]

YoUR ANSWER: log (10® + 10%) = 3.

Wait 2 minute! Evidently you've confused the dividend (the
number to be divided) with the divisor.

Let’s start over. o
133 = 10° means 10® divided by 10°%; 10° is the dividend and 10°

is the divisor. In division, the logarithm of the answer (guotient) is
equal to the logarithm of the dividend minus the logarithm of the

diviser log (A + B) = log A — log B
Therefore, in this case,
log (10° + 10°) = log 103 — log 108
Since log 10° = 3 and log 10° = 6, we see that
log (10° = 10°) =3 — 6

And 3 — 6 is —3, of course, not +3. ’
Study this expl’anation until you’re sure you won’s make the same

mistake again.
Return to page 89 to select the correct answer,



86
[from page 671

1.45 X 4.90
2.00

Right. It goes like this:

1. Set the left index of the scale over 1.45 on the D scale,
2. Slide the hairline indicator over 4.90 on the C scale.

3. Shift 2.00 on the C scale under the hairline,

4. Read 3.55 on the D scale at the end of the C secale.

Working the problem on the slide rule like this, we get an answer
with only three figures, It we did it in longhand we would get the
answer 3.552. But in the vicinity of 3 on the ¢ and D scales we can
read ouly three figures accurately. More about this later.

Follow through each of the following simple divisions on the slide
rule, sliding the hairline indicator to the dividend on the D scale,
sliding the divisor on the C scale under the hairline, and r

YOUR ANSWER:

= 3.55.

, eading
your answer on the D scale at one end of the C scale.
3 6 8 2 3
- = ? - = — = 7 - = - =
2 3 f 5 5 ? 6 ?

The above instructions show just one way to divide with the C
and D scales on the slide rule. You'll remember that when you
learned to subtract with two rulers, it didn’t make any difference
whether you shortened the number of units shown on the bottom
scale by the number of units on the top scale or vice versa. Both of
these illustrations show methods of subtracting 4 from 6,

3 3 4 5 s 7 f
] { J 1 1 ] | ]
' 2 3 a4 5 ¢ 3 43 7
| 2 3 a2 5 ¢ 7 4 9 Z
1 t 1 ) [ k] ] I
By |} 1 1 3 1
t 2 s 4 & 6 7 [

The slide rule is equally impartial, Let’s divide 6 by 3 by setting 3)
on the D scale under the hairline. Then set (6) on the C scale under
the hairline. On what scale do you read your answer?

On the ¢ scale, opposite the index of the D scale. page 66

On the D scale, opposite the index of the C scale. page 78

A

87
[from page 841

i i he correct answer to the
NswER: This procedure gives t : ‘
)rgl?lzg‘x% X 5: Set 5 on the C scale at the right index of t(l;eth]i
écaleA Slide the hairline indicator to 3 on johe C scale and rea
answer on the D scale in line with the hairline.

No. This procedure is complete nonsense. Here’s the way it
would look:

4
6 7 8 9
! l’is % nn’ud ‘f‘ { ? ] 1 1
MLXEY SARA |
7 4 e T

D

The answer that results is 6. And obviqusly 3 X 51s 15, not 6,
t let’s look at the other procedure given: _

é));; the right index of the C scale at 3 on the D scalle. ghg; zﬁz
hairline indicator to the left, Sto'pping ab 5 on the C scale. Re
answer on the D scale in line with the hairline.

Here’s the setting that results:

[+

3
. Y
(7

T 1
5 6 7 8

T

¥
9

-
L L.~
[
~
of s
-

D

We find that the reading under the hzzairline2 ’1(31111 t};% D i(;zlef ;21;.5;
ca
. 10 = 15, the answer we neet‘i. e
?‘?guglhf)egimate” of the answer. You will soon learn to make such
estimates for more difficult problerr}s.)
Return to page 84 to select the right answer.



88
[from page 68]

YOUR ANSWER: It might be either one.

Yes, it’s rather vague. More marks would be needed.

Notice that there is more room between marks at the beginning
of the scale than at the end. 1t seems only reasonable, then, to mark
a8 many additional values in this area as can be clearly represented.
This done, the C and D scales look like this on & five-inch rule:

? ‘l ? ? 7 8 ® 1
T et L L G e
a 4 5 6 7 8 9 1

ik
it

D —

The mark corresponding to 1 on each scale is ealled the left index
of that scale. The mark corresponding to 10 is the right index. The
vertical hairline indicator is provided to make it easier to read the
scales and to line up one number with another.

Let’s do a simple computation with our scales. How about
2.5 X 3? Follow along on your own rule.

1. Find 2.5 on the D scale and set the left index (the mark under 1)
of the C scale directly above the 2.5. (Slide the C scale to the right
to do this.)

2. Find the 3 on the C scale and move the hairline indicator on
this mark. (Do not move the C scale to do this!)

3. The answer, 7.5, will appear under the hairline on the D scale.
Your slide rule should now look like this.

Let’s take the big step! Using your slide rule, find the answer to
1.5 X36 X1.2="7"

1.5 X 3.6 X1.2 =648, page 67 1.5 X 3.6 X 1.2 =4.13. page74

1.5 X 3.6 X 1.2 = 4.50. page 71

89
{from page 821

VOUR ANSWER: 9.89 X 10%

ke a couple of tries before
Very good. You probably had to make .
I'mdinsgl which end of the rule to start with, but baving a rough
rutimate should have helpe@ some.

Now consider the multiplication

0.0000162 X 13,600 = ?

i i in scientific notation: 18,600 is the

It’s no trick to write 13,600 in scientt ,
same as 1.36 X 10t But what about Q.OOOOIGZ? (Remember,
in scientific notation, a number is factored into two parts: a number
hotween 1 and 10, and a power of 10. The product of these two

yarts, of course, is the number.) - - . .
] Rather than’ memorize a rule for writing decimal fractions 11(1)
«ientific notation, let’s figure it out. We know that the power of 1
we need can’t be greater than 1, because

10! = 10, 102 = 100, 10* = 1,000, and so on.

: iplyi iti f 10 will increase
Clearly, multiplying 1.62 by any posmvg power of -
the sizé of the number. Since the decimal fraction 0.0000162 11?
smaller than 1.62, we need to multiply by some power of 10 that wi
docrease the size of the number. o o

With what we've learned about multiplying and dividing numbers
by adding and subtracting their logarithms, we can find the power

of 10 we need.
For instance, what is the logarithm of the answer to the problem

10° + 106 =7
3. page 85
—3. page 93

1 .
—_ age 95 -
1000 P

0.001. page 99



90
[from page 931

YOUR ANSWER: 0.0000162 = 1.62 X 10™8.

No. 1
06=—- L
10° 1,000,000’
162 X 107% = 1.62 % ﬁl—
1,000,000
= (.00000162

i?»ut 9.00000162 has five zeros between the decimal point and the
. ’l)he number we’re working with, 0.0000162, has only four
Let’s retrace our steps a bit. We’ve seen that .

162 X 107! = 1.62 X — — 1_
ToT = 162 X 5 = 0162,

_ 1
162 X 1072 = 1,62 X — = 1
62 X 15 = 1.62 X o5 = 00162, and

1.62X10“3=1.62X-£—=162 —1—~’-

167 = 162 X o = 0.00162
Yqu s}}ould‘ now be able to see the pattern: When writing a decimal
frs?,ctlon m.scxentlﬁc notation, the power of 10 that’s needed is neg-
atl\.re, and is always one more than the number of 2eros between the

decimal point and the first significant, digit of the number.
COLIE theAméml_)er O.}(1)000162, the first significant figure is 1, of

S€.  And simce there are four zeros between the deci ol

and the 1, we know immediately that ® dectmal point

1.62 X 10™° = 0.0000162

Clleck thJS 011‘) fOI‘ Voulself. Thel‘l Ietul.n t‘) p e I

91
[from page 821

2.85 X 10% X 3.57 X 10% X 9.2 X 10
9.47 X 10°

YOUR ANSWER! = 0.89 X 10%

No! Wrong exponent.
Let’s go back to our approximation.
3 X 10% X 4 X 10° X9 X 10" 3X4XFgx10°
9 X 10° T X8
12 X 103
= 1.2 X 10*

I

“Well,” you say, “9.89 X 10% is certainly in the vicinity of 1.2 X
104.»

Look again. The difference between the two numbers is con-
siderable. Here’s why:

9.89 X 10* = 98,900, but
1.2 X 10* = 12,000

Obviously, there’s a sizable difference between 98,900 and 12,000—
86,900, or 8.69 X 10% to use scientific notation.

Now, how about the difference between 9.89 X 10% and 1.2 X 10*?
Well, at first glance, there seems to be a great difference. But when
we analyze the two numbers, we see that

9.89 X 10%® = 9,890, and
1.2 X 10* = 12,000

Considering the fact that we rounded off to one figure in making
our estimate, this is pretty close.
Now return to page 82 and select the correct answer.
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Lfrom page 661

YOUR ANSWER: The setting represents both 5 + 4 and 2.5 + 2.

You’re on the right track, but you need to go a little further.
Look at the setting again:

C

-
-0

1 1,23 2

o

3
_ 1 :

Nt

[N .

B
1
! 2

o]

It’s true that this setting represents both 5 + 4 and 2.5 + 2.
The answer to each of the problems is 1.25, on the C scale in line with
the left index of the D scale.

But isn’t it also true that this same setting can be considered a
representation of 4 = 5and 2 + 2.57 Of course, but in this case the
answer is 0.8, and it appears on the D scale at the rignt index of the
C scale.

In fact, if we consider each of the numbers on the C scale as being
divided by the number directly below it on the D scale, we see that
the given setting represents all possible divisions for which the an-
swer is 1.25. And going from the D scale to the C scale, it represents
all the divisions for which the answer is 0.8.

When you're clear on this point, return to page 66 to select the
right answer.

93
fjrom page 891

yoUR ANSWER: The logarithm of 10% + 10%is —3.

Right. Very good.

When we are dividing one num}aer b
ihe answer is equal to the logarithm o
logarithm of the divisor. Therefore,

log (10° + 10%) =38 — 6= -3

y another, the logarithm of
¢ the dividend minus the

i 3+ 10° = 107°
'his, of eourse, means that 10° = .
;\Iow, what is’ the significance of the negative expone

e problem another way and see.
| Ki?\?e know that 10° = 1,000 and 108 = 1,000,000, so

Lo 1 _ 1

—_— — =

3 . 100 e P
10° + 10" = 150009~ 1,000  10°

nt? Let’s do

1 —3
- — that 10
Tinally, since 10> < 10° = 10 ® and also 705, We conclude tha

1
A oL el and107t=
Similarly, we can show that 10 1= o0 107 = 73 an

—1—(1); , and so on. ;
At this point, we're in a position to find the power of 10 we nee

to write 0.0000162 in scientific notation.

L 1 162
1.62 X 107! = 1.62 X 0= 1.62 X 10 0.

! Lo 0.0162
1.62 X 1072 = 1.62 X i 1.62 X 100

: ! L. 0.00162
1.62 X 107% = 1.62 X e = 1.62 X 1,000

’
Which of the three expressions below is correct?
0.0000162 = 1.62 X 10—%. page 80
0.0000162 = 1.62 X 10-5. page 83 .

0.0000162 = 1.62 X 10-5. page 90
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[from page 83]
YOUR ANSWER: 1.62 X 1073 X 1.36 X 10* = 2.20 X 107

Good. You recognized that 1073 X 10* = 107,

Let’s sum up the main points on scientific notation:

In scientific notation, a number is factored into a number between
1 and 10 and a whole-number power of 10:

1. If the original number is between 1 and 10, it is already in
scientific notation, since the required power of 10 is 10°
which equals 1.

2. If the original number is between 10 and 100, the power of 10
will be 10, or just 10. Don’t overlook the exponent of 10*
in making estimates.

8. If the original number is more than 100, the exponent of the
power of 10 will be 2 or more.

4. If the original number is less than 1, the exponent of the
power of 10 will be negative.

Every number can be written in scientific notation.
When attacking a problem involving multiplication or division,
or both, first write each of the numbers involved in scientific notation:
0.0000842 X 6,396 X 1,846,000
6,530 X 0.779
_ 842 X 107° X 6.396 X 10° X 1.846 X 10°
6.53 X 10° X 7.79 X 107"
_ 842 X 6.396 X 1.846
B 6.53 X 7.79
Then make an approximation (replacing the number in the last
expression above with the nearest integers),
8 X6 X2
7X8
Use your slide rule to find the complete answer. (Hint: first
divide 8.42 by 6.53, then multiply by 6.396, then divide by 7.79,

and finally multiply by 1.846.)
The answer is

X 102

X 10% = 1.7 X 10?

1.95 X 102, page 103 1.98 X 102 page 109
1.21 X 10%. page 105

95
[from page 89}

D |
yoUr ANSWER: log (10° + 10°%) is 1,000

1 3 eem?
Well, it’s true that 10° + 10% = 1000’ but that isn’t what you
were asked. You were asked for the logarithm of the answer, not

the answer itself.

Let’s start over. ) 0
In division, the logarithm of the answer 1S equal to the logarithm

of the dividend minus the logarithm of the divisor:
log (A +B)=1log4 — log B

Since 10° + 10° means 10° davided by 10°, 103 is the dividend and
108 is the divisor. Hence,

log (10% + 10%) = log 10° — log 10°
The log of 10° is just 3, and that of 10° is simply 6, so we see that
log (10° + 10%) =3 — 6

Now return to page 89 and select the correct answer.
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[from page 821

YOUR ANSWER: 2.85 X 10® X 8.57 X 10° X 9.2 X 10'

No. Evidently you are confused about which end of the scale
you shou}d be reading. And unfortunately, comparison of your
answer with the approximate answer we calculated wouldn’t ga
shown up the error. The approximate figure, 1.2 X 10% and ur
answer, 1.012 X 10*, are fairly close. ’ ’ o

1.2 X 10* = 12,000
1.012 X 10* = 10,120

See whether you can discover wher
e you
thro.ugh the solution step by step: Yol went wrong 83 we 0
Scal?l‘lrst, mgl;g)ly 2t§5 by 3.57: Place the righi-hand index of the C
e over 2,85 on the D scale. Th irline indi

Sl over B on en move the hairline indicator to

Next, multiply by 9.2: Ali i

b 1 .2: Align the lefi-hand index of the C scale wi

the .halrlme.h fl‘hen move the hairline to 9.2 on the C scale.S cale with

Eﬁagi,s dWIde‘]})}}; 9.47: ﬁlign 9.47 on the C scale with the hairline
) wer will be on the D scale, directl ) ]
g anawer Wil b irectly beneath the right-hand

Now return to page 82 and select the right answer.

9.47 X 103 =1.012 X 104.

97
[from page 661

vour ANSWER: No, we can’t tell exactly what division is indicated;
ihe setting represents many divisions.

You are right.
Here's the setting again, with just a few of the many possible

divisions emphasized:

‘c@] ?Cﬁ)? “.‘@?iT‘??_J‘
m @ 3 @56}/&

D

Clearly, this setting can be used to divide 2 on the D scale by 2.5
on the C scale; or 4 on the D scale by 5 on the C scale; and so on.
Tlor these problems, the answer 0.8 appears on the D scale at the
vight index of the C scale.

Furthermore, the same setting can be used to divide 2.5 on the
C scale by 2 on the D scale; or 5 on the C scale by 4 on the D scale;
and so on. For each of these problems, the answer is 1.25, and it
appears on the C scale at the left index of the D seale.

These ideas shouldn’t give you any trouble. Just remember that
the answer to any division problem will appear on the same scale
as the number being divided.

Now let’s take a closer look at two of the divisions shown above.
Sincez = 1.25 and 255 = 1.25 also, we see that Z— = ?-2—-5 .

An expression of this form, where one fraction is said to be equal
in value to another, is called a proportion.

Please go on to page 98.




98
[from page 971

These expressions are all proportions:

15 3 1.7

1
25 5 34 2 2 6
In fact, the expressions

5 2.5
=12 2.9
i 5 and 5
can also be considered proportions, since we could just as well have

written

1.25 25 1.25
and

> | ot

Proportions are especially useful for converting a quantity given
in one kind of unit to its eguivalent in another kind of unit. One
simple setting of the rule, and we can convert any number of dollars
to an equivalent number of francs. Another setting, and we can
convert kilometers to miles. We’ll become quite familiar with this
sort of operation a little later on.

Look at the setting below:
c
| 1.5 2 3 4 5 53 7 8 9
1 IR PR RRE ERRE A TXTTE N A | 1 1
T rl T Ii{tlll[ jl'(ﬂlf![f | ‘r T
! L5 2 3 5 6 7
)

According to this setting, which of these proportions is correct?

4,

<
v

]

d

% page 63

| ca
A
(S48

I(I .

page 84

[N
~
g
o
S
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[from page 891

YOUR ANSWER: 10g (10® + 10°) = 0.001.

. 106 = 0.001, but that isn’t what you
i's true that 10° + 10 , but
t\:v;c;?ék;ds You were asked to find the logarithm of the answer, not
woere & .
the answer itself.

{.ct’s start over. '

Tn division, the logarithm o
of the dividend (the number t

the divisor:

¢ the answer is equal to the Iogarithm
o be divided) minus the logarithm of

log (A + B) = log A —log B

0 6. 10% 1s dividend and
Qinoe 10% <+ 10° means 10% divided by 10°, 10° is the divi

10% ig the divisor. Hence, 6
log (10° + 10°) = log 10% — log 10

is just 3, and that of 10° is simply 6, so we see that

log (10% + 10°) =3 — 6

The log of 10°

lect
Complete the subtraction and then return to page 89 to selec

the correct answer.
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[from page 1081

YoUR ANSWER: The first pair of problems contains an error.
No, it doesn’t. Look at the problems again:

28 X 0.001 4
The first one i86 8 X 0.00102 X 946 3.29 X 10%

0.000184
. N 6.28 X 1.02 X 9.4
The left side of this expression simplifies to ———8—X~1—§4—X—9—~6 % 108,
1f we make a rough approximation by using the integers nearest
6X1XxX9

2

to the actual numbers of the problem, we see that x 103

= 27 X 103, or 2.7 X 10%. For the whole solution,

1. Multiply 6.28 by 1.02: set the left-hand index of the C scale
over 6.28 on the D scale, and move the indicator to 1.02 on
the C scale.

2. Divide by 1.84: move the C scale until its 1.84 is under the
hairline. Then move the hairline to the left index of the
C scale.

3. Multiply by 9.46: slide the right-band index of the C scale
under the hairline. Then move the hairline to 9.46 on the
C scale.

4. Read the answer, 3.29, beneath the hairline on the D scale.

The second problem is similar:
8.305 X 4.6 X 1.35

. 04 i
8.305 X 0.0 161 X 1,350,000 Simplifies o - .

The answer should be roughly 40 X 10%, or 4.0 X 10% The actual
solution is found in much the same way as that of the first problem:
Multiply 8.305 (you'll have to use 8.31) by 4.6, divide by 1.1, and
multiply by 1.35. You should find that the answer is 4.68 X 10%,

When you’ve seen for yourself that these answers are correct,
return to page 103 for another try.

101
[from page 831

B 2 = 2.20 X 10°.
vOUR ANSWER: 1.62 X 10 5% 1.36 X 10* = 2

No. the exponent’s Wrong. Since you seem to be a 1(‘112012}{}19&23; r?;;
{hiy s,core, let’s review. First, we have seen that we a P
1o multiply powers of 10
this < this = this
100 X 10,000

1,000,000
= 10°

il

4
102 X 10* = 10° because 102 X 10

1
, or 0.1; 107% means —— ., OF

1
We also learned that 107! means I 50

1
L1073 or 0,001, and so on.
0.01; 107" means 1000’ )

w \ W W wi wi f
No then, we h,& e two possible ays to deal th the powers O
) y y

§0 in the given problem. We can add exponents:

=1
1.62 X 1073 X 1.36 X 10 = 1.62 X 1.36 X 10

—5 _ to write
Or we can use the fact that 10 100,000

1
— X 10,000
1.62 X 1078 X 136 X 10* = 1.62 X 1.36 X 100,095

1
= 1.62 X 1.36 X 0

1.62 X 1.36 X 107!

I

Tither way, our final answer is
2.90 X 107, mnot 220X 10°
the correct

Study this carefully. Then return o page &3 to select

answer.,



102
[from page 841

YoUuRr AaNswER: To multiply 3 X 5, set the right end of the C scale
at 3 on the D scale, slide the hairline to 5 on the C scale, and read the
answer on the D scale under the hairline.

Right. We then read 1.5 on the D scale, And 1.5 X 10 = 15,
the correct answer.

C

—

o
~
i ISy
(-]

| AR N SR E N |
4 & 6 7 8 9

O ~f==e

D

It looks as though we are multiplying by subtracting one logarithm
from another. That is just what we are doing, but we’ll postpone a
detailed explanation until later. For now, just accept the fact that
you can begin a multiplication by placing either index of the C scale
over the first factor on the D scale. If the answer falls beyond the
end of the D scale, simply start over, using the other C-scale index
to locate the first factor.

Of course 3 X 5is not 1.5, but 15. We can’t rely on the slide rule
to place the deecimal point, for the numbers on the C and D scales
could just as well represent 100 to 1,000 as 1 to 10. So the normal
procedure is to read only the sequence of numbers from the slide
rule and place the decimal by making a very rough estimate of what
the answer should be.

The key to making a rough estimate is factoring for powers of 10.
As 5 start in this direction, select the group that contains an error
in factoring:

415 = 415 X 102 e 70
135,000,000 = 1.35 X 108, pas
12 = 1.2 X 102 -
057,346 = 0.57346 X 105 | o0

2,000 = 2 X 108

110
614,000 = 6.14 X 105, } page

103
[from page 941

0.0000842 X 6,396 X 1,846,000 — 1.95 X 102,
YOUR ANSWER! 6,530 X 0.779

i int; ! lete solution:
(tood. You were given a hint; here's the comp

1. Set the hairline indicator over 8.42 on .t’?e D scale.
2.. Shift 6.53 on the C scale under the hair xm:im  scale
3. Slide the hairline indicator left to 6.40 on

i le under the hairline.
et fhe © 39& left to 1.846 on the C scale.
i bairline indicator to the le . scale.
2‘ %i?it?}:e 2nswer, 1.95, on the D scale under the hairline

r is
'T'he approximate solution was 2.25 X 102, so the complete answe:

2 . - - _
1.915 Xeil(lr.al the number of shifts of sliding gcale ania}zlil;n; 31]126
dic:ftogr shoul,d be kept at a minimum. Every time you

r increases.

» reading, the likelihood of erro Which pair contains an in-

Here are three pairs of probleras.
correct solution?

6.28 X 0.00102 X 96 _ 599 3 10*
0.000184 page 100
8.305 X 0.046 X 1,350,000 _ o0 104
8.305 X 0.046 X 1,350,000
11
_1 L _qarxae
17,300,000 ~ 493 page 11
69.41 X 0.5 X 380 X 16 _ 4 g3 5102
35 % 1,683 X 0.524 X 666
1,570,000 X 0.00000165 _ 5 7o ¢ 159 \
6,380 X 14 X 7,800 K 1 g page 113

0.00135 X 1.005 X 0174 _ 3 79 % 10
T 0.00000627
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(from page 113]

YOUR ANSWER: 70 miles per hour.,
No. Here’s the problem g

in 7.% hours. Using the dist
X time) and the fact that

gain: You have driven 326 kilometers
ance formula (distance = rate of speed

1 kilom = i
average rate in miles per hour, Fler = 0621 miles, fud your
. 1311. decimal fO@, 73 hours is expressed as 7.5 hours. Then, ge-
oraing to the distance formula, 326 kilometers = X 75 }::ours

(where r is the rate, of course). From this we see that

- 326 kilometers
7.5 hours
"This expression will give us the rate in terms of kilometers per hour

We _need to.ﬁnd the rate in terms of miles per hour
Since 1 kilometer = (.62] miles, then .

326 kilometers = 326 X 0.621 miles
and our rate is given by

. 326 X 0.621 mileg
7.5 hours

This gives us the answer in mil
es per hour,
On the slide rule: per hour

1. S'Iifie the hairline indicator to 3.26 on the D scale
2, S{nft 7.5 on the C scale under the hairline .
3. Slide the hairline indicator to 6.21 on the C scale
4. Read the answer under the hairline on the D scafe
Thus .

326 X 0.621 ~326X10° X621 x 10! 3 26 X 6.21
pomh e nin -_— " 7 0 A Sead

7.5 7.5 7.5 K10

The answer will be roughly 2X6

X 107, or 25 miles per hour,

When you have the answer,

chotes. return to page 113 to make the correct

105
Lfrom page 941

YOUR ANSWER: 1.21 X 102

No. It looks as if you multiplied by 6.53 instead of dividing.
Ilere's the problem again:
0.0000842 X 6.396 X 1,846,000
6,530 X 0.779

'I'hin simplifies to
8.42 X 6.396 X 1.846
6.53 X 7.79

Now, if we try to do all the multiplications in the numerator be-
fore performing any division, we must make many moves with the
nhiding scale and the indicator. Each move increases the possibility
of crror. So you were given a hint about how to do the problem.
I'ullowing this suggestion, the procedure would be:

1. Divide 8.42 by 6.53: set the indicator hairline over 8.42 on the
D scale, and slide the C scale to the right until 6.53 is under
the hairline,

2. Multiply by 6.396: slide the hairline left to 6.40 (you can’t
read 4 figures here) on the C scale.

3. Divide by 7.79: slide the C scale until 7.79 is under the
hairline.

4. Multiply by 1.846: slide the indicator to the left, stopping
when 1.846 of the C scale is under the hairline.

5. Read the final answer under the hairline on the D scale.

% 102

1f you follow this procedure carefully, you should have no trouble
nrriving at the right answer. Return to page 94 for another try.
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[from page 113]
YOUR ANSWER: 54 miles per hour.

No. And this looks like a guess. Here’s the problem again: You
have driven 826 kilometers in 7% hours, Using the distance formula
(distance = rate of speed X time) and the fact that 1 kilometer =
0.621 miles, find your average rate in miles per hour,

In decimal form, 7% hours is expressed as 7.5 hours. Then, ac-
cording to the distance formula, 326 kilometers = X 7.5 hours
(where 7 is the rate, of course). From this we see that

_ 326 kilometers
"~ 75hours

This expression will give us the rate in terms of kilometers per hour.
We need to find the rate in terms of miles per hour,

Since 1 kilometer = 0.621 miles, then
326 kilometers = 326 X 0.621 miles
and our rate is given by
e 326 X 0.621 miles
7.5 hours

This gives us the answer in miles per hour.
On the slide rule:

1. Slide the hairline indicator to 3.26 on the D seale,
2. Shift 7.5 on the C scale under the hairline,

3. Slide the hairline indicator to 6.21 on the C scale.
4. Read the answer under the hairline on the D seale.

Thus

326 X 0.621  3.26 X 102 X 6.21 X 1¢~! _3.26 X 6.21
7.5 N 7.5 7.5

X 10%,

The answer will be roughly i;ﬂ X 10, or 25 miles per hour.

When you have the answer, return to page 113 to make the correct
choice.

107
[from page 841

voUR ANSWER: Neither of the given methods works.

But one of them does. Let’s try them both. o ' _
tlere’s the first method: Set 5 on the C scale in line with the right

index of the D scale. Slide the hairline indic:&tor to 3 on the C scale
nnd read the answer on the D scale In line with the bairline.
And here’s the setting that would result:

o]
] ‘1.8

7 s

D

(WA NPTRS |
LED G |

6 7
|
|

L 3 gl

o

I'he number under the hairline is 6. And obviously 8 X 5 = 15,

not. 6.
So the first method is no good. o
}]cre is the second procedure: Set the right index of the C scale at

3 on the D seale. Slide the hairline indicator to the l.eft,. stopping }::t
i on the C scale. Read the answer on the D scale in line with the

hairline, ‘ .
Here’s the setting that is the result of this procedure:

¢ T
i
7 1
}( i ?1{?“'9"'{ T T T 7T 1
1 1f5 2 3 4 5 e 7 8 9
]
5 i

The number under the hairline is 1.5. And 1.5 X 10 = 1?, Zgz
nnswer we want. (You will soon learn why we have to supply

10 to get the final answer.) ‘
Return to page 84 and select the right answer.
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[from page 118]

YOUR ANSWER: 27 miles per hour,

Very good. Distance = rate of speed X time, so rate =
distance In the given problem. » — 326 kilometers
time g P ’7 7 7.5hours

stands for rate). To convert the answer we get to miles per hour,
0.621 miles

1 kilometer

(r, of course,

we simply multiply by
On the slide rule:

1. Slide the hairline indicator to 8.26 on the D scale.

2. Shift 7.5 on the C scale under the hairline.

3. Slide the hairline indicator to 6.21 on the C scale.

4. Read the answer, 2.7, under the hairline on the D scale.

Since you should have seen by estimating that r is roughly 2.5 X 10%,
or 25 miles per hour, you know that the final answer is 27 milesper hour.

But how dependable is this answer? The usual automobile mileage
gauge is accurate to within about 10%. So the actual distance
covered could be as much as 359 kilometers (326 kilometers + 109,
of 326 kilometers) or as little as 293 kilometers (326 kilometers
— 109, of 326 kilometers). So all we can really say from the given
measurements is that the average rate was somewhere between 25
and 30 miles per hour. The three-figure aceuracy of the slide rule is
ample for many such problems.

As was said before, all units obey the rules of addition, subtraction,
multiplication, and division. In figuring the problem above, we
divided miles by hours to get the number of miles per hour.

Here are two problems involving units which occur often in physies.
Which one is incorrect? (Dyne-cm. means dyne X em.)

32 ft.
6.281h. X ——
X see.? 3,35 ft.
60 1b. T sec.? © page 112
6
725 gm. X 3.87 x [0 IRECI: 0

= 1,04 X 10°cm.? page 114

1,013,000 dyne

cm,?

109
[from page 941

0.0000842 X 6,396 X 1,846,000 _ | 4o v 402,
6,530 X 0.779

YOUR ANSWER:

No. The problem simplifies to

8.42 X 6.396 X 1.846
6.53 X 7.79

You seem to have followed the right procedure, since you arrived
Wi nn answer that is reasonably close to correct. But in case you

didi’t, let’s go over it again:

1. Divide 8.42 by 6.53.
2. Multiply by 6.396.
3. Divide by 7.79.

4. Multiply by 1.846.

Your mistake may have been in reading your ﬁr}al answer
or rounding off 1.846 before locating it on your glide rule. If you
vend the answer wrong, all we can say is, be more careful, and practice

iing readings.

f”"é’;ﬁ round.iixg off 1.846 is something else again. Between the 6 and
7 on the C and D scales, we cannot read more than three ﬁgures.
"I'his is & consequence of the nature of the shdef rule—the dlstt?nce
hotween the logarithm of 6 and that of 7 is relatively .sma,ll. T ere-
iore. when we multiply by 6.396, we have to Found it off to 6.4 13
urdf;r to locate it on the scale. However, the ‘dls'cance between 1} an

2 on these scales is large enough to be marked in very small quantities.

X 10?

wrong

" 4o we can read all four figures of the number 1.846.

Return to page 94 for another try.
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[from page 1021

YOUR ANSWER: This group contains an error:
2,000 = 2 X 102
614,000 = 6.14 X 10°

iorry-—both of these pr‘oblems are correct. Let’s check them
and see. Remember, multiplying by a positive power of ten is just

& matter of moving the decimal point toward i
er o the righ
places indicated by the power of ten, Heht the number of

To multiply 2 by 103 ; ;
to the rightI:J ¥y 2 by 10°, we move the decimal point of 2 three places

2.000.
1

So it is true that
2,000 = 2 x 108

To multiply 6.14 by 10° we move the deci .
places to the right: e decimal point of 6.14 five

6.14000,
Ne—— 1
So this problem is all right:

614,000 = 6.14 X 105
Return to page 102 and try again.

111
Ifrom page 1081

vOUR ANSWER: The second series of problems contains an error.

No, it doesn’t. Here's the way they go:
1 1 10
17,300,000~ 203 LT X107
‘I'his may have seemed confusing, but don’t let it throw you—it can
e done just like the others. The left side of the equation can be
simplified:
1 1 1 1

_ S —— | nt

17,300,000 X108 T 173 X 493 X 10° ~ 173 X 4.03 ©
Nubstituting 2 for 1.73 and 5 for 4.93, we find that our answer should
he roughly 0.1 X 1072 or 1.0 X 1071°, To find the complete
tolution

1. Divide 1 by 1.73: set 1.73 on the C scale over 1 on the D
scale. Then move the indicator hairline to the right-hand
index on the C scale.

2. Divide by 4.93: slide 4.93 on the C scale under the hairline.

'The answer, 117, will appear under the left-hand index of the C secale,
on the D scale,
The second problem is

69.41 X 0.5 X 380 X 16
35 X 1,683 X 0.524 X 666

Approximate the answer first—it should be roughly 1.0 X 1072, In
finding the actual solution to this problem, it is easiest to alternate
multiplication and division operations: Divide 6.94 by 3.5, then
mnultiply by 5.0, then divide by 1.683, then multiply by 3.8, then
divide by 5.24, then multiply by 1.6, then divide by 6.66. (These
numbers are in their simplified form, of course.) The main trick to
nll this is to remember where you are. If you get lost, just start over.

When you've seen for yourself that these answers are correct,
return to page 103 for another try.

"T'he first problem is

= 1.03 X 1072




112
[from page 108]

6.281b. X 21t

sec.”  3.35 ft.
60 Ib. see.?

YOUR ANSWER:

No, this problem is all right. Remember, all units obey all the
rules of multiplication and division. So we can write

32 ft. 32 ft.
6.281b. X — —%
X sec.?  6.28 Ih. % sec.?
60 Ib. 60 Ib. 1
6.281b. 6.28
B =— i
ut 50 1b. 0 beeause we can cancel the pound unit that ap-
pears in both the numerator and the denominator. So
32 ft. 32 ft.
6.281b.  sec.?  6.28 . sec.?
60 Ib. 1 60 1
. . 6.28
As you can easily check on your slide rule, 60 0.1046, so
6.28 32 ft. 32 ft.
%0 X ool 0.1046 X E
= 3.35 ft/sec?

This problem is all right—the units are right and so are the
numbers.
Return to page 108 and study it carefully. This business of units
can cause you plenty of trouble unless you get it down pat, once and

for all. When you feel that you know what you are doing, choose
the right answer.

113
[from page 1031

vour ANSWER: One of these is wrong:

1,570,000 X 0.00000165 _ ¢ -5 v 1072,
6,380 X 14 X 7,800 X 1

0.00185 X 1005 X 0074 _ o 7o 11
0.00000627

You are correct. It may have taken you quite & while to ﬁn(} (;d:gs
wrror, for it is a relatively small one; the second answer should be
477 X 10L _ )

The incorrect answer given results trom rounding 1.005 to 1‘0}}.
11’4 ull right to round off & number such as 9.005 to 9.01, because t; e
nunrkings on the right-hand part of the seales are too close tqge er
Lo let you read more than three figures accurately; bub the distance
hotween 1 and 2 on the C and D scales is enough to allow all four
PR d

ipnificant figures of the number 1.005 to b.e read. _ ,
'“F| \ofore we go any further in our discussion of the slide rule, let’s
Jineuss the problem of units. A unitis simply any standa‘rd <}>lf I}rlxeai-
arement. For example, the second is & um.t of time. So 151’10 ef t}(ius(;
Pimilarly, the foot is a unit of distance, as is the meter. All of the
eanmples are familiar to you. _ ‘

'I'here are many units besides the ones we’ve‘ mentxoned.. Since
yorl are likely to encounter problems with uﬁlts at one time or
) ipulate them.
nother, you need to learn how to manip .

Pasically, it'’s very simple: any unit can be treated as an glgsbralcci
(uantity. That is, units can be added, subtracted, multlpl_le 1-: ane
divided as if they were algebraic symbols. qu ins ahnc ,
gL X 2ft. = 4ft.2or 4 square feet. In ap expression such 88

s 8 miles
mzh,.x‘ _ the bar means per.

= 3 miles per hour.
hour hour

ilere is a fairly commonplace prok.ﬂem: o )

You've been driving a small foreign car along winding mouéltrj;]g
ronds.  Actual driving time is 7% hours, a.nd you have co;rere N
{.ilometers. Using the distance formula (distance = rate o 1356 X
{ime), and the fact that 1 kilometer = 0.621 miles, calculate y
nvernge rate in miles per hour.

70 miles per hour. page 104 27 miles per hour. page 108

b4 miles per hour. page 106




114
[from page 1081

YOUR ANSWER: This problem has an error:

108 dyne-em.
725 gm. X 3.87 X % X 373

. _ o
1,013,000 dyne 1.04 X 106 em,

cm.?
Yes, it has.

The answer is numerically correct, but the units wer
manipulated. Tet's consider the units
numbers. Then the problem is as follows;

€ not correctly
alone, apart from their

dyne-cm.
gm, % Syne-em.

—
dyne
cm.?

The grams (gm.) in the numers
remainder is:

tor cancel one another out, and the

dyne-em.
dyne

—_—— 7
cm.

(That’s a hyphen in dy
dyne X cm.)

To divide by a fraction, we invert the divisor and multiply:

ne-cm., not 2 minus sign. Dyne-cm. means

dyne-cm.

dyne cm.?
'-Lz = dyne-cm. X
e,

yne

The dynes cancel, leaving em. X em.2
the answer.

Thus, the answer should have been 1.04 X 10° ¢cm.3
centimeters),

,orem.®) as the unit for

(cubic

In this chapter, you have really come to grips with the slide rule,
and have progressed to a point where you can handle most problems
in multiplication and division. In the succeeding lessons, you will
be given a chance to sharpen your new-found skill, and acquire
others that will enable you to solve even thornier problems.

115

CHAPTER 3

The A, B, and K Scales

Nany of the practical problems faced by the engineer, the arckkx)l-
el ik the scientist or technician involve factors that must be
sepinred or cubed. Tt may be necessary to find th.e surface area 01" :i
apinre wall, the volume of a cube, or the.reductlon of an electml(,a
w negnetic force over distance. Most shdte rules h.&ve twp sca, e?l,
rilledd the A and K scales, that are of special help in solving suc
’“1,'.:'\'!(,”1::. take a specific problem and solve it first with. ordinary
nnthimetic and then with the C and D scales. Then we will take up

' new scales. ‘ '
”“A: 1.::11‘1/11(3 that it is necessary to determine the weight qf a conerete
Block that is to be used in the construction of a building. The
Bloek s o cube 2.1 feet on a side. You know tl}&t the concrete that
vorr will be using weighs 131 pounds per cubic .foot. The volume
() of the block is the cube of the length of one side:

» = 2.1ft X 21ft. X 2.1ft. = 2.1%1t.3
= 0.26 cubic feet

I'he: weight of the block is found by multiplying ‘the we%ght of ﬂ]lge.
conerebe per cubic foot by the total number of cubic feet in a block:

1
131 Ib. e ft. = = 1,212 b,
S % 0.96.eubleft. = (131 X 9.26) Ib. = 1,
Conbie
1

Considering that there is some likelihood of error in measuremest,
n rood answer from a slide rule would be approximately 1,210 poun lsii

Solving the same problem with the C and D scales, we woul
fmd the volume by adding log 2.1 4 log 2.1 + log 2.1. From "this
we ean conclude:

The log of the cube of a number is three times the log of the number.
page 119

"The log of the cube of a number is the cube of the log of the number.
page 121



116
[from page 1261

YOUR ANSWER: The full length of the D scale represents the num-
ber 20 on the A scale.

A

[—
=

ro—-4
N0

D

< b P

Your answer is incorrect.
Each number on the A scale is the square of the number opposite
it on the D scale:

4 on A is opposite 2on D 4 =22
9 on A is opposite 3 on D 9 =32

49 on Aisopposite 7on D 49 = 72

and g0 on.

In terms of logarithms, we can look at it this way: The length of
the left half of the A scale can represent the logarithm of 10. The
length of the right half is the same, so that the whole scale represents
log 10 4 log 10. By now you should recsall that the sum of the
logarithms of two numbers is the logarithm of the product of the
numbers:

log A + log B = log (A X B)
In this case,

log 10 + log 10 = log (10 X 10) = log 100

Therefore, the full length of the A scale represents 100, not 20. And
the 100 at the right index of the A scale is directly opposite 10 on the
D scale, as it should be, since 100 = 102,

The left half of the A scale is read from 1 to 10; the right half is
read from 10 to 100.

Now return to page 126 and select the correct answer.

117
[from page 1301

YouR ANSWER: (z X y)? = 2% + 2

Well, let’s see. To test that conclusion, let & = 3andy = 4.

[ @ Xy’ =2+

then 38 X 4:)2 = 32 4 42
nnel 122=9-116
BBul. obviously 144 7 25

Your answer can’t be right. 144 does not equal 25.
Better return to page 130 and select the correct answer.
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[from page 123]

YOUR ANSWER: To square 130,000, I would first factor this numbep

into 1.3 X 105,

N Zerzl‘y I;glcgod.b I;Iaving correctly factored the number into the product
umber between 1 and 10 and g power of 10 ins i
to square both factors and multiply them. ol that xemains i

130,000% = 1.32 x (10°%)2
= 1.69 X 10

Suppose we
oy wanted to square 0.013. The same procedure will

0.013% = 1.3% X (107%)2 = 1.69 X 1076

plying two numbers of the same sign, whether positive or negative
Now you try one. Using your slide rule, find the square of 568
323,000. page 124
238,000. page 128

2,380. page 132

119
[from page 115]

rornt ANSWER: The log of the cube of a number is three times the
hw of the number,

t'orrect,  Cubing a number by slide rule consists of adding the
mie distance three times. Doubling the distance gives us the
syinre of a number. Mathematically, we express these as:

log N2 =3 X log N
log N2 =2 X logN
Or, penerally, log N* = n X logN
‘This can be demonstrated readily by squaring the number 10°,
Aceording to our formula,
log N2 = 2 X log N
N is 10% log N = 3, so that
2XlogN =2X3=6

I follows that
logN? = 6
And this checks, because
(10%)2 = (10 X 10 X 10) X (10 X 10 X 10) = 10°

Now, let’s look at the A scale which is on the body of the rule,
right above the slide on most slide rules. If you move the hairline
to the figure 9 near the center of the A scale, you will notice that the
ime distance from the left index corresponds to 3 on the D scale.

—Co

A
3 | 2
[ I i i 1 § DU SR I_LIII‘?/

Zsuoe
A ; r] DL L L L lll“]jl‘llllllll
/ 2 3 I )}
1
D

The conclusion is that when these scales are compared:

Any number on the A scale will be three times the number opposite
it on the D scale. page 122

The distance from the index to a number on the A scale will be half
the distance from the index to the same number on the D scale. page 126
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[from page 1241

YOUR ANSWER: 3607 = 19,

You are correct, within reasonable limits of accuracy. Actually,
19% = 361, which is close enough for many practical purposes.
In extracting square roots the need to keep track of the power of

10 is not simply a question of keeping the decimal point in the right

place. Failure can lead to the quandary of trying to decide whether
6 or 60 is the square root of 360. The key is proper factoring.

When squaring a number, we factored the number to be squared
into the product of a number between 1 and 10 and a power of 10.
Then the square of the first factor fell between 1 and 100 on the A
scale. The square of the second factor, the power of 10, was found by
doubling the exponent. ‘

When extracting the square root of a number, we factor the number
into the product of a number between 1 and 100, and an even power
of 10. Then we can read the square root of the first factor off the
D scale, and we can find the square root of the even power of 10 by
dividing the exponent by 2.

If we wanted to find the square root of 528,000, for instance, we
would factor it into 52.8 X 10% Since 52.8 is more than 10, it will be
located on the right half of the A scale. With the indicator over
52.8 on the A scale, we read 7.26 on the D scale. Since the square
root of 10* is 10, our answer will be 7.26 X 102 or 726.

It would be possible to factor to 5.28 X 10° which would give us
a reading of 2.30 on the D scale to be multiplied by the square root
of 10%. Though it can be done, it is not as easy as finding the square
root of 10% So stick to the even powers of 10.

One of the problems below is incorrectly solved. Work the prob-
lems and pick the set that contains an error.

0.00863)2 = (0.0000745) | ..
(0.000000763)% = (0.000873) | P*®
(0.702)* = (0.493) }
1 131
(1,326,000,000)% = (36,500) page 13

% = !
(4,925)F = (22.2) } sage 138

0.9)% = (0.949)

121
Lfrom page 116}

voun answer: The log of the cube of & number is the cube of the
fupr ol Lhe number.

' haven’t quite got the idea. Follow this closely. .

ll\ll. ‘1‘4 {?:e that Wectlzube f number by using it as a factor three tm_nes,
fo example, 2.1 X 2.1 X 2.1 = 9.26. But, W?ﬁh logs, we multiply
by ndding. So the log of 9.26, for example, is log 2.1 + log 2d1 +
ln}.rl 2.1, or just three times the log of 2.1: What you said 18
log .26 = log 2.1 X log 2.1 X log 2.1. That is simply not true.

I we set the index of the C scale on 2.10 of the D scale, and. then
move the indicator hairline to 2.10 of the C secale, we have, 1n es-
wnee, added the log of 2.10 to the log of 2.10:

LOG ? 10 c LOGAZ.IO 2§°
. 5 }
D 210 u.41
|
—J
—

LOG. 2.10 + LOG. 2.10

Sliding the index of the C scale to the hairline gnd then moving the~
(mirline to 2.10 on the C scale is equivalent to adding another log 2.10:

LOG. 2.1 + LOG. 2.1 C LOG 2.1 wj
A
1
210 T s.sz

J

o[

L . ——
LOG. 9.26

Thus we have multiplied 2.1 X 2.1 X 2.1 by adding logs. Tlie

resulting distance from the index of the D scale to 9.26 on that scale

vepresents the log of 9.26. Qo it is true that log 9.26 = log 2.1+

log 2.1 4 log 2.1, or 3 X log 2.1.
Now return to page 115 and select the other answer.



122
[from page 119]

YOUR ANSWER: Any number on Scale A will be three times the
number opposite it on Scale D.

Really? Look at Scale A and Scale D next to each other,

) & 6 7 8 2 1 Z.j’r/
! A T T S O P A

g SLIDE }
T T l L] T T T T T T T % I T ¢ T ¢ Irrry T 71461 )
/’XB 72 3 pt )5
D

True, the number 3 on Scale D is opposite 9 on Scale A, But 2 i
opposite 4, and 4 is opposite 16.
In fact, either observation should tell you that the numbers on
Scale A represent the squares of the numbers on Scale D. Conversely,

the numbers on Scale D represent the square roots of the numbers
on Scale A.

Please return to page 119 and select the correct answer.

123
Ufrom page 1301

2
cour ANSWER: (z X 9)? = 2® X ¥°

Right. If we let x = 3and y = 4, then
(3X4)2=32X42
(12)2 = 9 X 18
144 = 144

‘The formula above is useful in finding the square of a numberkthat
doesn’t fall between 1 and 10, the range of th-e D 'scal.e. As y(;}l ?1?}:‘;
(rom Chapter 2, any number can be written in scientific nota go?. °
siumber is written as a product of two factors, one & rllumper ett-v:en
[ and 10, and the other a power of ‘10.. Using scientifie nko ? ;c};l "
i the relationship shown above, it is snnple. to k.eep ;raclhdo e
decimal point when squaring numbers of any size with the sl e the.)

f.et us suppose that we want to find .’ohe square of 400, usmig b
dlide rule. First, we need to factor 400 1ngo a numbe‘r between )3 d
10 and a power of 10: 400 = 4.0 X 102, Then, since (z X ¥
X yz, .

4002 = 4.0% X (16%)

All we need to do now is locate 4.0 on the D sc?dle and readllldtz
wquare on the A scale. (In this case you reglly don’t m}aled the i éed
rule, since you know by inspection that 402 = 16.) Then we
jo find (10%)2%. Remembering that

(@)™ = a™™  (nol art™)

we see that (10%)2 = 107 = 10*
So 400% = 16 X 10*
— 160,000

Suppose you wanted to square 130,000 with the slide rule. How
would you factor it?

1.3 X 105 page 118

13 X 104, poage 129



124

[from page 118}
YOUR ANSWER: The square of 568 is 323,000.

Yes. In the example, 568 was factored into 5.68 X 10%  Setting
the hairline at 5.68 on the D scale, we read 32.2 on the right-hand half
of the A scale. The square of 10% is 10% so the entire answer is
32.3 X 104 or 323,000.

The steps in squaring any number (N) other than those between
1 and 10 are:

1. Write the number (N) as a product of two factors (X and Y) ,
one g number between 1 and 10 (X), and the other g power
of 10 (V).

. Set the indicator hairline at X on the D scale.

Obtain the square of X on the A scale.

. Square ¥, the power of 10, by doubling its exponent.

The square of N will be the product of the squares of X and

Y. That is, since N = X X Y,N? = X2 x y2,

O W N

The A and D scales can also be used for the extraction of square
roots. For purposes of analysis, let us assume that N is the unknown
square root of another number, /i, Therefore, M = N ZorvVM = N
(the latter equation is read, the square root of M equals N). But
we’ve seen before that: 2 log N = log N2, 50 2 log N = log M.

That being the case,

log N = log M

2

Since we said that N is the square root of M (thatis, N = 31 )
we conclude that the log of the square root of M equals % log M.
The usual notation for the log of the square root of M is log M3,

A small complication arises in extracting square roots. The fact
that N = M3 or VM does not mean that 10 X N is the square
root of 10 X M. For example, 2 is the square root of 4, but 2 X 10
is not the square root of 4 X 10. However, 2 X 10 is the square
root of 4 X 102

In extracting square roots, as in all other slide rule operations, you

must keep your powers of 10 straight. Try your hand at this:
36% = 6, but what is 36047

19. page 120 60. page 132

125

[from page 1201

vour ANSWER: The first pair contains an error.

i t.
Sorry—both of the problems in the first group are correc
ti‘(;fg}f;rst problem was (0.00863)% To find the square of a number,
hegin by writing the number as a product of two factors, one a
uwmber between 1 and 10, and the other a power of 10:

0.00863 = 8.63 X 1072

Next, set the indicator hairline at the given number (8.632,) 3117 zl;e
1) scale, and read its square on the right-hand A' scale: 8:63 = ! 5.
(We can determine the placement of the decimal po3nt wzltf no
dilficulty, even if we forget that the right-hand A scale is read from
10 to 100, because we know that the square of 8.63 must lie bet;vel%x'
(4 and 81, the squares of 8 and 9.) Next, square the power of 10:
(™3 x 1072 = 1078,

Since the square of 0.00863 will be the product of the squares
of its factors,

(0.00863)% = 74.5 X 107% = 0.0000745
The second problem was to find the square root of 0.000000763.

Ifirst, we reduce the number to two factors, one a number between
st, '
| and 100 and the other an even power of 10:

0.000000763 == 76.3 X 1078

Then set the indicator at 76.3 on the A scale (that’s between g)
und 100, remaember). Read the square rooﬁ of 76.3 wf_r40m 131-1_9:1 D
scale as 8.73. The square root of 1078 is 107 (since 10™* X 107* =
107%), so )

(0.000000763)% = 8.73 X 10~ = 0.000873

Return to page 120 and try again.
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Lfrom page 1191

your answir: The distance from the index to s number on Scale §
A will be half the distance from the index to the same number on |

Scale D.

Very good. It was clear from the illustration that the numbers
appearing on the A scale are the squares of the corresponding num-
bers on the D scale. Now, if we make one entire scale from 1 to 10
that is just half as long as another corresponding scale, & distance on

the shorter scale will represent the square of the number represented |

by the same distance on the longer scale (“a” on the diagram).

5 8789
i1

—ro

=
o
a—
R
o
©—

- b

Y

This is a consequence of the fact that
log N2 =2 X log N
We can divide both sides by 2 to get
log N?
2

So when we transfer readings from o seale of one size to another
half the size, we find the square of the number setting of the longer
scale. Reading from the shorter to the longer scale, we obtain
square roots.

Of course, the A seale is not physically half as long as the D scale.
Rather, it consists of two shorter scales, end to end.

=logN

A 2 3 4 5 67891 2 2 ¥ 56789
1 ] +J | ll}.L T | | H i' [IJIIII

b 2 3 4 5 6 7 8 9

S b

N g

Here are the complete A and D scales next to each other. Now
what number on the A scale is represented by distance b, the full
length of the D scale?

20. page 116 100. page 130

127
[from page 1851

your Answag: On the left side of the B scale.

10 there, all right.  But it appears twice.

2
‘% 008 ey 74 .

)
330
30 p

w.l.®

tome time ago—and it probably seem5s 1i]f§hatgeré 1;)11115 grr;(; ;1‘1;;

l , iplying 3 X 5 wi e :

wl you found that multlplymg . .
‘\‘\‘n‘n(m’i,lgs easy as it seemed. Adding the distances corresponding to

fp, 3 und log 5, you ended up off the scale.
- " £
P

' > ; — s

This didn’t mean that the method was wrong, fzr gdﬂ];e Sizilaz
hndn’t stopped at 10 it would have Wor'ked. "Iflhfer aat L
Jon’t stop at 10; they both go to 100. With the alrglgg : 9.74 be
lofi-hand B scale, the %robleim -:;1 epl;)ggllzngsnxbe .Seen as. 2‘55 o
Y ight- scale, :

l':.‘: g n:l:.; ]Zg h;i};i\lrle(‘l/er, Syou’ve learned to place the decimal cor-
o so this shouldn’t cause any trouble.

reclly, 135 and choose a better answer.

Return to page
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o Lfrom page 1231

[from page 1181

st ANSWER: To square 130,000, I would first factor this number

. 5aQ2
YOUR ANSWER: 568“ == 238,000. bt 14 3¢ 10%,

Well, you’ve got the right power of 10, but you're confused abou§
which scale does what. Let’s look at a portion of the A and D scalef]
again:

but not for easiest operation of a sl?de
e number on the D scale as ‘bemg
f the decimal point as

vou could do it that way,
yule Remember, we think of th
Jutweon 1 and 10, in order to keep track o

winily na possible. et
. G A R AR ‘I'o wquare & number larger than 10 or less than 1, Wg ﬁrks)te tr‘:een
| | — wiile Lhe number as a product of two factors, one a number
| 10, and the other a power of 10.
X - : - : d | ”IIll:ll' (3 is not between 1 and 10. Return to page 123 and select

{hn better answer.
As you can see, 2 number appearing on the D scale has its square

directly over it on the A scale. Here are some examples to check for |
yourself:

4 on the A scale is directly above 2 on the D scale, and 22 = 4.
2.25 on the A scale is directly above 1.5 on the D seale,

and 1.5% = 2.25,
9 on the A scale is directly above 3 on the D scale, and 3% = 9.

Therefore, to determine the square of 568, locate 5.68 on the D
scale with the hairline. Then the square of 5.68 will appear on the |
A scale in line with the hairline. (To get the answer you chose, you
must have done the reverse. You located 5.68 on the A scale and
read 2.38 from the D scale.)

Rework the problem, and return to page 118 to choose the correct
answer.



130
[from page 1261

YOUR ANSWER: 100.

Right. In the illustration below, showing a complete A scale, Wl
can consider the numbers on the left half as 1 through 10, while the
right half of the scale takes us through 100. This should be clear if

we consider our general formula once more. We will let N stand §

for 10.
2log N = log N?

2log 10 = log 102

N? = 10% = 100
A {2 3 4 5678914 2 3 4 B 6789
] 1 bt ottt 1 [ e
| i [ 1 I [
2 ' 3 4 5 6 7 8 9

For reasons that will become apparent later, the scale is not
marked as from 1 through 100, but as 1 through 10 twice. That
means that care must be taken to avoid losing the decimal point.
In simple calculations, there is no problem. Thus, we know that the
number on the A scale above the 6 on the D scale will be read as 36
rather than 3.6.

Since the D scale is read from 1 to 10, numbers outside that range
must be factored before their squares can be found on the A scale.

Before we get into the details of this factoring process, think about

the following question for a moment. Which of these equations
is correct?

(# X y)? = 2% + y%. page 117

(z X¥)?2 =22 Xyh page 123

131
Ifrom page 1201

youn ANSWER: The second pair contains an error.

Mo it doesn’t. Follow the explanations below and see whether
i r;m {ind where you went wrong. )
" “I‘hu first problem in thig group was to find the sqt;ar:oi): (3).';2 5;

W uinrt by writing the number as a product of two 1actors,

ponwer of 10, and the other a number between 1 and 10:
0702 = 7.02 X 107

‘I'hen we set the indicator hairline at 7.02 on the D hscal:(,) as;i iga?ti
{r wquare, 49.3, from the right-hand A scale. gfl asimmediateiy,
\nlher than, say, 4.93, because, as you ghould oxl;v ronect fron;
;* 49. And also, of course, the nght;—];a?g ?Ofvlza ;, i?)’l d ror
1 o 100.) Next, we squarc the power of 10: .
‘l'lm“h'quarl of a p;'oduct is equal to the product of the squares of its
Inctors, so:

(0.702)% = (7.02)* X (10712 = 49.3 X 1072 = 0.493
t of 1,326,000,000.
"The other problem was to find the square roc
|"ir'-1lT( factor &e number as a produet of two factors, one a number
lwl,w;;en 1 and 100, and the other an even power of 10:
1,326,000,000 = 13.26 X 10°

"Then we locate 13.26 on the A scale (betvileen 10 and 1fO(), tr}(;)-
member), and with the hairline indicator r‘ead its square gfc;( (1184 =e
) scale a:s 3.65. The square root of 108 is 10* (since 1

Py oo 1 10% = 36,500
(1,326,000,000)} = 3.65 X 10* = 86,

Return to page 120 for another try.




132
[from page 118]

YOUR ANSWER: 5682 = 2 380.

No, you've got a couple of errors here. Let’s reduce the problem -

to scientific notation:
5682 = (5.68 X 10%)%

5.68 is reasonably close to 6, so we can use 6 in place of 5.68 to arrive
at an approximation of the answer:
(6 X 10%)? = 6% X (10%)% = 36 X 10*

So our answer should be in the neighborhood of 36 X 10% or 360,000.
And 2,380 obviously isn’t.

Now, let’s look at a portion of the A and D scales:

A s

w
[+
~~
[~ &
|

2 3 4 67
] 1. 11

1
8

D

=t
L
N=} 5
©o—"®

| 1 1
4 5 8

As you can see, 8 number appearing on the D scale has its square
directly above it on the A scale. Therefore, to determine the square
of any number, locate the number on the D scale with the hairline.
Then its square will appear on the A scale in line with the hairline.
Apparently you reversed this procedure, locating 5.68 on the A scale
and reading its “square” from the D scale. To make sure you have
it straight, we'll say it once more:

To determine the square of any number, locate the number on
the D scale with the hairline. Then its square will appear on the
A scale in line with the hairline.

Now, return to page 118 and rework the problem. Keep in mind
the approximation we calculated.

133
[from page 124}

YOUR ANSWER: 360% = 60.

No. You're looking for the square root of 360. But 360 doesn’t
nppear directly on the A scale, which runs from 1 to 100 and no
higher.

Working it out in your head, you can see that:

6% 6= 36 60 X 60 = 3,600

So your answer won’t even begin with a 6. You do know thz.xt the
wquare root of 400 is 20, so the square root of 360 must be just a
little less.

How do you use the slide rule to find the square root of 3607 The
key is to break 360 into two factors, each of whose square roots you
con find easily. The square root of 360 will be the product of the
square roots of the two factors. Factoring,

360 = 3.6 X 10?

The square root of 3.6 is found on the slide rule by setting the hair-
line at 3.6 on the left side of the A scale and reading the square roof,,
1.9, on the D scale under the hairline. The square root of 10% is
simply 10. Therefore, the square root of 360 is 1.9 X 10, or 19.

Written in mathematical terms:

360 = 3.6 X 10
2/360 = V3.6 X V107
=19 X 10

= 19 to two-figure accuracy.

You must keep track of the power of 10 to avoid serious errors in
taking square roots on the slide rule.
Please return to page 124 and pick the correct answer.



134
[from page 1411

YOUR ANSWIR: 1.

No, more than one shift is necessary. This couldn’t help but be a
guess. A little help in solving the problem would probably be in
order. Tura to page 150 where aid is available.

135
[from page 1201

YOUR ANSWER: The third pair contains an error.

Yes. Let’s see which of the two was wrong,
For the first problem, (4,925)% = (22.2), we reduce 4,925 to two
factors:

A number between 1 and 100 — 49.25 X 10? «— An even power of 10

The first factor, 49.25, is greater than 10, so it’s on the right half
of the A scale. The reading on the D scale is 7.03. The square root
of 102 is 10, so:

(4,925)% = 7.03 X 10! = 70.3

The answer is not 22.2.

The second problem, (0.9)} = (0.949), becomes 90 X 1072 in
fuctored form. Reading from A to D, we find that the square root
of 90 is 9.49. The square root of 1072 is 107, of course. So:

(0.9)% = 9.49 X 107" = 0.949
Now, let’s review the steps in finding a square root:

1. Write the number as the product of two factors, one a number
between 1 and 100, the other an even power of 10.

2. Find the square root of the first factor by locating the number
on the A secale, and, with the aid of the hairline, reading the
result directly below on the D scale.

3. Find the root of the power of 10 by dividing its exponent by 2.

4, Obtain the final result by multiplying the two square roots
just obtained.

Now let’s look at the B scale, which is an exaet counterpart of the
A scale located on the slide. The A and B scales can be used as a
puir in exactly the same manner as the C and D scales.

If we want to multiply 2.95 X 3.30, we would simply move the
loft index of the B scale in line with 2.95 on the A scale. The product
of this multiplication is found on the A scale in line with 3.30 on;

The left side of the B scale. page 127
The right side of the B scale. page 137

Fither side of the B scale. page 141



136
[from page 144]

YoUr ANsWER: The first group of problems contains an error.

No, both of these problems are correct. Here are the shortest
ways to do them:

V847 X 87.6% = V8.47 X 3.762 X 10

so the correct answer is approximately 3 X 16 X 10 or 4.8 X 103,
To find the whole answer:

1. Locate 8.47 on the A scale with the hairline indicator. Then
V/8.47 is under the hairline on the D scale.

2. Multiply V'8.47 by 3.76 by sliding the right index of the C
scale under the hairline and moving the hairline to 3.76 on
the C scale. (You may have to turn your slide rule over to
do this, depending on what type you have.)

3. Multiply by 3.76 again by again sliding the left index of the
C scale under the hairline and again moving the hairline to
3.76 on the C scale. The answer, 4.12, will be on the D scale
under the hairline,

Then, from our estimate, the complete answer is 4.12 X 103, or 4,120.

1

2.30%\ 4\3
( 20 4) is approximately equal to <§> = V2. To find the actual

answer:

1. Locate 2.39 on the D scale with the hairline indicator. Then
2.392 is on the A scale underneath the hairline.

2. Divide 2.39% by 2.04 by sliding 2.04 on the B scale under the
bairline. Then move the hairline to the index of the B scale.
Read 1.675 on the D scale underneath the hairline.

Then the full answer is 1.675.

Study these problems until you’re sure you understand how to do
them. Then return to page 144 for another try.

137
[from page 1351

YOUR ANSWER: On the right side of the B scale.

Some time ago—and it probably seems like a very long time indeed
—you found that multiplying 3 X 5 with the C and D scales wasn’t
as easy as it seemed to be. Adding the distances corresponding to
log 3 and log 5, you ended up off the scale.

S
< - j/
\g—-—»
3 15

This didn’t mean that the method was wrong, for if the scale
hadn’t stopped at 10 it would have worked. The A and B scales
don’t stop at 10; they go to 100. With the hairline at 33 on the right-
hand B scale, the problem is properly read as 2.95 X 33.0 = 97.4.
Since you know how to place decimal points, this shouldn’t cause
any trouble. You know from the factors that the product must be
around 9 or 10.

A
% 295 o7 074
]
230 7.0 {
P

Tf 33 on the right-hand B scale stands for 33.0, 33 on the left-hand
13 scale stands for 3.3. Note that 974 appears on the A scale under
{he hairline here also, and is read directly as 9.74 rather than 97.4.
Now, return to page 135 and select a better answer.



138
[from page 15611

YOUR ANSWER: This pair of values is incorrect: ¢ = 722, d = 230.

No, these values are all right. And there are two ways you could
have checked for yourself.

First, since the formula for the circumference of a circle is ¢ = =d,
you could have used the given diameter, 230, to calculate ¢:

c=7 X 230
= 3.1416 X 230
= 722

Or you could have solved the equation ¢ = xd for d, getting

d= 5 . Then, plugging in 722 for ¢,
.

ka
= 230

Either way, then, it is clear that if d = 230, ¢ = 722. This should
tell you how to check the other two pairs of values: The simplest
method is to use ¢ = xd. All three pairs can be checked by setting
the left index of the B scale opposite = on A, and then moving the
hairline to each diameter in turn (on the B scale) to check the cor-
responding circumference on the A scale.

Return to page 151 and try again.

139
Ifrom page 1441

YOoUR ANSWER: The second group of problems contains an error.

No, both of the problems in this group are correct.

0.00363 X 9,550 X (1.33)2 . 4X10X2
1.863 or approximately 5

which is roughly 40.0, or 4.0 X 10'. For the complete answer:

1. Locate 1.33 on the D scale with the hairline indicator. Then
1.332 will appear on the A scale under the hairline.

2. Multiply 1.332 by 3.63 by sliding the index of the B scale
under the hairline and moving the hairline to 3.63 on the
B scale.

3. Divide by 1.863 by sliding 1.863 on the B scale under the
hairline.

4. Multiply by 9.55 by sliding the hairline over 9.55 on the B
scale, The result, 3.29, will be under the line on the A scale.

And this is the answer given.

\/7,921 X 0.031 X 43
20,642 X 361

\/8><3><4£><102
3 X 4 X 106

1. Set the hairline at 7.92 on the A scale. Divide by 2.96 by
sliding 2.96 on the B scale under the hairline.

2. Multiply by 3.1 by moving the hairline to 3.1 on the B scale.

3. Divide by 3.61 by moving the B scale so that 3.61 is under the
hairline.

4. Multiply by 4.3 by moving the hairline to 4.3 on the B scale.

or approximately

=3 X 1072

The answer, 3.14, will be on the D scale (because we want the
square root of the whole thing) underneath the hairline. So -the
complete answer is 3.14 X 1072, or 0.0314, as was stated.

Notice the alternation of multiplication and division used to
simplify the problem.
Now return to page 144 and try to find the error.



140
[from page 1691

YOUR ANSWER: About 11 gallons of paint would be required to
paint the tank.

Excellent. The top is a circle with a diameter of 58 feet. To find
the area, use

=T e
a 4d

Ky
Giop = 5 X (58)% = 2,640 square feet

N

{\\3

= 1

35ft.

ms‘g-“:-_-‘l

ft,

The circumference is ¢ = # X d = 7 X 58 ft.
Therefore, the area of the side is:
®side = 35 X 7 X 58 ft. = 6,370 square feet

This makes the total area to be covered 2,640 plus 6,370, or 9,010,
square feet. The total amount of paint is 9,010 square feet divided
by 850 square feet per gallon or 10.6 gallons.

sowof?
850 ft.2/gal, > 82y OF about 11 gal.

Here are three problems and solutions. Which one is incorrect?

1. A wheel with a radius of 8.55 inches will roll 53.7 inches per revolu-
tion. page 145

2. ‘The label of a can has an area of 43.7 sq. in. If it completely covers
the side of a can 3.13 in. across, the can must be 4.45 8q.in. tall. puge 149

3. The weight of iron for manhole covers is 36.9 Ib/ft.? The weight of a
cover one yard across will be 261 Ib. page 158

141
ffrom page 1861

YOUR ANSWER: On either side of the B scale,

100d.  Ignoring the decimal point, the answer, 974, will be under
i1i¢ hairline in either position.
Here are the possible settings:

‘?L 2.95 5.7%
330

The reason we can do this is that both the A and B scales are
doubled, and there are two settings for every one on the C-D com-
hination. Of course, one of these scales can be considered as rep-
resenting 1 through 10, the other as representing 10 through 100.
But as long as we know from the factors where the decimal point
will go, it doesn’t make any difference in this problem which setting
i read.

The problem could have been done in at least two ways on the
A and B scales.

To find the answer to 2.95 X 3.80, ignore the decimal point and
nhift the left- or right-hand B scale index under 295 on the left- or
right-hand A scale, and slide the hairline to 330 on the left- or right-
hand B seale. The answer will be found under the hairline.

There is a very real advantage to using the A and B scales for
combined operations because of the greater range of the scales.
llowever, it i8 obviously more difficult to read the shorter scale
neeurately because the numbers are closer together. So the greater
muge is obtained at a price. But where accuracy is not eritical, you
enn use the A and B scales.

"The principal advantage of these scales, though, is for combined
operations in conjunction with the C and D scales. Here's an ex-
mnople of such a problem:

3,760 X 2412)2 16
——— - ") =169 X 10
( 1.68 %

ITow many shifts of the moving scales are necessary to solve it?

e

1. page 134 3.  page 147
2. page 144 I don’t know how to begin, page 150
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[from page 1511

YOUR ANSWER: This pair of values is incorrect: d = 145, ¢ = 450.

No, these values are all right. And there are two ways you could
have checked for yourself.

First, since the formula for the circumference of & circle is ¢ = #d,
you could have used the given diameter, 145, to calculate c:

¢c=x X 145

= 3.1416 X 145

= 456
Or you could have solved the equation ¢ = =d for d, gettingd = ‘.
Then, plugging in 456 for c, T
456
d=—
T

= 145

Either way, then, it is clear that if d = 145, ¢ = 456. This should
tell you how to check the other two pairs of values: The simplest
method is to use ¢ = #nd, for then all three pairs can be checked by
setting the left index of the B scale opposite 7 on A, and then moving
the hairline to each diameter in turn (on the B scale) to check the
corresponding circumference on the A scale.

Return to page 151 and try again.

143
{from page 1691

YOUR ANSWER: 53 gallons would be enough to paint the tank.

No, 53 gallons won’t do the trick.

We want to paint the top and side of a circular tank 35 feet high
pnd 58 feet in diameter. The total area to be covered is the area
of the top plus the area of the side: Giota) = Grop + Zsider

N
h )

\

!
|
PN
{ N
\ D

XN .
35ft.
TT)( S;{ ‘::si

t

The area of the top is given by the formula for the area of a circle:
T ™
amp::le2=ZcX582

which is roughly 3,000 square feet. The area of the side can be con-
sidered a rectangle whose width is the height of the tank and whose
length is the eircumference of the cirele:

width = 35 feet length =¢=7Xd=nX58

Since the area of a rectangle is the product of its length times its
width,
Qaide = 35 X mr X 58

So the area of the side will be about 6,000 square feet.

Now, the number of gallons necessary to paint the tank is found
hy dividing the total number of square feet of area by the number
of square feet that can be covered by one gallon of paint:

Gtotal

number of gallons necessary = 350

Complete the problem, using the actual figures (not the approxi-
mations), and then return to page 159 to select the correct answer.




144
[from page 1411

YOUR ANSWER: 2,

Right. The problem can be performed with two shifts of the slide.
Here is the solution, step by step. Check it against your own work.

3,760 X 2412\% /376 X 2.412\2
) = T—"—) x 10t
1.68 1.68
4 X 2.5
2
Now for the manipulation of the rule:

1. Slide the hairline to 2.41 on the D scale. Then 2.412is under
the hairline on the A scale.

2. Then, to multiply 2.412 by 3.76, shift the left B index under
the hairline and slide the hairline to 3.76 on the B scale,

3. To divide by 1.68, shift 1.68 on the B scale under the hairline,

4. Read 13.0 on the A scale at the index of the B scale. This is
the value of everything within the parentheses.

5. Slide the hairline indicator to 130 on the B scale (ignore the
decimal point) to square the value of everything within the
parentheses.

6. Read 169 on the A scale under the hairline. The complete
answer is 1.69 X 106,

Here are three pairs of problems. One of the six problems is
incorrectly solved. Select the pair that includes an error.

V/8.47 X 87.6% = 4,120

2
or approximately, ( ) X 10™ = 1.25% X 10'6 = 1.56 X 106

2.392\% page 136
=1.
(55) = 1o
0.00363 X 9,550 X 1.332
1.863 =329
page 139
V7,921 X 0.031 X 43 _ 5.14 X 10-7 ¢
20,642 X 361
0.00631 X 3,682% X 1.002
YT =21.9
— page 151
81.6 X 32,400 1
a ><‘/60=1.18><107

v 802

145
Lfrom page 1401

vour anNswER: This problem was incorrectly solved: A wheel
with a radius of 8.55 inches will roll 53.7 inches per revolution.

No, the problem was solved correctly. Here’s why:

When a wheel has rolled through one complete revolution, it has
rolled the length of its circumference:

QO

LENGTH OF THE CIRCUMFERENCE

The diameter of a circle is twice its radius, so a wheel with a radius
of 8.55 inches has a diameter of 2 X 8.55 inches.

> <

o < 9~

The circumference of this wheel, which is also the distance it
will roll in one revolution, is caleulated from the circumference

formula, ¢ = =d.
c=mX2X855

=7 X 17.1
= 53.7 inches

Now return to page 140 for another try,
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Lfrom page 1521

YOUR ANSWER: v/15,600,000 = 116,

It looks as if you read the K scale in the wrong place. Let’s start
from the beginning.

First, we factor 15,600,000 into two factors, one of which must
be a power of 10 in which the exponent is a multiple of 3. The other
number must be between 1 and 1,000; that is, it must be a number
that can be located on the K scale. So we write

15,600,000% = (15.6 X 10%)3

= 15.6% X 10?
because (109} = 10% = 102
to check: (10%)® = 10% X 10% X 10? = 10°

Since 22 = 8, and 3% = 27, the cube root of 15.6 must be between
2 and 3. This gives us a fairly good approximation of our answer.

The next step—and this seems to be where you made your mis-
take—is to locate 15.6 on the K scale with the hairline. To do this
correctly, you must remember that the K scale is divided into three
identical segments, representing the numbers from 1 to 10, from
10 to 100, and from 100 to 1,000:

" L56 15.6 156.0

Since 15.6 is between 10 and 100, we must locate it on the second
segment. Then we can read its cube root from the D scale. Evi-
dently you aligned the hairline with 1.56 in the first segment, giving
you the cube root of 1.56 rather than that of 15.6.

Return to page 152 and select the correct answer.

147
{from page 1411

YOUR ANSWER: 3.

Actually, 2 shifts of the slide are enough, if you use the shortest,
most efficient procedure. Until you become more familiar with the
nlide rule, however, you will probably have to work most problems
several times before you find the shortest method.

. 3.76 X 2.41%\? 1 )

The given problem reduces to (T) X 10, Substitut-
ing 4 for 3.76, 2.5 for 2.41, and 2 for 1.68, we find that the correct
nnswer is roughly 1.56 X 106,

Since we have an estimate of the answer, we can disregard the
decimal point during the slide rule operations and read only the
requence of numbers for each setting,

It seems most practical to perform the operations within the
parentheses first and then square the answer we get, rather than
Nyuare everything first. Therefore:

1. Locate 241 on the D scale with the hairline indicator. This
automatically locates 2.412 on the A scale.

2. Next, to multiply 2.412 by 3.76, shift the index of the B
scale under the hairline, and slide the hairline to 3.76 on the
B scale.

3. To divide by 1.68, shift 1.68 under the hairline.

Now—and this is a timesaving trick—take a reading from the A
scale at the index of the B scale. It should be 130, which is the value
3.76 X 2.412

()f T . A

(without the decimal). Therefore, to get our final

answer, we just square 130 by moving the hairline indicator to 130
on the B scale and reading from the A scale. Last of all, we place
the decimal according to the estimate.

Perform the operations for yourself. You should be able to get the
correct answer, 1.69 X 10'%. When you feel that you understand
why this procedure works and why it’s the shortest method, return *
{0 page 141 and choose the correct answer.



148
[from page 1671

Your ANsWER: One of these is incorrect:

(699)% = 8.87 (42.1)} = 3.48

No, they’re both right. Let’s run through the procedure again:

1. Factor the number ag a produet of two factors. One must be
a power of 10 whose exponent is 8 multiple of 3. The other
factor may be any number between 1 and 1,000, but it is
chosen to satisfy the need for a power of 10 divisible by 3.

2. Extract the cube root of the power of 10 by dividing its ex-
ponent by 3.

3. Locate the second factor on the proper part of the K scale.
Remember that the left-hand section runs from 1 to 10, the
center section runs from 10 to 100, and the right-hand section
runs from 100 to 1,000.

4. Read the root of the second factor directly on the D scale.
It will be & number between 1 and 10.

5. Multiply the cube root of the first factor (the power of 10)
by that of the second factor to obtain the complete cube root.

With this procedure in mind, look at the two problems again.
Both 699 and 42.1 are between 1 and 1,000, so they do not need to be
factored. If you like, you can look at them this way:

699 = 699 X 10° and 42,1 = 42.1 X 10°,

and 0 ean be considered a multiple of any number. So just locate

699 on the last section of the K scale and read its cube root directly

on the D scale. Similarly, locate 42.1 on the center section of the K

seale and read its cube root on the D scale. That’s all there is to it.
Now return to page 157 and try to find the error.

149
Lfrom page 1401

vour ANsWER: The second problem is incorrect.

Of course. Although the numerical calculation is correct, the
height of the can would not be expressed in square inches. Linear
measure is not made in squared units.

Sometimes it is necessary to operate with the cube of a number,
or to extract a cube root. A scale to operate with cubes is developed
in the same manner as the A and B scales for squares and square
roots. That is, just as the A scale was made of two half-size C scales
because the log of N2 = 2log N, the cube scale consists of three
such scales of one-third size because the log of N* = 3log N. Thus,
the scale is in three sections, 1 to 10, 10 to 100, and 100 to 1,000.

On many slide rules, the K scale is on the body of the rule, above
the A scale. Although a Mannheim standard rule doesn’t have a K
scale, users of that rule should read along anyway. You can work
the problems with the scales you have.

To cube any number, first factor it into the product of a number
between 1 and 10 and a power of 10. Then locate the first factor on
the D scale and read its cube on the K scale. The cube of the number
is the cube of the first factor times the cube of the power of 10. For
example, 4,720° = (4.72 X 10%)® = 4.72% X 10°. This will be roughly
cquivalent to 5% X 10° = 125 X 10° or 1.25 X 10'. Sliding the
hairline indicator to 4.72 on the D scale, we read 105 on the center
K scale. So 4,720° = 1.05 X 10%,

Here is another “one-wrong’’ series:

1. (9.20)% = 802 -
(0.000464)F = 0.000000000999 pag
9. (14.1)3 = 2,800
155
(0.267) = 0.019 } page

3. (792)% = 4.97 X 108

161 *
(40.4)% = 65,900 ] page
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[from page 1411
vour ANswER: I don’t know how to begin.
The problem may look confusing for a moment, but it is not really
as difficult as it may seem.
(3,760 X 2412)2 B (3.76 X 10° X (241 X 102)2)2
1.68 B 1.68

3.76 X 2.412)2 9y
B ( 1.68 X 10

In approximation form,

2.5%\? 4 X 6.25\2
(4‘ X2 5 ) X 101 = (—3%6——5) X 10™ = 12.5%2 % 10

= 1.25% X 10" = 1.56 X 10'¢

The estimate will tell us where the decimal point belongs in the
final answer, so we need not worry about keeping track of the decimal
during the slide rule operations.

It seems most practical to perform the operations within the
parentheses first and then square the answer we get, rather than
square everything first. Therefore:

1. Locate 2.41 on the D scale with the hairline indicator. This
automatically locates 2.412 on the A scale.

2. Next, to multiply 2.412 by 3.76, shift the index of the B scale
under the hairline, and slide the hairline to 3.76 on the B scale.

3. To divide by 1.68, shift 1.68 on the B scale under the hairline.

Now—and this is & timesaving trick—take a reading from the A
scale at the index of the B scale. It should be 130, representing the

376 X 2.41% |
value of —1X68~_ (without the decimal, of course). Therefore, to

get our final answer, we just square 130 by moving the hairline
indicator to 130 on the B scale and reading from the A scale under
the hairline. Last, we locate the decimal, using the rough estimate.

This is only one of several possible ways of solving this problem.
It is one of the simplest. As you read the above, you should have
been performing the steps. If you didn’t, do so now, and see
whether you get the correct answer, which is 1.69 X 10'®. Then
return to page 141 to select the correct answer.

151
[from page 144]

vour ANsweRr: One of these is wrong:
0.00631 X 3,682% X 1.002

=219
43.4%
81.6 X 82400 X V160 _ . o 47
/802

Yes, the first one is incorreet. And it's a little tricky if you have
a shide rule on which A, B, C, and D scales are not all on the same
wide. In this case you will find that you must turn the slide rule over
twice. However, you needn’t change the settings because they are
the same on either side. Now estimate and follow the steps below.

6 X 1073 X (4 X 10%)2
(4 X 10)?

1. Index the B scale at 1.002 on A scale.

9. Slide the hairline indicator to 6.31 on the left-hand B scale.

3. Index the left end of the B scale at the hairline.

4. Slide the hairline to 3.68 on C scale (turn the rule over, if
necessary ).

5. Shift the sliding scale to the left. Stop when 4.34 on the C
scale is under the hairline.

6: Read 4.55 on the A scale (turn over, if necessary). The
result is 4.55 X 10, not 21.9.

Don’t be discouraged if you had to work some of these problems
weveral times in several ways. The only way to become proficient
with the slide rule is to practice.

It is often necessary to find the circumference of a circle. The
wsual formula for the circumference of a ecirele is: ¢ = d, where d is
the diameter and = (pi) is the symbol for the ratio of circumference
to diameter. That ratio is the same for all eircles; its value is 3.1416
{0 five figures. That is, = = 3.1418. s

Using the formula ¢ = wd, check the three pairs of values below.
""urn to the page corresponding to the pair that is incorrect.

=6 X 10!

¢ = 722, d = 230. page 138
d = 145, ¢ = 456. page 142
c = 1,940, d = 628, page 159



152
Lfrom page 1491

YOUR ANSWER: One of the first pair is incorrect.

Yes_i; let’s see which one. The first was (9.29)3 = 802.
Written in form for estimating: 103 = 1,000. On the slide rule:

1. Set 9.29 on the D scale.
2. Read the answer, 802, on the K seale.

The second was (0.000464)® which was said to e ual 0.00000
X 0
999. Estimating, (5 X 107%)% = 125 X 10~12, ! .

On the slide rule, set 4.64 on the D scale, The 99.9 on the K seale

is read 99.9 X 10712, That means, we move the decimal point 12
places to the left, so

(0.000464)% = 99.9 X 1072 = 0.0000000000999

Extracting a cube root is a bit more involved. As with the square
root, the number whose root is to be found must be factored. For
the (fube root, the power of ten must have an exponent that is a
multiple of 3. The other factor must be between 1 and 1,000.

Consider the cube root of 125,000, which can be \;vritten as
(125,000)* or v/125,000:

Factoring 125,000 in the prescribed manner gives 125 X 10°,

As with the square root, the cube root is the product of the roots
of its factors:

because 5 X 5 X 5 = 125
V125,000 = (125)F X (10%)} = 5 % 10 = 50

because 10 X 10 X 10 = 10°
Suppose you try this one:

/15,600,000 = ?

116. page 146
250. page 157

I don’t know how to start. page 162

153
[from page 1671

YOUR ANSWER: One of the second pair is incorrect.

Right. Let’s check them. The first is factored this way:
(9,850)F = 9.85% X (10%)% = 9.85% X 10

Locate 9.85 on the left-hand K scale and read 2.14 on the D scale.
'The result is 2.14 X 10!, or 21.4. So 46.2, the answer given for this
problem, was wrong, apparently an error resulting from use of the
center K scale.

The second problem, (78.7 X 1078)}, can be written as
(787 X 107°)}, which becomes 7873 X 1073, Finding 787 on the
right-hand K scale we read 9.23 on the D scale. (78.7 X 107%)3,
then, is 9.23 X 1073, as shown.

While roots and powers other than squares and cubes do oceur in
inany problems, there is not & special scale for each power and its
corresponding root. However, by combining the scales you have
already learned about, it is possible to use a slide rule to find those
roots and powers for which the exponents can be broken down into
combinations of 2’s and 3’s.

Some of these are rather obvious. Since 32 = 9, and 9% = 81,
(3%)% = 81. Going one step further, 3* = 81. So, to find the fourth
power of a number, first square it (reading from D to A), then set the
hairline at the square on the D scale. The fourth power of the
original number is then on the A scale under the hairline. It is
possible to extract the fourth root of any number by reversing this
procedure.

Is the following true or false?

The fifth and eleventh powers and roots may be found in similar
fashion.

True. page 160

False. page 165
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[from page 15691

vour ANSWER: I don’t know where to start.

Well, start by deciding just exactly what areas are to be painted.
The top of the tank is a circle, with a diameter of 58 feet. The
formula for the area of a circle is

80 Qiop =

)
351t

4

~——

-
’**S%ei‘:i

The side of the tank can be thought of as a rolled-up rectangle.
The area of a rectangle is the product of its width times its length.
In this case, the width is the height of the tank, 35 feet, and the
length is the circumference of the tank. Since the circumference is

c=1aXd=mX58
the side area of the tank is ag9. = 85 X = X 58,
The total area to be painted is the side area plus the top area:
Atotal = Gside T Gtop

The total area divided by the number of square feet that can be
covered by one gallon of paint will give the number of gallons neces-
sary to do the job:

Gtotal

850

Complete the problem, and then return to page 159 to select the
correct answer,

Number of gallons needed =

155
[from page 149]

yoUuR ANSWER: One of these is wrong:
(14.1)3 = 2,800
(0.267)% = 0.019

No, consider them again: (14.1)> = (1.41 X 10)® = 1.41% X 102
I estimating form:

1.5% X 10° = 3.38 X 10°
For the complete answer:

1. Slide the hairline to 1.41 on the D scale.
2. Read 2.8 from the left-hand K scale.

"The desired cube is 2.8 X 103, or 2,800. So that answer is correct.
(0.267)3 = (2.67 X 1071)® = 2.67° X 1078

In estimating form:
33 X 1078 = 27 X 107°

To find the complete answer:

1. Slide the hairline to 2.67 on the D scale.
2. Read 19.0 on the center K scale.

The cube is 19.0 X 1073, or 0.019, as stated. o

When you’re working with the K scale, remember that it is d3v¥ded
into three identical segments, just as the A and B scales are divided
into two identical segments. Thus, on the K scale, the first segment
represents the numbers from 1 to 10, the second represents the
numbers from 10 to 100, and the third represents the numbers from
100 to 1,000.

¥ —_

00 10001
: ! ||1||n1|o 1 |||1|1}| YR O 1O I W 1

267%:19.0

In order that the decimal point may be placed correctly, keep in
mind what range you are in. Thus, we read the cube of 2.67 as 19.0,
not 1.9,

Now return to page 149 and try to find the error.



156
[from page 160]

YOUR ANSWER: One of the problems in the first pair requires more §
than the listed number of moves. ’.

Well, let’s check.

(6.38 X 10° X 108.5)*  (6.38 X 10° X 1.085 X 10%)®
36.8 X 10.9 X 444  3.68 X 10 X L09 X 10 X 4.44 X 10?
_ (6.38 X 1.085)°
3.68 X 1.09 X 4.44

In approximation f 6% X 17
rm, ———————

PP 1O HOM, 1 X 4

Slide the hairline indicator to 6.38 on the D scale.

Shift the slide until 3.68 on the B scale is under the hairline.

Slide the hairline indicator to 1.085 on the C scale.

Shift the slide until 1.09 on the B scale is under the hairline.

Slide the hairline to the left index of the B scale.

Shift the slide until 4.44 of the B scale is under the hairline.

The answer 2.69 is at the left index of the B scale on the A scale.
The complete answer is 2.69 X 1028,

X 10'8

X 10'® = 2.25 X 106

A e

The operation requires three shifts and three slides—the listed {

number of moves.
How about the second?

/639 X /9,640 = (6.39 X 10%)} X (9.640 X 10%)}
= 6.39% X 9.64% X 102

which will be about 5.25 X 10% Here are the minimum number
of moves:

1. Slide the hairline indicator to 9.64 on the K scale.

2. Shift the index of the B scale to the hairline.

3. Slide the hairline to 6.39 on the B scale. Read 5.38 on the
D Secale.

One shift and two slides, so that’s right too.
Now return to page 160 and try again.

157
[from page 15%]

YOUR ANSWER: V15,600,000 = 250.

Yes.
Factoring into the product of a number between 1 and 1,000 and a

power of 10 whose exponent is divisible by 3, we get 15,600,000 =
15.6 % 10°, so 15,600,000% = (15.6)% X (10%)3, .
The cube root of 10° is clearly 10%: (108)} = 10% = 10% Checking:
(102)? = 10% X 10? X 10? = 10% _ _ ‘
To find the cube root of 15.6 you had to decide which section of
the K scale you needed:

40 “IDO._S?_ s % 66
1wz oz ysered wr TSN N 3N

1.56 15.6 156.0

According to the illustration, 15.6 would be found on the center
wale. Its cube root, 2.5, is then found on the D scale. The com-
plete cube root of 15,600,000 is 2.5 X 107 or 250.

In review, to find the cube root:

1. Factor the number as a product of two factors, one a power
of 10 whose exponent is divisible by 3, the second a number
between 1 and 1,000. ] .

2. Extract the cub:a root of the power of ten by finding 1 of its
exponent, that is, by dividing its exponent by 3.

3. Locate the second factor properly on the K scale.

4. Read the root of the second factor directly on the D scale,
and finally

5. Multiply the cube roots of the two factors.

In which of the following pairs can you find an error?

(699)% = 8.87 } Sage 143
(42.1)% = 3.48

(9,850)% = 46.2 page 153
(78.7 X 10-%)¥ = 9.23 X 107*

(0.00239) = 0.134 } nage 164
(12,812)% = 23.4



158
Lfrom page 1401

Your ANSWER: This problem was incorrectly solved: The weight
of iron for manhole covers is 36.9 Ib/ft.2 The weight of a cover 1
yard across will be 261 Ib.

No, the weight of the sewer cover was correctly determined,
Here’s the way it goes:

Because th.e weight is given in pounds per sq. ft., we must convert
the 1-yard diameter into 3 feet (1yd. = 81t.). Area is calculated
by our formula, as follows:

=T 52
a 4d

T
PN
43

I

7.07 square feet  (or £t.2)

'Fhe whole weight of the cover is determined by this formula:
weight (wt.) = area in square feet X pounds per square foot., If

each square foot of this cover weighs 36.9 lb., and there are 7.07
square feet,

b
wt. = 7.07 ft.2 X 36.0 —
o ft.2
= 7.07 X 36.9 b.
= 261 Ib.

Now return to page 140 to try again.

159
[from page 1511

YoUR ANSWER: This pair of values is incorrect: ¢ = 1,940, d = 628.

Good. Using the diameter given and ¢ = xd, you could have
calculated the corresponding circumference and compared it with
the 1,940. If this were done, the calculated ecircumference would
have come out about 1,970.

Though you could solve for d ( = —C> , the method above is easiest,
Ky

for it allows the checking of all three problems with one movement
of the slide. Setting the left index of the B scale opposite r, we move
the hairline along B to each of the values of d, finding the correspond-
ing values of ¢ on the A scale.

Another common problem is finding the area of a circle, given only
its diameter or radius. The formula for area in terms of the diameter

(which is twice the radius) is @ = zdz. The factor Z ig approxi-
mately 0.78539. On most rules there is a gauge mark at 785 on the
right-hand A scale to make calculations with z faster. It is on the

right-hand scale so it will be read as 78.539 X 107%, with an even
power of 10.
To find the area of a circle with a diameter of 296 inches:

1. Index the right-hand end of the B scale at the Z mark.

2. Slide the hairline to 2.96 on the C scale (turn over?).
3. Read 6.88 on the A scale, and place the decimal (6.88 X 10°).

By this time you should be beginning to visualize these operations
ns the addition of distances corresponding to logarithms of the
numbers used. If not, try consciously to think in those terms.

Here’s a typical problem combining area and circumference:

The top and sides of an oil storage tank, 35 feet high and 58 feet
in diameter, are to be painted. The paint covers about 850 .
square feet per gallon. About how much paint is needed?

11 gallons. page 140
5% gallons. page 143
I don’t know where to start, page 154
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160
[from page 1491

[from page 1631

YOUR ANSWER: One of these is incorrect:
(792)2 = 4.97 X 108
(40.4)% = 65,900

YOUR ANSWER: Yes, the fifth and eleventh pow.
; ’ powers and
be found in much the same fashion as the fourth, nd roots can

Right. Since 2° = 22 X 9% 190 28
. g 2% = log 22 3
find 2% in the following manner: 82"+ log 2, s0 we

[‘ LOG 22+ L0G 23 =L0G 25—
LOG 23— e L0G 22

STEP 2 READ

2% = 8 ONK SCALE

can

No, both of them are correct. Here’s how they would have been
heen done: (792)% = (7.92 X 10%)% = 7.92% X 105, To estimate,
83 X 108 = 512 X 108, For the actual answer:

1. Slide the hairline to 7.92 on the D scale.
2. Read 497 on the K scale, recalling that you are in the third
range, 100-1,000.

So the cube of 792 is 497 X 108, or 4.97 X 10°, the answer stated.
(40.4)% = (4.04 X 10)® = 4,043 X 10, In estimating form,
4% % 10° = 64 X 10%. For the complete answer:

1. Slide the hairline to 4.04 on the D scale.
2. Read 6.59 on the K scale.

So the cube of 40.4 is 65.9 X 103, or 65,900, as given.

When you’re working with the K scale, remember that it is divided
into three identical segments, just as the A and B scales are divided
into two identical segments. On the K scale, the first segment rep-
resents the numbers from 1 to 10, the second represents the num-
bers from 10 to 100, and the third represents the numbers from

100 to 1,000:

STEP 3 SET

2328 0N A
SCALE

ANSWER READ
25232 ON A SCALE

X

|
—
il |

STEP | SET I
2 ON D SGALE STEP 4 SET
2 ON C SCALE, WHICH $ETS 22 ON B

SCALE

Here is a §eries of problems, with the answers all correct for a
change, Their purpose is to give you practice in working efficiently
Se%ec‘t the group in which the minimum number of slides of thf;
hairline and shifts of the sliding scale is not given correctly.

K
Shifts Slides

(6.38 X 108 X 108.5)2 1 10 100 1004

36.8 = 2.69 X 10! 3 3 L vl Yb o v arul oyl

X 10.9 X 444 156
page @ @
V639 X /0,640 = 538 1 2 3 ,
4.047=659 7.92°=5(2

2/932 X 0.00387 : : :

e o oo = 0.014,8 2 3 In order that the decimal point may be placed correctly, keep in

6,430 X 173 . .

. \ page 163 mind the range you are in. Thus, we read the cube of 7.92 as 512,
V696 X V0.143 = 4.63 1 9 not 5.12 or 51.2, and we read the cube of 4.04 as 65.9 rather than 6.59.
w ) Now return to page 149 and try to find the error.

3650 = 0.000874 2 1
page 166

/0.000636 = 0.086 1 1
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[from page 152]

YOUR ANsWER: I don’t know how to start.

The first thing to do to find a cube root is factor the number as a
product of two factors. One of these factors must he g number
between 1 and 1,000 (the range of the K scale), and the second must
be a power of 10 whose exponent js divisible by 3.

(15,600,000)% = (15.6 x 10%)%

= 15.6% X 102
because (10%)3 = 10% = 102
to check: (10%)? = 102 X 102 X 102 = 108

Since 15.6 is between 8, the cube of 2, and 27, the cube of 3, we
know that the cube root of 15.6 must be between 2 and 3 So, the
final answer will be about 2.5 X 102, '

. 'l.’he next step is to locate 15.6 on the K scale with the hairline
mdlca,_tor. As you should have noticed, the K scale is divided into
three identical segments. The first represents the numbers from 1 1o
i%ogle second those from 10 to 100, and the third those from 100 to

Since 15.6 is between 10 and 100, it is found in the second section
of the K scale: When you have located it with the hairline indicator
you can read its cube root directly on the D scale, ’

hWhen you have the answer, return to page 152 to make another
choice.

163
[from page 1601

YOUR ANSWER: One of the problems in the second pair requires
more than the listed number of moves.

Let’s check them.

</932 X 0.00387 _ 5(9.32 X 10% X 3.87 X 10~
6,430 X 173 N 6.43 X 103 X 1.73 X 102

1/9.32 X 3.87 -

= T

6.43 X 1.73 X 10
In estimating form,

9 X 4 3 _
3 2 2

—— X 107% =3 X 10

3 555 X V3 X

Since 1 = 1 but 2% = 8, the answer will be just a little over 1 X 1072,

1. Slide the hairline indicator to 9.32 on the D scale.

2. Shift the sliding scale so that 6.43 on the C scale is under
the hairline.

3. Slide the hairline indicator to 3.87 on the C scale.

4. Shift the sliding scale until 1.73 on the C scale is under the
hairline. Read 3.24 on the D scale at the index of the C scale.

5. Slide the hairline indicator to 3.24 on the K scale, and read
the answer, 1.48, on the D scale.

Two shifts and three slides; this problem is all right.
Now, the second problem:

V696 X v/0.143 = v/6.96 X 102 X 14.3 X 102 = v/6.96 X 14.3

To estimate,

V7 X 14 = /98
Since 4° = 64 and 5% = 125, the complete answer will be between
4 and 5.
1. Shift the index of the C scale to 6.96 on the D scale.
2. Slide the indicator to 1.43 on the C scale. Read 9.96 on

the D scale.
3. Slide the indicator to 99.6 on the K scale. Read the answer,

4.63, on the D scale.

One shift and two slides was the answer given. Return to page 160.

P
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[from page 1571

YOUR ANSWER: One of the third pair is incorrect,

(0.00239)% = 0.134 (12,812)5 = 234

No, they’re both right. Follow the explanations below:

Reduce 0.00239 to two factors, one of which is a number between
1 and 1,000 chosen so that the other, a power of 10, will have an
exponent divisible by 3.

(0.00239)F = (2.39 X 10~%)} = 2,303 % (1073)}

The cube root of 10~2 is 10! because 3of =3is —1.

This checks: (1071)? = 10~ x 10~ % 10~ = 1078, 8o,

(0.00239) = 2,39} x 192

Since 2.39 is between 1 and 10, we locate it on the first section of the
K scale and read its cube root directly from the D scale:

2.39% = 1.34
So

(0.00239)% = 1.34 X 10~ = (.134
which was the answer given,
In the second problem, we see that
(12,812)% = (12.812 X 10)} = 12.812} % (10%)% = 12,812} x 10

12.812 is between 10 and 100, so we locate it on the center seetion
of the K scale. (Actually, the best we can do is to locate 12.8.)
Its cube root, read directly from the D scale, is 2.34. So

(12,812)F = 2.34 X 10! = 234
Jjust as we said.
Return now to page 157 and try to find the error.

165
[from page 163)

YOUR ANSWER: False.

No, it’s true. The fifth and eleventh powers and roots can be
bl
found in much the same way as the fourth root.
The fifth power of a number (¥) can be thought of as the product
of the second and third powers:

For example, 26 =22 23
Therefore, log 2% = log 2% + log 2°
Accordingly, we can obtain the fifth power of 2 as follows:

. Slide the hairline indicator to 2 on the D s&aa%e.

Read 28, or 8, on the K scale under the hairline.

. Index the B scale at 8 on the A scale. )

. Slide the hairline indicator to 2 on the C scale‘, which guts
the hairline at 2% on the B scale, thereby adding log 22 to
log 23, o

5. Read the answer, 32, on the A scale under the hairline.

IR

fe——LOG 22 + LOG 23 =106 28— ]
LoG 23 LOG 22 ——>
STEP 2 READ STEP 3 SET AngWER READ
23 = 8 ONK SCALE 2328 0N A 29332 ON A SCALE
SCALE
K
A
)
D
‘ 0
SIEP L SET STEP 4 SET 3
Z ON D SCALE 2 ON C SCALE, WHICH SETS 2% ON B
) SCALE

Similarly, the eleventh power of & number (N) can be factored:
N = N® X N® X N® X N?
You shouldn’t have any trouble seeing how this can be done on the

slide rule.
Return to page 153 to select the correct answer.
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[from page 160]

YOUR ANSWER: One of the problems in the third pair requires
more than the listed number of moves.

Yes. Let’s see which one. Here’s the first:
148 X (0.096)%  1.48 X 10 X (9.6 X 107%)?
3,650 h 3.65 X 10°

148 X 9.6
- 3.65

X 1078

In approximation form,

1.5 X 102 15
+ X 1078 = T X 1073 = 0.375 X 1073 = 3.75 X 107*

On the slide rule:

1. Shift the right-hand C index to 9.60 on the D scale.

2. Slide the hairline indicator to 1.48 on the B scale.

3. Shift the sliding scale until 3.65 on the B scale is under the
hairline.

4. Read 37.4 on the A scale at the index of the B scale.

So the answer was correct as given (3.74 X 107%, or 0.000374),
and can be found in two shifts and one slide, the number of steps
indicated.

So the other problem must be wrong. It would factor like this:

4/0.000636 = /636 X V/107° = /636 X 102

1. Slide the indicator to 636 on right-hand K scale, and
2. Read 8.60 on the D scale.

The root is 8.60 X 1072 as shown. But only one operation, a
slide, was necessary rather than the two steps indicated.

As you have seen in this lesson, the A and K scales are invaluable
in certain problems. However, they have shortcomings.

A reading error which would not quite throw your reading off by
1 in the third figure on the C or D scales will mean an error of at
least 1 on the A scales, and perhaps 2 or more on the K scales. You
will have to judge whether speed or accuracy is more important in a
given situation.

Now go on to Chapter 4, which begins on page 167.

167 I
CHAPTER 4

The Cl Scale

is located just above the C scale on your rule. This
e it eed ;nd accuracy with which you can perforrjcx
Before you can understand how it
something about reciprocals.
ly 1 divided by that number.

reale increases the sp
cortain kinds of calculations.
works, however, you need to lf.no‘w

The reciprocal of any number is simp
I'or example,

.1
the reciprocal of 5 is 5 or 0.2;

1
the reciprocal of 40 is 0’ or 0.025; and

To divide a number by a fraction, we must invert the divisor (in
this case, the fraction) and multiply. That 1s,

1 5
o= -=15
3.5 3><1
5, .
But 73 just 5, so

1
+-=3X5
3 5

In terms of reciprocals, dividing by & number is equivalent to
multiplying by its reciprocal.

N b Xl
a —~ =a b
a 1
Is it also true thatz =q X—c?

Yes. page 174 1 don’t know. poge 179

No. puage 177




168
{from page 1741

vour ANswER: The correct pair of reciprocals is 0.316 and 0.316.

No, you read the numbers correctly f
No, y from the rule, b
misplaced the decimal point. ) bt you have

We may write 0.316 as 3.16 X 107t Consider the reciprocal
of this:

_r  _1 1
316 % 107 318 < 10

You can see that the answer is going to be about 0.3 X 10! or 3.0
80 the reciprocal of 0.316 must be 3.16. -

Let’s review the method of reading reciprocals from the slide rule.
As you can see, the C and the CI scales are already lined up, so it’s
beslt to r(tleud from them. 8Slide the hairline to & number on the C
scale, and you will find the reciprocal of that number di
it on the CI scale. e directly above

The rf:zciprocal of a number, of course, is found by dividing that
nl{mber into 1 The C and CI scales on the slide rule are set up to do
this automatically. The distance from the left-hand index of the CI
scale to the number 9 represents the log of the reciprocal of 9, and
you may read 'the actual reciprocal on the C scale below: 0.111.
leewmet, th}elz distance from the left-hand index of the CI scale to 8
represents the 1 i :
eptsents e log of the reciprocal of 8; below on the C scale you

Now return to page 174 and pick out the eorrect pair of reciprocals.

169
Lfrom page 1801

vOUR ANSWER: The distance from the right end of the C or D
scale to 2 on that scale represents the log of the reciprocal of 2.

Yes. Very good. The distance from the left index of the CI scale
10 2 on that scale represents the log of the reciprocal of that number.
The sum of this distance and the distance from the left index of the
D scale to 2 is the entire length of the D scale. In other words, the
distance from 2 on the D scale to the right index of that scale rep-
resents the log of the reciprocal of 2. (This is also true of the C
scale, of course, since the C and D scales are identical.)

LOG 1/2,0R 0.5
—— CcI

§ s
XAl

LOC'i 2 LOG I/2

Nt

The same relationship holds true for every number on the C and
D secales: the distance from the left index of the number represents
the log of the number, and the distance from the right index to the
number represents the log of the reciprocal of the number.

Now, notice that if we set 2 on the CI scale at the left index of the
D scale, the right index of the CI scale is at 2 on the D scale. Clearly,
the distance from the right index of the CI scale to 2 on that scale
must represent log 2.

Which of the statements below is false?

The distance from the right index to 5 on the CI scale represents the
log of 3. page 172

The distance from the right index to 7 on the D scale represents the
log of 0.143. page 175

The CI scale is simply the C scale reversed. page 182



170
[from page 183]

YOUR ANSWER: The sum of a number and its reciprocal is equal to 1,

No, this is not true. The re

Vo ciprocal of a i
dividing that number into 1. number is found by

For instance, the reciprocal of 5 is

5 Or 0.2. The sum of these two numbers is 5.2 as you can see. The

. 1
I is =
eciprocal of 2 is 5 or 0.5, and the sum of these two is 2.5. These

sums are greater than 1.

On the other hand, look at what ha

. ens wh ;
reciprocals together: Ppens when you multiply the

5 X

It
—t

I

NIN oo

2 X

=1

N = |

Any number multiplied by its reciprocal equals 1.
Now return to page 183 and choose the other answer.

71
[from page 1741

YoUR ANSWER: The correct pair of reciprocals is 52.5 and 0.195.

No, this is doubly wrong. First of all, you made a slight mistake
in your reading. When you set the hairline on 52.5 of the C scale,
you see that it falls just beyond 19 on the CI scale. In fact it is
ubout halfway to the first line. However, since the first line beyond
(.9 represents 1.91, you must read this as 1.905 and not 1.95.

Also, you misplaced your decimal point. By approximation:

1 1 -

50" 5% 10! =02 X 10
This means that the reciprocal of 50 is approximately 0.02. So the
reciprocal of 52.5 is 0.01905.

Let’s review the method of reading reciprocals from the slide rule.
As you can see, the C and CI scales are already lined up, so it’s best
to read from them. Slide the hairline to a number on the C scale,
and you will find the reciprocal of that number directly above it on
the CI scale.

The reciprocal of a number, of course, is found by dividing that
number into 1. The C and CI scales on the slide rule are set up to
do this automatically. The distance from the left-hand index of the
CI scale to the number 9 represents the log of the reciproeal of 9,
and you may read the actual reciprocal on the C scale below: 0.111.
Likewise, the distance from the left-hand index of the CI scale to 8
represents the log of the reciprocal of 8; below on the C scale you
read 0.125.

Now return to page 174 and pick out the correct pair of reciprocals.



172

[from page 1691

YOUR ANSWER: This statement is false:

right index to0.5 on the CI scale represents the log of L
b

You're richt: i 1, . '
ou’re right; it’s wrong. 5 s the reciprocal of 5, and on the CI §

seale the log of the reciprocal of a number is represented by the |

distance from the left index to the number.
The other two statements are correct.

1
7 or 0.143 to three figures. Since on the D scale the log of the 8

reciprocal of a number is represented b, i 1
r - y the distance from t
number to the right index of the scale, the distance from (;nio 1;;1; ,;

right index does represent the log of 0.143.
It should now be fairly obvious to you that the CI scale is simply

itfge,? s;:aélﬁa reversed. For any number, the distance from the left |
of the C scale to that number eorresponds to the distance of ;

ﬁa(}:t E;-n:gii fr(t)lrln ékIle rilght index of the CI secale, and vice versa

s, the CI scale is essenti j |

i other wor ri’ght o ntially just a C seale turned around
Now, rememberin iplyi

g that multiplying one number b, i

_ berir anoth

zqu.lgalent to dividing one of them by the reciprocal Zf the oill;ei's

e?fl e Whe.ther the statement below is true or false. ’

. o .rileulztlply 2 by 4 with the D and CI scales, set 4 on the CI scale

pposi on the D scale and read the answer on the D scale at the

index of the CI secale.
True. page 18%

False., page 189

The distance from the |

The reciprocal of 7 is ‘

173
ffrom page 1801

vour answer: The distance from the right end of the CI scale to
9 on that scale represents the log of the reciprocal of 2.

No, either you are momentarily confused or else you do not under-
stand how the CI scale is laid out. The CI scale can be used to find
reciprocals, but you must know where to look for them.

Take a good look at the CI scale again. Beginning ab the index
on the right end and reading toward the left, you will see the mumbers
laid out in a logarithmic scale, with the intervals between the units
becoming smaller and smaller until you reach the left index of the
CI scale.

As we have explained, the CI scale is laid out like this because its
spacing corresponds to the logs of the reciprocals of the numbers
when measured from the left-hand index. The reciprocal of 2 is 0.5,
<o the distance from the left-hand index of the CI seale to 2 cor-
responds to the log of 0.5. You can see this is true, for the number
5 appears on the C scale just below the 2 on the CI scale.

But the distance from the right-hand index to 9 on the CI scale
represents the log of 2, just as the distance from the left-hand index
to 2 on the C or D scale represents the log of 2. You can set the

right-hand index of the CI scale on 2 of the D scale and check this,

if you want.
Now return to page 180 and choose the correct answer.




174
[from page 167]

. a 1
YOUR ANSWER: Yes, it’s true that — = a X —-
! c c

Of course. This is true regardless of whether one or both of

the numbers happen to be fractions. The reciprocal of ! is ¢

1 . 1 ¢
(because 1= 1X f = c) , so multiplying by B is equivalent to

¢
dividing by .

Now, let’s look at the CI scale. Line it up with the D scale, and
slide the hairline indicator to 2 on the D scale. Then 5 appears on
the CI scale under the hairline; 0.5 is the reciprocal of 2. Similarly,
if you slide the hairline to 25 on the D scale, 4 appears on the CI
scale under the hairline; 0.4 is the reciprocal of 2.5.

By now you should be able to see what’s happening: the distance
from the left index of the CI scale to a number on that scale rep-
resents the log of the reciprocal of that number. Therefore, a num-
ber on the CI scale is lined up with the number on the C or D scale
that is its reciproeal, and vice versa. To find the reciprocal of any
number, then, simply slide the hairline to that number on the C
scale and read its reciprocal on the CI scale. (Or align the D and
CI scales and read from D to CI.) Notice, however, that the numbers
on the CI scale get larger as you read from right to left. For example,
2.50 on the CI seale is to the left of 2.00, between 2.00 and 3.00. Just
keep this in mind when you're taking readings: use the ordinary
approximation method to place the decimal point correctly, and
you’ll have no trouble finding reciprocals.

Using the C and CI scales, determine which of the following is a
correct pair of reciprocals.

0.316 and 0.316. page 168
52.5 and 0.195. page 171
3.57 and 0.320. page 178

2,578 and 0.000388. page 183

175
{from page 1691

vour ANsweR: This statement is false: The distance from the
right index to 7 oun the D scale represents the log of 0.143.

No, this statement is correct.

The distance from the left index to 7 on
log of 7, of course, and the distance _from
1) seale represents the log of the reciprocal o:f
7 on the C scale and you will see from the CI

reciprocal of 7.

the D scale represents the
the right index to 7 on the
7. Set the hairline on
scale that 0.143 is the

distance representing the log of 7 plus the

As you can see, the '
distzmie represent’ing the log of the reciprocal of 7 equals the full

length of the scale. This is the same thing as saying:
1
=1
7 X 7

3 reciprocal, of course.

"This i number and it .
e e e o k out the statement that Is false.

Now return to page 169 and pic



176
[from page 1811

YOUR ANSWER: 19.2 X 546 X 861 X 2.33 = 2.32 X 107,

No. And this looks like 2 wild guess on your part. Unless your

glide or indicator slipped a great deal, you should not have found
anything close to this result.

You could, of course, do the whole problem with the C and D
seales. After multiplying 19.2 by 546, you would find the result at
approximately 1.05 on the D scale. Then you could set the index of
the C scale at that point to multiply by the next number, 861, and
s0 on. But every time you have to re-index you are increasing the
chance for error.

The problem can be done much faster and more accurately by
using the CI scale. Begin by setting the hairline at 1.92 on the D
scale. Now shift 5.46 of the CI scale under the hairline. As you
see, you are now deviding 1.92 by the reciprocal of 5.46, and this is
the same as multiplying by 5.46. The answer is on the D scale at
the left index of the C scale, though you don’t need to read it yet.

Now proceed to multiply this partial result by 8.61, using the C
scale in the normal manner. Just slide the hairline to 8.61 on the C
scale. Don’t read the answer here, either. Finally, divide by the
reciprocal of 2.33. Simply slide 2.33 on the CI scale under the hairline,

You should now find the correct answer on the D scale under the
left index of the C (or CI) scale. Return to page 181 and find the
corresponding page reference.

177
[from page 167]

a
1 - — =@ -
YOoUR ANSWER: No, 1t 18 not true that . X p

Not so fast! We used this same equation in the first chapter.
et’s look at this part of it alone:
1

a X -
c

in order to multiply a fraction by another number

As you know . .
you nslfust multi’ply the numerator by that pumber. For instance:
ox®=?

X777

You multiply the numerator, 3, by 2 and keep the sime dten(ci(r)n;;
nator, 7. In the problem at the top of the page all you ave to
multi,ply “g” by 1. The answer is “g,” of course. This gives you

@ s the result of your multiplication.
‘ As you see, multiplying “g” by the reciprocal of ¢ is the same as

dividing by ¢ This is true of any n‘m‘nt.)er. Multiplymg by the

reciprocal of a number is the same as le}(i.lt{g by that nur;)l eli.) e
The reverse of this is true, also. D1v1c.11ng_ one number 3;1 he

reciprocal of another is the same as multiplying the two nu

together.

Now return to page 167 and choose the correct answer.




178
[from page 1741

YOUR ANSWER: The correct pair of reciprocals is: 3.57 and 0.320. ;

No, you made your reading on the wrong side of 3 on the CI scale,

Note that the numbers are running the other way; they get larger :

from right to left. The hairline falls on the second large mark from
3, but as you see, this stands for 2.80 on the CI scale, Correctly
stated, then, the reciprocals would be 3.57 and 0.280.

Let’s review the method of reading reciprocals from the slide rule,
As you can see, the C and the CI seales are already lined up, so it's
best to read from them. Slide the hairline to a number on the C
scale, and you will find the reciprocal of that number directly above
it on the CI scale.

The reciprocal of a number, of course, is found by dividing that
number into 1. The Cand CI scales on the slide rule are set up to do
this automatically. The distance from the left-hand index of the
CT scale to the number 9 represents the log of the reciprocal of 9,
and you may read the actual reciprocal on the C seale below: 0.111,
Likewise, the distance from the left-hand index of the CI scale to 8
represents the log of the reciprocal of 8; below on the O scale you
read 0.125.

Now return to page 174 and pick out the correct pair of reciprocals.

179
Lfrom page 1671

ol

=g X

&

YOUR ANSWER: I don’t know whether or not

Let’s go back to the elementary rules for multiplying fractionsci
To multiply two fractions you simply multiply the numerators an
the denominators: ]

2 3
37471
ion i ipli ber, you keep the
When a fraction is multiplied by a v.vhole number,
same denominator, because the denominator of the whole number

is 1. For instance: 6
7
You multiply the numerator, 3, by 2 and keep the same denomi-

nator, 7. Inthe problem at the top of the page, all you hfwe_to do is
multiply “a” by 1, and the answer is “a,” of course. This gives you

3w

2 X

. 1
% as the result of your multiplication when you multiply @ X o
¢

As you see, multiplying “a” by the reciprocal of c_is t.he S:z;meﬂa;s
dividing by ¢. This is true of any n.uI.nl_oer. Multxplymg y the
reciprocal of a number is the same as dividing by that num er. |

The reverse is true, also. Dividing one number by the reclprct)lca,
of another is the same as multiplying the two numbers together.

Now return to page 167 and choose the correct answer.




180

[from page 183]

Your ANswER: The product of a number and its reciprocal is 1.

That’s correct. When a number and its reciprocal are multiplied, |

the result is always 1: 6 X % = 1. In general form,

aX~-=1

Q|

Now we’re in a position to understand how the CI scale is con-
structed. Slide the left index of the CI scale to 2 on the D scale,

Then slide the hairline indicator to 2 on the CI scale. The resulting 8

setting looks like this:

Now, what have we really done here? We’ve added the distance
representing the log of 2 to the distance representing the log of the
reciprocal of 2. The resulting log distance is the whole length of the

1
D scale, because 2 X 3= 1.

And we've seen something else (choose the correct statement):

The distance from the right end of the C or D scale to the 2 on that
scale represents the log of the reciprocal of 2. page 169

The distance from the right end of the CI scale to 2 on that scale rep-
resents the log of the reciprocal of 2. page 173

I need some help. page 185

181
[jrom page 1721

YOUR ANSWER: The statement is true.

Tt certainly is. Multiplying by a number is the same a8 dividing

Ly the reciprocal of the number. For example, 2X4=2+ i
And this means that

1
log (2 X 4) =1052——-10g1

On the CI scale the distance from the left index to 4 represents the

1
log of —i—, <o we can use the CI scale to subtract the log of 1 from

that of 2t

1. Slide the hairline indicator to 2110Ii1 ﬂflei.D geale.

9. Shift 4 on the CI scale under the hairline.

3. Read the answer, 8, on the D scale at the index of the CI
scale.

The setting will look like this:

The real advantage to this kind of maneuver is in calculations

requiring repeated multiplication or divis.ion, or both. Wit‘h 1‘:he :1112

of the CI scale we can often avoid re-indexing and minimize
umber of necessary moves. ]

" Try your hand at the problem below. If you use reciprocals and

the CI scale, you can do it in two shifts of the sliding scale and two
Jlides of the hairline indicator.

10.2 X 546 X 861 X 2.33 = ?

I

[\ Y E Y
=

- —(Hint: rewrite the second and fourth factors as reciprocals.)

7 1
2.32 X 107, page 176 1.30 X 107, page 193

7
2.10 X 107, page 184 1.75 X 107. page 198




182
[from page 1691

YOUR ANSWER: This statement is false: The CI scale is simply
the C scale reversed.

No, this statement is all right. The numbers on the C scale run
from left to right while those on the CI scale run from right to left.

What’s more important, though, the spatial relationship between |

the numbers on each scale is identical. That is, both are logarithmie
scales.

LOG 1/2,0R 0.5

S — oI

e,

| [

] i |

2 2 ?1

\ v ~ . )D
LOG 2 LOG I/2

As you ean see, the distance from the 2 on the D scale to the right
index is the same as the distance from the 2 on the CI scale to the
left index. The same would be true for every number on the C and
CI scales. The two scales are actually identical in their layout,
except that the numbers commence at opposite ends. This enables
us to find and use reciprocals. The log of any number plus the log

of the reciprocal of that number constitute the full length of the
scale. This is the same thing as saying:

1
aX-=1
[¢]

Now return to page 169 and pick out the statement that is false.

183
[from page 1741

YOUR ANSWER: 2,578 and 0.000388 are reciprocals.

i — imation form
Right. The reciprocal of 2,578 18 m . In approximation ,

1
3.0 X 10°

Setting the hairline at 2.58 on the C scale, read 3.88 on the (13)1 scgle
.nder the hairline. (Remember, on the CI scale the num ht;rs 1:}rll-
orease from right to left, so 3.88 is to the left of 3.00 rather than the

— 0.388 X 107 = 0.000388.

= 0.333 X 1072 = 0.000333

1
right.) Then 5578 |
We can reve;‘se this procedure, of course, finding the reciprocal

of 0.000388. In approximation form,
1
40 % 107*

i irli le. we read 2.58 on the CI
Yotting the hairline at 3.88 on the O scale, i
seale, g'so the reciprocal of 0.000388 is 2,580, to three figures of ac
curacy. It checks.

= 0.25 % 10* = 2,500

‘Which of the statements below is true?

The sum of a number and its reciprocal is equal to 1. page 170

The product of a number and its reciprocal is equal to 1. page 180




184
[from page 181]

YOUR ANSWER: 19.2 X 546 X 861 X 2.33 = 2.10 X 107.

Right.

10.2 X 546 X 861 X 2.33 = 1.92 X 5.46 X 8.61 X 2.33 X 10°. In §

approximation form,
2% 5X9X2X10% =180 X 10° = 1.80 X 107

Rewriting the slide-rule part of the problem so that the second and
fourth terms are reciprocals, we get

1 1
92 + —— 61 + —
1.9 5.46 X 86 2.33
Writing the problem like this makes it possible to get the answer
on the rule with a minimum number of moves. Here’s the way
it goes:

1. Slide the hairline indicator to 1.92 on the D scale.

2. Shift 5.46 on the CI scale under the hairline.

3. Slide the hairline to 8.61 on the C scale.

4. Shift 2.33 on the CI scale under the hairline.

5. Read 2.10 on the D scale at the index of the C seale.

Then the complete answer is 2.10 X 107,

Notice that we were able to do the problem without re-indexing
the sliding scale. As was mentioned before, this is desirable from the
standpoint of both speed and accuracy.

At least shifts of the sliding scale and____ slides of the
hairline indicator are necessary to do this problem:

332 X 759 X 651
912

= 1.80 X 10°

2 shifts, 1 slide. page 188
2 shifts, 2 slides. poge 191

3 shifts, 3 slides. page 195

185
[from page 1801

vour ANswEuRr: I need some help.

Take a good look at the CI scale again. Begir}ﬁing i; ﬂrlli ;ﬁi:;
i i d the left, you will see the
on the right end and reading towar ft, umbers
i i i sth the intervals between the u
:d out in a logarithmic scale, Wli‘:h t '
i?;coigng smaller and smaller until you reach the left index of the
1 ) » - . v -
Clzzga\;e have explained, the CI scale is laid out hiie t?lshbecii% :;:
i the logs of the reciprocals of the nur
hon g ind The reciprocal of 2 is 0.5,
when measured from the left-hand index. is 05,
i i f the CI scale to 2 cor
he distance from the left-hand index of |
iZs;oids to the log of 0.5. You can see this is true, for the number
5 appears on the O scale just below the 2 on the CI scale.

i  hi-hand index to 2 on the CI scale
But the distance from the right hgn '
reprl;sents the log of 2, just as the dlstancle fro;nzthe;eit-?;;lds ;1?(11-;);
0
9 on the C or D scale represents the log of 2. - thy
f;(i)gh’ﬁ—ha,nd index of the CI scale on 2 of the D scale and check this, if

ou want.
g Now return to page 180 and choose the correct answer.



186
[from page 191]
56.8 X 23.1 X 3.0 X 0.00281 X 0.532
YOUR ANSWER: 735 X 48.0 = (.01063.

No, there is an error somewhere in your calculations. It would
seem that you got confused when you tried to read 2.81 on the CI
scale; apparently you used 1.79 on the CI scale instead. Remember
that the numbers on the CI scale run from right to left. Therefore,
2.81 will be on the left side of 2.00.

Let’s go through the whole process and try to see where you went
wrong. Reducing all the factors to scientific notation, we get

5.68 X 2.31 X 3.0 X 2.81 X 5.32

._3
7.35 X 4.80 X 10

In approximation form:

6X2 1
X ?i?ax‘r’x10—3=—g§><10—3=15.4><10”3=0.0154

For the slide rule we may write the problem:
5.68 X 2.31 X 3.0 X 5.32

1
7.35 X 4.80 X 2.81
We can do it this way because dividing by the reciprocal of 2.81 is
the same as multiplying by 2.81.

Now set the hairline indicator to 5.68 on the D scale and shift 7.35
on the C scale under it. Then slide the hairline to 2.31 on the C scale.
Shift 4.80 on the C scale under the hairline, and then slide the hair-
line to 3.0 on the C scale.

Now comes the timesaving use of the CI scale: Shift 2.81 on the
CI scale under the hairline. (Be careful to count from the 2 on the
CI scale toward the 3 on the left side of the 2.)

With the CI scale in this position you are dividing by the recip-
rocal of 2.81; this is the same ag multiplying by 2.81.

Now slide the hairline to 5.32 on the C scale and read 1.67 on the
D scale under the hairline. Your answer is 0.0167.

At this time it might be a good idea to go back to page 181 and do
the problem there again; then proceed to work your way up to this
problem.

187
Lfrom page 2011

your AnsweRr: This figure shows one way of solving the problem:

368 X 841 _ ooy
027
' LOG 841
b [y toovses |
-
LOG 17927

Well, it's partly right. Subtracting th? 1f)g of the reciprocal.of 3681
from the log of 841 corresponds to dividing 841 by the reciproca
of 368. This is the same as multiplying the two numl?ers, of c«;ur;g.

But then you proceed to subtract the log of the reciprocal o 2 ! ,
too. This is really a way of multiplying by 927, and you want to
dl%%ivbiu?‘iﬁ)ack to page 201 and select a diagram that §hows )
workable solution to this problem. Note that we are not‘ask‘mg %011
to pick out a diagram that shows the simplest way of doing 1t;ﬂd E

there is a diagram there that shows one way the problem co e

sotved.



188
[from page 1841

YOUR ANSWER: At least 2 shifts of the sliding scale and 1 slide of
the hairline indicator are necessary to do this problem:

332 X 759 X 651
912

= 1.80 X 10°

No, you don’t seem to be doing the problem correctly. Or else
you haven't counted correctly.

Let’s go through it from the beginning. It will be most efficient
to set up the problem like this:

332 X 759

1
912 X 6ol

Dividing by the reciprocal of 651 is the same as multiplying by 651,
and this will enable us to use the CI scale, saving a step or two.

Now let’s begin by setting the hairline indicator at 3.32 on the D
scale (count 1 slide). Shift 9.12 on the C scale under the hairline.
The partial answer for this division is on the D scale under the right-
hand index of the C scale, but you dor’t need to read it yet. Instead,
go ahead and multiply by 7.59: just slide the hairline to 7.59 on the
C scale. Again, the partial answer for these two processes is on the
D scale under the hairline, but you may go ahead and perform the
last step before you read anything from the rule. The last step is
multiplication by 6.51, but we have decided to save s little time and
trouble by using the CI scale to divide by the reciprocal of 6.51. So
shift 6.51 on the CI scale under the hairline and read the answer on
the D scale at the left index of the CI secale.

Note that you do not have to re-index to do this problem. That
is, you do not have to set the hairline on any partial answer and
then put the index 1 under the hairline to continue the calculation.

Count the shifts and slides in this process; then return to page 184
to choose another answer.

189
Lfrom page 172]

vour aNswer: This statement is false: To multiply 2 by 4 with

the D and CI scales, seb 4 on the CI scale opposite 2 on the D scale

and read the answer on the D scale at the index of the CI scale.

i i lly try it? I you did it
wer is wrong. Did you actua :
~§L;t(:zu-tlym;sou can’t help but find 8 on the D sca,!e ('hrectbfr bel;WOtII;Z
?S:lex of %he CI scale. Go through the steps again if you found s

other answer. Remember that you will have to use the hairline for

i le and not the C scale.
this, and be sure that you are using the CI sca O

i be wrong, since the mani
haps vou felt this answer must !
of 1;;311; f\fle 3;eminds you of a division problem. You are being asked

s th
to multiply, of eourse. Actually, you are dividing when you use the

CI scale like this. You are dividing by the recipro‘cal of 4, and this

iplyi 1l be times when
i It as multiplying by 4. There wi :
B e Samgx:;rsl}olag: to divide by the veciprocal rather than multiply

S e amber how this works.
by the number itself, so you should learn e o dividing by

Just to be sure your mind is at ease Te

reciprocals: b

1

=agXb

L xtbo

o=l R

Now return to page 172 and choose the other answer.




190

{from page 201 1

YOUR : This di
ANSWER: This diagram Tepresents a workable solution:

LOG t/927

LOG I/388

LOG 841
. 368 X 841
Right. The problem can be rewritten 1,1
027 097 T 363 <

841. In this case we would subtract the log of 3i from the log of 1
68 927’
a,{ld then add the log of 841, Tlhis is exactly what is shown ingz’l'ie

1. Align the CI and D irli
opn th n scales, and set the hairline at 9.27 on the
2, S}%lft 3.68 on the CT scale under the hairline
3. Slide the hairline to 8.41 on the C scale, .
4. Read 3.34 on the D scale under the hairline,

Let’s try a slightly h
y harder one. Look i
then choose the correct statement. 0% 84 the disgram below and

LOG 1/9.2
_ LoG 476
L LOG 17321 |

‘L LOG 5.7 ‘
LOG 453 :J

The diagram represents g, workable 476 X 321 x L

solution to the problem: — 92 1
' page 192

453 X =3
5.7

The diagram represents g W\‘ able 5 2
! orkable 476 7X3
solution to the problem: ""r 9>2< >< ,;< 1
. 4 .3

Both the above statements are true. page 206

page 197

191
[from page 1841

YOUR ANSWER: At least 2 shifts of the sliding scale and 2 slides of
the hairline indiecator are necessary.

Right., That's the minimum number of moves. Here’s the
problem again:
332 X 759 X 651  3.32 X 7.59 X 6.51 10¢
912 B 9.12

In estimating form,

%z—ﬁ X 10% = %ﬁ X 10* = 18.7 X 10%, or 1.87 X 10°

The part of the problem to be dealt with on the slide rule can be
rewritten as
3.32 X 7.59

1
A2 X ——
9.12 % 6.51
because dividing by the reciprocal of a number is the same as multi-
plying by the number itself. Then it’s quite simple on the slide rule.

1. Slide the hairline indicator to 3.32 on the D scale.

2. Bhift 9.12 on the C scale under the hairline.

3. Slide the hairline to 7.59 on the C scale.

4. Shift 6.51 on the CI scale under the hairline.

5. Read 1.80 on the D scale at the index of the CI scale.

Then the complete answer is 1.80 X 10°.
You should be getting pretty good at this now. Try one more:

56.8 X 23.1 X 3.0 X 0.00281 X 0.532 ?
7.35 X 48.0

0.01063. page 186
0.0211. page 196

0.0167. page 200



192
[from page 1901

YOUR ANSWER: This
the problem:

1
476 X 321 X —
X 9.2

—————— e

45.3 X L

5.7

LOG 102
Lo6 476

T

LOG 1/321
LOG 5.7
- LOG 453

Yes, this is true, for this problem can be rewritten in the form:

1 1
476 X — + — +
95 ¥ 391 X 8.7 + 453

To solve the proble 1
m we add the log of Y to that of 476, subtract

1
the log of —
og o 357 add the log of 5.7, and then subtract the log of 45.3.
When the arrows point to the right in the dj

logarithms, and when ;
logarithms, they point to the left we are subtracting

It’s just the same on the slide rul W
i e. mov:
rlght to add logs and move to the left to subtract. ¢ move to the

But let’s take a closer look at the other problem:

476 X 5.7 X 321
9.2 X 45.3

agram we are adding

It’s also true that it can be rewr; i
: written in the same form, Multiplvi
by the reciprocal of 9.2 is the same as dividing by 9.2, Anc;1 gllszmg
by Nthe reciprocal of 5.7 is the same as multiplying by 5.7 e
oW return to page 190 and choose the more complete answer

diagram represents g workable solution to

i

193
[from page 181}

YOUR ANSWER: 19.2 X 546 X 861 X 2.33 = 1.30 X 10°.

No, apparently you multiplied with the CI scale instead of dividing.
That is, you seem to have set the index of the CI scale at the number
on the D secale you were multiplying by.

Remember, when you use the CI scale for multiplication, you are
dividing by the reciprocal of the number. So don’t use the index of
the CI scale for multiplication of one number by another. Instead,
set the hairline at one number on the D scale and find the other
factor on the CI scale, placing it under the hairline. This is dividing
by the reciprocal of the number on the CI secale, which is the same
as multiplying by the number itself,

You could, of course, do the whole problem with the C and D
scales, After multiplying 19.2 by 546, you will find the result at
approximately 1.05 on the D scale. Then you could set the index at
that point to multiply by the next number, 861, and so on. But
every time you have to re-index you are increasing the chance for
error.

The problem can be done much faster and more accurately by
using the CI scale. Begin by setting the hairline at 1.92 on the D
scale. Now shift 5.46 of the CI scale under the hairline. As you
gee, you are now dividing 1.92 by the reciprocal of 5.46, and this is
the same as multiplying by 5.46. The answer is on the D scale at
the left index of the C scale, though you don’t need to read it yet.

Now proceed to multiply this partial result by 8.61, using the C
scale in the normal manner. Just slide the hairline to 8.61 on the C
scale. Don’t read the answer here, either. Finally, divide by the
reciprocal of 2.33. Simply slide 2.33 on the CI scale under the hairline.

You should now find the correct answer on the D scale under the
left index of the C (or CI) scale. Return to page 181 and find the
corresponding page reference.



194
[from page 2011

YOU : Thi
R aNswWER: This figure shows one way of solving the problem:

368 X 841 _
LOG 1/927
l LOG 368 ~—
N .
3 ) LOG 841 3

1

This method is all right i
[ ght in theory, for it shows a
- ’ m i
312}"71115[‘ ?;gS by the reclpro?al of 927. 'This is the same zslfix?ig;;l lﬂ;o)l_
027 ftiplyi:;ziﬁ:?:s?l lz;dgmgs the log of 841 is the slide rule methfd 0};
ot y 841, and this is exactly what you want
B . .
. ;)1: ;&:;1% k(lii.u‘]ﬁculty is that your slide rule is not long enough to do
the s way. The answer is going to appear far to the ri
N e scale, off the end of the rule. © the right
ow turn back to page 201 and
: . select a dia
g)orlzzll;le solutu?n to this problem. Note that Weg;f:i;? Ztslfihows .
pick out a diagram that shows the simplest way of doing chi:;%u

lem. But there is a dia
T
could be solved gram there that shows one way the problem

195
{jrom page 1841

YOUR ANSWER: At least 3 chifts of the sliding scale and 3 slides of
the hairline indicator are necessary to do this problem:

332 X 759 X 651
Q04 A TP = ]
912 1.80 X 10

No, apparently you did not use the CT scale.
Let’s go through the problem from the beginning. It will be most
efficient to set it up like this:

332 X 759

1
912 X 651
Dividing by the reciprocal of 651 is the same as multiplying by 651,
and this will enable us to use the CI scale, gaving a step or two.

Now let’s begin by getting the hairline indicator at 3.32 on the D
scale (count 1 slide). Shift 9.12 on the C scale under the hairline.
The partial answer for this division is on the D scale under the right-
hand index of the C scale, but you don’t need to read it yet. Instead,
go ahead and multiply by 7.59: just slide the hairline to 7.59 on the
C scale. Again, the partial answer for these two processes is on the
D scale under the hairline, but you may £0 ahead and perform the
last step before you read anything from the rule. The last step is
multiplication by 6.51, but we have decided to save 2 little time and
trouble by using the CI seale to divide by the reciprocal of 6.51. So
shift 6.51 on the CI seale under the hairline and read the answer on
the D scale at the left index of the CI scale.

Note that you do not have to re-index to do this problem. That
is, you do not have to set the hairline on any partial answer and then
put the index 1 under the hairline to continue the calculation.

Count the shifts and glides in this process; then return to page 184
to choose another answer.



196
[from page 1911
TouR Aneweg: 05 X 281 X 3.0 X 0.00281 X 0582 _ . o
' 7.35 X 48.0 = 0.0211.

No, there is an error somewhere in your caleulations. It would
seem that you multiplied by the reciprocal of 281 instead of dividing.
Remember, multiplying by the reciprocal of a number is the same as
dividing by that number; dividing by the reciprocal of a number is
the same as multiplying by that number.

Let’s go through the whole process and try to see where you went
wrong. Reducing all the factors to scientific notation:

5.68 X 2.31 X 3.0 X 2.81 X 5.32

—3
7.35 X 4.80 X 10

In approximation form:

6X2X83X3X5 108
X >7<><5 X ><10—a=“7—><10—3_—.15_41=><10—3=0.0154:

For the slide rule we may write the problem:

5.68 X 2.31 X 3.0 X 5.32

1
7.85 X 4.80 X 281
We can do it this way because dividing by the reciprocal of 2.81 is
the same as multiplying by 2.81.

Now set the hairline indicator to 5.68 on the D scale and shift 7.35
on the C scale under it. Then slide the hairline to 2.31 on the C scale.
Shift 4.80 on the C scale under the hairline, and then slide the hair-
line to 3.0 on the C scale.

Now comes the timesaving use of the CI scale. Shift 2.81 on the
CI scale under the hairline. (Note that you can do this without
re-indexing as you seemed to have done to get your answer.)

With the CI scale in this position you are dividing by the re-
ciprocal of 2.81; this is the same as multiplying by 2.81.

Now slide the hairline to 5.32 on the C scale and read 1.67 on the
D scale under the hairline. Your answer is 0.0167.

At this time it might be a good idea to go back to page 181 and do
the problem there again; then proceed to work your way up to this
problem.

197
[from page 1901

YoUR ANSWER: This diagram represents a workable solution to

; blem:
the pro 476 X 5.7 X 321

9.2 X 45.3

LOG 1792

LOG 476
L
LOG 17321
LOG 5.7

-
LOG 45.3

oblem can be rewritten in the form:

T

Yes, this is true, for this pr

1 1
— +— X 57+453
476 X 9.2 321

i 615 to that of 476, subtract
. g of 45.3.

To solve the problem we add the log O
the log of _Ll , add the log of 5.7, and then subtract the lo
32

the right in the diagram we are addi.ng
point to the left we are subtracting
e rule. We move to the

When the arrows point to
logarithms, and when they :
logarithms. It’s just the same on the slid
right to add logs and move to the left to subtract. -

But let’s take a closer look at the other problem:

1
476 X 321 X 9.0

————————

1

453 X 57

It’s also true that it can be rewritten in the same form. grz)miﬁg
by 9.2 is the same a8 multiplying by the reclprocalhof 2.

e me as dividing by the reciprocal of 5.7.

tiplying by 5.7 is the sa
m‘;ﬂolx)vy:et%lm to page 190 and choose the more complete answer.



198
[from page 1811

YOUR ANSWER: 19.2 X 546 X 86] X 233 = 1.75 x 107,

No, you seem to have read 5.46 incorrectly on the CT scale. Note

that since the CI scale is the reverse of the C scale, 5.46 will be on
the left side of the 5,

You could, of course, do the whole problem with the C and D
scales. After multiplying 19.2 by 546, you will find the result a
approximately 1.05 on the D scale. Then you could set the index at
that point to multiply by the next number, 861, and so on, But
every time you have to re-index you are increasing the chance for
error.,

The problem can be done much faster ang more accurately by
using the CT scale. Begin by setting the hairline at 1.92 on the D
scale. Now shift 5.46 of the CI scale under the hairline. As you
S€e, you are now dividing 1.92 by the reciprocal of 5.46, and this is
the same ag multiplying by 5.46. The answer is on the D scale at
the left index of the C scale, though you don’t need to read it yet.

Now proceed to multiply this partial result by 8.61, using the C
scale in the norma] manner. Just slide the hairline to 8.61 on the
Cscale. Don’t read the answer here, either, Finally, divide by the
reciprocal of 2,33, Simply slide 2.33 on the CT scale under the hairline,

You should now find the correct answer on the D scale under the
left index of the ¢ (or CI) scale. Return to page 181 and find the
corresponding page reference,

199

[from page 2061

YOUR ANSWER: 7.32 ft., 153.0 ft., and 5,000 ft.

No; you may be doing the operation correctly while reading the
?

CI scale wrong. Look at this diagram of a portion of the CI scale:

I Y A N N 2 A T

The readings get larger going from right to left, justIthe 1()1?p031te
of the other scales we have used. This is 2.77 on the CI scale:

T 1
"‘e!s"h'lzééizééﬁa'211
%3
Not this:
T \ 1
ffr"z‘.sf"“}z’g‘s?ééhaa Eoy
3

re above actually shows the setting 2.23.
Thgir?ci:uthere are 3.28 feet in one meter, we may c%n;%ert rﬁl:g;s lf;
feet by multiplying the number of meters t1mes. n. fa:ctor gin By
lacing the hairline indicator at 3.2.8, the conver51o7 to ) on the
% scale. Now we can multiply this factor by .2.7 R '}1}? g he o1
le. Shift 2.77 on the CI scale under tpe hairline. enlg e
Zga'd.i by the reciprocal of 2.77 which is the same as mu !iptythe
bm.‘z 7117g 3],E‘»y the usual approximation method, you kno}v;v tD a,scale
ysxw:er .must be about 9 ft., and since you read ‘9.10 ont 23 ) seal ci
::krlle result must be 9.1 ft. Now do the same thing €0r h53. re I;nder
1,678 m., shifting these numbers on the CI scale ulntll they a
tk,le hairline and reading the answers on the D sc:, ;ﬁswer
Now return to page 206 and choose the correc .



200
[from page 191]

YOUR ANSWER: 0.0167.

Right. Good. Here's the problem again:

56.8 X 23.1 X 3.0 X 0.00281 X 0.532
7.35 X 48.0

BX2X3X3X5
7X5

The slide rule part of the problem can be rewritten to read:

5.68 X 2.31 X 3.0 X 5.32

1
. 4. —
7.35 X 4.80 X 231

In approximation form, X 1073, or 0.0154.

Then, on the slide rule,

. Slide the hairline indicator to 5.68 on the D scale.
. Shift 7.35 on the C scale under the hairline.

. Slide the hairline to 2.31 on the C scale.

. Shift 4.80 on the C scale under the hairline.

. Slide the hairline to 3.0 on the C scale.

Shift 2.81 on the CI scale under the hairline.
Slide the hairline to 5.32 on the C secale.

. Read 1.67 on the D scale under the hairline.

[ S N N =

Then the complete answer is 0.0167.

Incidentally, you will remember that some time back, when we
were first learning to multiply with the C and D scales, we discussed
the problem 3 X 5 = 15. We saw that setting the left index of the
C scale over 3 on the D scale put 5 on the C scale clear off the end of
the rule. Accordingly, we re-indexed, putting the right index of the
C scale at 3 on the D scale. Then we were able to slide the hairline
indicator to the left, to 5 on the C scale. This is all old stuff to you
now. And now that you bave a clearer understanding of reciprocals,
you should be able to see why it works. We are multiplying by
subtracting a logarithm, the logarithm of the reciprocal of 5. In
other words, instead of multiplying by 5, we are dividing by £.

For a diagram of this solution, please go on to page 201.

201
[from page 2001

. . . d
Here is the diagram of the solution to the problem just discusse

(3 X 5= 15):
106G 3
,‘_L_oe_iﬁ_,j

one are helpful because they force us to visualize

i like this ) :
eagair:\rris of the slide rule in terms of adding or subtracting a

logarithm. _
Below are three such diagrams.

368 X 841 _ 3347 (Remember that moving
27

Which represents a workable

solution of the problem

to the right on the rule corresponds to gdding a 19g§ritl)1m, while
moving to the left corresponds to subtracting a logarithm.

r LOG 841 >
r ‘ LOG 1/368 page 187

w
LOG /927

LOG 17927

page 190
LOG 17388 Fﬂ

LOG 84!

le
i
LOG 1/927

194
LOG 268 o LOG 84 § P

bP——"T1




202
[from page 208]

YOUR ANsWER: 1 foot = 0.305 meters, 3 feet = 1yard,and 1rod =
5.03 meters; therefore, 1 rod = 5.12 yards.

No, apparently you used the wrong formula to make this
conversion.

Here is one way to work the problem: To convert from rods to
meters you must multiply the number of rods by 5.03, the number
of meters in one rod. Now, to change 5.03 meters to feet you must
know how many feet there are in one meter. But we have the con-
version figure for the number of meters per foot instead: 1 foot =
0.305 meters. To find how many feet there are in one meter you

. 1 . .
must take the reciprocal of 0.305: 1 m, = 0.305 ft. So if you multiply
5.03 by the reciprocal of 0.305, )

1
03 X ——
503 X 0.305

you will have the number of feet in one rod.
Now all you have to do is divide this by 3, the number of feet in
1 yard, and you will have the number of yards in one rod:

1
5.0 —
3 .305

3

You can also write this:
5.03
3 X .305

Dividing by a number is the same as multiplying by its reciprocal.
Apparently you used the formula

5.03 X 0.305
3.0
This is saying that there are 0.305 feet in one meter, when it’s actually
the other way around.
Now return to page 208 and choose the correct answer.

203
[from page 2111

YOUR ANSWER: 1 gram = 15.4 grains, 80
93.5 grains = 3.61 grams;
3,009 grains = 454 grams.

< Fine indicator at 1.54 on the D scale
No, you have placed the hairline indica ab :
and (r)mﬂtiplied this by 23.5 and 3,009. But this is the same as saying

that 1 grain = 15.4 grams, i.e., that the grain is & much larger unit

than the gram. Actually the reverse is true; 1 gram = 15.4 grains.
Let’s start over. ] )
Dividing both sides of the expression 1 gram = 15.4 grains by 15.4,
we geb

1 .
———gram = 1 gram
1548
In order to find the number of grams per grain, then, we must
use the reciprocal of 15.4 as 8 multiplier.

1. Line up the CIand D scales, then slidie the hairline iz}dicaci'ior
4o 1.54 on the CI scale. Then the reciprocal of 1.54 is un }ir
the hairline on the D scale. It I:iafgenﬁs to b;) at 6.5 on the

on’t need to read this bgure.

2. ]r_ghi?f}’ﬁ?: ;gg f)ln the CI scale under the hairline, and read
the result on the D scale at the index of t_he- C1 scale. 1

3. Shift 3.009 on the CI seale under the hairline and rea e
result on the D scale at the index of the CI scale.

When you have done this, return to page 211 to choose the correct

answer.



204

[from page 2101

Your ANswer: This problem ean be done with a minimum of 5 i

shifts of the sliding scale and 5 slides of the hairline indicator:

3.14 X V407 X 786
1.01 X V/23.0 X 373

No; unless you figured out the square roots separately and then
miscounted, you must be guessing.

Let’s go through the steps for a solution:

1. Slide the indicator to 3.14 on the D scale.

2. Shift 1.01 on the C scale under the hairline.

3. Slide the hairline indicator to 4.07 on the lefi-hand B scale.
{Note that the square root of 4.07 is on the C scale at the
hairline. This is actually what you are multiplying by.)

4. Shift 23.0 on the righi-hand B scale under the hairline. (Note
that on the C scale below the right-hand 23.0 of the B scale
appears the square root of 23.0. Below the left-hand 2.30 of
the B scale appears the square root of 2.30.)

At this point we see that 7.86 on the C scale is off the rule to the
right. Rather than re-index we may simply rewrite the problem:

3.14 X v4.07 X L

373

1

1.01 X v23. —
X 3.0 X 756

In other words, we divide by the reciprocal of 786 instead of multi-

plying by 786, and we multiply by the reciprocal of 373 instead of
dividing by 373.

5. Slide the indicator to 3.73 on the CI scale.
6. Shift 7.86 on the CI scale under the hairline.
7. Read the answer, 2.76, on the D scale.

Now count the number of shifts of the center scale and slides of
the indicator and return to page 210 to choose the correct answer.

- A iqpere

R
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e
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205
Lfrom page 2091

YOUR ANSWER: 1 pound = 0.454 kilograim, S0
3.2 1b. = 1.45 ke.
353 1b. = 160 kg.
0.763 Ib. = 0.0346 ke

’s g mistake in this column. Apparently you have t:,he
mgﬁagziii:ct, however. Set the hairline indicator at the ccibi?viars;%r;
factor, 4.54, on the D scale, and use the CI scale 'to n1211 1pﬂ§176 o
other numbers by this factor. For instance, you shitt 3. <1)n e
seale under the hairline and read the answer on the D sea ei1 o
you are actually dividing by the reciprocal of 3.2, which is the sa

iplying by 3.2. ' .
* gﬁ:ﬁﬁfgg isy;ll right in this coluron of gonversmns untl_l yo;o%lest
to the last one. If you had been careful with your P,pprpxuﬁg i sé
you would not have missed this. The approximations in 1:;.118 cam
should be easy, for 1 pound equals just a:bout one-half a dl ogram.
So you should have about half as many kilograms as pounds.
Or you can figure the last one this way:

0.454 X 0.763 = 4.54 X 7.63 X 1072

This is about 4 X 8 X 1072 = 32 X 1072 = 0.32.
3o the answer should be 0.346 kg., not 0.0346 kg.
Now return to page 209 and choose the correct answer.




206

[from page 1901

YOUR ANSWER: The given di
of the probtoms g iagram represents a workable solution

476 X 321 X —

92 . 476X57X32

1 —_———————
453 X —— 9.2 X 45.3

5.7

Right. Both the problems above can be rewritten in the form

1
476 X — + — - .
92~ 321 X 5.7 -+ 45.3. To solve this problem, we add the

1
log of — to that L
9.9 at of 476, subtract the log of 391 add the log of 5.7,

and finally subtract the log of is i
e g of 45.3. This is exactly what is shown
LOG /92
: Lo6 476 7
LOG /321
LOG 5.7

LOG 45.3

Ilizx;rei:;xlmlkﬁr, ?boj\{ing to ffhe right on the slide rule represents adding a
e m i
logarithmi oving to the left constitutes subtracting a
The CI scale is especi i
pecially convenient when a series
sea of figur
gi)vl;z r;ilzsgflxed Sly t]k;e same factor. Simply slide the ha,irliii 1??) :II;:
on the D scale and shift the CI scal i
e o Liotiod th scale until each of the
: plied is under the hairline. Th d
in turn on the D scale at the ind ‘ e s et
: ex of the CI scale. This is j
another application of the princi i . " b
: principle that multiplyi
in the same as dividing by its reciprocal. {Plyiog by o mumber
b Eor exa%nple, suppose that you are on the long-distance phone to
aris 2gettmg some measurements in meters. Knowing that there
z:rg 3.28 feet to a meter, you want to convert 2.77 m., 53.43 m., and
,678 m. to feet. What are your results? T ’

7.32 ft., 153.0 ft., and 5,000 ft.
9.10 ft., 175.0 ft., and 5,500 ft.
11.85 it., 61.4 ft., and 19,550 ft.

page 199
page 209
page 213

I S

207
[from page 2101

vour answer: This problem can be done with a minimum of 4

shifts of the sliding scale and 4 slides of the hairline indicator:

3.14 X V4.07 X 786
SR A YL =276
1.01 X V23.0 X 373

No; you must not have used the CI scale to multiply by 786.
Whenever you have to re-index, you make extra work for yourself
and also give yourself sdditional chance for error.

Let’s go through the steps for a solution:

1. Slide the indicator to 3.14 on the D scale.

0. Shift 1.01 on the C scale under the hairline.

3. Slide the hairline indicator to 4.07 on the left-hand B scale.
(Note that the square root of 4.07 is on the C seale at the
hairline. This is actually what you are multiplying by.)

4. Shift 23.0 on the right-hand B scale under the hairline. (Note
that on the C scale below the right-hand 23.0 of the B scale
appears the square root of 23.0. Below the left-hand 2.30 of

the B scale appears the square root of 2.30.)
At this point we see that 786 on the C scale is off the rule to the
right. Rather than re-index we may simply rewrite the problem:
1
4: PR
3.14 X V4.07 X 373
1
1.01 X V23.0 X 26

by the reciprocal of 786 instead of multi-
ltiply by the reciprocal of 373 instead of

Tn other words, we divide
plying by 786, and we mu
dividing by 373.

5. So we slide the indicator to 3.73 on the CI scale.

6. Shift 7.86 on the CI scale under the hairline.

7. Read the answer, 2.76, on the D scale.
chifts of the center scale and slides of

Now count the number of
210 to choose the correct answer.

the indicator and return to page



208
Lfrom page 211

YOUR ANSWER: If 1 gram = 15.4 prain, 5 grai
grams; and 3,009 grains = 195 gramfr " then 285 graine -5

Right. Tf 1 gram = 154 grains, then

. 1 1
i T = — — —
B = 15,4 8RS = =0 X 107! grams,

or roughly 0, 1 i
ghiy 0.667 X 10~ grams. Going one step further, 1 grain is

;pirtl)gu;éa;ely 7_>§ 1072 grams, Therefore, 23.5 grains is about
X 107 grams, or 1.4 grams. 3,009 grains is about

3 X 10° X 7 X 10~2
grams, or 210
On the slide rule, ’ Srams.

L. Align the D and CI seales, and slide the hairline indicator to

1.54 on the CI 1 il
o scale. Then 15 is under the hairline on the D
. Shift 2.85 on the CI scale under the hairline,

- Read 1.53 on the D scale at the i

23.‘5 graine o 15 e e index of the QT scale. Then
4. Shift 3.01 on the CI scale
5. Read 19

3,009 gr
Try this one:

If 1 ft. = 0.305 =
i meters, 3 ft. = 1 yard, and 1 rod = 5.03 meters,

w N

o under the hairline,
55 on the D scale at the index of the CI scale. Then
ans = 195 grams, to three figures of accuracy.

1rod = 5.12 yd. poge 202
1 rod = 5.50 yd. Page 210

1rod = 4.95 yd. page 212

209
[from page 2081

YOUR ANSWER: .10 ft., 175.0 ft., and 5,500 ft.

You are correct. There are 3.28 feet in 1 meter, and the given
measurements were 2.77 m., 53.43 m., and 1,678 m. Then the values
we want are given by

3.28 ft. X 2.77 3.28 ft. X 53.43 3.28 ft. X 1,678

With the usual approximation method, we find that our results
should be roughly

9 ft, 150 ft. 6,000 ft.

Rewriting the problem so that we can take advantage of the CI
scale, we get

1 1 1

Then, on the slide rule,

1. Slide the hairline indicator to 3.28 on the D scale.

2. Shift 2.77 on the CI scale under the hairline.

3. Read 9.10 on the D scale at the index of the CI scale. Then
the first value is 9.10 ft.

4. Shift 5.34 on the CI scale under the hairline.

5. Read 1.750 on the D scale at the index of the CI scale. Then

the second value is 175.0 ft.

. Shift 1.678 on the CI scale under the hairline.

7. Read 5.50 on the D scale at the index of the CI scale. Then
the third value is 5,500 ft.

o

Check the conversions below. Then select the one group in which
all are correct.

If 1 pound = 0.454 kilogram, then 3.2 Ib. = 1.45 kg., 353 Ib. = 160 kg.,
and 0.763 1b. = 0.0346 kg. page 205

If 1 inch = 2.54 centimeters, then 3.5 in. = 8.89 em., 73.2 in. = 186
cm., and 1 ft, 7 in. = 48.2 cm. page 211

If 1 liter = 1.057 quarts, then 16 liters = 16.9 qts., 33.3 liters = 35.2
qts., and 0.00256 liters = 0.0271 qt. page 214



210
[from page 2081

YOUR ANsWER: 1 rod = 5.50 yards.

Right. We were given that 1 ft. = 0.305 meters, 3 ft. = 1 yd

ang. 1 ro;i = 5.03 meters. Here is one way to make the conversion:
ince 1 yd. = 3 {t,, and 1 ft. = 0.305 meters, we know that

1 yd. = 3 X 0.305 meters
Dividing both sides of this expression by 3 X 0.305

1

lmeter = ————y
3 X 0.305

d.

Then, since 1 rod = 5.03 meters,

1
lrod =508 X ——— =&
3% 03057 = 3305 < 10V
which is approximately 5.56 yards.
The value of doing the problem this particular way is that we
now }Jave all 1',}19j pertinent information in one equation. This
simplifies the manipulation of the rule and reduces the risk of error

1. Slifle the hairline indicator to 5.03 on the D scale
2. Sl%lft 3.0 on the C scale under the hairline ‘
3. Slide the hairline to 3.05 on the CI scale. .

4. Read 5.50 on the D scale under the hairline.

Then the‘ complete answer is 1 rod = 5.50 yards.
’Il‘)o1 ﬁn}sh up this chapter on the CI scale, work the following
problem in as few moves as possible. Remember that you also have

A and B scales. Th
the page. en select the correct answer at the bottom of

3.14 X V4.07 X 786
1.01 X V/23.0 X 373

This problem can be done with & minimum of:

2.76

5 shifts of the sliding scale and 5 slides of the hairline.

page 204
4 shifts of the sliding scale and 4 slides of the hairline. page 207
3 shifts of the sliding scale and 3 slides of the hairline. page 215

211
[from page 2091

vour ANSWER: All the conversions of the second series are correct.

That's right; they are. 1inch = 9.54 centimeters, or, for estimating
purposes, roughly 2.5 centimeters. Then 3.5 in. is roughly 3.5 X
9.5 cm., or 8.75 cm.; 73.2 in. is roughly 7 X 10 X 2.5 cm., or 175 em.;
and 1 ft. 7 in. = 19 in., roughly 2 X 10 X 2.5 em., or 50 em.

On the slide rule:

1. Slide the hairline indicator to 2.54 on the D scale.

9. Shift 3.5 on the CI scale under the hairline.

3. Read 8.89 on the D scale at the index of the 01 scale. Then
3.5 in. = 8.89 em.

4, Shift 7.32 on the CI scale under the hairline.

5. Read 1.86 on the D scale at the index of the CI seale. Then
73.2 in. = 186 em.

6. Shift 1.9 on the CI scale under the hairline.

7. Read 4.82 on the D scale at the index of the CI scale. Then
1ft. 7 in. (or 19in.) = 48.2 em.

Tf instead of being told that 1 in. = 2.54 cm., we are told that 1
em. = 0.394 in,, we can still perform these conversions with no
diffculty. Tf 1 cm. = 0.394 in., we can divide both sides of this
expression by 0.394 to find that

1

1
o= em. = —— X 1
Lin. = 5507 0 = 5gq = 0

1 .
Now we need to locate 304 on the D scale. The key 18 in remern-

bering that a number on the CI scale is the reciprocal of the pumber
directly below it on the D gcale. Therefore, if we align the D and

CI scales and slide the hairline indicator to 3.94 on the CI scale,
1
398 is directly beneath the hairline on the D scale.

The rest of the problem is the same: shift 3.5 on the CI seale under
the hairline, read 8.89 on the D scale, and so on.
Now you try one. If 1 gram = 15.4 grains, then

93.5 grains = 3.61 grams; and 8,009 grains = 454 grams. page 203

23.5 grains = 1.53 grams; and 3,000 grains = 195 grams. page 208
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[from page 208]

YOUR ANSWER: 1 foot = 0.305 meters, 3 feet = 1
rod = 5.03 meters; therefore, 1 rod = 4.95 yards. yard, and 1

No, apparentl
convérsioil_) y you used the wrong formula to make this
Here’s one way to do the problem. To conve
meters you must multiply the number of rods by 51.':13)3&3]11!; rl;(ﬁzbi:
of meters in one rod. Now to change 5.03 meters to f’eet you must
know how many feet there are in one meter. We have the conversi
figure for the number of meters per foot instead; 1 foot = 03?)2
meters. To find how many feet there are in one ’meter you ﬁlust

take the reciprocal of 0.305: 1 m. = L f i
3052 .= t. i
by the reciprocal of 0.305: 0.305 o tyou multiply 503

1
5.03 X ——
.305

yolliT will have the number of feet in one rod.
ow all you have to do is divide this b i
: y 3, the number of {
yard, and you will have the number of yard’s in one rod: —

1
503 X ——
.305

3
You can also write this:

5.03
3 X .305

Dividing by a number is the same as iplvi .
multiplying by its reci
Apparently you used the formula ying by its reciprocal.

5.03 X3
0.305

;fvz;s is sayhng tfhat there are 3 yards in one foot when it is the other
around, of course. Besides, thi iill gi
T e amaer , this formula will give 49.5 yards

Now return to page 208 and choose the correct answer.

213
[from page 206}

YOUR ANSWER: 11.85 ft., 61.4 ft., and 19,550 ft.

No; it would seem from this answer that you divided with the C
scale instead of the CI scale. In other words, you divided by 2.77 m.,
53.43 m., and 1,678 m.,, instead of dividing by their reciprocals.
Remember that you can multiply two numbers together by using the
I scale to divide one of them by the reciprocal of the other.

As we have demonstrated before:

1
aXb=a-= 5

The CI scale is just a scale of reciprocals, of course. For instance,
the distance from the left index to the number 2 on the CI scale
corresponds to the log of the reciprocal of 2. The pumerical equiva-
lent of the reciprocal of 2 (3, or 0.5) appears on the C scale directly
below the 2 on the CI scale:

9 8 2491
987 6udel ] @ 2op785432

1 L1 TITT l L T N
1123 H.S.E].Mé 25 5 36 1L WS 56 &577.5815935
C

Since there are 3.28 feet in one meter, we may convert meters to
feet by multiplying the number of meters times 3.28. To convert
9,77 meters to feet we should begin by placing the hairline indicator
at 3.28, the conversion factor, on the D scale. Now we can multiply
this factor by 2.77, using the Ol scale. Shift 2.77 on the CI scale under
the hairline. You are then dividing by the reciprocal of 2.77, which
is the same as multiplying by 2.77. Read 9.10 on the D scale. With
the usual estimating methods, you can seé that the answer is about
9, so the result must be 9.1 ft. Now do the same thing for 53.43 m.
and 1,678 m., shifting the CI scale until these numbers are under
the hairline, and reading the answers on the D scale.

Now return to page 206 and choose the correct answer.
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[from page 209]

YOUR ANSWER: 1 liter = 1.057 quarts, so
16 liters = 16.9 quarts
33.3 liters = 35.2 quarts
0.00256 liters = 0.0271 quarts

No, there’s a mistake in this column. Apparently you have the
method correct, however. Set the hairline indicator at the conversion
factor, 1.057, on the D scale, and use the CI scale to multiply the
other numbers by this factor. For instance, shift 1.6 on the CI scale
under the hairline and read the answer on the D scale. Then you
are actually dividing by the reciprocal of 1.6, which is the same as
multiplying by 1.6.

Everything is all right in this column of conversions until you get
to the last one. If you had been careful with your approximations,
you would not have missed this. The approximations in this case
should be easy, for 1 liter is just about the same as a quart. So you
should have about the same number of quarts as liters.

Or you can figure it this way:

1.057 X 0.00256 = 1.057 X 2.56 X 1073

This is about 1 X 2.5 X 1073 = 0.0025.
So the answer should be 0.00271 quarts, not 0.0271 quarts.
Now return to page 209 and choose the correct answer.

215
[from page 210]

YOUR ANSWER: The problem can be done Wxth a, minimum of 3
chifts of the sliding scale and 3 slides of the hairline.

Right.
8.14 X V4.07 X 768 _ 8.14 X V4.07 X 7.86

101 X V/23.0 X 373 1.01 X V/23.0 X 3.73
which is roughly 2.40. On the slide rule:

1. Slide the hairline indicator to 3.14 on the D scale.

2. Shift 1.01 on the C scale under the hairline.

3. Slide the hairline indicator to 4.07 on the left-hand B scale.
4. Shift 23.0 on the right-hand B scale under the hairline.

At this point, we see that 7.86 on the C seale is off jche rule to the
right. Rather than re-index, however, we simply rewrite the problem
slightly:

1
8.14 X V4.07 X —

3.14 X V407 X 7.86 _ 3.73
1.01 X V230 X 873 {01 % v/23.0 X 7_1%

Then we can go on:

5. Slide the hairline indicator to 3.73 on the.CI scale.
6. Shift 7.86 on the CI scale under the hairline.
7. Read 2.76 on the D scale at the index of the CI scale.

Then the complete answer is 2.76. ’
This completes the chapter on the CI scale. We've seen that the

CT scale, though not essential to the slide rule, increases the speed
and accuracy with which many calculations can be made.
To learn about another useful scale, the L scale, go on to page 216.
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CHAPTER 3

The L Scale

The L scale carries us all the way back to the fundamental idea of
the slide rule. In the second lesson, we described how it was possible
to multiply numbers by adding their logs. We demonstrated that
fact with a hypothetical slide rule marked off evenly from 0 through 1.
Those numbers were considered to be logarithms to the base 10. The
logarithm of a number N is the power to which 10 must be raised
to equal N. The logarithm of 100 with regard to the base 10 is 2,
because 10 to the second power (10?) is 100.

Knowing the logarithms of two numbers M and N, we are able to
find the log of M X N by adding the logs of M and N. The slide
rule is simply a device for performing such addition.

Ouce we discovered the principle of the logarithmie slide rule it was
obvious that for most purposes it would be more convenient to put the
numbers in the place of their logarithms. That way it wasn’t nee-
essary to have a table of logarithms around for reference. The
logarithmie slide rule then became complete in itself.

But there comes a time when it is convenient to know the log of a
number that you are working with, as you will see in the course of this
chapter. The L scale is for that purpose. It is just a simple scale
running from O to 1, on which it is possible by direct reading to find the
log of a number. The reading is made from the C or D scale to the L
scale. Bub the location of the scales varies on different slide rules.
Let’s find log 64.8 on two different rules.

On rules with only one face, the L scale sometimes appears on the
back of the slide. Here is such a rule on which we have located 6.48
on the C scale above the right index of the D scale.

/ 648

6 W 7 [ q T

-] 1 1

When we turn the rule over, we find an indicator on the back from
which the log can be read on the L scale.

[continued on page 217]

217
[from page 216]

READ
HERE

i

K] L]
dvlvl,]ll]\lillll

On other rules, the L scale is arranged on the back so that when
the right index of the C scale is set opposite 6.48 on the D scale:

?

-~
00
Lo

648
then log 6.48 appears under a hairline on the back of the slide.
READ

The reading is much simpler on a slide rule that has both the L and
D scales on the face. Set the hairline over the ‘n\'lmber on the D scale.
The log of that number is found under the hairline on the L scale.

-9 1
;? Yoea das it

648

But how would you read that result? What is the log of 64.87

1.812, page 221 8.12. page 225
I don’t see how to begin. puge 228
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Lfrom page 221]
YOUR ANSWER: 4.79 X 1012,

Corre:ct. The part of the logarithm to the left of the decimal can
be conmde_red t%le exponent of a power of 10. The part to the right
of the decnna'l s the log of a factor between 1 and 10 by which the
power of ten is to be multiplied.

To put this another way, the logari i

; , garithm 12.68 may be considered th
sulin of1 the lol,flga,nthm 12.00 plus the logarithm 0.68. So the numbe:
whose logarithm is 12.68 can be considered i
of 1o ot | : nsldered the product of the antilogs

The antilog of 12.00, of course, is 10'2 Th i

: 00, , . e antilog of 0.68 is

found by a direct realdmg. Locate 0.68 on the L scale with the hair-

line m?d read the antilog on the D scale; it’s 4.79. So the antilog of
12.68 15 4.79 X 10'%; therefore, 64.87 = 4,79 X 1072,

If instead of raising 64.8 to the seventh power, you want to find

the seventh root of 64.8 ( VGT.S), what would you do first?
Divide log 64.8 by 7. page 222

Divide log 64.8 by log 7. page 232

219
[from page 2221

YOUR ANSWER: 0.06487 = 4.79.

Not quite. You're forgetting about the —9 part of the logarithm.
Let’s backtrack a little.
We found that
log 0.06487 = —9 -+ 0.68

Think about this expression for a moment. It means that the number
0.0648” can be considered the product of the antilogs of —9 and
-+ 0.68. So, we must find the antilogs of these two factors and
multiply them.

The L scale is read from 0 to 1, and the corresponding numbers on
the D scale are then read from 1 to 10. Sliding the hairline over (.68
on the L scale, then, we read 4.79 on the D secale:

8 9 EA

[
j% T JRU LU UL U L LY RS R RS
5 é ks 8 9 1
I

»~J

So one of the factors we are looking for is 4.79. The other cne, of
course, is 107, the number whose logarithm is exactly —9. Therefore,

0.06487 = 4.79 X 10™° = 0.00000000479

When you understand how we arrived at this answer, return to
page 222 to make the correct choice.
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[from page 2311

YOUR ANSWER: Log 0.06487 = 68.812 — 70,

Not quite. You haven’t done anything with that exponent, and
you can’t just ignore it. Let’s go back a few steps.

Having found that the logarithm of 0.0648 is 0.812 — 2, or —1.188,
we proceed according to this formula

1
log A" = lo

log 0.0648  —1.188
7 7

But we also saw that completing this division gives us a negative
logarithm, which we can’t find on the L scale. However, we can con-
vert a negative logarithm to a more convenient form by adding and
subtracting the same number. Since that amounts to adding zero,
we are really doing nothing that will change the resuls.

We choose the number to add and subtract that will do the most to
simplify calculations. In order to extract the seventh root, we are

going to have to divide log 0.0648 by 7. To make this division easier,
we add zero in the form 7.000 — 7.

log 0.0648% =

7.000 — 7 «— this is equivalent to zero
—1.188 «——— log 0.0648

5.812 — 7 ¢<— log 0.0648 in new form.
So we can write

log 0.0648 = 5.812 — 7 (not log /0.0648 = 5.812 -7
log 0.0648  5.812 — 7
7 7

Notice that this result is equal to —0.170, the negative log we're
avoiding.

Now return to page 231 to choose the correct answer.

then  log 0.06487 =

=0.830 -1

4

1

B
¢
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Ifrom page 2171

your Answer: The log of 64.8 is 1.812.

Yes. That is reasonable because log 10 = 1 and log %00 = 2, 50
the log of 64.8 will be somewhere betv‘veen 1 and 2. This cgzlgnon-
sense conclusion can be proved. Consider that the number b4. Bcazl
be factored to 6.48 X 10'; therefore log 64.8 = log (648 X 101). 11 ,
since the log of a product is the sum of the logs of its factors, 108
(6.48 X 10') = log 6.48 + log 10'. So

log 64.8 = log 6.48 + log 10!

The log of 6.48 is 0.812 (found by direct reading from thg D to the
T scale) and the log of 10'is 1 (the exponent of the base 10 is the log),

i Jog 64.8 = 0812 + 1

= 1.812

If you were asked to raise 64.8 to the geventh power ((54.8)7,%01:1
could do as you learned in the last chapter. However, that 1;1e t 0 '
has many opportunities for error, because of the num]‘tl)le;i of s sfs
required when you get much beyond the. second and thir DO eé,
The L scale can be used to raise to powers in & mannper that minimiz
the error if the readings are made with care.

This is the way to set up the problem:

(64.8)7 = (6.48 X 101’
log (6.48 X 10')7 = 7 (log 6.48) + log 107
log (64.8)7 = (7 X log 6.48) + 7

i le that log 6.48 = 0.812.
We find by reading from the D to the L sca . ‘
Then we mgltiply 0.812 by 7 on the C and D scales in the ordinary
manner, getting the result 5.680. So

log (64.8)7 = 5.68 4 7
= 12.68

The number whose log is 12.68 is called the antilog of 12.68.
What is the antilog of 12.687

and since

6.8 X 10'% page 229

479 X 1012, page 218

1,679. page 224
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[from page 2181

YoUR ANsWER: To extract the seventh root of 64.8, first divide the
log of 64.8 by 7.

1
Right. log V/64.8 = - X log 64.8

We've seen that the log of 64.8 was 1.812. Accordingly,
1
log V/64.8 = - X 1.812 = 0.259

To find the value of v/ 64.8, we need only find the antilog of 0.259:

1. Slide the hairline indicator to 0.259 on the L scale.
2. Read 1.817 on the D scale under the hairline.

Then antilog 0.259 = V/64.8 = 1.82, to three figures of accuracy.
What about 0.06487? To raise 0.0648 to the seventh power, we
first factor as follows:

0.06487 = (.48 X 1072)7

log 0.06487 = 7 X log (6.48 X 1072)
=7 X (log 6.48 + log 1072?)
=7 X (0.812 — 2)

So log 0.06487 = 5.68 — 14

This may seem to be an unusual form and you may wonder why
we do not simplify 5.68 — 14 = —8.32. You will note that the
slide rule does not have any negative logarithms on it. Further, it
is more convenient to use logarithms in the form 5.68 — 14 but we

need to change the positive term (5.68) to a number between 0 and
1. 'This is done by noting that

568 — 14 = 5.00 + 0.68 — 14 = 0.68 — 9

It is easy to find the antilog of 0.68 and —9, but finding the antilog
of —8.32 would present difficulties on the slide rule.
So we say that log 0.06487 = 0.68 — 9, and we conclude that

0.06487 = 4.79. page 219
0.06487 = 4,79 X 1073 page 226
0.06487 = 4.79 X 10°. page 231

223

[from page 2311

YoUR ANSWER: Log 0.0648% = 0.830 — L

Correct. Here’s the way it goes:

. log0.0648
log 0.0648% = ——— ~
—2 -+ 0.812
-7
—1.188
=77
Adding zero, in the form of 7.000 — 7, to —1.188,
7.000 — 7
—1.188
5812 — 7
s 5812 — 7

= 0830 —1

log 0.0648% =

i d the result of 0.0648%. Tt’s the
F the last expression we can fin 16 L
p;g:irlllct of the antilogs of 0.830 and —1. Sliding the ]}alrhne z‘\lrer
0.830 on the L scale, we read 6.76 on the D scale. S0 6.76 is the antilog

of 0.830. And since 107" is the antilog of —1, we find that

0.0648%, or +/0.0648 = 6.76 X 107!
= 0.676

Now try one for yourself. Using the L scale, what is the value of
the ninth root of 0.356 (that is, 0.356¢)?

0.801. page 227
0.00801. page 230
0.960. page 234

0.95 % 10~% page 237
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[from page 2211

YOUR ANSWER: 1,679 is the number whose log is 12.68.

No. Apparently you're not quite clear on how a number is de-
termined from its log by means of the D and L scales.

First of all, you should be familiar with the general range of
logarithms.

1 = 10° logl =0

10 = 10 log 10 = 1

100 = 102 log 100 = 2
1,000 = 10° tog 1,000 = 3
10,000 = 10* log 10,000 = 4
100,000 = 10° log 100,000 = 5,

and 80 on.

Any number between 1 and 10 will have 3 log of less than 1. Any
number between 10 and 100 will have a log between 1 and 2; con-
versely, any log between 3 and 4 will represent a number between
1,000 (i.e., 10?) and 10,000 (i.e., 10%).

Our problem was to find the number between 10'2 and 10’3 rep-
resented by the logarithm 12.68. That is, we want the antilog of 12.68.

The logarithm 12.68 can be broken down to 12 plus 0.68. The
antilogs of these two logs will be multiplied to give the antilog of 12.68.

The antilog of 12 is 10’ The antilog of 0.68 can be found by
reading from the L to the D scale; itis 4.79. The answer, then, is
4.79 X 102,

The easiest way to convert a log of more than one into a number is
to consider that log as representing two factors. The part of the log
to the left of the decimal is taken as the log of the power of 10. The
part of the log to the right of the decimal is the log of the second
factor, which is a number between 1 and 10,

l—'12.68———i

10'2 X 4.79

log
corresponding number

Now return to page 221 and select a better answer.

225
Lfrom page 2171

vour ANswer: The log of 64.8 is 8.12.

Now, is 8.12 a reasonable answer? Tt should be clear by now that:
log 10 i
log 100 = 2

Since 64.8 is between 10 and 100, it stands t(? reason that the log of
64.8 should be between log 10 and log 100, i.e., between 1 andog.
Similarly, log 648 is between 2, the log of 100, and 3, the log of I,Od- .

Let’s look at the problem mathematically. 64.8 can be factored:

64.8 = 6.48 X 10!
The log of the product is the sum of the logs of the factors:
log (M X N) = log M + log N

Therefore
, log 64.8 = log 6.48 + log 10!

All we need do is find the logs of 6.48 and 10! and then add them.
The log of 6.48 is found by:

1. sliding the hairline over 6.48 on the D scale, and
2. reading 0.812 on the L scale.

The log of 6.48 is 0.812 because the log scale is read from 0 to
we know that the log of 10" is 1. So:

64.8 = 6.48 X 10
log 64.8 = log 6.48 + log 10!
=0812+1
= 1.812
We use the same steps to find the log of 648.
648 = 6.48 X 10%
log 648 = log 6.48 + log 102
= 0.812 4 2
= 2.812

log 6,480 = 3.812; log 64,800 = 4.812; and

1. And

By the same reasoning,

g0 on.
Return to page 217 to choose the correct answer.
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[from page 2221

YOUR ANSWER: 0.06487 = 4.79 X 1073,

Evidently you tried to consider the —9 part of the logarithm, but
couldn’t decide just what to do with it. Let’s backtrack a little.
We have found that

log 0.06487 = —9 4 0.68

Think about this expression for a moment. What does it really mean?
It means that the number 0.06487 can be considered the product of
the antilog of —9 and +0.68. So, we must find these antilogs and
multiply them.

The L scale is read from 0 to 1, and the corresponding numbers on
the D scale are then read from 1 to 10. So, sliding the hairline over
0.68 on the L scale, we find that the number whose logarithm is 0.68
i3 4.79, read from the D scale. One of the factors we are looking for,
then, is4.79. The other one is 107, the only number whose logarithm
is exactly —9. So

0.0648" = 4.79 X 10~° = 0.00000000479

The trick to all this, of course, is remembering that this rule is
reversible. If

A X B=N, then logN =log4 + log B
In other words, this is also true. If
logN =logA +logB, then AXB=N

This is the idea we used in order to get from log 0.06487 = —9 -
0.68 to 0.06487 = 4.79 X 107°.

When you feel that you can perform the operation by yourself,
return to page 222 to choose the right answer,

227
Lfrom page 223}

vour ANswER: 0.3563 = 0.891.

Right. 0.356 can be written as 3.56 X 1072, s0

log 0.356 = log 3.56 + log 107
= 0.552 4 (—1) (or 0.552 — 1)

= —0.448
Adding zero in the form 9.000 — 9,
9.000 — 9
—0.448
8552 — 9 (log 0.356 in new form)
1 Yogd
Since, as we've seen, log AV = i] )
8.552 — 9
log 0.356% = —
= 0.950 — 1

The antilog of 0.950 (i.e., the number whose logarithm is 0.950)
is 8.91. The antilog of —1is 1071, And if log N = X+Y,N=
(antilog X) X (antilog Y), so
0.356% = 8.91 X 107"
= 0.891

Here are three problems. Use the L scale to solve them, and then
pick the one with the wrong solution.

/361 = 1.38. page 233
1,625% = 138.2. page 236

84,95 = 0.21 X 10°. poge 238
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Lirom page 2171

YoUR ANSWER: I don’t see how to begin.

There is & little trick to the problem, but not a very difficult one,
Since 64.8 is between 10 and 100, it stands to reason that the log of
64.8 should be between log 10 and log 100, i.e., between 1 and 2.
Similarly, log 648 is between 2, the log of 100, and 3, the log of 1,000.

Let’s look at the problem mathematically. 64.8 can be factored:

64.8 = 6.48 X 10!
The log of a product is the sum of the logs of the factors.

log M X N =log M - log N
Therefore,
log 64.8 = log 6.48 -} log 10}

All we need do is find the logs of 6.48 and 10" and then add them.
The log of 6.48 is found by:

1. sliding the hairline over 6.48 on the D scale, and
2. reading 0.812 on the L scale.

The log of 6.48 is 0.812 because the log seales are read from 0 to 1.
And we know that the log of 10 is 1. So:

64.8 = 6.48 X 10!

log 64.8 = log 6.48 + log 10!
=0812+1
= 1.812

We use the same steps to find the log of 648.
648 = 6.48 X 10?

log 648 = log 6.48 - log 10?
= 0812+ 2
= 2.812
By the same reasoning, log 6,480 = 3.812; log 64,800 = 4.812; and
80 on.
Return to page 217 to choose the correct answer.

)
‘

229
Lfrom page 2211

YOUR ANSWER: 6.8 X 10'2,

No. Apparently you haven’t got quite clear how a number is
determined from its log by means of the D and L scales.

First of all, you should be familiar with the general range of
logarithms.

1=10° logl =0

10 = 10" log 10 = 1

100 = 102 log 100 = 2
1,000 = 10? log 1,000 = 3
10,000 = 10* log 10,000 = 4
100,000 = 10° log 100,000 = 5,

and so on.

Any number between 1 and 10 will have a log of less than 1. Any
pumber between 10 and 100 will have a log between 1 and 2; con-
versely, any log between 3 and 4 will represent a number between
1,000 (i.e., 10°) and 10,000 (i.e., 10%). y

Our problem was to find the number between 102 and 10. rep-
resented by the logarithm 12.68. That is, we want the antilog of

2.68.
: The logarithm 12.68 can be broken down ‘to 12 plus: 0.68. The
antilog of these two logs will be multiplied to give the antilog of 12.68.

The antilog of 12 is 102, The antilog of 0.68 can be found by
reading from the L to the D scale; it is 4.79. The answer, then, i8
4.79 X 10'2, ‘ .

The easiest way to transfer a log of more than one into a number 18
to consider that log as representing two factors. The part of the log
1o the left of the decimal is taken as the log of a power of 10. The part
of the log to the right of the decimal is the log of the second factor,
which is a number between 1 and 10.

1
r—lZ.BS—l og

102 X 479  corresponding nuraber

Now, return to page 221 and select a better answer.



230
[from page 2831

YOUR ANSWER: 0.356% = 0.00891.

No, you’ve misplaced the decimal point.
rework the problem. To begin, we know that:

log 0.356¢ = 1%8 (;-356 _ log (3.56 X 107))
9

Setting the hairline at 356 on th
e D scale, we find on th
that log 3.56 = 0.552. The log of 107} is, of course, »—il so“3 b seale

9

Adding zero i .
divide bf o in the form 9.000 — 9 (because we will have to

9.000 — 9
—0.448
S 8.552 — 9
log 0.356 = %9—9 0050 1

Therefore, the number we w: i !

g , th ant is the antilog of (0.950 —
Sliding the hairline over 0.950 on the L scale, we read its efntilo 8 éi
on the D scale; and antilog —1 = 107%. So .

0.356 = 8.91 X 107

If you're still having trouble, it would be a good idea for you to

review the entire chapter. It begi
. ging on page 216; otherwi
to page 223 and select the correct answer. ¢ Fotherise, refum

For the practice, let’s

231
[from page 2221

¢OUR ANSWER: 0.0648" = 4.79 X 107°.

Right. We found that log 0.06487 = —9 + 0.63. We read 4.79
as the antilog of 0.68, from 1 to the D scale. So, antilog 0.68 = 4.79,
and since we know that antilog —9 = 107 ® the result above ig correct.

The seventh root of 0.0643 would be found by much the same
procedure as that used to find 64.8%:

log (6.48 X 1072 —-21.0812 —1188
logv70.064 =_°_g_<_.—7—x———2=____|_”7-——-=__,7__

—1.188

At this point, we could complete the division ( = —0.170) )

but this doesn’t help much, since we don’t know how to find a negative
Jogarithm on the L scale.

There is & way of avoiding the difficulty of negative logarithms. If
we add 10 to —1.188, we have a positive number. Of course we can’t
add 10 without subtracting 10, too. We do so by setting a —10 over
to one side. Then what we are doing, essentially, is adding 0, which
will not change the actual value of the expression.

10.000 — 10
— 1.188
8.812 — 10

Notice that 0.812 is the log of 6.48, the sum of +8 and —10 is —2.
Now we are on solid ground. Clearly, it doesn’t matter which
number we choose t0 add as long as we subtract the same one.

Where the seventh root is to be extracted, we must divide by 7, so
it is most convenient to add zero in the form of 7.000 — 7 rather
than 10.000 — 10. Then log 0.0648% =

68.812 — 70, page 220
0.830 — 1. page 223

—0.170. page 235




232
[from page 218]

YOUR ANSWER: To extract the seventh ivi
log 048 b Tou root of 64.8, first divide

No. Perhaps a bit of review is in
order. :
terms, that We have seen, in general
log N® = a X log N

log 52 = 2 X log 5
log 43* = 4 X log 43

We used this rule to find the seventh ipli
e s 68 T power of 64.8. We multiplied

For example,

log 64.87 = 7 X log 64.8

1 h a1 1[11(5 h.old tI ue Wllerl t!h OIleIlt 1 i
e ¢ S a fIa:Cthn’

1
: 1
long=Z><logN, or IOng

You have already used this idea in dealing wi
with squa.
The others are no different. g quare and cube roots.

log V'3 = log 3% =L iogs = log 3
2 2
log\‘/_=10g574=i><10g5=__10i5

So we can find the log of the seventh root of 6 ST
4.8
log of 64.8 by 7: o by dividing the

log V/64.8 = log 64.8% = % % log 64.8 = 2B 08

7

Return to page 218 to answer the question correctly.

AT e 0

ORI S

233
[from page 2271

YOUR ANSWER! /3.61 = 1.38.

Sorry, but this problem is all right. Here is the correct solution:
log 3.61
4

Sliding the hairline over 3.61 on the D seale, we find its log, 0.558,
on the L scale. So

log 3.61% =

0.558

log 3.61% =
og 3.6 n

Using the C and D scales to complete the division, we get
log 3.61% = 0.139

Sliding the hairline over 0.139 on the L scale, we read its antilog as
1.38 on the D scale. Therefore,

3.61% = 1.38

Since the fourth root is divisible by 2, this problem would have been
casy to do on the A scale:
1. Slide the hairline to 3.61 on the A scale (that’s between 1 and
10, remember), and read 1.902 on D. That’s the square root.
2. Slide the hairline to 1.90 on the A scale, and read 1.38 on the
D scale. And that’s the fourth root because
VAV = VN
he same answer. In fact, doing the

Either way, you should get t
d way to check the answer you gob

problem on the A scale 1s a goo

with the L scale.
Now return to page 227 to find the error.




234

[from page 2231
YOUR ANSWER: 0.356% = 0.960.

No. Apparently you made a relatively minor error in computing
?he log of 0.356. But a small error in a log can produce a big error
;1}11 the final answer. Let’s review the problem. To begin, we know

at: ’
log 0.356 _ log (3.56 X 1071

9 9

Setting the hairline at 356 on the D scale, we find on the L scale that
log 3.56 = 0.552.
The log of 107 is, of course, —1, so:

5 — —

?dcéi)ng zero in the form 9.000 — 9 (because we’ll have to divide
v 9):

log 0.356% =

9.000 — 9
—0.448
8552 — O (not 89.448 — 90)
So
log 0.356% = WT"S’ = 0.950 — 1

AT_herefore, .th‘e number we want is the antilog of (0.950 — 1).
Sliding the hairline over 0.950 on the L scale, we read its antilog, 8.91
on the D scale; and antilog —1 = 1071, So Y

0.356% = 8.91 X 107"

I‘f you’re still having trouble, it would be a good idea for you to
review the entire chapter.

If this was just a momentary lapse, return to page 223 and select
the correct answer.

.

TR

235
Lfrom page 231]

your ANSWER: Log 0.0648% = —0.170.

Well, yes, but you've missed the point completely. The purpose
behind adding zero in the form 10.000 — 10, or 7.000 — 7, is to avoid
having to work with a negative logarithm.

Let’s start over. .
We have seen that log 0.0648 = —2 + 0.812, or —1.188. Adding

zero in the form 7.000 — 7:

7.000 — 7
—1.188
5812 — 7
Therefore,
log 0.0648% = w
58127
7
_ 6812 7
77
=0.830 -1

And this is a form we can work with on the L scale, because it gives
us a positive numerical factor between 0 and 1.

It should now be evident why we used 7.000 — 7 instead of 10.000
—10. 7 is evenly divisible by 7, but 10 is not.

Tt’s true, of course, that 0.830 — 1 = —0.170, but that puts us
right back where we started. So the final form we want is

log 0.0648% = 0.830 — 1

Return to page 231 and select the correct answer.
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[from page 2271

YOUR ANSWER: 1,625% = 138.2.

No, this problem is all right. Study the explanation below:
log A™ = m X log A

1 log 4
log A™ = log 4

m log A
log Ar = X084

Therefore,
3 2 2 X log (1.625 X 10°
log 1,625% = 3 X log 1,625 = __><_2§_(_3__,.)

Since log 1.625 = 0.211 and log 10° = 3,
log 1,625 = 0.211 + 3

2% (0.211 +3) 042246
3 B 3

(Use the C and D scales to do the division.) Sliding the hairline
over 0.1406 on the L scale, we read 1.382 on the D scale, so the
antilog of 0.1406 <+ 2 (i.e., the number whose logarithm is 0.1406 4 2)
is 1.382 X 102, or 138.2. That is the correct answer.

In Chapter 3, you learned that the problem could be done like this:

1,625% = (1,625%)%

and log 1,625% =

= 0.1406 + 2

We can say that a hairline reading from any number, N, on the
K scale to the D scale, will give the cube root of N (N%). The
hairline reading from any number on the D scale to the A scale will
give the square of that number. So, if the setting on the D scale is
N3, the reading on the A scale is (N3)2% Therefore, a reading on the
hairline directly from the K to the A scale should give an answer to
the two-thirds power. If you set the hairline at 1,625 on the K scale
you will read 1,382 on the A scale. And, if you estimate correctly,
you will know that the result should be read as 138.2. That checks
with what we got above.

Now, return to page 227 and see whether you can find the error.

Lo

£
B
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237
[jrom page $233

YyoUR ANSWEER: 0.356% = 9.95 X 10710,

No. Evidently you made a major error, after arriving at the loga-

rithm of your answer.
Let’s work the whole problem through.

To begin, we know that:
log 0.356 _ log (3.56 X 107Y)

log 0.356% = — 9 9

Setting the hairline at 356 on the D scale, we find on the L scale that
log 3.56 = 0.552. The log of 107! is, of course, —1, 50t
0552 —1 —0.448
log V0336 = —¢— = "9
Adding zero in the form 0.000 — 9 (because we’ll have to divide
by 9):

9.000 — 9
—0.448
8.552 — 9

So

log 0.356} = 8'—35’2 — 9 =090 —1

Sliding the hairline indicator to 0.950 on the L scale, we read 8.9}
on the D scale. So the antilog of 0.950 is 8.91. The antilog of —
is 107, of course. So

0.356% = 8.91 X 107

If you’re having trouble, it might be a good idea to review this

entire chapter. It begins on page 216.
1f this was just a momentary lapse, return to page 223 and select

the correct answer.

»
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[from page 2271

YOUR ANSWER: This solution is incorrect: 84.9% = 9.21 X 10°

Yes, it is.

Here is the correct solution, step by step. First, we factor 84.9 ag
8.49 X 10". Then reading from D to I scales, we find that the log
of 8.49 15 0.929. Since the log of 10 is 1, the log of 84.9 is 0.929 +- 1
or 1.929. Next, multiplying 1.929 by 5, using C and D, or CI and D,
scales, we get log (84.9)° = 9.645. Now we need the antilog of 9.645
or 9.000 + 0.645. Sliding the hairline to 0.645 on the L scale, wé
read the antilog, 4.42, on the D scale. Since antilog 9.000 = 10°
84.9% = 4.42 % 10°. ,
- The L scale can also be used as a means of checking problems
mvolving combined operations. Remember, the slide rule is simply
a device for physically adding and subtracting distances that repre-
sent logarithms. If you know the logs of the numbers in a problem
you can also add and subtract with paper and pencil. If you shoulci
want to check a problem that seems inaccurate, you can simply find
the logs of all the factors and add or subtract them as appropriate.
The result of these manipulations will be the log of the product.

Thus, the problem:

9.22 X 0.465
0.943
could be solved, or checked, in the following manner:
log 9.22 = 0.965
+log 0.465 = 668 —1
=log sub-product = 1.633
—log 0.943 = 0975 -1

=log product = 0.658

The antilog of 0.658 is 4.55.

The principal uses for the L scale, then, are the computation of
problems involving powers not suitable for handling on the A and
K scales, and the rough checking of problems solved in the normal
Imanner,

The' ne‘xt chapter is a review in which you will be asked to apply
the principles you've learned about slide rule computation to 2 series
of prob!ems. When you’ve completed the review, you will be intro-
duced, in Chapter 7, to trigonometry.

Go on now to page 239,

%
;
!
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CHAPTER 6

Applications

In this chapter, we are going to review the basic slide rule principles,
and practice using the rule on some typical problems. So far, we
have studied two basic principles:

The first is the notion that distance can be used to represent any
measurable quantity, and that by combining distances properly, it is
possible to add and subtract the values they represent.

The second prineiple is that multiplication and division of numbers
can be accomplished by adding or subtracting their logarithms, or
exponents, according to certain fundamental rules.

By joining these principles we can solve problems like this:

An engineer needs to know whether a certain roll of steel can be
shipped on a plane that can accept only 1,600 pounds of additional
freight. The specified steel weighs exactly 505 pounds per cubic
foot. According to the mill foreman, the steel on the roll to be
shipped measures 2,502 feet long, 363 inches wide, and 0.005 inches
thick. Using his slide rule, and the expression

2,502 X 12 X 36.13 X 0.005 X 505
128 ’

the engineer decides that the weight of the roll is under the 1,600
pound limit. Is this decision justified?

Yes, the roll weighs 1,587 pounds. page 242

No, the roll might be over the limit. page 247




240

[from page 2471
YOUR ANSWER: Yes, barely.

Right. 0.0050 has two figures of accuracy, so the engineer would
know that the most the thickness could be is 0.00504 inch. The
corresponding weight would be 1,595 pounds, just under the limit,
with leeway for a heavy label and a few stamps.

As a general rule, when attacking a calculation like this one, it's
best to rearrange the problem for alternate division and multi-
plication. This will usually eliminate re-indexing, and the oppor-
tunity it presents for error. Here is the solution in a minimum
number of steps:

1. Rearrange the problem:

1
2.502 X — .
50! X1‘44><505

L
36.13 * 5.04

2. Index the right end of the CI scale at 2.50 on the D scale.

3. Slide the hairline indicator to 1.44 on the CI scale.

4. Shift 3.61 on the CI scale under the hairline.

5. Slide the hairline to 5.05 on the C scale.

6. Shift 5.04 on the CI scale under the hairline. Read 1.595
on the D scale.

Try to rearrange each of the problems below so that it isn't neces-
sary to re-index. Then choose the correct statement:

This problem can’t be done without re-indexing:

2,470
39.9 X 402 X 0.637

= 0.242. page 244

This problem can’t be done without re-indexing:

1.87 X 0.743 X 3,641 X 19.2 X 102 = 9.91 X 10%. page 248

Both these problems can be done without re-indexing. page 251

|

291
[from page 2611

vour ANswER: The mass of an electron moving at 2.34 X 10%°
cm/sec is 14.8 X 1072 gm.

Very good indeed! ) .
Substituting given values in the equation:

mo 9.28 X 1072
m == ——— =
2 . (2.34 X 10'°)?
1-% (3.00 X 101°)2
0.28 X 10728 0,28 X 10728

B 2.34 X 1010)2 - (2_33&)2
1= (3.00 X 10 3.00
Qlide the hairline to 2.34 on the D sca!e.'

. Shift 3.00 on the C scale under the hairline.

2.34\?
_ Read 60.8 on the A scale at the index. Then (3_06) = 0.608,
9.28 X 107% 928 X 107 '

ad = 0608 1/0.392
4. Slide the hairline to 9.28 on the D scale. _
5. Shift 39.2 on the right-hand B scale under the hairline.
6. Read 1.482 on the D scale at the index of the sliding scale.

o e

So the mass is 14.8 X 1078 gm. Notice that proper use of the
approximation methods we’ve learned was essential in order to place

the decimal point correctly. . _
Here is a one-wrong series using the A and K scale. Which pair

contains the error?

0.452% = 0.0023 } page 245
0.0003692 = 1,36 X 10~7
181,000% = 4.25 X 102 }

) age 249
/0.00286 = 0.142 pag

(753 X 105} = 9.10 X 10° } o 253
/3,970 = 15.83 pae




242

[from page 2391
YOUR ANSWER: Yes, the roll weighs 1,587 pounds.

Your calculations are correct, but the roll still might be too heavy.
Let’s take another look at those measurements.

The roll was reported to be 2,502 feet long. Since it was measured
to a precision of one foot, it could be only about 2,501.5 feet long.
Or—and this is what we’re interested in—it could be as much as
2,5602.4 feet long. Similarly, the width of the roll was given as 363
inches, measured to an eighth of an inch. It might be almost 36+,
or, in decimal form, 36.19 inches. Finally, the thickness of the
roll was measured as 0.005 inches, accurate to one-thousandth of an
inch. It might be very close to 0.0054. This may seem like an error
too small to be significant, but an error of 0.0004 inch spread out
over the entire roll can make a sizable difference in the weight.

Using these maximum possible measurements to calculate the
maximum possible weight of the roll, we find that

2,502.4 X 12 X 36.19 X 0.0054 X 505
123

= 1,715

So the roll might weigh as much as 1,715 pounds, in which case it
would be a full 115 pounds over the 1,600-pound limit.
Now, turn to page 239 to selcct the more appropriate answer.

243
Lfrom page 2631

voUR ANsWER: Yes, this problem can be worked in two shifts of
the sliding scales.
1.688 X 7.75 X 8,540% X 56.23
26.5%
%OC;% probability you could have worked this problem longhand
in the time it took you to find a two-shift procedure.
Here is one solution requiring just two shifts:

In estimating form:
2 X 8X18 X4

= 1,152.
1

Rewritten for alternate division and multiplication:

56.2% X 7.75 X 8,540% _

1 1
—— X 26.5%
1.688 X

On the slide rule:

Slide the hairline to 56.2 on the center K scale.

Shift 1.688 on the CI scale under the hairline.

_ Slide the hairline to 7.75 on the C scale.

Shift 26.5 on the right-hand B scale under the hairline.
_ Slide the hairline to 85.4 on the right-hand B scale.

. Read 9.00 on the D scale.

@UII'-PCO.E\'J!—‘

Then the answer is 900.
Which of these statements is correct? Be sure to read them very

carefully.

To find the square root of 66 without the A scale, inde}f 6'.6 onthe D §cale
with the left-hand index of the CT scale. Slide the han‘vhne to the right,
watching both D and CI scales. Stop at, 8.125, the reading on both scales.

8.125 is the square root of 66. Similarly, V163 = 40.4. page 252

Oceasionally it is desirable to express & decimal fraction as & common
fraction. For example, one setting is all that’s needed to decide that 0.764
50 | 878 100

— or age 258
655 205 131" F

may be represented by



244
[from page 2401

YOUR ANSWER: This problem can’t be done without re-indexing:

2,470

39.9 % 402 % 0.6a7 _ 0242

Yes it can.

2,470 3 2.470 X 10
39.9 X 402 X 0.637  3.99 X 10! X 4.02 X 10% X 6.37 X 107}

2.470
= 3o x 402 X037 X 10

In approximation form,

2 2

1256 X 10! = % X 10! = 0.02 X 10" = 2.0 X 107}

Rearranging the problem so that it can be done without re-indexing:

1
2.470 20X o
3.99 X 4.02 X 6.37  3.99 X 6.37

On the slide rule:

1. SliFIe the hairline to 2.47 on the D scale.
2. Sl}1ft 3.99 on the C scale under the hairline.
3. Slide the hairline to 4.02 on the CI scale.

4. Shift 6.37 on the C scale under the bairli
. airline. Read 2.4
D scale at the index of the C scale. e Zon the

The final answer is 2.42 X 107%, or 0.242.
Return to page 240 and try again.

245
Lfrom page 2411

vour ANsWER: One of these solutions is wrong:
0.452% = 0.0923
0.0003692 = 1.36 X 1077

No, they’re both right. Follow the explanations below:
04528 = (4.52 X 1071 = 4.52° X 1078

The cube of 4.52 will be roughly haliway between 64, the cube of 4,
and 125, the cube of 5. So the complete answer will be approxi-
mately 94 X 1072 To find it, set the hairline indicator at 4.52 on
the D scale, and read 92.3 on the middle section of the K scale. The
answer, then, is 92.3 X 107%, or 0.0923.

0.000360% = (3.69 X 107%)% = 3.69° X 1078

In approximation form, 42 % 107% = 16 X 107%. For the com-
plete answer, set the hairline indicator at 3.69 on the D scale, and
read 13.6 on the A scale. The square of 0.000369, then, is
13.6 X 1078, or 1.36 X 1077

Actually, neither of these problems should have given you any
trouble. Just remember that the A scale, which gives the squares
of the numbers on the D scale, is divided into two identical sections.
The first section is read from 1 to 10, and the second is read from
10 to 100. Similarly, the K scale gives the cubes of the numbers on
the D scale, and is divided into three identical sections, read from
1 to 10, 10 to 100, and 100 to 1,000.

Now return to page 241 for another try.



246
{from page 261]

YOUR ANSWER: A cubic crate whose volume is 37 cubic f :
t
go through a door that is 40 inches wide. ¢ feet will

No, there is a possibility that it won’t. Consi
ot ahete . Consider the measure-
. T%le volume onthe crz%te is given as 37 cubic feet. Since a third
significant figure is not given, we have to assume that it might be as
large as 37.4 cubic feet, or as small as 36.6 cubic feet. By the same
reasoning, the door might be 40.4 inches wide, or only 39.6 inches
wide. We are concerned, of course, with what would happen if the
volume of the crate should turn out to be 37.4 cubic feet, and the
door only 39.6 inches wide. ,
If the volume of the crate is 37.4 cubic feet, its side, s, is given by

s = V'V = v/37.4 cubic feet

fﬁttgg thle ha,sirline indicator at 37.4 on the K scale, we read 3.34 on
e D scale. So the length of one sid .
the D) scale. e of the erate could be as much
doThetnefxt tste% is to convert 39.6 inches, the minimum width of the
or, to feet. Since there are 12 inches i i
o b ches in g foot, we can write the
30.6 inches  z feet
12inches 1 foot

f}?t%lg 3&19.6 gn }:I:he C scale over 12 on the D scale, we read 3.30 on
e C scale at the i i i i
the O feet‘a e index of the D scale. So 39.6 inches is equivalent
Stmc:e the maximum poss:ible length (3.34 feet) of one side of the
gra, els ‘larger.than the minimum possible width (3.30 feet) of the
oor, it is possible that the crate will not go through the door
Return to page 251 and try again. .

247
[from page 2391

vyour ANswER: No, the roll might weigh over 1,600 pounds.

And how!
Using his slide rule, and the values the foreman gave him, the

engineer would compute the weight of the roll as 1,587 pounds.
But let’s look at the measurements he bas to work with.

The roll was found to be 2,502 feet long. Tt was measured to 2
precision of one foot, 0 it could be anywhere from 2,501.5 to 2,502.4
feet long. The width was given as 361 inches, measured to an cighth
of an inch. It could be almost 3643 inches, or, in decimal form,
36.19 inches. The most significant difference, however, is in the
thickness. It was measured as 0.005, accurate to & thousandth of
an inch. It could be as much as 0.0054 inch. Using these maximum
possible values to recaleulate the weight of the roll,

2,502.4 X 12 X 36.19 X 0.0054 X 505
R

You are probably wondering why the difference in the thickness
should be the most significant. Here's the reason: The length and
width were measured with little precision, but they were accurate to
more than three figures. But the value given for the thickness, while
relatively precise, was accurate to only one figure.

In general, the answer to a problem is never more accurate than
the least accurate data. In this case, the calculated weight of the
roll could have varied nearly 300 pounds due to the accuracy of the
thickness measurement alone.

1f the foreman had reported the thickness as 0.0050 inch, and all
other measurements could be assumed accurate, would the engineer
be justified in deciding that the roll weighs less than 1,600 pounds?

Yes, barely. page 240

No, be still can’t be sure. page 250
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from page 2401 [from page 2413 ‘ I} i
YOUR ANSWER: It is necessary to re-index this problem: YOUR ANSWER: One of these problems is wrong: } ; '
1.87 X 0.743 X 3,64:1 X 19.2 X 102 = 9.91 X 108 181 000% - 495 % 10? ’H ‘
3 . I
NO, itr isn’t. ‘3/0-00286 = 0.14:2 ':.i\" “‘: ‘
1.87 X 0.74 I
% 3 X 3,641 X 19.2 X 102 No, they’re both all right. Here’s the way they go:
gl
il

= 1.87 X 7.43 X 3.641 X 1.92 X 1.02 X 108

= 1.87 X 7.43 X 107" X 3.641 X 10° X 1.92 X 10 X 1.02 2 : '
X 102X 10 x 181,000 = (18.1 X 104 = 18.1} X 107
The square root of 18.1 should be slightly more than 4, since “'

In approximation form, ‘ ‘ irli
A 42 = 16, and 5> = 25. For the complete answer, set the hairline ‘|
IXTX4AX2X1X10° =112 X 10° J indicator at 18.1 on the A scale. (Remember that the A scale is “ H:
= 11.2 X 108 divided into two identical sections. The first section is read from 1 “‘iv ;
) S o to 10, and the second is read from 10 to 100.) Then 4.25, the square H |
Rearranging for alternate multiplication and division, root of 18.1, is on the D scale, underneath the hairline. So the '\ ‘|
1.87 X 3.64 X 1.92 complete answer is 4.25 X 10%, or 425. "“ |
1 _ /000286 = 0.00286% = (2.86 X 107%)} = 2.86% X 107" il
On the shide rule, 102" 7.43 The cube oot of 2.86 will be more than 1, since 1° = 1, but less w‘
than 2, since 2% = 8. To find the actual answer, slide the hairline l 1
1. Ir{dex the CI scale at 1.87 on the D scale. indicator to 2.86 on the K scale. (This position is in the left-hand 1
2. Sh@ the hairline to 8.64 on the C scale. ‘ section of the scale, since the three identical sections of the K scale il‘l‘ |
3. S}?lft 1.02 on the CI scale under the hairline. are read from 1 to 10, 10 to 100, and 100 to 1,000.) Then 1.42, the “ 1§
4. Slide the hairline to 1.92 on the C scale. cube root of 2.86, can be read on the D scale. So the ecube root of Bl
5. Shift 7.43 on the CI scale under the hairline. Read 9.94 on the ‘ 0.00286 is 1.42 X 107", or 0.142. hil
D scale at the index of the CI scale. Return to page 241 and try again. ‘||!
The complete answer is 9.94 X 105, !
Return to page 240 for another try. } |




250
Lirom page 2471

YOUR ANSWER: No, he still can’t be sure.

Yes, ‘he can, but not by much. If the thickness is measured st
0.0050 inch, then the most it can be is 0.00504 inch. Using this
figure to recalculate the weight of the roll,

2,502 X 12 X 36.13 X 0.00504 X 505

123
_ 2.502 X 3.613 X 5.04 X 5.05 L
. 1.44 X 10
In approximation form,
2X4X5X5
B X 10" = 200 X 10 = 2.0 X 103

Tt .is _usu.ally best to rearrange this kind of problem for alternate
multiplication and division, in order to eliminate re

o _ ) -indexing and
€ accompanying opportunity for error:

1
2.502 X 3.613 X 5.04 X 5.05 2902 X 144 < 505

1.44 1 1
—_— X —_—
36.13 7 5.04
1. Index the right end of the CI scale at 2.50 on the D
2. Slide the hairline indicator to 1.44 on the CI scale
3. Shift 3.61 on the CI scale under the hairline. ‘
4. Slide the hairline to 5.05 on the C scale,

5. Shift 5.04 on the CI scale under the hairline. Read 1.595 on
the D seale,

scale.

Then the answer is 1.595 X 108 .
. pounds, or 1,595
under the 1,600-pound Jimit, ’ ) Pounds, Just

Now turn to page 247 to select the correct answer,

4

Sute

OIS F St

"
<
¥

251
[from page 2401

YOUR ANSWER: Both problems can be done without re-indexing.

Right you are. However, as you have probably figured out for
yourself, rearranging a problem to avoid re-indexing isn’t always
worth the trouble. You have to use your own judgment: if you can
do the problem, re-indexing just once or so, in half the time it would
take you to find an arrangement that will eliminate re-indexing, go
ahead. Just remember that, as a rule, avoiding re-indexing eliminates
needless opportunity for error.

Now, here are two problems involving the use of the A and K
scales. Only one of the two is strictly correct, although neither is
grossly wrong. Which problem is correct?

The mass (mo) of an electron at rest is 8.28 X 10728 gm. If it is ac-
celerated to a velocity (v) of 2.34 X 10'° cm/sec [the speed of light (¢) is
3.00 X 10’ em/sec], its mass increases to 14.8 X 10728 gm. Use:

mo

h_o
62

A new washer is being shipped to you. The dealer states that its erate
is a cube with a volume of 37 cu. {t. Your door measures 40 inches. Using
your slide rule and the formula volume = gide®, you conclude that the
machine can be uncrated indoors. page 246

m = page 241



252
[from page 243}

YOUR ANSWER: V163 = 40.4.

This isn’t a reasonable answer. If V163 = 40.4, then 40.4% must
be 163. But

40.4% = (4.04 X 10)? = 4.04% X 10* = 16.32 X 10° = 1,632

And clearly V163 can’t be 4.04, because, as we have just seen, the
square of 4.04 is 16.32.

Let’s see what went wrong.

You should remember that the first step in taking the square root
of a number with the aid of a slide rule is to break the number down
into two factors, one a power of 10 whose exponent is a multiple of 2
and the other 2 number between 1 and 100:

163 = 1.63 X 102
Then: 163% = (1.63 X 10%)F = 1.63% X 10

The square root of 1.63 must be more than 1, the square root of 1,
but it must be less than 2, the square root of 4. The final answer,
then, will be between 10 and 20.

Now, set the left index of the C scale at 1.63 on the D scale and
start sliding the hairline to the right. Do you see what’s happening?
The hairline passes 2 on the D scale without reaching a place where
the reading is the same on both the D and CI scales. But we’ve
said that v/1.63 has to be less than 2. The logical conclusion, then,
is that we’re going in the wrong direction.

Accordingly, let’s go to the left. Set the right index of the CI scale
at 163 on the D scale. Slide the hairline to the left, stopping at 1.278,
the reading on both scales. Then V1.63 = 1.278, and V163 =
1.278 X 10 = 12.78.

This problem illustrates an important point: It’s not enough just
to follow directions. To come up with the right answer every time
you have to understand the principles behind the method. With
this in mind, return to page 243 to choose the right answer.
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253
Lfrom page 2411

YOUR ANSWER: One of these problems is incorrect:
(753 X 10%)% = 9.10 X 10°
/3,970 = 15.83

Yes. Here they are: '
Rewrite 753 X 108 as 75.3 X 10°. Then on the slide rule:

1. Slide the hairline indicator to 753 on the center K seale,
Remember, it runs from 10 to 100.

2. Tead 4.22 on the D scale under the hairline. Since the cube
roob of 10° is 103, the cube root of 753 X 10° is 4.22 X 10°
not 9.10 X 10? as shown.

The second is correct:
Rewrite /3,970 as 3.97 X 10%. On the slide rule:

1. Slide the hairline to 397 on the Jeft-hand K scale.

9. Read 1.583 on the D scale under the hairline.
The cube root of 10° is 107, so the cube root of 3,970 is 1.583 X
10, or 15.83, as shown.

Finding roots is really pretty easy. But now try this problem:

1.688 X 7.75 X 8,540% X 56.2%
26.5%

Can you do it in two shifts of the sliding scales?

Yes. page 243

No. page 257



254
Lfrom page 2581

YOUR ANSWER: The balloon will weigh 186 pounds,

No, you've misplaced the decimal poj
y point. Perhaps you misread
the problem. The balloon is to be made of 2, plastic weighing 0.00411
po}lfnds per 100 square feet (not “per square foot™)
th . . . : . -
by e diameter of the balloon is 120 feet, then its area (4) is given
A =71 X (120 feet)?

The weight of the balloon will be found b iplying i
‘ , v multiplying its surface
area by the weight of the plastic, 0.00411 pounds per 100 square

¢ 0.00411 Ib.
eet, or ——————
100 ft.2
0.00411 1b.
ot = 4 X _ >, 0.00411 Ib.
100f2 7 X (12086)2 X 100 £t.2
. ™ X (120 1t.)* X 0.00411 Ib.
100 ft.2
= T X (.2 X 10%t.)? X 4.11 X 10~% Ib.
10% 1.2

The ft.> may be canceled, so
T X127 X 10* 452X 4.11 X 103 b,
10% £
wi. = 7 X 1.2% X 4.11 X 107! Ib.
In approximation form,

Wi =3X1X4X10 . =12 X 107! b, = 1.2 1b.

Rework the problem on i
your slide rule, and then ret :
258 to choose the correct answer., e o page

255
Ifrom page 2611

YOUR ANSWER: Yes, the problem can be done without re-indexing,.

Right. But it isn’t as simple as it looks. In order to get the
decimal point in the right place, we have to make some changes:

wh =7 X 1.2 X 411 X 107t 1b. = 7 X 0.12% X 41.1 X 10°1b,,

or just X 0.122 X 41.1 Ib.
Rearranging for alternate division and multiplication,
T X 41.1

wt. = -‘—1—'— Ib.

0.12%

On the slide rule, slide the hairline to = on the A scale, shift 1.2 on
the CI scale under the hairline, slide the hairline to 41.1 on the right
half of the B scale, and read 1.86 on the A scale.

The conversion from 1.22to 0.122 X 102 is necessary because of
the limitations of the B scale. The B scale will not give the square
of the reciprocal of a number on the CI scale directly unless the

reciprocal is between 1 and 10. —15 is less than 1, but —1—2
1 and 10. 1.2 0.12

Similarly, to locate 4.11 on the B scale, we must go to the left
half of the scale, which in this particular problem turns out to be off
the left end of the rule. 41.1, on the other hand, appears on the right
half of the B scale, and so is accessible.

The problem below also deals with our hypothetical balloon:

The balloon goes into a circular orbit with an average height of
3,250 miles above the earth. If the diameter of the earth is 7,918
miles, how far does the balloon travel in each revolution? (Use the
formula ¢ = = X d.)

is between

35,100 miles. page 259
45,300 miles. page 262

453,000 miles. page 265




256
[from page 2621

YOUR ANSWER: This problem is not correctly solved: The formula
for the volume of a sphere is V=4 X 7 X %, If r = 1.74 inches,
then the volume, V, is 22.1 cubic inches.

Let’s check. If r = 1.74 inches, then

V = 4 X = X (1.74 inches)?
= £ X 7 X 1.742 cubic inches

In approximation form,

1 ‘
4X3gx2 | .
—ST- cu.in, = 4 X 8cu. in, = 32 cu. in.
1
Here is one way to perform the ealculation on the slide rule:

1. Slide the hairline indicator to 1.74 on the D scale. Read 5.29
on the left section of the K scale,

2. Index the B scale at 5.29 on the left section of the A scale.
(529 on the right section would be 52.9, remember, not 5.29.)

. Slide the hairline to = on the B seale,

. Shift 3 on the B scale under the hairline,

. Slide the hairline to 4 on the B scale. Read 22.1 on the right
section of the A scale in line with the hairline.

[ ]

_ The complete answer, then, is 22.1 cubic inches; the given solution
1S correct,

Study this explanation carefully. When you are sure you under-
stand the why and wherefore of the outlined procedure, return to
bage 262 for another try.

i

257
ffrom page 2631

voUR ANsWER: No, the problem can’t be done in two shifts of the
sliding scale.
Yes, it can. Let’s start at the beginning:

1.688 X 7.75 X 8,540% X 56.2%
26.5%

1.688 X 7.75 X (85.40 X 10%)% X 56.2%
= 26.5%

1.688 X 7.75 X 85.4% X 56.2%
- 26.5%

X 10

In approximation form:

2X8XOXA L §.57§ X 10! = 115.2 X 10! = 1,152
5

Rearranged for alternate multiplication and division:

1.688 X 7.75 X 85.4% X 56.2% % 10! = 56.25 X 7.75 X 85.4}
26.5% 1 5
—— X 26.5%
1688

To do the problem in two shifts of the sliding scale:

X 10

1. Slide the hairline indicator to 56.2 on the center section of
the K scale. o

2. Shift 1.688 on the CI scale under the hairline.

3. Slide the hairline indicator to 7.75 on the C scale.

4. Shift 26.5 on the right-hand section of the B scale under the
hairline. _

5. Slide the hairline to 85.4 on the right-hand section of the
B scale. o

6. Read 9.0 on the D scale under the hairline.

The complete answer is 90 X 10!, or 900.
When you can do the problem for yourself, return to page 253 to
choose the correct answer.



258

Lfrom page 2431

YOUR ANSWER: This statement is correct: One setting is all that’s

necessary to decide that 0.764 may be represented as 500 378 100

655 495" 131"
Yes, this is a problem in proportion.
Every rectangle whose width is 0.764 times its length is proportional

to a rectangle with sides 100 X 181. For such similar rectangles,
0.764 is a constant,

In similar fashion, because all squares are similar, the ratio of
length

length to width is al :
ength to wi mawayslwidth

—

. Because all circles are similar, the ratio of circumference to diameter
Is & constant, r = 3.1415027. . .

'Il‘ry the problem below, using the gauge points on the A and B
scales.

An enormous plastic balloon is to be put into orbit and used as g
reflector for radio signals. 1t is to be made of a plastic which weighs
0.00411 pounds per 100 square feet. It is to be 120 feet in diameter,
and the formula for its surface area is A = 7 X d%. What will it weigh?

186 pounds, page 254 I need some help. poge 267

1.86 pounds. page 261

259
[from page 2561

vour ANswER: The balloon travels 35,100 miles in each revolution.

No, but your error was not inn your slide rule calculations. Here
is the problem again: '

The balloon goes into a circular orbit with an average hglght of
3,250 miles above the earth. If the diameter of the earth is 7,918
miles, how far does the balloon travel in each revolution? ‘

You were given the formula ¢ = = X d. In order to use .thls
formula, you needed to determine the total diameter of the orbit of
the balloon. This is where you made your mistake. Let’s look at
a diagram:

BALLOON

Clearly, the diameter of orbit of the balloon is equal to the diameter
of the earth plus twice the average height above the earth:

= 7,918 miles -+ 3,250 miles + 3,250 miles = 14,418 miles
So
¢ = X 14,418 miles = 7 X 1.4418 X 10* miles
In approximation form,
3 X 1.5 X 10* miles = 4.5 X 10* miles = 45,000 miles

Finish the problem for yourself, and then return to page 255 to
choose the right answer,

|

I
m

|




260
Lfrom page 2691

YOUR ANSWER: The maximum safe speed is 628 knots.

Yes. This can be done as a simple proportion. The expression is:

5280 kts.  wzkts.
6080 mph ~ 724 mph
Here is a sketch of the setting:

\

\ /XD_‘_FL
: 28
pNEE RN .\ TS

likMany times you may find it to your advantage to work a problem
e

86.4 X 19.21
634
as a proportion, considering it written as:
& 19.21
86.4  63.4

Here is a sketch of the single setting required.

192 262

NIIE \'@ :
A AL

864

Y

For comparison, here’s the way you’d usually have done it:

1. Slide the hairline to 8.64 on the D scale.

2. Shift 6.34 on the C scale under the hairline.

3. Slide the hairline to 1.921 on the C scale.

4. Read 2.62 on the D scale. The answer is 26.2.

Is this also a solution by proportion?

Yes. page 270 No. page 276

261
[from page 2581

vour answer: The balloon will weigh 1.86 pounds.

Right. You were given the formula A = = X d? for the area of a
sphere, or, in this case, a balloon. The designated diameter was
120 feet, so

A =7 X (120 ft.)?

To find the weight of the balloon, we multiply its surface area by
the weight of the plastic, 0.00411 pounds per 100 square feet:

0.00411 Ib. 0.00411 1b.
.= S o 120 £6.)2 X ——
who = AX =0z =X (120 6.)° X 160 0.2
_w X 122 X 10 6% X 411 X 10~ Ib.
o 102 ft.2

=1 X 122 X 4.11 X 107" Ib.
In approximation form:
wht. =3 X1X4xX101b, =12 X 107 Ib. = 1.21b.
On the slide rule:

1. Index the B scale at = on the A scale.

2. Slide the hairline indicator to 1.2 on the C scale.

3. Re-index the B scale at the hairline.

4. Slide the hairline to 4.11 on the B scale. Read 18.6 on the A
seale under the hairline.

So the complete answer is 18.6 X 107 Ib., or 1.86 Ib.
As we have seen before, it is usually advisable to avoid re-indexing.
Can this problem be done without re-indexing?

Yes. page 255

No. puge 263




262
[from page 2551

YOUR ANSWER: The balloon travels 45,300 miles in each revolution,
Of course. The diameter of the balloon’s orbit is equal to the
diameter of the earth plus twice the average distance above the earth:

d = 7,918 miles + 3,250 miles + 3,250 miles = 14,418 miles.

The distance traveled in one revolution is equal to the circum-
ference of the orbit. The formula for the circumference of a circle
is¢c=r X d. In this case,

= 7 X 14,418 miles = 7 X 1.4418 X 10* miles
In approximation form,
3 X 1.5 X 10* miles = 4.5 X 10* miles

Indexing the C scale at 7 on the D scale and sliding the hairline
to 1.442 on the C scale, we read 4.53 on the D scale. So the distance
traveled in each revolution is 4.53 X 10* miles, or 45,300 miles.

Below are three more problems in which 7 appears. Which of the
solutions is wrong?

The formula for the volume of a sphere is V =% X = X 3% If r is
1.74 inches, then the volume, V, is 22.1 cubic inches. page 256

The surface area of a sphere is given by the formula A = 7 X d2 If
d = 43.1 inches, then A = 1,858 square inches. page 266

The volume of a cone is given by the formula V = 7—; Xr2Xh I

r = 10.5inches and b = 6.26 inches, then V = 724 cubic inches. page 268

263
[from page 2611

YoUR ANSwWER: No, the problem cannot be done without re-
indexing.

Yes, it can, but we have to know exactly what we're doing. In its
simplest form,
wh = 7 X 1.22 X 411 X 107! b.

This can be written as

wt. = Lxli'l—l % 107 Ib.

1.2°

To do this problem on the slide rule, we would first s%ide the hair-
line to = on the A scale. Then we would probably shift 12 on the
CT scale under the hairline, thinking that dividing by 1.2 on thg CI
scale would be equivalent to dividing by the reciprocal of '1.2 on
the B scale. But there is a difficulty here. The‘B scale gives th.e
square of the reciprocal of a CI number directly if the reciprocal is

1 .
between 1 and 10. The value of 192 on the other hand, is less than

1. However, we can change the form of the number so that the
reciprocal is between 1 and 10:

1.22 = (0.12 X 10)? = 0.12% X 10%,
SO .
wt. = 7 X 0.122 X 4.11 X 10" lb.

At this point, another problem comes into sight. A.fter 1.2 on 13he
CI scale is aligned with = on the A scale, we want to slide the halrl}ne
to 4.11 on the B scale. But 4.11 on the B scale is on the left sectlon
of the seale, which turns out to be off the left end of the rule. So we
perform another trick: 4.11 = 41.1 X 107 =0

X 41.1
wh. = 7 X 0.122 X 41.1 X 10° Ib. = T——l—— % 11b.

0.12*

The answer, 1.86, can then be read on the left section of the A
scale, with the decimal point in the right place.
Now return to page 261 to choose the correct answer.




264
[from page 269]

YOUR ANSWER: 854 knots is the maximum safe speed of the air-
craft.

Sorry, it isn’t.
Try this approach:

There is some speed in knots, say x knots, that is exactly the same
as 724 miles per hour. That is:

2 knots = 724 mph
Or, remembering that a knot is a nautical mile per hour,

rn. moi. 724 mi
hr.  hr

For this to be a proper equality, the units should be the same on
both sides. Since nautical miles are not equal to statute miles, we
must convert so that the same units appear on both sides.

There is no trick to this. You've already done it, in fact. A
statute mile is shorter than a nautical mile:

Imi. 5280 ft. . 5280

1n mi. 6080 ft. so lm. = 6080 X 1n. mi.

Substituting this value for 1 mile in the previous expression, the

result is both a proper equality, and an equation from which the
answer can be readily found:

5280
— 4 n., mi.
rn.mi. 6080 i
hr. hr.
or, since a knot is a nautical mile per hour,
5280
.= — 4 kts.
x kts 5080 X 724 kts

Complete this calculation, and if necessary, reread the explanation
before returning to page 269 to choose the right answer.

265
[from page 2561

your AnswrR: The balloon travels 453,000 miles in each revolution.

Evidently you did realize that the diameter of tl_le orbit of the
palloon is equal to the diameter of the earth plus twice the average
distance above the earth. That is,

d = 7,918 miles + 3,250 miles + 3,250 miles = 14,418 miles
But somewhere along the line you managed to acquire an extra

power of 10. Tollow the explanation below and try to see where

u went wrong. '
yOThe given formula is ¢ = = X d, so the distance traveled by the

balloon in one revolution is

¢ = X 14,418 miles = 7 X 1.4418 X 10* miles

In approximation form,
3 % 1.5 X 10% miles = 4.5 X 10* miles = 45,000 miles

So the answer should be roughly 45,000 miles, not 450,000 miles.
For the complete answer:

1. Index the B scale at 7 on the D scale.
9. Slide the hairline indicator to 1.442.on the C.s?ale.
3. Read 4.53 on the D scale in line with the hairline.

So the final answer is 4.53 X 10* miles, or 45,300 miles.
When you are sure you understand your error, return to page 255
to select the correct answer.




266

[from page 2621

YOUR ANSWER: This problem is incorrectly solved: The surface
area of a sphere is given by the formula 4 = 7 X d%. If d = 43.1
inches, then 4 = 1,858 square inches.

You're right; the solution is wrong. Here’s the way it should
have gone:

A=7nX (43.1in.)2 = 7 X (481 X 10in.)? = r X 4.31%2 X 10 in.
Since

3 X 42 X 10%in. = 3 X 16 X 10%in. = 48 X 10%in,,
the complete answer should be roughly 48 X 10% sq. in., or 4,800

8q. in.
On the slide rule:

1. Shift the left-hand B scale index to 7 on the A scale.
2. Slide the hairline to 4.31 on the C scale.
3. Read 58.4 on the A scale.

Then 4 = 5,840 gq. in.

The answer given, 1,858, is simply d?; = was omitted from the
computation.

Quite often you will find it necessary to convert a figure in one
system of units into another system of units, or to different units in a
given system.

Here is the area of the sphere found above, 5,840 square inches,
expressed in terms of square feet and square centimeters. Check
each for acecuracy. Remember, there are 12 inches to a foot and 1
inch is equivalent to 2.54 centimeters.

5,840 square inches = 40.6 sq. ft. = 37,600 cm?,
These are both correct. page 269

There is at least one error. page 275

267
[from page 25681

vour ANswER: I need some help.

Let’s work it out logically. Here’s the problem aga.in: .

An enormous plastic balloon is to be put into orbit. It is to be
made of & plastic which weighs 0.00411 pound per 100 square 'feE?t.
Tt is to be 120 feet in diameter, and the formula for its surface area 1s:
A = 7 X d2. What will be its weight? . .

I the diameter of the balloon is 120 feet, then its area 18

A = 7 X (120 feet)?

The weight of the balloon will be found by multiplying its surface
area by the weight of the plastic, 0.00411 pound per 100 square

feet:

0.00411 1. 5 o, 0.00411 1b.
wt. =4 X To0fRE r X (120 ft.)° X 10062
x X (120 £t.)% X 0.00411 lb.
. 100 ft.2
X (1.2 X 102 £t.)2 X 4.11 X 107%1b.
= 102 ft.2

The ft.2 may be canceled, so
r X 1.22 X 10% 4% X 4.11 X 1072 Ib.
- 102542

wh. = X 1.22 X 411 X 107" Ib.

In approximation form:
wh =3X1X4X10 ' = 12 X 1071 1b. = 1.21b.

Try to work the rest of the problem for yourself. Then return to
page 258 to choose the correct answer.




268
[from page 262}

YOUR ANSWER: This problem is incorrectly solved: The volume

of a cone is gi =T i
given by the formula V = 3 ¥ r? X h. Ifr = 10.5inches

and 2 = 6.26 inches, then V = 724 cubic inches.

Let’s work the problem from th inni i
b e e beginning. If r = 10.5 in., and

™

=3 X (10.5in.)? X 6.26 in.
™ P
=3 X (1.05 X 10in.)* X 6.26 in.

T
of % 1.05% X 6.26 X 10% cu. in.

In approximation form:

1
3

3 X 1 X 6 X 10% cu. in. = 6 X 10% cu. in. = 600 cu. in.
1

On the slide rule:

1. In_dex the B scale at 7 on the A scale.
2. Slide the hairline indicator to 1.05 on the C scale.

3. Shift 3 on the B scale (3 is h ) .
under the hairline. (8 is on the left section of the scale)

4. Slide the hairline to 6.26 on th
' . e B scale (6.26 will
left section of the scale). Read 7.24 on ﬂge A ;Z;lebe on the

So the complete answer is 7.2 i
. . .24 X 10? cu. in., or 724 i
this, of course, is the answer that was given. , cudn. Aud

When you understand the
procedure that was used
answer, return to page 262 for another try. sed fo gt the

269
Lfrom page 2661

YoUR ANSWER: These are both correct:
5,840 square inches = 40.5 £t.2 = 37,600 cm.?

Very good.

While conversion of units s only partly a slide rule problemn, it is
important enough to justify practice whenever possible.

Let’s assume the sphere we've been dealing with is a newly dis-
covered planetoid, and the Department of Agriculture is interested
in recording its acreage.

Reference to a list of conversion factors discloses that 1 acre equals
43560 X 10* square feet. The area of the sphere is 5,840 squate
inches, so it must first be converted to square feet. There are 144
square inches per square foot, so it will be necessary to divide:

. . ‘2 . 1 ft.2
m'2+%=ﬂx}?= ft.2
1

Once again, to get acres:

2 1
2 = L 52X 20T = acres

acres <
1
Combined in a single expression, here is the solution:
1
1846 1 acre
in 2 - —4
5,840 in.* X 1443 F«X 136 % 1041 4 0.31 X 107 acres
1 1

The knot is & unit of speed equal to one nautical mile per hour.
The nautical mile is 6,080 feet instead of 5,280 feet, which is a statute
mile. If the maximum safe speed an aircraft is built to attain is 724
miles per hour, and its indicators read in knots, what figure in knots
should be used?

628 knots. puge 260

854 knots. page 264

Neither of these; the answer should be in knots per hout. page 272

T'm not sure how to start. page 279



270
[from page 2601

YOUR ANSWER: Yes, this is also a solution by proportion.

That’s right.

In a sense, every solution can be considered a proportion.

In this case the proportion is:
63.4 19.21
864 oz ’

x = 26.2

The principal difference is that in a proportion solution, the answer
appears most frequently on the C scale, while the method of alternate
division and multiplication usually gives the answer on the D scale.
Obviously this is immaterial.

The 1. scale has been introduced primarily as an aid in checking
caleulations using tables of logarithms. It can also be used to find
roots of equations of the sort represented by this example:

z® = 8.46
Solving for log z:
log z = 1 log 8.46

From the L scale, the log of 8.46 is 0.927. Taking one-fifth of this,
log z = 0.1854

Again referring to the L scale, we find that the antilog of 0.1854
(i.e., the number whose log is 0.1854) is 1.53. So

T = 8.46% = 1.53

Equations of this sort are not frequently found in most fields.
However, should you find that they do crop up with regularity, you
might consider the purchase of a log-log slide rule, which has scales
especially designed for such operations.

How about this? If z® = 75,300,000, then z = 13.6.

This is correct. page 274
This is not correct. page 277

I don’t know where to start. page 282

271
[from page 277}

YOUR ANSWER: log 8.7018 = 0.939574.

Hold it! You don’t quite have the idea. Let’s start over.
Knowing that log 8.7010 = 0.93957,
and log 8.7020 = 0.93962,

we want to determine the log of 8.7018. Now, the 8 in the fifth
figure of 8.7018 is eight-tenths of 10, the difference betwgen 10 and
20. So the fifth figure of the logarithm we want will be eight-tenths
of the way between 57 and 62. Perhaps you can see it more clearly
like this: \
8.7010 log 8.7010 = 0.93957
8
10

8.7018
8.7020 log 8.7020 = 0.93962

In other words, we need to add some number to the fifth figure of
0.93957, the logaritbm of 8.7010. Let’s call the number to be
added z. Then we can write the proportion

8.z

10 5
from which we see that z = 4. Adding 4 to the fifth ﬁgu‘re of 0.93957
(not tacking 4 on to the end of the logarithm, as you did), or, more
precisely, adding 0.00004 to the logarithm, we get:

0.93957
+ 0.00004

0.93961

So the log of 8.7018 is 0.93961.

Study this explanation until you feel reasonably sure you kpow
what’s happening. Then return to page 277 to choose the right
answer.

5



272
Lfrom page 2691

YOUR ANSWER: Neither of these; the answer should be in knots
per hour.

No, it shouldn’t. A knot is defined as o nautical mile per hour.
Five knots, for example, means § nautical miles per hour, not just
& nautical males.

With this in mind, let’s tackle the problem again.

We are looking for the speed in knots—call it z knots—that is
equivalent to 724 miles per hour. In other words, # knots = 724
miles per hour, or

¢n.mi. 724 mi,
hr. hr.

Now, since 1 mi. = 5,280 ft., and 1 n. mi. = 6,080 ft.,

1mi. 52801t
ln.mi. 6,080 ft.

which becomes

5,280
lmi. =~ . mi.
mi 6,080 X 1n.mi
. 5,280 . S
So we can substitute 6.080 X 1 n. mi. for 1 mile in the expression
cn.mi. 724 mi. i
hr,  hLr. S8
5,280 .
s 6,080 X 724 n, mi.
hr. hr.
or, mare simply,
5,280
knots = —— .
2 knots 6,080 X 724 knots

Complete the calculation. Then return to page 269 to select the
right answer.

O RN

273
[from page 2771

YOUR ANSWER: Log 8.7018 = 0.93961.

Good.
Here again, the principle of proportion is the key.
g log 8.7010 = 0.93957 .
10 log 8.7018 = 0.93961 5

log 8.7020 = 0.93962

Since the number given, 8.7018, is eight-tenths of the way between
the last figures of the table values, its logarithm is also at about
eight-tenths of the interval between the logs of these values.

z 8
5 10

A similar example from the other end of the tables will give you
an idea of the value of the slide rule in interpolation: Find log
1.2157.

From the tables:

fog 1.2150 = 0.08458

log 1.2160 = 0.08493

The difference is found to be 0.00035, or 35 in the fifth figure.
Multiplying 35 by 0.7, the proportional increase is 24.5 or 25. Then

log 1.2157 = 0.08458 4- 0.00025 = 0.08483

Frequently the problem is reversed: given the log of a number,

find the number.
As an example of this sort of problem, what is the antilog of

0.08467°?
Antilog 0.08467 = 1.2153. page 278
Antilog 0.08467 = 1.2157. page 280

I don’t understand. page 283



274
[from page 2701

YOUR ANSWER: It's correct that if 2° = 75,300,000, then z = 13.6.

No, it’s wrong. Follow the procedure below, and try to discover
where you got lost.
If 2% = 75,300,000, then

log 2® = log 75,300,000
6 X log z = log 75,300,000
_ log 75,300,000
6
_ log 7.53 + log 107
6

Setting the hairline at 7.53 on the D scale, we read 0.877 on the
L seale, so

log

log =

0.877 + 7

loge = —F
6
log 2 7.877
0g L= —
log 2 = 1.313

Therefore, z = antilog 1.313

If this confuses you, remember that the antilog of 1.313 is simply
the number whose logarithm is 1.313. 1.313 = 0.313 + 1, so we
know that

: z = 10 X antilog 0.313.

This should make sense to you, because 10 is the number whose
logarithm is 1, and antilog 0.313 is the number whose logarithm is
0.313. To find the antilog of 0.313, just set the hairline at 0.313 on
the L scale, and read the antilog on the D scale.

Complete the problem and then return to page 270 to choose the
right answer,

R AP W AN S e T

275
Lfrom page 2661

YOUR ANSWER: There is at least one error in the expression

5,840 sq. in. = 40.6 sq. ft. = 37,600 sq. em.

Sorry, but both of these relationships are right. Let's check
them out.

First, there are 12 inches to 1 foot, which means that 1 square
foot, or 1 ft.2, is equal to 12 in. X 12in., or 144in.2. Therefore, if we
divide 5,840 in.? by 144 in.?, the result will be the number of square
feet in 5,840 square inches.
5840in2  xft.2

144in2 ~ 1ft.2

6 % 10%
1.5 X 10%

In proportion form,

Estimating the answer, =40 X 10' = 40

On the slide rule,

1. Slide the hairline indicator to 1.44 on the D scale.
9. Shift 5.84 on the C scale under the hairline, and read 4.06 on
the C scale at the index of the D scale.

So the complete answer is 40.6 £t.%, as given.

Similarly, there are 2.54 centimeters to an inch, so 1 in.? is equiva-
lent to (2.54 em.)?, or 2.54% em.2. The ratio of 5,840 in.? to 1 in.?
must be equal to the ratio of the number of centimeters in 5,840
in.? to 2.542 cm.2, the number of square centimeters in 1 in.%:

5840in.*  zom.”?
1in2 = 2542 cm.?’
Complete this operation on your slide rule. Then return to page
266 to choose the correct answer,

or zem.? = 5840 X 2.54% cm.?




276
[from page 2601

YOUR ANswEkR: No, this is not a solution by proportion.

Isn’t it? Let’s review the directions given:

1. Slide the hairline to 8.64 on the D seale.
2. Shift 6.34 on the C scale under the hairline.

3. Slide the hairline to 1.921 on the C scale. Read 2.62 on the
D scale.

Now look at a diagram showing the setting that is the result of
this procedure:

[
=6 &
3
1 1
(2s2) feon) 1|
/ / N
In this setting, 6.34 on the C scale is over 8.64 on the D scale, and

1.921 on the C secale is over 2.62 on the D scale. Compare this setting
with the first one we looked at:

1821 262
] 3
1 : 1
T
1

You should be able to see that the top setting is essentially the
same as the bottom one, but with the roles of the C and D scales
reversed. So the procedure you were asked about can be considered
a solution by proportion.

Study the diagrams until you're sure you understand the relation-

ship between them. Then return to page 260 to choose the correct
answer,

277
[from page 2701

your ANSWER: (13.6)° # 75,300,000.
Yes, there is an error.
Writing 2% = 75,300,000 in terms of logs:
6 X log = log 75,300,000
log z = % log 75,300,000
From the L scale, log (7.53 X 107) is 7.876. Dividing by 6:
logz = 1.313

Looking up 0.313 on the L scale, we read 2.055, or, to three figures,
2.06, on the D scale. So z = 2.06 X 10, or 20.6, and

20.6° = 75,300,000

Most tables of logarithms used are printed to five-figure accuracy;
the logarithms are called five-place logarithms. Data which is itself
piven to five figures can be operated on with no significant loss of
accuracy, although it is necessary to interpolate to arrive at the
lifth figure.

Interpolate is virtually synonymous with estimate in the sense
we've used the term. With the slide rule, you’ve had to estimate the
third figure by mentally dividing the space between marks and
pauging where the hairline lies in relation to them.

A similar procedure is used with log tables. For instance, suppose
we want to find the log of 8.7018. From a log table, we find:

log 8.7010 = 0.93957
log 8.7020 = 0.93962

Bearing in mind that the difference in the logs is 5 in the fifth
ligure, and that the number whose log you are trying to find is eight-
tenths of the way between the given values, 8.7010 and 8.7020, what
i its log?

log 8.7018 = 0.939574. page 271
Jog 8.7018 = 0.93961. page 273

I need some help. page 281



278
[from page 2731

YOUR ANSWER: The antilog of 0.08467 is 1.2153.

Yes.

This log differs from the preceding value by 9 in the fifth figure.
Since the interval is 35, its antilog will be & of the distance between
1.2150 and 1.2160. The proportion is:

@ 9

10 35
Solving this gives 2 = 2.6 or 3 in the fifth figure. Adding this
amount, the antilog of 0.08467 is 1.2153.

log 1.2150 = 0.08458
log 1.2153 = 0.08467
log 1.2160 = 0.08493

By now, you should have an excellent grasp of the principles on
which the slide rule is based, and considerable practice in the use of
the primary scales as well. In addition, you have used the slide rule
in applications similar to those which are likely to arise in the course
of your studies or work.

The remainder of this book concerns itself with the application
of the basic slide rule principles to trigonometry, for which the rule
is admirably suited.

Again, no previous experience with the subject matter is assumed.
The very fact that you’ve come this far is enough to assure you that
trigonometry will hold no terrors for you. Even though you may
never again use the slide rule in similar situations, the practice the
concluding chapters will afford is sufficient, justification to continue.
After all, practice is now the only limiting factor in your mastery
of the slide rule.

Chapter 7 begins on page 284.

279
Ifrom page 2691

YOUR ANSWER: I'm not sure how to start.

Try this approach: .
Th};re is some speed in knots, say = knots, that is exactly the same

s 724 miles per hour. That is:
2 knots = 724 mph

Or, remembering that a knot is a nautical mile per hour,

zn.omi. 724 mi.

hr. hr.

For this to be a proper equality, the units should be the same on
both sides. Since nautical miles are not equal to staﬁute miles, we
must convert so that the same units appear on both S{des..

There is no trick to this. You’ve already done it, in fact. A
statute mile is shorter than a nautical mile:

5,280

Imi, 52801t . .
=2 vy s0 lmi =-—"— X 1ln mi
1n. mi. 6,080 ft. 6,080

Substituting this value for 1 mile in the previous expressi?n, the
result is both a proper equality, and an equation from which the
answer can be readily found:

5,280 X 724 n. mi.
zn.mi. 6,080
hr. hr.
or, since a knot is & nautical mile per hour,
5,280
L= X 724 kts.
x kts 6.080

Complete this caleulation, and if necessary, reread the explanation
hefore returning to page 269 to choose the right answer.

»



280
{from page 2731

YoUr ANSWER: The antilog of 0.08467 is 1.2157.

No, you made a slip. Here is the whole procedure.

Knowing that log 1.2150 = 0.08558,

and log 1.2160 = 0.08493,

we want to find the number whose logarithm is 0.08467.
Since 93 — 58 = 35,

and 67 —58 = 9,

the number will be % of the way between 1.2150 and 1.2160. The
proportion we need is;

z 9

10 35

From this we see that z = 2.57, or, rounded off to two figures,

z = 2.6. So we should add 2.6 to the fifth figure of 1.2150 (not
subtract it from the fifth figure of 1.2160). What we are really
doing, of course, is adding 0.00026 to the entire number:

1.2150
-+ 0.00026

1.21526
So the antilog of 0.08467 is 1.2153, rounded off to five-figure
aceuracy.

Study this explanation carefully before you return to page 273 to
answer the question correctly.

281
[from page 2773

YOUR ANSWER: I need some help.

Well, let’s start at the beginning.
Knowing that log 8.7010 = 0.93957,
and log 8.7020 = 0.93962,

we want to determine the log of 8.7018. Now, the 8 in the fifth
figure of 8.7018 is eight-tenths of 10, the difference between 10 and
20. So the fifth figure of the logarithm we want will be eight-tenths
of the way between 57 and 62. Perhaps you can see it more clearly
like this:

8.7010 log 8.7010 = 0.93957
8
8.7018 10

8.7020 log 8.7020 = 0.93962

Tn other words, we need to add some number to the fifth figure of
0.93957, the logarithm of 8.7010. Let’s call the number to be
nilded z. Then we can write the proportion

8 _z

10 5
[rom which we see that z = 4. Adding 4 to the fifth figure of 0.93957
or, more precisely, adding 0.00004 to the logarithm, we get:

0.93957
+ 0.00004
0.93961

So the log of 8.7018 is 0.93961.

Study this explanation until you feel reasonably sure you k?ow
what’s happening. Then return to page 277 to choose the right
nnswer,

5



282
[from page 2701

Your ANSWER: I don’t know where to start.
If a® = 75,300,000, then

log 2% = log 75,300,000
6 X log z = log 75,300,000

log 7 = Yog 75,300,000
6
7
log z = log 7.53 ;— log 10

Setting the hairline at 7.53 on the D scale, we read 0.877 on the
L scale, so

0.877 47
logz = ——
6
log 2 — 7.877
8 6
log z = 1.313
Therefore, z = antilog 1.313

If this confuses you, remember that the antilog of 1.313 is simply
the number whose logarithm is 1.313. 1.813 = 0.313 + 1, so we
know that

z = 10 X antilog 0.313.

This makes sense, because 10 is the number whose logarithm is 1,
and antilog 0.313 is the number whose logarithm is 0.813. To find
the antilog of 0.313, just set the hairline at 0.313 on the L scale, and
read the antilog on the D scale.

Complete the problem and then return to page 270 to choose the
right answer,

283
[from page £731

vyour ANSwER: I don’t understand.

Let’s begin by restating the problem.
We know that log 1.2150 = 0.08458,
and log 1.2160 = 0.08493.

We want to find the antilog of 0.08467. That is, we want to
find the number whose logarithm is 0.08467.

Looking at the given numbers and their corresponding logarithms,
we can see that the number we want must be between 1.2150 and
1.2160. In fact, it must be s% of the way between them, because

0.08493 — 0.08458 = 35,
and 0.08467 — 0.08458 = 9

The difference between 1.2150 and 1.2160 is 10 in the fifth place.
So, letting z represent, the value we need to add to 1.2150 to arrive
at the desired antilog,

z_9
10 35
L%
35
x = 2,57,
or, to two figures, z = 2.6

Therefore, we want to add 2.6 to the fifth figure of 1.2150. More
precisely, we want to add 0.00026 to the number 1.2150:

1.2150
-~ 0.00026

1.21526

The antilog of 0.08467 is 1.21526, or rounding off to five figures of
neeuracy, 1.2153.

Study this solution carefully. Then, if you feel you understand
the method that was used, return to page 273 to choose the right
nnswer. If you still feel uncertain, return to page 277 for some
review.
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CHAPTER 7

Trigonometry

As the name implies, trigonometry is a specialized branch of
geometry which has to do with triangles. Trigonometry can be used
to find whose lot a fence is on, how far it is to Mars, the speed and
location of ships at sea, or the stress on a girder in the Brooklyn
Bridge.

While the problems we will deal with in this chapter are necessarily
straightforward, the techniques you will learn can be extended to
more complex and even apparently unrelated situations. The follow-
ing is a typical problem in practical trigonometry.

Two ocean liners passed at sea, one headed south and the other
east. The captain of the southbound vessel—which was making 14
knots—wanted to know the speed of his competitor. From compass
readings that showed the second ship was maintaining a constant
bearing of 36° off his stern, the captain was able to determine that
the other ship was making 10.2 knots. (See diagram below, left.)

e 3

w E T_

But let’s begin with a simple one! A college student found an
acquaintance who was willing to bet that the height of the campus
flagpole couldn’t be determined without measuring it. The student
paced off the shadow of the flagpole, finding it to be 60 feet long.
He stood a 12-inch ruler on end and found its shadow to be 18 inches
long. How high is the flagpole? (See diagram above, right.)

40 feet. page 288 70 feet. page 291 90 feet. page 294

285
[from page 2881}

vour ANswER: The hypotenuse of the smaller triangle is 21.6
inches.

Yes. Letting the hypotenuse of the smaller triangle be labeled
¢1, you could have used either of two proportions:

[ 72.1 ft. v Cy =72.1 ft.
2. 40f6. O 18in. 60 ft.

The answer comes out the same:
¢, = 21.6 inches.

In any group of similar triangles, the ratio of corresponding sides
remaing constant, i.e., the same. The three triangles below are
similar. Notice that the ratio of the a side to the b side is the same
in all three cases.

bi=4 bz=8 bs=i2
92 % 6.3 8. 9.3,
by 4 b 8 4 bs 12 4

However, we can’t say that every triangle is similar to every other
iviangle. In fact, not even all right triangles are similar. Tt'sa little
more complicated than that.

So before we go any further, let’s make sure we’re clear on some
hasic ideas and definitions from geometry. As a start, choose the
one incorrect statement below:

The sum of the angles of & triangle is 180°. page 289

An acute sngle is an angle of less than 90°; an obtuse angle is an angle of
more than 90°. page 293 -

A right triangle contains one 90° angle, one acute angle, and one obtuse
angle. page 296

"There are 360° in a complete circle, 60 minutes in a degree, and 60
wesonds In a minute. page 299



286

{from page 289]
YOUR ANSWER: Angle z = 30°,
No, you missed the boat. Let’s attack the problem logically.

'First, we know that the sum of the angles of any triangle is 180°,
With this in mind, look at the triangle again:

xo

] 30°

The boxlike symbol in the lower left angle signifies a right angle—
an angle of 90°. And we are also told that one of the other angles is
30°. So we know the values of two of the triangle’s three angles.
The third can be found from the relationship

z -+ 30° 4+ 90° = 180°
from which we see that
z = 180° — 90° — 30°

When you have completed the indicated subtraction, you can
check your answer by adding it to the two known angles. The sum,
of course, should be 180°. If you had checked your first answer this
way, you would have found that

30° + 30° + 90° = 150°

instead of the desired 180°.
Now complcte the calculation, check your answer, and then re-
turn to page 289 to make the correct choice.

287
[from page 298]

YOUR ANSWER: Angle z = 30°.

No, you missed the boat. Let’s attack the problem logically.
First, we know that the sum of the angles of any triangle is 180°,
With this in mind, look at the triangle again:

xo

] 30°

The boxlike symbol in the lower right angle signifies a right angle—
nn angle of 90°. And we are also told that one of the other angles is
30°. So we know the values of two of the triangle’s three angles.
The third can be found from the relationship

z + 30° + 90° = 180°

from which we see that
z = 180° — 90° — 30°

When you have completed the indicated subtraction, you can
check your answer by adding it to the two known angles. The sum,
of course, should be 180°. 1If you had checked your first answer this
way, you would have found that

30° 4+ 30° + 90° = 150°
instead of the desired 180°.

Now complete the calculation, check your answer, and then re-
lurn to page 293 to make the correct choice.



288
[from page 284}

YOoUR ANSWER: The flagpole is 40 feet high.,

Very good.

Because the shadow of the rule is just half again as long as the
rule, the student concluded that the shadow of the flagpole is half
again its height. Though he found the solution mentally by multi-
plying the length of the flagpole’s shadow by two-thirds, essentially
he was applying the principle of proportion:

length of pole _ length of ruler
length of pole’s shadow  length of ruler’s shadow ’
x  12in
or 60ft. 1Sin.

where z is the length (or height) of the flagpole.

1f a line is drawn from the top of the ruler to the end of its shadow,
and the same is done with the flagpole and its shadow, two triangles
are formed. These triangles are called right triangles because one
angle of each is a “square corner,” an angle of exactly 90 degrees.

12 in.

I8 in.

40 ft,

60 ft.

Looking at these triangles, we see that they are similar. In terms
of geometry this means that their sides are proportional. In ordinary
language, the triangles are of the same shape, though not of the same
size. As you probably recall, the side of a right triangle that is
opposite the right angle is called the hypotenuse of the triangle.

Use the proportion principle (and your slide rule, of course) to
find the length of the hypotenuse of the smaller triangle if that of
the larger is 72.1 feet.

21.6 inches., page 285 27 inches. page 292 150 inches. page 297

289
[from page 2851

vour ANSWER: This statement is incorrect: The sum of the
angles of a triangle is 180 degrees.

No, the statement is right. Let’s make sure you’re familiar with
all the terms involved. ‘ )

First, angles are measured in terms of degrees (%), mmute's ),
and seconds (/). There are 360 degrees in a full circle, 60 mmutesl
in a degree, and 60 seconds in a minute. An angle .1abeled 52° 16
31" for instance, is an angle of 52 degrees, 16 minutes, and 31
seconds,

An acute angle is an angle of less than 90 degrees; and an obtuse
angle is an angle of more than 90 degrees:

RN

R ' OBTUSE ANGLE
50° OR RIGHT ACUTE ANGLE
ANGLE

Though we will not take the time to do it here, it can be proved
ihat if we measure all three angles of any triangle, and add these
Ihree measurements together, the resulting sum will be 180°. This
il o very useful relationship. For example, what is the size of angle
« of this triangle?

XD

] 30°

x = 30°. page 286

& = 45°, page 295

x == 60° puge 298



290
[from page 293}

YOUR ANSWER: Angle 2 = 45°
No, you missed the boat. Let’s attack the problem logically.

First, we know that the sum of the angles of any triangle is 180°.
With this in mind, look at the triangle again:

XO

30°

The boxlike symbol in the lower left angle signifies a right angle—
an angle of 90°. And we are also told that one of the other angles
is 30°. So we know the values of two of the triangle’s three angles.
The third can be found from the relationship

z =+ 30° 4 90° = 180°
from which we see that
x = 180° — 90° — 30°

When you have completed the indicated subtraction, you can
check your answer by adding your result to the two known angles.
The sum, of course, should be 180°, If you had done this with the
answer you selected, you would have found that

45° 4 30° + 90° = 165°

instead of the desired 180°.
Now complete the calculation, e¢heck your answer, and return to
page 293 to make the correct choice.

o

JE——

201
[from page 284]

your anxswir: The flagpole is 70 feet high.

No. And this looks like a guess. Here is the diagram again:

i d 2 half times as long as the

Clearly, the ruler’s shadow is one an : _
ruler. The logical conclusion, then, 18 that the ﬁagpf)le 8 '.shad(ziwf is
o half times the height of the flagpole. Letting « stand Ior

one and
the height of the flagpole, then,
60 ft. _ 18in.
x  12in,

18in. _ % (which is just 13, of course),

And since 2

60 ft.

3
x 2
2 X 60 ft.
3
cen the rule and its shadow might also be
e ruler is two-thirds as long as its shadow.
ok like this:

T =

The relationship betw
expressed this way: Th !
Then the appropriate proportion would lo

z 2 N
60ft. 3
2 % 60 ft.
g=—g

i i the same. Complete the
Either way, the final answer will be
calculation a,n::l then return to page 284 to choose the correct answer.



292
[from page 2881

YOUR ANSWER: The hypotenuse of the smaller triangle is 27 inches.

No, you're way off the track. Let’s label the sides of the triangles
for easy identification and examine them more closely.

ce 72| f1, a=40 4,
c.’? O.=‘2 in

bi=I8in. b=60 ft,

As we've seen before, these triangles are similar because their
sides are kuown to be proportional. That is,

40 ft. _ 12 in. e o
60ft. 18in.” O b By

To put it another way, similar triangles are triangles in which
the ratios of corresponding sides are the same. Corresponding sides,
of course, are sides that occupy the same relative position. In the
given triangles, side a (the flagpole) corresponds to side ay (the
ruler), and side b (the flagpole’s shadow) corresponds to side by
(the ruler’s shadow). Extending this reasoning a little further, we
see that side c, the hypotenuse of the larger triangle, corresponds to
side ¢;, the hypotenuse of the smaller triangle.

In terms of the labels we've assigned, then,

§= ;_;, and also 5 p
Using the second of these proportions, and inserting the known
values, we get

7218 o 72.1 X 12in,
0% 12, Othat a= 40

Study the explanation, complete the calculation, and then return
to page 288 to choose the correct answer. :

TS S

293
Lfrom page 2851

YOoUR ANSWER: This statement is not correct: An acute angle is
an angle of less than 90 degrees; an obtuse angle is an angle of more
than 90 degrees.

No, the statement is right. Let’s make sure you're familiar with
all the terms involved.

First, angles are measured in terms of degrees (°), minutes ('),
and seconds ('/). There are 360 degrees in a full circle, 60 minutes
in a degree, and 60 seconds in & minute. An angle labeled 52° 16’ 31"/,
for instance, is an angle of 52 degrees, 16 minutes, and 31 seconds.

An acute angle is an angle of less than 90 degrees; and an obtuse
angle is an angle of more than 90 degrees:

N

S0% OR RIGHT ACUTE ANGLE OBTUSE ANGLE

ANGLE

Though we will not take the time to do it here, it can be proved
that if we measure all three angles of any triangle, and add these
three measurements together, the resulting sum will be 180°. This
is a very useful relationship. For example, what is the size of angle
2 of this triangle?

xo

—| 30°

2 = 30°. page 287

z = 45°. page 290

x = 60° page 300



294
[from page 2841

Your ANswER: The flagpole is 90 feet high.

No, it isn’t. Look at the diagram again:

!

X
1
12 4
#_ 66'
28

We notice that the shadow of the rule is one and a half times as
long as the rule itself. The logical conclusion, then, is that the
shadow of the flagpole is one and a half times the height of the flag-
pole. In other words,

60ft. 18in.

zr  12in.

where x represents the height of the flagpole. Then, since
18 in.

3
ol (which is just 13, of course),

12 in.
60ft. 3
z 2
.= 2 X 60 ft.
3
Evidently you reversed this relationship, using the incorrect
18 in.

. T
tion ——— = .
Proporion en . = 121,

told you that your answer was wrong. Since the ruler is shorter than
its shadow, it stands to reason that the flagpole must be shorter than
its shadow, not longer.

Complete the calculation with the correct proportion. Then
return to page 284 to choose the right answer,

But plain old horse sense should have

205
[from page 289]

YOUR ANSWER: Angle x = 45°

No, you missed the boat. Let’s attack the problem .logica.llly. .
First, we know that the sum of the angles of any triangle is 180°.
With this in mind, look at the triangle again:

XO

"] 30°

The boxlike symbol in the lower left angle signifies a right a,ngle-f—
an angle of 90°. And we are also told that one of the other angles is
20°. So we know the values of two of the triangle’s three angles.
'I'he third can be found from the relationship

z -+ 30° + 90° = 180°

from which we see that
r = 180° — 90° — 30°

When you have completed the indicated subtraction, you can check
your answer by adding your result to the two known. angles. The
yuim, of course, should be 180°. 1f you had done this with the answer
you selected, you would have found that

45° + 30° + 90° = 165°

instead of the desired 180°.
Now complete the caleulation, check your answer, and return
lo page 289 to make the correct choice.




296
{from page 2851

YOUR ANSWER: This statement is incorrect: A right triangle con-
tains one 90° angle, one acute angle, and one obtuse angle.

Of course it’s wrong. The sum of the angles of any triangle is 180
degrees. A right triangle is defined as a triangle in which one of the
angles is 90 degrees, so the sum of the other two angles must be
180 degrees minus 90 degrees, or 90 degrees. Kach of the two angles,
then, must be less than 90 degrees. Angles of less than 90 degrees
are called acute angles, so both must be acute. (An obtuse angle, as
you recall, is an angle of more than 90 degrees.)

90° ANGLE
I° ANGLE (right)
{acute)

135° ANGLE

(obtuse) 360° ANGLE
{round)
30° ANGLE
(acute)

You should also remember that there are 360° (degrees) in a com-
plete circle, 60" (ménutes) in & degree, and 60’/ (seconds) in a minute.
Circles have been marked off into 360 equal parts since ancient times,
when the solar year was thought to be 360 days, and calendars were
made in circular form.

Sometimes 1t is more convenient to deal with fractions of degrees
in decimal form. Any portion of a degree expressed in minutes and
seconds has its decimal equivalent. For example, 32° 12’ is equiva-
lent to 32.2°.

How would you write 51° 50’, expressing 50 as a decimal fraction
of a degree?

51° 50" = 51.5°. page 301
51° 50’ = 51.64°. poge 303

51° 50’ = 51.83°, page 307

297
{from page 288)

youk Answer: The hypotenuse of the smaller triangle is 150
inches.

No, it isn’t. Let’s label the sides of the triangles for easy identifica~
tion and examine them more closely.

c=72.1 §, g= 40 ft

b, =18 in. b=60 ft.

As we've seen before, these triangles are similar because their
sides are known to be proportional. That is,

ot _ 12in.
60ft. 18in.

To put it another way, similar triangles are triangles i¥1 wh.ich the
ratios of corresponding sides are the same. Corresponding mdesl, of
course, are sides that occupy the same relative pos%tion. In the given
triangles, side o (the flagpole) corresponds to 51d-e a; (the ruler?,
and side b (the flagpole’s shadow) corresponds to side by (the rulefr 8
shadow). Extending this reasoning a little further, we see that side
¢, the hypotenuse of the larger triangle, corresponds to side ¢i, the
hypotenuse of the smaller triangle.

In terms of the labels we've assigned, then,

a1

e _
or p=g

c_a c_a

5 by » and also o

Using the second of these proportions, and inserting the known
values, we get

ot

72.1 X 12in.
72.1 ft. _ _L s sothat ¢ =—7~—"—
40, 12in. 40

Study the explanation, complete the calculation, and then return
to page 288 to choose the correct answer.



298
[from page 2891

YOUR ANSWER: Angle z = 60°.

Right. Here is the given triangle again:

X

] 300

Two of the angles are known: 90° and 30°. Since the sum of the

angles of any triangle is 180°, the value of angle  must be given by
the expression

z 4+ 90° + 30° = 180°
from which we see that z = 180° — 90° — 30°

= 60°
And this answer checks:

60° + 90° + 30° = 180°

Actually, as you may have noticed, the value of angle z could be
found by subtracting 30° from 90°, because 180° — 90° = 90°. 1In
any right triangle the value of either of the two non-right angles may
be found by subtracting the other from 90°.

Now, remembering that an acute angle is less than 90° and an
obtuse angle is more than 90°, return to page 285 for another try.

299
[from page 2851

YOUR ANSWER: This statement is not correct: There are 360
degrees in a complete circle, 60 minutes in a degree, and 60 seconds
in g minute.

No. Since ancient times (when the solar year was thought to be
360 days and calendars were made in circular form), for measuring
purposes circles have been divided into 360 equal parts which we
now call degrees. When we measure an angle, we consider its vertex
to be at the center of a circle. We extend its sides so that they eross
the circumference, and say that the measure of the angle is the
number of degrees in the arc cut by the sides.

————e— 4
| DEGREE 45 DEGREES ( }360 DEGREES

Notice that the size of the circle makes no difference. A one-
degree angle will intersect g5 of the circumference of any circle
with the same center.

For greater accuracy in measuring angles, the degree is divided
into sixtieths. One-sixtieth of a degree is called a msnute. Con-
sequently, there are 60 minutes in a degree. Similarly, the minute
is also divided into sixtieths. One-sixtieth of a minute is called a
second. So there are 60 seconds in a minute.

The symbol for degree is °; the symbol for minute is ’, and the
symbol for second is /. For instance, an angle labeled 31° 52" 17"
is read as an angle of 31 degrees, 52 minutes, and 17 seconds.

Study the diagrams and explanation carefully. Then return to
page 285 for another try.



300

[from page 2931
YOUR ANSWER: Angle z = 60°,

Right. Here is the given triangle again:

XO

30°

Two of the angles are known: 90° and 30°. Since the sum of the
angles of any triangle is 180°, the value of angle x must be given by
the expression

z 4 90° 4 30° = 180°
from which we see that x = 180° — 90° — 30°

x = 60°
And this answer checks:

60° + 90° 4- 30° = 180°

Actually, as you may have noticed, the value of angle # could be
found by subtracting 30° from 90° because 180° — 90° = 90°. In
any right triangle the value of either of the two non-right angles
may be found by subtracting the other from 90°.

Now, remembering that an acute angle is less than 90° and an
obtuse angle is more than 90°, return to page 285 for another try.

301
[from page 2961

vOUR ANSWER: 51° 50’ = 51.5°.

No. Let’s begin by analyzing the example given on the last page:
32°12' = 82.2°

"I'hin means, of course, that 12 minutes (or 12”) is equivalent to two-
tonths of a degree (or 0.2°). .

Now, we know that 60 minutes (not 100 mmutes). equal 1 degree.
In wymbols, 60’ = 1°. Considering the conversion in terms of pro-
portion, then, we can write
12" 0.2° «— decimal fraction of a degree equivalent to 12 minutes
60 " 1.0° e— equivalent, in degrees, of 60 minutes

We can use this same kind of relationship to find the decimal
Irnction of a degree equivalent to 50’

50" x <— the desired decimal fraction of a degree
60’ 1.0°

Nolving for a:

X 1.0°

3
=%
0.8333333. . .°

x
Rounding off to two figures,
z = (.83°
In other words, 50’ = 0.83°, so that
51° 50" = 51.83° (not 51.5°)

Study this conversion carefully. Then return to page 296 to
choose the correct answer.



302

[from page 305]

YOUR answiR: This statement is incorrect: If
. i ¢ I you were asked t
find the side adjacent to the 33.7° angle in a right triangle, and onl;:

the side opposite the angle were speci i
pecified, it would b
for you to find the hypotenuse first, © necessary

Right. The proportion prin- a 0.555
ciple can be used directly. 81.4  0.832

Here is the proportion you need ‘ ’
to find the opposite side of a _. 0.555
triangle in which the adjacent ¢= 0.832 X 8l4

side is known.
a = 0.667 X 81.4 = 54.2

1.000 0.555

pdd R
0.832 84

'I_‘his adds -anotber constant to our collection, 0.667, the ratio of the
side opposite the 33.7° angle to the side adjacent to that angle.

a_ 0555 0.667
b 0832

Wfa have quite a bit of information about one kind of triangle.
Sl?ecxﬁcally, we know three basic ratios which will be true of all right
triangles having either a 33.7° or a 56.3° acute angle,

1. The ratio of the side a opposite the 33.7° angle to the hypot-
enuse ¢ will always be 0.555.

2. The ratio of the side b adjacent to the 33.7° angle to the
hypotenuse ¢ will always be 0.832.

3. Th.e ratio of the side @ opposite the 33.7° angle to the side b
adjacent to this angle will always be 0.667.

. In a given right triangle, one of the sides is 35.8 inches, and another
1s 28 inches. Is one of the acute angles of the triangle 33.7°?

Yes. page 306 No. page 312

363
[from page 2961

YOUR ANSWER: 51° 50" = 51.64°.

Wrong. And this looks like a guess. We’d better start over.
Let’s begin by analyzing the example given on the last page:

32° 12/ = 32.2°

This means, of course, that 12 minutes (or 12’) is equivalent to two-

tenths of a degree (or 0.2°).
Now, we know that 60 minutes (not 100 minutes) equal 1 degree.

In symbols, 60’ = 1°. Considering the conversion in terms of pro-
portion, then, we can write
1&' _ 0.2° ¢— decimal fraction of a degree equivalent to 12 minutes
60" 1.0° «— equivalent, in degrees, of 60 minutes
We can use this same kind of relationship to find the decimal
fraction of a degree equivalent to 50”:
5 _ =z
60" 1.0°
where z is the desired decimal fraction of a degree.
Solving for 2:

X 1.0°

Syl en

T =

z = 0.8333333...°
Rounding off to two figures,

z == 0.83°
In other words, 50" = 0.83°,
50 that 51° 50’ = 51.83° (not 51.64°)

Study this conversion carefully., Then return to page 296 to
choose the correct answer.



304
[from page 3071

YOUR ANSWER: ¢ = 0.555 in., and b = 0.832 in.

Correct. The proportions are:

e _ 4« _ 40 : :
1000in. 721’ %0 *= 79y < 1000in. = 0.555 in.

b 60

1.000i, 721 © b

0
=51 X 1.000 in. = 0.832 in.

_ As‘ you can see, using a triangle with a hypotenuse of 1.000 makes
it a §m}p1e matter to determine the unknown sides of similar triangles.
(This is called solving the triangles.)

§6.3°
1.000 0.655

33.7°

0.832

Let’s apply the information from the triangle above to the gimilar
one below. The hypotenuse of this triangle is 163. (The units in

virhich the two triangles are measured really don’t matter for now
since they cancel out.) ,

8
66.3°
163 o
A 33,79
b c
Then
e _ 0555 0.555
163 ~ Logg’ Sothat a= oo < 163 = 90.5
b 0.832 0.832
The = T, sothat b= —° -

305
[from page 304}

The advantage in choosing a triangle with a hypotenuse of 1.600,

— . 0
or unst hypotenuse, is evident when you consider that ]

} 0.832
just 0.555, and 1,000

5
i 1
000 is really

is just 0.832. We may call the numbers 0.555

nnd 0.832 the constants of any 33.7° right triangle. In other words,
for any 33.7° right triangle, the ratio of the side opposite the 33.7°
angle to the hypotenuse is equal to the constant 0.555, and the ratio
of the adjacent side (the side next to the 33.7° angle) to the hy-
potenuse is equal to the constant 0.832. Generally speaking, the
units in which the sides of the triangle are measured don’t matter,
since they cancel out in the ratios.
Which of the three statements below is false?

If you were asked to find the side adjacent to the 33.7° angle (side b)
ol a right triangle, and knew the side opposite (side a), you would first
have to find the hypotenuse to use the proportion principle. page 302

1f you were shown a 56.3° right triangle, you could determine the two
unknown sides from any one given side by using the constants of a 33.7°
right triangle. page 308

Knowing side @ and side ¢ (the hypotenuse) of a certain right triangle,
you can determine whether or not one of the acute angles of the triangle
18 33.7°. page 311



306

[from page 3021
YOUR ANSWER: Yes, one of the acute angles of the triangle is 33.7°,

No, it isn’t. Here is the question again:
In a given right triangle, one of the sides is 35.8 inches and another
is 28 inches. Is one acute angle of the triangle 33.7°?

Let’s see what we have to work with. We know that for any 33.7°
right triangle:

L. The ratio of the side opposite the 33.7° angle to the hy-
pbotenuse is 0.555.

2. The ratio of the side adjacent to the 33.7° angle to the hy-
potenuse is 0.832,

3. The ratio of the side opposite the 33.7° angle to the side
adjacent is 0.667.

(Notice that all these ratios are less than 1. And the ratio of
28 inches to 35.8 inches will be less than 1, because dividing a
number by a larger number produces a result of less than 1.
The ratio of 35.8 to 28, of course, would be more than 1.)

If 28 inches and 35.8 inches are sides of a 33.7° right triangle, then
28
58 must be equal either to 0. 555, to 0.832, or to 0.667, the constant

ratios for a 83.7° right triangle. However, if we divide on the slide
rule, we find that:

28

— = 0.782

35.8 8
Since 0.782 is not one of the constants for a 33.7° right triangle, a
triangle in which two sides are known as 35.8 and 28 inches cannot
be & similar triangle in this class.

Now, return to page 302 and select the correct answer.

307
Lfrom page 296]

YOUR ANSWER: 51° 50’ = 51.83°,

That’s correct. There are 60 minutes to a degree, so
. _w
10° 60/
where z is the desired decimal fraction of a degree equivalent to 50
inutes.

Then z = —g X 1.0° = 0.8333333...°

Rounding off to two figures, =z = 0.83°
So 51° 50" = 51.83°

Now let’s go back to the larger of the two triangles we were working
with some time ago. It looked like this:

¢ =721ft a= 40 ft.

b = 60t

The acute angles of this triangle are 33.7° and 52‘).3", as indicated
in the illustration (notice that 33.7° 4 56.3° = 90°). Cle.arly, an};
other right triangle containing an angle of 33.7 alsq contalAns olne?
56.3°, and vice versa. Furthermore, any othgr right tr1a.nge in
which the acute angles are 33.7° and 56.3° has sides proportional to

those of this one; in other words, it’s simi[g.r. S
Consider the triangle below. What are its remaining sides?

a = 0.555in., b = 0.832in. page 304
°*? 4= 0.832in, b = 0.555in. page 310

¢ = 1.803 in.,, b = 1.202 in. page 313




308

Lfrom page 5051

YOUR ANSWER: This statement is false: If you were shown a
56.3° right t.rlal}gle, you could determine two unknown sides from
any one gives side by using the constants of a 33.7° right triangle.

No, that’s true, because the third angle of a 56.3° right triangle
is 33.7°. You can prove this for yourself:

Call this third angle z. Then z + 56.3° + 90° = 180°, so0 z =
180° — 56.9°— 90°and z = 33.7°. ’

Similarly, the third angle of a 33.7° right triangle has to be 56.3°
Call this thid angle y. Then we know that y 4 33.7° + 90‘; ~
180°, 50 y = I80° — 33.7° — 90° = 56.3°. '

Therefore, any 56.3° right triangle is similar to any 33.7° right
triangle. (Ii the angles of two triangles are the same, then the tri-
angles are similer. Remember that from plane georetry?) This
means that the constants of a 56.3° right triangle are the same as
those of a 33.7° right triangle. The only thing you need remember
is that the sde adjacent to the 33.7° angle is the side opposite the
56.3° angle and, similarly, the side adjacent to the 56.3° angle is the
side opposite the 33.7° angle.

Thus, for ey 56.3° right triangle, the ratio of the side opposite
the 56.3° ange to the hypotenuse is 0.832 and the ratio of the ad-
jacent side o the hypotenuse is 0.555. Therefore, knowing these
constants apd one side of the triangle, you can determine the other
sides.

Now, retun to page 305 and select the correct answer.,

309
[from page 3123

voUR ANswER: This is a correct representation of a 30° right
triangle.

No, it isn’t.

The identifying angle of a triangle should be labeled A. In the
case of a 30° right triangle, the identifying angle is the 30° angle.
1f we are to lable the triangle correctly, then, we need to know
whether the 30° angle is the larger or the smaller of the two acute
angles. The value of the other acute angle, B, is given by the

expression
B=180°—-C—A4A

Or, since angle C in any right triangle is 90°,

B=090°—4
= 90° — 30°
= 60°

So angle B, the complementary angle, is actually larger than angle
A, the identifying angle. In the diagram you selected, this relation-
ship is reversed, with the larger angle labeled A and the smaller angle

labeled B.
Return to page 312 to select the correct diagram.



310
[from page 307}

YOUR ANSWER: @ = 0.8321in., b = 0.555 in.

Hold it! Tt’s the ratios of corresponding sides that remain the
same. Look at the two figures again;

o= 40 ft.

T?le hypotenuse (the side opposite the right angle) of the smaller
t1:1&ng1e (c) corresponds to the hypotenuse of the larger triangle (C).
Sl'de a in the smaller triangle corresponds to side A in the larger
tr}angle (both are opposite 33.7° angles). And side b in the smaller
triangle corresponds to side B in the larger triangle (both are opposite
the 56.3° angles). Since the triangles are similar,

o4 a8
¢c C an ¢ C
Note that these relationships are not interchangeable. That is:
a B b A
p # 0 and 2 # E
The correct proportions, then, are:
a 40 b 60
1.000in. _ 72.1 1.000in.  72.1

Solve these proportions for @ and b, and then return to page 307
to choose the correct answer.

311
[from page 3051

YOUR ANSWER: This statement is false: Knowing side a and side ¢
(the hypotenuse) of a certain right triangle, you can determine
whether or not one of the acute angles of the triangle is 33.7°.

Sorry, but it’s true.

For example, suppose you are told that in a given right triangle,
side ¢ = 1.2 inches and side ¢ (the hypotenuse) = 4.8 inches.

Now, we know that in a 33.7° right triangle, the ratio of the side
opposite the 33.7° angle to the hypotenuse is 0.555. And the ratio
of the side adjacent to the 33.7° angle to the hypotenuse is 0.832.
Accordingly, if one of the angles in the given triangle is 33.7°, then
the ratio of side a to side ¢ must be either 0.555 or 0.832. But

" 4.8 inches
= 0.250

8o we have to conclude that side a is neither adjacent to nor op-
posite a 33.7° angle, i.e., that there is no 33.7° angle in the given
triangle.

Of course, if the ratio of side a to side ¢ happened to be 0.555, then

a 1.2 inches
[#

we could assert that angle 4 = 33.7°. Similarly, if % happened to be
0.832, we could conclude that angle B = 33.7°,

B
B
[ qa
[} Q
Cc
A . c A b

When you’re sure you understand why these conclusions are
justified, return to page 305 to try again.

A



312
[from page 3021

YOUR ANSWER: If in a given right triangle, one of the sides is 35.8
inches and another is 28 inches, then the triangle does not contain
an acute angle of 33.7°.

28.0
That’s right. Since 3"2_8 does not equal 0.555, 0.832, or 0.667, a

triangle with sides of 35.8 inches and 28 inches has none of the con-
stant ratios of all 33.7° right triangles.

All 33.7° right triangles make up just one set of similar right
triangles. There are, however, limitless numbers of possible sets of
similar right triangles, each set with a different combination of acute
angles. There is no reason why the procedure used to find the con-
stants of 33.7° right triangles wouldn’t work to find constants for
every other set of similar right triangles.

As you should suspect by now, for every set of similar right
triangles (those with the same combination of angles) there are three
basic constant ratios. But before we identify these ratios in general
terms, we need to be familiar with a standard notation used in dealing
with right triangles. The angles are labeled with the capital letters A,
B, and C, C being the right angle. Each side is labeled with the small
letter corresponding to the capital letter of the opposite angle (the
hypotenuse is ¢). The identifying angle, the one by which the whole
set is named, will be 4. The other acute angle, B, is called the
complementary angle.

In the 33.7° triangles we’ve been dis-
cussing, the 33.7° angle would be 4, and
the 56.3° angle would be B.

Which of the diagrams below is a correct representation of a 30°
right triangle?
A 8

page 309 page 315 page 319

313
[from page 3073

YOUR ANSWER: ¢ = 1.803 in.,, b = 1.202 in.

This answer is incorrect. The longest side of a triangle is the
side opposite the largest angle. In a right triangle, then, the longest
side is the hypotenuse, the side opposite the right angle. But the
answer you chose implies that both side a and side b are longer than
the hypotenuse. IHere are the triangles again:

55.3°
e=7211 a= 406
{3370

b= 60 .

c=lin.

56.3° |as?

b=?

In similar triangles such as these, the ratios of corresponding sit?es
are constant. This makes everything simple, 4f you can tell which
sides correspond. In these triangles, the hypotenuse of the sma,lle?,r
triangle corresponds to that of the larger triangle, because each is
opposite the 90° angle. Similarly, the sides opposite the 33.7 ° angles
and the 56.3° angles correspond. So a corresponds to 4, b corre-
sponds to B, and ¢ corresponds to €. Therefore,

a_4 . b_B

¢ C e T
But you can’t carelessly turn the right half of each of these pro-
portions upside down without confusing matters. That is,

c b C
#= Z and c;’é B

ol

Use the correct proportions to calculate the values of ¢ and b. Then
return to page 307 to choose the right answer.




314

[from page 319]
YOUR ANSWER: Sin 4 = 0.800, cos 4 = 0.600, and tan 4 = 0.750.
Well, you have the tangent right, but you’re a little confused

about the sine and cosine, Here is the standard trian i
: & . gle again, alon,
with the definitions of the three basic ratios: S ®

sine A — opposite side _e
hypotenuse ¢
adjacent side

cosine 4 =
hypotenuse

0
¢
opposite side

tangent 4 = = :
adjacent side

=2
b

Now let’s look at the given triangle again;

Rememben:, in tl_le standard notation we are using, side a is opposite
angle A, side b is opposite angle B, and side ¢ (the hypotenuse) is

opposite angle C' (the right angle). In this case, then, side a is 3

side b is 4, and side ¢ is 5. So ’

sin A =9==§ cos 4 =
c 5

Complete the division, and return to
age 319
answer, ’ pag to select the correct

315

[from page 8121

YoUur ANSWER: This is a correct representation of a 30° right
triangle:

No, it isn’t. There are two things wrong with it.
First, the right angle should be marked with the boxlike symbol,
rather than with the arc symbol.

A NG

RIGHT ANGLE  ACUTE ANGLE OBTUSE ANGLE ROUND ANGLE

Second, and more important, each side of the triangle should be
labeled with the small letter corresponding to the capital letter of the
opposite angle. So side ¢ is labeled correctly in this figure, but sides
a and b are not. The side opposite angle A should be labeled a, and
the side opposile angle B should be labeled b.

With these two things in mind, return to page 312 to make another
choice,



316

[from page 322]
YOUR ANSWER: @ = 24.0 fi.

Wait a minute! You’re off the track.
Look at the triangle again:

€=12,0 ft

We are given the information that sin 30.0° = 0.500. In other

words, we told : -V .
N are told that side a of the standard 30.0 right triangle

So the correct proportion is

¢ 0500 o
12f6.— 1000" TSt 5 = 0.500 (not — = 0.500)
Therefore,
a = 0.500 X 12 ft.

}Sltudy the explanation and complete the multiplication. When you
ave the correct answer, return to page 322 to try again.

317
[from page 3251

YOUR ANSWER: (8in 4)2 4 (cos A)? = 1.

Good. According to the Pythagorean theorem,

a?+ b =¢*

Dividing both sides of this expression by ¢2, we get
az b2
ata=l

2
But% = gin 4, 50(2—2 = (sin A)? or as it’s usually written, sin? 4.
b b? 2 2
And; = ¢os 4, so i (cos A)?, or cos® A. Therefore,

sin? A4 + cos?4 =1

This is true for all right triangles because the Pythagorean theorem
is true for all right triangles.

There are many other trigonometric identities which ean be proved
by algebraic manipulation, combined with the definitions of the
basic ratios. Here are these definitions and the general triangle
again, for your reference:

) opposite side a

in 4 = ———— = —

B hypotenuse ¢
adjacent side b

e e84 =———= -

a hypotenuse c
c A opposite side a
b - T A . 2

tan adjacent side b

All the identities below are true. Try your hand at proving them.

gin 4
1. s d tan A.

2. (tan A) X (cos 4) = ain A.
3. 1+sinAd) X (1 —sin4) = cos® A.

Turn to page 320 for the correct solutions.




318
[from page 3211

4 YOUR ANSWER: If cos A = 0.830, then sin A = 0.558 and tan
= 1.49,

Well, you found the sine correctly, but you missed the tangent,.
Just for practice, let’s go through the whole problem.
Since sin? 4 + cos? A = 1
sin® 4 =1 — cos 4
sin® 4 = 1 — 0.8302
sin A = V1 — 0.8302
= V1 — 0.689
= V(.311
= 0.558

Now for the tangent. We have seen that

sin 4

tan 4 =
cos 4

In this case, then,
tan A — 0.558 ( 0.830)

0830 \"* 055

Study this explanation until you’re sure you know what you’re
doing. Then complete the division to find tan 4 and return to page
321 to choose the correct answer.

319
[from page 3121

7OUR ANSWER: This diagram is a correct representation of a 30°
right triangle.

Right. The identifying angle, 30°, is labeled A; the complementary
angle, 60°, is labeled B; and the right angle is labeled C. Then side a
is opposite angle A; side b is opposite angle B; and the hypotenuse,
side ¢, is opposite angle C.

With the aid of this standard notation, we can define the three
basic constant ratios more formally:

1. The ratio of the side opposite the acute angle to the hypot-
enuse is called the sine of the angle: sine 4 = % .

2. The ratio of the side adjacent to the acute angle to the hy-
potenuse is called the cosine of the angle: cosine 4 = .

3. The ratio of the side opposite the acute angle to the adjacent
side is called the tangent of the angle: tangent A = % .

Find the sine, cosine, and tangent (usually abbreviated to sin,
cos, and tan) of angle A of this triangle:

sin A = 0.800, cos 4 = 0.600, tan A = 0.750. page 314
sin 4 = 0.600, cos A = 0.800, tan A = 0.750. page 322

sin A = 0,800, cos 4 = 0.600, tan A = 1.333, page 327



320

[from page 3171

Here are correct proofs for the identities on page 317.

a 1
1. SinA=£=(_BXE=E
cos A é ¢ b b
c 1
a
Butz = tan 4, g0
sin 4
cosAutanA
a b
2. tand =-» and cosd =—»
b c
50
1
(ban A) X (cos 4) = 2x 2 =2
B ¢ ¢
1

Audi‘c‘ = sin 4, s0
(tan A) X (cos A) =sin A
(Incidente.zllﬁ you might have proved this relationship from the
. ., sin
identity cos A = tan A merely by multiplying both sides by cos 4.)

. 3. T_he proqf of the third identity, (1 +sin A) X (1 — sin 4), is
Jgst slightly different. First, multiplying the two factors of the left
side, we find that ‘

(1+4+sind) X (1 ~sind)=1—gin?4

Mat we want to know, then, is whether 1 — sin? 4 = cos® 4.
Going back to the very first identity we proved,

sin? 4 4 cos?4 = 1,
and subtracting sin? A from both sides, we see that it is true that
cos?A=1—gin?A, or (1+sind)X (I —sind)

To learn about the usefulness of these identities go on to page 321.

321
[jrom page 3201

We have used the Pythagorean theorem, o® + b = ¢®, to show
that for any right triangle, sin® 4 + cos?A = 1. From this re-
lationship, in turn, we’ve seen that cos? A =1 —sin? A. By the
same reasoning, we can show that sin” A =1 — cos? A.

Using the definitions of sine, cosine, and tangent of an angle, we

0 A .
showed that %71 = tan A, and that (cos 4) X (tan A) = sin A.

The usefulness of these identities should immediately be obvious.
Given either the sine or cosine of the acute angle of any right triangle,
we can find the other two basie ratios very quickly. For example,
suppose we know that sin 4 = 0.832. Then we know that

cos? A = 1 — (0.832)%
Taking the square root of both sides of this expression, we find that
cos A = V1 — 0.832% = V1 — 0.692 = V0.308 = 0.555

And knowing sin 4 and cos A, we can easily find tan A:

cosA 0555 1.5
(You should have no trouble performing these calculations on your
slide rule, so we won’t bother going through the mechanics here.)
Suppose you try it: If cos 4 = 0.830, find sin 4 and tan A.

tan A =

sin A = 0.558, tan 4 = 1.49. page 318
gin A = 0.558, tan A = 0.672. page 324

sin 4 = 0.311, tan 4 = 0.375. page 330



322
[from page 3191

YOUR ANSWER: Sin 4 = 0.600, cos 4 = 0.800, and tan 4 = 0.750.

Right. Here is the triangle again:

__opposite side a 3

sind = ———— " ="=° =
hypotenuse ¢ 5 0.600
adjacentside b 4

00SA =——m— = 1= Z
hypotenuse ¢ 5 0800
opposite side o 3

In & right triangle with sides 3, 4, and 5 units long, angle A turns
out to be 37.9°. The relationships of the sides remain the same, of
course, when the hypotenuse is of unit length.

. sin 37.9° = i: = 0.600
a=0.600 ¢=1.000 cos 37.9° = 9 = 0.800
C
c 37.99
520,800 A tan 37.9° = % = 0.750

. Here is the heart of the matter, then: Knowing the sides of any
rlgh‘t triangle, we can construct the standard triangle for the col-
lection of similar right triangles. Tn this standard triangle, side
a =sin A, side b = cos 4, and side ¢ = 1. ’

) And from this standard triangle, in turn, we can find the unknown
su.:les of any similar triangle, knowing only one side. This is what
trigonometry is all about.

Given that the sine of 30.0° = 0.500, find side o of the triangle
below:

¢ =240 ft. page 316
c=12.0 ft

as? a = 6.0ft. page 325

I need some help. page 328

323
[from page 3321

YOUR ANSWER: Yes, it is true that the sine of one acute angle of a
right triangle is equal to the cosine of the other acute angle.

That’s right. The three basic ratios are defined for both acute
angles of a right triangle, not just the identifying angle.
opposite side

. b
sin 4 = - sin B = -
hypotenuse ¢

sine =

adjacent side
hypotenuse

il

oIl als

cosine = cos 4

opposite side

tan A =
adjacent side an

[~

tangent =

Clearly, then, for any right triangle,
sin A =cos B and cos A =sin B

In other words, the sine of one acute angle is equal to the cosine
of its complementary angle.

Until now, we’ve found the size of angles by measuring them
with a protractor. Now, picture a rod one unit long, pivoted at the
center of a large protractor, and having a weighted string hanging
from its tip. Such a mechanism could form any right triangle de-
sired. The sketch below shows it in several positions.

§

0.76

08
<
0
o

SINE

0204 .
—— Ceh——
— 0.94—4

Complete the following sentence. From the sketch, it appears
that the has a value of nearly 1 for angles close to 90°.

sine. page 333 cosine. page 335 tangent, page 342



324
[from page 3211

Y70UR ANSWER: If cos 4 = 0.830, thensin 4 = (.558 and tan 4 =
0.672.

That’s right. Here’s the way it goes:
We know that sin®A4 +cos?4 =1, so sin?A4 = 1 — cos? 4.
Since we are told that cos 4 = 0.830,

sin? A = 1 — 0.8302
sin 4 = V1 — 0.830°
= V1 — 0.689
= v0.311
= 0.558
sin A

The tangent is found by using the identity tan 4 = e
cos

tan 4 = 0.558
0.830

= (0.672

Now try this one: ,
‘leen that sin 4 = 0.800, find B, a, b, cos A, and tan A4 of the
triangle below:

B =337 a=161t, b =12 ft., cos 4 = 0.600, and tan 4 = 1.33.
puge 332

B =317 a =13 ft., 5 =10 ft,, cos A = 0.600, and tan 4 = 1.25,
page 336

B =35.7° a0 = 14t,b =91t cos A = 0.650, tan 4 = 1.25. page 339

325
[from page 3221

YOUR ANSWER: ¢ = 6 ft.

Of course. Here is the triangle again:

¢=12.0 ft

Since we are told that sin 30.0° = 0.500, we know that

a
Tag, ~ 0500
a = 0.500 X 12 ft.
a = 6 ft.
Similarly, given that cos 30.0° = 0.866, we can find b:
1—2b-fz = (),866, so
b = 0.866 X 12 ft.
b = 10.4 {t.

So far we have not learned any method by which we can calculate
b knowing only ¢ and sin 30.0°. But it can be done.

There are many different expressions relating the sine, cosine, and
tangent to each other in various ways. When these relationships
are independent of the size of the angles involved, they are usually
called #rigonometric identities. Many of them can be proved by use
of the Pythagorean thcorem of geometry:

The square of the hypotenuse of a right triangle is equal to the
sum of the squares of the other two sides. That is

a? +b% = ¢?

By dividing both sides of this expression by ¢2, we can show that

(sin A)%2 4+ (cos 4)? = 1. page 317 I need some help. page 331

(tan A)? = (cos 4)%. page 329



326
[from page 3331

YOUR ANSWER: @ = 43.5in,, ¢ = 39.0in., and B = 26.2°,

Well, you have the complementary angle right, but you seem to
have confused the sine and the cosine. Here is the triangle again:

B=?

c
b=19.21in.

You were told that sin 63.8° = 0.897 and tan 63.8° = 2.03. Since
% must also be equal to tan 63.8° and we know the value of b, it’s &
simple matter to find a:

a
19.21in,

¢ = 19.21in. X 2.03 = 39.01in.

= 2.03

(If you prefer, of course, you can use the proportion directly,
setting 203 on the C scale over the left index of the D scale, and
sliding the hairline to 192 on the D scale.)

Now—and this may have been where you got off the track—the

. . b . . .
sine of angle A is % , not - Accordingly, since we know that sin 63.8°
= 0.897 and ¢ = 39.0 inches, we can write the proportion

39.0 in. — 0.897

_39.0in.
"~ 0.897

So = 43.5 in.

Study this solution carefully. Then return to page 333 to choose
the right answer.

327
[from page 319}

YOUR ANSWER: S8in A = 0.800, cos 4 = 0.600, and tan 4 = 1.333.

No. Evidently you are confusing sides o and b. Here is tl:fe stal}dard
triangle again, along with the definitions of the three basic ratios:

) opposite side
sined =—————=
hypotenuse
adjacent side

a
c
_2
hypotenuse ¢

cosine 4 =
opposite side

a
tangent 4 = adjacent side b

Notice again that side a is opposite angle .A, side b is oppqsite
angle B, and side ¢ (the hypotenuse) is opposite angle C (the right

angle).

Now look at the given triangle again:

In this case, side @, the side opposite angle 4, is 3;
side b, the side opposite angle B, is 4, and
side ¢, the hypotenuse, is 5.

Therefore:

_3 =

. a
sin 4 = -
¢

[S IS
o

(:osA~—-§=LE and tan 4 =
¢c 5

Complete the division, and then return to page 319 to choose
the right answer.



328

Lfrom page 3221
YOUR ANSWER: I need some help.

Let’s see what we can do. Here is the triangle again:

8
©=i2.0 ft
a=p
0.0°
A c

We were given the information that sin 30.0° = 0.500. In other
words, we were told that the ratio of side g to the hypotenuse is
0.500:

a
2, — 0:300

a = 0.500 X 12 ft,

Or you can think of it this way: sin 30.0° = 0.500 means that side
a of the standard 30.0° right triangle (the 30.0° right triangle with
hypotenuse 1) is 0.500:

¢=1.009 a=0.500

30.0°
A "C

In this case, the appropriate relation is

¢ _0500 . a
126t 1.000° °TVY 1gg, = 0.500

From this we see that ¢ = 0.500 X 12 ft. And this is the same
relationship we got the other way.

If you still feel hazy about this, return to page 284 for some re-
view. Otherwise complete the multiplication and return to page 322
to select the correct answer.,

329
[from page 3251

YOUR ANSWER: (tan 4)% = (cos 4)2

This is a poor guess. Let’s start at the beginning,

According to the Pythagorean theorem, the square of the hypot-
enuse of a right triangle is equal to the sum of the squares of the
other two sides. Using our standard notation,

@+ =c

Now, if we divide both sides of this expression by ¢?, we get
a2 b2 a>2 (b)2
—_ — e — -~ = 1
c? + c? L, or (b + c

b
But £ = sin 4, andz = cos A, 50
¢

(‘1)2 n (%)2 = (sin 4)? + (cos 4)?

c
Therefore,

I

(sin A)% 4 (cos A)? =
Or, as it is usually written,
sin? 4 + cos® 4 =1

Study this explanation carefully. Then return to page 325 to
choose the correct answer.



330
Lfrom page 8211

voUrR ANsWER: If cos A = 0.830, then sin 4 =
A = 0.375. , then sin 0.311 and tan

No. You left out a vital step. Here’s the way it
‘ . oes:
Since sin®? 4 + cos® 4 =1 ymees

sin?4 =1 —~cos? 4
Now—and this is the step you missed—to find sin A we have to
take the square root of each side of this expression. Thus
sin 4 = V1 —cos® 4
Then, since we have been told that cos 4 = 0.830, we see that

gin 4 = V1 — 0.830°
= V1 — 0.689
= V0,311 (not just 0.311)

When we know both the sine and cosin .
tangent: e, we can easily find the

Finish the calculations for
yourself. Then return to
choose the correct answer, pago 321 to

331
[from page 326]

vour ANswER: I need some help.

Let’s start at the beginning.

According to the Pythagorean theorem, the square of the hypot-
enuse of a right triangle is equal to the sum of the squares of the
other two sides. Using our standard notation,

a2+b2=02

Now, if we divide both sides of this expression by ¢?, we get
2 1)2

ataT!

(50 -

b
But% = sin 4, and; = cos 4, 50

(%)2 + (%)2 = (sin 4)? + (cos 4)*

(sin A)% + (cos 4)* = 1

which becomes

Therefore,

Or, as it is usually written,
sin? A +cos®4 =1

Study this explanation carefully. When you think you under-
stand the procedure, and could duplicate it yourself, return to page
395 to choose the right answer.



332
[from page 3241

YOUR ANSWER: B = 83.7°, a = 16ft., b = 12ft., cos 4 = 0.600
and tan 4 = 1.33. ,

Vgry good. Here’s the way it goes:

Sin A was given as 0.800, so cos® 4 = 1 — 0.800% and cos 4 =
V1 —0.800% = V1 — 0.640 = V0.360 = 0.600

Next,

sind _ 0.800 _
cosAd 0600

To find the unknown sides, we use the definitions of sine and cosine:

tan 4 = 1.33

=sind, so a=c¢Xsind = 20ft. X 0.800 = 16 ft.

=cosd, so b=¢Xcosd = 20ft. X 0.600 = 12 ft.

alo ol8

Finally, since the sum of the acute angles of a right triangle is 180°,
B +56.3° = 90°, and B = 90° — 56.3° = 33.7°

From our study so far, it’s obvious that trigonometry is a powerful
tool. All that is necessary now is to find some way of inereasing our
collection of standard triangles to include all possible right triangles.
It turns out that this method is too complicated to go into right now,
but we can learn to use the information with which it provides us.

To begin, consider the complementary angles of the triangles
we’ve already studied.

1.000
‘o . looo 0.832 0.800
000_~ 1.000 :
055 g
i 0 ca3° 0600 /gsa0
33.7 _ . = 33.7°
0.832 0.550 0.800 0600

Is it true that the sine of one acute angle of a right triangle is equal
to the cosine of the other acute angle?

Yes. page 323 No. pege 337

333

[from page 323]

YOUR ANSWER: From the sketch, it appears that the sine ratio
has a value of nearly 1 for angles close to 90°.

Right. For an angle close to 0°, the value of the sine is cloge to
zero, because the opposite side is very small as compared with the
hypotenuse. As the angle is increased, the sine gets larger.

For angles very close to 90° the sire ratio is very close to 1, because
the opposite side is almost as long as the hypotenuse.

1000/ [0.966
1.000____ 50
L —Tor |oira I
0.984 0.259

The cosine, on the other hand, is close to 1 when the angle is very
small, because for small angles the adjacent side is almost as long as
the hypotenuse. For larger angles, close to 90°, the cosine is almost
zero, because the adjacent side is then very small in relation to the
bypotenuse. So for angles between 0° and 90°, neither the sine nor
cosine can be less than zero nor more than 1.

The tangent ratio, however, is not limited in this way. The
tangent is close to zero for very small angles, but increases rapidly
as the angle becomes larger, nearing 90°.

Now solve this triangle, given the information that sin 63.8° =
0.897 and tan 63.8° = 2.03.

B=?

¢ = 43.51n,, ¢ = 39.0in,, B = 26.2°. page 326
8?4 =30.01in, ¢ = 43.5in, B = 26.2°. page 338

g = 33.0in, ¢ = 41.5in.,, B = 63.8°. page 341

c
b=19.21n,

-



334

[from page 3381

YOUR ANSWER: This solution is incorrect: If 4 = 32.0°, sin 32.0° =
0.530, and b = 6.21, then a = 3.88 and ¢ = 7.32.

No, it’s right.
With the given information, we can construct the triangle
shown below.

B
c=?
a=?
o
A 32.0 e
b=6.21

_ We are given the value of sin 4, but that isn’t much help at first,
since we don’t know either a or c. However, we do know how to
find cos 4 knowing only sin A:

sin? 4 +cos* A =1, s0 cos®A =1 — gin? 4,
and cos A = V1 —sin? 4.

Therefore, 08 32.0° = V1 — 0.5302
= v1-— 0.281
= Vv(.719
= (.848

. b
Now, smce; = cos 4, and we know both b and cos 4, it’s simple

to determine e¢:

6.21 6.21
— = (0.848 = o=
y S0 o= oo 7.32

. a .
Next, since — = sin 4,
¢

a
733 = 0530, and a=0.530 X 7.32 = 3.88

Study this solution, and then return to page 338 for another try.

335
[from page 3231

YOUR ANSWER: From the sketch, it appears that the cosine has a
value of nearly 1 for angles close to 90°.

No, you didn’t analyze the sketch correctly. Here it is again,
with the sides opposite the angles to be considered indicated by bold-
face type.

L.oo

©
s
(o]
100
<
At
c
SINE
|0 20-»
|
e 094

For all three of the triangles shown in the sketch, the hypotenuse
is 1. But for the 19.9° angle, the opposite side is 0.34, for the 49.5°
angle it is 0.76, and for the 78.5° angle it is 0.98. Now, since the
sine of an angle is defined as the ratio of the side opposite the angle
to the hypotenuse,

sin 19.9° = 0.34 sin 49.5° = — sin 78.5° = ——

0.76 0.98
1.00 1.00 1.00

.98 cy s
But 78.5° is fairly close to 90°, and (1)—3-0 is just 0.98, which is al-

most 1. Well, then, which of the three basic ratios has a value of
nearly 1 for angles close to 90°?
Return to page 323 and answer the question correctly.



336
Lfrom page 3241

YOUR ANSWER: B = 31.7°, a = 13ft., b = 10ft., cos A = 0.600
and tan 4 = 1.25, ’

If you had really worked this problem out for yourself, you would
have found that only cos A = 0.600 is correct.

Let’s make a fresh start.
€220 ¢ ‘

, |
ga? 0=? ¢

Since we are told that sin A = 0.800, we know that cos? 4 =1 —
(0.800)% Taking the square root of both sides,

cos A = V1 —0800%2 = V1 — 0.640 = V0.360 = 0.600

Now, knowing sin 4 and cos 4, we can easily find tan A:

Next, let’s determine the unknown sides:

a
We know that; =gin A. Here, ¢ is 20 ft. and sin 4 is 0.800, so

a
20 ft.

= 0800, and a = 20{t. X 0.800 = 16 ft.

.. b
Similarly, o= cos 4, so

b
sof = 0600, and b= 20ft. X 0.600 = 12 £,

We're now left with only one unknown to determine—the angle
B—and it’s easiest of all:

The sum of the acute angles of a right triangle is 90°, so
B+ 56.3°=90°, and B = 90° — 56.3° = 33.7°

Study this analysis until you're sure you could do this problem.
Then return to page 324 to choose the right answer.

337
[from page 3323

vour ANswrER: No, it is not true that the sine of one acute angle of
a Tight triangle is equal to the cosine of the other acute angle.

It’s true, all right. Look at the general triangle and the definitions
of the three basic ratios for angle 4 again:

) opposite side @
BinA =~ —— " = "
hypotenuse c

adjacent side _ b
cosA=—""—""=-
hypotenuse ¢

opposite side _ a
A=———"—"7 =7
tan adjacentside b

The three basic ratios for angle B would be defined in exactly the
same way:
__ opposite side

Smo = hypotenuse
djacent side

cos B = CJacent
hypotenuse

opposite side

tan B = 2P0

adjacent side

But when we're talking about angle B, the opposite side is side b,
and the adjacent side is side a. So
a

sinB-*-é cos B = ~ tan B =
C [

e o

But this means that
sin A = cosB and cos A = sin B

- When you are sure you understand this relationship, return to
page 332 to select the correct answer.




338

[from page 3331
YOUR ANSWER: @ = 39.0in., ¢ = 43.5in., and B = 26.2°,

Good. You were told that 4 = 63.8% b = 19.2 inches, sin 63.8° =

a 2.03
B . ° = Ud. h = . : ]
0.897, and tan 63.8 2.03. Therefore, 92m 2.03, or 1000
.0 .897
80 ¢ = 39.0in. Then 39.0 = 0.897, or 98—, 80 ¢ = 43.5in. And
¢ 1.000
B, of course, is equal to 90° — 63.8°, or 26.2°,
B
[ [+]
63:8°
A pet92m ©

Remember, several proportions can be used to find the unknown

values. Forexample, since sin 4 =tan 4, we know that cos 4 = > 4 .
cosd tan A
So we might have used the proportion
19.2in. _ 0.897
¢ 2.03

to find the value of ¢. Don’t be afraid to experiment with a problem
such as this—you may find an easier way to do it.

Which of the solutions below is incorrect? (For now, don’t worry
about the units in which the sides are meagured. )

If 4 = 32.0° sin 32.0° = 0.530, and b = 6.21, then o = 3.88 and ¢ =
7.32. page 334

If B =18.0° sin 72.0° = 0.951, cos 72.0° = 0.309, and ¢ = 84.6, then
a = 80.5and b = 26.1. page 340

If A = 46.0°, sin 46.0° = 0.719, tan 46.0° = 1,035, and g = 19.9, then
b =192 and ¢ = 28.6. page 343

339
Lfrom page 3241

YOUR ANSWER: B = 35.7°, ¢ = 14 1t., b = 9ft., cos A = 0.650,
and tan 4 = 1.25.

This looks like a guess, since not one of these.ﬁgures is correct.
Let’s make a fresh start. Here is the triangle again:

B=?

We know that cos? A = 1 — sin? A. Since we are told thfamt sin 4
= 0.800, we know that cos?4 =1 — (0.800)2. Taking the

square root of both sides,
cos A = V1 — 0.800° = V1 — 0.640 = V0.360 = 0.600

Now, knowing sin A and cos 4, we can easily find tan A4:
sin A 0.800

tan A = A~ 0.600

Next, let’s determine the unknown sides:

= 1.33

We know that > = sin A. Inthis case, ¢is 20 ft. and sin 4 is 0.800,
¢
80

¢ 0800, and o= 201t X 0.800 = 16 ft.
20 ft.

Similarly,é = 0.600, and b = 20 ft. X 0.600 = 12 ft.
c

We’re now left with only one unknown to determine—the angle
B—and it's the eagsiest of all: _ -
The sum of the acute angles of a right triangle is 90°, so
B+ 56.3° = 00°, and B = 90° — 56.3° = 33.7°
Study this analysis uutil you’re sure you could do this problem,
or a similar one, without any help. Then return to page 324 to
choose the right answer.



340

[from page 8381

YOUR ANSWER: This solution is incorrect: If B = 18.0° gin 72.0°
= 0.951, cos 72.0° = 0.309, and ¢ = 84.6, then g = ’80.5 a;ld

b =26.1.

No, it’s right.
With the given information, we can immediately construct the

triangle shown below.
B

But what about angle 4?7 Well, since B = 18.0°%, we know that
4 must .be equal to 90.0° — 18.0° or 72.0°. And we are given the
information that sin 72.0° = 0.951 and cos 72.0° —= 0.309. So it’s

a simple matter to find o and b:

a
v 0.951, so a = 0.951 X 84.6 = 80.5
b

e 0.309, so b =0.309 X 84.6 = 26.1

Incidentally, it is possible to do this problem by using the fact that
sin A =cosB and cos A = sin B
In other words, since in this case B = 18.0° and 4 = 72.0°,
sin B = cog 4 = 0.309,
and cos B = gin A = 0.951
Study this solution, and then return to page 338 for another try,

341
[from page 3331

YOUR ANSWER: @ = 33.0in., ¢ = 41.5in., and B = 63.8°

You’d better look again:
How can angle B be 63.8° if angle 4 is 63.8°7 If both acute angles

of the triangle are 63.8°, then the sum of the angles, 4 + B 4 C,
has to be 63.8° 4 63.8° 4 90°, or 217.6°.

87

€=? as?

e38°

A
b=19.21n.

Let’s start at the beginning,
You were told that sin 63.8° = 0.897 and tan 63.8° = 2.03. Since

2 must also be equal to tan 63.8° and we know the value of b, it’s

a8 simple matter to find a:

a
19.2 in.
Similarly, knowing a and sin 63.8°, we can easily find side ¢

=203, so a=192in. X 2.03 = 39.0in.

39.0 in. 39.0in, .
. = 0.897, so ¢= 0897 43.5 in.

Now for angle B. We know angles A and C; they are 63.8° and
90°, respectively. Since A + B + € = 180°,
B =180°— A — C = 180° — 63.8° — 90° = 26.2° .
Study this solution carefully. Then return to page 333 to choose
the right answer.



342

[from page 3231

YOUR ANSWER: From the sketch, it appears that the tangent has
a value of nearly 1 for angles close to 90°,

'No, you didn’t analyze the sketch correctly. Here it is again,
with the sides opposite the angles to be considered indicated by bold-
face type.

] 00
0.98

0.76

\00

¥
m
(=}

SINE

9.5°

EQ——'“ 0.6 S—J 094 _)j

. For all three of the triangles shown in the sketeh, the hypotenuse
is 1. But for the 19.9° angle, the opposite side is 0.34, for the 49.5°
angle it is 0.76, and for the 78.5° angle it is 0.98. Now, since the sine
of an angle is defined as the ratio of the side opposite the angle to
the hypotenuse,

. 0.34
sin 19.9° = — sin 49.5° = w sin 78.5° == 0.98

1.00 1.00 1.00

But 78.5° is fairly close to 90°, and gg—g is just 0.98, which is al-

most 1. Well, then, which of the three basic ratios has 8 value of
nearly 1 for angles close to 90°?
Return to page 323 and answer the question correctly.

343
[from page 3381

Your ANsWER: This solution is incorrect: If A = 46.0° sin 46.0°
= (.719, tan 46.0° = 1.035, and @ = 19.9, then b = 19.2 and

¢ = 28.6.

You're right: it is incorrect.

With the given information we can draw the diagram below. We
don’t even need to find cos 46.0° in order to solve the triangle. We
already have all the information we need:

a=19.9

tan 46.0° = 1.035, and also tan 46.0° = % = }%—9 s
S0 1—%9 = 1.035, and b = 19.2

sin 46.0° = 0.719, and also sin 46.0° = % = 1_2.9’
80 lic? = 0.719, and ¢ =277, not 286

Or you might have done the problem this way: First, calculating
sin 46.0°

cos 46.0°

Sin46.0° _ 0719 _ o

tan 46.0°  1.035

the value of cos 46.0°, we know that = tan 46.0° so0

cos 46.0° =

And, knowing both the sine and cosine,
it’s a simple matter to construct the
standard triangle for all 46.0° right
triangles:




344
[from page 3431

Before we go on to the next chapter, let’s review a bit:

1. The basic use of trigonometry is the solution of right tri-
angles, i.e., determining the values of unknown sides and
angles of right triangles.

2. The group of all right triangles is divided into collections of
similar triangles having the same angles and proportional
sides.

3. Within each collection, the triangle with hypotenuse 1 is
considered the standard triangle for the collection. By
utilizing the proportionality of the standard, the unknown
sides of other triangles in the collection are easily determined.

4. The ratios of corresponding sides are constant for all similar
triangles. There are three basie ratios:

a. The ratio of the side opposite the acute angle to the hy-
potenuse is called the sine of the angle.

sin 4 ==

c

b. The ratio of the side adjacent to the acute angle to the

hypotenuse is called the cosine of the angle.

cos 4 =l—)
¢

¢. The ratio of the side opposite the acute angle to the
adjacent side is called the tangent of the angle.

a
t A_—.
an =3

5. If the ratios for a given triangle are known it is necessary to
know the length of only one side in order to find the remain-
ing sides.

That’s really all there is to 1. What you need now is plenty of
practice.

345

CHAPTER 8

The S and T Scales

Below is one of the triangles we solved in Chapter 7. The solution
a .
wasn't particularly involved; we were told that 516 sin 72°, and
sin 72° = 0.951. All we had to do was solve for a.

o = 84.6 X sin 72° = 84.6 X 0.951 = 80.5

84.6

720

1f we hadn’t been given the sine of 72° however, we would have
had to look it up in a table of sines. But there’s an easier and faster
WaI};t’s say you knew that 72° right triangles wlould be (Z’ropp:mg up-
from time to time. Rather than look up the sine of 72° again apd
again, you could turn the sliding scale over, m}ie a mark oopp051te
the 951 of the right-hand A scale, and label this mark 72°. Then
the next time a 72° triangle came up all you’d have to do would be
to flip the scale over and use the ready-made mark. .

And this is exactly what has been done, not only for .72 angle:a,,
put for all the angles between 0° and 90°. The resultmg_ scsa,le is
called the 8 (for sine) scale. On most glide rules, the S scale is smgply
an A scale ruled in degrees. By aligning the 8 and A scales, the sines
of angles from 34’ to 90° can be read directly. (Later we’ll talk about
the sines of angles less than 34 minutes.) Numnbers on the S scale aore
angles, and should be read as though followed by a degree mark (°).
Please go on to page 346.



346
Lfrom page 3451
.95 =SIN 72°
A
S
1\
72¢

From about 0° 34.4’ at the beginning of the § scale to 5° 44.3' at
the mid-point, the sine ratio varies from 00100 to 0.100. There-
fore, when reading the sines of angles within this range, it is necessary
to place the decimal point so that the sine is between 0.0100 and
0.100. For example, sin 5° = 0.0872, not 0.872:

A

2 2 z 4/547@;;“
Yo £ /7« 2 g ¢ é 7

S i}

From 0.100 at the mid-point of the scale, the sine increases to
1.00 at 90° the right end of the scale. (You will almost never have
use for the sines of angles greater than 70°; it’s much more convenient
to work with the smaller angle of a triangle.)

_ Use your 8 scale to find out which of the values given below is
Incorrect:

30 Y0 50 20

Sin 2° = 0.0349. page 349
Sin 40° = 0.608. page 358

The description given doesn’t seem to fit my slide rule at all. page 360

347
ffrom page 35681

YOUR ANSWER: ¢ = 111, b = 97,
a .
Not quite. Since we know that = sin 4,

a
2 gin545°
136 sin 54.5

a = 136 X sin 54.5°

In approximation form, & = 1 X 102 = 100 (because 1.36 is just a

little more than 1 and sin 54.5° will be just a little less than 1).

On the slide rule:

1. Set the right-hand index of the S scale at 13.6 on the left-

hand A scale.
2. Slide the hairline indicator to 54.5° on the S scale.
3. Read 1.11 on the A scale in line with the hairline,

Then ¢ = 1.11 X 10% = 111. So that part of your answer is right.
b

Now for b. We know that; = cos A, but we don’t know cos A.

However, we have seen that for any right triangle, cos A = sin B.

b
Therefore,z = gin B. And Bis just 90° — A = 00° — 54.5° = 35.5°.

So %6 = sin 35.5°
and b = 136 X sin 35.5°
On the slide rule:
1. Set the left-hand index of the S scale at 1.36 on the left-hand

A scale.
2. Slide the hairline indicator to 35.5° on the S scale.
3. Read the answer on the right-hand A scale, in line with the
hairline.
When you have it, return to page 358 to make the correct selection.




348
{from page 3621

YOUR ANSWER: 4 = 63° b = 37.2,

Right. Here’s the way it goes: sin 4 = ?_ g—: . On the slide rule
c
(with the procedure varying sligh i i
ghtly according to th
vou b y g to the kind of rule
A

b C=82

c
Qu?3 8

1. Set 73 on the right-hand B scale in line with 82 on the right-
hand A scale.

2. Read the angle, 63° on the § scale in line with the index on
the underside of the rule.

To find b, we recall that cos A = sin B, Therefore, b =cos 4 =
4

sin B. Since B = 90° — 63° = 27°, we see th i
‘ at b = =
82 X &in 27°. On the slide rule: ’ ¢x e

1. Set the right-hand index of the scale i
at 82 -
hand A scale, o the right
2. Slide the hairline indicator to 27° on the S secale.

3. Read the answer, 37.2, on the right-hand A scale in line with
the hairline.

From a study of a trigonometric table we observe that - =

(=~ means approximately e
qual), where 4 and B a °0’
and 0°85".  For example, ’ o beeen 079

sin 14’ 14’
sin 344" 34.4’

Rememberi i ’
i 1zg.ng that sin 34.4" = 0.0100, use the A and B scales to

e 1 .
Sin 14 = 0.0407. page 351 Sin 14" = 0.0246. page 359

. .
Sin 14" = 0.00407. page 354 Sin 14’ = 0.00246. page 363

349
[from page 8461

YOUR aNsWER: This value is incorreet: sin 2° = 0.0349.

No, it’s right. Here’s the way it goes:

Align the S and A scales. Slide the hairline indicator to 2° on the
S scale (be careful—don’t go to 20°). Then the significant figures,
349, of the sine of 2° appear on the left-hand A scale in line with the
hairline. The setting will look like this:

2 3\/4 s & 78900

]
lmngnmlm|
s

40' 50" 1° " 2 3 4 5 7809

The problem now is to place the decimal point correctly. We
have been told that the sines of angles between 0° 34.4" and 5° 44.3’
are between 0.0100 and 0.100. Accordingly, sin 2° must be more
than 0.0100 but less than 0.100. Placing the decimal point im-
mediately before the three significant figures gives us 0.349, which
is greater than 0.100, so that won’t do. And placing two zeros to
the right of the decimal point, before the 349, gives 0.00349, which
is less than 0.0100. Clearly, then, the figures we want are 0.0349—
greater than 0.0100 but less than 0.100. Thus

sin 2° = 0.0349

When you're sure you understand why this value is correct, return
to page 346 for another try.



350

[from page 362}

YOUR ANSWER: A = 88.6", b = 90.

You had to make a pretty serious mistake, or a very poor guess, ‘-

to get here. Let’s start all over.

A
b c=82
¢ as73 8
To begin, we know that the sine of angle 4 is %, org—g , not%‘

Now, where you go {rom here depends on the kind of rule you have.
If you have a Mannheim Polyphase with an index on the underside
of the rule, the problem is best worked as & proportion:

1. Set 73 ou the right-hand B scale in line with 82 on the right-
hand A scale.

2. Read the angle on the S scale, in line with the index on the
underside of the rule.

If yours is & Mannheim Polyphase without the index on the reverse
side, you'll have to reverse the sliding scale in the middle of the
problem. First, divide 73 on the A scale by 82 on the B scale, using
the hsirline indicator to mark the result on the A scale. Then
reverse the sliding scale so that the S and A scales are on the same side
of the rule. Align the two scales, and read the desired angle on the 8
scale in line with the hairline.

Either way, youw'll find that A = 63°.

To solve for b, remember that cos A = sin B, And B is just 90°
— 4, or 90° — 63° = 27°. Therefore,

-8% =cosd =sin B, sothat b= 82 X gin B = 82 X sin 27°
If you ean complete this problem without any more help (as you
should be able to), do so, and then return to page 362 to choose the
correct answer. If you still don’t know how to finish up, however,
return to the beginning of this chapter (page 345) for some review.

dlide rule, but you misplace
you didn’t guess at the

COorrT

351
[from page 3481

YOUR ANSWER: Sin 14’ = 0.0407.

lem up correctly on your
oint. Just to makle sure
ur setting with the

ou set the prob
d the decimal P
r, however, check yo

Not quite. Apparently ¥

answe
ect setting shown below:

—

Tl
it | g
—
> f 00
i know that the sine of 0
: nal point. Lo begin, We e 14) 8
Now for the iegxmasi:e of 34.4" is 0.0100. Therefore(,l SSIB 0. In
I st e e 304 be betrreen e 00100, S0
O Xy n A .
s Edsmilt must be larger than O'but smai‘f;n oI00.
other wo r, has to be Wrong~—0-0470 is 1Iar‘g',er o tour-tenths of
ym;j‘ 3nivgere’s another clue: Since 14 hlls fmugtezths of sin 34.4.
n © R [ y four- N
n 14’ will be Toug 0100, ie.,
%\L/}IA" - léig)ggllt;l&);ii 14’ is roughly four-tenths of 00105
ore Spe )

roughly 0.00400.

When you're §
return to page 348

sin 14’ must

r is wrong,
ure you understand why your answe

to pick the right one.




352

Lirom page 3661
YOUR ANSWER: d = 8] miles,

No. Look at the diagram agajn:

POINT OF
IMPACT

LAUNCHING CENTER OF
POIN
T CRATER

Considering the trian i
, gle with angles at th,
crater’s center, and the impact pointg,r we find :hfa,t
d
245,000 mi, — S0 1
So d = 245,000 mi. X in 11/ (m 245,000 mi,
Since 117 is ah o
. 13 about one-third of 34.4”. i 117 ;
, 47, sin 11
s 34.4°) or 0,003, Therefore, in estin;ating fortlfz #hout one

d=2><105><3><10‘3=6><102=600
On the glide rule:

-third of

1. Shift the S-scale
: gauge mark under 1.1

; scale gaug .1 on the A
: g;izri}et%alrl?gj indicator to the index of the § :0051:.

. e s .

b ldmg scale and set the left B index at the

§. %de the hairline to0 2.45 on the B gegle,

- Read the answer on the A scale in line with the hajrline

Or, if you prefer, do it thig way:

;. Slhgt 3.44 on ffhe B scale under 1.1 on the A seale
3. Rl 3 the hairline indicator to 24.5 on the B scale .
- hwead the answer on the A scale in line with the ﬁairline

B .
ither way, the answer is the same. When you have it, return ¢
: 0

bage 355 to make the correet selection,

aunching point, the

353
[from page 3681
YOUR ANSWER: @ = 60, b = 97.
No, you’re way off the track on this one.

Here'’s the way it goes: Since (—Z = sin 4, we know that

B8
Tgé = sin 54.5°, So
€136 a
136
a = 136 X sin 54.5° (not ————o)
sin 54.5 ‘ -
A b c

In approximation form, @ = 1 X 10? = 100 (because 1.36 is just a
little more than 1 and sin 54.5° will be just a little less than 1).

On the slide rule:
1. Set the right-hand index of the S scale at 1.36 on the left-

hand A scale.
2. Slide the hairline indicator to 54.5° on the S scale.

3. Read 1.11 on the A scale in line with the hairline.
So @ = 1.11 X 10° = 111, not 60.
Now for b. We know tha b = cos 4, but we don’t know cos 4.
C

However, we have seen that for any right triangle, cos A = sin B.

b e rc
Therefore, ~ = sin B. And B is just 90° — A = 90° — 54.5° = 35.5°.
c

b . o
So ﬁf)‘ = gin 35.5

and = 136 X sin 35.5°
Since sin 35.5° is roughly 0.500, b will be about 0.5 X 136, or 68.
On the slide rule:
1. Set the left-hand index of the S scale at 1.36 on the left-hand

A scale.

2. Slide the hairline indicator to 35.5° on the S scale.

3. Read the answer on the right-hand A scale, in line with the
hairline,

When you have it, return to page 358 to make the correct selection.



354
Lfrom page 8481

YOUR ANSWER: Sin 14’ = 0.00407.

Good. Here’s the correct setting:

! 2

A
! A

3 4 B

So the significant figures of the sine of 14" are 4 :
decimal point, we notice that 14" is about foug?f;en”nll‘l(; 12)1: cgétf’e
Therlefore, the sine of 14" must be about four-tenths of the sine4 of
34.4 : q.4 X 0.0100 = 0.00400. So we see that sin 14’ = 0.00407
T%us is a.useful method for finding the sine of an angle of leés thari
34.4/, but it has one drawback—it requires the use of both the A
and B scales. This is inconvenient when we are working & prob(laem
in which we need the A and S scales on the same side of the rule
However, if you will look closely at the S scale of your slide rule.
you'll see that there is a gauge mark just to the left of the 2° ma k,
The distance from the left index of the S scale to this mark is trh‘
same as the distance from the left index of the A or B scale to 34:
on that secale. This makes it possible to solve for the sines of ver.
small angles without having to reverse the sliding scale; we sim 1y
Zets thle gauge mark opposite the desired angle (in minu’tes) on sh};
" ﬂc;l tg :;cll;ead the significant figures on the A scale at the index
Please go on to page 355.

355
[from page 3641

To illustrate this, here’s how to find the sine of 25"

First, make an estimate. Since 25’ is approximately seven-tenths
of 34.4, sin 25’ must be approximately seven-tenths of sin 34.4”:
0.7 X 0.0100 = 0.00700. Then, on the slide rule:

1. Shift the sliding scale so that the gauge mark on the S scale
is in line with 25 on the left-hand A scale.
9. Read 727 on the A scale at the index of the S scale.

Then sin 25 = 0.00727.

Now try the problem below:
A tocket is fired toward the center of the moon crater Tycho. The

test will be considered a “gigantic breakthrough” if the rocket lands
within 1,000 miles of the center of the crater. With a large telescope,
the scientists ate able to measure the angle between the line from the

launching point to the center of the crater and the line from the

launching point to the actual point of impact. This angular distance
000 miles from the

:s 11'. We assume that the moon is a dise 245,
earth.

POINT OF

LAUNCHING

POINT CRATER

not the rocket landed

Now, what we want to know is whether or
In other words, what

within 1,000 miles of the center of the crater.
is the value of d?

d = 81 miles. page 352
d = 784 miles. page 364

d = 1,568 miles. page 367




356
Lfrom page 3641

YOUR ANSWER: Sin 4’ = 0.0012.

Right. For any angle A which is smaller than 34.4/,
sin A = 0.0003 X 4,

whe}‘e 0.0003 (which we remember as three zeros three) is the sine
of 1. Therefore,
sin 4 = 0.0003 X 4 = 0.0012

The proble;n of locating the decimal point for the sines of very
small angles is minimized if the proportionality of these angles and

their sines is observed.
For example, the sine of an angle ten times as large as 34.47 is

roughly ten times as large as the sine of 34.4”,
10 X sin 344" = 10 X 0.01 = 0.1

And 0.1 is the sine of 5° 44.3’, which is roughly 10 X 34.4/, con-
verted to degrees and minutes. The chart below illustrates this
relationship:

Angle | 344/ [ 344’ | 344’ | 0344’ | 0.0344'
Sine ] 0.1 } 0.01 [ 0.001 | 0.0001 | 0.00001
Use this chart to help you find the sine of 2.06”. (Re
06”7, memb.
that there are 60 seconds in 1 minute; i.e., 60" = 1/ D (Remember

0.00344’
0.000001

Sin 2.06"" = 0.0001, page 365
Sin 2.06"" = 0.00001. page 369
Sin 2.06"" = 0.000001. page 372

I don’t know where to start. page 375

357
[from page 3621

YOUR ANSWER: 4 = 63° b = 18.1.

Well, you found angle 4 correctly, but you missed the boat on b.
Here's the way it goes:

A

b =82

a=73
We’ve seen that for any right triangle, cos A = sin B. And B, of

. b
course, is just 90° — 4, or 27°. Now, since — = cos A,

é= sin B

¢

b . o
éa— sin 27

b = 82 X sin 27°
You should know how to do this problem on the slide rule by now:

1. Set the right index of the S scale at 82 on the right-hand A

scale.
2. Slide the hairline indicator to 27° on the S scale.

3. Read the answer on the A scale in line with the hairline.

When you have the answer, return to page 362 to make the correct
choice.




358
[from page 8461

YOUR ANSWER: This value is incorrect: sin 40° = 0.698.

‘That_’s right; it’s wrong. The incorrect reading is the result of
mistaking 4° for 40° on the S scale. Sin 40° = 0.6483, but sin 4° =
0.0698, Here’s the correct setting:

As you have probably realized by now, the position of the decimal
point is indicated by where the sine appears, i.e., by whether it
appears on the left- or the right-hand A scale. For angles between
0° 34.4/ and 5° 44.3’ the sine appears on the left-hand A scale, and is
written with one zero to the right of the decimal point, before the
first significant figure: sin 2° = 0.0349. For angles between 5° 44.3'
and 90° the sine appears on the right-hand A scale, and is written
with the first significant digit immediately following the decimal
point: sin 30° = 0.500. (If yours is a log-log duplex rule, just re-
member that the angles whose sines appear on the left-hand A scale
of a Mannheim Polyphase rule are the angles of your ST scale. The
angles whose sines appear on the right-hand A scale are the angles
of your S scale.)

Find sides @ and b of the triangle at the right:

B

a=111,b = 97, page 347 g =111,5 = 79. page 362

a=60,b =97. page 353

359
[from page 348]

YOUR ANSWER: Sin 14’ = 0.0246.

No. You've misplaced the decimal point, and, more important,
seviously distorted the proportion. Here it is again:
sin 14’ 14
gin 34.4' 344/
And this is nof the same as saying that
sin 14’ sin 34.47

344" 14

To set up the correct proportion on the slide rule, it’s necessary
to have both sin 14’ and 14’ on one scale and sin 34.4" and 34.4' on
the other scale. Here is one way to do it:

1. Set 34.4 on the left-hand B scale in line with 14 on the left-

hand A scale.

2. Read the significant figures of the sine of 14’ on the A scale
in line with the right-hand index of the B scale (because the
right-hand index of the B scale represents the sine of 34.4/,

0.0100).
The setting looks like this:

| 2

Nl i

3 4

Now for the decimal point. We know that the sine of 0° is just
zero, and the sine of 34.4" is 0.0100. Therefore, since 14’ is between
0° and 34.4’, sin 14’ must be between 0 and 0.0100. In other words,
it must be larger than 0 but smaller than 0.0100. And, going a step
further, we know that 14’ is roughly four-tenths of 34.4', so the sine
of 14’ must be roughly four-tenths of the sine of 34.4',

These hints should help you find the right answer. When you
have it, return to page 348 to make the correct selection.



360
[from page 3461

YOUR ANSWER: The description given doesn’t scem to fit my slide
rule at all.

.In this case, your rule probably isn’t just a Mannheim Polyphase
slide rule, but instead one of the several possible variations. How-
ever, by this time you've gotten & firm enough grasp of the basie
slide rule principles so that you’ll have no trouble proceeding.

One common variation looks like this:

8 N 40 50 1v - 2 4 6 1
K Ilhhhh}l]l‘lll!lﬁIlllhu? f 1 ’?mx?uT ?%]tl'lllllll'lilll!}’i’l!lllh‘l‘l‘l‘ m;!ux
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.Here the 8 and T scales are on the body of the rule. If you have
johls kind of rule, you’ll work with your B scale instead of the A scale
in this lesson. Such a rule is attractive for two reasons: it’s easier to
make, having scales on only one side; and the sliding scale never has
to be turned over.
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Ifrom page 360}

You may also have a rule like this:
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This is a log-log duplex slide rule, and there are two S scales in-
stead of one. Hach scale is comparable to a D scale, and the accuracy
available is correspondingly greater. Angles from about 5° 45’ to
90° are on the S scale, and for these angles, you need only use your
D scale whenever the text refers to the right-hand A scale. Angles
smaller than 5° 45’ down to 34.3” are found on the SRT, or ST,
scale, and for these angles the D scale substitutes for the left-hand
A seale,

After a page or so, you'll find no difficulty in adapting the text
for your particular rule. Return to page 346 and work the one
wrong series there.




362

[from page 3581

YOUR ANSWER: @ = 111, b = 79,

Right. erry good. Here is the correct solution, step by step:
@ = 136 X sin 54.5°, which is approximately 1 X 102, or 100.

On the slide rule:

1. Shift the right-hand index of the S scale to 1.36 on the left-
hand A scale.

2. Slide the hairline to 54.5° on the § scale.

3. Read 1.11 on the left-hand A scale, in line with the hairline,
Then a = 1.11 X 10? or 111.
Similarly, b = 136 X cos 54.6°% or 136 X sin 35.5° (because

cos 4 = sin B). So b is roughly equal to 1 X 0.5 X 102
On the slide rule: A0 or s

1. Set the left-hand index of the S scale at 1.36 on the left-hand
A scale.
2. Slide the hairline indicator to 35.5° on the S scale.
3. Read 79 on the right-hand A scale in line with the hairline,
Then b = 79,

Now find angle 4 and side b of the triangle at the right:
A
b =82

¢
8=73 8

A =63 b = 37.2. page 348 4 =63%0b = 18.1.
A =386",b=090. page 350

page 357

363

{from page 3481
YOUR ANSWER: Sin 14’ = 0.00246.

No, you’ve seriously distorted the proportion. Here it is again:
sin 14" 14"
sin 344" 344/
And this is nof the same as saying that
sin 14 sin 34.4’

344’ 14/

To set up the correct proportion on the slide rule, it’s necessary to
have both sin 14" and 14’ on the same scale, and both sin 34.4” and
34.4" on the other scale. Here is one way to do it:

1. Set 34.4 on the left-hand B scale in line with 14 on the left-
hand A scale.

2. Read the significant figures of the sine of 14’ on the A scale
in line with the right-hand index of the B scale (because the
right-hand index of the B scale represents the sine of 34.4’,
0.0100).

The correct setting looks like this:

1 2

.
3 B

4

f —

When you’re sure you understand your mistake, return to page
348 to choose the correct answer.




364
[from page 3561

YOUR ANSWER: d = 784 miles.
Very good. Considering the triangle with angles at the launching

point, the crater’s center, and the impact point,

_a
245,000 mi.

So d = 245,000 mi. X sin 11’

Since 117 is about one-third of 34.4’, sin 11’ is about one-third of
sin 34.4, or 0.003. Therefore, in estimating form,

d=2X10% X3 X 107 = 6 X 10? = 600

On the slide rule, we can do it this way:

= gin 11’

1. Shift the S-scale gauge mark under 1.1 on the A scale.

2. Slide the hairline indicator to the index of the S scale.

3. Reverse the sliding scale, and set the left B index at the
hairline.

4. Slide the hairline to 2.45 on the B scale.

5. Read 78.4 on the A scale in line with the hairline.

Or this way:

1. Shift 3.44 on the B scale under 1.1 on the A scale.
2. Slide the hairline indicator to 24.5 on the B scale.
3. Read 7.84 on the A scale in line with the hairline.

Either way, we see that d = 784 miles. So the rocket landed well
within 1,000 miles of the center of the crater, as desired.

When we’re working with angles of less than 34.4", the fact that
the sine of 1’ is 0.000292 often provides a handy short cut. It's
easy to remember this sine as three zeros three. And since for all
practical purposes angles smaller than 34.4" and their sines are
proportional, we know that for any angle of A within this range,
A  snAd

U~ 0.0003
So we find: sin 4 = 0.0003 X 4
Use this relationship to find the sine of 4’.

Sin 4’ = 0.0012. page 356  Sin 4’ = 0.0004. page 371
Sin 4’ = 0.00008. page 368

365

[jrom page 8661
YyOUR ANSWER: Sin 2.06”" = 0.0001.

No.

First, we know that 60" = 1’. Therefore,
x 206"
7~ 60"

where 2 is the equivalent, in minutes, of 2.06"". Then z is roughly
cqual to ¥ X 1077, or 0.033. . .
On the slide rule, it's easiest to do the problem in proportion form:
1. Set 2.06 on the C scale over 6.0 on the D scale. )
2. Read the answer, 3.4, on the C scale at the index of the
D scale.
(Or you can use the A and B scales, if you'd rather.) Then z =

0.0344" (not 0.344"). )
Now, look at the chart again:

344’ | 3.44' | 0344' | 00344/
0.01 | 0.001 | 0.0001 | 0.00001

= 0.0344/, the sine of 2.06"" must be equal

0.00344’

Angle | 344
0.000001 [

i 0.1
LSme

Obviously, since 2.06"

to the sine of 0.0344".
When you have it, return to page 356 to choose the correct answer.




366
[from page 3691

YOUR ANSWER: d = about 0.25 miles.
No. Here is the diagram again:

245,000 MLES
= }d

\a

The diameter of the hole, d, can be considered the side opposite the
2’/ angle; and 245,000 miles, the distance from the launching point to

the moon, can be considered the hypotenuse. Then d - =
sin 2"/, so that d = 245,000 mi. X sin 2. 245,000 mi.
But we still need to find the sine of 2”'. For this we use:

sin2” o
sin 2.06”  2.06"
Since the sine of 2.06” is just 0.00001 (as we've already demon-
strated, and as shown on the chart), this proportion becomes
sin2” 2"
0.00001 ~ 2.06”
Clearly, the sine of 2/ will be just a little smaller than 0.00001,

because 2’ is just a little less than 2.06”".
The easiest procedure on the slide rule is to

1. Set 2 on the A scale over 2.06 on the B scale.
2. Read the significant figures of the sine of 2", 97.1, on the A
scale at the index of the B scale.

Then sin 2" = 0.00000971, just slightly less than 0.00001 (not
0.000000971, which is more than ten times as small as 0.00001).
Finally,

d = 245,000 mi. X 0.00000971 = 2.45 X 9.71 X 10!
In approximation form,

d=2X10 X 107! mi. = 2.0 mi.

Qomplete the problem, making sure that your answer is in the
neighborhood of 2.0 miles. Then return to page 369 to make the
correct choice.

367
[from page 3651

YOUR ANSWER: d = 1,568 miles,

No. And this looks like a guess.
Let’s start over, Here’s the diagram again:

POINT OF

AUNCHING CENTER OF
- POINT CRATER

Considering the triangle with angles at the launching point, the
crater’s center, and the impact point, we find that

d
245,000 mi.

So d = 245,000 mi. X sin 11’

Since 11 is about one-third of 34.4’, sin 11’ is about one-third of
sin 84.47, or 0.003. Therefore, in estimating form,

d=2X10° X3 X 107® = 6 X 10> = 600

= gin 11’

On your slide rule:

1. Shift the S-scale gauge mark under 1.1 on the A scale.

2. Slide the hairline indicator to the index of the S scale.

3. Reverse the sliding scale and set the left B index at the
hairline.

4. Slide the hairline to 2.45 on the B scale.

5. Read the answer on the A scale in line with the hairline.

Or, if you prefer, do it this way:

1. Shift 3.44 on the B scale under 1.1 on the A scale.
2. Slide the hairline indicator to 24.5 on the B scale.
3. Read the answer on the A scale in line with the hairline.

Either way, the answer will be the same. When you have if,
return to page 355 to make the correct selection.




368
Lfrom page 3641

YOUR ANSWER: Sin 4’ = (.00008.

Wrong. Let’s go through the reasoning again.
We have seen that angles smaller than 34.4" are proportional to

their sines. That is, for any t ’
Sin R y two angles—let’s call th
B—within this range, e 4 end

A _ B
sind  sinB

Or we can write it this way:

4 _sin4
B snB
If B = 1/, then this relationship becomes
A4 sin4
1 sinl’

Since sin 17 is three zeros three,
_ sin 4
0.0003
Firally, multiplying both sides of this expression by 0.0003,
sin 4 = A X 0.0003
So all we need do to find the sine of 4’ is substitute 4 for A:
sin4’ =4 X 0.0003

(Evidently you divided 0.0003 by 4 instead of multiplying.)

Complete the multiplication, and retur
n to page 36
correct answer. , pege 30L fo choose the

369

Lfrom page 3661

YOUR ANSWER: Sin 2.06”’ = 0.00001.

2.06”
Right. Since 60’ = 1’, we know that %= %,—, where z is
2.06 X 1

the equivalent, in minutes, of 2.06”’. Thenz = 60 'O 0.034".

Consulting the chart, we see that the sine of 0.084" is 0.0000L.
Therefore, sin 2.06"" = 0.00001.

We can use this same procedure to find the sines of 20.6”, 0.206",
0.0206"’, and so forth. Or we can use the method we used to find
the sine of 344’ from that of 34’. Either way, we can come up with
the more complete chart below:

344/ 34.4’ | 344’ | 0.344 | 0.0344" | 0.00344’
5° 44.8’ 206" | 206" | 2.06" 0.206""

Sine 0.1 I 0.01 | 0.001 [0.0001 0.00001 Lo.oooom

Angle

Here is another problem dealing with the rocket aimed at the
moon crater Tycho:

The scientists are able to determine that the hole created when
the rocket smashed into the moon subtends an angle of 2'/. That is,
the angle between an imaginary line from the launching point to
one side of the hole and a similar line from the launching point to
the other side of the hole is 2.

245,000 MILES
72 }s

Then the diameter (d) of the hole can be considered one side of a
triangle, so that d = sin 2"/ X 245,000. Since sin 2.06”’ = 0.0001,
we can write the proportion

Sin 2/’ 2/’
sin 2.06”  2.06”
Use this proportion to find the sine of 2”/. Then find d.

d = about 0.25 miles. page 366 d = about 25 miles. page 376
d = about 2.5 miles. page 373




370
[from page 373]

YOUR ANswWER: Sin 23’/ = 0.000112 is incorreet.

Let’s check it out.

To find the sine of an angle in seconds, simply set the seconds
gauge mark on the S scale (or 2.06 on the B scale) under the angle in
seconds on the A scale. Then read the significant figures of the sine
on the A scale at the index of the S (or B) scale.

So to find the sine of 23’

1. Set the seconds mark on the 8 scale (or 2.06 on the B scale)
under 23 on the A scale.

2. Read the significant figures, 11.15, of the sine of 23’/ on the
A scale at the index of the S (or B) scale.

Since we know the gauge mark corresponds to 2.06 on the B scale,
and sin 2.06”" = 0.00001, what we’ve really done here is solve this
proportion for sin 23"’

sin23” 23"

sin 2.06”  2.06”

And because 23" is approximately eleven times 2.06”’, we know
that the sine of 23"/ must be approximately 11 X 0.00001, or 0.00011.
Therefore, using the significant figures from the slide rule,

sin 23" = 0.0001115

Or, to three figures of accuracy,
sin 28" = 0.000112

So the given figure was correct.
Study this analysis. Then return to page 373 and try again.

371
[from page 864)

vour ANswER: Sin 4 = 0.0004.

No. Apparently you don’t understand how the prgp(?rtionality
of small angles and their sines really works. Or else this is a guess.

Let’s go through the reasoning again. .
We have seen that angles smaller than 34.4' are proportional to

their sines. That is, for any two angles—let’s call them A and
B—within this range,
A B
sind snB

Or we can write it this way:

A4 sin A
B sinB
If B = 1/, then this relationship becomes
A sin A
1’ sin?l

Since sin 1 is three zeros three,
_sind
0.0003
Finally, multiplying both sides of this expression by 0.0003,
sin A = A % 0.0003
So all we need do to find the sine of 4’ is substitute 4 for A:
sin 4’ = 4 X 0.0003

Complete the multiplication, and return to page 364 to choose
the correct answer.




372
Lfrom poge 3561

YOUR ANSWER: Sin 2.06”" = 0.000001.

No.

First, we know that 60"/ = 1’. Therefore,
z 206"
U~ 60"

where z is the equivalent, in minutes, of 2.06”". Then z is roughly
equal to 3 X 107", or 0.033.
On the slide rule, it’s easiest to do the problem in proportion form:

1. Set 2.06 on the C scale over 6.0 on the D scale.
2. Read the answer, 3.44, on the C scale at the index of the
D scale.

(Or you can use the A and B scales, if you'd rath T =
0.0344" (not 0.00344"). Y o) Then e =
Now, look at the chart again:

Angle | 344’ 344" | 344’ | 0.344 | 0.0344" | 0.00344’
Sine 0.1 0.01 | 0.001 | 0.0001 | 0.00001 | 0.000001

Obviously, since 2.06’" = 0.0344’, the sine of 2.06"’ must b
to the sine of 0.0344’, ust be equal

When you have it, return to page 356 to choose the correct answer.

373
[from page 8691

vyour ANswer: The diameter of the hole is 2.5 miles.

Right. .

in 2
Here’s the way it went: d = 245,000 mi. X sin2’’, and ﬂ’u =
o!! sin 2.06

208"
Since we've seen that the sine of 2.06”" is just 0.00001,
sin2” 2
0.00001  2.06"

Then sin 2’ = 0.00000971, and d = 245,000 mi. X 0.00000971, or
9.38 miles. Considering the accuracy of the data, then, we can say

that the hole is roughly 23 miles across.
On the S scale, in line with 2.06 on the B scale, you’ll find a gauge

mark for finding the sines of angles in seconds. It’s used in the same

way as the minutes mark:

To find the sine of an angle in seconds, set the seconds gauge mark
under the angle in seconds on the A scale. Read the significant
figures of the sine on the A scale at the index of the S scale.

For example, to find the sine of 8"’

1. Shift the seconds mark under 8 on the A scale.
2. Read 3.88 on the A scale at the index of the S scale.

Then sin 8 = 0.0000388, about 4 times the sine of 2.06"’, be-
cause 8"’ is about four times 2.06”.
Which of the values given below is incorrect?

Sin 23" = 0.000112. page 370
Sin 10.3"’ = 0.0000500. page 377

Sin 14"’ = 0,00000680. page 380




374
[from page 3807

YOUR ANSWER: Sin 5.2” = 0.0000521.

Np. We'd better start over.
First, we know that for very small angles measured in seconds
)
sin A A
sin1” — 177

Ay O 144
Next, remembering sin 1/ as five zeros Jive, we get

sin A _ A
0.000005 17

Now, we want to find the sine of 5.9'".

S b . . 7 .
the proportion above, we get whetituting 527 for 4 n

sin 5.2 5.9
0.000005 1”7

The seconds appearing in the ri
S0 we get;

ght side of this equation cancel out,

sin 5.2”" = 5.2 X 0.000005
In approximation form,

5 X5 X 1078 =25 x 1078

= 0.000025

Finish the problem for

yourself, and then ret
choose the correct answer, o page 850 to

375
[from page 8661

Your ANSWER: I don’t know where to start.
You were asked to find the sine of 2.06’" with the aid of this chart:

0.00344’1
0.000001J

0.344’
0.0001

3.44/
0.001

344’ | 344/
Sine 0.1 0.01

0.0344’
0.00001

Angle |

The first thing to do, then, is convert 2.06” to its equivalent in
minutes, and see if this value corresponds to one of the angles given
in the chart.

Since 60’ = 1’, we know that

x 206"
U~ 60"
where z is the equivalent, in minutes, of 2.06’’. Then z is roughly

equal to 3 X 1071, or 0.033.
On the slide rule, it’s quickest to use the proportion form:

1. Set 2.06 on the C scale over 6.0 on the D scale.
2. Read the answer on the C scale at the index of the D seale.

(Or, if you’d rather, you can use the A and B scales.)

You will find, as you would suspect, that « does correspond to
one of the angles on the chart. Consequently, the sine of that angle
is the sine of 2.06",

When you have it, return to page 356 to choose the correct answer.




376
[from page 3691

YOUR ANSWER: d = about 25 miles,

No. Here is the diagram again:

245,000 MILES }d

\/

The diameter of the hole, d, can be considered the side opposite the
2" angle; and 245,000 miles, the distance from the launching point to
the moon, can be considered the hypotenuse. Then ﬁ—-— =
sin 2, so that d = 245,000 mi. X sin 2", ;000 mai.

Rut we still need to find the sine of 2/. For this we use:

sin 2 2"
sin 2.06”  2.068”

Since the sine of 2.06” is just 0.00001 (as we've already demon-
strated, and as shown on the chart), this proportion becomes
sin 2" 2
0.00001  2.06"”’

Clearly, the sine of 2’" will be just a little smaller than 0.00001,
because 2” is just a little less than 2.06”.
The easiest procedure on the slide rule is to

1. Set 2 on the A scale over 2.06 on the B scale.

2. Read the significant figures of the sine of 2”/, 97.1, on the A
scale at the index of the B scale.

Then sin 2’" = 0.00000971, just slightly less than 0.00001 (not
0.0000971, which is almost ten times as large as 0.00001).
Finally,

d = 245,000 mi. X 0.00000971 = 2.45 X 9.71 X 107!
In approximation form,
d=2X10 X 107 mi, = 2.0 mi.

Complete the problem, making sure that your answer is in the

neighborhood of 2.0 miles. Then return to page 369 to make the
correct choice.

o~

377
Ifrom page 3781

YOUR ANSWER: Sin 10.3" = 0.0000500 is incorrect.

Well, let’s see. ‘
To f’md the sine of an angle in seconds, simply set the seconds

le) under the angle in
e mark on the S scale (or 2.06 on the‘B sca 4
Ezgfnds on the A scale. Then read the significant figures of the sine
on the A scale at the index of the S (or B) scale.

To find the sine of 10.3":

1. Set the seconds mark on the 8 scale {or 2.06 on tl}e B scale)
' under 10.3 on the A scale. (Be careful not to mistake 1.30
for 10.3.) ‘ .

9. Then read the significant figures, 5.00, of the sine of 10.3" on

the A scale at the index of the S (or B) scale.

Because the gauge mark corresponds to 2.06 on the B scayle, &}Illid
the sine of 2.06"" is 0.00001, this operation amounts 0 solving this

proportion for sin 10.3"":

sin 10.3"

_ 103"
sin 2.06"7  2.06"

Finally, since 10.3"" is approximately five times 2.06”/, we know
that the sine of 10.3"/ must be approximately 5 X 0.00001, 1or
0.00005. Therefore, using the significant figures from the slide rule,

sin 10.3”7 = 0.0000500

So the given value was correct. ‘ _
When you're sure you understand how we arrived at this answer,

return to page 373 for another try.




378
Lfrom page 3871

YOUR ANSWER: This group contains an error:

sin 517 = 0.0148  &in 90’ = 0.0262  sin 23° 24’ = 0.397

No, all these values are correct. Follow the explanations below:
The sine of 0° 34.4” is 0.0100 and that of 5°44.3" is 0.100. Since
51’ is just slightly more than 34.4’, we know that the sine of 51’

must be just slightly more than 0.0100, and less than 0.100. On
the slide rule:

1. Slide the minutes gauge mark on the S scale under 51 on
the A scale.

2. Read 14.8 on the A scale at the index of the S scale.

Then sin 51’ = 0.0148.

Recalling that there are 60 minutes in a degree, we know that
90’ = 1°30’ = 1.5°. Therefore, sin 90’ = sin 1.5°. Furthermore,
since 90, or 1.5°, is greater than 0° 34.4’ but less than 5° 44.3/, we

know that sin 90’ must be greater than 0.0100 but less than 0.100.
On the slide rule:

1. Align the S and A scales.
2. Slide the hairline indicator to 1.5° on the S scale.
3. Read 2.62 on the A scale under the hairline.

Then sin 90’ = 0.0262. o4 4
Finally, since there are 60 minutes in a degree, and %= 10
0.4, 23° 24’ = 23.4°. On the slide rule: 0 10

1. Align the S and A scales.
2. Slide the hairline indicator to 23.4° on the S scale.
3. Read 39.7 on the A scale under the hairline.

Then sin 23° 24" = 0.397 (more than 0.100, the sine of 5° 44.3’, but
less than 1.000, the sine of 90°).

If you're sure you uaderstand these procedures, return to page 387
for another try. If, however, you still feel unsure of yourself on this
material, return to page 345 for some review.

]
]

379
Ljrom page 8911

voUR ANSWER: Side o = 109.67.

Well, you may have used the right relationship to calculate your
answer’ but evidently you used a table of sines rather tha:n 2 slide
rule. il‘he dlide rule can give, at the very most, four significant

figures. The answer you selected bas five.
Let’s start from scratch.

B8
c o
a
m
A c

b=1348

We've seen that in a triangle such as this one, where the angle
between the adjacent side and the hypotenuse Is very smzf,ll and tl;e
adjacent side is relatively long, the hypotenuse and the adjacent side
are almost equal. Therefore, the sine and tangent of the angle are

almost equal. That is,

2 is almost equal to %bec&use ¢ is almost equal to b.
c

Therefore, we can use the sine ratio in place of the tangent to
caleulate side @ knowing only side b.  We write

% _ §n4°40’ (instead of tan 4°40")
1348
Then a = 1,348 X sin 4° 40

In approximation form, since the sine of 4° 40’ is only slightly less
than that of 5° 44.3”, which is 0.100,

a,=1><103><1><10"1=1><102=100
On the slide rule:

1. Tndex the S scale at 1.348 on the A’scale.
9. Slide the hairline indicator to 4° 40" on the S.sc.ale.
3. Read the answer on the A scale under the hairline.

When you have the complete answer, return to page 391 to make
the correct choice.




380

[from page 3731
YOUR ANSWER: Sin 14 = 0.00000680 is incorrect,

You're right; it’s wrong. Here’s the way it goes:

L. Set the seconds mark on the § scale (or 2.06
- t.
under 14 on the A seale, ( on the B scale)

2. Read the significant figures, 6.80, on the A i
.80, scale at th
of the 8 (or B) scale. ’ © ot the fndox

Now, 14" is roughly seven times 2.06”, so the sine of 14" should
be roughly seven times that of 2.06”. Since sin 2.06" s 0.00001
7 X sin 2.06” = 7 X 0.00001 = 0.00007. Therefore using the sig.
nificant figures from the slide rule, , s

sin 14”7 = 0.0000680, not 0.00000680

Ju i !
st as we can remember the sine of 1/ as three zeros three, we can

easily remember the sine of 1, 0.00000485 as five ze
. R 7 X
angles measured in seconds, ’ vo /e And for

Use this method to find the sine of 5.2,
Sin 5.2 = 0.0000521. page 374

Sin 52" = 0.00000521. page 383

Sin 5.2 = 0.0000260. page 387

Sin 5.2"" = 0.00000260. page 389

381

Lfrom page 3871

YOUR ANSWER: This group containg an error:

sin 19’ = 0.00553  sin 0.300° = 0.00524¢  sin 4.3’ = 0.0013

Sorry, but all are correct. Follow the explanations below:
To find the sine of 19’ on the slide rule:

1. Slide the minutes gauge mark on the 8 scale under 19 on the
A scale.
2. Read 5.53 on the A scale at the index of the S scale.

Since 19’ is roughly half of 34.4", the sine of 19’ should be about
half of 0.0100, the sine of 34.4’. Therefore, using the figures we got
on the rule, we find that sin 19" = 0.00553.

The second problem is only slightly more complicated. We begin
by converting 0.300° to minutes. Since there are 60 minutes in a
degree, we know that

x  0.300°
600 1°
where z is the equivalent, in minutes, of 0.300°. Then
z = 60" X 0.300 = 18’

Therefore, sin 0.300° = sin 18’. And we can find the sine of 18’
just as we found that of 19" in the problem above.

This same method can be used to find the sine of 4.3, Setting the
gauge mark on the S scale under 43 on the A scale, we read 12.5 on
the A seale at the index of the S scale. Then, since 4.3’ is roughly
one-eighth of 0° 34.4/, whose sine is 0.0100, we can place the decimal
point correctly: sin 4.3’ = 0.00125. Using the three zeros three method,

sin 4.3 3 4.3’
sinl” ~ 1
so that
sin 4.3” = 4.3 X sin 1’ = 4.3 X 0.0003 = 0.00129

The difference between the two answers is primarily the result of
the fact that the sine of 17 is not really 0.0003, but 0.000292. How-
ever, both the answers round off to 0.0013, which would be accurate
enough for most purposes.

If you understand this material, return to page 387 for another
try. If you still feel shaky, go back to page 345 for review.



382
[from page 3911

YOUR ANSWER: Side a = 109.9.

Right. In the given triangle, angle A is small, and side b is rela-
tively long. This means that the hypotenuse and side b are nearly
equal. And this, in turn, means that the sine and tangent of angle
A are nearly equal:

a. .
P Is almost equal to %because ¢ is almost equal to b,

So we can write

a
1,348

or a = 1,348 X sin 4° 40’

= sin 4°40’ (instead of tan 4° 40’)

In approximation form, since the sine of 4° 40’ is only slightly less
than that of 5° 44.3’, which is 0.100,

o=1X103X1xX 10! =1 X 102 = 100
On the slide rule:

1. Index the S scale at 1.348 on the A scale.
2. Slide the hairline indicator to 4° 40’ on the S scale.
3. Read 10.99 on the A scale under the hairline.

Then the complete answer is 109.9.

As you will soon see, a knowledge of the T (for tangent) scale will
simplify the problem of finding such solutions.

Now, before we go on to solving triangles that do not contain
right angles, let’s try one more right triangle.

Find side (a) of the triangle below (please use trigonometric
methods, rather than the Pythagorean theorem).

B

c=876 a

A b=338 °C

a = 338. page 385 a = 796. page 388 a = 808. page 392

383

[jrom page 8801
your ANSWER: Sin 5.2 = 0.00000521.

No, you're pretty far off on this one.

Let’s start over. .
First, we know that for very small angles measured in seconds,

sin A A

v 171
gnl” 1

Next, remembering sin 1" as five zeros five, we get
sin A A
0.000005 17
Now, we want to find the sine of 5.9". Substituting 5.2"/ for A in
the proportion above, we get
sin 52" 52"

0.000005 1"

The seconds appearing in the right side of this equation cancel out,

so we get
sin 5.2"" = 5.2 X 0.000005

In approximation form,
5% 5 X 1078 =25 X 107
= 0.000025

Tinish the problem for yourself, and then return to page 380 to
choose the correct answer.

Mgpter=-- S




384
[from page 3931

YOUR ANSWER: Drawing a line from angle C perpendicular to side
a
sinB  sind

¢, we get

You're correct. The figure that results
when the described line is drawn is shown
at the right.

A b c
From this figure, we see that f = gin B, so that ¢ = @ X sin B,

e .
and also ;= sin A, s0 that ¢ = b X sin A. Therefore, ¢ X sin B =

b X sin A, or, dividing first by sin B and then by sin 4, 2 b

Since we've already seen that _ @ c sindA  sinB
—— = ——  'we now have the com-

plete relationship gind sinh(C’

a b ¢
snAd sinB sinC
This is called the law of sines, and holds for any triangle.
It may surprise you to learn that you've been using the law of

sines for some time. Whenever you write £ sin 4, you're really
... @ sinA ¢
writing — = —— .
¢ sinC
with, C is always 90° so sin C = 1. Thus, in right triangles,
sind sind

gin C 1

But in the right triangles we’ve been working

Use the law of sines to find the un-
known sides of this triangle:

b= 563

a = 647, ¢ = 535. page 394
a = B85, ¢ = 687. page 397

a = 593, ¢ = 680. page 400

385
[from page 3821

YOUR ANSWER: ¢ = 338.

No, it’s not quite that simple.
Let’s go through it step by step.

We want to find side a of the triangle at
the right, knowing only that b = 338 and ce876 .
¢ = 876. Basically, the procedure we’ll use
is as follows:

A b=338 C

First, sinceé = sin B, we can use this relationship to find angle B.
c

Here's the way it’s done with the slide rule:

1. Shift 8.76 on the B scale under 3.38 on the A seale.

2. Slide the hairline indicator to the index of the A scale.

3. Reverse the sliding scale and align the S scale with the A scale.
4. Read angle B on the S scale under the hairline.

We find that B = 22° 45’ (or 22.75°). Therefore, since 4 = 90° — B,
A = 90° — 22° 45’ = 67° 15 (or 67.25°)

And g;'{-, _ &in 67°15', sothat a = 876 X sin 67°15'

We know that the sine of 67° 15’ is fairly close to 1.000, the sine of
90°, so for estimating purposes let’s say that sin 67° 15" = 0.900.
Then in approximation form,

a=9% 102X 9 X 107! = 81 X 10 = 810

Again, on the slide rule:
1. Index the S scale at 87.6 on the A scale.
9. Slide the hairline indicator to 67° 15’ (or 67.25°) on the S

scale.
3. Read the significant figures of the answer on the A scale under

the hairline.

Study this procedure carefully and finish the problem. Then
return to page 382 to choose the correct answer.




386
[jrom page 391}

YOUR ANSWER: Side a = 110.04.

Unless you guessed, you couldn’t have arrived at this answer
without using a table of tangents. And that means that you’ve
missed the whole point.

Let’s start over.

8
c
//ﬁﬁ
40 40"
A c

“be1348

We've seen that in a triangle such as this one, where the angle
between the adjacent side and the hypotenuse is very small and the
adjacent side is relatively long, the hypotenuse and the adjacent side
are almost equal. Therefore, the sine and tangent of the angle are
almost equal. That is,

a, a .
Pl almost equal to b because ¢ is almost equal to b.

Therefore, we can use the sine ratio in place of the tangent to
calculate side @ knowing only side b. We write

= gin 4° 40’ (instead of tan 4° 40")

_e
1,348
o = 1348 X sin 4° 40’

In approximation form, since the sine of 4° 40’ is only slightly less
than that of 5° 44.3’, which is 0.100,

a=1X10®X1X10" =1 X 10® = 100
On the slide rule:

1. Index the S scale at 1.348 on the A scale.
2. Slide the hairline indicator to 4° 40" on the § scale.
3. Read the answer on the A scale under the hairline.

Then

When you have the complete answer, return to page 391 to make
the correct choice.

387
[from page 3801

YoUR ANSWER: Sin 5.2"" = 0.0000260.

That's correct. Using five zeros five for the sine of 1", and the

proportion
sin A A

=T

sinl” 1
sin 5.2" 5.2"
0.000005 1"
So sin 5.2"” = 5.2 X 0.000005 = 0.0000260

Now, use any of the methods you've learned to check the va}lufes
below. Then select the group that contains an error. As an aid in
placing the decimal points correctly, remember that

sin 2.06”" = 0.00001
sin 0° 34.4" = 0.0100
sin 5° 44.3' = 0.100

sin 90° = 1.000

we get

and also
gin 17 = 0.0003 (three zeros three)

sin 177 = 0.000005 (five zeros five)
sin 19’ = 0.00553

sin 0.300° = 0.00524
sin 4.3’ = 0.0013

gin 517 = 0.0148

sin 90’ = 0.0262
gin 23° 24’ = 0.397
?his group contains an error,

v

page 381

This group contains an error.
N —

N

page 378

sin 52’7 = 0.000260 (using the seconds gauge mark)

sin 37" = 0.000185 (using five zeros five)

sin 3.3 = 0,0000160 (using the seconds gauge mark)
Eis group contains an error.

—

page 390




388

[from page 382]
YOUR ANSWER: a = 796.

No. And this looks like a guess. Let’s go through it step by step.

B
We want to find side o of the triangle at
the right, knowing only that b = 338 and c=876
¢ = 876. Basically, the procedure we'll use - a
is as follows:
A be338 ©

. . b . . .
First, since = sin B, we can use this relationship to find angle B.
Here’s the way it’s done with the slide rule:

1. Shift 8.76 on the B scale under 3.38 on the A scale.

2. Slide the hairline indicator to the index of the A scale.

3. Reverse the sliding scale and align the S scale with the A scale.
4. Read angle B on the S scale under the hairline,

We find that B = 22° 45’ (or 22.75°). Therefore, since 4 = 90° — B,
A = 90° — 22°45" = 67° 15" (or 67.25°)

And s% = sin 67° 15’, so that a = 876 X sin 67° 15

We know that the sine of 67° 15’ is fairly close to 1.000, the sine
of 90°, so for estimating purposes let’s say that sin 67° 15" = 0.900.
Then in approximation form,

a=9X10°X 9 X 107! =81 X 10 = 810
Again, on the slide rule:

1. Index the S scale at 87.6 on the A scale.

2. Slide the hairline indicator to 67° 15’ (or 67.25°) on the S
scale.

3. Read the significant figures of the answer on the A scale
under the hairline.

Study this procedure carefully and finish the problem. Then
return to page 382 to choose the correct answer.

389

[jrom page 3801

yoUR ANSWER: Sin 5.2”" = 0.00000260.

Well, you have the significant figures right, but you’ve misplaced

the decimal point.
Just for practice, let’s start from scratch.

First, we know that for very small angles, in seconds,
sin A A

sin 1”7 17
Next, remembering sin 1"’ as five zeros five,
sind A4
0.000005 1"
In this case, A = 5.2”, s0
sin5.2" 52"

0.000005 1"

The seconds appearing in the right side of this equation cancel out,

so we get

sin 5.2” = 5.2 X 0.000005
And 5.2 X 0.000005 is roughly 0.0000250, about five times the sine
of 1. The answer you chose, on the other hand, is actually smaller

than the sine of 17,
When you're sure you understand where you went wrong, return

to page 380 to choose the correct answer.




390
[from page 3871

vour ANSWER: This group contains an error:

sin 52”7 = 0.000260  &in 37"/ = 0.000185  sin 3.3"" = 0.0000160
You are right.

To find sin 52’ with the aid of the seconds gauge mark:

1. Slide the seconds gauge mark on the S scale under 52 on the
A scale.

2. Read 25.0 on the A scale at the index of the S scale.

. Since 52’/ ig apprloximately 26 times as great as 2.06”/, whose sine
is 0.00001, sin 52'" is approximately 26 X 0.00001, or 0.00026.
Therefore, using the figures we got on the rule, we find that sin 52" =
0.000252, not 0.000260.

However, if we use the five zeros five method, we find that
sin 52"/ = 52 X 0.000005 = 0.000260

The difference between the two answers is primarily the result of
the fact that sin 1" is really 0.00000485, not 0.000005.

Similarly, using the gauge mark method, we get sin 37"/ =
0:0001?’9, while with five zeros five we get sin 37’/ = 0.000185. And
sin 8.3"" = 0.0000160 with the seconds gauge mark, but 0.0000165
by five zeros five. ’

De.spite such discrepancies, however, the five zeros five method is
sufficiently accurate for most purposes.

Please go on to page 391.

391
[from page 3901

Now let’s look again at the triangle we used to determine the
diameter of the blast hole made by the rocket:

o MLES
M }d

We called the uppermost side of this triangle the hypotenuse.
Actually, this was just an arbitrary selection. Since the distance
from the launching point to the bottom of the crater is also ap-
proximately 245,000 miles, we could just as well have chosen this side

the hypotenuse of the triangle. Either way, we find that the hy-
potenuse (c¢) and the long side (b) of the triangle have to be almost

the same. Accordingly, the tangent % and sine % of the angle between

them are almost the same. Tor most practical purposes, then, we
can say that
d

~ 245,000 mi.

This relationship gives us a short-cut method for calculating the
short side of such a triangle if we know the long side but not the
hypotenuse. That is, we simply substitute the sine ratio of the
small angle opposite the short side for the tangent ratio.

Use this method to find side @ of the triangle below without finding
the hypotenuse first:

gin 2" = tan 2"

B

c .
a
4° 40"
A c

b=1348

Side a = 109.67. page 379
Side ¢ = 109.9. page 382

Side ¢ = 110.04. page 386




392
[from page 3821

YOUR ANSWER: a = 808.

Right. Very good. Essentially the procedure is as follows:

A pe338 ©

First, we used the relationship b_ gin B to find angle B
c =

Next, we used 4 = 90° — B to find angle 4.

Finally, wi S
y, we used the fact tha o= sin 4 to find the value of side a.

On the slide rule, it goes like this:

;. S}%ift 8.76 on 1ihe B scale under 3.38 on the A scale,
3. %hde the t;alrllne indicator to the index of the A scale
. Reverse idi 3 i ith
Rove e sliding scale and align the S scale with the A

4. Read angle B, 22° 45’ o
hairline. £ , 22° 45" (or 22.75°), on the S scale under the

Th = — 22°
en A = 90° — 22° 45" = 67° 15’ (or 67.25°), and a = 876 X

sin 67° 15". (By the u et
a is roughly 810.) sual approximation method, we find that

5. In.dex the 8 scale at 87.6 on the A scale.
S. Slide the hairline indicator to 67° 15" on the S scale
. Read 80.8 on the A scale under the hairline. -
Then a = 808.
. ‘zfr £(bzlours_e,dthPj necessity for several readings of the rule, as well as
Neverthr;:;; e;:}ings, rid?ices the accuracy of our answer’somewhat
, the method is theoretically co .
able to get fairly accurate results with it.y prech S0 you should be

Now, to learn how to s :
olve triangl .
angles, please go on to page 393. gles that do ot contein right

393
[from page 3921

B

In discussing the methods used to solve
triangles that are not right triangles, we ¢ a
will consider the general or oblique tri-
angle, as shown at right.

A b c

All triangles may be reduced to a pair of right triangles, simply by
dropping & line from one of the angles perpendicular to (i.e., making
a right angle with) the opposite side. If this perpendicular line is
drawn from angle B to side b in the triangle above, and the foot of
the perpendicular is labeled D, then the triangles formed are ABD

and CBD:

With the aid of these two triangles, we can obtain several useful
expressions. First, since the side labeled d is common to both triangles,

[
= ¢ X sin A. Therefore, since d = a X sin C and also ¢ X sin 4,

d .
we know tha 4 _ gin C, so d = a X sin C, and also -~ = S0 A, so
a

o X gin € = ¢ X sin 4.
Dividing through, first by sin C and then by sin A, we get
a c
snd  snC
1f we were to draw & perpendicular line from angle C to side ¢,
and proceed as we did above, what expression would result?

a b a

b

— =" 384 - = - age 399
sinB sind page sinA sinB P

L -c__ - page 396 I don’t understand. page 401
smB snC




394
[from page 3841

YOUR ANSWER: @ = 647, ¢ = 535,

You'd better take snother look at the law of sines. Tt says that

in any triangle, the ratio of each sid i i
angle i3 constant. That is, " 10 the sine of the opposie

a

b _
sind sinB

sin €
Now, look at the given triangle again:

b= 563

From the law of sines, we see that

a 563 c a
: - -t _ 563 ¢
sin 56 8in 52°  gin 72° (not Sin 72°  sin 56° sin 52°)

So a = gin 56° X .563
sin 52°

. 563

¢ = gin 72° X

sin 52°

_Using our regular approximation m
@ 18 roughly 600 and ¢ is roughly 675. On the slide rule;

1. Sk‘nift 52° on‘ t}_le S scale under 56.3 on the A scale
2. Slide the hairline indicator to 56° on the S seale. .

3. Read the signifi i
o hajrﬁne,gm cant figures of side ¢ on the A scale under

4. Slide the hairline indicator to 72°

5. Read the significant figures of ¢
hairline,

ethod, we can quickly see that

on the S scale.
on the A scale under the

Return to page 384 to choose the right answer.

395
[from page 4001

YOUR ANSWER: Sin 136° = 0.695 is incorrect.

No, the given value is correct. Let’s review a bit.

First, you should recall from elementary geometry that supple-
mentary angles are two angles whose sum is 180°. Thus, since
75° 4+ 105° = 180°, 75° is the supplementary angle of 105°. Similarly,
31° 38" is the supplement (or supplementary angle) of 148° 227
because 31° 38" 4 148° 22" = 180°.

180°" 180°
148° 22

752 105
3i°\z8!

To find the supplement of any angle, then, we simply subtract
that angle from 180°. So the supplement of 136° is 44°, because

180° — 136° = 44°

Now, we were told that the sine of an angle between 90° and 180°
is the same as the sine of its supplementary angle. Therefore, the
sine of 136° is the same as that of 44°. And it’s a simple matter to
find the sine of 44° with the slide rule:

1. Align the A and S scales.
2. Slide the hairline indicator to 44° on the S scale.
3. Read 69.5 on the A scale under the hairline.

Since 44° is larger than 5° 44.3’, for which the sine ratio is 0.100,
but smaller than 90°, for which the sine is 1.000, we see that sin 44° =
0.695. Therefore, sin 136° = 0.695, and the given figure is correct.

Study this analysis of the problem. Then return to page 400 for
another try.




396

[from page 8931

YOUR ANSWER: Drawing a line from angle C' perpendicular to §

side ¢, we get — =-°_.
smB  sin(C

No, we don’t, At least, not directly. Let’s draw the indicated |

line and see what’s really happening:

The side labeled ¢ is common to both triangles (ACE and BCE)

Clearly, since ¢ is per endi i i
with sde o berpendicular to side ¢ (i.e., makes a right angle

=8in B, s0that ¢ =g X sin B,

Slo

and also

2 .
b= sin 4, sothat ¢=p X sin A,
Therefore, since ¢ = g X si
, = sin B i
theso g opms &= and also b X sin 4, we can equate
aXsnB=}pXgna
Dividing through, first by sin B and then by sin 4, we get

a b
simd ~ snB

(Now, since we’ve alr 2 ¢
s already seen that — = —, it is true that

_ ¢ But thi SInA  sin ¢
SnB  smo: BU this result eannot be obtained directly from the

a . .
gure obtained by drawing g perpendicular from ¢ to ¢; you need to

get the — a
sin 4

Study this analysis carefull
the correct answer. clully.  Then return to page 393 to choose

= n B relationship first.)

397
Lfrom page 3841

YOUR ANSWER: ¢ = 585, ¢ = 687.

No. And this looks like a guess. Look at the given triangle again:

be 563

According to the law of sines,
a b ¢
sind sinB sinC

Substituting known values,

o 563 ¢
sin 56°  sin 52°  sin 72°
563
\ = i °
So ¢ = sin 56° X sin 52°
. 563
¢ = s§in 72° X Sin 520

Using our regular approximation method, we can quickly see that
a is roughly 600 and ¢ is roughly 675.
On the slide rule:

1. Shift 52° on the S scale under 56.3 on the A scale.
2. Slide the hairline indicator to 56° on the S scale.
3. Read the significant figures of side ¢ on the A scale under

the hairline.
4, Slide the hairline indieator to 72° on the S scale.

5. Read the significant figures of ¢ on the A.scale under the
hairline.
When you have the correct values, return to page 384 to choose
the right answer.



398
[from page 4081

YOUR ANSWER: b = 293, B = 131°29.2, € = 1°30.8’.

No. Evidently you used the incorrect relationship.

286 M
sin 47° X 153 47° c=2

A b=? :

sin C =

We'd better start at the beginning. From the law of sines,

286 b 153
sin47° snB  sinC

To find C, then, we can use a simple proportion setting of the rule:

1. Shift 47° on the S scale under 28.6 on the A scale.
2. Slide the hairline indicator to 15.3 on the A scale.
3. Read 23° on the S scale under the hairline.

So C = 23° (Incidentally, be sure to read the 28.6 and 15.3 on the
same part of the A scale. That is, if you use the 28.6 on the right half
of the A scale, you must also use the 15.3 on that half of the scale.
Similarly, if you use the 2.86 on the left half of the A scale, you must
slide the hairline indicator to 1.53 on that half of the scale.) ,
At this point we may find angle B. The angles of a triangle must i
add up to 180° so B = 180° — 47° — 23° = 110°.
To find side b, we need to know the value of sin B. We've seen
that the sine of an angle between 90° and 180° is equal to the sine of
its supplementary angle. Therefore,

sin B = sin 110° = gin (180° — 110°) = sin 70°

The slide rule is already set so that 47° on the S scale is under
28.6 on the A scale. Thus all we need do to solve the proportion
286 b

1. Slide the hairline indicator to 70° on the S scale.

2. Read the significant figures of the value of b on the A scale
under the hairline,

Use the usual approximation methods to place the decimal point
correctly. Then, when you have the complete answer, return to
page 403 to make the right choice.

399
{from page 3931

Nswer: Drawing a line from angle C perpendicular to side

b @
¢, we et ginA  sinB

YOUR A

No, we don’t. And this answer looks like a guess. .
Let’s start over. Here is the figure that results when a perpendic-

ular line is drawn from angle C to side c:

The side labeled e is common to both triangles (ACE and BCE).

Clearly, since ¢ is perpendicular to gide ¢ (i.e., makes a right angle

with side ¢),

¢ = &in B, sothat e¢=a Xsin B,
a
and also .
% =gsin 4, sothat e=DbXsn A.
Therefore, since ¢ = a X sin B and also b X sin A, we can equate

these two expressions:
g Xsin B=>5bXsnd

Dividing first by sin B, we get
b X sin A
~ sinB
And dividing by sin A, we get the relationship we want:
a b

sin 4 ~ sinB
a ¢
This is the relationship that corresponds to the nAd snC

relationship we obtained when we drew a perpendicular line from

angle B to side b.
Study this analysis carefully. Then return to page 393 to choose

the correct answer.




400

[from page 3841

YOUR ANSWER: ¢ = 593, ¢ = 680.

Right. By the law of sines,
563 a

c a=593
sin 52°  sin 56°  sin 72°

A b=563 ©C
. wpo 563 ot oo 563
So e = sin §6° X Gn 520 ¢ = 8in 72° X sin 52°

With the usual spproximation methods, we find that a is roughly
600 and ¢ is roughly 675. The calculation is especially easy on the

slide rule, since we need set the — o
On the slide rule: sin

part of the problem only once.

1. Shift 52° on the S scale under 56.3 on the A scale.
2. Slide the hairline indicator to 56° on the S scale.
3. Read 59.3 on the A scale under the hairline.

Then ¢ = 593.

4. Slide the hairline indicator to 72° on the S scale.
5. Read 68.0 on the A scale under the hairline.

Then ¢ = 680.

Not infrequently we encounter a triangle in which one of the
angles is greater than 90°. Though we won’t take time to discuss it
in detail here, it can be shown that the sine of an angle between
90° and 180° is the same as the sine of its supplementary angle.
(Supplementary angles, you recall, are two angles whose sum is 180°,
Thus the supplement of any angle z is 180° — z.)

Which of the sines below is incorrect?

Sin 136° = 0.695. page 395 Sin 170° 25’ = 0.166. page 406

Sin 150° = 0.0523. page 403 Sin 179° 59’ 53”” = 0.0000339. page 408

401
{from page 3931

vour ANswER: I don’t understand.

Well, let’s start by drawing the line from anglfz C perpepdicular
(i.e., making a right angle with) side . The resulting figure is shown
below.

From this figure we want to find the relationship that corresponds

to the 2 = relationship we got when we drew a perpendic-

sin 4 sin .
ular line from angle B to side b. - .
To begin, notice that the side labeled e is common to botl:x triangles.
And since e makes a right angle with side ¢, both the triangles are
right triangles. Therefore,

E=sinB, so that e = a X sin B,
a

and also
¢ = s b XsinA
b = gin A, so that e X sin A.

Because ¢ = a X sin B and also b X sin A, we can set these two
expressions equal to each other:

aXsin B="bXsinA

Then, dividing through first by sin B and thejn by sin 4 (although
the order of division really doesn’t make any difference), we get
a b
sinA sinB

And this is the relationship we're looking for.

Study this analysis carefully. Then return to page 393 and 1001;
again at the explanation there. When you're sure you understan
the procedure, choose the right answer.




402
[from page 4111

YOUR ANSWER: This statement is ineorrect: Side b; = 1,070.

No, it’s right. Here’s the way it goes:

6ﬂ
750

€665 665
1362
D

A
| n4
[ oy

Since by is a straight line, we know that angle D - 136° must be
equal to 180°. Therefore,

D = 180° — 136° = 44°.

Now, how about angle C? Well, we notice that triangle BCD is
isosceles. That is, it has two equal sides: the side opposite angle C is
665 and the side opposite angle D is also 665. Therefore, we can
conclude that angle C is the same as angle D. So C = 44°,

Now we can find angle B. Since 4 + B 4 C = 180°,

B=180°— 4 — C = 180° — 38° — 44° = 98°

Then, from the law of sines,
by _ 750 <0r 665
sin 98°  sin 44° sin 38°

'.I‘he sine of an angle between 90° and 180° is the same ag the sine of
its supplementary angle. Thus sin 98° = sin (180° — 98°) = sin 82°
To find b on the slide rule:

1. Shift 44° on the S scale under 7.50 on the A scale.
2. Slide the hairline indicator to 82° on the S scale.
3. Read 10.7 on the A scale under the hairline.

—either proportion will do)

Usjng the usual approximation method to help us place the decimal
point correctly, we get b = 1,070.

Study this analysis carefully. Then return to page 411 to find
the error.

o
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403
[from page 4001

YOUR ANSWER: Sin 150° = 0.0523 is incorrect.

You are right. The sine of an angle between 00° and 180° is the
same as the sine of its supplementary angle. Therefore,

sin 150° = sin (180° — 150°) = sin 30°

(This is easy to check; supplementary angles are two angles whose
sum is 180°, and 30° + 150° = 180°.) All we need to do with the
slide rule, then, is look up the sine of 30°:

1. Align the S and A scales.

2. Slide the hairline indicator to 30° (not 83°—be careful) on the
S scale.

3. Read 50.0 on the right-hand A scale under the hairline. Since
30° is larger than 5° 44.3’, for which the sine ratio is 0.100,
but smaller than 90°, for which the sine is 1.000, we see that
sin 80° = 0.500. Therefore, sin 150° = 0.500.

Here’s a triangle with one angle greater than 90°. Solve it for

the unknown values:
¢=153 7 B=? 0=286
470 [

A b=?

b =293 B = 131°20.2/, C = 1° 30.8’. page 398
b = 368, B = 110°, C = 23°. page 410

b = 875, B = 118°, C = 15° page 414




404
[from page 4171

YOUR ANSWER: ¢* = a2 + b% — 2ab(cos O).

Right. Very good. Since cos €' = ﬁ, e = a(cos C). Substituting
a(cos C) for e in the equation ¢? = a? + b — 2be, we get
¢ =a’+b%>—2b XalcosC), or c%=a?+ b*— 2ab(cos ()

By drawing a perpendicular line from C to ¢, and from A to a, we
can also prove that

a? = b 4- ¢? — 2bc(cos A),
and b% = a? + ¢* — 2ac(cos B)

Together, these three equations constitute the law of cosines. In
words, the law of cosines says that

in any triangle, the square of any side is equal to the sum of the
squares of the other two sides minus twice the produet of those
sides and the cosine of their included angle.

The law of cosines, in combination with the law of sines, will solve .
any triangle.
Just to make sure that you understand what the law of cosines says,
find side @ of the triangle below: H

b=l a
37°
=20

@

a = 26.5. page 413
a = 17.3. page 418

a = 13.1. page 420

405
[from page 4111

voUr ANsWER: This statement is incorrect: Side b, = 956.

Right; it’s wrong. Here’s a complete analysis of the problem:

Since D -+ 136° must equal 180°, we know that D = 180° — 1$6° =
44°, And angle € must be the same as angle D, because the triangle
BOD is isosceles (i.e., has two equal sides) and therefore has two
equal angles. So C = 44% the given value is correct.

60
750,

665 665

1365 ¢
ALE8 P

114 b 4

Now, knowing angles A and C of the large triangle ABC, we can
find angle B: B = 180° — 38° — 44° = 98°

Then, from the law of sines,
by 750 ( i 665 )
— = or, if you prefer, ——=5
sin 98°  sin 44° youp sin 38
And of course sin 98° = sin (180° — 98°) = sin 82°. Therefore,
to find b on the slide rule:

1. Shift 44° on the S scale under 7.50 on the A scale.
9. Slide the hairline indicator to 82° on the .S scale.
3. Read 10.7 on the A scale under the hairline.

Then, using the usual approximation method t.o place the decimal
point correctly, we find that by = 1,070. (The incorrect axiswer 956
is the result of caleulating B to be 180° — 44° — 44°,.or 92°.) .

) Now, look at this triangle: Can you use the law of sines to solve it?

B=?
c=? a=13

25°¢
¢

As?

Yes., page 409 No. page 416




406
[from page 4001

YOUR ANSWER: Sin 170° 25’ = 0.166 is incorrect.

No, the given value is correct. Let’s review a bit.

First, you should recall from elementary geometry that supple-
mentary angles are two angles whose sum is 180°. Thus, sinco
75° 4 105° = 180°, 75° is the supplementary angle of 105°. Similarly,
31°38 is the supplement (or supplementary angle) of 148° 22
because 31° 38 - 148° 22" = 180°.

180° ts0°

148° 22° :
31°\38?

752 105

To find the supplement of any angle, then, we simply subtract
that angle from 180°. So the supplement of 170°25’ is 9° 35/,
because

180° — 170° 25" = 9°35’

Now, we were told that the sine of an angle between 90° and 180°
is the same as the sine of its supplementary angle. Therefore, the
sine of 170° 25’ is the same as that of 9° 35’. And it’s a simple matter
to find the sine of 9° 85" with the slide rule:

1. Align the A and S scales.
2. Slide the hairline indicator to 9° 35" on the S scale.
3. Read 16.6 on the A scale under the hairline.

Since 9° 85’ is larger than 5° 44.3’, for which the sine ratio is 0.100,
but smaller than 90° for which the sine is 1.000, we see that
sin 9° 85’ = 0.166. Therefore, sin 170° 25’ = 0.166, and the given
figure is correct.

Study this analysis of the problem. Then return to page 400 for
another try.

407

[from page 4111
vour answer: This statement is incorrect: Angle C = 44°,

No, it’s right. Here’s the diagram again:

60
750

665 665
136%

A
na 4
by

Tirst, notice that by is a straight line. As you shquld recall, a
straight line can be considered a 180° angle. Think of it as the sum
of two angles, if you like. Then 136° + «° = 180°.

180°

r = 180° — 136° = 44°

Now, what about angle C? Well, notice that triangle BCD is
isosceles. That is, it has two equal sides: the side opposite angle C
is 665 and the side opposite angle D is also 665. You should re-
member that there is a theorem from elementary geometry that says
that angles opposite equal sides of a triangle are equal. In other
)words, angle C is the same as angle D. Therefore,

C =44°

Therefore,

So the given value is correct.
Study this analysis until you understand where you went wrong.
Then return to page 411 for another try.




408
Lfrom page 4001

YOUR ANSWER: Sin 179° 59’ 53" = 0.0000339 is incorrect,

No, the given value is correct. Let’s review a bit.

First, you should recall from elementary geometry that supple-
mentary angles are two angles whose sum is 180°. Thus, since
75° 4+ 105° = 180°, 75°is the supplementary angle of 105°. Similarly
31°38 is the supplement (or supplementary angle) of 148° 22':

because 31° 38" + 148° 22’ = 180°.
180° l1s0°
148° 22'

7558 105°
‘\ S1o\zg

To find the supplement of any angle, then, we simply subtract
that angle from 180°. The supplement of 179°59’ 53" is 7'’
because ’

179° 597 53" 4+ 7" = 180°

Now, we were told that the sine of an angle between 90° and 180°
is the same as the sine of its supplementary angle. Therefore, the
sine of 179° 59" 53"/ is the same as that of 7””. And it's no troub,Ie to
find the sine of 7’/ with the slide rule:

1. Slide the hairline indicator to 7 on the A scale.

2. Shift the seconds gauge mark on the § scale under the
hairline.

3. Read 3.39 on the A scale at the index of the S scale.

”We rememl?er the sine of 1" as five zeros five, or 0.000005. Since
7" is seven times 1", the sine of 7’/ should be about seven times
0.000005, or 0.000035. Therefore, using the figure from the slide
rule, we get

sin 179° 59’ 53" = sin 7" = 0.0000339

Study this analysis until you’re sure you understand why it’s
correct. Then return to page 400 for another try.

409

[from page 4051

YOUR ANSWER: Yes, the law of sines can be used to solve this
triangle.

Well, let’s check. The law of sines says that

a _ b _ c c=? a= 13
sind sinB sinC

¢
h=? 15

_ 15 ¢
sinA sinB  sin 25°

According to the law of sines,

But when we try to solve for A, B, or ¢, we run Into trouble. Look

what happens:
15

sin A B sin B
13 X sin B
15

for sin 4.

Suppose we try to solve the proportion
We get

sin 4 =

And this isn’t any help, because there is still an unknown quantity,
sin B, on the right side of the equation. Similarly, if we solve for
sin B, we get
in B = 15 X sin 4
sin B = 3
with the unknown sin A appearing on the right.

Let’s consider some other combination. How about solving

13 c
Sn A o5 for ¢? Well, we get
13 X sin 25°
c=—"——
)l sin A

* And this is the same problem we ran into before—there’s an unknown
quantity on the right side of the equation.
In fact, none of the proportions afforded by the law of sines will
do the job. We always end up with an equation in two unknowns.
Return to page 405 and choose the right answer,

-




410
[from page 4031

YOUR ANSWER: b = 368, B = 110°, C = 23°
Right. Here’s the way it went:

From the law of sines, M
236 b 153 ar° c=?

sin47° sinB  sinC A b=?

We can easily find € from this information:

1. Shift 47° on the S scale under 28.6 on the A scale.
2. Slide the hairline indicator to 15.3 on the A scale.
3. Read 23° on the S secale under the hairline.

We may now find B, since the angles of a triangle must add up
to 180% B = 180° — 47° — 93° = 110°.

To find b, we need to know the value of sin B. Since the sine of
an angle between 90° and 180° is equal to the sine of its supple-
mentary angle, we know that sin 110° = 70° (because 110° 4~ 70° =
180°). Since the slide rule is already set so that 47° on the S scale is
under 286 on the A scale, all we need do to find b is:

1. Slide the hairline indicator to 70° on the S scale.
2. Read 36.8 on the A scale under the hairline.

In approximation form,

3% 10°X9 X107

b 8 X 1071

= 3.4 X 10% or 340

Therefore, b = 368.

In case you haven’t discovered it, a short cut for finding the angle
whose sine is equivalent to that of the obtuse angle of a triangle is
simply to add the acute angles. In the problem above, for example,
B = 110° Ro

sin B = sin 110° = sin (180° — 110°) = sin 70°
And also, A+ C =47 - 23° =7

Please go on to page 411.

411
[from page 410]

Until now we’'ve generally been given sketches of th.e triangles
we've been working with. But suppose we were simply given values
for A, a, and b, without an accompanying sketch. Could we draw;
a triangle which would be 2 reasonably accurate representation o

ired one? ‘
th?l’?lzsgﬁgwer is yes, we can. The usual method is to drfxw suic:: b
at A degrees from the horizontal, and then swing an arc w1§h radius
equal to side a until it intersccts the horizontal line, like this:

1 side @ is & bit shorter than side b, however, Jook what can
happen—two triangles!

Below is such a situation. One of the possible solutions has ?een
found. You find the other one. That is, ind B, C, and b1. Then
choose the incorrect statement below. (Hint: Wha;t can you say
about angles D and C? Remember that D and 136° must add up

to 180°.)

Side b1 = 1,070. page 402 Angle ¢ = 44°. page 407

Side by = 956. page 405 Angle B = 98°, page 415




412

[from page 4171
YOUR ANSWER: ¢® = a® + b% — 2ac(cos B).

No. And this looks like a guess. Let’s start over.

We began by drawing a perpendicular line from angle B to side b,
thus dividing triangle ABC into two right triangles, ABD and CBD.
Then, since side d is common to both triangles, we found that

d?=0a*—¢> mnCBD and d?=c¢*— (b—e)? in ABD

Therefore,
2— (b—e)? =a®— ¢

Solving for ¢* and simplifying, we get
¢? = a% + b — 2e

At this point we want to eliminate ¢ from the equation to arrive
at an equation which will give us ¢ in terms of the information we

have, i.e., in terms of a, b, and C. To do this, notice that in the
triangle DCB, cos C = 2. Then ¢ = a X cos C, or a(cos C). So

we can substitute a(cos C) for ¢ in the equation ¢® = a? + b% — 2be.
When we do, we find that

¢ = 0a? 4 b2 — 2b X a(cos C)
¢ = 0% 4 b — 2ab(cos C)

When you're sure you understand how we arrived at this result,
return to page 417 to choose the correct angwer.
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413
[jrom page 4041

YOUR ANSWER: a = 26.5.

Wait a minute! Evidently you used the sine of 37° to calculate
your answer, rather than the cosine. Let’s start over.

¢

b={t g

37°
c=20

e e}

A

According to the law of cosines,
o = b2 + ¢ — 2be(cos 4)
In the given problem, then,
o = 112 + 20% — 2(11)(20) (cos 37°)
Now—and here’s where you missed the boat—
co0s 37° = sin 53°

because 53° = 90° — 37°. And you ought to know by now that

sin 37° does not equal cos 37°.
So our problem becomes

a2 = 112 + 202 — 2(11)(20) (sin 53°)

You shouldn’t have any trouble solving this equation for a. ?l}en
you have the answer, return to page 404 to make the correct choilce.
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414
[from page 408]

YOUR ANSWER: b = 375, B = 118°, C = 15°

No. And you couldn’t have arrived at this answer through any
logical process of thought. You must have guessed. We'd better
From the law of sines,

start at the beginning.
¢=153 /87 0=286
286 b 153 4r° Cs?

sin47° sinB  sinC A b=?

To find C, then, we can use a simple proportion setting of the rule:

1. Shift 47° on the S scale under 28.6 on the A scale.
2. Slide the hairline indicator to 15.3 on the A scale.
3. Read 23° on the S scale under the hairline.

So € = 23°. (Incidentally, be sure to read the 28.6 and 15.3 on the
same part of the A scale. That is, if you use the 28.6 on the right half
of the A scale, you must also use the 15.3 on that half of the scale.
Similarly, if you use the 2.86 on the left half of the A scale, you must
slide the hairline indicator to 1.53 on that half of the scale.)

At this point we may find angle B. The angles of a triangle must
add up to 180°, so B = 180° — 47° — 23° = 110°.

To find side b, we need to know the value of sin B. We’ve seen
that the sine of an angle between 90° and 180° is equal to the sine of
its supplementary angle. Therefore,

sin B = sin 110° = gin (180° — 110°) = sin 70°
The slide rule is already set so that 47° on the 8 scale is under 28.6
on the A scale. Thus all we need do to solve the proportion
286 b,
Sin47°  sin 70°
1. Slide the hairline indicator to 70° on the S scale.

2. Read the significant figures of the value of b on the A scale
under the hairline.

Use the usual approximation methods to place the decimal point
correctly. Then, when you have the complete answer, return to
page 403 to make the right choice.

418
[from page 4111
YOUR ANSWER: This statement is incorrect: Angle B = 98°
No, it’s right. Look at the diagram again:
8
60
750
665 665
1362
g c
| e
I by

Since by is a straight line, or, what is the same thing, an angle of
180°, we know that angle D < 136° must be 180°. Therefore,

D = 180° — 136° = 44°

Now, what about angle C? Notice that triangle BCD is isosceles.
That is, it has two equal sides: the side opposite angle C is 665 and
the side opposite angle D is also 665. You should remember that
there is a theorem from elementary geometry that says that angles
opposite equal sides of a triangle are equal. In other words, angle C

18 the same as angle D:
C = 44°

We can now find angle B very easily, because we know angles A
and C of the large triangle ABC:

A+ B+ C =238+ B+ 44° = 180°,
S0 B = 180° — 38° — 44° = 98°

We see that the given value is correct.
Study this explanation until you understand where you went
wybng. Then return to page 411 to try again.



a1z
373773 page 4061 Lfrom page 4161
As a start, you should recall that every triangle may be reduced

YOUR ANSWER: No, the law of sines will not solve this triangle.
to a pair of right triangles, as shown below:

That’s right; it won’t. Look at the triangle again:

B=?
¢=? a2 i3
A=? 2% c
b=15
Accordivg to tho law of sines, ide d iz common to both triangles ABD and CBD. T¥rom the
13 15 ¢ Pythagorean theorem (which says that the square of the hypotenuse

of a right triangle is equal to the sum of the squares of the sides),

d% = o — ¢ in triangle CBD,

sin A B sin B = sin 25°

And no matter how we try to solve these proportions for A, B, and
¢, we find that we just don’t have enough information. We always and
end up with an expression in two unknowns.

@2 =c— (b—e¢)? intriangle ABD

So we find that there is a limitation on the usefulness of the law of Therefore, P (b— ) =a — &
sines. It is not enough just to know three of the six quantities g, .
b, ¢, A, B, and C. We have to have a certain kind of information: Solving this equation for ¢* and simplifying, we get
‘5,111‘0 solve a triangle by means of the law of sines, we must know Eea?— et (b—e)?
eloher 9 2 9 2
=2 — 2+t —2be+te
1. two sides and the angle opposite one of them, or — a2 + b2 — 2be

2. two angles and the side opposite one of them. ‘
g i All that’s left now is to eliminate e from the expression

In th 1 iven the val f two sid
n the example above, we are given the values of two sides and one B b — 2o

angle, but because the angle is opposite neither of the known sides

we cannot solve the problem with the law of sines. We need to find Which of the expressions below is the result? (Hint: Notice that
some other law or rule that will give us the solution. e
Please go on to page 417. in the triangle DCB, cos C = . )

¢? = a® + b? — 2ab(cos C). page 404
¢? 4 a? + b% — 2ac(cos B). page 412
o = a2 + h? — 2bc(cos A). page 419

I need some help. page 422




418
[from page 4041

YOUR ANSWER: ¢ = 17.3.

No. And at this stage in the game you should know better than
to try to guess!

Let’s begin again. Here’s the given triangle:
]
bl g

A

6=20 8
The law of cosines says that for any triangle,
o? = b% 4+ ¢ — 2bc(cos A)
For the triangle above, then,
a® = 112 + 20% — 2(11) (20) (cos 37%)

We can’t work directly with cosines on some slide rules, but we
do know that the cosine of an angle is equal to the sine of the com-
plement of the angle. That is,

cos 4 = sin (90° — A4)
So cos 37° = gin (90° — 37°) = sin 53°
Our problem now becomes
@® = 11% + 20% — 2(11)(20) (sin 53°)

In approximation form we find that o2 is roughly 180, so that a
is about 13.4.
At this point, you should be able to complete the calculation for

yourself. When you have the answer, return to page 404 to make the
correct choice.

o e R TR e s

419
Lfrom page 4171

YOUR ANSWER: ¢® = o2 4+ b% — 2bc(cos 4).

No. And this looks like a guess. Let’s start over.

We began by drawing a perpendicular line from angle B to side b,
thus dividing triangle ABC into two right triangles, ABD and CBD.
Then, since side d is common to both triangles, we found that

d=0a?>—¢ inCBD and d>=c¢®— (b—e)? in ABD

Therefore,
E—(b—e)?=0a*—¢é

Solving for ¢% and simplifying, we get
¢ = 0? 4 b? — 2be

At this point we want to eliminate e from the equation to arrive
at an equation which will give us ¢ in terms of the information we

have, ie., in terms of a, b, and C. To do this, notice that in the
triangle DCB, cos C = 5. Then ¢ = a X cos C, or a(cosC). So

we can substitute a(cos C) for e in the equation ¢ = a2 -+ b2 — 2be.
When we do, we find that

c? = a2+ b2 — 2b X a(cos C)
¢ = a* 4 b? — 2ab(cos C)

When you’re sure you understand how we arrived at this result,
roturn 4o page 417 to choose the correct answer.




420
[from page 4041

YOUR ANSWER: ¢ = 13.1.

Right. Here is the triangle again:
[
b=l! a

A

According to the law of cosines,

o® = b* 4 ¢® — 2bc(cos 4)
In this case, then

a® = 112 4 20? — 2(11)(20) (cos 37°)
and since the cosine of 87° is equal to the sine of 53° (because 90° —
37° = 53°),

a® = 117 + 202 — 2(11) (20) (sin 53°)

With the usual approximation method, we find that a should be
about 13.4? In this particular problem we can find the squares of b
and ¢ 2by ispection, without using the D and A scales (11? = 121
and 20% = 400). Similarly, 2(11) (20) = (sin 53°) 440 (sin 53°). Then
on the slide rule; ’

1. Igdex the S scale at 440 on the A scale.
2. Slide the hairline indicator to 53° on the S scale.
3. Read 351 on the A scale under the hairline,

Since the sine of 53° is about 0.800, we conclude that 440 (sin 53°) =
3561. Then

a® = 121 4 400 — 351 = 170
Finally, to find a,
1. Slide the hairline indicator to 1.70 on the left-hand A seale.
2. Read 1.305 on the D scale in line with the hairline.

Then a = 13.05, or, to three figures, ¢ = 13.1.
Go right on to page 421.

Y gl L TR RS

42%
Lfrom page 4201

We’ve seen that the S scale is simply another application of the
basic slide rule principles. With knowledge of these principles and
the basic ideas of trigonometry we can solve many problems that
would have been difficult if not impossible by ordinary algebraic
methods.

The ease with which such problems can be solved is further in-
creased by knowledge of the T, or tangent, scale. With the T scale
we can read the tangent of any angle from about 5° 45’ to 45° directly
on the D scale. (More about the tangents of larger and smaller
angles later.)

8 it g ) B 48 4 1p 10 3013 20 H ° b e,
3 iy D e s s A

i1 8 babo1804

To help you place the decimal point correctly, just remember that
at the left end of the scale, tan 5°44.5" = 0.100, and at the right
end of the scale, tan 45° = 1.000. (The reason for this is the fact
that a 45° right triangle is an isosceles triangle. Angles A and B are
equal, and sides ¢ and b are equal. Therefore, the tangent, which is
defined as the ratio of the opposite side to the adjacent side, is equal

to 1:tan 45° = % = 1, because ¢ = b.)

A=B B
a=b

B on

2 N5

Which of these is incorrect?
Tan 22° = 0.404. page 424
Tsn 38° = 0.780. page 427

Tan 6° = 0.0105. page 431



422
Efrom page 4171

YOUR ANSWER: I need some help.

Let’s review what we’ve already done.

We began by drawing a perpendicular line from angle B to side b,
thus dividing triangle ABC into two right triangles, ABD and CBD.
Then, since side d is common to both triangles, we found that

d>=0%>—¢ inCBD and d°=c¢*— (b—¢)® indBD

Therefore,
¢ — (b—e)?=a0a%—¢

Solving for ¢? and simplifying, we get
2 = a? + b% — 2be

At this point we want to eliminate e from the equation to arrive
at an equation which will give us ¢ in terms of the information we
know, i.e., in terms of a, b, and C. To do this, notice that in the

triangle DCB, cos C = 5. Then ¢ = a X cos C, or alcos C). So

we can substitute a(cos C) for ¢ in the equation ¢? = a® + b* — 2be.
When we do, we find that

¢t = a2+ b2 — 2b X a(cos C)
¢? = a? 4+ b — 2ab(cos C)

When you're sure you understand how we arrived at this result,
return to page 417 to choose the correct answer,

YOUR ANSWER: Side ¢ = 216.

423

[from page 4311

Right. And we didn’t really need to know the value of ¢ in order

. . . a
to arrive at this answer. Since 3= tan 4,

a="bXtan A = 276 X tan 38°

In approximation form,
g =3 %102 X8 X 107! =24 X 10 = 240.

On the slide rule:

1. Shift the right-hand T-scale index opposite 276 on the D scale.
9 Slide the hairline indicator to 38° on the T scale.
3. Read 216 on the D scale under the hairline.

Then a = 216.

When only sides a and b are known,
as in the triangle at the right, we can
use a proportion to find angle A:

tan 4 =

Then, dividing by 407,

On the slide rule:

1. Shift 45° on the T scale (because sin 45° = 1) over 623 on

the D scale.
2. Skde the hairline indicator to 407 on the D scale.
3. Read 33° 10’ on the T scale.

So 4 = 33° 10",
/<7Vhat is the value of angle 4

in the triangle at the right?

A = 8°43',
A = 12° 50",

page 430
page 438

A

b=623
tanAwg_iiﬂz
1 b 623
ta.nA__L
407 623

(5

a=407

a=1it

A
4 =12°30".

b=5%00
page 443



424
[from page 4211

YOUR ANSWER: This is incorrect: Tan 22° = 0.404.

No, it’s right. Here’s the way it goes:

1. Align the T and D scales.

2. Slide the hairline indicator to 22° on the T scale.
3. Read 404 on the T scale under the hairline,

The setting will look like this:

)Y
3 Wb oot e o Tomi
1 ! 2 8 4 586176893 6

3 4 ¢ T 8 D‘ 1

You shouldn’t have any trouble placing the decimal point cor-
rectly; 22° is between 5°44.5 , whose tangent is 0.100, and 45°,

whose tangent is 1.000. Therefore, the decimal point goes directly
in front of the first significant figure:

tan 22° = (0,404

which is larger than 0.100 but smaller than 1.000.

Whenever you are reading the tangent of an angle on the T scale

directly from the D scale, the decimal point should go immediately
before the first significant figure.

Return to page 421 for another try.

425
[from page 443}

YOUR ANSWER: Side a is 555 in triangle 1.

Well, let’s check. Here’s the triangle again:

8

/\46°50" ]
b=524

Since angle A is greater than 45° wc'll have to work with the
complementary angle, B.
B =90° — A = 90° — 46° 50’ = 43° 10’

The tangent of an angle of a right triangle is defined as the ratio
of the opposite side to the adjacent side, so

é=’mn]_'3
a

TFrom this we see that
b 524

a= tan B - tan 43° 10’

The tangent of 43° 10’ is roughly 0.900, so in approximation form

5 X 10?

a= " =0555--- X 10° = 556,
9 % 1071

to threc figures. But you must remember that this is only a rough
estimate.
On the slide rule:

1. Slide the hairline indicator to 5.24 on the D scale.
2. Shift 43° 10’ on the T scale under the hairline.

{3. Read 5.59 on the D scale at the index of the T scale.
b

en g = 559, not 555.
Return to page 448 to try again.



426
[from page 4311

YOUR ANswWER: Side ¢ = 300.

No, this guess is way off. Look at the triangle again:

b=276

The tangent is defined as the ratio of the opposite side to the
adjacent side:

a
tan 4 = -
an 5

Therefore, a="bX tan 4 = 276 X tan 38°

In approximation form

a=3X10%x 8 X 10~!
= 24 X 10
= 240

The operation is very simple on the slide rule:

1, Sbift the right-hand T-scale index opposite 276 on the D scale.
2. Slide the hairline indicator to 38° on the T scale.

3. Read the significant figures of the answer on the D scale
under the hairline.

When you have the final answer, return to page 431 to make the
correct, choice.

427
[from page 4211

Your aNSWER: This is incorrect: Tan 38° = 0.780.

No, it’s right. Here’s the way it goes:

1. Align the T and D scales.
2. Slide the hairline indicator to 38° on the T scale.
3. Read 780 on the D scale under the hairline.

The setting will look like this:

|
1

[ sty Iu?ulw[lg-l.l.w‘.r&?‘.v ‘-)f‘l‘x.?\zll llah“l‘ “?.‘ﬁ ki l\?.-l?’ln ) “. ||-I-55‘\“| I“Iﬁ?:u.lms._m h i A

T I
DS S AR LR A i) [ Al o S
] 1 2 3 4 5678092 3 4 3 ¢ 8 o

-

You shouldn’t have any trouble placing the decimal point cor-
rectly; 38° is between 5° 44.5’, whose tangent is 0.100, and 45°, whose
tangent is 1.000. Therefore, the decimal point goes directly in front
of the first significant figure:

tan 38° = 0.780

which is larger than 0.100, but smaller than 1.000.

Whenever you are reading the tangent of an angle on the T scale
directly from the D scale, the decimal point should go immediately
before the first significant figure.

Return to page 421 to try again,




428
Lfrom page 435]

YOUR ANSWER: Tan 4 = ! .
tan B
Right. It’s easy to check:
In any right triangle,
tan 4 =2 7
b A
[ a
and tan B = é A —¢
a b
i 1
So = - = g
’ tan B ¢ 1><b-b—tanA
b

Now we have a way to find the tan
! gent of an angl
45°. For example, let’s find tan 88°, e reater than

8

.Let 88° be angle A of the triangle. Then angle
B is the complement, of 88°:

B=90°—4 =90° — 88° = 9°

. 1
And since tan 4 = tn B e know that the tan- el e

gent ‘?f 88°isequal to the reciprocal of the tangent
(or sine, because the angle is very small) of 2°
1
tan 2°

tan 88° =

To find out how to do it on the slide rule, go right on to page 429.

429
[from page 428]
To find the tangent of 88° on the slide rule:

1. Align the S and A scales.
2. Slide the hairline indicator to 2° on the S scale.
3. Read 3.49 on the A scale under the hairline.

Then, since sin 34.4" = 0.0100 and sin 5°44.3" = 0.100, we can
place the decimal point:

sin (or tan) 2° = 0.0349

. 1
tan will be about i1 33.
(This is the only reason for taking a reading here—we need it to
place the decimal correctly in the final answer.)
4. Shift the left index of the S scale under the hairline.
5. Turn the rule over, and read 28.6 on the B scale under the
index hairline.
(This gives us the value of the reciprocal of the tangent of 2°. It’s
the distance on the A or B scale from sin 2° to the right index of

the scale.)
So tan 88° = 28.6

So

Which of these values is incorrect?
Tan 87° 35’ = 23.7. page 433
Tan 84° 30’ = 10.4. page 437
Tan 63° 20’ = 2.22. page 440

Tan 89° 59’ 15" = 4,560. page 442




4390
Lfrom page 423]

YOUR ANSWER: Angle 4 = 8°43/,

No. And you’ll make this kind of mistake time and time again
unless you learn to reason out the solution to a problem, rather thun
make blind substitutions.

Let’s make a fresh start.

B

,//rlm"
A

b=500 c

Since tan A can be written

, we can write the proportion

tand 111 .
= — . Then, dividing by 111, we find that
1 500
tand 1
111 500

Since 1 is equivalent to the tangent of 45°, we can do it on the slido
rule like this:

1. Shift 45° on the T scale over 5.00 on the D scale.
2. Slide the hairline indicator to 1.11 on the D scale.
3. Read angle A on the T scale under the hairline.

The resulting setting will look like this:

% ﬁlu '7L||2 ‘1{! 'n—rs
1 L

When you've found angle 4, return to page 423 to pick the right
answer,

431

Lfrom page 4211
vouR ANswER: This is incorrect: Tan 6° = 0.0105.

You are right. The answer contains the proper digits, but the
decimal point is misplaced. As with the right-hand 8 scale, the deci-
mal point for values on the T scale appears immediately before the
first digit. (Tan 5°44.5’ = 0.100 and tan 45° = 1.000, remember?)
Thus the tangent of 6° is 0.105.

B=18° 10'
Earlier, we solved the triangle at the right
with the S scale. It was meccssary first to cal- s
culate angle A4, then side ¢, and finally side b ¢ 0=3
(b = 107).
A b=? C

b
Tt’s much easier with the T scale, because P tan B. Sob =a X
tan B = 327 X tan 18°10’. On the slide rule, then:

1. Shift the right-hand index of the T scale to 327 on the D scale.
9. Slide the hairline indicator to 18° 10" on the T scale.
3. Read 107 on the D scale.

There’s another advantage to this method besides ease. With
the S scale method, we have to caleulate angle A and then locate it
on the S scale. A turns out to be 71° 50', which is far to the right of
the § seale, and hence difficult to locate accurately. 18° 10/, on the
other hand, can be located very accurately on the T scale.

What is side a of the triangle below?

b=276

a = 216. page 423 a = 800. page 426 a = 353. page 434



432
[from page 4431

YOUR ANSWER: Side ¢ is 555 in triangle II.

Let’s check it out. Look at the triangle again:

B

70°20"

A paeg ©

Since angle A is greater than 45° we'll need to work with the
complcmentary angle, B.
= 90° — 4 = 90° — 70° 20" = 19° 40’

The tangent of an angle of a right triangle is defined as the ratio
of the opposite side to the adjacent side, so

b
- =tan B
a
b 194
tan B tan 19° 40’
The tangent of 19° 40’ is roughly 0.350, so in approximation form

. 2X10°
"~ 35X 107
On the slide rule:

From this we see that o=

= 0.571 X 10° = 571

1 Slide the hairline indicator to 1.94 on the D scale.
2. Shift 19° 40 on the T scale under the hairline.
3. Read 5.43 on the D scale at the index of the T scale.

Then ¢ = 543, not 555.
Return to page 443 for another try.

433
[from page 4291

YoUR ANswER: This value i incorrect: Tan 87° 35" = 23.7.

No, it’s right. . o,
Th(’} complementary angle of 87° 85" is 90° — 87°35’, or 2° 25/,
Therefore, since

1
tan 4 = y tan 87°35" =

1
tan B tan 2° 257
For small angles (angles of less than 5°44.3”) the sine and tangent

are nearly equal.
On the slide rule:

1. Align the S and A scales. ,
2. Slide the hairline indicator to 2° 25" on the S secale.
3. Read 4.22 on the A scale under the hairline.

Then, at more than 0.0100, the sine of 34.4’, but less than 0.100,
the sine of 5° 44.3’,

sin (or tan) 2° 25" = 0.0422

! i 1 25.0
So ton 2° 957 will be about <10 or
4. Shift the left index of the S scale under the hairline.
5. Turn the rule over, and read 23.7 on the B scale under the
index hairline.

Then sin 87° 35" = 23.7. '
Return to page 429 and try again.

)




434

[from page 4311
YOUR ANSWER: Side ¢ = 353.

No. ' If side @ = 353, then side a is longer than the hypotenuse,
which just doesn’t make sense. Let’s start over.

'_fhe tangent is defined as the ratio of the opposite side to the
adjacent side:

o
tan A = -
an 5

Therefore, a=0b X tan 4 = 276 X tan 38°

(Fvidently you dwided 276 by the tangent of 38°, instead of multi-
plying.)
In approximation form,
a=3X10% X 8 X 107"
=24 X 10
= 240

It’s very simple on the slide rule:

1. Slfift the right-hand T-scale index opposite 276 on the D scale.
2. Slide the hairline indicator to 38° on the T scale.

3. Read the significant figures of the answer on the D scale
under the hairline.

When you have the complete answer, return to page 431 and
make the corrcet choice.

435
[from page 4431

voUR ANSWER: Side a is 555 in triangle 111

Right. The first step was to find B:
B = 90° — 59° 30’ = 30° 30

Then, since
b b 327
B = — =1 =
tan 2% " tan B tan 30°30
3 X 10?

In approximation form, a = 0.5 X 10® = 500.

T x 107!
On the slide rule:

1. Slide the hairline indicator to 3.27 on the D scale.
9. Shift 30° 30’ on the T scale under the hairline.
3. Read 5.55 on the D scale at the index of the T scale.

Then @ = 555.

When we were using the moon for target practice earlier in this
chapter, we saw that there is no hard and fast rule for deciding which
gide of a right triangle with a very small identifying angle should be
the hypotenuse.

One result of this is that for ordinary slide rule purposes, the sine and
tangent of an angle less than 5° 44.3' can be considered equal. So
small angles are no problem.

But how about the tangents of very large angles? We know that
if angle A is over 45°, angle B is less than 45°, so we can find the tan-
gent of B. But at the moment that isn’t much help, since we haven’t
yet established any relationship between the tangents of A and B.
Let’s do that now.

Which of the following expressions is correct? (Hint: Use the

_definitions of tan A and tan B, as we did when proving trigonometric
identities back in Chapter 7.)

Tan A = 1 . page 428 Tan 4 = 1 — tan B. page 441

tan B

Tan A = tan B. page 439 I'm stuck. page 444

|
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436
Lfrom page 4401

YOUR ANSWER: d is greater than 1,520 feet; he’s too far out.

No, he’s not. Look at the diagram again:

From the sketch we
see that

h
i tan 14° 40/, and

h +d100 = tan 18° 20’

Solving each of these two expressions for h, we get
h = d(tan 14°40’) and h = d(tan 18°20’) — 100
Equating these two expressions for h and solving for d,
d(tan 14°40") = d(tan 18° 20”) — 100
100 = d(tan 18° 20’ — tan 14° 40")

J = 100
" tan 18° 20’ — tan 14° 40’

On the slide rule:

1. Align the T and D scales.

2. Slide the hairline indicator to 18° 20’ on the T seale.
3. Read 3.31 on the D scale. Then tan 18° 20’ = 0.331.
4. Slide the hairline indicator to 14° 40’ on the T scale.
5. Read 2.62 on the D scale under the hairline.

Then tan 14° 40’ = 0.262.

So = 100 _ 100
0.331 — 0.262  0.069

In approximation form, _17 _1 X 10* = 0.143 X 10* = 1,430.
7TX107% 7 '

So d will be in the neighborhood of 1,430 feet.
Complete the calculation for yourself. Then return to page 440

to choose the correct answer.

437
[from page 4291

voUR ANSWER: This value is incorrect: Tan 84° 30" = 10.4.

Sorry, it’s right. .
The c’omplementa‘ry angle of 84°30’ is 5°30', because 84 30" +
5° 30" = 90°. Therefore, since

1
, tan 84°30" =

1 s
tan A = tan B tan 5° 30,

For small angles (angles of Jess than 5° 44.3") the sine and tangent

are nearly equal.
On the slide rule:

1. Align the S and A scales. ,
9. Slide the hairline indicator to 5° 30 on tbe S secale.
3. Read 9.60 on the A scale under the hairline.

Then, at just slightly less than 0.100, the sine of 5°44.3,
sin (or tan) 5° 30" = 0.0960
L i ;_ or 10.0.
So tan 5° 30’ will be about 0% 10

4. Shift the left index of the S scale under the hairline.
5. Turn the rule over, and read 10.4 on the B scale under the

index hairline.

Then sin 84° 30" = 10.4.
Return to page 429 for another try.

'
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438
[jrom page 423]

YOUR answrr: Angle 4 = 12° 50’

No. FEvidently you performed the operation correctly, and then
read the T scale wrong. Just to make sure, let’s quickly work the
problem again,

B8

a=fll

b=500 [

tan
Since tan A can be written ———

1
tanAd 111 - tan A 1
T " 500" Then, dividing by 111, we find that TR
Since 1 is equivalent to the tangent of 45° we can do it on the
slide rule like this:

, we can write the proportion

1. Shift 45° on the T scale over 5.00 on the D scale.
2. Slide the hairline indicator to 1.11 on the D scale.
3. Read angle 4 on the T scale under the hairline,

Evidently this is where you went wrong. There are 60 minutes
to a degree, so on the S and T scales the distance between degrees is
marked off into six major divisions, with each division representing
10 minutes. Thus the midpoint between 12 degrees and 13 degrees
on the T scale is read as 12° 30/, not 12° 50,

T SCALE

2‘1'0“ e e X7 159 ’j?
Ill]i!]llllll:lhl‘ll!ll]nfn
\q-—-‘ 1
& MAJOR “‘lmns‘ 14° 55
DIVISIONS

Study the illustration carefully. Then return to page 423 to
choose the correct answer.

439
[from page 4361

YouR ANSWER: Tan 4 = tan B.

Well, let’s check it. . ‘
The tangent of an acute angle of a right triangle is defined as the

ratio of the opposite side to the adjacent side. Therefore,

b
tanA=% and tanB=a

a b
Qo tan A isn’t equal to tan B, because - # e (Remember that

b
we are trying to find an identity—a statement that is true regardless
of the size of the angles. It’s true, for instance, that tan A = ton B
if A and B are 45°, but in general the expression tan A = tan B

is not true.) ‘ .
Let’s check the other two expressions given.

b
Since tan B = .

b a—2b
I—tanB=1——-=

a a
So, clearly, tan A 5 1 — tan B.

. _ >

How about the expression tan A o B

1 i a a

=il =1X==—

tan B b X b b
a

Draw your own conclusion. Then return to page 435 to choose
the correct expression.




440
[from page 4291

YOUR ANSWER: This value is incorrect: Tan 63° 20" = 2.22.

Yes, it’s wrong. The complementary angle of 63° 20 is 90° —
63° 20, or 26° 40’

1
So tan 63° 207 =

tan 26° 40
On the slide rule:
1. Align the T and D scales.

2. Slide the hairline indicator to 26° 40 on the T scale.
3. Read 5.02 on the D scale under the hairline.

’

° - 1
Then tan 26° 40’ = 0.502. So % 10

or 2.0.

4. Shift the left T-scale index under the hairline.
5. Turn the rule over, and read 1.99 on the C scale under the
index hairline. Then tan 63° 20’ = 1.99, not 2.22.

1
m will be about

To finish up this lesson on the S and T scales, try this problem:

The skipper of a coastwise steamer lets out his anchor in the lee
of a lighthouse. After all the 200-foot chain is played out, it still
hasn’t touched bottom. On his chart, the water is only 150 feet deep
within 1,520 feet of the lighthouse, though there is a drop-off at that
point. Rather than move closer to shore, the captain decides first
to make sure that he is within 1,520 feet of the lighthouse. If he is,
then he may counclude that the anchor chain is broken. Knowing
that the lighthouse is 125 feet high, he uses his sextant to measure
the angle from the horizontal to the top and bottom of the tower:
to the top it is 18° 20, and to the bottom, 14° 40’. Is he too far out,
or is his anchor chain broken? In other words, is d (the distance)
greater or less than 1,520 feet?

00" gig greater than 1,520
feet; he’s too far out.
n Page 436

d is less than 1,520
feet; his chain is broken.
page 445

441
[from page 4361

vOUR ANSWER: Tan 4 = 1 — tan B.

Let’s check it out. _ .
The tangent of an acute angle of a right triangle is defined as the

ratio of the opposite side to the adjacent side. Therefore,

b
t,anA=g and tan B = -
b o
8
¢ a
A 5 ¢
So, .
1-tanB=1—*=a_
a a
And, obviously,
a-—-b;ég
a b

So,
tan 4 % 1 — tan B

Let’s check the other expression given.
a b

Well, clearly tan A # tan B, because B # 7 (Remember that
we are trying to find an ¢dentity—a statement that is true regardless
of the size of the angles. It’s true, for instance, that tan A = tan B
if A and B are 45°, but in general the expression tan 4 = tan B
is not true.) 1

But how about tan 4 = ?

?
tan B
i 1 a @
=7:1 - = -
tan B Q ><b b
a

\ Draw your own conclusion; then return to page 435 to choose the
correct answer.



442
[from page 4291

YoUr aNswER: This value is incorrect: Tan 89° 59" 15"/ = 4,560.

No, it’s right.
The complement of 89° 59" 15" is 45’/, because
89° 59’ 15" + 45" = 90°
Therefore, since
o
tan 45"
For small angles (angles of less than 5°44.3") the sine and tangent

are almost equal.
On the slide rule:

tan A = tan 89° 59’ 15" =

tanB’

1. Slide the hairline indicator to 45 on the A scale.
2. Shift the seconds gauge mark under the hairline.
3. Read 21.8 on the A scale at the index of the S scale.

Recalling the sine of 1’ as five zeros five, we see that the sine (or
tangent) of 45’' should be roughly 45 X 0.000005, or 0.000225.
Using the A scale reading, we get sin (or tan) 457 = 0.000218.

So will be about _ 1 or 5,000.

1
tan 45" 2 % 107

4, Turn the rule over, and read 4.56 on the B scale under the

index hairline.
3 6 ; 9 |

456

Then tan 89° 59’ 15" = 4,560.
Return to page 429 for another try.

443
[from page 423]

YOUR ANSWER: Angle A = 12°30".

Right. There really wasn’t much to it. So

t&nA-__Hl, 5

1 500 .

tan A _ 1 505 .
111 500

On the slide rule:

1. Shift 45° on the T scale over 5.00 on the D scale.
9. Stide the hairline indicator to 1.11 on the D scale.
3. Read 12° 30’ on the T scale under the hairline.

a=1ll

Suppose you wanted to find side a of the triangle
at the right. Well, @ = b X tan A. But in this
case angle A is greater than 45° so we can’t read
its tangent directly. This really isn’t any prob- ¢ a=?
lem, however; we simply work with the com-
plementary angle, B, which must be less than 45°. 65°
B =90° — A = 90° — 65° = 25°.

ATs37a ©

b ey
tan B tan 25
In which of the triangles below is side a 5557

B

Then g =tan B, s0 a=

c a=?

o ! "
A46°50' ANE VA ¢
A b=524 ¢ A b=194 ¢ b=327
I i T
Side ¢ is 555 in triangle I. page 425
Side a is 555 in triangle II. page 432

Side a is 555 in triangle III. page 435




444
[from page 4361

YOUR ANSWER: I'm stuck.

The easiest way to discover which of the given expressions in
correct s to substitute the definitions of tan A and tan B into each
of them.

The tangent of an acute angle of a right triangle is defined as the
ratio of the opposite side to the adjacent side. Therefore,

tanA=g and 1;sz=é
b a

Clearly, then, the expression tan A = tan B can’t be true, because
a b

b a
How about the expression tan 4 = 1 — tan B? Well,
| —tanB=1-2=2""
a a

a . .
= X this expression is also incorrect.
1
There’s only one expression remaining: tan 4 = o B
Just to be sure, let’s check it out: an
1

tan B

. a —
and since

=1X = tan A

QO =
ol
SR

So this is the one we’re looking for.
When you’re sure you understand the method we used to check
these relationships, return to page 435 to choose the correct answer.

445
Ifrom page 4403

YOUR ANSWER: d is less than 1,520 feet; his chain is broken.
Right. Here’s the way it goes:
From the diagram,

g — tan 14° 40,

so that
h = d(tan 14° 40"),

and

= tan 18°20/, so h = d(tan 18°20") — 100

h 4100
d

Equating these two expressions for h and solving for d,
d(tan 14°40') = d(tan 18°20) — 100
100 = d(tan 18° 20" — tan 14° 40")

i 100
~ tan 18° 20" — tan 14° 40’

On the slide rule:
1. Align the T and D scales.
9. Slide the hairline indicator to 18° 20’ on the T scale.
3. Read 3.31 on the D scale.

Then tan 18° 20" = 0.331.
4. Slide the hairline indicator to 14° 40’ on the ,T scale.
5. Read 2.62 on the D scale. Then tan 14° 40" = 0.262.

100 100
T 0331 — 0262 0.069
102 1

imati 2 _ Z % 10 = 0.143 X 10* = 1,430
In approximation form, T 10 7

So d should be in the neighborhood of 1,430 feet. o
It can be done on the slide rule without reversing the sliding scale.

To find out how, go on to page 446.

So d




446
[from page 4453

On the slide rule:

1. Shift the left index of the S scale to 6.90 on the D scale.
2. Reverse the rule (the entire rule, not just the sliding scale)
and read 1449 on the C scale under the index hairline.

Then d = 1,449 feet. So the ship is well within the 1,520-foot limit;
the anchor chain must be broken,

This completes the regular instruction portion of this TutorText*
on the slide rule. We haven’t exhausted all the possible scales, of
course. Knowing how the slide rule works, you should be able to
think up new scales yourself to stmplify certain operations.

Many slide rules have the so-called “folded” scales, CF, DF, and
CIF, as well as the C, D, and CI scales. The OF and DF scales
begin and end with =, putting the index 1 near the middle of the scale:

F;FFFHWIﬂ!‘IHHIPHH*kFIHHWIrHFIJll-[’ﬂlﬁ«!*lfwll:»ﬁw’ﬁmﬁnﬂH&MWMH@WIHMHqﬁgmqmmmmmjﬂ

The folded scales may be used independently for multiplication
and division, or they may be used in conjunction with the C, D, and
CI scales. Often they will save you an extra setting of the rule. For
instance, let’s say you want to multiply 244 by 431. You suspect
that the answer will appear beyond the end of the D scale, but rather
than use the CI scale you could proceed by setting the index of the
C scale at 244 on the D scale. You cannot get a reading on the D
scale, but it will appear on the DF scale without further setting,
Taking the powers of 10 into account, you should get 10,500. Note
that the index of the CF scale is on 244 of the DF scale at the same
time that the index of the C scale is on 244 of the D seale. The
answer appears on the DI scale, however, because the index is near
the middle and readings may be made on either side.

Please go on to page 447,

*T™

a47
[from page 4461

With a little practice you will be able to wor_'k co_mplex multi-
plication and division problems in this manner, jumping back and
forth from the regular scales to the folded scales. The (_)IF scale,.of
course, is used with the DF scale just as the CI scale is used with

e D scale,
thYour slide rule may also have log-log scales (LL, LL1, L10L,...).
They are used to work with the logs of logs.

Take a problem of the sort A® = B, where we want to find 2.
We've seen that, in general, log (M*) = n(log M). Therefore,

log B
log 4

z(log A) =log B sothat x=

Using the L scale to find these logs, and setting then} on the C
and D scales, we can find z by simple division. The settings on the
C and D scales actually represent the logs of the logs of A and B,

of course. . A
Log-log scales save you the trouble of using the L scale. 19~

gram of the log-log solution looks like this:

I-LOG (LOG B)-LOG (LOG
2 L0G X

| : |
el | _ |
I
LOG (LOGA)~pet]

LOG (LOG B) —>

There’s a good deal more—but if you ever have to get numerical
solutions to equations like A% = B, learning to use the LI scales

will be the least of your worries. ' o
For some interesting review problems and practical applications

of the slide rule, go on to Chapter 9, page 448.
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CHAPTER 9

Review with Applications

In this chapter you’ll have an opportunity to review the principles
underlying the fundamental slide rule techniques through the medium
of problems from several technical fields. Work each of the problems
carefully. The practice you get will stand you in good stead. Here’s
one from civil engineering;:

When it’s necessary to determine the distance between two points
on re'asonably level ground with extreme accuracy, the common
practice is to measure it directly with a very precisely calibrated
steel tape.

‘Where the ground isn’t level, or the distance need not be known
with great accuracy, stodic methods are employed. One of these
employs the surveyor’s level and rod. The level is essentially a
telescope used to determine relative elevations from readings of
the rod.

To determine distance, the instrument operator calculates the
rod intercept, the length of rod that appears between a pair of hori-
zontal hairlines in the level. If it is found that at a distance of 100
feet, the intercept is 0.3 feet, the surveyor knows that an intercept
of 0.6 feet would occur only at a distance of 200 feet.

Suppose you’re the level operator, and the view through the tele-
scope looks like this:

. If this is the same level for which a distance of 100 feet gave an
intercept of 0.3 feet, what must the distance be?
Go to page 452 to check your answer.

449
[from page 4531

Under a force of 140 pounds, the contact circle of a ball bearing
0.625 inch in diameter for which E = 25,000,000 1b/in® will be
larger than the circle for a ball 0.685 inch in diameter for which
E = 28,000,000 1b/in®

The obvious way to do the problem is to calculate each diameter
and compare. It may surprise you to learn that there's another way.

1§ the diameter of the contact circle for the 0.625-inch ball is dj,
and dy is the corresponding value for the 0.685-inch ball, the formulas

for each are:
3 flél() X 0.625 3/14:0 X 0.685
= . —_— 5 — « 6 e ———
dl i 76 25 X 106 B/lld dz 1 7 28] >< 108

If both of these expressions are cubed, they become a good deal
less formidable. In addition, note that 1.76% X 140 can be factored
out of each expression, Consequently, we’ll replace the whole
factor 1.76% X 140 by the constant K. Then

0.625 0.685

3 __ 3 = =
df =KX g g and d KX 585108

Solving, we get
d® = 25 X 107°
It isn’t necessary to go any further, since, clearly, the cube root of

95 will be larger than the cube root of 24.5.
The deflection of a spring under a load is given by

_ 8PND?
- oadt

dy? = 24.5 X 107°

If N = 12 (the number of coils), l
P = 58 Ib. (the applied force),
D = 0.625 in. (the coil diameter),

G = 11,000,000 Ib/in® (the wire constant),
and d = 0.125 in. (the wire diameter),

then the deflection, F, is 0.51 in.
Is thds answer correct?
To check your angwer, turn to page 456. 4
d
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[from page 4611

The engine’s horsepower at 7 miles is 430 hp.
Here’s where the L scale is indispensable.

PY 190\?#
= {‘/ =) = 2,260 (—)
H=t (Po> 200 X 760

. 190 190 1
With the rule, 560 = 0.250, or better yet, 760 — 4
1\¢
H = 2,260 X (Z)

From the chapter on logarithms:

N 7 1 7
log(z) =glog (1>—5(log1—log4)

The log of 1 is zero (10° = 1, remember?). Shifting the hairline
to 4 on the D scale, we read log 4 = 0.398 on the L scale under the

hairline. So log (%)% =0 - -75 (0.398) = —0.557.

To find the antilog of —0.557, we must first change —0.557 into
a log whose value we can read on the slide rule: the L scale shows
only positive logs, as you should recall. Therefore, we must add
zero in the form of 1 — 1: (1.000 — 1) — (0.557) = 0.443 — 1.

Setting the hairline to 0.443 on the L scale, read the antilog digits
(277) on the D scale. Since the logarithm was 0.448 — 1, the antilog
will be 277 X 107 = 0.277.

So H = 2,260 X 0.277, or, considering the approximate nature of
the data, 625 horsepower.

This seems to be quite a severe drop, and it certainly is. Seven
miles is about as high as piston-engined aircraft can fly. In general,
the most economical altitude is 2 good deal lower. Without knowing
the limitations on the basic equation, you don’t know how accurate
your answer is. But this shouldn’t cause you to get careless about
accurate manipulations of the rule.

Here’s & problem to test your proficiency. Do it without resetting;:
Vv0.0705 X v19.8 X 1,693 0
621 X V234 X 93.6

The correct solution is on page 458.

|
a5t i
[from page 4691 ”|||”

At an altitude of 2,160 miles, the escape v.elocity must be 5.58 |||||.||
miles per second. The equation looked like this: “"I"i‘

0,2 3,960 mi. |l_||||i|||.

miNZ | 6,120 mi.’ |||=|‘|'II

(6.95 — il \,|
sec.

i
6,120 because at & height of 2,160 miles above the eﬁrth’s surface, h|||‘
the rocket is 2,160 miles + 8,960 miles = 6,120 miles from the |||
center of the earth. ’

7 ||‘!|l|!,|ll!.|i”

Il
2.160 mi. \||||'

il
6,120 mi. |||||||||’|
bl
it
aegem il
i
il
|I i
From this equation we see that )"" ’! I|
,  6.95 X 3,060  mi’ ‘|'|i.||| |
T 76,120 sec.” 1’ |\,|
li
So ) | ! ‘||
6.95 X V8,960 , mi. _ 695 X V39.6  mi ||!H|||
v = )/—"—6’ 20 see. V6l.2 sec. ‘|||||||”
Tn approximation form, |||||||| \\\
TX6_2_ 595 |’||\|
8 8 .

On the slide rule: ||||

1. Shde the hairline indicator to 6.95 on the D scale. W\
9. Shift 61.2 on the right-hand B scale under the hairline. l‘.
/ 3. Slide the hairline to 39.6 on the right-hand B scale. |’,_
4. Read 5.58 on the D scale under the hairline. |\

Then the escape velocity at 2,160 miles above the earth is 5.58 ’
miles per second. For another problem, turn to page 457. -




452
[from page 4481

The distance from the level to the rod is 633 feet. Here’s the
proportion we needed: ’

Pred d = 633 feet

Here’s a problem in proportion that may not be so farfetched in s
few years:

On al?prqaching Moon City, you forget to switch on your retro~
rockets in time and overshoot the landing pad. By the time you do
manage to land, you're in an uninhabited crater far from Mare
Imbrium where Moon City is located.

By radio, the Search Director is able to determine that you've
landed due north but your distance is uncertain. Distance is critical,
for the search parties must carry their own oxygen.

The Search D.ir.ecto_r asks you to measure the angle of the earth’s
rays atgthe meridian in about 2 hours. At the prescribed hour, you
radio him that the earth is 42° from the vertical. ,

Thq angle at Moon City is 38°. By assuming the rays are parallel,
the Dlr‘ector readily finds his distance from you, since he knows that
the radius of the moon is 2,160 miles.

Go to page 460 for the correct solution,

s

2,160 MILE RADIUS ®

453
[from page 4641

The error might have been as large as 200 miles. Using the
data given, the initial proportion becomes:

¢ 360
4950 712"’

This gives rise to a new proportion:

D 248,000
7,850 252,000

Solving, D = 7,730, or 7,700 to two figures, a difference of 200 miles—
still pretty good!

This has been a purely hypothetical exercise, of course, and in it
we assumed that the angle 7° 12’ was accurate. This is reasonable,
for it is given to the minute, and is thus probably within 7° 11/ 30"
and 7° 12 30"'.

But how about the distance from Alexandria to Syene? In a
number such as 5,000, there is no way of telling how many of the
zeros following the 5 are significant. This illustrates the beauty of
scientific notation, for this same distance, given as 5.00 X 10°
would assure a reader that the actual value is within 4,995 and 5,005
stadia.

In mathemetics, the surfaces of a sphere and a plane are tangent
in & point. Unfortunately for ball-bearing engineers, this isn’t true
in practice; there is a finite area in contact. To relate the various
perimeters to the contact area, this formula has been devised:

d= 176 3D

B

from which ¢ = 248,000

In this formula, d is the diameter of the contact circle, P is the
force in pounds between the ball and its race, D is the diameter of
the ball, and F is the modulus of elasticity, a measure of the material’s
resistance to deformation.

If P is 140 lb., will a 0.625-inch diameter ball of steel for which
E = 25,000,000 have a larger or smaller contact circle than ancther

1 0.685 in diameter for which E = 28,000,000?

Turn to page 449 to check your answer.
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Lirom page 4631

The bevel corresponding to 23° 30 is

553
12

Here’s the expression we needed:

23°30' = =
tan 23° 3 2

where z is the value we need to express 23° 30" in terms of its bevel.

Then
z = 12 tan 23° 30’

The tangent of 23° 30 is roughly 0.400, so z is about 12(0.4), or 4.8.

On the slide rule:

1. Shift the index of the T scale to 12 on the D scale.
2. Slide the hairline indicator to 23° 30’ on the T scale.
3. Read 522 on the D scale.

5.22

Then 2 = 5.22, so tan 23° 30" = ETY

But we're not quite through. We have to express 0.22 in terms of
some fraction usually indicated on an ordinary ruler. Using thirty-
seconds:

v

33 = 0.22, so 9y = 022 X 32 = 7.04,

which rounds off to 7.0. So the bevel corresponding to 23° 30" is

—léor 5q'y

Tor the next problem, go on to page 455.

~ don’t lose your place here.)

455
[from page 4631

Given the job of measuring e property line, your survey crew finds
g house in the way. From a point on a hill overlooking the house,
you find that you can see points on either side of the house that are
known to be on the property line. Setting up a transit on the hill,
you measure the distance and elevation of each point, and in addition,
the angle between the two transit bearings. Using your measure-
ments, here’s what a sketch would look like:

On the face of it, this seems like a
fairly straightforward application of
the law of cosines. However, note
that the distances given are slani
distances, while the angle 66° 15
is a horizontal angle.

In order to convert slant distances to horizontal, it is necessary
to multiply each slant distance by the cosine of the angle of elevation.

99} e&
. 2l° 20*
4, d2
da
18° 30’ —2 = cos 21° 20’
9 9 = COS 361 COS

d; = 991 cos 18° 30" = 939 ds = 861 cos 21° 20" = 801

Here is the triangle, with all the values measured on the horizontal:

If you’ve forgotten the law
of cosines, flip back to page
404 and brush up a bit. (But

Then solve this triangle for ds.
Check your answer on page
465.




456
[from page 4491

The answer given, F = 0.51 inches, is correct.
Here’s the formula again, with the given values inserted:

__8PND® 8 X 58 X 12 X 0.625°
T @dt 11 X 10° X 0.125%

What approach did you use? There certainly isn’t any obvious
plan of attack. Using the A and K scales means a “read and reset”
type of approach, with all its dangers of observational error, To get
around this, you might have rewritten the problem for alternate
multiplication and division with the C, D, and CI scales:

F

= 0.51 in.

1 i 1
F=8X—X58X——X0625 X ——

11 0.125 0.125
1 1
.62 — . — =0,
X 0.625 X 0.125 ><0625><0.125 0.51

Sometimes this approach is necessary, as a last resort. In general,
however, it's better to try and simplify the problem. Here, note
that 0.625 may be written as (5 X 0.125), (0.125)* = (0.125)
(0.125)3, and 0.125 = 3:

8 X8 X12X (6 X 0.125)> 8 X 58 X 12 X 125 X 0.125%

T 11 X 108 % 0125 X 0.125° 11 X 10° X 1 X 0.125°

Canceling, combining obvious terms, and rewriting, this becomes:

8 X B8 X 12X 125 X8 64 X 58 X 12X 125 X 107°
- 11 % 10° B 11

F

= 0.51

It is only on this last expression that the slide rule is used.

Of course not every problem falls apart so readily, but it happens
often enough to make looking for short cuts worth while.

Here’s a similar problem. Before you use your slide rule, see if
you can’t simplify it. Remember that the square root of 2 is 1.41,

po NE 564X 01875°
V22 8.00 X V2 X 0.9375°

Turn to page 461 to check your answer.

457
[from page 4611

Here’s a more down-to-earth problem the steel designer often runs
into: how to cut two structural shapes for welding as ghown below.

The first thing to notice is that

-2
tan ¢ = ot d

Finding ¢ and d is quite easy if the problem is reduced to solving
two right triangles as shown in the right-hand sketch. In the first

triangle,

b 1 —_ ——
p = sin f, sothat ¢ S
a
In the second triangle: i tan 6, so that
a acos b b 11 =cos0
d= tan 6 = Tsin6 CCAUSe 1an6 sinf  sind
cos §
Combining these values:
a asin 6 _ a(sin 8)
: tan¢=c+d— b a(cos8) b+ a(cosb)
- —+—
sin 6 sin 6

I 6 = 42.5°, a = 8.03, b = 6.53, find ¢.
The correct solution is on page 462.
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[from page 4601

4/0.0705 X V19.8 X 1,693

621 X V234 X 93.6

al?le to arrive at this answer without re-indexing. Rearranged for the
slide rule, the problem becomes

V7.05 X V19.8 X 1.693
6.21 X V2,34 X 9.36
On the slide rule,

= 0.00225. You should have been

—2

. Slide the hairline indicator to 7.05 on the Icft-hand A scale

. Shift 6.21 on the C scale under the hairline. '

. Slide the hairline indicator to 19.8 on the right-hand B scale
. Shift 2.34 on the left-hand B scale under the hairline. .
. Slide the hairline indicator to 1.693 on the C scale.

Shift 9.36 on the C scale under the hairline.

. Read 2.25 on the D scale at the index of the C scale.

N LU W

If you made an aPproximation, as you should have, you didn’t
have any trouble placing the decimal correctly: the answer is 0.00225.
Please go on to page 459.

459
Ljrom poge 4581

If & cannon shell were fired straight up at the impractically high
velocity of 6.95 miles per second, it would never return to earth but
would continue out into space. This is because 6.95 miles per second
is the escape velocity of an object from the earth, the velocity at
which an object can overcome the effects of gravity.

As you may have learned, this force of gravity is lower at great
heights.  Consequently, 2 rocket which achieves its maximum
velocity at an altitude of several hundred or thousand miles need
not, achieve a speed of 6.95 miles per second in order to escape the
earth’s pull.

Here is an equation which relates the escape velocity (v3) at any
distance (ry) from the center of the earth to the escape velocity at
the earth’s surface:

2)22 Te

In this equation, vp is 6.95 miles per second, and ry, the radius of
the earth, is 3,960 miles.

1f the space rocket is to achieve its maximum velocity at an altitude
of 2,160 miles, what must the velocity be to insure that it won’t fall
back to earth?

Turn to page 451 to check your solution.,
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Lirom page 462]

The distance from the point of landing to Moon City is 151 miles.
Here’s the way we get it:

i 40 _ C 40 — .
5,160 sin 4°, so d = 2,160 X sin 4 151 miles

&
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2,160 MILE RADIUS

In nearly every volume dealing with the history of science, the
story is told of Eratosthenes, who in 200 B.c. measured the diameter
of the earth accurately to within 50 miles! To arrive at this measure-
ment, Eratosthenes used the following approach:

He found that at noon on the longest day of the year, the sun was
directly overhead at Syene, 5,000 stadia north of Alexandria. At
the same instant in Alexandria, the sun was 7° 12’ from the vertical.
He used this information to calculate the circumference of the earth,
from which, in turn, he calculated the diameter.

\}&m‘
What is the circumference of

the earth, as calculated from the :
data above? SYENE ©

Go to page 464 for the correct
answer,

L

ALEXANDRIA

712"

461
Lfrom page 4661

T = 0.376. - . \
Did you find the answer without using the slide rule at all?
Here are the short cuts you should have found:

564 = 400 X 1.41 = 400 V2
0.0375% = (5 X 0.1875)% = 25 X 0,1875
0.1875° = 0.1875 X 0.1875°
Using these short cuts, the problem becores:
564 % (0.1875)° 400 V2 X (0.1875)(0.1875)"
T 200 X V3 X (0.0375)> 800 V2 X 25 X (0.1875)°

Canceling common terms, this finally reduces to:

T = 2 X 0.1875, or 0.375 to three figures.

Perhaps you’ve noticed that slide rule aceuracy has'been more than
adequate in this chapter. The reason for this is thatin a g'rfaat many
instances, the formulas encountered in practice are‘empmca,l, that
is, they are derived from experiment and observation rather than
purely mathematical considerations. As such, any of the values
found in such formulas are average values, and even three figures of
accuracy are unjustified.

An example of such a formula is:

7
H = H, \é/(_li)
Py
This formula attempts to express the horsepower (H) of an air-
craft engine as a function of the air pressure (P) at various altitudes.
A certain engine is nominally rated at about 2,260 hp. (Ho) at
sea level where the standard pressure is 760 mm. (Po). What is th.e
horsepower at 7 miles above sea level, where air pressure (P) is
190 mm.?
Check your answer on page 450.
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Lfrom page 4571

If 8 =425° a =803, and b = 6.53, then ¢ = 23°30". Here's
the way it goes:

asiné
From the formula tan ¢ = m we see that
8.03 sin 42.5° 8.03 sin 42.5°

tan ¢ =

6.53 + 8.03 cos 42.5° _ 6.53 -+ 8.03 sin 47.5°

[The cosine of an angle is equal to the sine of the complementary
angle. Therefore, cos42.5° = sin (90° — 42.5°) = sin 47.5°.] By
the usual approximation methods, tan ¢ will be about 0.400, so ¢
will be roughly 23°. Unfortunately, there isn’t any short cut on the
slide rule:

1. Shift the right-hand index of the S scale to 8.03 on the A scale.
2. Slide the hairline to 47° 30" on the S scale.
3. Read 5.92 on the A scale. Then 8.03 sin 47.5° = 5.92, and

8.03 sin 42.5° _ 8.03 sin 42.5°
6.53 + 592 12.45

4, With the S-scale index still at 8.03 on the A scale, slide the
hairline indicator to 42° 30" on the S scale.

5. Reverse the sliding scale, and shift 12.45 on the B scale under
the hairline.

6. Read 434 on the A scale at the index of the S scale. Then

tan ¢ = 0.434.

Slide 434 on the C scale over the right index of the D scale.

Reverse the sliding scale and read 23° 30" under the index

bairline on the back.

tan ¢ =

oo~

You may have done the last part of the problem (steps 7 and 8
above) like this:

7. Reverse the sliding scale and align the D and T scales.
8. Slide the hairline indicator to 434 on the D scale.
9. Read 23° 30’ on the T scale under the hairline.

Please go on to page 463.

463

[from page 462]

Tn practice, angles are often specified in bevels rather .than degrees.
The bevel of an angle is its tangent expressed as a fraction of 12.
Yor example, tan 42° 30’ = 0.667. As a bevel:
8

0.667 = 12

This notation makes such an angle easy to lay out. The fabricator
just draws a line 12 inches over, and 8 up.

Usually bevels don’t come out to even pumbers. Wher} they do
not, the remainder is expressed as though it were a fraction of an
inch. The fractions used are halves, fourths, sixteenths, and so on—
the fractions into which an inch is ordinarily divided on a ruler,

The tangent of 30° is 0.578. Asa bevel:

0578—%—9—%
: 12 12

Turn to page 454 to check your answer.

e

e —————
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Ljrom page 460]
The cireumference is given by the proportion

¢ 360°
5000 7°12’

from which we see that

¢ = 250,000 stadia,

Before marveling at his accuracy, let’s take a closer look at some of
Eratosthenes’ figures.

It turns out that in order to have a figure divisible by 60, he upped
the circumnference to 252,000, and it is this figure which when con-
verted to miles becomes 7,850, just 50 miles short of the actual value
of 7,900 miles.

Suppose he hadn’t corrected the circumference—further, suppose
the distance from Syene to Alexandria was known only to two figures,
a3 is not at all unlikely.

Taking this into consideration, what might his error have been?

Go to page 453 for the answer.

465
[from page 4651

Side dg = 959 feet. We used the law of cosines, which says that
in any triangle, the square of any side is equal to the sum of the
squares of the other two sides minus twice the produet of those sides
and the cosine of their included angle. In this case, then,

ds? = 8012 + 9392 — 2(801) (939) (cos 66° 15")

This calculation didn’t give you any trouble if you remembered
that the cosine of an angle is equal to the sine of the complementary
angle, so that

cos 66° 15’ = sin (90° — 66° 15') = sin 23° 45
On the slide rule:

1. Slide the hairline indicator to 801 on the D scale.

2. Read 642 on the A scale. Then 801% = 642,000.

3. Slide the hairline indicator to 939 on the D scale.

4. Read 882 on the A scale. Then 9397 = 882,000.

5. By inspection, 2 X 801 = 1,602. Therefore, index the 8 scale

at 1,602 on the left-hand A scale.

Slide the hairline indicator to 23° 45" on the S scale.

7. Reverse the sliding scale and shift the right-hand index of the
B scale under the hairline.

. Slide the hairline to 939 on the B scale.

. Read 604 on the A scale under the hairline.
(939) (cos 66° 15”) = 604,000.

So, ds? = 642,000 4 882,000 — 604,000 = 920,000, and

ds = V620,000 = V92 X 10?
Please go on to page 466.

>

© o

Then 2(801)
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[from page 4651

On the rule:

1. Slide the hairline to 92 on the right-hand A scale.
2. Read 959 on the D scale under the hairline.

Then d3 = 9.59 X 10% ft. = 959 ft.

With this TutorText*, you have acquired considerable proficiency
in the manipulation of the slide rule, and, in addition, you’ve made
the acquaintance of logarithms, scientific notation, and basic trig-
onometry. The unique TutorText* method has helped you develop
these notions as logical outgrowths of knowledge you already pos-
sessed; you’ve made them your own.

Use your new knowledge at every opportunity. You’ll find it an
asset in almost any field of business or scientific endeavor, and a
source of personal satisfaction as well.

*TM

Index

A and B scales, 119
Approximations, 82

B scale (see A and B scales)
Basic principle of the slide rule, 60

C and D scales, 838
CI scale, 180
Constants, 285
Corresponding sides of similar tri-
angles, 292
Cosines
definition of, 319
law of, 404
Cube roots, 152

D scale (see C and D scales)
Degree, definition of, 296
Division

of powers of ten, 14

with logarithms, 14

Exponents, 15

Factor, definition of, 15
Factoring (see scientific notation,
square roots, cube roots, ete.)

Formulag

for distance, 113

for surface area of a sphere, 262

for volume of a cone, 262

for volume of a sphere, 262

Hypotenuse, 288

Identities, trigonometric, 325
Index, 97

K scale, 149
L scale, 216

Law
of cosines, 404

Taw—continued
of sines, 384
Logarithms
definition of, 5
division by, 14
multiplication by, 14
negative, 27
of the first ten integers, 59
Log-log scales, 447

Measurement, 247
Minute, definition of, 296
Multiplication
of powers of ten, 12
with logarithms, 16

Powers

negative, 24

of ten, 15
Proportion, definition of, 97
Pythagorean theorem, 325

Ratios, trigonometric, 319
Reciprocal
definition of, 27
scale, 180
Roots
cube, extraction of, 152
extraction of, 153
square, extraction of, 124

S scale, 345
Scale, definition of, 1
Scales
A and B, 119
C and D, 68
CI, 180
K, 149
L, 216
log-log, 447
S, 345
T, 421
Scientific notation, 82
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Second, definition of, 208
Similar triangles
definition of, 288
corresponding sides of, 292
Sines
definition of, 319
law of, 384
Square root, 124
Standard notation for right triangles,
312
Sum of angles of a triangle, 289

T scale, 421
Tangent, definition of, 319
Triangles

right, 288

similar, 288

standard notation for, 312
Trigonometric identities, 325
Trigonometric ratios, 319
Trigonometry, 284

Units, 113
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