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PREFACE

This slide rule manual has been written for study without
the aid of a teacher. For this reason one might suspect that
the treatment is superficial. On the contrary, the subject matter
is so presented thal the beginner uses two general principles
while he is learning to read the scales and perform the simpler
operations. The mastery of these two prineiples gives the power
to devise the best settings for any particular purpose, and to
recall settings which have been forgotten.

These principles are so simple and so carefully explained and
illustrated both by diagram and by example that they are easily
mastered, In Chapters I and 11, they are applied to simple
problems in multiplication and division;in Chapters IiI, IV, and
V they are used to solve problems involving multiplication,
division, square and cube root, trigonometry, logarithms, and
powers of numbers.

Chapter VI explains the slide rule from the logarithmic stand-
point. Those who desire a theoretical treatment are likely to
be surprised to find that the principles of the slide rule are so
easily understood in terms of logarithms.
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CHAPTER 1
MULTIPLICATION AND DIVISION

1. Introduction. This manual is designed to enable any interested
person to learn to use the slide rule efficiently. The beginner should
keep his slide rule before him while reading the manual, should make
all settings indicated in the illustrative examples, and should compute
answers for a large number of the exercises. The prineiples involved
are easily understood but a certain amount of practice is required to
enable one to use the slide rule efficiently and with a minimum
of error.

2. Reading the scales.* FEveryone has read a ruler in measuring
a length. The number of inches is shown by a number appearing
on the ruler, then small divisions are counted to get the number of
16th’s of an inch in the fractional part of the inch, and finally in
close measurement, a fraction of & 16th of an inch may be estimated.
We first read a primary length, then a secondary length, and finally
estimate a tertiary length. Exactly the same method is used in
reading the slide rule. The divisions on the slide rule are not uniform
in length, but the same principle applies.

Figure 1 represents, in skeleton form, the fundamental scale of
the slide rule, namely the D scale. An examination of this actual

o | bbb b e

Fig. 1.

scale on the slide rule will show that it is divided into 9 parts by
primary marks which are numbered 1, 2, 3, ..., 9, 1. The space
between any two primary marks is divided into ten parts by nine
secondary marks. These are not numbered on the actual scale except

*The description here given has reference to the 10 slide rule. However

anyone having a rule of different length will be able to understand his rule in
the light of the explanation given.



4 MULTIPLICATION AND DIVISION §2

between the primary marks numbered 1 and 2. TFig. 2 shows the
sccondary maris lying between the primary marks of the D scale. On
this scale each italic'zed number gives the reading to be assooiated

T |4|1L1rll TTTT T TTT T T ImT
Dl!lldll?l un L‘.l 14 9

Fia. 2.

with its corresponding secondary mark. Thus, the first secondary
mark after 2 is numbered 21, the second 22, the third 23, ete.; the
first secondary mark after 3 is numbered 31, the sccond 32, ete.
Between the primary marks numbered 1 and 2 the secondary marks
are numbered 1, 2, ..., 9. Evidently the readings associated with
these marks are 11, 12, 13, ..., 19. Finally between the secondary
marks, see Fig. 3, appear smaller or tertiary marks which aid in

o [TU R RTLL AL

Scals D

F1c. 3.

obtaining the third digit of a reading. Thus between the secondary
marks numbered 22 and 23 there are 4 tertiary marks. If we think of
the end marks as representing 220 and 230, the four tertiary marks
divide the interval into five parts each representing 2 units. Hence
with these marks we associate the numbers 222, 224, 226, and 228;
similarly the tertiary marks between the secondary marks numbered
32 and 33 are read 322, 324, 326, and 328, and the tertiary marks
between the primary marks numbered 3 and the first succeeding
secondary mark are read 302, 304, 306, and 308. Between any pair
of secondary marks to the right of the primary mark numbered 4,
there is only one tertiary mark. Hence, each smallest space repre-
sents five units. Thus the tertiary mark between the secondary
marks representing 41 and 42 is read 115, that between the secondary
marks representing 55 and 56 is read 553, and the first tertiary
mark to the right of the primary mark numbered 4 is read 405.

The reading of any position between a pair of successive tertiary
marks must be based on an estimate. Thus a position half way
between the tertiary marks associated with 222 and 224 is read 223
and a position two fifths of the way from the tertiary mark numbered
415 to the next mark is read 417.  The principle illustrated by these
readings applies in all cases.
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Consider the process of finding on the D scale the position rep-
resenting 246. The first figure on the left, namely 2, tells us that
the position lies between the primary marks numbered 2 and 3.
This region is indicated by the brace in TFig. (a). The second
fiure from the left, namely 4, tells us that the position lies between

A

c} ? ;
i 5 {

I'iG. a.

the secondary marks associated with 24 and 25. This region is
indicated by the brace in I'ig. (b). Now there are 4 marks between

2 FE B R TP |51?1“I°?|ulnlin?rllrl!ln?i
Y L B L LRI

the secondary marks associated with 24 and 25. With these are
associated the numbers 242, 244, 246, and 248 respectively. Thus

248

Fia. e.

the position representing 246 is indicated by the arrow in Fig. (o).
Iig. (abe) gives a condensed summary of the process.

AL

246 LIES BETWEEN 240 AND 250

AE T VPR RPN SARSRATY
il }

Fia. abe.

It is important to note that the decimal point has no bearing upon
the position associated with a number on the C and D scales. Con-
sequently, the arrow in Fig. (abc) may represent 246, 2.46, 0.000246,
21,600, or any other number whose prineipal digits are 2, 4, 6. The
placing of the decimal point will be explained later in this chapter.

For a position between the primary marks numbered 1 and 2, four
gits should be read; the first three will be exact and the last one
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estimated. No attempt should be made to
read more than three digits for positions to
the right of the primary mark numbered 2.

W hile making a reading, the learner should
have definitely in mind the number associated
with the smallest space under consideration.
Thus between 1 and 2, the smallest division
is associated with 10 in the fourth place;
between 2 and 3, the smallest division has a
value 2 in the third place; while to the right
of 4, the smallest division has a value 5 in
the third place.

The learner should read from Fig. 4 the
numbers associated with the marks lettered
A, B, C,...and compare his readings with
the following numbers: A 365, B 327, (" 263,
D 1745, E 1347, F 305, G 207, H 1078, I 435,
J 427,

3. Accuracy of the slide rule. From the
discussion of § 2 it appears that we read four
figures of a result on one part of the scale
and three figures on the remaining part.
Assuming that the error of a reading is one
tenth of the smallest interval following the
left-hand index of D, we conclude that the
error is roughly 1 in 1000 or one tenth of one
per cent. The effect of the assumed error
in judging a distance is inversely propor-
tional to the length of the rule. Hence
we associate with a 10-inch slide rule an
error of one tenth of one per cent, with a
20-inch slide rule an error of one twentieth
of one per cent or 1 part in 2000, and with
the Thacher Cylindrical slide rule an error
of a hundredth of one per cent or one part
in 10,000. The accuracy obtainable with
the 10-inch slide rule is sufficient for many
practical purposes; in any case the slide
rule result serves as a check.
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4. Definitions. The central sliding part of the rule is called the
slide, the other part the body. The glass runner is called the indi-
cator and the line on the indicator is referred to as the hairline.

The mark associated with the primary number 1 on any scale is
called the 7ndexr of the seale. An examination of the D scale shows
that it has two indices, one at the left end and the other at the right
end.

Two positions on different scales are said to be opposite if, without
moving the slide, the hairline may be brought to cover both positions
at the same time.

5. Multiplication. The process of multiplication may be per-
formed by using scales € and D. The C scale is on the slide, but in
other respects it is like the D scale and is read in the same manner.

To multiply 2 by 4,

to 2 on D set index of C,
push hairline to 4 on C,
at the hairline read 8 on D.

Fig. 5 shows the rule in skeleton form set for multiplying 2 by 4.
To multiply 3 X 3,
to 3 on D set index of C,
push hairline to 3 on C,
at the hairline read 9 on D.
See Fig. 6 for the setting in skeleton form.

=

SACHT R B Y
'-:ﬂl,‘;; o i
' 1
< Fiar i
‘ﬁ*} #bl ¥y Ll ) =
e ° ! 5 91 ° ] 1

= \‘*‘ < .‘?‘_'. =3
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To Multiply 1.5 X 3.5, disregard the decimal point and
to 15 on D set index of C,
push hairline to 35 on C,
at the hairline read 525 on D.

By inspection we know that the answer is near to 5 and is there-
fore 5.25.

To find the value of 16.75 X 2.83 (see Fig. 7).

'.'::’ f"-'

%7
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Fra. 7.

disregard the decimal point and
to 1675 on D set index of C,
push hairline to 283 on C,
at the hairline read 474 on D.

To place the decimal point we approximate the answer by noting
that it is near to 3 X 16 = 48. Hence the answer is 47.4.

To find the value of 0.001753 X 12.17,
to 1753 on D set left index of C,
push hairline to 1217 on C,
at the hairline read 213 on D.

To place the decimal point, approximate the answer by writing
.002 X 10 = .02. Hence the answer is 0.0213.
These examples illustrate the use of the following rule.

Rule. To find the product of two numbers, disregard the decimal
points, opposite either of the numbers on the D scale set the index of
the C scale, push the hairline of the indicator lo the second number
on the C scale, and read the answer under the hairline of the D scale.
The decimal point ts placed in accordance with the resull of a rough
calculation.

EXERCISES
1. 3 X 2. 6. 1.75 X 5.5. 11. 1.047 X 3080.
2. 3.5 X2 7. 433 X 11.5. 12. 0.00205 X 408.
3.5 X2 8. 2.03 X 167.3. 13. (3.142)%
4. 2 X 4.55. 9. 1.536 X 30.6. 14. (1.756)%
5. 45 X 1.5 10. 0.0756 > 1.003.
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6. Either index may be used. It may happen that a product
cannot be read when the left index of the €' scale is used in the rule
of §5. This will be due to the fact that the second number of the
product is on the part of the slide projecting beyond the body. In
this case reset the slide using the right index of the C scale in place
of the left, or use the following rule:

Rule. When a number is to be read on the D scale opposite a num-
ber of the C scale and cannat be read, push the hairline to the index
of the C scale inside the body and draw the other index of the C
scale under the hairline. Then make the desired reading.

This rule, slightly modified to apply to the scales being used, is
generally applicable when an operation calls for setting the hairline
to a position on the part of the slide extending beyond the body.

If, to find the product of 2 and 6, we set the left index of the
C scale opposite 2 on the D scale, we cannot read the answer on
the D scale opposite 6 on the C scale. Hence, we set the right index
of C opposite 2 on D; opposite 6 on C read the answer, 12, on D.

Again, to find 0.0314 X 564,

to 314 on D set the right index of C,
push hairline to 564 on C,
at the hairline read 1771 on D.

A rough approximation is obtained by finding 0.03 X 600 = 18.
Hence the produet is 17.71.

EXERCISES

Perform the indicated multiplications:
1. 3 X b. 9. 912 X 0.267.
2. 3.05 X 5.17. 10. 48.7 X 1.173.
3. 5.56 X 634. 11. 0.298 X 0.544.
4. 743 X 0.0567. 12. 0.0456 X 4.40.
5. 0.0495 X 0.0267. 13. 8640 X 0.01973.
6. 1.876 X 026. 14. (75.0)%
7. 1.876 X 5.32. 15. (83.0)%.
8. 42.3 X 31.7. 16. 4.98 X b76.

7. Division. The process of division is performed by using the
C and D scales.
To divide 8 by 4 (see Fig. 8),
push hairline to 8 on D,
draw 4 of C under the hairline,
opposite index of (' read 2 on D.
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To divide 876 by 20.4,
push hairline to 876 on D,
draw 204 of C under the hairline,
opposite index of C read 429 on D.

The rough calculation 800 + 20 = 40 shows that the decimal point
must be placed after the 2. Hence the answer is 42.9.
These examples illustrate the use of the following rule.

Rule. To find the quotient of two numbers, disregard the decimal
points, opposite the numerator on the D scale set the denominator on
the C scale, opposite the index of the C scale read the quotient on the D
scale.  The position of the decimal point is determined from informa-
tion gained by making a rough calculation.

EXERCISES
Perform the indicated operations:

1. 87.5 + 37.7. 9. 3.14 + 2.72.

2. 3.75 + 0.0227. 10. 3.42 + 81.7.

3. 0.685 + 8.93. 11. 529 =+ 565.

4, 1029 + 9.70. 12, 0.0456 -+ 0.0297.
5. 0.00377 -+ 5.29. 13, 306 + 0.643.

6. 2875 + 37.1. 14, 0.0592 <+ 1.983.
7. 871 + 0.468. 15. 0.378 =+ 0.0762.
8. 0.0385 + 0.001462. 16. 10.05 + 30.3.

8. Simple applications, percentage, rates. MNany problems in-
volving percentage and rates are easily solved by means of the slide
rule.

One per cent (19) of a number N is N % 1/100; hence 59 of N is
N X 5/100, and, in general, p%, of N is pN /100. Hence to find 83%,
of 1872

to 1872 on D set right index of C,
push hairline to 83 on C,
at the hairline read 1554 on D.
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80
Since (83/100) X 1872 is approximately 100 X 2000= 1600, the

answer is 1554.

To find the answer to the question “)M is what per cent of N?’’ we
must find 100 M <+ N. Thus, to find the answer to the question
“87 is what per cent of 184.7?"” we must divide 87 X 100 = 8700
by 184.7. Hence

push hairline to 87 on D,
draw 1847 of €' under the hairline,
opposite index of C read 471 on D,

20(? =45 shows that the decimal point should

be placed after the 7. Hence the answer is 47.19,.

The rough calculation

For a body moving with a constant veloeity, distance = rate times
time. Hence if we write d for distance, r for rate, and ¢ for time, we
have

or t=—,
T

d=rt orr= g, g
{
To find the distance traveled by a car going 33.7 miles per hour
for 7.75 hours, write d = 33.7 X 7.75, and
to 337 on D set right index of C,
push hairline to 775 on C,
at hairline read 261 on D.

Since the answer is near to 8 X 30 = 240 miles, we have d = 261 miles.

To find the average rate at which a driver must travel to cover
287 miles in 8.75 hours, write r = 287 + 8.75, and
push hairline to 287 on D,
draw 875 of €' under the hairline,
opposite the index of C read 328 on D.

Since the rate is near 280 + 10 = 28, we have r = 32.8 miles per hour.

EXERCISES

1. Tind (a) 86.3 per cent of 1826,
(b) 75.2 per cent of 3.48.
(c) 18.3 per cent of 28.7.
(d) 0.95 per cent of 483.
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[ 5

. What per cent of
(a) 69 is 187
(b) 132 is 857
(c) 87.6 is 192.8?
(d) 1027 is 287
3. Find the distance covered by a body moving
() 23.7 miles per hour for 7.55 hours.
(b) 68.3 miles per hour for 1.773 hours.
(¢) 128.7 miles per hour for 16.65 hours.
4. At what rate must a body move to cover
(1) 100 yards in 10.85 seconds?
(b) 386 feet in 25.7 seconds?
(c) 93,000,000 miles in 8 minutes and 20 seconds?
5. Find the time required to move
(a) 100 yards at 9.87 yards per second.
(b) 3800 miles at 128.7 miles per hour.
() 25,000 miles at 77.5 miles per hour.

9. Use of the scales DF and CF (folded scales). The D/ and
the CF scales are the same as the D and the € scales respectively
except in the position of their indices. The fundamental fact con-
cerning the folded scales may be stated as follows: if for any selting
of the slide, a number M of the C scale is opposite a number N on
the D scale, then the number M of the CF scale 1s opposite the nuumber N
on the DF scale. Thus, if the learner will draw 1 of the CF secale
opposite 1.5 on the DF scale, he will find the following opposites on
the CF and DF scales

and the same opposites will appear on the € and D scales.

The following statement relating to the folded scales is basic. The
process of setting the hairline to a number N on scale C to find its
opposite M on scale D may be replaced by setting the hairline lo n
on scale CF to find its opposite m on scale DF. The statement holds
true if letters C and D are interchanged.

In accordance with the principle stated above, if the operator
wishes to read a number on the D scale opposite a number N on the
C scale but cannot do go, he can generally read the required number
on the DF scale opposite N on the CF scale. For example to find
2 X 6,
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to 2 on D set left index of C,
push hairline to 6 on CF,
at the hairline read 12 on DF.

By using the CF and DF scales we saved the trouble of moving the
slide as well as the attendant source of error. This saving, entering
as it does in many ways, is a main reason for using the folded scales.

The folded scales may be used to perform multiplications and divi-
sions just as the C and D scales are used. Thus to find 6.17 X 7.34,

to 617 on DF set index of CF,

push hairline to 734 on CF,

at the hairline read 45.3 on DF';
or

to 617 on DF set index of C'F,

push hairline to 734 on C,

at the hairline read 45.3 on D.

Again to find the quotient 7.68/8.43,

push hairline to 768 on DF,

draw 843 of C'F under the hairline,

opposite the index of CF read 0.911 on DF;
or

push hairline to 768 on DF,

draw 843 of CF under the hairline,

opposite the index of C read 0.911 on D.

It now appears that we may perform a multiplication or a division
in several ways by using two or more of the seales €', D, CF, and DF.
The sentence written in italics near the beginning of the article sets
forth the guiding principle.

A convenient method of multiplying or dividing & number by
7 (= 3.14 approx.) is based on the statement: any number on DF is
T times ils opposite on D, and any number on D is 1 /T times ils opposite
on DF. TFor example, to find the value of 47,

push hairline to 4 on D,
at hairline read on DF, 12.57 = 47,

to find the value of_é_

i

push hairline to 3 on DF,
at hairline read on D, 0.955=3/=.
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1.
2,
3.
4.
5.
6.
7.
8.

MULTIPLICATION AND DIVISION §9

5.78 X 6.35.
7.84 X 1.065.
0.00465 + 73.6.
0.0634 X 53,600.
1.769 + 496.
946 + 0.0677.
813 X 1.951.
0.00755 =+ 0.338.

EXERCISES

Perform each of the operations indicated in the following exercises. Whenever
possible without resetting, read the answer on D and also on DF:

9.
10.
11.
12,
13,
14,
15.
16.

0.0048 + 7.23.
149.0 + 63.3.
2.718 + 65.7.
783 =.

783 + =
0.0876 =.
0.504 + =.
1.072 + 10.97.

17. The circumference of a circle measures 8.43 inches. Find its diameter.

18. A cylindrical tube is 13 inches long and has an outside diameter of 214
inches. Find its outside surface area.



CHAPTER II

THE PROPORTION PRINCIPLE AND
COMBINED OPERATIONS

10. Introduction. The ratio of two numbers a and b is the quotient
of a divided by bor a/b. A statement of equality between two ratios
is called a proportion. Thus

2 x 7 a c

— 6 — —— -— —

3 9 5 11" b d
are proportions. We shall at times refer to equations having such
forms as

as proportions,

An dmportant setting like the one for multiplication, the one for
division, and any other one that the operator will use frequently should
be practiced until it vs made without thought. But, in the process of
devising the best setlings to obtain a particular result, of making a
setting used infrequently, or of recalling a forgotten selting, the applica-
tion of proportions as explained in the next article is very useful.

11. Use of Proportions. If the slide is drawn to any position,
the ratio of any number on the D scale to its opposite on the C scale
is, in accordance with the setting for division, equal to the number
on the D seale opposite the index on the C scale. In other words,
when the slide is set in any position, the ratio of any number on the
D scale to its opposite on the C scale is the same as the ratio of any
other number on the D scale to its opposite on the C scale. For example
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draw 1 of C opposite 2 on D (see Fig. 1) and find the opposites in-
dicated in the following table:

C (or CF)| 1 1.5 2.5 | 3 4 5

D (or DF)|| 2 3 5 | 6 8 10

and draw 2 of C over 1 on D and read the same opposites. The same
statement is true if in it we replace C scale by CF scale and D scale
by DF scale. Hence, 1f both numerator n and denominator d of a
ratio in a given proportion are known, we can set n of the C scale opposile
d on the D scale and then read, for an equal ralio having one part
known, 1ts unknown part opposite the known part. We could also
begin by setting d on the C scale opposite n on the D scale. It
is important to observe that all the numerators of a series of equal
ratios must appear on one scale and the denominators on the other.
I'or example, let it be required to find the value of z satisfying

x 9

56 7
Here the known ratio is 9/7. Hence
push hairline to 7 on D,
draw 9 of C under the hairline,
push hairline to 56 on D,
at the hairline read 72 on C;
or
push hairline to 9 on D,
draw 7 of C under the hairline,
push hairline to 56 on C,
at the hairline read 72 on D.

The CF and DF scales could have been used to obtain exactly the
same settings and results. Figure 2 indicates the setting.




§n THE PROPORTION PRINCIPLE 17

To find the values of z, y, and 2z defined by the equations
C 3.15 z 57.6 z

D" 5290 435 y 1834’

note that C' and D indicate the respective scales for the numerators
and the denominators, observe that 3.15/5.29 is the known ratio,
and

push hairline to 529 on D,

draw 315 of C under the hairline,

opposite 435 on D, read z = 2.59 on C,

opposite 576 on C, read y = 96.7 on D,

opposite 1834 on D, read z = 109.2 on C.

The positions of the decimal points were determined by noticing
that each denominator had to be somewhat less than twice its asso-
ciated numerator because 5.29 is somewhat less than twice 3.15.

When an answer cannot be read, apply the italicized rule of §6.
Thus to find the values of x and y satisfying
C z 14.56  5.78
D' 587 916 y '
to 976 on D set 1456 of C'; then, since the answers cannot be read,
push the hairline to the index on C, draw the right index of C under
the hairline and
opposite 587 on D, read z = 87.6 on C,
opposite 578 on C, read y = 38.7 on D.

Here the positions of the decimal points were determined by observing
that each denominator had to be about six times the associated
numerator.

When a result cannot be read on the C scale nor on the D scale
it may be possible to read it on the CF scale or on the DF scale.
Thus, to find = and y satisfying the equations

C (or CF), 4.92 Ly

D (or DF)’ x 323 13.08’

to 323 on D set left index of C,

opposite 492 on CF, read z = 15.89 on DF,

opposite 1308 on DF, read y = 4.05 on CF,

A slight inspection of the scales will show the value of the state-
ment: If the difference of the first digits of the two numbers of the
known ratio is small use the C and D scales for the initial setting;
if the difference is large use the CF and DF scales. Since in the next
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to the last example, the difference betwecn the first digits was great,
the C'F and DF scales should have been used for the initial setting
This would have eliminated the necessity for shifting the slide.

EXERCISES

Find, in each of the following equations, the values of the unknowns:

z 78
.- = .
i 9
x 240
2. —— —
120 170
7 249
3' il
N r
] x
4, - = =
3 7.53
x ) 1
5. —_— = - 3
1.804 25 .785
5 2446 28
6 s R e e
700 i RE&1
17 1.365 1.56
7. — = — —_—
x 8.53 "
8.51 H 235
8. =
1:5 ¥ Ui
I 3 z
Q, — = — =
2.07 61.3 1.571
in r oy B 5.28 2.0
T0.204 00506 2 0.1034
0.813 X 0.435
1. m —— = —
2.85 4.61 ]
- 2 2.43
12. ue ‘J‘ = —s
0.429  0.759 0.0276
i3 T 0.743  0.0615
T 0.005660 1 v
T i 3.75
14, - = — =

N
t
=
—
]
=1

15, — = = = L = ——
40.6 y  3.58 0287
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12. Forming proportions from equations. Since proportions are
algebraic equations, they may be rearranged in accordance with the
laws of algebra. Ior example, if

ab 1
T =—
c ]
we may write the proportion
x ab
=iy (2)
1 e
or we may divide both sides by « to get
r ab r b
— =g or = =9 {3?
a ac a ¢
or we may multiply both sides by ¢/x to obtain
er  cab ¢ ab .
—_—= — or - = — , 4
% xc ' 1 =z “)

Rule (A). A number may be divided by 1 to form a ratio. This
was done in obtaining proportion (2).

Rule (B). A factor of the numerator of either ratio of a proportion
may be replaced by 1 and written as a factor of the denominator of the
other ratio, and a factor of the denominator of either ratio may be replaced
by 1 and wrillen as a factor of the numerator of the other ratio. Thus
(3) could have been obtained from (1) by transferring a from the
numerator of the right hand ratio to the denominator of the left
hand ratio.

16 X 28 16 X 28
For example, to find — 35’ write r = 35 apply Rule
: 5
c x 28
B btain —: —_=
()tou;amD 6 = 35’
and push hairline to 35 on D,

draw 28 of (' under the hairline,
opposite 16 on D, read r = 12.8 on C.

Figure 3 indicates the setting.

: ¢l P rprppt, i, h 1 1 S ] O l | {
o] § & GLGLELLTTrriiTTrTIT IR ol -
= ¥ = 4‘. k R - ¥ ,
5l 5 A,
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To recall the rule for dividing a given number M by a second given

M

M D
number N, write x = —, apply Rule (4) to obtain—: -

N' C
and push hairline to M on D,
draw N of C under the hairline,
opposite index of C, read z on D.

;!

MN
To recall the rule for multiplication, set x = 1 , apply Rule(B)

D b N
to obtamz, : T
and to N on D set index of C,
opposite M on C, read x on D,
7.48 864
To find z if—l e , use Rule (B) to get = =

z  (7.48) (25.5) T 255"

make the corresponding setting and read z = 0.221. The position of
the decimal point was determined by observing that z must be about

Zlf_} of 8, or 0.2

EXERCISES

Find in each case the value of the unknown quantity:

8 X 12 9.3z
2 = o 8. 498 - -
L2 7 0.563
3.95 X 0.707
x T 9, 0874 = —
28 xz
. 8y = 75. 3 0.0879
38y = H9 %9 10. 0.695 = .
Y, o 38 X708 =
lf S L o7
g 147.5 X 8.76 386 380y
.8 3260 12. 2580y = 17.9 X 587.
. 0.797 X 5.96 13. 3.14y = 0.785 X 38.7.
o ff W ———
0.502 0.876
— 14. 549” = 7.59.
7. = 75.7. :
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13. Equivalent expressions of quantity.* When the value of a
quantity is known in terms of one unit, it is a simple matter to
find its value in terms of a second unit. Thus to find the number
of square feet in 3210 sq. in., write

1  no.ofsq.ft. x
144  no.of sq.in. 3210’

since there are 144 sq. in. in a square foot; hence
to 144 on D, set index of C,
opposite 3210 on D, read & = 22.3 on C;

that is, there are 22.3 sq. ft. in 3210 sq. in.
Again consider the problem of finding the number of nautical

miles in 28.5 ordinary miles. Since there are 5280 ft. in an ordinary
mile and 6080 ft. in a nautical mile, write

5280  no. of naut. mi. =z
6080  no. of ord. mi.  28.5’
make the corresponding setting and read x = 24.8 naut. mi.

EXERCISES

1. An inch is equivalent to 2.54 em. Find the respective length in em. of rods
66 in. long, 98 in. long, and 386 in. long. Note the proportion:
in. 1 66 98 386

em.  2.54 x Yy z

2. One yd. is equivalent to 0.9144 meters. TFind the number of meters in a
distance of (a) 300 yd. (D) 875 yvd. (c) 2.78 yd.

g Y. 300 875 2.78
nt.—: —— = — =— = —,
m 0.914 x ] z

3. If 7.5 gal. water weighs 62.4 lbs., find the weight of (a) 86.5 gal. water.
(b) 247 gal. water. (¢) 3.78 gal. water.

4. 31 sq. in. is approximately 200 sq. em. How many square centimeters in
(a) 36.5 sq. in.? (b) 144 s5q. in.? (c) 65.3 5q. in.?

5. If one horse-power is equivalent to 746 watts, how many watts are equiva-
lent to (a) 34.5 horsepower? (b) 5280 horsepower? (c) 0.832 horsepower?

6. If one gallon is equivalent to 3790 cu. em., find the number of gallons of
water in a bottle which contains (1) 4250 cu. em. (b) 9.68 cu. em. (¢) 570 cu. cm.
of the liquid.

*A table of equivalents is included with each K & E slide rule.
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7. The intensity of pressure due to a column of mercury 1 inch high (1 inch
of mercury) is 0.49 lb. per sq. in.  If atmospheric pressure is 14.2 lb. per sq. in.,
what is atmospheric pressure in inches of mercury? What is a pressure of 286
Ih. per 8q. in. in inches of mereury? What is a pressure of 128 inches of mercury
in Ib. per sq. in.?

8. If P, represents the pressure per square unit on a given quantity of a
perfect gas and V, the corresponding volume, then for two states of the gas
at the same temperature

P,V

P, V,
The volume of a gas at constant temperature and pressure 14.7 lb. per sq.
in. i5 125 eu.in. (a) Find the respective pressures at which the volumes of
the gas are 300 cu. in., 250 cu. in., 75.0 cu. in. (b} Find the respective vol-
umes of the gas under the pressures: 851b. per sq. in., 55 1b. per sq. in., 23 Ib.
per sq. in, 10 1b. per sq. in.

14. The DI, Cl, and CIF (reciprocal) scales. The reciprocal of a

1
number is obtained by dividing 1 by the number. Thus, = is the

reciprocal of 2,

LR o]

(=1=+ %) is the reciproeal of g, and l‘ is the
reciprocal of a.

The reciprocal scales DI, CI, and CIF are marked and numbered
like the D, €, and CF scales respectively but in the reverse (or in-
verted) order; that is, the numbers represented by the marks on these
seales inerease from right to left. The red numbers associated with
the reciprocal scales enable the operator to recognize these scales. A
very important consideration may be stated as follows: When the
hairline is set to a number on the C scale, the reciprocal (or Inverse) of
the number is at the hairline on the CI scale. conversely, when the hair-
line is sel to a number on the CI seale, its reeiprocal 1s at the hairline
on the C scale.

The same relation exists between the D and DI scales and between
the CI' and CIF scales.

To fix this relation in mind push the hairline in succession to the

[ o |
| 05 | 025 | 02 0.125 | 0.1111

Pty = | (sim | (=18 | (=1/9) |
Tor |1 2 4 5 s | 9 |

b . . L |
numbers on D/ in the second row of the diagram and read on D the
respective opposites written in the first row. Also opposite the
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numbers 1, 2, 4, 5, 8, and 9 on C/ read their respective reciprocals
on €. Again find the same opposites on CIF and CF.

By using the facts just mentioned, we can multiply a number
or divide it by the reciprocal of another number. Thus to find
28

1
—, we may think of it as 28 X = and
i i

to 28 on D set index of C,
opposite 7T on C'I read 4 on D.

1
Again to find 12 X 3, we may think of it as 12 + 3 and

push hairline to 12 on D,
draw 3 of C/ under the hairline,
opposite index of €, read 36 on D.

When the C'7 scale is used in multiplication and division, the positio
of the decimal point is determined in the usual way.

The DF and CIF scales may be used to perform multiplication:
and divisions in the same manner as the D and C7 scales: thus tc
multiply 40.3 by 1/9.04,

to 403 on DF set index of CF,
opposite 904 on CIF, read 4.46 on DF.

Again to multiply 40.3 by 1/0.207,
to 403 on D get left index of C,
opposite 207 on CIF read 194.7 on DF,

EXERCISES

1. Use the DI scale to find the reciproeals of 16, 260, 0.72, 0.065, 17.4, 18.5, 67.1

2. Find 18.2 X 21.7 in the usual way and then read 1/(18.2 x 21.7) on DI
opposite the first answer on D. Similarly find the values of 1/(2.87 X 623),
and 1/(0.324 X 0.497).

3. Using the D scale and the €'/ scale, multiply 18 by 1/9 and divide 18 by 1/9.

4. Using the D scale and the CI seale multiply 28.5 by 1/0.385 and divide
28.5 by 1/0.385. Also find 28.5/0.385 and 28.5 X 0.385 by using the €' scale and
the D scale.

5. Using the D scale and the '] seale multiply 41.3 by 1/0.207 and divide
41.3 by 1/0.207.

6. Perform the operations of Exercises 2, 3, and 4 by using the CJF scale and
the DF seale,

7. Set the hairline to 8.62 on DF, and read at the hairline 8.62/= on D and
=/8.62 on DI. Also find the values of 1.23/=, =/1.23, 39.4 /=, and =/39 4.
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15. Proportions involving the reciprocal scales. The reciprocal scales
may be used in connection with proportions containing reciprocals.
; 1 . 1 1
Since any number @ = 1 + - and since — = - + 1, we have
a a a
Rule (C). The value of any ratio is not changed if any faclor of its

numerator be replaced by 1 and its reciprocal be written in the denomina-
tor, or if any factor of its denominalor be replaced by 1 and its reciprocal

1 1
be written in the numerator, Thus% =a (E) = /e Hence
% b
if; = bec, we may writcz = (T;rcj = (lle); if ax = be, we

r b B c
(1/a) (/e  A/b) "

the method of applying these ideas in computations.

may write A few examples will indicate

To find the value of y which satisfies Y_ _ 0785 % 3.76, apply

4.27
' Dy _ 0785
Rule (C) to get C' 427 (1/3.76)°

Sinee when 3.76 of CT is under the hairline, 1/3.76 of C is also under
the hairline

push hairline to 785 on D,

draw 376 of CI under the hairline,

opposite 427 on CF, read y = 12.60 on DF.
The position of the decimal point was determined by observing that
ywasnearto4 X 1 X 4 = 16.

To find the value of y which satisfies 1/(7.89y) = 0.381/0.0645, use
. D (1/y) _ 0381
Rule (C) to obtain ok ?%*9— = 0.0645' and
push hairline to 381 on D,
draw 645 of C under the hairline,
opposite 7.89 on C read y = 0.0215 on DI.
The position of the decimal point was obtained by observing that
0.381 is about 6 X 0.06 and therefore that 1/y is about 6 X 7.89, or
y = 0.02 approximately.

To find the values of z and y which satisfy 57.6x = 0.846y = 7,
use Rule (C) to obtain

D x Y _ 7

CI°  (1/57.6) (1/0.846) 1

, (a)



§16 THE PROPORTION PRINCIPLE 25

and to 7 on D set index of CI,
opposite 576 on CI, read z = 0.1215 on D,
opposite 846 on CIF, read y = 8.27 on DF.
The folded scales may also be used in this connection. Thus
to solve equation (a),
to 7 on DF set index of CIF,
opposite 576 on CIF, read x = 0.1215 on DF,
opposite 846 on CIF, read y = 8.27 on DF.

EXERCISES
In each of the following equations find the values of the unknown numbers:
75.2 0.342 Y
1, 33z = 44y = —— 4, = ——= (189 5 i
e T > Leg U9 073
111 12.6
2. 761z = 3. 44y = —— - 5. 5.83z = 6.44y = — = 0.2804.
22.8 -
3. 183z = —— = (162) (1.75). 6. 3.42z = = 18 _ (2.78) 13.62).
24.5 v s

16. Combined multiplication and division.
7.36 X 8.44
92
Solution. Reason as follows: first divide 7.36 by 92 and then

multiply the result by 844. This would suggest that we
push hairline to 736 on D,
draw 92 of € under the hairline,
opposite 844 on C, read 0.675 on D.

18 X 45 X 37

23 X 29

Example 1. Find the value of

Example 2. [I'ind the value of

Solution. Reason as follows: (a) divide 18 by 23, (b) multiply
the result by 45, (¢) divide this second result by 29, (d) multiply
this third result by 37. This argument suggests that we

push hairline to 18 on D,

draw 23 of €' under the hairline,
push hairline to 45 on C,

draw 29 of ' under the hairline,
push hairline to 37 on C,

at the hairline read 449 on D.

To determine the position of the decimal point write
20 X 40 X 40

= 2 is 44.9.
20 X 30 about 50. Hence the answer is
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A little reflection on the procedure of Example 2 will enable the
operator to evaluate by the shortest method expressions similar
to the one just considered. He should observe that: the D scale
was used only twice, once at the beginning of the process and once
at its end; the process for each nwmber of the denominator consisted
in drawing that number, located on the C scale, under the hairline;
the process for each nwmber of the numerator consisted in pushing the
hairline to that number located on the C scale.

If at any time the indicator cannot be placed because of the projection
of the slide, apply the rule of §6, or carry on the operations using the
folded seales.

It is interesting to observe that when an answer is read on D its
reciproeal ean be read at once on DI opposite this answer.

Example 3. [Find the value of 1.843 X 92 X 2.45 X 0.584 X 365,
and of 1 divided by this product.

Solution. By using Rule (C) of §15, write the given expression in
the form
1.843 X 2.45 X 365
(1/92) (1/0.584)
and reason as follows: (a) divide 1.843 by (1/92), () multiply the
result by 2.45, (¢) divide this second result by (1/0.581), (d) multiply
the third result by 365. This argument suggests that we
push hairline to 1843 on D,
draw 92 of CI under the hairline,
push hairline to 245 on C,
draw 581 of CI under the hairline,
push hairline to 365 on C,
at the hairline read 886 on D, and 1129 on DI.
2 X 2 X 400

To approximate the first answer we write 00l X2 = 80,000,

Hencee the answers are 88,600 and 0.00001129.

Example 4. Find the value of
1/(352 X 621 X 0.0154 X 0.00392).

Solwtion,  This eomputation could be made by computing the
denominator in the usual manner and then reading the reciprocal of
the denominator on the DI scale. However the regular process is
effective. Hence write the given expression in the form

(1/352) (1/0.0154)
(621 X 0.00392
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and
push hairline to 352 on DI,
draw 621 of C under the hairline,
push hairline to 154 on C1,
draw 392 of € under the hairline,
opposite index of C read 758 on D.

To approximate the answer write 1/(300 X 600 X .02 X .004) =
1/14(nearly) = .07(nearly). Therefore the answer is 0.0758.

The following rule summarizes the process.

Rule. 1o compute a number defined by a series of multiplications
and divisions:

(a) arrange the expression in fractional form with one more factor
in the numerator than in the denominator, (1 may be used if necessary.)

(b) push the hairline to the first number in the numerator on the
DI scale,

(¢) using the C or CI scale take the other numbers alternately, draw-
ing cach number of the denominator under the hairline, and pushing the
hairline to each number of the numerator,

(d) read the answer on the D scale,

(e) to get a rough approximation, compule the value of the expression
obtained by replacing each number of the given expression by a convenient
approximate number involving one, or al most two, significant figures.

When necessary use the rule of §6 to make a getting possible. Also
the folded scales may be used to avoid shifting the slide. At any
time the hairline may be pushed to a number on C or on CF; it is a
good plan in combined-operation problems always to follow the
operation of pushing the hairline to a mark on ' or CF by drawing
a mark of the same secale under the hairline.*

When a problem involving combined operations contains T as a
factor the statement dealing with 7 at the end of §9 can be used
in the solution.

*In the combined-operation eomputation econsidered above, the seale of operation may be
changed at will from the C seale to the CF scale or vice versa. In genersl, however, if the answer
is read on the D seale, the numbar of times the hajrline has been pushed to n mark on CF must
be the sume a8 the number of timesn mark on CF has been drawn under the hairline. If the answer
ia resdl on DF the process of pushing the hairline to 8 pumber on CF must have been used exnctly
one more time than the process of deawing s mark of CF under the hairline.
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EXERCISES
7 X8 362
1, — 12, —
5 3.86 X 9.61
11 X12%1 i 24.1
7Tx8 t 261 X 32.1°
s o ok 4 | i 75.5 X 63.4 X 95
T8 X (1/5) ) 3.14
1375 X 0.0642 s 3.97 ‘
76,400 " 51.2 X 0.925 X 3.14°
452 X 11.24 16, 478 X 3.14
* 336 ’ T 325 X 164
218 = 3.82 X 6.95 X 7.85 X 436
" 4.23 X 50.8° " 79.8 X 0.0317 X 870
7 . — 18. 187 X 0.00236 X 0.0765X1047X3.14.
' 3.86 X 3.54
0.917 X 8.65 X 1076 X 3152
8. 2.84 X 6.52 X 5.19. 19. .

9. 9.21 X 0.1795 X 0.0672.

7840
45.2 X 11.24%

20.
10. 37.7 X 4.82 X 830. 336
1. 66.7 X 0.835. 21. 45.2 X 11.24 :
3.58 336m

In evaluating the expressions numbered 22-25, compute the

denominators in the usual manner and read the reciprocals of the
denominators on the DI scale.

1 1
P el 24. :
421 X 632 0.153 x 0.646 > 5.72 X 0.628

1 1
23. ) 25. z
827 X 6.28 X 273 3.14 X 272 X 1414 X 1.572

22

26. Solve problems 22-25 by using the method of Example 4.

Expressions having the form

1
Imn — — 5 (5)
occur frequently in electrical engineering practice.
expressions having the form (5)

To evaluate
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push hairline to ! on D,
draw m of CI under the hairline,
opposite n on C read I m n on D,
opposite p on C read 1/lmp on DI.
Subtract the second result from the first.

Evaluate expression (5) for the sets of values numbered 27-32:

27,
28.
20,
30.
31.
32.

I

541, m
0.759, m
628, m
6.28, m
6.28, m
G.28, m

60.1,
54.2,
63.2,
60.0,

3.14, n = 0226, p
n = 0154, p
n = 0.0246, p
n = 0562, p
n=0247, p
n = 0152, p

63.5,

= 0.0635,

= 0.00632,

= 0.00542.

= 0.0000653.

= 15.00 X 10-%,
= 5.16 X 10-%,

Another form of practical importance in electricity is

1

Im

B
m

1 1 1 =
a+a+m‘] L

Ny

To evaluate expressions having form (6), use the method of Ex-
ample 4 for each term and

results.

push hairline to ! on DI,

draw m of C under the hairline,
atmy, B

in succession, read the corresponding terms on D and add these

, My, of CT

Evaluate expression (6) for the sets of values numbered 33-38:

33. 1 = 250,

34. 1

Ha ( = “k) -

= 628, m = 600,

3s5. 1

na (=m) =

36. 1

ny (=ny) =

37. 1

na (=m) =

38. 1

m = 40.1,

3.65, m = 30.6,

0.00472.

0.000645.

6.28, m = 61.3,

5.62 X 10-

6.28, m = 624,

581 X 10

-f

6.28, m = 403,
Tig (uﬂ,k) = 7.51 X 10-6.

ny = 0.641, ng (=m) = 1.03.
ny = 0.00347, na = 0.00297,
ny; = 0.000346, ny = 0.000463,
n = 3.42 X 10-%, np; = 271 X 10-6
ny = 3.01 X 10-%, n; = 5.62 X 10-6,
ny = 521 X 10-%, ns = 8.21 X 10-§,



CHAPTER III
SQUARES AND SQUARE ROOTS, CUBES AND CUBE ROOTS

17. Squares. The square of a number is the result of multiply-
ing the number by itself. Thus2* = 2 X 2 = 4.

The A scale is so designed that when the hairline is set lo @ number
on the D scale, the square of the number is found under the hairline
on the A scale. Similarly, if the hairline be set to a number on the €
scale its square may be read at the hairline on the B scale. Note
that the rule can be turned at will to enable the user to refer from
one face to the other. For example, if one hairline of the indicator
is set to 2 on (, the number 4 = 2? will be found at the other hairline
on scale .

To gain familiarity with the relations between these scales the
operator should set the hairline to 3 on the D scale, and read 9 at
the hairline on the A secale; set the hairline to 4 on D, read 16 at the
hairline on A ; ete. To find 2782, set the hairline to 278 on D, read
773 at the hairline on A. Since 300° = 90,000, we write 77,300 as
the answer. Actually 278 = 77,284, The answer obtained on the
slide rule is accurate to three figures.

EXERCISE

Use the slide rule to find, accurate to three figures, the square of each of
the following numbers: 25, 32, 61, 75, 89, 733, 452, 2.08, 1.753, 0.334, 0.00356,
0.953, 5270, 4.73 X 106,

18. Square roots. The square root of a given number is a second
number whose square is the given number. Thus the square root
of 4 is 2 and the square root of 9 is 3, or, using the symbol for square
root,A/4 = 2, and+/9 = 3.

The A scale consists of two parts which differ only in slight
details. We shall refer to the left hand part as A left and to the
right hand part as 4 right. Similar reference will be made to the
1 scale.

Rule. To find the square root of a nwmber belween 1 and 10, set
the hairline to the nwmber on scale A left, and read its square root al

30
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the hairline on the D scale. To find the square root of a number
between 10 and 100, set the hairline to the number on scale A right,
and read its square rool at the hairline on the D scale. In either case
place the decimal point after the first digit. A similar statement
relating to the B scale and the C scale holds true. For example,
set the hairline to 9 on seale A left, read 3 (=+/9) at the hairline
on D, set the hairline to 25 on scale B right, read 5 (=+/25) at the
hairline on C.

To obtain the square root of any number, move the decimal point
an even number of places to obtain a number between 1 and 100; then
apply the rule writlen above in italics; finally move the decimal point
one half as many places as it was moved in the original number but
in the opposile direction.* The learner may also place the decimal
point in accordance with information derived from a rough approxi-
mation.

For example, to find the square root of 23,400, move the decimal
point 4 places to the left thus getting 2.34 (a number between 1 and
10), set the hairline to 2.34 on scale A left, read 1.530 at the hair-
line on the D scale, finally move the decimal point 14 of 4 or 2 places
to the right to obtain the answer 153.0. The decimal point could
have been placed after observing that 1/10,000 = 100 or that
\/40,000 = 200. Also theleft Bscale and the € scale could have been
used instead of the left A scale and the D seale.

To find 4/3850, move the decimal point 2 places to the left to
obtain 4/38.50, set the hairline to 38.50 on scale A right, read 6.20
at the hairline on the D scale, move the decimal point one place to
the right to obtain the answer 62.0. The decimal point could have
been placed by observing that /3600 = 60.

To find 4/0.000585, move the decimal point 4 places to the right
to obtain 4/5.85, find 4/5.85 = 2.42, move the decimal point two
places to the left to obtain the answer 0.0242.

*The following rule may also be used: If the square root of a number greater
than unity is desired, use A left when it contains an odd number of digits to
the left of the decimal point, otherwise use A right. Tor a number less than
unity use A left if the number of zeros immedintely following the decimal point
i= odd; otherwise, use A right.
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EXERCISES

1. Find the square root of each of the following numbers: 8, 12, 17, 89, 8.90,
890, 0.89, 7280, 0.0635, 0.0000635, 63,500, 100,000.

2. Find the length of the side of a square whose area is (a) 53,500 ft.?
(b) 0.0776 ft.* (c) 3.27 X 107 ft.2

3. Find the diameter of a circle having area (a) 256 ft.2 (b) 0.773 .2 (¢) 1950
ft.2

19. Evaluation of simple expressions containing square roots and
squares. When the hairline is set to a number on the proper one
of the two B seales, its square root is automatically set to the hair-
line on the C scale. Consequently we may multiply and divide
numbers by square roots of other numbers or we may find the value
of the unknown in a proportion involving square roots.

For example to find 34/3.24 set the left index of C to 3 on D,
then set the hairline to 3.24 on B left and therefore to/3.24 on C,
and at the hairline read 540 on D.  Since 3+/3.24 is nearly equal to 3
v/4=6, we have 3 1/3.24 = 5.40. Observe that the process is that
for multiplication by means of the C and D scales, the B scale
being used as a means of setting+/3.24 on the C scale.

28/375
To find the value of z = —3\%%@, in accordance with rule (B) of
§12, write
D, z__3
C' /375 369
and push the hairline to 28 on D,

draw 369 of C under the hairline,
push hairline to 375 on B left,
at hairline read z = 1.469 on D.

The approximate answer 30n/400 + 400 = 1.5 indicated the posi-
tion of the decimal point. Note also that4/375 of the C scale was
drawn under the hairline indirectly by drawing its opposite 375 on
B left under the hairline.

347
4.92 /0.465
492z = 347/4/0.465 and then rule (C) of §15 to obtain

Dz 347
€' 1/492  /0.465

To find the value of z = , use rule (B) of §12 to get,
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and
set the hairline to 347 on D,
draw 465 of B right under the hairline,
push hairline to 492 on C1,
at the hairline read = 103.4 on D.

The decimal point was placed in accordance with the approximate
value 350 + (5 X v/.49) = 350 + 3.5 = 100.

When the hairline is set to a number on the D scale it is auto-
matically set to the square of the number on the A scale, and when
set to a number on the C scale it is automatically set to the square
of the number on the B scale. Hence by using the A and B scales
as fundamental scales, many expressions involving squares can be
(24.6)* X 0.785

, write
4.39

evaluated conveniently. Thus to find r =

A i % = (2_4@_:
B 0.785 439"

and
push hairline to 246 on D,
draw 439 of B (either left or right) under the hairline,
push hairline to 785 on B (left or right),
at the hairline read 108.2 on A.

The decimal point was placed in the usual manner. Of course
this computation could have been carried out on the C and D scales,
but one will find it convenient at times to use the setting just
indicated.

The area of a circle may be conveniently found when its radius
is known by using the A, B, C, and D scales. If T represents a
mathematical constant whose value is approximately 3.14, and r
represents the radius of a circle, then the area A equals 2. Sim-
ilarly if d represents the diameter of a circle then its area is given
by the formula A = (7 /4) d* = 0.785 d* nearly. Hence to find the
area of a circle,

to index of A set w/4 (= 0.785 approx.) on B,
opposite any diameter on D, read area on B.
Note that a special mark toward the right end of the A and B
scales gives the exact position of ©/4. Thus to find the area of a
circle of diameter 17.5,
to index on A set /4 on B right,
opposite 175 on D, read 241 on B.
Therefore the area is 241 sq. ft.
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EXERCISES
1. 42.2+/0.328. i (2.38)* X 19.7
o 18.14
2. 1.834/0.0517. 6.76
3.4/3.28 + 0.212 217 (2.7
- T oL
4, \/51.7 + 103. T 534 X \/T7.02
5. 0.763 = 1/0.0200. U D
534+4/13.6
N 5.66 X (7.48)" 12. 14.3 X 47.5y 0311
O 13. 20.6 X \/7.80 < \ 0.571.
256 %X 4.86 14. 7.921/7.80
(1.365) \VOBTT

15, Find the area of a cirele having diameter (a) 2.75 ft. (b) 66.8 ft. (¢)
0.753 ft. (d) 1.8706 ft.

16. Find the area of a cirele having radius (a) 3.46 ft. (b) 0.0436 ft.
() 17.53 ft. () 8650 ft.

20. Combined operations involving square roots and squares.
The principle of Example 2 §16 may be applied to evaluate a fraction
containing indicated square roots as well as numbers and reciprocals
of numbers. If the learner will recall that when the hairline is set
to a number on the €/ scale it is automatically set to the reciprocal
of the number on the (" seale and when set to a number on the B scale
it is nutomatieally set to the square root of the number on the € seale,
he will easily understand that the method used in this article is
essentially the same as that used in §16. The principle of determin-
ing whether B left or B right should be used is the same whether
we are merely extracting the square root of a number or whether the
square root is involved with other numbers.

915 X v/36.5

Example 1. Evaluate g
804

Solution. Remembering that the hairline is automatically set to
4/36.5 on the C scale when it is set to 365 on B right, use the rule
of §16 and

push the hairline to 915 on D,

draw 804 of the C scale under the hairline,
push hairline to 365 on B right,

at the hairline read 6.88 on D.
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/832 X /365 X 1863
(1/736) X 89,400

Solution. Before making the setting indicated in this solution,
the learner should read the italicized rule in §16.

Push hairline to 832 on A left,
draw 736 of CI under the hairline,
push hairline to 365 on B left,
draw 894 of C under the hairline,
push hairline to 1863 on CF,

at the hairline read 8450 on DF.

(30) (18) (2000) (700) _
90,000

0.286 X 652 X /2350 X v/5.53
785+/1288 '

Solution. Write the expression in the form

Example 2. Evaluate

To get an approximate value write 8400.*

Example 3. [Evaluate

0.286 X /2350 X v/5.53 X 1
(1/652) X 785 X 4/ 1288
push hairline to 286 on D,
draw 652 of CI under the hairline,
push hairline to 235 on B right,
draw 785 of € under the hairline,
push hairline to 553 on B left,
draw 1288 of B right under hairline,
opposite the index of €' read 0.755 on D.
3(700) (50) (2) _
800(30)
T2 X 875 X 278
(72.2)? (0.317)?
Solution. Using the A and B scales as fundamental scales
push hairline to 3.142 on D,
draw 722 of C under the hairline,
push hairline to 875 on B,
draw 317 of C under the hairline,
push hairline to 278 on B,
at the hairline read 4580 on A.

nd

As an approximate value use 0.9.

Example 4. livaluate

* In problems of this type involving very large numbers, it is often desirable to use the
powers-of-ten method as an aid in placing the decimal peint of the answer.  For a diseus-
sion of this subject see 853
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EXERCISES
7.87 X /377 ; 42X \63.5 X v 7.75
2.38 0.275 X =
, 58X \/‘ﬁi_x_ = (2.60)*
775 X v/ 0.685 T 217 X 7.28
20.6 X 7.89 X 6.7%
4.672 X 281
189.7 % /0.00286 X v/ 347 X 0.274
V2.85 X 165 X = :
7. v/ 285 X 667 X /6.65 X 78.4 % 1/0.00419.
239 X /0.677 X 374 X 9.45 X =
84.3 X /0350 X /28400

L%

6.

21. Cubes. The cube of a number is the result of using the
number three times as a factor. Thus the cube of 3 (written 3%) is

3X3X3=27.

The K scale is so constructed that when the hairline is set to a
number on the D scale, the cube of the number is al the hairline on
the K scale. To convinee himself of this the operator should set the
hairline to 2 on D, read 8 at the hairline on K, set the hairline
to 3 on D, read 27 at the hairline on K, ete. To find 21.7% set the
hairline to 217 on D and read 102 on K. Since 20° = 8000, the
answer is near 8000. Hence we write 10,200 as the answer. To
obtain this answer otherwise, write

2175 — 21.7 X 21.7
(1/21.7)
and use the general method of combined operations. ‘This latter
method is more accurate as it is carried out on the full length scales.

EXERCISES

1. Cube each of the following numbers by using the K scale anl also Ly
using the method of combined operations: 2.1, 3.2, 62, 75, 89, 733, 0.152, 3.08,
1.753, 0.0334, 0.943, 5270, 3.85 X 108,

2. How many gallons will a cubical tank hold that measures 26 inches in depth?
(1 gal. = 231 cu. in.)

22, Cube roots. There are three parts to the K scale, each the
same as the others except in position. We shall refer to the left hand
part, the middle part, and the right hand part as K left, K middle,
and K right respectively.

The cube root of a given number is a second number whose cube
is the given number.
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Rule. To find the cube root of a number belween 1 and 10 set the
hairline to the number on K left, read its cube root at the hairline on D.
To find the cube root of a number between 10 and 100, set the hairline
to the number on K middle, and read its cube root al the hairline on D.
The cube root of a number between 100 and 1000 is found on the D
scale opposite the number on K right. In each of the three cases the
decimal point is placed after the first digit. To see how this rule is
used, set the hairline to 8 on K left, read 2 at the hairline on D;
set the hairline to 27 on K middle, read 3 at the hairline on D; set
the hairline to 343 on K right, read 7 at the hairline on D.

T'o obtain the cube root of any number, move the dectmal point over
three places (or digits) at a time until a number between 1 and 1000
is obtained, then apply the rule written above in italics; finally move
the decimal point one third as many places as it was moved in the
original number but in the opposite direction. The learner may also
place the decimal point in accordance with information derived from
a rough approximation.

I'or example, to find the cube root of 23,400,000, move the decimal
point 6 places to the left, thus obtaining 23.4. Since this is between
10 and 100, set the hairline to 234 on K middle, read 2.86 at the

hairline on D. Move the decimal point % (6) = 2 places to the

right to obtain the answer 286. The decimal point could have been
placed after observing that v/27,000,000 = 300.

To obtain VO,{]_QONSSS, move the decimal point 6 places to the
right to obtain v/585, set the hairline to 585 on K right, and read

V585 = 8.36. Then move the decimal point % (6) = 2 places to
the left to obtain the answer 0.0836.

EXERCISE

Find the cube root of each of the following numbers: 8.72, 30, 729, 850, 7630,
0.00763, 0.0763, 0.763, 89,600, 0.625, 75 X 107, 10, 100, 100,000.

23. Combined Operations. DBy setting the hairline to numbers
on various scales we may set square roots, cube roots and reciprocals
of numbers on the D scale and on the C scale. Hence we can use the
slide rule to evaluate expressions involving such quantities, and we
can solve proportions involving them. The position of the decimal
point is determined by a rough calculation.

: /385

Example 1. Find the value of T
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Solution. We may think of this as a division or write the pro-
.z V385

Tt - =
portion T = 236

push the hairline to 385 on K right,
draw 2.36 of C under the hairline,
opposite index of C read 3.08 on D.

5.37 v0.0835
525
Solution. Equating the given expression to r and applying Rule
(B) §12, we write

, and then

Example 2. Find the value of

~z V0.0835
537 V525
This proportion suggests the following setting:
push hairline to 835 on K middle,
draw 52.5 of B right under the hairline,
push the hairline to 537 on C,
at hairline read x = 0.324 on D.

Example 3. Evaluate
(1.736) (6.45) /8590 V/581
V27.8

Solution. By using Rule (C) of §15, write the given expression
in the form
V581 (6.45) V8590
(1/1.736) V27.8 '

and
set the hairline to 581 on K right,
draw 1736 of C'I under the hairline,
push hairline to 645 on C,
draw 278 of B right under the hairline,
push hairline to 8590 on B right,
at the hairline read 1643 on D.

Note that Examples 1 and 2 were attacked by the proportion
principle whereas Example 3 was considered as a series of multi-
plications and divisions. When no confusion results, the student
should always think of an exercise as a series of multiplications and
divisions. The proportion principle should be used in case of doubt.
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EXERCISES

1. V/73.2 (0.523). 14, V321 (0.0585)%

2. 24.3 v/0.0661%. (1/3.63)

3. 480 + v/732. 15, 3:57 X /643 X 4260

4. 27% +=+/661,000. 0.0346 +/0.00753

5. /331 + V/28.4. 16, /000335 V273

6. v/9.80 + +/160,000. 787 /0.723

7. (72.3)! X 8.25. 1, 00872 X 36.8 X \/2.85

g, =(0.213)* 0.343=

0.0817 18. 76.2+/56.1 /877 (1/3.78).

9 ._.___._.__m 19, __..E/_.i_?Ts

" 7137 X 0122 0.0276+/ 58,300 X 7.63 X 0.476
o, EN/T0__ - 68.7 v/3160 1/0.0317 X 89.3

" 446 X /285 17.6 X 277
11, 3.83 X 6.26 X v/51.2. 5. V/0.0615 X 1834 X /218,
12. 0.437 X /561 X /156, 80.6 X 748 X /3460

22, /(27.5)7 — (3.483)%.

13. 675 X v/0.336 X v/0.00711.

23. The maximum time F in hours that an airplane will remain
aloft may be approximated by
750 NvVw (L/D)/ 1 1
R LA ]
where the letters represent certain quantities for an airplane. Com-
pute E if w = 21500, V.= 190, N = 0.85, C = 0.465, L/D = 20.0,
w, = 19100, w, = 24000.
Hint. Push hairline to 750 on D,
draw 190 of C under the hairline,
push hairline to 215 on B left,
draw 465 of C under the hairline,
push hairline to 0.85 on CF,
draw 20 of CIF under the hairline,
push hairline to 1 on C,
draw 191 of B left under hairline, read F, = 153.1
on D at index of C,
draw 24 of B left under hairline, read F, = 136.6
on D at index of C,
and subtract F, from F, to get 16.5 hours.*

* In dealing with combinations of very large numbers or very small numbers it is advisable
*0 use the powers-of-ten notations in placing the decimal point. Article 53 indicates the
method to be used,



40 SQUARES, SQUARE ROOTS, CUBES, CUBE ROOTS §24

24. The L scale.* The problems of this chapter could well be
solved by means of logarithms. The following statements indicate
how the L scale is used to find the logarithms of numbers to the
base 10.

(A) When the hairline is set to a number on the D scale it is
at the same time set to the mantissa (fractional part) of the common
logarithm of the number on the L secale, and conversely, when the
hairline is set to a number on the L scale it is set on the D seale to the
antilogarithm of that number.

(B) The characteristic (integral part) of the common logarithm
of a number greater than 1 is positive and is one less than the number
of digits to the left of the decimal point; the characteristic of a
number less than 1 is negative and is numerically one greater than
the number of zeros immediately following the decimal point.

Example. Find the logarithm of (1) 50. () 1.6. (¢) 0.35. (d) 0.00905.
Solution. (a) To find the mantissa of log 50,
push hairline to 50 on D,
at hairline on L read 699.
Hence the mantissa is .699. Since 50 has two digits to the left of
the decimal point, its characteristic is 1.
Therefore log 50 = 1.699.
Solution. (b) Push hairline to 16 on D,
at hairline on L read 204.
Supplying the characteristic in accordance with (B), we have
log 1.6 = 0.204.
Solution. (¢ Push hairline to 35 on D,
at hairline on L read 544.
Hence, in accordance with (B), we have
log 0.35 = 9.544 — 10.
Solution (d) Push hairline to 905 on D,
at hairline on L read 956.

Hence, in accordance with (B), we have
log 0.00905 = 7.956 — 10.

EXERCISE
Find the logarithms of the following numbers: 32.7, 6.51, 980,000, 0.676,
0.01052, 0.000412, 72.6, 0.267, 0.00802, 432.

*On rules, such as Log Log Duplex Veetor, No. 4083, which are without the L scale, logarithms
can be found on the LL scales ns explained on page 88,



CHAPTER 1V
TRIGONOMETRY™*

25. Some important formulas from plane trigonometry. The
following formulas from plane trigonometry, given for the con-
venience of the student, will be employed in the slide rule solution of
trigonometric problems considered in this

chapter. >

In the right triangle ABC of Fig. 1, the € "
side opposite the angle A is designated by aq, 90°
the side opposite B by b, and the hypotenuse * b c
by e¢. Referring to this figure, we write the Fia. 1.

following definitions and relations.
Definitions of the sine, cosine, and tangent:

a  opposite side

sine A ritten si =~ =
sine A (written sin A) . hypotenuse (1)
cosine A (written cos A) = ) iatent il (2)
' : ¢ hypotenuse '’
. a opposite side
tangent A (written tan A) 5~ adiscentaie (3)
Reciprocal relations:
1 (wri se A) = & 1
cosecant A (written cse A) = e (4)
s 4y o C 1
secant A (written sec A) R (5
cotangent A (written cot A) = b = : : (6)
a tan A
Relations between complementary angles:
sin 4 = cos (00° — A), (7)
cos A =sin (90° — A), (8)
tan A = cot (90° — A), (9)
cot A = tan (90° — A). (10)

*See the authors' ““Plane and Spherical Trigonometry,” McGraw-Hill Book Co.,
New York, N.Y., for a thorough treatment of the solution of triangles both by
logarithmic computation and by means of the slide rule.

41
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Relations between supplementary angles:

sin (180° — A) = sin A, (11)
cos (180° — A) = — cos 4, (12)
tan (180° — A) = — tan A. (13)

Relation between angles in a right triangle:
A+ B =90° (14)

If in any triangle such as 4 BC of Fig. 2, A, B, and C represent
the angles and a, b, and ¢, represent, respectively, the lengths of
the sides opposite these angles, the following relations hold true:

gindA sin B sin C
= =

Law of sines: 5 = (15)
Law of cosines:  a? = b® + ¢* — 2bc cos A. (16)
A+ B+ C = 180° (17
B
A = [

b

Fra. 2.

26. The S (Sine) and SRT (Sine, Radian, Tangent) scales. The
graduations on the sine scales S and SRT represent angles. Accord-
ingly, for convenience, we shall speak of selting the hairline to an
angle or drawing an angle under the hairline.

There are really two S scales, one called S or the sine scale specified
by the black numbers on S; the other S red or the cosine scale specified
by the red numbers. Note that the graduations on the sine scale
represent angles increasing from left to right, and that the gradua-
tions on the cosine scale represent angles increasing from right to
left. The sine secale is the predominant. scale. In what follows any
reference to an angle on a trigonemetric scale will be to the angle
in black unless otherwise indicated.

The scale designated SRT is, as its name indicates, used to find
sines, radian equivalents, and tangents of angles, ranging from 0.573
degrees to 5.73 degrees approximately. Here our interest is mainly
in sines. Detailed treatments of tangents and radians will be given
in §§30 and 38.
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In order to set the hairline to an angle on the sine scale, it is neces-
sary to determine the values of the angles represented by the sub-
divisions. Since there are ten primary intervals between 8° and 9°
each represents 0.1°; since each of the primary intervals is subdivided
into two secondary intervals each of the latter represents 0.05°.
Again since there are five primary intervals between 20° and 25°,
each represents 1°; since each primary interval here is subdivided
into five secondary intervals each of the latter represents 0.2°. The
third from the last mark on the scale represents 80°, the next to the
last 85° and the last 90°*. The SRT scale is a folded D scale and
accordingly is read like the D scale.

When the hairline is sel to an angle on the S or the SRT scale, the sine
of the angle is on scale C at the hairline, and hence on scale D when
the rule is closed. Also when the hairline is set to an angle on the cosine
scale (S red) the cosine of the angle is on scale C al the hairline.

Each small inscription at the right end of a scale is called the
legend of the scale. A legend of a scale specifies a range of values
associated with the function represented by the scale. Thus the
legend 0.1 to 1.0 of scale S specifies that the sines of the angles on S and
the cosines of angles on S red range from 0.1 to 1, and the legend 0.01
to 0.1 of the SRT scale indicales that sines (or radian equivalents and
tangents) of angles on SRT range from 0.01 fo 0.1.

Example. Evaluate (a) sin 36.4°. (b) sin 3.40°.
Solution. (a) Opposite 36.4° on S,
read on C (or D when rule is closed) 0.593.
The result 0.593 lies between 0.1 and 1.0, that is, within the range
specified by the legend 0.1 to 1.0 of S.

Solution. (b) Opposite 3.40° on SRT,
read on C 0.0593.

The result 0.0593 lies between 0.01 and 0.1, that is, within the range
specified by the legend 0.01 to 0.1 of SRT.

*COn the 20-inch rule divisions between 80° and 90° represent 82°, 84°, and 86°.
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Fig. 3 shows scales SRT, S, and D on which certain angles and
their sines are indicated. As an exercise close your slide rule and read
the sines of the angles shown in the figure and compare your results
with those given. Note that the values of sines appearing in Tlig. 3
conform with the corresponding legends.

The S and SRT scales are essentially one continuous scale read
against two continuous cycles of the C scale. Fig. 4 represents this

relationship.
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I SEE e ; ! 3T LTE e I0° 30 LA -
1 1 L 1 A L] L ! ! I ]
l W01 H 3 4 & &« T 89 1] 3 [ ] LR
| 1 1 | | I T ) 1 1 | | | Ve i ! B i
L Zeelw € 3zals

Each angle on S red is 90° minus the corresponding angle on S

(black). Also equations (7) and (8) §25 are

sin 4 = cos (90° — A), cos A = sin (90° — A).
Hence when the hairline is set to an angle A on S it is set to sin A
and to cos (90° — A) on scale C. TFor example

set the hairline to 25° on S,

at the hairline read on C, 0.423 = sin 25° = cos 65°.
To find the cosine of an angle greater than 84.26°, use cos 4 = sin
(90° — A). Thus to find cosine 86.9°, write cosine 86.9° = sin 3.1°
and opposite 3.1° on SRT read on C, 0.0541 = sin 3.1° = cos 86.9°

EXERCISES

1. By examination of the slide rule verify that on the § scale from the left
index to 10° the smallest subdivision represents 0.05°; from 10° to 20° it rep-
resents 0.1°%; from 20° to 30° it represents 0.2°; from 30° to 60° it represents
0.5°; from 60° to 80° it represents 1°; and from 80° to 90° it represents 5°.

2. Find the sine of ench of the following angles:

(a) 30°. (b) 38°. (e) 3.33° (d) 90°. (e) 88°.
(f) 1.583°.  (g) 14.83°.  (h) 22.4°. (5) 11.80°. (/) 51.5°.



§27 TRIGONOMETRY 45

3. Find the cosine of each of the angles in Exercise 2. Use the red numbers
on the S scale.

4. Find z in each equation:

Sa} sin ¢ = 0.5. (d) sin £ = 0.1. (g) sin z = 0.062.
b) sin z = 0.875. (e) sin x = 0.015. (h) sin z = 0.031.
(¢) sin x = 0.375. (f) ein z = 0.62. (i) sinx = 0.92.
5. Find z in each equation:
(a) cos z = 0.5. (d) cosx = 0.1. (g) cos z = 0.062.
(b; cos z = (.875. (e) cos z = 0.015. (h) cos z = 0.031.
{c) cos z = 0.375. (f) cos z = 0.62. (x) cosz = 0.92.

27. Simple operations involving the § and SRT scales. If the
reader will reflect that when the hairline is set to an angle 4 on scale
S, it is also set to sin A on C, he can easily see that sines and cosines
of angles can be used in combined operations and proportions by
means of the S and SRT scales just as square roots and reciprocals
were used in Chapter 1II by means of the B seale and the 1 scale.
Thus to find 8 sin 40°,

opposite 8 on D set index of C,
opposite 40° on S read on D, 5.14 = 8 sin 40°,

The decimal point was placed after observing on the slide rule
that sin 40° is approximately 0.6 and therefore that 8 sin 40° is
approximately 8 x 0.6 = 4.8. The legend of the S seale 0.1 to 1.0
indieates that the approximate value of sin 40°is 0.6, a value between
0.1 and 1.0.

To find 8/cos 40°,

opposite 8 on D set 40° of S red,

8
cos 40°°

Here the decimal point was placed after observing on the slide
rule that cos 40° is near 0.8 and therefore that 8/cos 40° is nearly
equal to 8/0.8 = 10. Here again the legend 0.1 to 1.0 of S indicates
that cos 40° is between 0.1 and 1.0.

The following examples illustrate the use of proportions involving
trigonometric functions.

opposite index of C read on D, 10.44 =

- - T3 A
£
11l Yoo P b, F i L
o el IARERLER 13 it B [ T
. K s ;
£ 1._.& 0350 a s x '}
FIG. 5.
: .. sin 36° sin A
Example 1. Find A if T2 = 202
? mEAT 0 T 7320
Solution. Here both parts in the first ratio are known. Hence
write S sin 36° sin 4

D’ 270 320
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and
opposite 270 on D set 36° of S,
push hairline to 320 on D,
at hairline read on S, 44.2° = 4.
250 330 x

Example 2. Find A4 and =z if Sn32° " an A - eos B0

Solution.  Write
D 250 330 X
S sin32°  sin A cos 80°

and
opposite 250 on D set 32° of S,
push hairline to 330 on D,
at hairline read on S, 44.40° = A,

§27

push the slide so that left index on € replaces right index,

push hairline to 80° red on S,
at hairline read on D, 81.9 = z.

Here the decimal point was located by noting that sin 32° = 0.5 ap-

prox. and cos 80° = 0.17 approx. Hence

z = 290 X 0.17 approx.

0.5 approx. = BO.gpprox.

Example 3. Find @ if sin 6 = g

Solution. Write the given equation in the form

S sinf# 1 (=sin90°

D' 3 5

t
|

and
set 907 of S opposite 5 on D,
opposite 3 on I read on S, 36.9° = 6.
Example 4. Find ¢ if cos 6§ = 2
Solution. Write the given equation in the form
S cosf 1 (=sin90°
D’ 2 3

and
set 90° of S opposite 3 on D,
opposite 2 on D read on S red, 48.2°= 6.
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EXERCISES

1. In each of the following proportions find the unknowns:

(@) sin 50.4°  sin 42.2° ‘i_'ﬂ_“ ®) f]l_]_ﬂ __ §in 55° _ sin 60.5°
7 B z T 30.5 T 32.8
(©) sin 25°  sin 40° - sin 70° *(d) Sin - gﬂi _ sin 12.92°
20 z vy 156~ 25.6 40.7

2. Find the value of each of the following:
(a) 5 sin 30°. (e) 28 cos 25°.
(b) 12 sin 60°. (f) 35 cse 52.3°.
(c) 22/sin 30°. () 17 sec. 16°.
(d) 15/sin 20°. (h) 55 sin 18°,

3. Find the value of 6 in each of the following:

307 sin 42.5°

(a) ein 0 = o (@) 6l O s 433 31:13‘;8.1_7 .
) sin § = SEEEIET () i § = 200812037,

4. Iind the value of z in each of the following:

179.5 sin 6.42° _ 123.4 sin 8.20°
sin 34.5° © sin 33.5°

_ 3.27 sin 73° (@) z = 378 5in 18.67°

~ sin 2.22° cos 62.7°

(a) x = (c) =

(b) =

5. I'ind the value of x in each of the following:
_ 4sin 35° — 5.4 sin 17°. 18 sin 52.5° — 23.4 cos 42.2°

(a) z sin 47° @z = sin 22° sin 63°
8 — 6 sin 70° _ (@27 sin 39.2°)* — 16 cos 12.67°
(0) == s —oar e

46.2 sin 10.17° 4 32.1 sin 17.27°

28. Law of sines applied to solve a triangle. [n the conventional
way of lettering a triangle, each side is
represented by a small letter and the 8
opposite angle by the same letter cap-
italized. Thus in Fig. 6, each of the N
pairs, a and 4, b and B, ¢ and C represents
a side and the angle opposite. The law
of sines (see equation 15 §25) is

gin A sin B sinC

a b ¢
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Using this law and the method of solving proportions explained in

§27, we can solve any triangle for which a side, the opposite angle,
and another part are given.

Example 1. Given a triangle (see Fig. 7) in which a = 50, 4 = 65°

and B = 40°, find b, ¢, and C. ¢
Solution. Since A + B + C = 180°, b =50
C = 180° — (A + B) = 75°.
Application of the law of sines to the YA = e
triangle gives FIG. 7.
gin 65°  sin 40°  sin 75°
50 b ¢
'. Y '__‘ﬂ'. v ? 25 Tases :
t P X s
- ; 3
x %" }r'r”,
FIG. 8.

Accordingly,
opposite 50 on D set 65° of S,
push hairline to 40° on S,
at hairline read on D, 35.5 = b,
push hairline to 75° on S,
at hairline read on D. 53.3 = c.

Example 2. Find the unknown parts of the triangle in which
a =383, A = 25°, B = 38°.

Solution. In this solution, it is necessary to use sin C = sin 117°,
By (11) of §25, sin 117° = sin (180° — 117°) = sin 63°. Hence we
shall use sin 63° instead of sin 117°
since the S scale does not provide
directly for 117°. In general, use
the exterior angle of a triangle in
the law of sines when the in-
terior angle is greater than 90°.
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Hence from Fig. 9 write
S sin 25° sin 38°  sin 63°

D" 383 b T ¢

and
opposite 38.3 on D) set 25° of S,
opposite 38° on S read b = 55.8 on D,
opposite 63° on S read ¢ = 80.7 on D.

29. Short cut in solving a triangle. Observe that it is not neces-
sary to write the law of sines in solving a tri-
angle. In accordance with the setting based
on the law of sines, opposite parts on a
triangle are set opposite on the slide rule.
The parts to be set opposite can be used
directly from the figure. Thus from I'ig. 10
it appears at once that the pairs of opposites
are: 68.7, 47°; =z, 62°; y, T1°.

To solve the triangle
opposite 687 on D set 47° of S,
e opposite 62° on S read x = 82.9 on D,
opposite 71° on S read y = 88.8 on D.

86.3 . lo solve the right triangle of Fig. 11, note that
90° and 86.3 are opposite and
/ Zl opposite 863 on D set 90° of S,
v opposite 52° on S read a = 68.0 on D,
FIG. 11. opposite 38° on S read b = 53.1 on D,

< To solve the right triangle of Fig. 12
4 opposite 943 on D set 90° of S,
9.43 o opposite 786 on D read B=56.5%0n 8,
30> compute 4 = 90° — B = 33.5°,

& 7.86 opposite 33.5° on S read a =5.21 on D.
FIG. 12
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In general, to solve any triangle for which a side and the angle op-
posite are known,
oppostle the known side on D sel opposile angle on S,
opposite any knewn side on D read oppostte angle on S,
opposite any known angle on S vead opposite side on D.

EXERCISES
Solve the triangle having the given parts:
1. a = 50, 10. @ = B34, *19. a = 50,
A = 65°, A = 72.12°, ¢ = 66,
B = 40°. C = 90° A = 123.2°
2. ¢ = 60, 11. a = 60, 20. a = 8.78,
A = 50°, ¢ = 100, e = 10,
B = T75° C = 90°. A = 61.4°
3. a = 550, 12. a = 0.624, 21. b = 0.234,
A =102, ¢ =091, ¢ = 0.198,
B = 46.6°. ¢ = 90° B = 109°.
4. a = 795, 13. b = 4250, **22. a = 21,
A = 79.98°, A = 52.68° A = 417",
B = 44.68°, C = 90° B = 75°.
5.a = 50.6, 14. b = 2589, %223 b = 8,
A = 38.67°, ¢ = 5.11, a = 120,
C = 90°. C = 90°. 4 = 60°.
6. a = 720, 15. b = 512, 24, a = 40,
B = 68.83°, ¢ = 900, b =3,
C = 90°. C = 90°. A = T5°%
7. b = 200, 16. a = 52, 25. ¢ = 357,
A = 64°, ¢ = 60, A = 58.85°,
C = 90° C = 90°. C = 90°.
8. ¢ =112, 17. a = 120, 26. ¢ = 0.726,
A = 43.5° b = 80, B = 10.85°,
C = 00°. A = 60°. C = 90°.
9. b = 47.7, 18. b = 01.1, 27. a = 0.821,
B = 62.93°, c =77, B = 21.57,
C = 90°. B = 51.1°. C = 90°

28. The length of a kite string is 250 yds., and the angle of elevation of the
kite is 40°. If the line of the kite string is straight, find the height of the kite.

29. A vectoris directed due N.E. and its magnitude is 10. Find the component
in the direction of north.

30. Find the angle made by the diagonal of a cube with the diagonal of a face
of the eube drawn from the same vertex.

31. A ship at point S can be seen from each of two points, 4 and B, on the
shore. If AB = 800 ft., angle SAB = 67.7°, and angle SBA = 74.7°, find the
distance of the ship from A.

32. To determine the distance of an inaccessible tower A from a point B,
a line BC and the angles A BC and BCA were measured and found to be 1000 yd.,
44", and 70°, respectively. Find the distance AB.

* gin 123.2° = gin (180°-123.2°) = sin 56.8°

** The SRT seale must be used for 4.17°,
*** The SKT seale must be used for angle B.
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30. The T (Tangent) scale. The black numbers on the T scale
represent angles from 5.71° to 45°, the red numbers represent angles
from 45° to 84.29°.

When the hairline is set to an angle A on T (black), tan A is at the
hatrline on scale C, and hence on scale D when the rule is closed; when
the hairline is set to an angle A on T red, tan A s al the hairline on C1I,

Since

tan 5.71° = 0.1, tan 45° = 1, tan 84.29° = 10,
the range of values on scale C for tangents of angles between 5.71°
and 45° is 0.1 to 1, and on scale C'I for tangents of angles between
45° and 84.29° is 1 to 10. The black legend 0.1 to 1.0 at the right
end of the T scale indicates that tangents read on C (black) are be-
tween 0.1 and 1; the red legend 10.0 to 1.0 indicates that tangents
read on CI red are between 1 and 10. The general rule governing
the use of red and black numbers is given in the next article.

For example,

opposite 26° on T (black), read on C, 0.488 = tan 26°,
opposite 64° on T red, read on CI, 2.05 = tan 64°.

The cotangent of an angle may be found by first using either of
the identities (6) and (10) §25, namely

cot 4 = 1/tan A, cot A = tan (90° — A) (18)
to express the cotangent as the tangent of an angle and then using
the method outlined above. Thus to find cot 26°, write from (18)
cot 26° = tan (90° — 26°) = tan 64° and

opposite 64° on T read on '/, 2.05 = cot 26°,
or write cot 26° = 1/tan 26° and

opposite 26° on T read on C'/, 2.05 = cot 26°.

To find cot 64°, write cot 64° = tan (90° — 64°) = tan 26° and
opposite 26° on T read on C, 0.488 = cot 64°.

In computing an expression involving the tangent of an angle
greater than 45° or any cotangent of an angle, it is advisable before
beginning the computation to replace the tangent or colangent by
the tangent of an angle less than 45°. Thus to evaluate
565 tan 56°+cot 42° we would first write

565 tan 56° 565 cot 34° 565 tan 42°
cot 42° T cot42° tan 34°
and push the hairline to 565 on D,
draw 34° of T under the hairline,
push the hairline to 42° on T,
at the hairline read on D, 754.
The decimal point was placed after making the rough approximation
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600 % 0.9 <+ 0.6 = 900. The numbers 0.9 and 0.6 lie between 0.1
and 1.0, that is, within the range specified by the legend 0.1 to 1.0
of T.

It is shown in trigonometry that the sine and the tangent of an
angle less than 5.71° are so nearly equal that they may be considered
equal for slide rule purposes. Thus to find tan 2.25° and cot 2.25°,

opposite 2.25° on SRT read on C, 0.0393 = tan 2.25°,
opposite 2.25° on SRT read on CI, 25.5 = 1/tan 2.25° =

cot 2.25°
The operator should be careful in finding an angle greater than 45°
on the tangent seale from a ratio. Thus to find A where tan 4 = 3 {1),

it is essential that the setting be made as though 90° — 4 were to be
found. In this case
3.1 tan (90° — A) 1

N _ tan (90 — 4) 1
tan (90° — A) = cot A 56 3:1 5.6°

\-J1

Hence
opposite 56 on D set 1 (= tan 45%) of 7',

opposite 31 on D read 90° — A4 = 29° on T black,
or opposite 31 on D read A = 61° on T red.
Note that the setting must be made as though 90° — A, an angle less
than 45°, were to be found.

EXERCISES
1. Fill out the following table:

| | |
‘ 8.1° ‘ 27.25° ‘ 62.32° : 1.1)17“ 74.25° | 87° | 47.47° |

2, The following numbers are tangents of angles. Find the nnfles:

(a) 0.24. 0.785. (c) 0.92. (d) 0.54. ¢) 0.059.
0.082. if) 0.432. (k) 0.043. () 0.0149.  (j) 0.374.
k) 3.72. (I) 4.67. (m) 17.01. (n) 1.03. (0) 1.232.

3. The numbers ir. Exercise 2 are cotangents of angles. Find the angles:
4. Find the angle = from each equation:

(1) tan r = g—% (b) tanz = 2{')%2 (¢) tanxz = _E—éé
8.52 5 17.2
(d) tan z = 573" (¢) cotz = & (f) cot z = 133

31. Other functions on the S and T scales. Becuuse of the recip-
rocal relations (4), (5), and (6) of §25, the complementary relations
(7), (8), (9) and (10) of §25, the fact that each red number n repre-
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senting an angle on scales S and T is 90° —n, and that the numbers
on CT are reciprocals of their opposites on C, four functions or angles
may be read at once when the hairline is set to an angle on S or 7.
To perceive this and a rather interesting color relation, let (B)
represent black and (R) represent red, and

push the hairline to 30° (B) or 60° (&) on S,

at the hairline read sin 30° (B) = 0.5 (B) on C,

at the hairline read cos 60° (&) = 0.5 (B) on C,

at the hairline read esc 30° (B) = 2 (R) on CI,

at the hairline read sec 60° (R) = 2 (R) on CI.

Again push the hairline to 35° (B) or 55° (R) on T,

at the hairline read tan 35° (B) = 6.700 (B) on C,

at the hairline read cot 55° (R) = 0.700 (B) on C,

at the hairline read cot 35° (B) = 1.428 (R) on CI,

at the hairline read tan 55° (R) = 1.428 (R) on C1.
These two illustrations indicate that whenever the value of a direct
function (sin, tan, sec) is read, the colors of the angle and its function
are the same; whenever the value of a co-funciion (cos, cot, csc) 1s read,
the colors of the angle and its function are different. In other words:
direct functions (sin, tan, sec) are read on like colors (black to black,
or red to red); co-functions (cos, col, csc) are read on opposite colors
(black to red, or red to black).

The reader can easily derive a method of reading any desired
function without using the relation of colors just considered. How-
ever the relation is interesting and helpful to anyone who uses all
six trigonometric functions frequently.

EXERCISES

Using the red numbers on the trigonometric scales, solve Exercises 3 and 5
of §26, and Exercises 1 and 3 of §30.

32. The law of sines applied to right triangles with two legs given.
When the two legs of a right triangle are the given parts, we may

] first find the smaller acute angle from
its tangent and then apply the law of
-3 sines to complete the solution.
. Example. Given the right triangle
i s %71, of Fig. 13 in which a = 3, b = 4; solve
Fia. 13. the triangle.

Solution. From the triangle we read tan A = 4. Hence write
T tand 1

D’ 3 T4
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and opposite 4 on D set index of C,
push hairline to 3 on D,
at hairline read 4 = 36.88° on T,
at hairline read B = 53.12° on T red.

Now complete the solution by using the method of §28. Since the
hairline is set to 3 on D, draw the opposite angle 36.88° of S under
the hairline, and opposite 1 (= sin 90°) on Sread ¢ = Son D.  (Sce
Fig. 14).

T oy 658" o1
L ; Fr———1 b5
IC < | o Tt
K wloa @ | R N G
ETH T R ! —TT T 7 =
ell ' H I |
: DY — T
15987 . s " :_'_-.. - E
43 fz= =0 2 e y
]" o .! o
W RN
R E i BT il DR g
Az | T L T3 11)
= | .
. e = - R B e
Fic. 14

The following rule is based on the solution just completed. Those
operators who have occasion to solve many right triangles of the
type under consideration should use the rule.

Rule.

To solve a right triangle for which two legs are given,

to larger leg on D sel proper index of slide,

push hairline to smaller leg on D,

at the hairline read smaller acute angle of triangle on T,
draw this angle on S under the hairline,

al index of slide read hypotenuse on D. '

The solution of the triangle of Fig. 15 in ac-
cordance with the rule is as follows:
to 8.62 on D set right index of C, y L
push hairline to 4.79 on D,
at hairline read B = 29.08° on 7',
draw 29.08° on S under the hairline, ; s,
at index of S read ¢ = 9.86 on D. '%ﬂd
Therefore 4 = 90° — B = 60.92°. Pk
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EXERCISES
Solve the following right triangles:
1. a = 12.3, 4. a = 273, 7. a= 132,
b= 20.2. b = 418. b= 13.2.
2, a= 101, 5. a = 2§, 8. a= 42,
b= 116. b= 34. b= 71,
3. a= 50, 6. a= 12, 9. a = 0.31,
b= 23.3. b=>5. b= 4.8.

10. The length of the shadow cast by a 10-ft. vertical stick on a horizontal
plane is 8.39 ft. Find the angle of elevation of the sun.

33. Use of the DI scale in solving right triangles. The DI scale
may be used to advantage in solving right triangles. For this pur-
pose a useful proportion will be derived.

From the adjoining figure read

=sind, or a = csin A, 8

tan A, or a

Il

>TIR al@

btan A. 902

Equating these values of a obtain

a=>hbtan A = ¢sin A,

By applying rule B of §12, this may be written

1 tan A sin #
e= 0 — 1k (18

Because of limitations on the 7' scale, formula (19) is used only
when A is less than or equal to 45°; that is, when a represents the
smaller leg of the triangle. The following rule based on proportion
(19), states a method of solving any right triangle for which two legs
are known.

Rule. 7o solve a right triangle when two legs are given

opposite smaller leg on DI set index of C,
opposite longer leg on DI read smaller angle on T' (black),
opposite this angle on S read hypotenuse on DI.

Example 1. Solve the right triangle having legs 3 and 4.
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Solution. Setting a = 3, b = 4, in (19) obtain
1 tan A sin A

1/3  1/4 ~ 1/e °

Accordingly:
opposite 3 on DI set 1(right) of C,
opposite 4 on DI read A = 36.9°on T,
opposite 36.9° on S read ¢ = 5 on DI,
B = 90° — A = 53.1°.

Example 2. Solve the right triangle havinga = 15, b = 8.

Solution. Using the italicized rule,

opposite 8 on DI set 1(left) of C,
opposite 15 on DI read B = 28.1° on 7,
opposite 28.1° on S read ¢ = 17 on DI,
A =90° — B = 61.9°.

EXERCISES
Use the method involving the DI scale to solve the following right triangles:

1. a = 123, 4. a = 273, 7. a = 13.2,

b = 20.2. b = 418. b = 13.2.
2. a = 101, 5.a = 28, 8. a = 42,

b = 116. b = 34. b =Tl
3. a = 50, 6. a = 12, 9. a = 0.31,

b = 233. b = 5. b =48

10. The length of a shadow cast by a 10 ft. vertical stick on a horizontal
plane is 8.39 ft. Find the angle of elevation of the sun.

11. The rectangular components of a
vector r are 17.5 and 6.36 as shown in /ﬁ/| 636
the adjoining figure. Find the magnitude
and direction of the vector. 7.8

12. Find the magnitude and direction of a vector having us the horizontal
and vertical components 17.25 and 8.04, respectively.

34. Solution of a triangle for which two sides and the included
angle are given. To solve an oblique triangle in which two sides and
the included angle are given, it is convenient to divide the triangle into
two right angles. The method is illustrated in the following example.

Example. Given an oblique triangle in which ¢ = 6, b = 9, and
C = 32° solve the triangle.
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8 Solution. From B of Fig. 16,
drop the perpendicular p to side b.
Applying the law of sines to the
right triangle C BD, we obtain
c A

g ° v~ sin 0° _ sin 32°  sin 58°

b*9 1
Fia. 16. 6 P L

Solving this proportion, we find p = 3.18 and n = 5.09. From the
figure m = 9 — 5.09 = 3.91. Hence, in triangle A BD, we have

p 318
e = YT
or
tan A 1

318 T 391
Solving this proportion, we get A = 39.1°. Now applying the law
of sines to triangle A BD, we obtain

sin 39.1°  sin 90°
3.18 c

Solving this proportion, we find ¢ = 5.04. Finally, using the relation,
A + B + C = 180°, we obtain B = 108.9°. The italicized rule of §32
could have been used in place of the last two proportions.

If the given angle is obtuse, the perpendicular falls outside the
triangle, but the method of solution is essentially the same as that
used in the above example.

The law of cosines (16) of §25 may also be used for the solution.
To solve the triangle of Fig. 16, we have
¢? =a® + b* — 2ab cos C
or c?=62492-2x%x6x9cos32°=236+81 —91.6 = 25.4
and ¢ = 5.04. Now using the setting based on the law of sines
opposite 5.04 on D draw 32° of S,
opposite 6 on D read 4 = 39.1° on S,
B = 180° — 32° — 39.1° = 108.9°
The solution is checked by pushing the hairline to 71.1° (=180° —
108.9°) on S and reading 9 on D at the hairline.

A third method of solving this case is considered in Ex. 14. It is
based on the law of tangents.
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534
EXERCISES
Solve the following triangles:
1. a= 94, 4. b= 2.30, 7. a = 0.085,
b= 56, c = 3.57, ¢ = 0.0042,
C = 29° A = 62° B = 56.5°.
2. a= 100, 5. a= 27, 8. a=17,
¢ = 130, c= 15, b=12,
B = 51.8°. B = 46°. C = 59.3°.
3. a= 235, 6. a= 6.75, 9. b = 2580,
b= 185, c= 1,04, ¢ = 5200,
C = 84.86° B = 127.2°. A= 138.3"

10. Solve exercises 1 to 5 by using the law of cosines to get the third side and
then the law of sines to get the unknown angles.

11. The two diagonals of a parallelogram are 10 and 12 and they form an
angle of 40.3°. Find the length of each side.

12. Two ships start from the same point at the same instant. One sails due
north at the rate of 10.44 mi. per hr., and the other due northeast at the rate
of 7.71 mi. per hr. How far apart are they at the end of 40 minutes?

OELPARTURE
13. In a land survey find the latitude Haoe
and departure of a course whose length is E
= L]
525 ft. and bearing N 65.5° E. (See Fig. 17). sles e ot
Fia. 17,

14. The law of tangents

mn%(}l—ﬁ)_tnn}é(:l-i-ﬂ)_tan%{180°—C) (a)
a—>b a+b a4+ b

is used to solve a triangle for which two sides and the included angle are given.

The three cases to which this leads with the slide rule are illustrated below.
(a) C>90°. Use (a)directly. Forexampleif a = 6.75, b= 1.04, C= 127.15°
write
tan !4 (4 — B) _ tan 4 (A + B) _ tan 206.43%
5.71 7.79 7.79

and
to 7.70 on D set 26.43° of T,
opposite 5.71 on D read 4 (4 — B) = 20.02° on T.

The simultaneous solution of 4 (A — B) = 20.02° and !4 (A + B) = 26.43° is
4 = 46.45°, B = 6.41°. Now using the method based on the law of sines find
¢ = T7.43.
(b) € < 90° 90° — Y5 (4 — B) < 45°. Use (a) in the form
tan [90° — 15 (4 — B)] _ tan [90° — 14 (4 + B)] o)
a+b a—b ’
For example if a = 30.3, b = 2.5, C = 50°, write from ({)
tan [90° — 14 (4 — B)] _ tan 25°
328 27.8
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and
opposite 27.8 on D set 25° of T black,
opposite 32.8 on D read 90° — 4 (4 — B) = 28.81°on T.
Now solve 90° — 14 (A — B) = 28.81° with 90° — 4 (A + B) = 25° to obtain

A = 126.19°, B = 3.81° and then find ¢ = 28.8 by using the method based on
the law of sines.

() C < 90°, 90° — 14 (4 — B) > 45°. In this case use (3):
For example if a = 130, b = 100, C = 51°50°, write from (§)

tan [90° — 34 (A — B)] _ tan 25.92°
230 30

and

opposite 30 on D set 25.92° of T',

push hairline to right index of C,

draw left index of € to 230 on D,

at hairline read 90° — 14 (A — B) = 74.98° on T red.
Now find A = 79.10°, B = 49.06°, ¢ = 104.1.

Solve each of the three illustrative examples of this exercise without referring
to the solutions given.

35. Law of cosines applied to solve triangles for which three sides
are given. When the three sides are the given parts of an oblique
triangle, we may find one angle by means of the law of cosines
a® = b% + ¢* — 2be cos A and then complete the solution by using the
law of sines.

Example. Given the oblique triangle of Fig. 18, in which

¢ a =15 b=18,and ¢ = 20, find A, B, and
be18, as15 C.
A B Solution. From the law of cosines we
Fia. 18. b? + ¢* —a?

write cos A = Sbe :

187 4 207 — 157 499 op 208 4 1
2X 1820 7200 499 720°
Hence opposite 720 on D set right index of C,
opposite 499 on D read 4 = 46.1° on S red.

or cos A =

Now apply the method based on the law of sines and
opposite 15 on D set 46.1° of S,
opposite 18 on D read B = 59.9° on S,
opposite 20 on D read C = 74.0° on S.

The relation 4 + B+ C = 46.1° + 59.9° + 74.0° = 180° serves as
a check.
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EXERCISES
Solve the following triangles: - ’
1. ¢ = 9.4, 4, a= 610, 7. a = 97.9,
b= 2.60, b= 49.2, b= 106,
¢ = 1.58. ¢ = 80.5. ¢ = 139.
2. am |11, 5. a= 7.93, 8. a = 57.9,
b = 145, b= 5.08, b= 50.1,
c= 40. ¢ = 483 ¢ = 35.0.
3. a= 35, 6. a = 21, 9. a= 13,
b= 38, b= 24, b= 14,
c= 4], c= 27. c= 15.

10. The sides of a triangular field measure 224 ft., 245 ft., and 265 ft. Find
the angles at the vertices.

11. Find the largest angle of the triangle whose sides are 13, 14, 16.
12, Solve Ex. 11 by means of the following formula:

lan‘-—= Jl{s_b) (" <) where 5 = ; (ti+b+(').
‘ s{';—u

c

13. In triangle ABC of
Fig. 19
pr*=b*— m?= a®— nd
Hence b? — a? = m?* — n?
Factoring and replacing

=

3

m "

(m <+ n) by ¢, we have A -
FiG. 19,
b+ a)(b—a)= (in+ n) (m—mn)=c(m—mn),
b+a m— n
- & b= ()

To solve the triangle A BC, find m — n by using proportion (a). Combine
this result with
m4+ n= g,
to find m and n. Then solve each of the right triangles of triangle A BC and use
the results to find the angles A, B, and C.

Apply this method to solve Exs. 1, 2, 3.

14. Another method of solving for angle 4 when sides a, b, and ¢ are given
follows. From the law of cosines, equation (106) §25, get

b’~|_-r"—n" ch+(bt 2bc+c!)—ﬂ'

cos A = e She
- S N S
e R B e 1..'.’.3_..._'{_6__ELI
2be 2be
" (@=b+o) @tb=0
a— b4+ c)(a -0
cos A =1-— e . (a)

Thus to solve the triangle in which a = 21, b= 24, ¢ = 27 for A, substitute these
numbers in (&) to obtain
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(21 — 24 + 27) (21 + 24 — 27) 2 cos A

g Ad=1-— 0L R
0084 229 @0 3o T2 3

Hence
opposite 3 on D set right index of S,
opposite 2 on D read A = 48.2° on S red.
Now use the luw of sines to get B = 58.4°, C = 73.4°,
Show that if a = 97.9, b = 106, ¢ = 139, angle A = 44.6°,
Also use the method of this exercise to obtain angle A in Exercises 3, 4, 8,
and 9.

36. Law of sines applied to oblique triangles, continued. The
ambiguous case. When the given parts of a triangle are two sides
and an angle opposite one of them, and when the side opposite the
given angle is less than the other given side, there may be two
triangles which have the given parts. We have already solved
triangles in which the side op-
posite the given angle is greater
than the other side. In this case
there is always only one solution.
Consider now a case where there
are two solutions.

Example. Given a = 175, b =
215, and A = 35.5%; solve the
triangle.

Solution. Fig. 20 shows the two possible triangles, A B,C' and
A Bo(, having the given parts. To solve these triangles
opposite 175 on D set 35.5° of S,
opposite 215 of D read B, = 45.5% on S,
(.‘; = l.SDo - A - B] - 990,
opposite 180° — 99° (=81°) on S read ¢, = 298.

From Fig. 20 it appears that B, = 180° — B; = 134.5°.

(y =180° — A — By = B, — A = 10°. Since 175 of D is opposite
35.5° of S, push hairline to 10° on S and read ¢, = 52.3 on D at
the hairline.

It is instructive to observe that the slide was set only once, and
that the required parts were obtained by pushing the hairline to
parts already found and reading unknown parts at the hairline.

Let the three known parts of a triangle be a, b, and A. Fig. 21 rep-



62 TRIGONOMETRY §37

resents the triangle with the given
parts encircled. If a is less than b
but greater than p, there are two
triangles A B,C and AB,C having
the given parts, if @ = p there is only
one triangle ABC, and if a is less
than p there will be no solution. Hence when p is found the com-
puter knows the number of solutions to expect.

If @ is greater than b, there will be one and only one triangle satis-
fying the given conditions.

EXERCISES

Solve the following oblique trizngles:

1. a= 185, 3. a= 32.2, 5. a= 177,
b= 20, c= 27.1, b= 216,
A = 55.4°. C = 52.4° A = 35.6°.

2. b= 19, 4, b= 516, 6. a = 17,060,
c= 18, c= 6,584, b = 14,050,
C = 15.82° B = 44°. I = 40°.

7. Find the length of the per-
pendicular p for the triangle of
Fig. 22. How many solutions will
there be for triangle ABC if (a) b
=37 (b) b= 47 (c) b = p?

Fia, 22,

37. Combined operations. The method for evaluating expressions
involving combined operations as stated in §§16 and 23 applies
without change when some of the numbers are trigonometric func-
tions. This is illustrated in the following examples:

4 sin 38°

Example 1. FEvaluate ten42°

Solution, Push hairline to 4 on D,
draw 42° of T under the hairline,
push hairline to 38° on S,
at the hairline read 2.735 on D.
6.1 /17 sin 72° tan 20°
949 N

/17 8in 72° tan 20°_

(2
T \6.1

Example 2. Evaluate

Solution. TUse rule €' §15 to write
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Push hairline to 17 on A right,

draw 22 of € under the hairline,

push hairline to 20° on T,

draw 61 of CI under the hairline,

push hairline to left index of C,

draw right index of C under the hairline,
push hairline to 72° on S,

at the hairline read 3.96 on D.

7.9 esc 17° cot 31° cos 41°

Example 3. Evaluate 18 tan 48° v/3 8

, and

g o 1 o b 1
Solution. Replacing cse 17° by S cot 31° by tan 31°

tan 48° by ——= e : 120 and using rule €' §15, we obtain

(l) 7.9 tan 42° cos 41°
18

v/3.8 sin 17° tan 31°

Push hairline to 79 on D,

draw 38 of B left under the hairline,
interchange indices,

push hairline to 18 on C1I,

draw 17° of S under the hairline,
push hairline to 42° on T,

draw 31° of T under the hairline,
push hairline to 41° on S red,

at the hairline read 0.871 on D.

The student could have avoided the use of red numbers by replac-
ing in the given expression cos 41° by sin 49°.

The CF scale may often be used to avoid shifting the slide. In the
process of evaluating a fraction consisting of a number of factors in
the numerator over a number of factors in the denominator, the
hairline may be pushed to a number of the numerator on the CF scale
provided that a number of the denominator on the C'F scale is drawn
under the hairline later in the process, and conversely. In other
words the CF scale may be used at any time for a multiplication
(or division) if it is later used for a division (or multiplication).

: 2.10 X 2.54 X V45
Example 4. Evaluate 5n 70° X tan 35° X 3.06°
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Solution. Push hairline to 2 10 on D,
draw 70° of S under the hairline,
push hairline to 2 54 on CF,
draw 35 of T under the hairline,
push hairline to 45 on B right,
draw 3 06 of CF under the hairline,
under index of C read 17.77 on D.

Note that the folded scale was used twice, once in the third setting
and once in the sixth.

EXERCISES
Evaluate the following:
18.6 sin 36° i3 0.61 cse 12.25°
sin 21° : cot 35.3°
32 sin 18° 1 sin 22.7°
L W nmz
3 4.2 tan 38° 15 3.1 sin 61.6% cse 15.30°
sin 45.5° . cos 27.7° cot 20°
34.3 sin 17° 13.1 sin 3.12°
£ tan 22.5° ° 18: tan 30.27
5. 13.1 cos 40° 7 0.0037 sil-ﬁl;s_"
tan 35.2° ° i tan 2.10°
6, 172 cos 35° - V16.5 sin 45.5°
cot 50° - " Vi6412 cot 71.2°
7.8 ese 35.5° V6.1 4.01
e T e T
63.1 sec 807 20 sin 51.5°
" "tan 55° " [39.1) (6.28)"
" sin 18° tan 20° 21 cse 49.5°
© 3.7 tan 41° sin 317 *(19.1) (7.61) VBo4
10 sin 62.4° 22. (48.1) (1.68) sin 39°.
* 8.1 tan 22.3% 23. 0.0121 sin 81° cot 41°.
11. 3.14 sin 13.17° ese 32°. 24 1.01 cos 71.2° sin 15°
12. 7.1 = sin 47.6°, " V8D cos 2720

25. Solve for the unknowns in the following equations:

(a) "_“é-‘:‘?_“ - tana _ tan 33.2° (0 y = B tan 75

19 38 =S e
() v = (407 cot 82.88°)%. @ y= I_:J‘Tlgft_w“
(")F"m:?-—,;'f_ga- (h}tmﬂ=ﬁ_%’.‘_',2_‘w

472 tan 11.75°

(i) tan ® = 333
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38. Radians. Small Angles. A radian is an angular unit equal
to (_[E(_])n or 57.3° accurate to three figures. The SRT scale is a

(' scale whose marks represent numbers of degrees ranging from
0.573° to 5.73° approximately. It is so folded that the following
rule holds.

Rule. When the hairline is set to an angle in degrees on the SRT
scale, it is also set to the same angle in radians on the C* scale, provided
the number on the C scale is prefized by “0.0" as indicated by the legend
0.01 to 0.1 at the end of the SRT scale.

For example, in accordance with the rule,
push hairline to 3.56° on SRT,
at hairline read 621 on C.

Therefore 3.56° = 0.0621 radian.

Observe that if we multiply both members of the equation
3.56° = 0.0621 radian

by 10, 102, 1 and L in succession, we get
10 107

(10) (3.56°) = (10) (0.0621), or 35.6° = 0.621 radian,
(100) (3.56%) = (100) (0.0621), or 356° = 6.21 radians,

(%) (3.56%) = (%) (0.0621), or 0.356° = 0.00621 radian,

L 56°) = -l_ ( J o .
(ll’lﬂ) (3.56%) = (100) (0.0621), or 0.0356° = 0.000621 radian.
In general for any integer k, positive or negative

10%(3.56°) = 10%0.0621 radian.

Now using the rule in reverse,
push the hairline to 1176 on C,
at hairline read 0.674° on SRT,
and conclude that
0.01176 radian = 0.674°.
Multiplying this through by 10% flﬁ' and 10* in succession, we get

1.176 radians = 67.4°,
0.001176 radian = 0.0674°,
10 (0.01176) radians = 10% (0.674°).

* Of course the D seale may be used inastead of the € seale when the rule is closed.
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For angles 6 in radians, where 6 is less than 0.1 radian (or 5.73°), the
following relation holds

f radians = sin § = tan 0, (20)
where the symbol “==" means “approximately equals”. In other
words, the value of an angle in radians found by means of the italicized
rule is also its sine and its tangent to slide rule accuracy.*

For example:
push hairline to 3.84° on SRT,
at hairline read 670 on C.

Therefore, in accordance with the italicized rule,

sin 3.84° = tan 3.84° =2 0.0670,
and, in agreement with equation (20),

sin 0.384° =2 tan 0.384° == 0.00670,

sin 0.0384° =< tan 0.0384° =< 0.000670,
and so on.

By using the relations of §25, the italicized rule, and (20), we can
tind the values of other trigonometric functions of small angles.

IFor example
cot 1.352° = 1/tan 1.352° == 1/sin 1.352° = cse 1.352°,

Hence
push hairline to 1.352° on SRT,
at hairline read on C, 0.0236 = sin 1.352°,
at hairline read on C1I, 40.31 == esc 1.352° == cot 1.352°.

Also to find cos 88.76°, use (8) §25 to get
cos 88.76° = sin(90° —88.76°) = sin 1.24°,
push hairline to 1.24° on SRT,
at hairline read 0.0216 on C.

Therefore
cos 88.76° = sin 1.24° 2= 0.0216.

Then without moving the slide
at hairline read 462 on CI
and conclude that
sec 88.76° = 1/cos 88.76° =< 46.2,
tan 88.76° = 1/cot 88.76° =2 1/cos 88.76° =< 46.2.
* The greatest error inherent in formula (20) is at 8 =0.1 radian; it is nearly +0.0001/ for sin 0.1

and —0.00033 for tan 0.1, These errors are comparable in magnitude with other errors occurring in
slide rule computation.



§38

TRIGONOMETRY 67

Before beginning the exercises, the student should use the slide rule,
the italicized rule of this section and (20) to verify the following
approximate equations:

(a) 1.272° = 0.0222 radian. (f) sin 0.286° = 0.00499.

(b) 12.72° = 0.222 radian. (g) tan 0.286° = 0.00499.

(¢) 0.0531 radian = 3.04°. (h) esc 0.286° = 20.0.

(d) 5.31 radians = 304°. () cot 0.286° = 20.0.

(e) sin 2.86° = 0.0499. (7) sec 87.25° = 20.8.
EXERCISES

1. Express in radians:

(a) 1.416°. (D) 0.833°. (c) 2.5°. (d) 2.87°

. Express in degrees:

(¢) 0.01823 radian. (b) 0.0462 radian. (c) 0.0865 radian.

Express in radians:
(a) 3.59°. (b) 0.0359°. (c) 35.9°. (d) 359°.

. Express in degrees:

(a) 0.0296 radian. (b) 0.296 radian. (¢) 0.000296 radian,

Express in radians:
() 912°, (b)) 435°. (c) 0.000314°. (d) 2900°.

6. Find sin 3.42°, tan 3.42°, csc 3.42° cot 3.42°.
7. Find sin 0.050°, tan 0.056°, ese 0.056°, cot 0.050°.

. Find cos 89.75°, sec 89.75°, tan 89.75°, cot 89.75°.

Express in degrees the following angles expressed in radians:

= 3= = = 5=
i =2, e} S () . =2,
(a) 3 (b) 3 (e) 73 (d) 180 (e) B

5=

Hint: Sinee = radians = 180°, replace = by 180°. However to change T radians to
degrees

opposite 6 on DF set 5 of C,
opposite index of D read 15 on SRT, and
5%/6 radians = 150 degrees.

10. Evaluate the following:

. o tan 0.2°
83 s i . Fr AP ol Y
(a) sin 0.0144 (d) 5.0001745"
b .0097°. , §in 0.3
) 500 tan 0.0007 (e) 0131
. - . 8 sec 88.25°
=) A o { ettt
(¢) 432 sin 0.716 5 75

11. The angles in the following exercises are in radians. Change these angles
to degrees and then find the values of the functions:

{a) sin 0.345. (b) tan 0.524. (c) sin 1.  (d) cos 1.
fe) sin 0.628. (f) ese 2. (g) cot 4.17.  (h) cos 2.81.
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The following tables summarize the methods of

39. Summary.
solution of triangles.
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40. Miscellaneous Exercises. Solve the following triangles:

1. ¢ = 801, 7. ¢=1, 13. a = 0.321,
A = 20°, A = 36° b = 0361
C = 90° C = 90° e = 0.402.
2. b= 305 8. a = 795, 14, a = 4,
A = 10° A = 80°, b=17
' = 90°. B = 44.7°. c = 0.
3. a = 80, 9. a = 500, 15. a = 78,
4 = 75% A = 10.2° b = 83.4,
C = 90°. B = 46.6°. B = 56.5°.
4. a = 1011, 10. b = 29.0, 16. b = 8000,
b = 17.3, 1 = 87.7° A = 24.5°
C = 90° C = 332° B = 86.5°
5. a =2 11. a = 55.6, 17. a = 42,930,
b= 3 ¢ = 66.7, c = 73,480,
c =4, C = 77.7". C = 127.6°.
6. u = 5.6, 12. a = 51.38, 18. a = 61.3,
b = 4.3, c = 67.94, b = 84.7,
c = 4.9 B = 79.2° c = 47.6.

19. If the sides of a triangular field are 70 ft., 110 ft., and 96 ft. long, find
the angle opposite the longest side,

20. The diagonals of a parallelogram are 5 ft. and 6 ft. in length. If the angle
they form is 49.12° find the sides of the parallelogram.

21. A caris traveling at a rate of 44 ft. per second up a grade which makes an
angle of 10° with the horizontal. Find how long it takes for the car to rise 200 ft.

22. A lighthouse is 16 mi. in the direction 29.5° east of north from a cliff.
Another lighthouse is 12 mi. in the direction 72.8° west of south from the cliff.
What is the direction of the first lighthouse from the second?

23. A 52-ft. ladder is placed 20 ft. from the foot of an inclined buttress, and
reaches 46 ft. up its face. What is the inclination of the buttress?

24. If in a circle a chord of 41.36 ft. subtends an arc of 145.6°, find the radius
of the circle.

41. Applications involving vectors. Since vectors are used in the
solution of a great number of the problems of science, a few applica-
tions involving vectors will be considered at this time.

] A vector A B (see Fig. 26) is
a segment of a straight line
containing an arrowhead
pointed toward B to indicate
. a direction from its initial
point A to its terminal point
B. The length of the segment
indicates the magnitude of the
vector and the line with at-
tached arrowhead indicates
direction. If from the ends A and B of the vector, perpendiculars
be dropped to the line of a vector A’ B’ and meet it in the points
A" and B”, respectively, then the vector A" B’ directed from
A" to B” is called the component of vector AB in the direction
of A’ B’

Fia, 26,
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A force may be represented by a vector, the length of the vector
representing the magnitude of the force, and the direction of the
vector the direction of the force. In fact, many quantities defined
by a magnitude and a direction can be represented by vectors.

In each of the following applications, two mutually perpendicular
components of a vector are considered. Evidently these components
may be thought of as the legs of a right triangle having as hypotenuse
the vector itself.

For convenience the rule for solving a right triangle when two legs
are given is repeated here.

Rule. To solve a right triangle for which two legs are given,

to larger leg on D sel proper index of slide,

push hairline to smaller leg on D,

at the hairline read smaller acute angle of triangle on T,
draw this angle on S under the hairline,

at index of slide read hypotenuse on D.

Example 1. Find the magnitude and the angle of the vector
representing the complex number 3.6 + j 1.63 where j = V-1

Solution. If the numbers z and y be regarded as the rectangular
coordinates of & point, the complex number z + jy is represented by
the vector from the origin to the
point (z, y). Hence we must find R

v.
and 6 in Fig. 27. Therefore, in 1.63
accordance with the italicized rule 90,
) [ 36
stated above, ~
Fia. 27.

to 36 on D set right index of slide,
push hairline to 163 on D,

at the hairline read 0 = 24.36° on T,
draw 24.36° of S under the hairline,
at index of slide read R = 3.95 on D.

Example 2. A force of 26.8 Ib. acts at an angle of 38° with a given
direction. Find the component of the force in the given direction,
and also the component in a direction
perpendicular to the given one.

Solution. Denoting the required
components by z and y (see Fig. 28),
we write

268 _  y =

sin 90° ~ sin 38°  sin 52°
make the corresponding setting, and
read r = 21.1, y = 16.5.
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Example 3. A certain circuit consists of a resistance K = 3.6 and
an inductive reactance X = 2.7 inseries. Find the impedance z, the
susceptance B,and the conductance G.

Solution. The quantities £, X and z
have relations which may be read from
Fig. 29.  Conductance ¢ and suscep-

/%) (| tance B are found from the relations
F1a. 29,

. R P,
o = ——
Ty Xy D=y
or,sincez =V R?* + X7

G- R cos #

VR + X:VR*+ X* :
] sin 6
VR +X*VR'+ X~ 2

From equations (a) we obtain
z sinf cosé

1B - ¢~ (b}
First apply the italicized rule stated above to find z and 6 of Fig.
29, and then use the proportion principle to find B and ¢ from (b).

Hence

(a)
B =

to 36 on D set right index of slide,
push hairline to 27 on D,

at the hairline read 6 = 36.9° on T,
draw 36.9° on S under the hairline,
at index of slide read z = 4.5 on D,
draw 45 of C opposite left index of D,
push hairline to 36.9° on S,

at the hairline read B = 0.1333 on D,
push hairline to 36.9° red on S,

at the hairline read G = 0.178 on D.

EXERCISES

1. Find the magnitudes of the unknown vectors and of the unknown angles
f in Figs. 30, 31 and 32.
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2. The rectangular components of a vector are r
15.04 and 5.47 (see Fig. 33). Find the magnitude r _— 04 ol
and direction angle f of the vector. Fia. 33.

3. Find the magnitude and direction of a vector having as the horizontal and
vertical components 18.12 and 8.45, respectively.

4. Find the horizontal and vertical components of a vector having magnitude
2.5 and making an angle of 16.25° with the horizontal.

5. A force of magnitude 28.8 Ib. acts at an angle of 68° with the horizontal.
Find its horizontal component, and its vertioal component.

6. A 12-inch vector and an unknown
vector r have as a resultant a 16-inch
vector which makes an angle of 28°
with the 12-inch vector as shown in
Fig. 34. Find the unknown vector r. Fi6. 34.

7. Find the magnitude and the angle
of the vector representing the imagin-
ary number — 2.7 4+ j3.6. Hint. Use
Fig. 35.

-

counter-clockwise must a vector whose |
complex expression is —10 —j5 be ro- -2.7
tated to bring it into coincidence with Fra. 35.
the vector whose complex expression is
3 4+ j4? (See Fig. 36.)

8. Through what angle § measured i
_‘-_x

Y
A

9, The complex expressions for two
vectors (see Fig. 37) are vy = 7 — j14
and vz = —6— j8. TFrom the tip of v 10
a line is drawn perpendicular to . T 73
Find the length m of this perpendic-
ular, and the length n of the line from
the origin to the foot of the perpendic- Fic. 36
ular.

=5

10. A certain circuit consists of a re-
sistance of 8.24 ohms and an inductive -
reactance of 4.2 ohms, in series. Find '\ =5
the impedance, the susceptance, and the v
conductance. (See Example 3.) -8

11, Find the impedance, the suscept- o

ance, and the conductance of a ecircuit
which consists of a resistance of 8.76
ohms and an inductive reactance of 11.45
ohms in series. Fie. 37.
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42. Applications. The solutions of many practical problems are
obtained by dealing with rectilinear figures. In finding the length
of a specified line segment of a rectilinear figure, the beginner is
likely to read a number of lengths which are not needed. This may
be well at first, but the efficient operator reads and tabulates only
useful numbers. The following examples and solutions indicate
efficient methods of finding desired parts of rectilinear figures,

Example 1. Find the line segment marked z in Fig. 38.

Solution. By using the law of sines, we write

368 Y Y T
sin 39°  sin 65°'  sin 50°  sin 28°
and then find z by making the
following settings:
push hairline to 368 on D,
draw 39° of S under the hairline,
push hairline to 65° on S,
draw 50° of S under the hairline,
Fia. 38, push hairline to 28° on S,
at the hairline read z = 325 0n D,
The value of y was not tabulated, but it could have been read at the
hairline on scale D when the hairline was set to 65° of scale S. Also
it was not necessary to write the ratios; for, when one remembers that
each ratio is that of a side of a triangle to the sine of the opposite
angle, he has ne difficulty in perceiving, from an inspection of the
figure, the settings to be made.

Generally it is necessary to compute the magnitudes of & number
of angles before the slide rule computation can be carried out. This
process is illustrated in Example 2.

Example 2. Find the length of the side marked z in Fig. 39(a).

Solwtion. To find the length of the side marked z in Fig. 39 (a),
first draw Fig. 39 (b), compute
the angles shown in the figure,
and push the hairline to 289 on D,
draw 77° ( = 180° — 103°) of S
under the hairline,
push hairline to 32° on S,
draw 38° of S under the hairline,
push hairline to 65° on S,
draw 45° of S under the hairline,
Fig. 39 (a). Fig. 39 (b). push hairline to 77° on S,

at the hairline read z = 319 on D,

289
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In some problems it is necessary to perform some of the earlier
settings in a chain of settings, compute some parts on the basis of
the results, make some more settings, compute more parts, etc. This
process is illustrated in Example 3.

Example 3. Find the side z of the in-
seribed quadrilateral shown in Fig. 40(a).

Solution. Angles @ and S are right
angles because each is inseribed in a semi-
circle. Knowing two legs of right triangle
PQR we first find its hypotenuse and then
deal with triangle PSR. Accordingly
to 184 on D set left index of slide.
push hairline to 781 on D,
at the hairline read 4 [Fig. 40 (b) | = 23°
on T,
draw 23° of 8 under the hairline,
compute B [Iig. 40 (b) | = 65° — A = 42°,
interchange indices (see § 6),
push hairline to 42° on S,
at the hairline read x = 13.37 on D.

F1a. 40 (b).

The following example illustrates more in detail the same method
of procedure.

Example 4. An engineer in a
level country wishes to find the
distance between two inaccess-
ible points ¢ and D and the di-
rection of the line connecting
them. He runs the line A B [Fig.
41 (a)ldue north and measures
the side and angles as indicated.
Using his data solve his problem.

Fia. 41 (a).
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Solution. First find EA (but do not write
it), and then find EC = 766; afterwards find
BE (but do not write it) and then ED = 425,
In the triangle DEC [see Fig. 41 (b)] two sides
and the included angle are now known: hence
the method of §33 may be applied to it to find
DC = 944 and angle ECD = 261{°. There-
fore the angle NCD = 48° — 2614° = 2134°,
and line €D makes an angle of 2134° with a
line directed due north. The operator may
Fia. 41 (b). check these answers by making the suggested

settings.

43. Miscellaneous Exercises.

1. Find the length of the line segment BC in Fig. 38.
2. Find the length of the line segment marked w in Fig. 30a.
3. In Fig. 42 find the length of the line segment marked z.

4. Line segment AB in Fig. 43 is horizontal and CD is vertical. Find the
length of CD.

5. In the statement of Ex. 4, replace “Fig. 43" by “Fig. 44" and solve the
resulting problem.

6. Find the length of the line segment marked z in Fig. 45.
7. If in Fig. 46 line segment BD is perpendicular to plane ABC, find its length.
D

646

Y/

Fia. 45 Fra. 4.
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8. A tower and a monument stand on
a level plane. (See Fig. 47). The angles
of depression of the top and bottom of the
monument viewed fram the top of the
fower are 13° and 31° respectively; the
height of the tower is 145 ft. Find the
height of the monument.

9. The captive balloon € shown in Fig. 48 is connected to a ground station A
by a cable of length 842 ft. inclined 65° to the horizontal. In a vertical plane
with the balloon and its station and on the opposite side of the balloon from A a
target B was sighted from the balloon
on alevel with A. If the angle of de-

pression of the target from the balloon iR | TG Fic. 48,
is 4° find the distance from the target o [ SRl

to a point C directly under the bal- 55 N30 T
loon. Al T I,

10. A lighthouse standing on the top of the cliff shown in Fig. 49 is observed
from two boats A and B in a vertical plane through the lighthouse. The angle
of elevation of the top of the lighthouse
viewed from B is 16° and the angles of
clevation of the top and bottom viewed
from A are 40° and 23°, respectively. If
the boats are 1320 ft. apart find the height
of the lighthouse and the height of the eliff.

11. Tig. 50 represents a 600 ft. radio tower.
AC and AD are two cables in the same wvertical
plane anchored at two pointa €' and D on a level
with the base of the tower. The angles made by
the cables with the horizontal are 44° and 58° as
indicated. Find the lengths of the cables and the
distance between their anchor points.

12. Two fixed objects, A and B of B
Fig. 51, were observed from a ship at
point S to be on a straight line passing
through 8 and bearing N 15° E. After
sailing 5 miles on a course N 42° W
the captain of the ship found that A 40,
bore due east and B bore N 40°E.

Find the distance from A to B. ?/ : =
~15

=

Fia. 51.



CHAPTER V

THE LOG LOG SCALES

44. Introduction. One of the most difficult problems of elemen-
tary mathematies is that of finding the value of a power of a number.
By means of the scales considered in this chapter the process of doing
this is as easy as the process of multiplication or division. Not only
are such simple expressions as 2°, 1.57, and 0.85* easily evaluated but
also the more complex expressions such as 1.89%?%, 0.59'*, % and
1.0367°% are computed with the same ease.

In what follows we shall refer to the six scales labeled LL1, LL2,
LL3, LLO1, LL02, LLLO3 as the Log Log scales and to any one of
these six as a Log Log scale. Also we shall refer to the group LLI1,
LL2, LL3 which exhibit a continuum of numbers ranging from 1.01
to 22000 as the LL seales and to the group LLO1, LL02, LL03, which
exhibit a continuum of deeimal fractions ranging from 0.99 to 0.00005
as the LLO seales. Thus it appears that the LL scales represent
numbers greater than 1 and the LLO scales represent numbers less
than 1.

The next article deals with a very important basic relation among
these scales.

45. Mated scales. A pair of Log Log scales having the same
number in their labels are called mated scales, and each of a pair is
called the mate of the other. The mated pairs are:

LL3 LL2 LI
L1103 LL0O2 LLO1
The following statement indicates the relation between mated
seales.
Opposite numbers on mated scales are reciprocals of each other.

Thus to find the value of %, the reciprocal of 2,

push the hairline to 2 on LL2,
at the hairline read on LL02, 0.500 = !’_

. ) 1 ; i
I'o find the value of 0553 the reciprocal of 0.552,

i
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opposite 0.552 on LL02, read on LL2, 1.812 = (ﬁ

Note that in finding reciprocals by means of mated Log Log scales
there is no question as to the position of the decimal point. A method
giving reciprocals to a high degree of accuracy is discussed in §56;
this method uses only secales LL1, LL2, and their mates.

EXERCISES

1. Set the hairline to 5 on LL3, read the reciprocal of 5 on LLO03; set the hairline
to 1.25 on LL2, read the reciprocal of 1.25 on LLO02; set the hairline to 1.04 on
LL1, read the reciprocal of 1.04 on LLOL.

2. Using the Log Log scales find the reciprocal of each of the following:

(a) 16. (b) 3.52. (c) 0.0155.
(d) 1.95. () 0.752. () 1.163.
(7) 1.0142. (k) 0.9515.

46. Powers of e. The constant e (2.718 approximately) and iis
powers are closely associated with the Log Log scales. This constant
is the base of the system of natural logarithms and it appears again
and again in the mathematies of science and engineering. By using
the Log Log scales in conjunction with the D scale we can find powers
of e.

The Log Log scales are so constructed that when the hairline is
set to a number n on scale 1), it is also set to ¢* on a Log Log scale.*

To use this fact in evaluating e,
get the hairline to 2 on D,
at the hairline read on LL3, 7.39 = ¢

=

Fia. 1

The legends at the right end of the Log Log seales serve as guides
to indicate the seale on which an answer is to be read. The leftmost

*This statement is fundamental; the complete development of the theory of
the Log Log scales can be derived by the use of this one fact.
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mark on scale LL3 represents e!, the rightmost mark represents ¢!,
and the legend of scale LL3 is 1.0 to 10.0. It now appears that if
¢ = N, then the legend numbers 1.0 and 10.0 of LL3 are the limits
of z when N is on scale LL3. In like manner the legend of LLO03,
—1.0 to —10.0 is based on the exponents of ¢ and ¢'° represented
by the end points of the scale. The legend of each Log Log secale
has a similar relation to the numbers represented on the scale. The
answer 7.39 above is read on LL3 because the exponent 2 on e? is
between the legend numbers of LL3. The rule for finding powers
of e may be stated as follows:

Rule. To find the value of €", sel the hairline to n on D, at the hair-
line read the value of e” on the Log Log scale containing n belween ils
legend numbers.

To gain familiarity with the process of finding powers of ¢, the
reader should make the suggested settings and check all results:
push the hairline to 3 on D

at the hairline read on LL3, 20.1 = ¢,
on LL03, 0.0498 = ¢*;

on LL2, 1.350 = ¢,
on LL02, 0.741 = &%

on LL1, 1.0305 = "%,
on LLOI, 0.9704 = ¢°%,

at the hairline read {
at the hairline read {

It appears from the italicized rule that = on the D scale and € on
a Log Log scale are opposites. Hence we can set the hairline to €.
on a Log Log scale* and obtain the value of z from the reading
on D. Thus to find & when
& = 0.122,
opposite 0.122 on LLO3 read on D, 210.

Since 0.122 was found on LL03, the value of z must lie between the
legend numbers —1.0 and —10.0 of scale LLO3; hence x = —2.10.

To become familiar with the process, find z satisfying
e = 0.002 ¢ =02, ¢& =20, ¢& =20, ¢ =200
by making the following settings and placing the decinal point in
each by means of the appropriate legend:

*The case of operations involving numbers beyond the range of the Log Log
seales is considered in §§ 54 and 55.



80 THE LOG LOG SCALES 546

opposite 0.002 on LLO03 read on D, 621 and obtain » = —6.21,
opposite 0.2 on LL03 read on D, 161 and obtain » = —1.61,
opposite 2.0 on LL2 read on D, 693 and obtain x = 0.693,
opposite 20 on LL3 read on D, 2995 and obtain » = 2.995,
opposite 200 on LL3 read on D, 530 and obtain z = 5.30.

Example 1. [Evaluate ¢*° and 39

Solution. Push hairline to 350 on D,
at the hairline read on LL3, 33.1 = &%,
at the hairline read on L L03, 0.0302 = ¢,
Scale LL3 was selected for the value of €** because the exponent
3.5 lies on the range specified by the legend of the LL3 scale. Simi-
larly seale LLO03 was chosen because —3.5 lies on the range specified
by the legend of the LLO03 scale.

I'ig. 2 shows the setting.

o LL‘; i ) ] . If - 1 }
= ‘ié‘: 1’<I59 0K
§ 18 iR

Fia. 2

Example 2. Dvaluate: (a) €, e (b) 3, ™% (¢) &7, 002,

Solution. Push hairline to 2 on D,
%05 (on LL3, 7.39 = ¢,
at the hairline read {on LL03, 0.135 = ¢
on LL2, 1.221 = &2,
|on LLO2, 0.8187 = %

Jou LL1, 1.0202 = 2,
lon LLOL, 0.9802 = ¢,

at the hairline read

at the hairline read

Example 3. Tind the value of ¢ "= *7,

Solution. Close the rule,
push hairline to 37° on S,
at the hairline read on LL2, 1.825 = ¢*»%¥e,
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Fia. 3

The answer was read on scale LL2 because it is the Log Log scale
which carries the same legend as that of the S scale, namely
0.1 to 1.0. Fig. 3 chows the setting.

EXERCISES
1. Evaluate:
(a) & (e) o005, (i) e~248,
(h) et N e oo () edss.
() €04, (g) er342. (k) e-0-034,
(d) e 04, (h) er-3e, () evoss,

2. Find ¢ when: (0) £ = 2,12, (b)) 2= —2.12.
(f) z = —0.0212.

(e) z = 0.0212.

3. Evaluate:

(c)z=0.212. (d)x= —0.212

(a) €. (d) evome, (g) e-0-085,
(b) 82 (¢) e3t. (h) e52,
() ™4, (f) e03s,

4. Evaluate:
() eind45°, () etandor (k) eoot80°,
(b) eeinds®, (g) eVe . ) goot 120°
() gcou88", (h) ¢~ V5. (m) ¢ V53,
(d) e%os05°, (i) ¢ V0132, (n) 21eten 12,
(e) etand0®, () eVoTiz, (o) e!-80in26°,

5. Find the value of z from each of the following equations:

(a) ¢ = 1.974. (d) ¢ = 1.270.
(b) & = 0.3362. (e) ¢ = 0.346.
(c) ¢ = 6.54. (f) eF = 0.945.
6. The damping factor f for a certain oscillatory motion is given by the formula
r . 8—0.0“‘

where ¢ is the time in seconds. Find the time elapsed while the damping factor
changes from 1 to 3.
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7. The three hyperbolic functions of z most frequently used are called hyper-
bolic sine of z, hyperbolic cosine of z, and hyperbolic tangent of z. They are
designated by sinh z, cosh z, and tanh z respectively, and are defined by

—-e* &+ e’ sinhz  e*—1
-

, e
sinh z = 2 ! cosh z = tanh z ke T

Using the above definitions evaluate the following:

(a) sinh 1.04. (d) sinh 0.75.
(b) cosh 2.52. (¢) cosh 0.55.
(c) tanh 1.41. (f) tanh 0.63.

8. The formulas for the length [ and the sag s (see Fig. 4) of a uniform ohain

hung from two points on the same level are

H _ wbh H wh

l—ZEmnh?-. s——w 003117—- ).
where w is the wt. per ft. of the chain, b 1Y b
H is the tension at the lowest point, | {}ﬂ
and 2b is the distance between the ‘g ,4:?
points of suspension. Using the defi- | P
nitions for the cosh z and the sinh z as I %&g
given in Exercise 7, find the length [ e gho? \;Q'Q
and the sag s if w = 21b./ft., H =
26 Ib., and b = 30 ft. s ._0’ X

[
Fra. 4

47. Powers of any number. Elementary. In § 46 powers of ¢
were found. A similar method enables us to find powers of any
number. To illustrate the process consider the problem of finding
the value of 3% and of 372

Push hairline to 3 on LL3,
draw left index of C under hairline,
push the hairline to 2 on C,

< 3a on LL3,9 = 3%,
o e n v {on LL03, 0.1111 = 3,
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i
1}
5437 27537
e
Fia. 5

Fig. 5 represents the setting. Without changing the position of
vour slide push the hairline to 3, 5 and 7 on C and at the hairline

read on LL3, 27 = 3%, 243 = 3% and 2187 = 37 respectively.

The following rule for the process just illustrated will be helpful
at first.

Rule. T'o raise a number d lo a power n set the index of C to d on
a Log Log scale, opposite n on C read d* on a Log Log scale. The
CF scale may be used instead of the C scale in the process.

In this article the scale for each answer will be specified. The
process of determining the scale on which an answer is to be read
will be discussed in the next article.

Example. Evaluate the following:
34, 37, 0.25 0.2°%, 1.25°%2, 1.2570%, 0.9615'*5, 0.96157*8.

Solution. Push left index of C to 3 on LL3,

push the hairline to 4 on C,

at the hairline read {32 223’3’83513;’_ 34,
push left index of C to 0.2 on LL03,
on LL03, 0.00032 = 0.2°,
on LL3, 3100 = 0.275;
push right index of C to 1.25 on LL2,

- 0.932

opposite 932 on C read {gz 23'2,162.::24 1215.25_;_,3?;
push left index of C to 0.9615 on LLO1,
on LL02, 0.612 = (0.9615)'*,
on LL2, 1.633 = (0.9615)7'%s.

opposite 5 on C read {

opposite 125 on C rea.d{

EXERCISES
1. Using the settings indicated by the italicized rule find on LL3 the values
of 22, 52, 72, 82 and on LLO3 the values of 272, 572, 7-2, 8-

2. Using the settings indicated in the italicized rule find on LL02 the values
of 0.88%1 0.8021, 0.65%!, and on LL2 the values of 0.88-21, 0.80-%1, 0.657%1,
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3. Push the hairline to 3 on LL3, at the hairline read the values of: 3-1 on LLO03,
3%1 on LL2, 37! on LLO2, 3°% on LLI, 3790 on LLOL.

4. Use the rule of this article to find: 32, 372, 42, 472, 63, 672, 93, 972, 5.5%, 5.57%.

5. Push the hairline to 1.06 on LL1 and read at the hairline the values of:
1.06"' on LLOL, 1.069on LL2,1.067% on LLO2, 1.06!9 on LL3, 1.0671% on LLO3.

6. Push the hairline to 0.1 on LLO03, at the hairline read the values of : (0.}.)“‘
on LL3, (0.1 on LLO2, (0.1)! on LL2, (0.1)°% on LLO1, (0.1)700 on LLI.

7. Push the hairline to 25 on LL3, draw the right index of € under the hairline,
push hairline to 5 on C, at the hairline read the values of:
2595 on LL3, 25795 on LI03, 259 on LL2, 25709 on LLO2.

8. Set index of € opposite 0.84 on LL02, push hairline to 3 on € and read the
values of (0.84)% on LL0O2, (0.84)-% on LL2, (0.84)® on LLO03, (0.84) % on LL3,
(0.84)%3 on LLO1, (0.84)793 on LLI.

48. Powers of any number. General. In the problems of §47
the scale on which each answer is to be read is specified. In this
article we discuss the complete process of finding any power of any
number provided that no step in the process involves numbers be-
yond the range of the Log Log scales. In §§ 54 and 55 the problem
of dealing with numbers beyond the range of the Log Log scales is
considered.

The following example illustrates important relations involved in
the process of raising a number to a power. The operator should
make all indicated settings, check the results, and read carefully the
comments on the solution.

Example 1. Find the values of 0 raised to the following powers:
0.545, 2.13, —2.13, 0.213, —0.213, 0.0213, and —0.0213.

Solution.

Opposite 9 on LL3 draw the index 1 of CF,
push hairline to 545 on CF,

at the hairline read on LL3, 3.32 = 9%,

push hairline to 213 on CF,

at the hairline read on LL3, 108 = 9*¥,

Also read on LL03, 0.0093 = 9-%1;

on LL2, 1.597 = 9°3; on LL02, 0.626 = §7*13;
on LL1, 1.0479 = 993 on LL01, 0.954 = 9023,
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I 20y [‘fq
] =
ans ;
fﬂ! 2] .'..
B T TR ey

Fia. 6

Comments. Fig. 6 is a diagram of the solution. [Iirst observe
that 9%%% js on LL3 to the left of 9 on LL3, and that 9218 is on LL3
to the right of 9. Next observe that the last six exponents in the
example have the same significant digits, and that the position of
the decimal point in the exponent of 9 for readings on successive
scales in either of the groups LL1, LL2, LL3 or LLO1, LL02, LL03
differs by one place, rightward displacement of the decimal poinl going
with increasing scale number and leftward displacement with decreasing
scale number. Finally observe that powers having exponents equal
but opposite in sign are on mated secales.

The italicized rule of § 47 applies generally and the comments on
the example call attention to fundamental relations. The following
statements, numbered (I), (II), and (III) for convenience of refer-
ence, are basic in the process of scale determination and location of
the decimal point.

(I) If N is a number on any Log Log scale then any number to
the right of N on the same seale is a power of N having an exponent
between 1 and 10, and any number to the left of N on the same
scale is a power of N having an exponent between 0.1 and 1. This
relation is illustrated by powers of numbers on the LL3 scale of Fig. 6.

(II) If at the hairline on two adjacent scales in either of the groups
LLl, LL2, LL3, or LLO1, LL02, LLO3, are found d™ on the lower
numbered scale and d” on the higher numbered scale, then the ex-
ponents m and n have the same significant digits and the decimal
point in n is one place farther to the right than the decimal point
in m. Fig. 6 illustrates this relation.

(III) If the hairline is set to N™ on any Log Log secale, it is set to
N-™ on the mate of that scale. Fig. 6 illustrates this relation also,
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Example. 2. Evaluate
(a) (5.27)0%. (b) (0.955)1%:3. (c) (1.456)70-0%4,

Solution. (a) Draw left index of C opposite 5.27 on LL3,
push hairline to 440 on |
at hairline read on LL1, 1.0759 = (5.27)0.04,

Note that, after the setting was made, in accordance with (I)
5.27** was on LL3 at the hairline, and then by relation (II) 5.27%%
was on LL2, and 5.27%%% was on LL1. Iig. 7 shows the setting.

=
K
[ ¢} s 1 l
3!‘? szrtepE °
. ,ﬂd-‘l &

Fia. 7

Solution. (b) Draw left index of €' opposite 0.955 on LLOI1,
push hairline to 1863 on C,
at hairline read on LL03, 0.000188 = (0.955)'%:3,

Note that, after the setting was made, in accordance with (1)
0.955%%% was on LLO1 at the hairline, and then by relation (1I)
0.955"% was on LLO02 and 0.955"%* was on LL03. Fig. 8 shows
the setting.

T gl AT e Eiln 3
LLOT - 9'11 ’135| Hi‘ !'P"‘

LLO3 map | 1
: 1 - 963 |% }
| )
Ty gk
Fia. 8

Solwtion. (¢) Set right index of € opposite 1.456 on LL2,
push hairline to 540 on C,
at hairline read on L1011, 0.9799 = (1.456) 004,
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Note that, after the setting was made, 1.4567%*" was at the hair-
line on LL02 by relations (III) and (I, and then by relation (1I) that
1.45670%* was at the hairline on LLOL. TFig. 9 shows the setting.

Fi1G. 9

EXERCISES
1. Find the values of: (1.056)0-55, (1.056)%5, (1.056).
2. Find the values of :

(a) 1.03!51. 1.03-1-81, 1.03-18.1,
(b) 8.5518, 8.55181, 8.550-0181,
(e) 0.7721, 0.77201, 0.77-0-11,

(d) 0.2240-84, 0.224-0.00843, 0.22470-8a,

Evaluate the following expressions:

3. 1.03181, 12, 740-004, 21 a0

4. 1.0163975, 13. 747004, 22, g™ 30T,

5. 8.55018, 14. 0.741, 23, 500"

6. 0.981-7, 15, 0.74°28, 24.. 50

7. 0.8V, 16. 0740657 25. 1.6V°.

8. 0.0871783, 17. 1.03571-6%, 26. 0.675 VU-00465.
9. 2.722.6, 18. 1.035168.5, 27. 0.9831%,

10. 2.72-2-8, 19, 1.035-0:8%, 28, 0.983-15,

11, 74004, 20, 0.98824, 29. 1.0325425,

30. A flyer's chance of returning safely from n missions is 0.96". Find the
chance that he will return safely from:
(1) 100 missions. (b) 50 missions. (e) 15 missions.

49. Logarithms to the base e. In the equation
e = N*

z is the logarithm of N to the base e. Since by § 46, z on D and ¢*
on that Log Log seale having a legend containing x between its num-
bers are opposites, the following rule applies to find logarithms to
the base e:

*The equations ¢* = N and log, N = 2 are equivalent and together con-
stitute the definition of the natural logarithm of N.
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Rule. To find log, N, set the hairline to N found on a Log Log
scale, read the number on scale D at the hairline, and so place the
decimal point in this number thal the resull lies belween the legend
numbers of the Log Log scale used.

Example. Tind log, 1.345 and log, 0.9196.

Solution. Opposite 1.345 on LL2 obtain on €, 0.296 = log, 1.345,
opposite 0.9196 on LLOl obtain on C, —0.0838 =
log, 0.9196.

Observe that 0.296 lies within the legend range 0.1 to 1.0 of
scale LL2, the scale on which 1.345 is found, and that —0.0838 lies
within the legend range —0.01 to —0.1 of scale LLO01, the scale on
which 0.9196 is found.

EXERCISES
1. Find the logarithms to the base e of: 500, 50, 2, 1.4, 1.043.
2. Tind the logarithms to the base e of : 0.002, 0.02, 0.5, 0.714, 0.9091, 0.9804.

3. Set the hairline to 3 on D and read in order the six numbers which have
the respective logarithms to the base e: 3, 0.3, 0.03, —3, —0.3, and —0.03.

4, Find the values of:

(a) log, 76 . (d) log, 0.84. () log, 0.909.
(b) log,. 7.6. (e) log, 0.145. (h) log, 1.43.
(e) log, 9.2. (f) log, 0.893. (1) log, 1.043.
5. Iind the numbers which have the following logarithms to the base e:
(a) 3.4. (d) —0.36. (7) —1.058.
(b) 0.34. (e) —0.55. (h) 2.22.
() —1.74. (f) 1.058. (f) —0.113.

6. Show that the first three significant digits in the logarithms to the base e
of the following numbers are 693: 1.0718, 0.9330, 2, 0.5, 1024, 0.000977.

7. (a) Find log, 4. (b) Find five numbers other than 4 each having as its
logarithm to the base e the same first three significant figures as log, 4.

50. Logarithms to any base. The logarithm of N to the base d
is the exponent z in the equation
d* = N. (1)
Thus if = log; 81, then 3* = 81; since 3' = 81, it appears that
iOga 81 = 4.

In accordance with § 47 when the index of €' is opposite a number
d on a Log Log scale then d* on a Log Log scale is opposite = on C;
using this fact we can solve (1) in which d and N are given, to find =
the required logarithm. The following rule may be helpful.
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Rule. To find log, N, sel the index of C lo d on a Log Log scale,
push the hairline to N on a Log Log scale, al the hairline read logy N
on C. Place the decimal point in accordance with the statements

(I) (II) and (III) of § 48.
Example. Find: (o) log, 81. (b) logyg 0.9718. () log, 0.726.

Solution. (a) From L = log, 81, 3* = 81. Hence
set left index of C opposite 3 on LL3,
push hairline to 81 on LL3,
at hairline on C read 4 = L.
The position of the decimal point could have been found by inspec-
tion, or by relation (I) § 48.

Solution. (b) From L = loggqa 0.9718, 0.623% = 0.9718. Hence
set right index of C opposite 0.623 on LL02,
push hairline to 0.9718 on LLOL,
at hairline read on €, 0.0605 = log,q.; 0.9718.
The decimal peint was placed in accord with relations (I) and (II)
of §48.
Solution. (¢) From L = log, 0.726, 8% = 0.726. Hence
set left index of € opposite 8 on LL3,
push hairline to 0.726 on LL02,
at hairline read on €, L = — 0.154.
The position of the decimal point was found in accordance with
statements (1), (I1), and (1II) of § 48.

EXERCISES

Find the value of L in each of the equations numbered 1 to 18:
1. L = log: 100. 10. L = logs, 7.34.
2. L = logs 81. 11. L = log, 10.

3. L = log: 32. 12. L = logo: 0.8.
4. L = log, 0471, 13. L = log e 0.8,
5. L = loge.ce 0.962. 14. L = logess 3.47.
6. L = log, 1.682. 15. L = logo» 25.7.
7. L = log 27.2. 16. log 10 = 2,78,
8. L = log 49,600, 17. log, 68 = 0.91.
9, L = log, 343,000, 18. log,e 1.015 = L.

19. Tind the logarithm to the base 3.34 of each of the following numbers:
42.5, 167, 0.96, 0.267, 0.045.

20. Find the logarithm to the base 0.45 of each of the following numbers:
0.682, 50, 100, 0.945.
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51. Continuous relation of C scale to Log Log scales. The dis-
cussion of this article will explain basic continuous relations between
the € scale and the Log Log scales from a new point of view.,

Imagine the LL scales to be placed end to end in one continuous
scale opposite to similarly placed LLO scales and to four lengths of
the C scale. Fig. 10 shows the arrangement in skeleton form for a
special case. In Fig. 10 the index of the C scale is set opposite 1.015
of the LL1 scale and hence opposite 0.9852 = 1.015-! of the LLO1
seale. Note that the numbers on the successive €' seales must then
be considered as varying from 0.1 to 1, from 1 to 10, from 10 to 100,
and from 100 to 1000.

W § i 10 e oty el | 30:LLOY i 100 1403 | 3
BT 9asze0" 9852 0150 553200 015 10 '-ﬁ
' ] T T Y T R Ay uad R w00 1/ IR SO0 o il e Sl S |
M l € Scat € Scale ¢ Scale |.‘h\ i
' = 1 1 1 1Ll ! L1 itil 1 (W
IE _i 15:1_'—1;.-5' T Tt 3 llu—ﬁr"r T i T L o o T T it I
VAR T iy T TR T TR I
Fie. 10

The index 1 of C is opposite 1.0150on LL1. Also opposite numbers
on scale C' and the Log Log seales have the relations of 1.015% on an
LI scale,aon C, and 1.015% on an LLO scale. A visualization of the
general continuous scale relation just illustrated is useful in the
process of seale determination and location of the decimal point.

52. The proportion principle for Log Log scales. Fig. 11 indicates
a slide rule with an index of the (' scale set opposite N on an LL seale,
n on (' opposite P on LL, and m on C opposite @ on LL. Applying
the principle of § 48 we get from Fig. 11
P=N" Q= N"

Fia. 11
IFrom these equations we get log P = nlog N, log Q@ = m log N, or,
equating the values of log N,
log P _log@ , @)
n m

*This relation holds, whatever base of logarithms is used. The reader may
well think of e as the base.
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Hence when three of the quantities in a proportion of the form (2)
are known, the fourth one can be found. The decimal point is placed
in accordance with the relations between numbers on the Log Log
scales and the C scale set forth in § § 48 and 51.

Example 1. Find z in the proportion
LL3  log 3.84 log 9.63
c - 3 Tz
Solution. Set 3 of C opposite 3.84 on LL3,
push the hairline to 9.63 on LL3,
at the hairline on € read 5.05 = .
The decimal point in 5.05 was placed in accord with the continuous
relation, explained in § 51, between the C scale and the LL3 scale.

Example 2. Find the value of xr = 8.3272/28,
Solution. Iiquate the logarithms of the two members to obtain
7.2
e 32
log x 28 log 8.32,

or
LL3 logx log 8.32

cC ° 72 28 '

and
opposite 8.32 on LL3 set 28 on C,
opposite 72 of € read on LL3, 232 = z.
Here the relation (I) of § 48 indicates that z is to be read on LL3.

Example 3. Find z from z = %/0.8°4 = (0.8)%4/5",
Solution. Equate the logarithms of the two members and obtain

6.4
lOg I = 'S'T 1ﬂg 08,

or
LLO logz _log 08
C 64 ST
and opposite 0.8 on LL02 set 51 of C,

opposite 64 on C' read on LLO1, 0.9724 = r,

A brief study of Fig. 12 will show the reason for reading the result
on LLOl. Whenever the operator is in doubt as to the position of
a decimal point or the scale to be used for a reading, he should draw
a rough sketch like Fig. 10 showing essential relations.
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Pty vty o 1 [N
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Fic. 12

Example 4. Solve 0.72° = 28.7t%,

Solution. Equate the logarithms of the two members to obtain
xlog 0.72 = 1.34 log 28.7,

or

log 0.72 _ log 28.7
1.34 z !
and
opposite 0.72 on LLO2 set 1.34 of C,
opposite 28.7 on LL3 read on C, — 13.7 = .

The minus sign on 13.7 was chosen because 0.72, being less than 1,
has a negative logarithm to base e and 28.7, being greater than 1,
has a positive logarithm to base e. A brief study of Fig. 13 in the
light of § 51 will indicate the reason for the position of the decimal
point in 13.7.

P n i it b imy
- l € Scze 5
< 1t optasy
[] 1) i 1
R e S oAt - e
Fia. 13
EXERCISES
3.A3 418 0.280
1. 3.827+- 7. 0.865z7- 13, 0.0553 7% -
T2 4.28 0,280
2. 1485 8. 0.86527%- 14, 0.0553 149+
035 .88 4.8
3. 7.545 - 9. 0.953 zs¢- 15. 1.4561773:
5.2 B.51 284
4. 1.177 - 10. 0.953 5 16. 1.456:073
297 5.1 2.8
5. 1.0733 625 11. 0.9537=- 17. 1.456n73:

2.763

37 2.50
6. 0.476 ° - 12, 0.0553 i=%- 18. 53.0 3%7-
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Solve the following equations for the unknown quantities:

19, 1.14072 = 2. 24. 2.66™ = 12,

20. 4.02° = 8.4, 25. 4.02 = (2.87); T
21, 12¥ = 7.137. 26. S532 = 0,96,

22. 81 = 10. 27. 2.375 = 174
23, y*M = 4140. 28, 2172 = 24.6,
Solve each equation for z:

29. 0.311° = 10.2. 33, z M = 0.617.
30. 5.75% = 0.550. 34. 0.435° = 1.475.
31. 1.043% = 0.759. 35. 1.056™%% = 0.623.
32, 0.955% = 25.9. 36. 0.054™%% = 1,355,

53. Powers-of-ten notation. Problems of science often involve
very large numbers and very small numbers. To gain a quick under-
standing of, and ease in combining such numbers, a computer often
writes them in the form

m x 10% (3)
where m is an ordinary number, generally 1 or a number between
1 and 10, and k is an integer positive or negative.

Illustrations of numbers in this form are:

384 = 3.84 x 107, 384000000 = 3.84 x 105,
0.0384 = 3.84 x 1072, 0.0000384 = 3.84 x 107,

Observe that in powers-of-ten nolation the factor 10* has the effect
of moving the decimal point k decimal places rightward or leftward
according as k 1s a positive or a negalive inleger.

In combining numbers as in (3), the following laws of exponents
apply:

; 10%
10% x 107 = 10%*r, 0 = 10—, (10%)r = 10%

For example
832000 x 0.00324 8 32 x 10G X 3.24 x 107?

5230 23 x 107
L ]
.8.82 5’;-,53 24 105493 & 515 x 107 = 0.515
and
(160000)° x (0.00000195)° _ (1.6 X 10%)° x (1.95 x 10-)°
(0.00545)* (5.45 x 107%)?
_ (0P (L95) oy snc-m-2cm 1049 X 55.0 x 1078
T (5.45)¢ - 29.7

=194 x 107 = 1.94 x 10~ = 0.000194.
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EXERCISES

1. Express in the powers-of-ten notation:

(a) 5360. (d) 0.479. (g) 0.00000091.

(b) 675000. () 28 million. (h) 0.00495 % 108,

(c) 0.0623. (f) 2.76 billion. (i) 8645 X 10°¢.
2. Simplify, and give the answer in the powers-of-ten notation:

(a) (3 X 107) (6 X 10%). () (5% 10-%) (7% 1092

() (7 X 10793, (e) V64 X 10°.

() (3% 107 (N V8 X 102

3. To make each of the following evaluations, express the numbers involved
in the powers-of-ten notation, simplify, make slide rule computations, and
finally write the answer in the powers-of-ten notation:

(a) (8.31 X 10792, (d) (3.16 X 101075,
(b) (7.45 X 1052 V/2.65 X 10+ © (2.30 X 102 (1.42 X 10-3)¢,
V/3.68 X 108 (1.96 X 1079)2

(©) V5B X 10 (N V61X 102X 52 % 10
4. Evaluate and give the answer in the powers-of-ten notation;

(@) V64X 100X 0.125 X 105 (4) v/25600 X 0.00816.

(b) 6.8 X 104/2.96 % 10-1. (0.000659) 14

T ) ~gooe73
fc) momem————— (2675000)% 5

1/0.00042 X 0.0683 B
(0.00234) ¢

5. A light year is the distance traveled by light in a year. If the speed of light
is 186,300 mi/sec.. find in the powers-of-ten notation the number of miles in a
light year.

54, Numbers less than 0.00005 or greater than 22000. The
methods developed in this article and the next are to be used when the
operator, in attempting to solve a problem by previously discussed
methods, finds that a required reading involves an extension of the
Log Log scales. These seales represent numbers from 0.00005 to
22000 except for a gap between 0.99 and 1.01. This discussion applies
to the computation of numbers outside this range. This article will
consider methods to be applied for very large numbers or very small
numbers.

The method of attack in finding powers d™ of numbers is to write
the base d in the powers-of-ten notation, then, by using the law of
exponents, resolve the power into several parts, one an integral power
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of 10 and the others within the range of the rule, and finally make
the computation. The following example will illustrate the method.

Example. [valuate: (a) 2453, (b) 247°%.  (¢) (0.0000042)2%,
Solution. (a) 24°* = (2.4 x 10)53 = 24532 % 10%3* x 10°,

Hence
to 2.4 on LL2 set right index of C,
opposite 532 on C read on LL3, 105.4 = 2,4%%
to 10 on LL3 set left index of C,
opposite 320 on C read on LL2, 2.09 = 10032 *
Therefore

24532 = 105.4 x 2.09 x 10* = 220.5 X 10° = 2.205 x 107,

(b) 24753 = (2.47 X 10%)%-3? = 247532 x 101084 = 2.475.32 5 1()0.6¢
x 10" = 122.8 x 4.37 x 10" = 536 x 10 = 5,36 x 10'?,
(¢) (0.0000042)** = (4.2 X 107923 = 4223 % (71399
4223 % 10°°% x 107" = 27.6 x 0.138 X 107" = 3,81 x 10°1,

To find the factor 107°-%, either
set left index of € to 10 on LL3,
opposite 86 on C read on LLO03, 0.138,

or
write log,, 107°-% = —0.86 = 9.14 — 10 and
opposite 14 on L read on D, 0.138.
EXERCISES
1. 125.6%. Hint: (1.256 X 10%)4 = 1.256¢ X 10
2. 85.64%2  Hint: 0.856432 ) 10584 = (.8564-32 )X 10084 X 108,
3. 0.0001346265,  Hint: (1.346 X 1074)2-65 = 1,3462-65 X 101060,
4. 0.000894%-9, Hint: (8.94 X 1074)0-03 = 8,940.03 ¢ (0.1)012,
5. (a) 135841 (b) 78.74%. () 0.000125727. (d) 0.00082750-052,
6. (a) 7.8453.  (b) 9.3657. () 4.20.0042_ () 1.0210-22,
7. logws 29,300. Hint: logi 29,300 = log,, 293 -+ logy 100.

=]

. . . 3.1 72,000 72
. Find z if 231 = 72,000. Hint: (l%) = f-im = i.-ﬁ
. 42000
9. Find z if 6.4° = 42,000. Hint: 64" = W
10. Find z if 10* = 580,000.

11. Find z if 5.83% = 1.005.

*Since 0.32 is log, 10732 opposite .32 on the L scale read on D, 2.09 = 10932
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55. Numbers between 0.99 and 1.01. If z is any real number then

2

Cmltztotato... )
Henee, if = is a positive number less than 0.01,
¢ = 1 + x approximately.

Imagine a Log Log scale representing numbers from 1.001 to 1.01
and call it the LLD scale. Then when the hairline is set on D to z
lying in the range 0.001 < z < 0.01, it is also set to ¢” (= 1 + =z
approximately) on the LLD scale. Hence the D scale may be used
as the LLD scale by adding 1 to each reading x on the D scule. For
this purpose the left index of D represents 1.001, 4 on D represents
1.004, 6 represents 1.006, and the right index represents 1.01.
Similarly, ecalling the Log Log scale representing numbers between
1 —0.01 =099 and 1 — 0.001 = 0.999 the LLOD scale we sce that
the D scale may be used as the LLOD scale. In this case the right
index of D represents 1 — 0.01 = 0.99 on LLOD, 4 on D represents
1 — 0.004 = 0.996 on LLOD, and so on. Also the D scale may be
used to represent a whole series of Log Log scales which might be
called LLD,, LLOD,, LLD,, LLOD.,, ... each pair dealing with
numbers ten times as close to 1 as its predecessor.  Fig. 14 illustrates
the relations of the additional imaginary Log Log scales to the 1)
scale,

Fig. 14. The letter z in this figure represents a number in the
interval 0.001 <r < 0.01.

The following examples will illustrate methods of using the D
scale as a Log Log scale.
Example 1. LEvaluate:
(a) 1.005%% and 1.0053¢, (h) 0.995%-% and 0.905%,
Solution. (a) If 1 + x = 1.005, x = 0.005. Therefore
get right index of € to 5 on D (considered as LLD),
opposite 34 on C read on LL1, 1.01715 = 1.003%,
opposite 34 on C read on LL2, 1.1853 = 1.005.
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Solution. (b) If 1 — =z = 0.995, = = 0.005. Therefore
set right index of C' to 50on D (considered as LLOD),
opposite 34 on C read on LLO1, 0.98317 = 0.995%.¢,
opposite 34 on C read on LL02, 0.8436 = 0.995%,

Example 2. Find the set of values obtained by raising 127 to each
of the powers:
0.1240, 0.0124, 0.00124, 0.000124,
—0.0124, —0.00124, —0.000124.

Solution. To 127 on LL3 set left index of C,
opposite 124 on C read
on LL2, 1.824 = 1270124
on LL1, 1.0619 = 1270.012¢
on LLD, 601; therefore 1.00601 = 1270-012¢
on LLD.,, 601; therefore 1.000601 = 1270.0001%4
on LLO1, 0.9417 = 127°0.0124
on LLOD, 601; therefore 1 —.00601 = 0.99399 = [27-0.0012¢,
on LLOD.,,601; therefore 1-.000601=0.999399= ]127-0.00012¢

won, T E T G gT;
- ,4:,, sy e re
wot - M‘_)?“z,‘:!ll r-.
[ ey = |
o i 1 1
ws g & I
wa v 18240127 110 ']
Ll c; 106G 12T S }'
wo '%0' lmsoll-uzrm" nl}l
LLD, 1000 1000601127 90034 LEOn

I'tg. 15

I'ig. 15 represents the solution of Example 2 as it would be made on
a rule having all the Log Log scales involved.

If z is numerically less than 0.001 the first two terms of (4) give e
accurate to seven figures. Ience, the slight error involved in using
1 + z for ¢ in the method just considered is entirely negligible for
slide rule purposes when the positive number x, as used above, is
less than 0.001. The approximate magnitude of the error in the
position of 1 4+ z on D considered as a Log Log seale is 2%/2. The
greatest theoretical error with = between 0.01 and 0.001, that is for
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LLD and LLOD, is the linear space corresponding to the distance
on the slide rule between the mark for 1.01 on LL1 and the hairline
set to 1 left on scale D. By considering the seale value of this linear
space near a result on the secale where the result is read, one can
estimate the maximum theoretical error for the result and multiply
this by 100 z to find the estimated theoretical error in the result.

To eliminate the error just considered, when z is between 0.001
and 0.01, proceed as above using

(1 —z/2)on D toget 1l + xon D considered as scale LLD, _

(1 4+ 2/2) on D to get 1 — xon D considered as scale LLOD )

Fig. 16 shows the indicated relation.

FiG. 16

Example 3. Find the principle and interest on $1000 at 3% com-
pounded quarterly for 10 years.

Solution. The compound interest formula 8 = P (1 + r/)" adapt-
ed to the given example becomes
S =1000( 1+ £)'i)““I = 1000 (1.0073)%-
4
To 75 on I set index of C,
opposite 4 on C read 1.35 on LLZ,
S = 1000 x 1.35 = 81350.
This answer is slightly in error. To take account of the slight
error note from (5) that in this problem

0.0075
2

z(1—22) = 0.0075 (1 - ) = .0075 (0.99625)

and
set the right index of C to 0.996 on D,
push hairline to 75 on C,
draw right index of € under hairline,
opposite 4 on C read 1.3483 on LL2.
Therefore the correct answer is $1000 (1.3483) = $1348.30.
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Example 4. I'ind 0.991%* using (5).

Solution.  From (3), z (1 + 2/2) = 0.000 (1+ 22%) _ 009 (1.0015),

set left index of C to 1.0045 on D,

push hairline to 9 on C,

draw right index of ' under the hairline,

opposite 32 on € read on LL02, 0.7488 = (0.991)%2,

EXERCISES
1. Evaluate:
100422, 0.99G22, 1004220, ().906220,

2. Evaluate:
0.55008, 0557908, 9550008, 95570008,

Set left index of € to 9.55 on LL3, opposite 3 on C read the first answer on LL1,
the second on LLOL, 677 on [). Then write for the third and fourth answers
LO06G77, 1 — D.00677 = 0.99323.

3. BEvaluate:
1.0455°52 1.045579:62) 1.04550.052, 1 04550052 1045502052 |.04550-0052,

4. Evaluate:
9.h50.0m1 9 55-0.0051 @ 550.00031 ¢ 5570.00031,

5. Evaluate: 1.0065, 0.9945, 1.004f, 0.996%.

6. Find: 1.009% and 0.991% first by using the D scale in the usual way as an
LL scale and also ns an LLO scale, and then by the method using the expres-

sions (5).

7. Using the method suggested by expressions (5) find: 1.0088, 1.00808,
1.00R0.06,

8. Using the method suggested by expressions (5) find: 0.9968, 0.9969-6, 0.9960-08,
9. Using the expressions (5) evaluate:
(a) 1.000%-6, 1.009%-%, 1.0000-2¢, 1.0090-0%6,

(h) 0.991226 0,9912.% ().G910-26, ().9910.0295,

10, Evaluate by the method not using expressions (5):
1.000642 and 0.999358 to each of the powers: 0.085, 0.85, 6.5, 65 and 650.
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56. Reciprocals. The method of this article may be used to find
the reciprocal of any number with a high degree of accuracy. The
accuracy is indicated by the number of figures which may be read
from the part of the scale involved.

Rule I. To find the reciprocal of a number in decimal notation,
move the decimal point in it to form a number in the range 0.3 to 2.9999,
sel the hairline to the result found on a Log Log secale, read the number
at the hairline on the mated Log Log scale, and in this number move the

decimal poinl the same number of places as before and in the same
direction.

Thus to find the reciproeal of 6830, write 0.6850,
set hairline to 0.685 on LL02,
at hairline read on LL2, 1.460,
set the deeimal 4 places to the left to get 0.0001460.
Observe that the decimal point was moved four places to the left
twice.

When the process of Rule I involves setting the hairline to a
number 1 = a in the range 0.99 to 1.01, a range not found on the
Log Log scales, the following rule may be used.

Rule II. When a nwmber 1 = a lies in the range 0.99 to 1.01, then
the reciprocal of 1 + ais 1 — a,
the reciprocal of 1 — ais 1 + a,
the results will be accurate to three decimal places, and the fourth place
will generally be correct also.

For example,
reciprocal of 1.0094 is 1 — 0.0094 = 0.9906 (approx.),
reciprocal of 0.9917 is 1 + 0.0083 = 1.0083 (approx.).
Rules I and II may be used to find the reciprocal of any number.

However, much greater accuracy can be found in most cases by using
the following rule.

Rule III. To find the reciprocal of a given number, first move the
decimal point in it Lo form a new number in the range 1 to 10. If this
new number lies in the range 1.5 to 9.5*, divide the number by the digit
2,8 4, 5,6, 7, 8 or 9 nearest to its value, find the reciprocal of the
result by Rule I or 11, and divide this by the same digit. Finally move
the decimal point the same number of places and in the same direction
as it was first moved.

*If the number mentioned in Rule IIT is not in the range 1.5 to 9.5, use Rule T or 11,
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To become familiar with the process the reader should carry out
the following suggested operations in detail. To find the reciprocal
of 0.685 write 6.850; then

6.850 = 7 = 0.97857.
Opposite 0.97857 on LLO1 read on LL1, 1.02185,
1.02185 =+ 7 = 0.14598, and the answer is 1.4598.

This result is in error by 1 in the last place. The required value
accurate to five figures is 1.4599.

To find the reciprocal of 0.00048700, write

4.8700 + 5 = 0.9740,
opposite 0.9740 on LLO1 read on LL1, 1.02665,
1.02665 =+ 5 = 0.20533, and the answer is 2053.3.

The required value accurate to five figures is 2053.4.

The following outline of solutions will furnish drill work to give
familiarity with the method.

Example. Find the reciprocal of (a) 0.002376. (b) 2762.3.
(c) 8004.76.

Solution (a). To find the reciprocal of 0.002376, write 2.376; then
2376 + 2 = 1.188.
Opposite 1.188 on LL2read on LL02,0.8418=1/1.188,
0.8418 + 2 = 0.4209, and the answer is 420.9.

Solution (b). To find the reciprocal of 2762.3, write 2.7623; then
2.7623 + 3 = 0.92077.
Opposite 0.92077 on LLO1 read on LL1, 1.0859.
1.0859 + 3 = 0.3620, and the answer is 0.0003620.

Solution (¢). To find the reciprocal of 8004.76, write 8.00476; then
8.00476 < 8 = 1.000595.
Reciprocal of 1 4+ .000595 is 0.999405, (by Rule I1.)
0.999405+8=10.124926, and the answer is 0.00124926.

EXERCISES

1. Find the reciprocals of the following numbers:
(a) 1.653, 13.74, 1.0557, 0.0010236.
(by 576, 8173, 0.009555, 0.98635.
(c) 2453, 0.02964, 0.20064, 22.56.
(d) 0.364, 0.00462, 3789, 4937.

2. Find the reciprocals of the following numbers:
523, 0.01036, 9568, 1286, 0.000248, 0.008635, 36.74, 0.07831, 0.00625, 4260.

3. Find the reciprocals of the following numbers:
1.0032, 0.994, 1.008, 0.999, 99.83, 0.010042.
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57. Miscellaneous Exercises. Find the value of unknown quan-
tities represented by z, y, and z in the following equations:

1. z = 3.15215, 13. y = VGB‘JB
2, x = 3.1500€6, 14, y = ‘\;0645
3.y = e-1T4, 15. z = 0.9781.89,
4. y = e-035 16. z = 0.9780180,
5. x = (.55%190 17. z = 1.35\9,
6. z = 'l] 55°21, 18. z = 1.35192,
7.2 = v lbu. 19. y = 6.19:48,

8. z = V18.0. 20. y = V6.1

9. y = 085 21. 2978 = 235,
10. y = 0.35055, 22, 3.22» = 11.0.
11. x = l.053, 23, 7155 = (.29.
12, 1 = ¢-1.058, 24. 0.315¥ = 0.830.



CHAPTER VI

LOGARITHMS AND THE SLIDE RULE

58. Construction of the D scale. Perhaps the simplest explanation
of the construction of the secales of the slide rule can be made in
terms of logarithms. Since nearly all the scales are constructed by
the same method, a detailed consideration of the construetion of the
D seale will indicate how most of the other scales are made.
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a

To construct a D scale, first reproduce the L scale (see Fig. 1).
Since it is a uniformly marked and numbered 10-incht secale, it may
be used for finding lengths in terms of ten inches as the unit of
measure. Next draw a line A B parallel to the L scale. Opposite
0 on L make a mark on A B and letter it 1. This mark will be re-
ferred to as the left index. Opposite log* 2 (= 0.3010 approximately)
on L make a mark on A B and letter it 2. Similarly opposite log 3
(= 0.4771 approximately) on L make a mark and letter it 3, ete.,
until a mark has been made on A B for each of the digits 1 to 9.
Instead of marking the right index 10 as we should expect, since
log 10 = 1.0, number it 1. This gives the ten primary divisions.
The other division marks are located in a similar manner. Thus
to each division mark is associated a number and this mark is silualed
at a distance from the left index equal to the mantissa of the logarithm
of that number,

iNominally the D scale is 10 inches long. Its exact length however is 25
centimeters. On the 20-inch rule the D scale is 50 centimeters long.

*The symbol log N will be understood to mean the mantissa of logy N unless

otherwise specified.
103
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The mantissa, or fractional part of the logarithm of a number, is
independent of the position of the decimal point. Hence if we
think of the distances from the left index as the mantissas of the
logarithms of the numbers represented by the divisions, it appears
that we can think of the primary divisions as representing the range
of numbers 1, 2, 3, . . . 10, the range 10, 20, 30, . . . 100, the range
100, 200, 300, ... 1000, ete. Naturally, in each of these cases, we
think of the secondary divisions as representing appropriate numbers
lying between the numbers represented by adjacent primary divisions.

59. Accuracy. [I'rom §50 we write

logwN = d (1)

where N represents the number associated with any specified mark

on the D scale and d is the distance of the mark from the left index.

By applying caleulus to equation (1) we easily prove that for small
errors in d

(error in N)

Relative errorin N = N

= 2.3026 (error in d). (2)

Now the error in d is the error made in making the reading. The
right-hand member is independent of N. Therefore the relative
error in the number read does not depend on its size and hence is the
same for all parts of the scale. Near the left end of the D scale a
careful reading should be in error by no more than 1 in the fourth
place i.e. the relative error should be no greater than 1 in 1000.
Hence the error of a reading made on any part of the D scale should
not be much greater than 1 in 1000 or one tenth of one per cent.

60. Multiplication and division. The middle part of the rule
which may be moved back and forth relative to the other part is
referred to as the slide; the outer or fixed part of the rule is called the
body. The D scale is located on the body and the C scale is the same
as the D scale except that it is located on the slide. Hence the C
scale may be moved relative to the D scale, and we are able to add
distances as indicated in Fig. 2.

From this figure and the considerations of §58, it appears that
log P = log N + log M. (3)

But the sum of two logarithms is equal to the logarithm of their
product. Accordingly we get from (3)

log P =log MN,or P = MN, (4)
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Hence Fig. 2 shows the setting to be used for multiplying numbers,
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I'rom Tig. 3 and the considerations of §58 it appears that

fisa P s low M =loe N, 3)
or since

log M.~ log N = logi (ML,
T — log P = log N’ sod. P % (6)

Thus Fig. 3 shows the setting to be used for dividing numbers.

The rule for multiplication §5 and the rule for division §7 are
justified by the principles set forth above.

Observe that when the slide is set with M and N as opposites
on the ' and D secales, any other pair of opposites on the C and D
(or CF and DF) scales have the same ratio P. The proportion
principle is based on this fact.

61. The inverted scales. The CI scale is constructed in the same
manner as the D scale except that the distances are measured left-
ward from the right index, and the numbers associated with the
primary division marks are in red.

Let N be the number associated with a position on the C secale and
K the number on the CI scale associated with the same position.
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Then, in accordance with §60,
log N +log K = 1.
Hence we may write

log K =1 ~log N =log 10 — log N = log 3,
0nr
10
K = v

Therefore, except for the position of the decimal point, K is the
reciprocal of N. In other words, when the hairline is sel to @ number
on the CI scale, it is awtomatically set to the reciprocal of that number
on the €' senle.
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Fig. 4 indieates how multiplication may be accomplished by using
the CI scale in conjunction with the D secale while Fig. 5 indicates
how division may be accomplished. From Fig. 4, we have

log P =log M +log Nor P = MN,
and from Fig. 5, we have
log P =logM —~log N,or P = M/N.

62. The A scale, the B scale, and the K scale. The A seale is
constructed by the method used in the case of the D scale except that
the unit of measure employed is 5 inches instead of 10 inches and the
soale is repeated. The B scale is the same as the A scale except that
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it is situated on the slide while the A scale is on the body.

When the hairline is set to a number N on the A scale it is auto-
matically set to a number M on the D scale, see Fig. 6. The two

'
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lengths marked log N and log M in the figure are equal. However
gince the unit in the case of log N is half the unit in the case of
log M, we have

é log N¥ = log v/N,

and M =+/N.

Henece, a number on scale D is the square root of the opposite number on
scale A. A similar relation exists between numbers on scales C and B.

]

log M = - log N

The K scale is constructed by the method used in the case of the D
scale except that the unit of measure employed is one third of 10
inches instead of 10 inches. The argument used above may be
employed to show that when the hairline is set to a number on the
K scale it is aulomatically sel to the cube root of the number on the D scale,

63. The trigonometric scales. The general plan of constructing
the S (sine) scale is the same as that for the D seale. Here again
10 inches is taken as the unit of measure. To each division mark on
the S seale is associated an acute angle (in black) such that the
distance of the division from the left index is equal to the mantissa
of the logarithm of the sine of the angle. Thus Fig. 7 shows the

i
s 6 7T 8 9 10 15 20 25 30 | 40 \
Ll A L i 1 S T L L L} i L
L— —_————————— Loq sin 25°
f— Log sinN {
Fra. 7.

division marked 25 at a distance from the left index of the mantissa
of log sin 25°. Hence when the hairline is set to an angle on the
sine scale, it is automatically set to the sine of the angle on the
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: o
C scale. Fig. 8 shows a setting for finding P = -]%{?;.‘.LOB.
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From this figure it appears that
e ; 16 sin 68°
i) v (=] T00 -
log P = log 16 — log sin 27° + log sin 68 log = 97
or :
16 sin 68°
gin 27°

Since the slide rule does not take account of the characteristies of
the logarithms, the position of the decimal point is determined in
accordance with the result of a rough approximation.
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If the learner will note that the angles designated by red numbers
are the complements of the angles in black, and remember that the
distance from a division on the C scale to the right index is the
logarithm of the reciprocal of the number represented by the division,
and also that

sin ¢ = cos (90° — 6),

esc 6 = 1/sin @,

sec § = 1/cos 6,
he will easily see the relations indicated in Fig. 9 for the representa-
tive angle 25°,



§63 LOGARITHMS AND THE SLIDE RULE 109

The T scale is constructed by taking 10 inches as the unit of
measure and associating to each division mark on it an acute angle
such that the distance of the mark from the left index is equal to
the mantissa of the logarithm of the tangent of the angle, Recalling
that

cot (90° — 6) = tan @ = 1/cot 6,
the student will easily see the relations indicated in Ilig. 10 for the
representative angle 25°,
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The facts illustrated in Figs. 9 and 10 are the basis of the follow-
ing rule:

If the hairline be set to an angle on a trigonometrie scale, it is
automatically set to the complement of this angle. One of these
angles is expressed in black type, the other in red. From what has
been said it appears that we read, at the hairline on the C scale or
on the C'I seale, a figure expressing a direct funetion (sine, tangent,
seeant) by reading a figure of the same color as that representing
the angle, a co-function (cosine, cosecant, cotangent) by reading a
figure of the opposite color. In other words, associate direct function
with like colors, co-function with opposite colors.

The S scale applies to angles ranging from 5.74° to 90°; the sines
of these angles range from 0.1 to 1 as indicated by its legend.
Any angle in the range from 0.573° to 5.73° has a sine approximately
equal to its tangent. The SRT scale is related to the angles ranging
from 0.573° to 5.73° just as the S scale is related to the angles
ranging from 5.74° to 90°. Since any angle greater than 0.573°
but less than 5.73° has its sine approximately equal to its tangent,
the SRT scale may be used for tangents as well as for sines.
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P is 233, we have = 25.3.

sin 16°

65. The Log Log scales. In this article we shall use logarithms
to the base 10 and also logarithms to the base e (= 2.7183 approxi-
mately). For convenience we shall indieate the mantissa of log,, N
by log N, and log, N by In N.
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The mark at the extreme left of seale LL3, see Fig. 12, is opposite
the left index of the D scale and is numbered e.  If 10 inches is taken
as the unit of measure, the mark on LL3 numbered 3 is distant log
(In 3) from the e mark, the mark numbered 200 is distant log (In 200)
from the e mark, and, in general, to any mark on scale L L3 distant
log (In N) from the ¢ mark is associated the number N. To the
point on scale LL2 opposite the left index of the D scale is assigned
the number ¢*! and te any mark on LL2 distant 10 log (In K) from
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the left-hand mark is assigned the number K. Similarly to the
point on LL1 opposite the index of D is assigned the number %
and to any mark on LL1 distant 100 log (In K) from the €' point
is assigned the number K.

The lower part of Fig. 12 shows a skeleton form of the LL03
seale.  Any number K on this scale is the reciproeal of its opposite

N,K = —-}\1, on the LL3 scale. The distance of any mark numbered
1
N
is log (- In K} = log (In N). Similarly, to each mark on seale
LLO2 or LLOL is assigned the reciproeal of its opposite on LL2 or
LL1 respeetively,

K (=

) from the left most mark of LLO03, numbered ¢=' = 0.3679,

Let ¢ be the number on the D seale (see Iig. 12) opposite N on
LL3. Then since the distance from the point on LL3 opposite the
index on D to the point on LL3 representing the number N is log
(In N) and the same distance on the D seale is log g, we have

logg =log (In N),org = In N.

Hence, when the hairline is set to a number N on the LL3 scale, it is
avtomatically set to In N on the ) scale. A similar statement applies
to scales LL2 and LL1. From the discussion above it appears that
In N is on the range 1.0 to 10.0, 0.1 to 1.0, or 0.01 to 0.1 according
as N is a number on LL3, LL2, or LL1. Legends indicating these
ranges are written at the right end of the corresponding scales on
the slide rule. Also since the number on the LLO scales are the
reciprocals of their opposites on the LL scales, their logarithms are
the negatives of the logarithms of their opposites on the LI scales.
Henee —In K lies on the range —1.0 to —10.0, —-0.1 to —=1.0, or
—0.01 to —0.1 according as K lies on LL03, LL02, or LLO1, and
appropriate legends are found on the rule.

Log (Ln &) Log 3
[ < T 1 T . T i ]I , T Li {
LL3 .I_L : e}s A } |Inn s 2o 5'0 ! %0 |!>o 200 ulto /
(Ln F) ?-112
peut ———————Log (Ln P) —— - = —
Fia. 13.

Ilig. 13 shows a setting for evaluating 8°. By equating two ex-
pressions for the distance from the left end of the LL3 secale (see
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Iig. 13) to the mark associated with P, we obtain

log (In P) = log (In 8) + log 3 = log (3 1n 8) = log (In 8
Hence
InP =In8, or P =8,
Since the reading at P on the LL3 scale is 512, we have 512 = 8,

Similarly, Fig. 14 shows a setting for evaluating N = B*

Log (LnB) LogL
: v £
[ LL3 o 8 N ;
Logg N
Log (LnN)
| LLO3 8, ) %
Log(-LnB;)
Log{-LnK)
Fia. 14.

By following the procedure exhibited in the case of 8, we have
log (In N) = log (In B) + log L = log (L In B) = log (In B¥).
When the logarithms of two numbers are equal the numbers are

equal. Therefore
In N =In B5 N = BE,

From Fig. 14 and special reference to the LLO0O3 scale, we have
log(—=InK) =log(—1InB)) +log L =log(—LIn B)) = log (- 1n B,%),
Hence — In K = — In B)% and K = B/~

It is interesting to note, in this connection, how the Log Log
scales may be used to find the logarithm of any number N to any
base B. If we take the logarithms to the base B of both members
of the equation N = B%* we obtain

logy N = L.

Interpreting this equation in the light of Fig. 14, we see that
when the index of scale C is sel opposite a number B on the LL scale,
logy N is on secale C opposite N on the LL scale. A similar statement
applies to the LLO scales.



HISTORICAL NOTES ON THE SLIDE RULE

Since logarithms are the foundation on which the slide rule is
built, the history of the slide rule rightly begins with John Napier
of Merchiston, Scotland, the inventor of logarithms. In 1614 his
“Canon of Logarithms” was first published. In presenting his
system of Logarithms, Napier sets forth his purpose in these words:

“Seeing there is nothing (right well beloved Students
of Mathematics) that is so trublesome to mathematical
practice, nor doth more molest and hinder calculators,
than the multiplications, divisions, square and cubical
extractions of great numbers, which besides the tedious
expense of time are for the most part subject to many
slippery errors, I began therefore to consider in my mind
by what certain and ready art I might remove those
hindrances.”

From Napier’s early conception of the importance of simplifying
mathematical calculations resulted his invention of logarithms.
This invention in turn made possible the slide rule as we know it
today. Other important milestones in slide rule history follow.

In 1620 Edmund Gunter, of London, invented the straight
logarithmic scale, and effected calculation with it by the aid of
compasses,

In 1630 William Oughtred, the English mathematician, arranged
two Gunter logarithmic scales adapted to slide along each other
and kept together by hand. He thus invented the first instrument
that could be called a slide rule.

In 1675 Sir Isaac Newton solved the cubic equation by means
of three parallel logarithmie scales, and made the first suggestion
toward the use of an indicator.

In 1722 John Warner, a London instrument dealer, used square
and cube scales.

Circular slide rules and rules with spiral scales were made before
1733, but their inventors are unknown.

In 1775 Thomas Everard, an English Excise Officer, inverted the
logarithmic scale and adapted the slide rule to gauging.

In 1815 Peter Roget, an English physician, invented a Log
Log scale.

113
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In 1859 Lieutenant Amédée Mannheim, of the French Artillery,
invented the present form of the rule that bears his name.

Cylindrical caleulators with extra long logarithmic scales were
invented by George Fuller, of Belfast, Ireland, in 1878 and
Edwin Thacher, of New York, in 1881.

A revolutionary slide rule construction, with scales on both
the front and back surfaces of body and slide and with a double
faced indicator referring to all scales simultaneously, was patented
in 1891, by William Cox, who was mathematical consultant to
Keuffel & Esser Co. With the manufacture of Mannheim rules
and this new rule, K & E became the first commercial manufaec-
turer of slide rules in the United States. These had previously
all been imported from Europe.

Folded scales CF, DF and CIF were put on slide rules about
1900, to reduce the amount of movement and frequency of reset-
ting the slide. At first the scales were folded at /10 but K & E
later folded such scales at © so that T could be used as a factor
without a resetting. Log Log scales in three sections were put on
K & E rules about 1909.

The Parsons invention of about 1919, which included special
scales for finding the hypotenuse of a right triangle was incor-
porated in a rule made in Japan. This rule later included a
Gudermannian scale, patented by Okura, enabling the user to read
hyperbolic functions.

A scale referring to the A or B scales to give the logarithms of
the co-logarithms of decimal fractions was introduced on K & E
slide rules about 1924. Puchstein’s seales for hyperbolic functions,
patented in 1923, were put on commercial K & E slide rules in
1929. The trigonometric scales were divided into degrees and
decimals of a degree, thus making it possible to eliminate all non-
decimal sub-divisions from the rule.

K & E introduced a slide rule (patented in 1939) in which all of
the trigonometric scales are on the slide and refer to the full length
C and D scales. In solving vector problems on this rule or other
similar problems involving continuous operations and progressive
manipulation, only the final answer needs to be read.
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In 1947, on the basis of Bland’s invention, the scales of the
logarithms of the co-logarithms of decimal fractions were referred
to the C and D scales, correlated with the Log Log scales and also
with all of the other scales of the rule, thereby increasing the power
of the slide rule by simplifying the solution of exponential or
logarithmie problems, the determination of hyperbolic functions,
reciprocals, ete.

It was about 1910 when the slide rule first began to come into
general use in the United States. In the years that followed, K & E
introduced many improvements in the rigidity of frame, indicator
design, the preecision of graduations, as well as a variety of new
scale arrangements. All these have contributed to the wide
popularity of the slide rule and its many uses in the mathematiecs
of science and engineering, as well as for calculations of all kinds
in business and industry.

Many types of slide rules have been devised and made in small
quantities for the particular purposes of individual users. Rules
have likewise been made specially for chemistry, surveying,
artillery ranging, steam and internal combustion engineering,
hydraulies, reinforced conerete work, air conditioning, radio and
other special fields. However, the acceptance of such rules has been
relatively limited.

The slide rule has a long and distinguished ancestry. The rule
deseribed in this manual incorporates the most valuable features
that have been invented from the beginning of slide rule history,
right up to date.



ANSWERS

Answers read between 2 and 4 on the " scale or D seale contain four signifigant.

figures, the last one being 0 or 5.

digit nccurate to the nearest 5.

Hence such answers have the fourth significant
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1, 2.32 5. 0.000713 9. 1.154 13. 616
2. 165.2 6. 77.5 10, 0.0419 14. 0.0208
3. 0.0767 7. 18061 11. 0.936 15. 4.96
4. 106.1 8. 20.3 12, 1.535 16. 0.332
§8. Page 11
1. (1) 15676 (¢) 2209, 4, (1) 9.22 yds./sce.
b) 2.60 (d) 2.739% b) 15.02 ft./sce.
) 5.25 3. (1) 178.9 mi. c¢) 186,000 mi./see.
(d) 4.59 b) 121.1 mi. S. (1) 10.13 sec.
2. (a) 26.19, c) 2140 mi. b) 29.5 hrs.
(h) 64.4% (c) 323 hrs.
§9, Page 14
1. 36.7 5. 0.00357 9. 0.01311 13. 249
2. 835 6. 13,970 10, 2.35 14. 0.275
3. 0.0000632 7. 1586 11. 0.0414 15. 0.1604
4. 3400 8. 0.0223 12. 2460 16. 0.0977
17. 2.68 in.
18. 86.8 sq. in.
§11. Page 18
1. z = 43.3 0 jz = 0.1013 13. [z = 0.00416
2. z - 169.4 *lz = 0.0760 { = 0.0828
3.z = 285 (z = 3.97 {:c - 0.1170
4,z = 522 10. !y < 0.984 = 0.927
5.z =230, y =318 {z = 0.272 = 186
6. x = 51.7, ¥ = 3370 1 [z = 1.315 15. = 13.42
g, | @ = 106.2 "y =152 z = 50.3
"y = 304 12. (V- 37.8
g/t = 1.586 y =695
“ly =414
§12. Page 20
1. 13.71 5. 0.3960 9. 3.20 12, 4.07
2. 23.0 6. 9.46 10. 0.1265 13. 0.68
3. 85.0 7. 42,0 11, 104.6 14, 47.6
4. 48.7 8. 3.14
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§13. Page 21
1. 167.6 cm. 3. (a) 720 lb. S. (ug 25,700 watts
249 cm. (b) 2060 Ib. (5) 3,040,000 watts
980 em. (¢) 31.41b. (e) 621 watts
2, Eﬂ) 274 m. 4. (a) 235 8q. cm. 6. (a) 1.121 gal.
b; 800 m. (b) 929 sq. cm. (b) 0.00255 gal.
(¢) 2.54 m. (c) 421 sq. em. (e) 0.1504 gal.

. 20,0 in., 584 in.,
62.7 Ib. per 8q. in.

8. (a) 6.12lb. per 8q. in., 7.35 Ib. per sq. in., 24.5b. per sq. in.
(b) 21.6 cu. in., 33.4 cu. in., 79.9 cu. in., 183.8 cu. in.

§14. Page 23

. 0.00233, 0.000559, 6.21
. 1995, 8.565

b ==

. 0.0625, 0.00385, 1.389, 15.38, 0.0575, 0.0541, 0.01490

3. 2,160
4. 74.0, 10.97
7. 2.74, 0.364, 0.392, 2.56, 12.54, 0.0797

§15. Page 25

Lz = 1698, y = 12.74 r = 0.0481 £ = 11.07
2. = 0.0640, y = 1415 5. I y = 0.0435 6. {y = 0.0483
3.1 = 154.9, y = (6950 z = 44.9 : = 0.465
4. r = 0.00247, y = 645
§16. Page 28
1. 112 11. 15.32 21. 0.48] 32. 12.0
2. 2,345 12. 9.76 22. 3.76 X 10 ¢ 33. 0.0252
3. 304 13. 0.00288 23. 7.05 X 107 34. 749
4. 0.001155 14, 144,800 24. 2.82 35, 17.52
5. 1.512 15. 0.0267 25. 0.0527 36. 2180
6. 1.015 16. 0.279 27. 2.01 37. 1741
7. 17.2 17. 41.3 28. 3.55 38. 1766
8. 0.1 18. 111.4 29. 7.83
9. 0.1111 19. 3430 30. 184.4
10. 150,800 20. 4.75 31. 75.3
§17. Page 30

125, 1024, 3720, 5620, 7920, 537,000,

0.908, 27,800,000, 2.24 x 104

204,000, 4.33, 3.07, 0.1116, 0.00001267,

§18. Page 32
1. 2.83, 3.46, 4.12, 9.43, 2.98, 29.8, 0.943, 85.3, 0.252, 0.00797, 252, 310

2. (a) 231 ft.
3. (a) 18.05 ft.

(b) 0.279 ft.
(b) 0.992 ft.

§19. Page 34

1. 24.2 5. 443
2. 0.416 6. 4.01
3. 8.54 7. 6.68
4. 0.0608
5.94ft.? (b) 3500 ft.2

15. (a
16. Eu; 37.61t.2 (b) 0.00597 .2

§20. Page 36

1. 64.2 3. 100.1
2. 11.41 4. 0.428
§21. Page 36
1. 0.25, 32.8, 238,000, 422,000,

705,000, 53.94 % 108, 0.0925, 29.2.
5.39, 0.0060373, 0.84, 1.464 x 101,
571 % 107 2, 76

(r) 5720 ft.

(¢) 49.8 ft.
8. 6.14 11. 328
9. 0.427 12. 398
10. 1.176 13. 43.7

14, 20.4

() 0.445ft.2 ? 2.76 ft.2
(c) 965(t.2 2.35 x 10+ 1.2
5. 9.65 7. 1.525 x 104
6. 0.0602 8. 1.580

§22. Page 37

2.06, 3.11, 9.00, 9.47, 19.69

0.1969, 0.424, 0.014, 44.7, 0.855,
909, 2.15, 4.64, 46.4
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§23. Page 39
1. 2.19 7. 43,100 12, 12.76 17. 5.03
2. 30.9 8. 1.745 13. 76.3 18. 2290
3. 54.3 9. 1.156 14, 2.12 19, 0.0544
4. 0.974 10. 1.193 15. 1.281 x 108 20, 3.29
8. 1.52 11. 90.7 16. 0.00369 21. 0.000867
6. 0.0577 22. 27.3

§24. Page 40

1.515, 0.814, 5.991, 9.830-10, 8.022-10, 6.615-10,
1.861, 9.427-10, 7.904-10, 2.635

§26. Page 44
2. (a) 0.5 (b) 0.616 c) 0.0581 Sn’) 1 (e) 0.999
) 0.0276  (g) 0.253 h) 0.381 1) 0.204 (7) 0.783
3. (a) 0.866 (b) 0.788 (e) 0.995 Ed) 0 (e) 0.0349
(f) 1.00 (g) 0.968 (h) 0.925 1) 0.979 (j) 0.623
4. (a) 30° (h) 61° (c) 22° (d) 5.74° (e) 0.86°
() 38.3° (g) 3.55° (h) 1.775° (i) 66.9°
5. (a) 60° (b) 29° (¢) 68° Ed’) 84.26° (e) 89.14°
51.7° (g) 86.45° (h) 88.22° 1) 23.1°
§27. Page 47
1. (a) z = 6.10 (b) O « 54° (¢c) r = 304 (d) 0 = 4.92°
0 = 61.7° r = 21.8 y - 44.5 & = 8.08°
2. (a) 2.5 () 10.39 c) 44 d) 43.9
Ee) 25.4 (N 44.2 %yg 17.69 Eh; 17.0
3. (a) 5.86° (b) 55.8° (c) 83° (d) 59°
4. (a) 35.4 (b) 80.7 (¢) 31.9 (d) 202
5. (a) 0.978 (b) 6.02 () - 9.14 (d) 16.45
§29. Page 50
1. € = 75° 9. A = 27.07°
b = 35.5 a = 24.4
¢ = 53.3 c = 53.6
2, C = 55° 10. B = 17.88°
= 70.7 b - 26.9
a = 56.1 ¢ = 87.6
3. C =1232° 11. A =~ 36.9°
b = 2260 B = 53.1°
¢ = 2600 b - 8O
4. C = 55.34° 12. A - 43.3°
b =25 B - 48.7°
¢ = 664 b « 0.662
5. B = 51.33° 13. B = 37.32°
¢ = 81.0 a = 5570
b = 63.2 ¢ = 7010
6. A = 21.17° 14, B = 34.4°
b = 1884 A = 55.68°
¢ = 2020 a = 4.22
7. B = 26° 15. A = 55.3°
a = 410 B = 34.7°
¢ = 456 a = 740
8. B = 46,5° 16. A = 60.1°
a = 7.71 B = 20.9°
b =8.12 b - 209
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0.142,
7.03,
a) 13.50°
4.69°
(k) 74.95°
3. (a) 76.5°
Ej% 85.3°
k) 15.05°
Erx 28.55°
d) 51.7°
1. A = 31.3°
B = 58.7°
c = 23.7
2. A = 41.05°
B = 48.95°
c = 153.8
3. 4 = 65°
B = 25°
¢ = 55.2

d

4

31.3°
58.7°
23.7
41.05°
48.05°
153.8
65°
25°
55.2
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§29. Page 50

17. B = 35.3° 24. B = 4.15°
C = 84.7° C = 100.85"
¢ =138 c = 40.7
18. A = 87.8° 25. B = 31.35°
' = 41.1° a = 30.5
a =117 b = 18.57
19. Impossible 26, A = T79.15°
20, B = 28.6° a = 0713
¢ =90° b = 0.1367
b = 4.79 27, A = 68.43°
21, 4 =17.9° b = 0.325
C = 53.1° ¢ = 0.883
a = 0.076 28, 160.7 yd.
22, b =279 29, 7.07
¢ = 284 30. 35.3°
' - 100.83° 31. 1265 ft.
23 o= 1238 32. 1029 yds.
B = 3.31°
(' = 116.69°
§30. Page 52
0.515, 1.907, 0.0177, 3.55, 19.1, 1.09
1.94,  0.524, 56.40, 0.282, 0.0524, 0.918.
(b) 38.15° (c) 42.60° (d) 28.37° (e) 3.38°
(9) 23.36° (h) 2.465° (1) 0.855° (j) 20.5°
@ 77.01° (m) 86.63° (n) 45.85° (o) 50.95°
(b) 51.85° (c) 47.40° (d) 61.63° (e) 86.6°
(g) 66.6° ?’!} R7.54° () 89.145° (7) 69.5°
() 12.00° m) 3.37° (n) 44.15° (n) 39.05°
(b) 24.09° (c) 63.4°
(e) 50.2° (f) 83.14°
§32. Page 55
4, A = 33.15° 7. A = 45°
B = 56.85° B - 45°
¢ = 409 ¢ = 18.67
5. A = 39.5° 8. A = 30.6°
B = 50.5° B = 59.4°
c = 44 c = 825
6. A = 67.38° 9. 4 =3.7°
B = 22.62° B = 86.3°
¢ =13 £ =48
10. 50°
§33. Page 56
4. A = 33.15° 7. 4 = 45°
B = 56.85° B = 45°
c = 499 c = 18.67
5. A = 39.5° 8. 4 = 30.6°
B = 50.5° B = 50.4°
c =44 c = 825
6. A = 67.38° 9. A = 3.7°
B = 22.62° B = 86.3°
¢ =13 c =4
11. 18.8, 20° 12. 19.02, 25°

1ne
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§34. Page 58
1. A = 119.9° 4, B = 30.2° 7. 4 = 121.1° 11. 10 and 4.68
B = 31.1° C = 78.8° C =24° 12, 4.93 mi.
¢ = 52.0 a = 3.21 b = 0.0828 13. Lat. = 218 ft,
2, A = 49.05° 5. A = 100.95° 8. A =77.2° Dep. = 478 ft.
C = 79.15° C = 33.05° B = 43.5°
b = 104 b =198 ¢ = 14.99
3. A = 55° 6. A = 46.4° 9. B = 13.38°
B = 40.4° ¢ = 6.4° C = 28.32°
¢ = 285 b =7.43 a = 7420

§35. Page 60

L A = 106.77° 4. A = 49.2° 7. A = 44.6° 10, 51.9°
B = 46.9° B = 37.6° B = 49.5° 59.4°
C = 26.33° ¢ = 93.2° C = 85.9° 68.7°
2, A = 27.35° 5. A = 106.3° 8. A =83.7° 11, 72.58°
B = 143.1° B = 37.9° B = 59.3°
C = 0.55° C = 35.8° C = 36.9°
3, A = 524° 6. A = 48.2° 9. A =53.1°
B = 59.4° B = 58.4° B = 59.5°
C = 068.2° C = 734° C = 67.4°
§36. Page 62
1. B, « 66.1° 3. 4, =70.3° 5. By = 45.3°
¢, = 58.5° B, = 57.3° C, = 99.1°
¢ = 18.6 by = 28.8 ¢ = 300
By = 113.9° Az = 109.7° B = 134.7°
C: = 10.7° B: = 17.9° C: - 9.7°
¢z = 4.08 by = 10.51 cz = 51.1
2, B, - 16.72° 4, A, - 69° 6, A, = 51.3°
Ay = 147.46° ¢, = 67° () = 88.7°
a = 35.5 ay = 6.93 e o= 21,900
Bg - 163.28° le - 23° .'13 = [28.7°
Az = 0.9° Cz = 113° (2 » 11.3°
ag = 1.04 az = 2.91 ez = 4200
7. p = 3.13; (a) none, (b) 2, (c) 1
§37. Page 64
1. 30.5 7. 5.26 13. 2.04 19, 38.2
2. 0.36 8. 254 14, 0.720 20. 0.00319
3. 4.6 9, 0.0679 15. 4.25 21, 0.001086
4, 24.2 10. 0.267 16. 1.225 22, 50.9
5. 14.23 11. 1.35 17. 0.0771 23. 0.01375
6. 16.79 12, 16.47 18. 0.0963 24, 0.0432
25, (a) 0 = 24.94° () y = 0.0731 (e) y = 2580 (d) y = 253
a - 40.15° 6 = 4.485°
() v = 11.45 (f) v = 0.0885 (9) v = 0.638 (h) B = 4.13°

() 16.43°



1. (a) 0.0247
2. (a) 1.044°
3. (a) 0.0627
4. (a) 1.696°
5. (a) 15.02

6. 0.0597, 0.0597, 16.75, 16.75
7. 0.000977, 0.000977, 1023, 1023
8. 0.004306, 229, 229, 0.00436

9. (a) 60°,
10. (a) 0.0209
(f) 55.5
(a) 1.338
(f) 1.100

11.

1. B = 70°
a = 27.4
b = 752
2, B =80°
a = 529
z = 30.5

= 15°
b =214
c = 828

4. A = 30.3°
B = 59.7°
¢ = 20.0

= 29°

I} = 46.6°

C = 104.4°

1.z = 368,y = 10.36 LA
r =324,0 = 55.6°

w = 180, 0 = 43.2° 6

2. 16, 20°
3. 20, 25°
4, 2.4, 0.7

1. 677
2. 173.4
3. 1204
4. 415
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§ 38. Page 67
(b) 0.01454 (e) 0.0436 (d) 0.0466
(b) 2.65° (c) 4.96°
(b) 0.000627  (c) 0.627 (d) 6.27
(h) 16.96° (e) 0.01696°
(b) 7.59 (¢) 0.00000548 () 50.6
(b) 135° (c) 2.5° (d) 1° (e) 150°
(b) 0.0846 () 5.40 () 20.0 (e) 0.0400
(b) 0.578 (e) D.8141 (d) (1,640 (e) 0.588
() 0.603 (h) - 0.946
§40. Page 69
6. A = 74.6° 11. A = 54.6° 16. A = 69°
B « 47.8° B = 47.8° a = 3320
' = 57.6° b = 50.5 ¢ = 7480
7. B = 54° 12, A4 = 40.9° 17. B = 24.8°
a = 0.588 C = 59.9° b = 38,900
b o= 0.809 b = 77.1 A = 27.6°
8. (' = H5.3° 13, A = 40.4° 18. 4 = 45,2°
b = 568 B = 53.6° B = 101.4°
c = G64 C = 72° C = 33.4°
9. C = 123.2° 14. A = 34.8° 19. 81.4°
b = 2050 B = 86.4° 20. 5 ft., 2.34 ft.
¢ = 2360 C = §58.8° 21. 26.2 sec.
10. I3 « 590.1° 15. € = 72,2° 22. 47.9° E. of N.
a = 33.8 A = 51.3° 23. 84.1°
¢ = 18.51 ¢ = 052 24. 21.65 ft.
§41. Page 71
r = 10.79 b, 10, z = 9.25, 0 = 27°
v = 26.7 Ib. G = 0.0063
.1 =781, 0 = 74.2° B = 0.0491
7. 4.5, 126.9° 11, z = 14.42, B = 0.0551
8. 206.6° G = 0.0422
0. m =894
n = 4.47
§43. Page 75
5. 41.7 9. 10.910 ft,
6. 376 10. 284 ft., 291 ft.
7. 382 11. 564 ft., 708 ft., 246 ft.
B. RO.3 ft. 12, 7.87 mi.
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§45. Page 78
1. 0.2, 0.8, 0.9615
2. (a) 0.0625 (b) 0.284 (c) 64.5 (d) 0.513
(e) 1.330 (f) 0.860 (g) 0.9860 (h) 1.0510
§46. Page 81
1. (a) 20.1 (¢) 1.03562 (i) 0.0854
(b) 0.0498 (f) 0.9656 (j) 34.8
() 1.492 (g) 3.827 (k) 0.9740
(d) 0.870 (h) 0.2613 (1) 1.0890
2, (u) 8.33 (d) 0.8090
(b) 0.1200 (e) 1.02143
(¢) 1.2361 (f) 0.9790
3. (a) 54.6 (d) 1.0216 (g) 0.9817
(b) 3640 (e) 0.0334 (h) 0.00203
(c) 1.537 (f) 0.8496
4, (a) 2.028 () 0.4321 (k) 1.781
(b) 0.493 (g) 9.36 ( 0.561
(c) 0.6553 (h) 0.1069 (m) 25.0
(d) 1.526 (1) 0.686 (n) 25.95
(e) 2.314 (j) 1.458 (o) 2.201
5. (a) 0.680 (d) 0.239
(b) - 1.090 (e)—1.061
(c) 1.878 (f)-0.0566
6, 17.33 seconds.
7. (a) 1.238 (d) 0.822
(b) 6.25 (e) 1.155
(c) 0.887 (f) 0.558
8. 1 = 1202 (t., 8 = 53.0 ft.
§47. Page 83

1. 4, 25, 49, 64, 0.25, 0.04, 0.0204, 0.015625

2. 0.76486, 0.626, 0.405, 1.308, 1.598, 2.47

3. 0.3333, 1.1161, 0.8960, 1.01105, 0.98908

4. 9, 0.1111,16, 0.0625, 36, 0.0278, 81, 0.0123, 166.4, 0.00601
5. 0.9434, 1.791, 0.5584, 339, 0.00295

6. 10, 0.7943, 1.259, 0.97724, 1.0233

7. 5, 0.2, 1.1746, 0.8513.

8. 0.5927, 1.687, 0.00535, 187, 0.9490, 1.0537
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§48, Page 87
1.0474, 1.589, 0.00975
a) 1.0550, 0.9479, 0.5857
b} 48.6, 0.0200, 1.0396
¢) 0.576, 0.00403, 1.0567
d) 0.283, 1.01269, 3.53
1.707 12, 1.01736 21, 3.00
2.534 13, 0.842 22. 0.333
. 1.475 14. 0.0492 23, 4.14
0.9646 15, 2.380 24, 0.242
0.0273 16. 0.8205 25. 2.23
36.7 17. 0.9437 26, 0.9365
11.4 18. 329 27. 0.0764
0.0879 19. 0.9707 28. 1.2034
1.1874 20. 0.0532 29, 3.803
(a) 0.0169, (b) 0.13, (c) 0.542
§49. Page 88
. 6.21, 3.91, 0.693, 0.3365, 0.0421
. - 6.21, - 3.81, - 0.603, - 0.3365, - 0.0053, - 0.0198
. 20.1, 1.350, 1.0305, 0.0498, 0.741, 0.9704
. (1) 4.33 (d) — 0.1744 (g) - 0.0954
(b) 2.08 (¢) — 1.93 (h) 0.358
(0) 2.22 (H -0.1132 (1) 0.0421
(a) 30.0 (d) 0.608 (g) 0.347
(b) 1.405 (e) 0.577 (h) 9.21
(e) 0.1755 (f) 2.88 (£) 0.893
(a) 1.386 (b) 0.25, 1.1488, 0.8705, 1.01396, 0.98623
§50. Page 89
2.365 11. 2.303
1.333 12. 0.1386
5 13, - 4.57
- 0.508 14. - 24.3
0.0899 15, — 44.7
0.52 16. 2.29
1.4346 17. 103.2
4.695 18. 0.00647
. 5.585 19, 3.11, 4.24, - 0.0339, — 1.095, — 2.57
1.762 20, 0.479, — 4.9, - 5.77, 0.0708
§52. Page 92
20 10. 0.856 19, 1.0989 28, 6.35
2.864 11. 0.2119 20. 1.53 29. — 1.988
2.1556 12. 0.00435 21. 0.791 30. - 0.3356
2.335 13. 0.5805 22. 0.524 31. - 6.55
. 1935 14. 0.9471 23, 49 32, - 707
. 0.7275 15. 9600 24, 0.847 33. 1.253
0.058 16. 2.5 25. - 0.379 34, - 0.467
0.752 17. 1.096 26. 1.541 35. 0.23
0.9846 18. 36 27. 17.54 36. 48
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§53. Page 94
1. (a) 5.86 x 108 (1) 4.70 x 1071 () 9.1 % 107
(b) 6.75 x 105 (¢) 28 x 107 (h) 4.95 x 108
(¢) 6.23 x 1072 (f) 2.76 x 10° (1) 8.645 x 10-3
2. (a) 1.8 x 107 (¢) 2.7 x 1073 (e) 8 x 10¢
(b) 3.43 x 1077 (d) 2.45 x 104 () 2x 10
3. (a) 6.91 x 1077 (c) 8.48 x 104 (e) 1.288 x 101
(1) 0.04 x 10 (d) 2.37 x 108 (/) 1.781

. (@) 4.31 % 107

(B 1.17 x 108

(c) 5.03 x 104
(d) 3.8

(e) 2.38 x 10
(N 3.425 x 102

5. 5.88 x 10'? mi.
§54. Page 95

1. 2.49 % 108 S. (a) 5.56 % 10* 6. (a) 4.31 x 105 8. 36.9
2,223 x 10 (b) 4.42 x 108 (b) 3.44 x 10#¢ 9. 5.74
3. 5.52 x 10~M (c) 2.24 x 101 (¢) 1.0061 10. 5.76
4. 0.81 (d) 0.797 (d) 1.0067 11. 0.00283
7. 4.467
§55. Page 99
1. 1.0020, 0.9157, 2.411, 0.415
2. 1.07, 0.9345, 1.00677, 0.99323
3, 1.0233, 0.9772, 1.00231, 0.99769, 1.000231, 0.000769
4. 1.007, 0.993, 1.0007, 0.0993
5. 1.0305, 0.9705, 1.0325, 0.9685
6. 1.499, 0.667, 1.4966, 0.668
7. 1.049, 1.00478, 1.000478
8. 0.9762, 0.99760, 0,999760
9. (@) 1.3037, 1.0269, 1.002656, 1.0002656

(b) 0.7652, 0.9736, 0.99733, 0.999733
1.0000417, 0.9999583, 1000417, 0.999583, 1.00416, 0.99583, 1.0427, 0.9592,
1.517, 0.659

._.
e

§56. Page 101

1. (a) 0.605, 0.07278, 0.0472, 976.9
(b) 0.001736, 0.00012235, 104.66, 1.0138
(¢) 0.0004077, 33.75, 4.77, 0.044327
(d) 2.747, 216.46, 0.0002639, 0.00020256
2. 0.001912, 96.53, 0.00010451, 0.0007775, 4032, 115.8, 0.027218, 12.61, 160,
0.00023474,
3. 0.9968, 1.006, 0.992, 1.001, 0.010017, 99.58

§57. Page 102

1. 11.9 9. 0.5769 17. 1.78
2. 1.281 10. 0.561 18. 318
3. 0.1755 11, 2.88 19. 2.382
4. 0.698 12, 0.347 20. 1.254
5. 0.285 13. 0.914 21. 2.99
6. 0.882 14, 0.916 22. 2.05
7. 2.06 15. 0.9607 23. 0.45
8. 1.783 16. 0.996 24, 0.1613
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A F

Accuracy, 6, 104 Folded seales, 12, 22
Ambiguous case, 61
Antilogarithm, 40

Applications, 10, 73, 110 G
Area of circle, 33 Gauge points, 33

B H
Body, definition of, 7 Hairline. definition of, 7

Historical notes, 113
Hyperbolie functions, 82

C
5 i I
Characteristie, 40
Cirele, area of, 33 Index, 7, 9
Combined operations, 25, 34, 37, 62, Indieator, definition of, 7

110 Inverse, 22
Complementary angles, 41 Inverted seales, 22, 105
Construetion of the slide rule, 7, 103
Cosecant, 41, 53

Cosine, 41, 44, 59 L

Cosines, law of, 50

Cotangent, 41, 51 Legends, 43, 45, 51, 78, 81, 88
Cubes, cube roots, 36, 107 Logarithms 40, 87, 103

antilogarithm, 40
characteristic, 40, 103
D mantissa, 40, 103
to any base, 88
Degrees to radians, 65 to the base e, 87
Division, 9, 104 Log Log seales, 77, 101, 110
numbers beyond range of, 94-99

E M
Lquivalents, 21 Mantissa, 40, 103
Error, relative, 104 Mated seales, 77
Exponents, see Powers Multiplieation, 7, 104
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Oblique triangles

ambiguous case, 61

law of cosines applied to, 59
Opposite, definition of, 7

P

Percentage, 10

Powers of e, 78
of any number, 82, 84
of ten, 93

Proportions, use of, 15
Applied to Log Log Scales, 90
forming from equations, 19
involving C1I scale, 24
trigonometrie, 41

R

Radians to degrees, 65
Raising to a power, 82
Rates, 10
Reading the scales, 3
Reciproeals, 22, 41, 77, 100
Red numbers, 44, 52
Right triangle,

relation in, 41

solution of, 49

two legs given, 53, 55

S
Scales,
A and B, 30, 106
b g

D, 3, 103

INDEX

CF and DF, 12
CI and CIF, 22,105
K, 36, 106
L, 40, 103
LL, 77,110
LLO, 77
S and SRT, 42, 52, 65, 107
T, 51, 52, 107
Secant, 41, 53
Sine, 41, 42
small angles, 65
Sines, law of, 47
application of, 47, 53, 61
Slide, definition of, 7
Small angles, 65
Squares, 30, 107
Square roots, 31, 107
Supplementary angles, relations
between, 41

T

Tangents, 41, 51

law of, 58

small angles, 65
Triangles, solution of, 68
Trigonometry, 41
Trigonometric formulas, 41

definitions, 41

seales, 42, 51, 107

summary, 68

Vectors, 69
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