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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, however, the
subject matter is so presented that the beginner uses two general
principles while he is learning to read the scales and perform the
simpler operations. The mastery of these two principles 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 Chapter II, they are applied to simple prob-
lems in multiplication and division; in Chapters IIT and IV they
are used to solve problems involving multiplication, division,
square and cube root, trigonometry, and logarithms of numbers.

More and more today machines are doing the work which
was carried out laboriously in earlier periods by hand methods.
One of the simplest of these modern instruments is the slide rule.
[ts great value consists in the fact that a large number of opera-
tions can be carried out on it in a fraction of the time required by
other methods. The results obtained, being accurate approxi-
mately to three figures, are good enough for a great many purposes.
In any case, they serve as a check on work done by other methods.
The slide rule, perfected by three centuries of use, easy to under-
stand, easy to operate, has come to be widely used in recent years
and its popularity is increasing rapidly.
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CHAPTER I
MULTIPLICATION AND DIVISION

1. Introduction. This pamphlet is designed to enable any in-
terested person to learn to use the slide rule efficiently. The beginner

. should keep his slide rule before him while reading the pamphlet,

should make all settings indicated in the illustrative examples, and
should compute answers for a large number of the exercises. The
principles 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.* Everyone 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 a 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

0 1 s o R L g M AR

F1a. 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. On the ten-inch rule these are numbered be-
tween 1 and 2 but not elsewhere. On the five-inch rule no second-

ary marks are numbered.

*The desceription here given has reference to the ten-inch slide rule. Fiowevz.
anyone having a five-inch rule or a rule of different length will be able to un-
derstand his rule in the light of the explanation given.

3




4 MULTIPLICATION AND DIVISION [CHaP. I

Fig. 2 shows the secondary marks lying between the primary marks
of the D scale. On this scale each italicized number gives the read-
ing to be associated with its corresponding secondary mark. Thus,

o4 1 ¢4 T Lneadenna J;HLTT"WWTW‘

Fic. 2.

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 second 32, ete. Between the primary marks numbered 1 and 2
the secondary marks are Numbered 1,2,...,9. Evidently the read-
ings associated with these marks are 11, 12, 13, .45:19. Finally
between the secondary marks, see Fig. 3, appear smaller or tertiary
marks which aid in obtaining the third digit of a reading. Thus

D zna sei3axaifan

Scale D

F10.8.

between the secondary marks numbered 22 and 23 there are 4 terti-
ary marks. If we think of the end marks as representing 220 and 230,
the four tertiary marks divide the interval into five parts each repre-
senting 2 units. Hence with these marks we associate the num-
bers 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 num-
bered 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 represents five units. Thus the primary
mark between the secondary marks representing 41 and 42 is read
415, that between the secondary marks representing 55 and 56 is
read 555, 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 to the 415 next mark is read 417. The prin-
ciple illustrated by these readings applies in all cases.

Sy P ——

4 oY,

‘
1

§2] READING THE SCALES 5

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 figure a.  The second
figure from the left, namely 4, tells us that the position lies

c ? 3 i
2 ] f iy

F16. a.

Letween the secondary marks associated with 24 and 25.  This region
is indicated by the brace in Fig. b. Now there are 4 marks be-
.—-.

6, PR P ETEREy WEEGw !f‘| 1 ot
ol L 2 G s 5lellsl ‘Jz 1 i [l ij
. Fic. b.

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

H 246
c 2 3 4 5 7. o8 @ *
D 1 2 3 4 5 s I 8 e
FiG. c.

Thus the position representing 246 is indicated by the arrow in
Fig. ¢. Fig. abe gives a condensed summary of the process.

246 LIES BETWEEN 240 AND 250

LR =
%, il 59 T
F1a. abe.

It is important to note that the decimal point has no bearing upon
the position associated with a number on the €' and D scales. Con-
sequently, the arrow in Fig. abc may represent 246, 2.46, 0.000246,
24,600, or any other number whose principal 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
digits should be read; the first three will be exact and the last one



6 MULTIPLICATION AND DIVISION [CHAP.1

estimated. No attempt should be made to read more than three
digits for positions to the right of the primary mark numbered 4.

While 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 4, B, C, . . . and compare his readings with the

Fic 4.

following numbers: A 365, B 327, C' 263, D 1745, E 1347, F 305,
@207, H1078, 1435, J 427.

3. Accuracy of the slide rule. From the discussion of §2, it
appears that we read four figures in a result on one part of the D
scale and three figures on the remaining part. This means rough-
ly an attainable accuracy of 999 partsin 1000. The errors made
in reading a scale are nearly proportional to the length of it asso-
ciated with a given range of numbers. Hence we associate with a
five-inch D scale an aceuracy of 499 parts in 500, with a twenty-
inch D scale an accuracy of 1999 parts in 2000, and with a hun-
dred-inch D scale an accuracy of 9999 parts in 10000. The accu-
racy obtainable with a ten-inch rule, or even a five-inch rule, is suf-
ficient for many purposes; in any case the slide rule result serves
as a check.

4. Definitions. The central sliding part of the rule is called
the slide, the other part the body. The glass runner is called the
indicator 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 index of the scale. 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 oppostte if, without
moving the slide, the hairline may be brought to cover both positions
at the same time.

% On the D scale of the five-inch rule the smallest interval between 1 and 2 has a value of 2 in the
in the third place, between 2 and 5 a value of five in the third place, and between 5 and 10, a value
of 10in the third place, or 1 in the second place.

nn

—r

i .

§5] MULTIPLICATION J i

5. Multiplication. The process of multiplication may be per-
formed by using scales C 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.

Fi1a. 65 (a).

o .

IMADE N UBA.

OF

A T YN A
L LA L) L L L e

thilieh

-

o G O S I

R e s ey S i Gl SO S B Mtk 65 i)
F1c. 5 (b).

Fig. 5(b) shows the rule set for multiplying 2 by 4 and Fig. 5(a)
shows the same setting in skeleton form. 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 Tig. 6(a) for the setting in skeleton form and Fig. 6(b) for a
photograph of the setting.

F16. 6 (a). -
Pt T
MADE I USA,
& 7l e
LTI S JOFIO TR R TATR APPYIOST A RO ARR EEAAN |.|.2
g L AMAMNAN AN
b i L ! y i
R 0 b B A il pi eI
HEHERS

F1a. 6 (b).
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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(a) and TFig. 7(b))

283

|c} L1 |
|Di LLLLLL;LLLL i ? ‘Llll|||3|z J; T-L ATL {?l‘

675 474

F1c. 7 (a).

Cl T s
}mlmmmlun?nnqulunquJnulnull"wImI:thrI;Iu?:hhhl |i||\||||?
c
m
T .....\..{E.,..‘.’..4.".';'.';'.'.‘7.'.;"'.=.! T OaLaeR e
2 J 4

{
ot o el i bl Nl Bl e sl (el

YT PTTTYOTS FPRVIPYO0L A

F1e. 7 (b).

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
thatitisnearto3 x 16 = 48. Hence the answer is47.4.
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 to the second number
on the C scale, and read the answer under the hairline on the D scale.

The decimal point is placed in accordance with the result of a rough
calculation.

: EXERCISES

1.3 22 8. 2.03 x 167.3.
2.3.5x2. 9. 1.536 x 30.6.
3.5 %2 10. 0.0756 x 1.093.
4. 2 x 4.55. 11. 1.047 x 3080.
5. 4.5 %/ 1.5: 12. 0.00205 x 408.
6. 1.75 % b.5. 13. (3.142)2,

7. 4.33 x 11.5. 14. (1.756)2,

§7] DIVISION 9

6. Either index may be used. It may happen that a product
cannot be read when the left index of the C 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 €' scale in
place of the left, or use the following rule: when a number is lo be
read on the D scale opposite a number of the C scale and cannot be
read, push the hairline to the index of the O scale inside the body and
draw the other index of the C scale under the hairline.* The desired
reading can then be made.

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, i

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 5. i 5. 0.0495 x 0.0267:
2. 3.05 x 5.17. 6. 1.876 x 926.
3. 5.56 x 634. 7. 1.876 x 5.32.
4. 743 % 0.0567. 8. 42.3 x 31.7.

7. Division. The process of division is performed by using the
C and D scales.
To divide 8 by 4 (see Figs. 8(a) and 8(b) ),
push hairline to 8 on D,
draw 4 of C under the hairline,
opposite index of C read 2 on D.

[o] r
;

Fic. 8 (a).

{ o

*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.
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. T
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W T e G
ey ST
o
F1c. 8 (b).
To divide 876 by 20.4, s

push hairline to 876 on D,
draw 204 of C under the hairline,
opposite index of C' read 429 on D.

'.I‘he 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.

Bule. 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
s_cale. 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. 6. 2875 + 37.1.
2. 3.75 +0.0227. 7. 871 +0.468.
3. 0.685 + 8.93. 8. 0.0385 + 0.001462.
4, 1029 + 9.70. 9. 3.14 +2.72
5. 0.00377 + 5.29. 10. 3.42 = 81.'7:

8. 'Simple applications. Percentage. Rates. Many problems in-
vollvmg percentage and rates are easily solved by means of the slide
rule.

One per cent (1%) of a number N is N x 1/100; hence 5% i

H of Nis
N x 5/100, and, in general, p9% of N ispN /100. H i
s , and, , 2% pN /100. Hence to find 839,
to 1872 on D set right index of C,
push hairline to 83 on C,
at the hairline read 1554 on D.
80

Since (83/100) x 1872 is approximately 100 X 2000 = 1600, the

answer is 1554.

AT

§8] SIMPLE APPLICATIONS 11 ‘

To find the answer to the question “M is what per cent of N7’ 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 C under the hairline,
opposite index of C read 471 on D.

The rough calculation 920(%) = 45 shows that the decimal point should
be placed after the 7. Hence the answer is 47 A%

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

have
d=rt,orr=i,ort= -@
t r )
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 C 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. Find (a) 86.3 per cent of 1826.
(b) 75.2 per cent of 3.46.
(¢) 18.3 per cent of 28.7.
(d) 0.95 per cent of 483.

2. What per cent of
(a) 69 is 187
(b) 132 is 85?7
(¢) 87.6is 192.8?
(d) 1027 is 287
3. Find the distance covered by a body moving
(a) 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.
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4. At what rate must a body move to cover
(a) 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.

(c) 25,000 miles at 77.5 miles per hour.

9. Use of the scales DF and CF (folded scales). The DF and
the CF scales are the same as the ' and the D 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 setting
of the slide, a number M of the C scale is opposile a number N on
the D scale, then the number M of the CF scale is opposite the number N
on the DF scale. Thus, if the learner will draw 1 of the CF scale
opposite 1.5 on the DF scale, he will find the following opposites on
the CF and DF scales e

and the same opposites will appear on the (' and D scales.

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 so, he can generally read the required number
on the DF scale opposite N on the CF scale. For example to find
2 x 6,

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;

§9] USE OF SCALES DF AND CF 13

or
to 617 on DF set index of CF,
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 CF under the hairline,
opposite the index of CF read 0.912 on DF;
or :
push hairline to 768 on DF,
draw 843 of CF under the hairline,
opposite the index of C read 0.912 on D.

It now appears that we may perform a multiplication or a
division in several ways by using two or more of the scales C, 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 a number by = ( = 3.14 approx.) is based
on the statement: any number on DF is = times its opposite on D,
and any number on D is 1/= ( = 0.318) times its opposite on DF.
For example:

push hairline to 5 on D,

at the hairline read 15.71 ( = 5x) on DF,
push hairline to 5.32 on DF,

at hairline read 1.693 ( = 5/) on D.

EXERCISES

Perform each of the operations indicated in exercises 1 to 11 in four ways;
first by using the € and D scales only; second by using the CF and DF scales
only; third by using the €' and D scales for the initial setting and the CF and DF
scales for completing the solution; fourth by using the O'F and DF scales for the
initial setting and the € and D scales for completing the solution.

1. 5.78 x 6.35. 9. 0.0948 + 7.23.
2, 7.84 x 1.065. 10. 149.0 + 63.3.
3. 0.00465 + T73.6. 11, 2.718 + 65.7.
4. 0.0634 x 53,600. 12. 783 .

5. 1.769 + 496. 13. 783 + 7.

6. 946 + 0.0677. 14. 0.0876 =.

7. 813 x 1.951. 15. 0.504 + .

8. 0.00755 + 0.338. 16. 1.072 + 10.97.




CHAPTER 11 ]

THE PROPORTION PRINCIPLE AND
COMBINED OPERATIONS

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

2.6 2 7 a_c

PEwUs 1178
are proportions. We shall at times refer to equations having such
forms as

as proportions.

An important selting like the ome for multiplication, the one for
division, and any other one that the operator will use frequently should
be practiced until it is made without thought. Bui, in the process of
devising the best seltings to obtain a particular result, of making a
setting used infrequently, or of recalling a forgotien setting, 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 scale 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 1
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. TFor example

25
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draw 1 of C opposite 2 on D (see Fig. 1) and find the opposites
indicated in the following table:

C’(orCF)“ 1 ‘ 1.5']2.5‘ 3 ' 4 ’ 5 ‘
D(orDF)“Z'3|5’6’S‘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, if both numerator n and denominator d of a
ratio in a given proportion are known, we can set n of the C scale opposite
d on the D scale and then read, for an equal ratio having one part
known, its unknown part opposite the known part. We could also
begin by setting d on the C seale 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.
For example, let it be required to find the value of z satisfying

z 9

5_6' L 7 ] (1)

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.

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.

For convenience we shall indicate the settings for solving (1) as

follows:

56

Lc 'T|||rl Ill?
&& ;lll[lllls| L i l

72

F1a. 2.
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C (or CF) set 7 opposite 56 -
2
D (or DF) to 9 .read z ( = 72)
C (or CF) set 9 read z (= 72) )
3
D (ox DF)" |' to 7 opposite 56

The letter at the beginning of a line indicates that all numbers
on that line are to appear on the scale designated by that letter,
and any pair of numbers set opposite each other in the frame are to
appear as opposites on the slide rule.

To find the values of x, y, and z defined by the equations

g 648 2 416 - &
D' 529 4.3 y 183.4°

we 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 x = 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. The
setting may appear simpler when written in the following form
analogous to (2):

¢

D

set 3.15/read  ( = 2.59)| opposite 57.6 |read z (= 109.2)

read y (= 96.7)

(4)

to 5.29 | opposite 4.35 opposite 183.4

When an answer cannot be read, apply the italicized rule of §6.
Thus to find the values of  and y satisfying

€. & 145 &%

DY 587 97.6 y

§11] USE OF PROPORTIONS 1T

to 976 on D set 1456 of C'; then, since the answers ecannot be read,
push the hairline to the index on (7, draw the right index of ' 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 €' 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 x and y satisfying the equations

C (or CF) 4.92 1 y

D (or DF) ° r  3.23 13.08°
to 323 on D set left index of C;

opposite 492 on CF, read x = 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
to the last example, the difference between the first digits was great,
the CF 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.
£ il
3

7.83

- RS 1
*1.804 25 0.785

1.

T Y 5.28 2.01

- — i ————— =3

*0.204 0.0506 =z 0.1034
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x z Y 1.076

12. Forming proportions from equations. Since proportions are
algebraic equations, they may be rearranged in accordance with the
laws of algebra. Forexample, if

o

a

T = ; ’ (1)
we may write the proportion
: z ab
e (2)
or we may divide both sides by a to get
z ab g b
a"a e ®)
or we may multiply both sides by ¢ /z to obtain
cx cab ¢ ab
T 2 "1 @)

Rule (4). 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 written as a factor of the numerator of the other ratio. Thus
(3) could have been obtained from (1) by transferring e from the
numerator of the right hand ratio to the denominator of the left
hand ratio.

For example, to find 16_;;& , Write z = 5—355—2—8 , apply (B) to
AL 1 z.,.28
obtain 1—) . 1_6 = %‘ y
and push hairline to 35 on D,

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

§13] EQUIVALENT EXPRESSIONS OF QUANTITY 19

To recall the rule for dividing a given number M by a second given

apply rule (4) to obtain —‘g : % -

]
N b
and push hairline to M on D,

draw N of C under the hairline;

opposite index of C, read z on D.

number N, write z =

To recall the rule for multiplication, set = = N, apply rule (B)

1

] £ N
to obtain c: 7 s
and to N on D set index of C;
opposite M on C, read z on D.
864 7.48 864

S . -
To ﬁndx1f5= m, use rule (B) to get P —25—5 ’
make the corresponding setting and read = 0.221. The position of
the decimal point was determined by observing that  must be about
1
40

of 8, or 0.2.

EXERCISES

Find in each case the value of the unknown quantity.

86 x 70.8 3.95 x 0.707
Ly ===, 608 - =,

147.5 x 8.76
2. y= 3260 v 7. 2580y = 17.9 x 587.

0.797 x 5.96 0.0879
3.y=—m. 3.0.695=-—T.
B2 ey, o 1 _0.772

y 38 2.85y°
5. 498 = 3952‘3".

. 10. 3.14y = 0.785 x 38.7.

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. =z
144~ no. of sq. in. 3210’

*Tables of equivalents may be found in Engineer’s Manuals and in other places.
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since there are 144 sq. in. in a square foot; hence

to 144 on D, set index of C;

opposite 3210 on D, read x = 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 mo. of naut. mi. oz
6080 ~ no. of ord. mi. _ 28.5

make the corresponding setting and read 2 = 24.7 naut. mi.

EXERCISES

1. An inch is equivalent to 2.54 em. Tind the length in em. of a rod 66 in.
long.

2. The number of meters in a given length is to the number of yards as 171
is to 187. Find the number of meters in a 300 yd. distance.

3. If 7.5 gal. water weigh 62.4 lbs., find the weight of 86.5 gal. water.

4, 31 sq. in. are approximately 200 sq. em. How many square centimecers
in 36.5 sq. 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. cm., find the number of gallons of
water in a bottle which contains (a) 4250 cu. em., (b) 9.68 cu. em., (¢) 570 cu. cm.
of the liquid.

14. The CI (reciprocal) scale. The reciprocal of a number

is obtained by dividing 1 by the number. Thus, % is the recipro-

cal of 2, g (=1=+ % ) is the reciprocal of g , and é is the recip-
rocal of a.

The reciprocal scale CI is like the C, D, and CF scales, respec-
tively, with the exception that it is inverted, i.e. the numbers
represented by the marks on this scale increase from right to left.
A very important consideration may be stated as follows: When the
hairline is set to a number on the C scale, the reciprocal (or Imverse)
of the number is at the hairline on the CI scale; conversely, when the
hairline is set to & number on the CI scale, its reciprocal is at the
hairline on the C scale. By means of the hairline, the operator can
read the opposites indicated in the diagram:

D P —
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L e s
c .1’ 0.5 | 0.25 , 0.2 ‘ 0.125 | 0.1111
(=1/2)|(=1/4)[(=1/5)[(=1/8)|(=1/9)

By using the facts just mentioned, we can multiply a number

or divide it by the reciprocal of another number. Thus to find
2—78‘ , we may think of it as 28 X % and

to 28 on D set index of C;
opposite 7 on CI read 4 on D.
Again to find 12 X 3, we may think of it as 12 + %a.nd

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

When the CT scale is used in multiplication and division, the position
of the decimal point is determined in the usual way.

EXERCISES
1. Use the C'T seale to find the reciproeals of 16, 260, 0.72, 0.065, 17.4, 18.5, 67.1:
2. Using the D scale and the €I scale, multiply 18 by 1/9 and divide 18 by 1/9:

3. Using the D scale and the C'I scale, 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.

4. Using the D scale and the C1 scale, multiply 41.3 by 1/0.207 and divide
41.3 by 1/0.207.
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15. Proportions involving the CI scale. The CI scale may be
used in connection with proportions containing reciprocals. Since

any number a =1 +1 and since LI + 1, we have
a a a
Rule C. The value of any ratio is not changed if any factor of its

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

, ; a 1 4 ' B
be written in the numerator. Thus 3= @ (E) Sl Hence
Sl it I b
if E=bc’ we may write ——W—m if ax = be, we

: b :
may write (170,) e (1(/:17)' A few examples will indicate

the method of applying these ideas in computations.

To find the value of y which satisfies —— 97 0.785 x 3.76, apply

27

0.785

L &
£.27 - (1/3.76)

Rule C to get g :
Since 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 C'I 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 7.89 y = %'L?f;é, use
s y 0.0645 '
Rule (C = =
ule (C) to obtain 0 {17789~ 0.381 °
and push hairline to 645 on D,

draw 381 of ' under the hairline;
opposite 789 on C1, read y = 0.0215 on D.

The position of the decimal point was determined by observing that

. 1 3
.06 is about G of 0.38, that y is therefore atbout(—li of é, or about 0.02.
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To find the values of x and y which satisfy 57.6x = 0.846y = 7,

use Rule (C) to obtain
2 e oy 1 (@)
G - (1/57.6)  (1/0.846) 1
; and to 7 on D set index of C,

opposite 576 on CI, read x = 0.1215 on D,

exchange indices (see § 6.),

opposite 846 on C1, read y = 8.27 on D.

4 EXERCISES
In each of the following equations find the values of the unknown numbers:

ﬁ 75.2

1. 3.31:4.4y=—-1.342.
111
i 2. 76.10 = 3.44y = 55 5 ¢
e 4y_ - 1 B .
3. 1.83z = 5Y— = (162) (1.75)
| 0342 _ y_ 5
! 4 2 65_(139) (0.734).
5. 5.83z = 6.443 =$—0,2804;

6. 3. 42x==1—;§=.17z—6= (2.78) (13.62)s

{ 16. Combined multiplication and division.
' .36 % 8.44
Example 1. Find the value of z——gxz—— .
Solution. Reason as follows: first divide 7.36 by 92 and then
multiply the result by 8.44. This would suggest that we

push hairline to 736 on D,
draw 92 of C under the hairline;
opposite 8.44 on C, read 0.675 on D.

: 18 x 45 x 37
Example 2. Find the value of 3 %20

Solution. Reason as follows: (a) divide 18 by 23, (b) multiply
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the result by 45, (c) 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 C under the hairline,
push hairline to 45 on C,

draw 29 of C 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

w0 about 50. Hence the answer is 44.9.

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 number of the denominator consisted
in drawing that number, located on the C scale, under the hairline;
the process for each number of the numerator consisted in pushing the
hairline to that number localed 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 scales.

Example 3. Find the value of 1.843 x 92 x 2.45 x 0.584 x 365.

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), (b) multiply the
result by 2.45, (c) divide this second result by (1/0.584), (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 584 of CT under the hairline,
push hairline to 365 on C,

at the hairline read 886 on D.

To approximate the answer we write 2(90) (5/2) (610) 300 = 81,000.
Hence the answer is 88,600,

&
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: 0.873 x 46.5 X 6.25 x 0.75
Example 4. Find the value of 712 :

Solution. The following arrangement in which the diﬂeren(.:e
between the number of factors in the numerator and thfe number in
the denominator is no greater than 1 is obtained by applying Rule (C)

of §15: 0.873 X 46.5 X 0.75
7.12 X (1/6.25)

This may be evaluated by (a) dividing 0.873 by 7.12, (b) multiplying
the result by 46.5, (¢) dividing the second result by (1 /6.25), (d) mul-
tiplying the third result by 0.75. Hence

push hairline to 873 on D,

draw 712 of C under the hairline,

push hairline to 465 on C,

draw 625 of CI under the hairline,
" push hairline to 75 on CF,

at the hairline read 267 on DF.

: o142 %6 1.
To approximate the answer write SR

answer 1s 26.7.

= 36. Hence the

A consideration of the examples of this article indicates that
the operator should rewrite the expression to be evaluated so that
its numerator shall contain the same number of factors, or one more
factor than its denominator.

EXERCISES
1375 x 0.0642 % 362
e v " 3,86 % 9.61
45.2 x 11.24 24 1
& 336 10 Seixs21
By e A 1y, 755X 63.4 x 95,
* 4.23 x 50.8 X A X
235
L 3R x354 3.97 _
5 2'22:3'::)(5 19 12 530025 %314
6. 9.21 x 0.1795 x 0.0672. 13. ;;2 X i’éli'
7. 37.7 x 4.82 x 830. -0 X !’)5 ¢ fe
65.7 x 0.835 .3.82><6. X 7.856 X
* TER b 79.8 % 0.0317 x 870

15. 187 x 0.00236 x 0.0768 x 1047 x 3.14.

0.917 x 8.65 x 1076 x 3152
4 7840

16




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. Thus 22=2 x 2 =4,

The A scale is so designed that when the hairline is set to a 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 C
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 C, the number 4 = 22 will be found at the other hairline
onscale B.

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 scale; %et 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 3002 = 90,000, we write 77,300 as
the answer. Actually 2782 = 77,284. The answer obtained on the
slide rule is accurate to three figures.

The area of a circle may be conveniently found when its radius
is known by using the A, B, C, and D scales. If = 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=(=/4)d”=0.785 d? nearly. Hence to find the area
of a circle, .

to index of A set = /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 ft.

to index on A set m/4 on B right;

opposite 175 on D, read 241 on B.

Therefore the area is 241 sq. ft.

26
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EXERCISES

1. 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 108,

2. Find the area of a circle having diameter (a) 2.75 ft.; (b) 66.8 ft.; (¢) 0.753
ft.; (d) 1.876 ft.

3. Find the area of a circle having radius (a) 3.46 ft.; (b) 0.0436 ft.; (c) 17.53
ft.; (d) 8650 ft.

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,\/z =k and\/§ = 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 A right. Similar reference will be made to the
B scale.

Rule. To find the square root of a number between 1 and 10, set
the hairline to the number on scale A left; and read its square root at
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 ils square root 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. Tor example,
set the hairline to 9 on scale A left, read 3 (=4/9) at the hairline
on D, set the hairline to 25 on scale B right, read 5 ( = V/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 belween 1 and 100; then
apply the rule written 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

*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. For a number less than
unity use A left if the number of zeros immediately following the decimal point
is odd; otherwise, use A right.
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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 % 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
V40,000 = 200. Also the left B scale and the C scale could have been
used instead of the left A scale and the D scale.

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

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.2;
(b) 0.0776 ft.2; (c) 3.27 x 107 ft.2

3. Find the diameter of a circle having area (a) 256 ft.2; (b) 0.773 ft.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 scales, 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 3v/3.24 set index of C to 3 on D, push hair-
line to 3.24 on left B scale, read 540 at the hairline on D. Since
3v/3.24 is nearly equal to 3vV4 = 6, the answer is 5.40.

It will be convenient at times to indicate solutions by forms like
the following which indicates a setting for evaluating 34/3.240:

B opposite 3.24 (left)
& Aet gob 1
D to 3 read 5.40

Nole that each number is written on the same line as the letter naming

S
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the scale on which it is to be set, and that numbers in the same vertical
column are to be set opposite each other.

The same plan is used below to indicate a setting for evaluating
85 +1/4290:

B set 4290 (right)
C opposite 1
D l to 85 read 1.297

Computations involving square roots may be considered from the
standpoint of multiplication and division or from that of proportions.

28+/375
369

the multiplication and division principle or we may write

Thus to find the value of » we may compute it directly by

z= 2—836—375 , apply Rule B §12 to obtain

& E_H\/ﬁ >(Bleft) ,

D¢ 28 369
and solve the proportion to obtain the answer z = 1.470.

347
To fnd 2= o X /0.0465
L 347 (1/7.92)
1/0.0465

ing diagram:

» write the equation in the form

and perform the operations indicated in the follow-

B set, 0.0465 (left) ‘
a1 1 opposite 7.92
s to 347 read z = 203

The position of the decimal point was obtained from the fact that
320 + (0.2) 8 = 200.
A second method consists in applying Rule B §12 to get

347

1/ 0.0465

» then applying Rule € §15 to obtain
347

x
(1/7.92) +/0.0465
and solving this proportion to find x = 203,

7.92z =
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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 € 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

2
evaluated conveniently. Thus to find z = (2—4—%3%—0&

A z  (24.6)

B° 0.78 4.39

, Write

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 ¢ and D scales,
but one will find it convenient at times to use the setting just
indicated.

EXERCISES
S 2.38)2 % 19.
1. 42.20/0.328. i (_%J%J.
2. 1.83+/0.0517. Fra e
[ i * 217 2.7)°
3. v/3.28 = 0.212. ) S
4. v/51.7 +108. " 5.34 x/7.02
645
5. 0.763 +/0.0296. 11. 534136
5, 5:66 x (7.487 12. 14.3 x 47.5/0.344.
: 79 13. 20.6 x v/7.89 x /0.571.
y 2.56 x 4.86 14, 7-92_\/7.89,
*T(.365)2 /0571

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 CT scale it is automatically set to the reciprocal
of the number on the C scale and when set to a number on the B scale
it is automatically set to the square root of the number on the C' scale,
he will easily understand that the method used in this article is
essentially the same as that used in §16. The principle of determin-
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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.

/365 x 915
804

Solution. To evaluate this expression, we may think “divide
V365 by 804 and multiply the result by 915.” To set /365 on D,
set the hairline to 365 on A left. Hence

push hairline to 365 on A left,
draw 804 of C under the hairline,
push hairline to 915 on C,

at the hairline read 21.7 on D.

Example 1. Evaluate

The following diagram indicates the setting:

A | opposite 365 (left)

C set 804 opposite 915

D read 21.7
/832 /365 x 1863

Example 2. Evaluate (1/736) x 89,400
Solution. Before making the setting indicated in this solution,

the learner should read the italicized statement in §16, p. 24,

Push hairline to 832 on A left,

draw 736 of CI under the hairline,

push hairline to 365 on B left,

draw 894 of € under the hairline,

push hairline to 1863 on CF,

at the hairline read 8450 on DF.

0.286 X 652 x /2350 x\/5.53
785/1288

Solution. Write the expression in the form

0.286 X V2350 XV/'5.53

Example 3. Evaluate

(1/652) x 785 x /1288

push hairline to 286 on D,
draw 652 of C'I under the hairline,
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push hairline to 235 on B right,

draw 785 of C under the hairline,

push hairline to 553 on B left,

draw 1288 of B right under hairline,
opposite the index of C read 0.755 on D.

w2 x 875 x 278

Example 4. Evaluate W

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.

EXERCISES
7.87 x V377 (2.60)2
I, - T | ltsad TR
2.38 2.17 x 7.28.
86 x V734 xT 5 20.6 x 7.892 x 6.792
775 X /0,685 4.67% x 281

3, 4:25 XV63.5 x\/7.75 5. 189.7 X 1/0.00296 x /347 x 0.274
0.2756 x ™ ¥ Vv2.85 x 165 X T

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 33) 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 at the hairline
on the K scale. To convince 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

Q1.7 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.

21
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EXERCISES
1. Cube each of the following numbers by using the K scale and also by

using the method of combined operations: 2.1, 3.2, 62, 75, 89, 733, 0.452, 3.08,

1.753, 0.0334, 0.943, 5270, 3.85 x108.
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 Lube
is the given number.

Rule. To find the cube root of a number between 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 ils cube root at the
hairline on D. The cube root of a number between 100 and 1000
18 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.

To obtain the cube root of any mnumber, move the decimal point
over three places (or digits) at a time until a number between 1 and 1000
s obtained, then apply the rule written above in ttalics; finally move
the decimal point one third as many places as it was moved in the
original number bul in the opposite direction. The learner may also
place the decimal point in accordance with information derived from
a rough approximation.

For 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 +/27,000,000 = 300.

To obtain v/ 0.000585, move the decimal point 6 places to the
right to obtain v/ 585, set the hairline to 585 on K right, and read

V/585 = 8.36. Then move the decimal pomf = (6) 2 places to
the left to obtain the answer 0.0836.
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EXERCISES

1. Tind 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. By 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.

Example 1. I'ind the value of ;@

Solution. ‘WeH may think of this as a division or write the
proportion %=\2/—:;%.5 , and then make the setting indicated in the
following diagram:

set 2.36 | opposite 1

‘ read z = 3.08

Nl e

opposite 385 (right) ’

5.37v/0.0835
V/52.5

Solution. TEquating the given expression to z and applying
Rule B §12, we write

Example 2. Find the value of

z  V/0.0835
5.37  +/52.5
This proportion suggests the setting indicated in the following
diagram:
|
| C opposite 537
D read = = 0.324
K to 835 (middle)
B set 52.5 (right)
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Example 3. Evaluate

(1.736) (6.45) /8590 v/581

V'27.8
Solution. By using rule (C) of §15, write the given expression in
the form o
/581 (6.45) /8590
(1/1.736) v/27.8
and

set the hairline to 581 on K right,
draw 1736 of CI under the hairline,

. push hairline to 645 on C,
draw 278 of B right under the hairline,
change indices (see § 6),
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.

EXERCISES

1. V73.2 (0.523). 7. (72.3)? x 8.25:;

. i 7(0.213)2
2. 24.3 /0.0661T. 0.0817

3

R EoN __Vi9.22
B Vi O I3 x 0.12
4. 277 +~/661,000. 10, ™V740

4.46 x/28.5

5. V/B3T +v/28 4. 11. 3.83 % 6.26 x +/54.2.

12. 0.437 x\/564 x /1. &.

6. 1/9.80 ++/160,000.
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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 scale, 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 (a) 50; (b) 1.6; (c) 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

Since 50 has two digits to the left of the decimal point, its char-
acteristic is 1.
log 50 = 1.699.

(b) Push hairline to 16 on D,
at hairline on L read .204

Therefore

Supplying the characteristic in accordance with (B), we have
log 1.6 = 0.204.
(¢) 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.
‘ (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.

. =B

-y

CHAPTER IV
PLANE 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 B
side opposite the angle A is designated by a,
the side opposite B by b, and the hypotenuse
by ¢. Referring to this figure, we write the A
following definitions and relations. Fic. 1.

Definitions of the sine, cosine, and tangent:

sine A (written sin A) = % = % )

cosine A (written cos 4) = % = Lg]yi:};_m ,

tangent A (written tan A) = %= %—m .

Reciprocal relations :

. c 1
cosecant A (written ese A) = e Ty
! ¢ 1
secant A (written sec A) = oy
cotangent A (written cot A\. gl |
‘" a tan A

Relations between complementary dngles:

cos A = sin (90° — A),
tan A = cot (90° — A),
cot A = tan (90° — A).

37
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Relations between supplementary angles:
sin (180° — A) = sin 4,
cos (180° — A) = — cos 4,
tan (180° — A) = — tan 4.

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

If in any triangle such as ABC 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:

B

: sinA sin B sinC
Law of sines: = = :
. a b c [ a

Law of cosines: a® = b + ¢ — 2bc cos A.

(=]

b
A + B+ C =180° Fia. 2.

26. The S (Sine) and ST (Sine Tangent) scales. The numbers
on the sine scales S and ST* represent angles. In order to set the
indicator to an angle on the sine scales it is necessary to determine
the value of the angles represented by the subdivisions. Thus since
there are six primary intervals between 4° and 5° each represents
10'; since each of the primary intervals is subdivided into five second-
ary intervals, each of the latter represents 2'. Again since there
are five primary intervals between 20° and 25°, each represents 1
since each primary interval here is subdivided into 2 secondary
intervals, each of the latter represent 30'; as each secondary interval
is subdivided into three parts, these smallest intervals represent 10.
These illustrations indicate the manner in which the learner should
analyze the part of the scale involved to find the value of the smallest
interval to be considered. In general when setting the hairline to
an angle the student should always have in mind the value of the
smallest interval on the part of the slide rule under consideration.

When the indicator is set to a number (angle) on scale S or ST,
the sine of the angle is on scale C at the hairline and hence on scale
D when the indices on scales C' and D coincide.

When scale C is used to read sines of angles on ST, the left index
of C is taken as 0.01, the right index as 0.1. When reading sines
of angles on S, the left index of C is taken as 0.1, the right index as i

*The ST scale is a sine scale, but since it is also used as a tangent scale it is
designated ST
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Thus to find sin 36°26’, opposite 36°26’ on scale S, read 0.594 on
scale C; to find sin 3°24/, opposite 3°24" on scale ST, read 0.0593
on scale C. Fig. 3 shows scales ST, S, and C on which certain
angles and their sines are indicated. As an exercise, read from
your slide rule the sines of the angles shown in the figure and com-
pare your results with those given.

sT cr’lsa' fis' 2°5' 4°50 3
! H ! b3 § !
ee0 | eopst i cao ;
s ! 3 ] T: !SE’EO ; 28!40 v? ! ? !
d § o8 < ¥ g 23 el
! =i —1 -] o @ 4
1 % & m 9 T 0 ga Q.
¢} 28 8 3¢ 38 ¢§
F1aG. 3.
EXERCISE
1. Find the sines of each of the following angles:
(a) 3‘3“-’ (b) 38°. (¢) 3°20". (d) 90°% (e) 87°45'
() Hiogp!] (g) 14°38". (h) 22°25’, () 11°487"; (7) 51°30°,
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27. The T (Tangent) scale. When the indicator is set to an angle
on the T scale, the tangent of the angle is on the D scale at the hairline.
For this reading the left index is taken as 0.1 and the right index
as 1. Thus to find tan 36° push the hairline to 36° on T, at the
hairline read 0.727 on D. To find the co-tangent of 36°, find the
reciprocal of 0.727 to obtain cot 36° = 1/0.727 = 1.376. Also close
the rule, push hairline to 36° on T, at the hairline read cot 36° =

1.376 on C1I.

In finding the tangent of an angle less than 5° 43’ the ST scale
isused. Itisshown in trigonometry that the sine and the tangent
of an angle less than 5° 43’ are approximately equal. Hence, as
far as the slide rule is concerned, the tangent of an angle less than
5° 43’ may be replaced by the sine of the angle. Thus to find
tan 2° 15/, push the hairline to 2°15” on ST'*, at the hairline read

0.0393 on C.

To find the tangent of an angle greater than 45°, use the relation
tan 6 = cot (90° — 0) = 1/tan (90° — 6). Thus to find tan 56°,
close the rule, push the hairline to 34° = (90° — 56°) on T,

and read tan 56° = 1.483 on C1I.
To find angles when their tangents are given, use in reverse the

processes just described.

EXERCISES
1. Fill out the following table:

o] go¢7 L loredse | e aeiil, 107" | 742 16! 87° 47° 28’

tan ¢

cot @

2. The following numbers are tangents of angles. Find the angles.

(a) 0.24. (b) 0.785. . (c) 0.92. (d) 0.54. (e) 0.059.
(f) 0.082. (g) 0.432. (h) 0.043. (9 0.0149. (5 0.374.
(k) 3.72. () 4.67. (m) 17.01. (n) 1.08. (o) 1.232.

3. The numbers in Exercise 2 are contangents of angles. Find the angles.

* The ST scale is a sine scale, but since it is used as a tangent scale it is
designated ST.
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28. Evaluation of trigonometric functions. The values of various
trigonometric functions of given angles are found by expressing
them in terms of sines and tangents and then using the scales S,
ST and T. For this purpose use

cos 6 = sin (90° — 6), cot 6 = tan (90° — ),
sec 6 = 1/cos 6 = 1/sin (90° — 6), csc 6 = 1/sin 6.
In the following exercises the notation
sin”! m, cos™ m, sec™! m, ete.,

will be used to mean: the angle whose sine is m, the angle whose
cosine 18 m, the angle whose secant is m, etc.

EXERCISES

1. Find the cosine of each of the following angles by using the relation
cos ¢ =sin (90° — ¢):

(a) 30°. (b) 38°. (c) 8°20". (d) 90°. (e) 87°45".

(f) 1°35'. () 14°38% 11 (B) 22°25%,,. (9 11°48', . () B51°80’.

2. For each of the following values of z,
(@) 0.5. (b) 0.875. (¢) 0.375. (d) 0.1. (e) 0.015.
() 0.62. (g) 0.062. (h) 0.031. (7) 0.92. (7) 0.885.

find the value of ¢ less than 90°, (A) if ¢ =sin ~'z; (B) if ¢ = cos ~'x.

3. Find the cosecant of each of the angles in Exercise 1, by using the relation

csc P = —.
sin ¢
Hint. Set the angle on 8, read the cosecant on C1I.

4, Find the secant of each of the angles in Exercise 1 by using the relation

SR 1
i tIJ'==<:m|<p'

5, For each of the following values of z,

(a) 2. (b) 2.4. (¢) 1.7. (d) 6.12.  (e) 80.2. 7) 4.72.
find the value of ¢ less than 90°, (4) if ¢ = cs¢ 'z; (B) if ¢ = sec 'z
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20, 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.

Heaiiia Lo alvinbe S T gy ’272 tan 20°

A/17 sin 72° tan 20°

Solution. Use rule C §15 to write

4 2.2 (i)
Push hairline to 20° on T, 6.1
draw 2.2 of C under the hairline,
push hairline to 17 on B right,
draw 6.1 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 ese 17° cos 41°
18 tan 48°/38

Example 2. Evaluate

Solution. . Replacing esc 17° by ﬁ , cos 41° by sin 49°, and
~ 1 j :
tan 48° by tan 42° and using rule C' §15, we obtain

tan 42° x 7.9 sin 49°
18 /38 sin 17°

Hence:
push hairline to 42° on T,

draw 18 of C under the hairline,
interchange indices (see §6),
push hairline to 79 on C,

Draw 38 of B right under the hairline,
push hairline to 49° on S,

draw 17° of S under the hairline,
at the index of C read 0.1655 on D.
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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 CF 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).

EXERCISES

Evaluate the following:

8. 7.1m sin 47° 35"

18.6 sin 36°
sin 21°
0 0.61 ese 12° 15
R
32 sin 18° cot 35° 16
27.5
Jo, 3:1in 61° 35" cse 15° 18",
4.9 tan 38° cos 27° 40’ cot 20°
* sin 45° 307
1 L] ’
: 1L .Bm 51° 30 )
34.3 sin 17° (39.1) (6.28)
* tan 22° 307
o ']
" 12. geo 40" 30 .
5. . (19.1) (7.61) \/69.4
co

7 8 ese 35° 30" 13. (48.1) (1.68) sin 39°.

cot 21° 25
1.01 cos 71° 10’ sin 15°

14.

7. 3.14 sin 13° 10’ csc 32°. v/4.81 cos 27° 10’
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30. The use of the trigonometric scales in solving proportions.
Scales S and D can be used together in the same way as other scales
have been used in previous chapters for making a setting indicated
by a proportion involving sines and numbers. For example let us
find the values of z and ¢ in the proportion

sin 36° sine  sin 10°2’ 4
270110820 1) &

270 both numerator and denominator are known,

opposite 270 on scale D, set 36° on scale S, push hairline to 320
on D, at the hairline read ¢ = 44°10’ on S; push hairline to 10°2’
on S, and at the hairline read =80 on D. The following form
gives a diagramatic setting for the proportion:

Since in the by

S || set 36° i read ¢ = 44°10’ | opposite 10°2’
|

The learner may well write such a form for the first few exercises
but he should, as soon as possible, make the setting directly from
the proportion. In any case the decimal point can be placed by
means of a rough calculation. For this purpose the student may
sometimes find it necessary to replace the symbols in the proportion
by rough values found from the slide rule.

To find the value of a product involving sines, we may use the
S and D scales together to perform the multiplication in the u§ua,l
way, or we may write the given expression in the form of a propox_'tlon.
Thus treating 8 sin 40° as a product, to 8 on D, set the right index
of S, push the hairline to 40° on S, and at the hairline read the
product 5.14 on D.

To find this product by means of a proportion we write

opposite 270 | opposite 320 . read = = 80.0

z = 8 sin 40°,
use Rule B §12 to write
z 8 :
sin 40° = 1 ( = sin 90°)
o
. e
‘ 0. sl 8 }
Fic. 4.
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opposite 8 on D set 90° on S, and opposite 40° on S read z = 5.14
on D (see Fig. 4).

Example 1. Find 0 if sin 0 = g

Solutron. - We write the given equation in the form
gin 6 1 (= sin 90°)
B 5 ’
to 5 on D set right index of scale S, push the hairline to 3 on D,
and at the hairline read 6 = 36°52’ on S.
Example 2. Find 6 if cos 6 = 2/3.
Solution. Since cos 6 =sin (90° — 6), write the given equation
in the form sin (90° — 6) 1 (= sin 90°)
2 3 ;
to 3 on D set right index of S, opposite 2 on D, read 90° — 0 = 41°49’
on S. Hence 0 = 48°11’.
Scales 7' and C' can be used together in the usual way to make

the setting indicated by a proportion. Thus to find
16 tan 37° tan 37°

Y=""0om7 apply Rule B, §12 to obtain 1_6 = 0017’

opposite 37° on T, set 17 of C, and opposite 16 on C read y = 710
on D. This setting is also explained by the following diagram:

& I opposite 37°
C set 17 opposite 16
D read y =710
; 4.23* .. tan 0 4.23
Again to find 0 = tan 573 write 1 =877 and from this

proportion obtain 6 = 32°11".
It is worthy of attention that the CF and DF scales may be used
in place of the C and D scales in this process of solving proportions.

For example find the values of z and ¢ in the proportion
11 x 13

sin50°36/ ~ sin 43° ~ sin @’
by using the setting explained by the following diagram:

DF “ opposite 11 I read 9 { opposite 13

“ set 56°36/ | opposite 43° read 80°24’

*The symbol tan-ly is read “the angle whose tangent is y.”
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EXERCISES
1. In each of the following proportions find the unknowns:
. : 5 . o i &R
in 50° 25" sin 42°10" sin ¢ sin 6 _sin 35° _sin 60° 30',
@ === =3 ® 305~ 2 32.8
4 . 4 Bey
in 25° sin 40°  sin 70° sin & _sing  sin 12° 55"
g @ 56" 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 esc 52° 20"
¢) 22/sin 30°. (g) 17 see 16"._.
Ed)) 15/sin 20°. (k) 55 sin 32° sin 18°

3. Find the value of ¢ in the following:

" 307 sin 42° 30" . ol 413 sin 77° 43 !
(@ sin 0 = =—gp5— () gin ¥ = =g

4. Tind the value of each of the following:

S 3.27 sin 73°°
oy R0 T, ®) o1
sin 34° 30’ o

5. Find the value of each of the following:

. o
4 gin 35° — 5.4 8in 17° 8 — 6sin 70°
(@) in 47° ) Sna7° —0.21

6. Solve for the unknowns in the following equations:
o
tan 8 tan « tan 33° 15'_ 84.1 tan 75°

tan o _ i 55
@ <5 =" 38 (e) 27 .4

17°

tan 24° 10’  tan @ =9.32 tan ;
G =G0 L0 N v-"32
10.7

() y = (407 cot 82° 53) @ ¥ =15 Tcot 42°

173 (h) tan o= T

() ¥ = Gn3ee 107

; 472 tan 11° 45’
() o || BEE i

31. Law of sines applied to right triangles. We have just seer;
how a proportion may be solved with the slide rule. A meifhod 0
writing a proportion from a triangle is given by the law of sines

which applies to all triangles.
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Consider its application to a right triangle in which ¢ = 90° and

write sin A sinB _ sin 90° _

a b c

By inspection we note that if any two parts, other than the two legs
a and b, are known, one of the ratios in the proportion is known.
Hence we can find all the unknowns by the principle explained in
the preceding article.

Example 1. Given a right triangle in which 4 = 36° and a = 520,
find b, ¢, and B (see Fig. 5).

Solution. Since A + B=90° B=90° - A4 = 90° — 36° = 54°,

B Application of the law of sines
to the right triangle of Fig. 5
: a=520 gives
90° : ; .
A wh Cly sin 36° sin 54°  sin 90°
F1c. 5. 520 b c

The solution of this proportion for b and ¢ is accomplished by using
the setting (see Fig. 6) explained by the following diagram:

S I set 36° ‘ opposite 54° ' opposite 90°
D l opposite 520 | read b = 716 I read ¢ = 885
3 o o o
f s 36 5 9{0 —|
2 D sio b=7I6 ¢-885 7
F1c. 6.
Example 2. Given a right triangle in which L2

A =44° ¢ =51, find a, B, b.
Solution. B =90° — A = 90° — 44° = 46°.

Application of the law of sines to the triangle -2 a
of Fig. 7, gives
sin 44° sin 46°  sin 90° g e [
= = b
a b b1 F1c. 7.

The solution of this proportion for a and b is accomplished by using
the setting explained by the following diagram:

S set 90° opposite 44° opposite 46°

D opposite 51 read a = 35.4 read b = 36.7
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Example 3. Given a right
triangle in which ¢ =49 and
a=22 find 4, B, and b (see
Fig. 8).

Solution. Application of the law of sines to the triangle of Fig. 8,

5y gin A sin 90° " sin B

o LAY b

The solution of this proportion for b and‘c is accomplished by
using the setting explained by the following diagram:

opposite B = 63°20’
| S l set 90° read A = 26°40’ (=90° — A)
’ D | opposite 49 | opposite 22 | read b = 43.8

Whenever an angle less than 5°44’, that is, an :a..ngle whosge sine
or tangent is less than 0.1, is involved in the solution of a triangle,
it is necessary to use the ST scale, instead of the S or T scale,
as illustrated in the following example.

Example 4. Given the

e 5. right triangle in which
e RFAEOY 4 81 and am0.31; find
FIG. 9. A, B, and b (see Fig. 9).

Solution. Application of the law of sines to the right triangle

of Fig.9, gives sin A sin B sin 90°

08l .0 LB

The solution of this proportion for b and A is accomplished by :

using the setting explained by the following diagram:

ST read A = 3°42’
opposite 86°18’
S set 90G ( - 900 1 30421)
D opposite 481 opposite 31 read b = 4.80
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Note that the DF scale may be used in place of the D scale in
making a setting based on the law of sines.

Example 5. Given the right triangle of Fig. 10
in which ¢ = 1760 and 4 = 32°, find q, b, and B.
&

o\ o

Solution. Application of the law of sines to the
W2 7] right triangle of Fig. 10 gives

Fic. 10. 1760  _a b
sin 90° ~ sin 32°  sin B°

The solution of this proportion for a and b is accomplished by using
the following setting explained by the following diagram:

DF “ opposite 1760 ‘ read a = 933 read b = 1490

S H set 00° | opposite 32° | opposite 58° ( = 90° — 32°)

In the foregoing examples the law of sines was written in each
case. After the student has solved a few exercises, he should, to
save time, make the setting on the slide rule directly from the figure.
To do this select from the figure (see Fig. 11) a known side a opposite

g a known angle A, push the hairline

to a on scale D, draw A of scale S

ok e under the hairline, push the hairline

A b e to a known part, and at the hairline

Fie. 11. read the opposite unknown part.

In other words it is unnecessary to write a proportion. As soon as a

side and an angle opposite are known, set them opposite on the slide rule,
thus making the setting necessary for solving the triangle.

EXERCISES

Solve the following right triangles. In each case draw a figure and write a
proportion from the 'aw of sines.

1. a =60, 4. b =200, 7. b=dry,
¢ = 100. A = 64°, B = 62°56.
2. a=508, §-2=372 8. a=0.624,
A = 38°40), B = 6°12". ¢ = 0.910.
3. a=1729, 6. c=112, 9. a=834,

B = 68°5(", A = 43°30". A =72°7,
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Solve the following right triangles. In each case draw a figure, from it make
the setting directly, and write the results without first writing the law of sines.

10. b = 4247, 13. ¢ =35.7, 16. a =52,
A = 52°41". A = 58°39, ¢ = 60.
11. b = 2.89, 14. ¢ =0.726, 17. a = 1875,
¢ =511, B = 10°51". B = 2°20.
12. b =512, 15. a = 0.821, 18. b=09,
¢ = 900. B =21°34". A = 88°26",

19. 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.

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

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

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

sines to complete the solution. e
Example. Given the right triangle 4

of Fig. 12 in which a = 3, b = 4; solve A o St

the triangle. Fig. 12.

Solution. From the triangle we read tan A = §. This equation
when written in the form 4., 4 1

3 4
indicates the setting explained by the following diagram:

C set 4 opposite 3

7 opposite index |read A = 36°52, B = 90°—A = 53°8

Since an angle and its opposite side are now known, we may
apply the law of sines to the triangle to obtain
sin 36°52 _ sin 90° (either index)

3 c
and make the setting explained in the following diagram:

S set A = 36°52' opposite 90°

D opposite 3 read c=5

To solve a right triangle having two known legs, first find the
angle opposite the small leg and then use the law of sines to find
the hypotenuse.
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EXERCISES

Solve the following right triangles:

1. a=123 4. a =273, 7. a=13.2,
b =202 b =418, | b =13.2.

2, a=101, 5. a=28, 8. a =42,
b= 116. b =34. b =71

3. a=150, 6. a=12, 9. a=0.31,
b =23.3. b=5. b=48.

3%
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 o' ‘n(
of the sun. Al 90’ | f
8.39" [
FIG. 13, !

33. Law of sines applied to oblique triangles when two opposite
parts are known. The same process used to solve right triangles
may be used to solve any triangle when a side and angle opposite

are given, since the law of sines which we have been using applies
to any triangle.

Example 1. Given an oblique triangle (see Fig, 14) in which
a=050, 4 =65° and B = 40°. Find

b, ¢, and C. 5
b a=
Solution. Since A + B + C = 180°, S
C =180° - (4 + B) = 75° PV T T il
F1gc. 14,
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Application of the law of sines to the triangle gives
sin 65° sin 40°  sin 75°
' S TR
ja % | i
£0' ik 50 53 }

F16. 16.

The solution of this proportion for b and ¢ is accomplished by using
the setting (see Fig. 15) explained in the following diagram:

S | set 65° opposite 40° | opposite 75°
D ‘ opposite 50 read b = 35.5 | read ¢ = 53.3
Example 2. Given an oblique triangle in which 4 = 75° a = 40,
and b = 30, find ¢, B, and C (see Tig. 16). c
Solution. TFrom the figure we observe
that a =40 and A = 75° are the known .30 al
parts which are opposite. Hence push hair-
line to 40 on D, draw 75° on S under the o
hairline, push hairline to 30 of D, and at the a c 8
hairline read B = 46°25" on S, push hairline Fie. 16.
to C = 58°35' (=180°— A — B) on S and at the hairline read

¢=35.30n D.

Example 3. Given the oblique triangle of Fig. 17 in which
A=175°%a=40,b=3, find ¢, B, and C.

Solution. From the figure we observe
that @ =40 and A = 75° are the known
| parts which are opposite. Hence by push-
4540 ing the hairline to 40 on D and drawing

75° of S under the hairline, we make the

ik setting used in solving the triangle. The
e solution is explained in the following
Fi6. 17. diagram:
ST read B = 4°0'16"
f S set 75° opposite 79°9’ (= A + B)
D || opposite 40 opposite 3 read ¢ = 40.7.

To obtain C'=100°50'44"" we use the relation C=180°—(4 + B).
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EXERCISES
Solve the following oblique triangles.
1. a =50, 5. a =120, 9. b =911,
A = 65°, b =80, c =177,
B = 40°. A = 60°. B =51°7"
2. ¢ =60, 6. b =0.234, 10. a = 50,
A =500, ¢ =0.198, ¢ =66,
B = 75°, B =109°, A = 123°11
3. a =550, 7. a =795, 11. a = 8.66,
A =10°12' A =79°59" ¢ =10,
B = 46°36’ B = 44°41’ A = 59°57'
4.*q = 222, 8%a =21, 124 =8,
b = 4570, A = ¢°10" a =120,
C =90°. B = 75°, A = 60°.

13. A ship at point S can be seen from each of two points, A and B, on the
shore. If AB =800 ft., angle SAB = 67°43/, and angle SBA = 74°21’, find
the distance of the ship from A.

14. To determine the distance of an inaccessible tower A from a point B,
aline BC and the angles ABC and BC A were measured and found to be 1000 yd.,
44°, and 70°, respectively. Iind the distance AB.

34. 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 opposite the given angle is greater than
the other stde. In this case there is always only one solution. Let
us now consider a case where
there are two solutions.

Example. Given a = 175,
b =215,  and; A =350
solve the triangle.

Solution. Fig. 18 shows
the two possible triangles hav-
ing the given parts. Applica-
tion of the law of sines to
triangle ABC, gives

sin 35°30’ _sin By _sin Cy

176 2B ¢

*The ST scale must be used in the solution.
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The setting and results are shown in the following diagram.

S | set 35°30’ | read B = 45°30’ | opposite 81° (= 4 + B)

D \ opposite 175 ‘ opposite 215 I read ¢; = 298.

It appears from the Fig. 18 that Bz = 180° — B;. Hence to solve
triangle A Bz Ca we write

B = 180° — 45°30' = 134°30/,

Cs = 180° — (A + Bs)= 180° — 170° = 10°

sin 35°30"  sin 10° I

and i ™
The setting and results are shown in the following diagram.
S ” set 35°30 opposite 10°

D ” opposite 175 read c2 = 52.3. \

The student should notice that the solution of both triangles
was made with a single setting of the slide rule, since each of the
two proportions used contained the same known ratio

175 S5
sin 35°30

sin A

When the known ratio (

the slide rule, we find opposite the index of scale S on scale D a num-

ber equal to or greater than the largest value that leg b mdy have con-

gin A sin B
- g

) in the ambiguous case is set on

Therefore the following

rule applies:

Set angle A on S opposite a on D and read the value on D opposite
the index of S. If this value is greater than b, there are two solutions;
if it s equal to b, there is one solution, a right triangle; 1if it is less than b,
there is no solution.

EXERCISES
Solve the following oblique triangles.
1. a=18, 3. a=322, 5. a=177,
b = 20, cimoy, b = 216,
A = 55°24", C = 52° 24 A = 35°36
g A 4. b=5.186, 6. a = 17,060,
¢ =18, ¢ = 6.84, b = 14,050,

= 1549 B = 44°3' B = 40°.
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7. Find the length of the perpen-
dicular p for the triangle of Fig. 19.
How many solutions will there be for
triangle ABC if (a) b=23? (b) b = 4?
Fia. 19. CRb

35. Law of sines applied to an oblique triangle in 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 triangles. The method is illus-
trated in the following example.

Example. Given an oblique triangle
in which a =6, b =9, and C = 32°,
solve the triangle.

Solution. From B of Fig. 20, drop
the perpendicular p to sideb. Apply-
ing the law of sines to the right
|A triangle C'BD, we obtain

- be9 | , ) _
Fi16. 20. sin 90° _ sin 32° _ sin 58°
6 P 7

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
t!mA—m':3.91’
or
tan4d 1
3.18 = 891

SoIYing this proportion, we get 4 = 39°8’. Now applying the law
of sines to triangle A BD, we obtain -

sin 39°8' sin 90°

318 c

Solving this proportion, we find ¢ = 5.04. Finally, using the relation,

A + B + C = 180°, we obtain B=108°52".

'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.
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EXERCISES
Solve the following triangles:

1. a=04, 4. b =2.30, 7. a=0.085,
b = 56, ¢ = 3.57, ¢ = 0.0042,
C =29° A = 62°, B = 56°30"

2. a =100, 5. a=27, 8. a=17,
¢ = 130, ¢ =15, b =12,
B = 51°49’ B = 46°. C = 59°18'

3. a =235 6. ¢ = 6.75, 9. b = 2580,
b = 185, ¢ = 1.04, ¢ = 5290,
C = 84°36' Bi=127°9" A =138°21’

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

11. 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?

DEPARTURE

12. In a land survey find the latitude J [
and departure of a course whose length is E
525 ft. and bearing N 65°30" E. See Fig. 21. Sfesezc 5
Fic. 21.

13. Solve Ex. 1 by means of the law of tangents
a-b a+b

tan%(A _B) tané(A+B)

36. Law of cosines applied to oblique triangles in 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? = b2 + ¢ — 2bc cos A and then complete the solution by using the
law of sines.

Example. Given the oblique triangle of Fig. 22, in which
a=15b=18, and ¢= 20, find A4, B, and C.
Solution. TFrom the law of

. . b2+ ¢ — a2
cosines we write cos A = e v
Fia. 22. o i e
or cosA=sin(90°—A)=—+——_—=_ﬂ.

2 x 18 x 20 720

The ratio indicates the setting from which we find 90° — A = 43°52’
or A - 46°8'. Since we now know an angle and the side opposite,
we may apply the law of sines to obtain
sin 46°8’ sin B sin C
T CE T
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Making the setting indicated by the proportion, we find
B =59°52', (' = 74°.

We may use the relation A + B + C' = 180° as a check. Thus:
46°8' 4 59°52' + 74° = 180° check.

EXERCISES
Solve the following triangles:
1. a=341, 4. a =610, 7. a=097.9,
b = 2.60, b =49.2, b = 106,
¢ = 1.58. ¢ = 80.5. c = 139.
2, @=111, 5 a=7.93, 8. a=>57.9,
b = 145, b = 5.08, b = 50.1,
¢ = 40. ¢ = 4.83. ¢ = 35.0.
3. o=235 6. a=21, 9. a =13,
b = 38, b =24, b = 14,
¢ =41. ¢ =27. ¢ =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.
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37. MISCELLANEQUS EXERCISES
Solve the following triangles:
1. ¢ =80, - 13. a = 0.321,
A = 20° A = 36° b = 0.361,
C =90° C =90° ¢ = 0.402.
2. b =30, 8. a =795, 14, g =4,
A: =108, A =79°59, b=7
C = 90°, B = 44°41'. ¢ = 6.
3. a =80, 9. a =500, 15. a =78,
A =753 A w 100128 b = 83.4,
C =90° B = 46°36". B = 56°30'.
4, a =10.11, 10. b =29.0, 16. b = 8000,
b =173, A = 87°40". A = 24°30/,
C =90°. C =33°15". B = 86°30'.
5. a=2 11. a = 55.6, 17. a = 42,930,
b an ¢ = 66.7, ¢ = 73,480,
c=4 C = T77°42"; C = 127°38',
6. a = 5.6, 12. a =51.38, 18. a = 61.3,
b=43 ¢ = 67.94, b =847,
¢ =49 B =179°13". ¢ = 47.6.

19. If the sides of a triangular fleld 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°18’, 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°30’ east of north from a eliff.
Another lighthouse is 12 mi. in the direction 72°45’ west of south from the eliff.
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°37", find the radius
of the circle.

38. To change radians to degrees or degrees to radians. In
the next article we shall find it eonvenient to use the angular unit
called the radian. To change radians to degrees or degrees to
radians we use the proportion

«  r (number of radians)
180 ~ d (number of degrees)

The setting is as follows:

Opposite = on DF set 180 on CF,

Opposite radians on D (or DF) read degrees on C (or CF),
or

Opposite degrees on C (or CF) read radians on D (or DF).
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Thus to convert 1.5 radians to degrees, we make the following setting:
Opposite = on DF set 180 on CF,
Opposite 1.5 on DF read 85.9° on C'F.
To convert 45° to radians, we make the following setting:
Opposite = on DF set 180 on CF,
Opposite 45 on C (or CF) read 0.785 on D (or DF).

k EXERCISES
1. Express the following angles in radians:
(a) 45°. (d) 180°. (g) 22°30".
(b) 60°. {e) 120° (h) 200°.
(c) 90°. (f) 135° (4) 3000°.
2. Express the following angles in degrees:
(a) ®/3 radians. (¢) ™/72 radian. (é) 207 /3 radians.
(b) 3w/4 radians. (d) 7/6 radians. (f) 0.987 radians.
3. Express in radians the following angles:
(a) 1° (c) 1" (e) 180°34'20"".
) 1. (d) 10°11". (f) 300°25'43".

4. Find the following angles in degrees and minutes:
(a) 11—0 radian; (b) 2% radians; (¢) 1.6 radians; (d) 6 radians,

39. Sines and tangents of small angles. To find sin 6 or tan 6 for
an angle smaller than those given on the ST scale, we may use the

approximate relation
sin 0 = tan 0 = 0 (in radians),  (approximately).
™
180
angles expressed in degrees on C or CF, read the same angles expressed

T -
18—0' = 0.00524.

Since 1° = radians, set 180 on CF to = on DF; opposite the

in radians on D or DF respectively. Thussin 0.3° = 0.3

Since 1’ = radian, and since 1"’ radian, we

e b o
180 x 60 ~ 180 x 60 x 60
can find the sine or tangent of any small angle expressed in minutes
(or seconds) by multiplying it by the value of 1’ (or 1”) in radians.

. P ELE Rl (L s . otgin: T "
Thus sin 18’ = 18 ;o5 = 0.00524; sin 35" = 85 r——o——5
0.0001697.

has been marked by a

For convenience the value of I—SOTXG—O

“minute” gauge point half way between the S7 and B scales near
the 2° division, and the value of w::()x—ﬁ() has been marked by

a “second” gauge point between S7" and B near the 1°10’ division.
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To approximate an answer for the purpose « placing the decimal
point, it is convenient to remember that sin).1° =.002 (2 zeros, 2)
nearly, that sin 1’ = .0003 (3 zeros, 3) nearly, and that sin 1” =

.000005 (5 zeros, 5) nearly.

To find sin 35" or tan 35’ set the slide rule as indicated in the

following diagram:

i

ST

set “second” gauge point ' opposite left index

D H  opposite 35

‘ read 0.0001697

To find 540 sin 28’ set the rule as indicated inthe following diagram :

ST set “minute” gauge point

c

opposite 540

opposite 28

read 4.40

To find 540 sin 0.467° set the rule as indicated in the following

diagram: ;
CF set 180
c opposite 540
opposite 0.467 read 4.40
EXERCISES
Find the values of the following:
1. gin &% 12. cot 30",
2. sin b, 13. 250 sin 23’,
3. sin 21, 14. 42 tan 19",
4, sin 32", 15. 150 cos 89° 40".
5. tan 7’. 16. 38 sin 52";
6. tan 52", 17. 500 tan 35”.
7. cos 89° 457, 18. 432 sin 33'.
8. cos 89° 59" 19"; 19 tan 12/ ]
9. sec 89° 40°. * 0.0001745
10. csc 16", 20 sin 18’
11. csc 2'. *0.131
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40. 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 2 in Fig. 23,
Solution. By using the law of sines, we write

368 gy Yy i o
sin 39° ~ sin 65°” §in 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 8,
draw 50° of S under the hairline,
push hairline to 28° on 8,
at the hairlineread z = 3250n 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 no difficulty in perceiving, from an inspection of the
figure, the settings to be made.
Generally it is necessary to compute the magnitudes of a 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. 24(a).
Solution. To find the length of the side marked z in Fig. 24(a),
first draw Fig. 24(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 8,
draw 38° of S under the hairline,
push hairline to 65° on S,

Fic. 23.

Fi1G. 24(a). Fia. 24(b).
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draw 45° of S under the hairline
push hairline to 77° on S,
at the hairline read 2z = 319 on D.

In some problems it is necessary to perform some of the earlier

indicated. Find the lengths of the cables and the
distance between their anchor points.

settings in a chain of settings, compute some parts on the basis of ANSWE
the results, make some more settings, compute more parts, ete. RS
EXERCISES
1. Find the length of the line segment BC in Fig. 23. i §5. Page 8
2. Find the length of the line segment marked w in Fig. 24a. - 6 4. 9.1 7. 49.8 1
: ; 2. 7 0. 0.0826 13. 9.86
3. In Fig. 25 find the length of the line segment marked z. 3' 5. 6.75 8. 340 11. 3220 14. 3,
4, Line segment AB in Fig. 26 is horizontal and CD is vertical. Find the - 10 6. 9.62 9. 47.0 12. 0.836 Q0
length of C'D. i
5. In the statement of Ex. 4, replace “Tig. 26” by “Fig. 27" and solve the §6. Page 9
tsauiiting peviblent. ; ig " 3. 3530 5. 0.001322 7. 9.98
- 15. 4. 42.1 6. 1737 8. 1.340
§7. Page 10
c 1,288 4. 106.1
% . - 6. 77.5 -
Fic. 27 2. 165.2 5. 0.000713 8. 26.3
3. 0.0767 7. 1861 9. 1.154
4 10. 0.0419
§8. Pages 11, 12
3§ 1. .
A~ g gmp g
i (c) 5.25 T (b) 15.02 ft./sec.
6. A tower and a monument stand on a level plane. (See Fig. 28). The (d) 4.59 s (g) s o () 186,000 mi./sec.
angles of depression of the top and bot- ] 2. (a) 2619 Ec)) ;?1.1 mi. 5. (a) 10.13 sec.
tom of the monument viewed from the (b) 64.4% 40 mi. (b) 29.5 hrs.
top of the tower are 13° and 31° re- ¢ (c) 322 hrs.
spectively;' the heigl.lt of the tower is §0. Page 13
145 ft. Find the height of the monu- 1. 36.7 5000580
t. == d 9. 0.01311
Fach : L . = 2. 8.35 6. 13,970 10. 2.36 13. 249
7. The captive balloon shown in Fig. 29 is connected to & ground station A 3. 0.0000632 7. 1586 0 o 14. 0.275
by a cable of length 842 ft. inclined 65° to the horizontal. In a vertical plane 4. 3400 8. 0.0223 12' 2;1 14 15. 0.1604
with the balloon and its station and on the opposite side of the balloon from A4 a < 2460 16. 0.0977
target B was sighted from the balloon on a level with A. If the angle of §11. Pages 17, 18
| depression of the target from 1. =522 z = 0.101¢
. the balloon is 4° find the 2. 2=230, y=318 . {z _ 0‘07(_133 8. {:ﬂ =0.1170
i distancef rom the target to a Fi6. 29. 3.z=517 y=3370 ) y =0.927
i point C directly under the i 9:7 ! & {x = i.ssﬁ e i
| ST~ sl Y- 1.4 o
! balloon. it 5 e 4. {y = 0984 - 9. 1y =13.42
I 2 =0272 . {I OO g 2303
| 8. Fig. 30 represents a 600 ft. radio tower. { y =304
AC and AD are two cables in the same vertical §12. P
plane anchored at two points C and D on a level 1. 487 - Page 19
with the base of the tower. The angles made by 2' 0 '3:96 4, 42,0 6. 3.20 8. 0.1264
the cables with the horizontal are 44° and 58° as 3' 9.46 5. 3.14 7. 4.07 9: 16 4.6
10. 9.69




64 ANSWERS

§13. Page 20
1. 167.8 cm. 5. (a) 25,700 watts 6. (a) 1.122 gal.
2. 274 m. (b) 3,940,000 watts () 0.00255 gal:
3. 720 Ib. (¢c) 621 watts (e) 0.1504 gal.
4. 235 sq. cm.
§14. Page 21
1. 0.0625, 0.00385, 1.389, 15.38 3. 74.0, 10.97
0.0575, 0.0541, 0.01490 4. 200, 8.55
2. 2,162
§15. Page 23
1. z = 16.98, y = 12.74 z = 0.0481 z=11.07
2. x = 0.0640, y = 1.41¢ 5. ¢y = 0.0435 6. {y = 0.0484
3.z =154.9, y = 6940 z =44.95 z = 0.465
4. 1 = 0.00247, y = 645
§16. Page 25
1. 0.001156 5. 96.1 9. 9.76 13. 0.279
i 2. 1.512 6. 0.1111 10. 0.00288 14. 41.3
| 3. 1.015 7. 150,800 11. 144,700 15. 1111
i 4, 172 8. 15.32 12. 0.0267 16. 3430
§17. Page 27

0.908, 27,800,000, 2.24 x 10'*
2. (a) 5.94 ft.2 (b) 3500 ft.2
3. (a) 37.6 ft.2 (b) 0.00597 ft.?

§18. Page 28

(c) 0.445 ft.2
(c) 966 ft.2

1. 625, 1024, 3720, 5620, 7920, 537,000, 204,000, 4.33, 3.07, 0.1116, 0.00001267

(d) 2.76 ft.2
(d) 2.35 x 10° ft.2

1. 2.83, 3.46, 4.12, 9.43, 2.98, 20.8, 0.943, 85.3, 0.252, 0.00797, 252, 316

2. (a) 231 ft. (b) 0.279 ft. () 5720 ft.
3. (a) 18.05 ft. (b) 0.992 ft. (c) 49.8 ft.
§19. Page 30
| 1, 242 5. 4.43 8. 6.14 11. 32.8
i{ 2. 0.416 6. 4.01 9. 0.428 12. 398
; 3. 8.54 7. 6.69 10. 1.176 13, 43.7
g 4. 0.0698 14. 29.4
! §20. Page 32
= 1. 64.2 3. 109.2 5. 9.65
2. 11.41 4. 0.428 6. 0.0602
§z1. Page 33 §22. Page 34
1. 9.260, 32.8, 238,000, 422,000, 1.206, 3.11, 9.00, 9.47, 19.69,

705,000, 3.94 x 108, 0.0923, 29.2,
5.39, 0.0000373, 0.839, 1.46 x 101,
571 x 109, 2. 76.2

0.1969, 0.424, 0.914, 44.8, 0.855,
909, 2.15, 4.64, 46.4

ANSWERS 65
§23. Page 35
1. 2.19 7. 43,100
2. 30.9 8. 1.745
3. 542 9. 1.156 'I
4. 0974 10. 1.192 |
5. 1.522 11. 90.7
6. 0.0577 12. 12.77
§24. Page 36
1.515, 0.814, 5.991, 9.830-10, 8.022
, 8.022-10, 6.61!
1.861, 9.427-10, 7.904-10, 2.636 i
§26. Page 39
1. (a) 05 (b) 0.616 5
; () 0.0581 (d) 1 0.999
(f) 0.0276 (¢) 0.253 (k) 0.381 (1) 0.204 gi 0.783
- §27. Page 40
. 0.1423, 0.515, 1.906, 0.01949, 3.55. 19.08
. ) , 3.55, 19.08, 1.09
7.03, 1.942, 0.525, 51.3, 0.282, 0.0524, 0.917
2. ((cjz; 13430 (b) 38°8 (c) 42°37 (d) 28°22'  (g) 3°23'
L it (g) 23°22' (h) 2°28’ (&) 51'13”  (j) 20°30’
. 57 (1) 77°55' (m) 86°38’ (n) 45°51'  (0) 50°56'
. (gf; ;f;;]aof (b) 51:52' (c) 47°23' (d) 61°38" (&) 86°37
5 1-5°3§ () 6603'8’ (h) 87°32' () 89°8'47" () 69°30’
(1) 12° (m) 3°22' (n) 44°9" (0) 39°4’
§28. Page 41
1. ((c;; (1).336 (b) 0.788 () 0.998  (d) 0 (e) 0.0393
ar o (g) 0.968  (h) 0.92¢4 () 0.979 () 0.623
o ((«})) ggal : (®) ﬁi“ﬁ’ (c) 22°2 (d) 5°44'  (e) 51’34
e 9 % gszg' (h) 1°46'34" (i) 66°56" (j) 62°15'
: °54'  (c) 67°58'  (d) 84°16' °8'26
; 54 () 89°826"
A (f) 51°41'  (g) 86°27" (k) 88°13'26" (i) 23°4/ (j; 27“452'
‘ ((«})) g (b 1.623 () 17.21 d 1 (e) 1.001
\ 6.2 (9) 3.95 (h) 2.63 (3) 4.90 () 1.277
" ((?) 11.155 () 1.27 () 1.002 (d) w (e) 25.5
2 (9 1.033  (h) 1.082 (%) 1.021 () 1.605
. 4. (a) 30° (b) 24°38’ s °24/ '
P ) (c) 36 (d) 9°24 (e) 0°43
B. (a) 60° b) 65°22' ° 9 '
L (b) 65°22"  (c) 54 (d) 80°36"  (e) 89°17"
§29. Page 43
;. 203.20 6. 527 11. 0.00319
. 0. 7. 1.349 12. 0.001086
3. 4.61 8. 16.47 e
4. 242 9. 2.033 e
5. 16.79 10. 4.24 T i




66 ANSWERS
§30. Page 46
1. a) z = 6.09 (® 0 =54°1 (c) = = 304 (d) 0 = 4°55’
0 = 61°45' z = 21.6 y = 44.5 ¢ = 8°5
2. (a) 2.6 (b) 10.39 (c) 44 (d) 43.9
(e) 25.4 (" 441 (g) 17.68 (h) 9.01
3. (a) 5° 652 (b) 55° 48’
4. (a) 354 (b) 81.0
5. (@) 0.977 (b) 6.02
6. (a) 0 = 24° 58’ @ y = 0.0729 (c) y = 2568 @ y = 253
¢ = 140" 18 0 =4°28
(e) y = 1145 () v = 0.0885 (g) v = 0.638 (h) 6 =4°8
(2) 16° 25’
§31. Pages 49, 50
1. A = 36° 52’ 7. A"="27" 4" 13..B = 31°21’
B = 53° & a = 24.37 a = 30.5
b = 80 ¢ = 538.56 b = 18.59
2. B = 51°20/ 8. A = 43°18 14. A = 79°9
¢ =809 B = 46° 42 a = 0.713
b =632 b = 0.662 b = 0.1367
3. A =21°10 9. Bi= 17° 53’ 15. A = 68°2¢’
b = 1884 b = 26.91 b = 0.3245
¢ = 2020 c = 87.6 ¢ = (.883
4. B = 26° 10. B = 37°19" 16. A = 60° 4’
a = 410 a = 5570 B = 29° 56"
¢ = 457 ¢ = 7007 b = 29.94
5. A = 83°48 11. B = 34° 24/ 17. A = 87°40/
a = 36.98 A= 55°36' b = 76.1
b = 4.02 a = 422 ¢ = 1877
6. B = 46°30/ 12:} A 55°.19¢ 18. B = 134’
a=T.71 B = 34° 41’ a =329
b.= 8,12 g =T40 ¢ = 329
19. 160.7 yds 20. 7.07 21, 35° 16'
§32. Page 51
1.4 = 81720 4. A =33°9 7. A = 45°
B = 58° 40' B =-58° 51 B = 45°
¢ = 237 c = 499 ¢ = 18,67
2. A =41 5. 4 = 39°30 8. A = 30°37
B = 48° 58’ B = 50° 30’ B = 59°23'
¢ = 153.8 c =44 ¢ = 82.5
3./4'= 65° 6. A'= 67°23" 9. A =342
B ='25° B = 22° 37 B'= 85°18
¢ = §56.2 ¢=13 c =48

10. 50°

—

Lo

e
I
3
S
=

123° 12’
2257
2599

e ocQagocaocn
]
-7
=
-J

1. By = 66° 10

C, = 58°26'
¢ = 18.6
B, = 113° 50’
C, = 10°46'
Cy = 4408

2. B, = 16°43'
Ay = 147° 28’
a; = 35.5
B, = 163° 17’
Ay = 0°54
g = 1.04

1. A = 119°54'
B = 3176’
¢ = 52.6

2. A =49° ¢
C=79°7
b= 104.1

3. A = 55°2
B = 40° 21’
c = 285

= 106° 47’
= 46° 53’
= 26° 20’
= 27°21'
= 143°8
C = 9°32
3. A = 52°26
B = 59°2%
C = 68°12

e o

§34. Pages 54, 55

3. A; = 70°12 5 B
B, = 57°24' y
b = 28.79 ¢y
Ay = 109° 48’ B,
By = 17° 48’ C,
ba = 10.45 Ca
4, A; = 68°47 6. A,
C, = 67° 10’ Cy
ay = 6.92 (5]
Az = 23n 7' Az
Cy = 112° 50/ C,
as = 2.91 (2]
7. p = 3.13; (a) none, (b) 2, (c) 1
§35. Page 56
4. B = 39°1¢’ 7.4 = 121% 4
C = 78°44' C = 2°2¢
a =321 b = 0.0828
5. A =100°57" 8. A =77°12
C = 33°3 B = 43° 30/
b =198 & 15
6. A = 46°2¢’ 9. B = 1322
C = §°24’ C = 28*17
b=1743 a = 7420
§36. Page 57
4. A = 49°12 7. A = 44° 42
B = 37° 36’ B = 49° 37"
C = 98°12' C = 85° 40"
5. A = 106° 18’ A = 83°4%
B = 37° 55’ B = 59° 22’
C = 35°47 C = 36° 56’
6. A = 48°11 9. A = 53°%
B = 58° 25’ B = 59°30"
C = 73°24 C = 67°22

ANSWERS 67
§33. Page 53
A - 2047 7. C = §5°20¢ 10. Impossible.
B = 87° 1%’ b = 568 11. B'= 30°3'
¢ = 4570 c = 664 C = 90°
. B =35°16" 8. b =279 b = 5.01
C = 84° 44’ c = 284 12, ¢ = 1238
¢ = 138 C = 100° 50 B = 3°18"35"
o A =17°41" 9, 4 = 87°41" C = 116° 41’ 25*
C = 53°19 G = 41°12 13. 1254 ft.
a = 0.0751 a = 116.9 14. 1029 yds.

= 45° 16’
= 99° 8’
= 300

= 134° 44/
= 0°40/

= 21,850

= 128° 41’
= 11°19

= 4290

10. 10 and 4.68
11. 4.93 mi.
12. Lat. = 218ft.

Dep. = 478 ft.

10. 51° 53"
59° 32!
68° 35"

11. 72° 36"
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2,

3.

4.

1.

2.
3.

4.

&
2.
3.
4.
5.

ANSWERS
§37. Page 58
B = T0° 6. A = 74°36' 11. A = 54°30" 16. A = 69°
a =274 B = 47°48' B = 47° 48’ a = 3320
b =752 ¢ = 57° 36’ b = 50.5 ¢ = 7480
B = 80° 7. B = 54° 12. A = 40°53" 17. B = 24°47
a = 529 a = 0.589 C = 59° 54’ b = 38,900
z = 30.5 b = 0.809 b="77.1 A = 27° 35
B = 15° 8. C = 55°20' 13. A = 49°24' 18. A = 45° 12
b =214 b = 568 B = 58° 36/ B = 101° 24’
c = 82.8 c = 664 C = T72° C = 33°24'
A = 30°18' 9. C =123°12" 14. A = 34°48" 19. 81°
B = 59° 42’ b = 2050 B = 86°24’ 20. 5 ft., 2.34 ft:
¢ = 20.04 c = 2360 C = 58°48" 21. 26.17 sec.
A = 29° 10. B = 59°5' 15. C = 72°18" 22. 47° 54’ east of no.
B = 46°36' a = 33.78 A =51°12" 23. 84°
C = 104° 24 ¢ = 18.54 ¢ = 952 24. 21.7 ft.
§38. Page 59
(a) 0.785 (b) 1.047 () 1.571 (d) 3.14 (e) 2.09
() 2.36 () 0.393 (h) 3.49 (3) 52.4 J y
(a) 60° (b) 135° (c) 2.5° (d) 210° (e) 1200 (f)176.4
(a) 0.01745 (c) 0.00000485 (e) 3.152
() 0.0002909 (d) 0.1778 (f) 5.24 . "
(a) 5° 44" (b) 143°12' (c) 91°42' (d) 343°48'
§39. Page 60
0.001454 6. 0.000252 11. 1718 16. 0.00958
0.0000242 7. 000436 12. 114.5 17. 0.0848
0.00611 8. 0.0001988 13. 1.67 18. 4.15
0.0001551 9. 171.8 14. 0.232 19. 20
0.00204 10. 12,890 15. 0.873 20. 0.04
§40. Page 62
1. 677 5. 41.7
2. 1734 6. 89.3 ft.
3. 1294 7. 10,910 ft.
4, 415 8. 864 ft., 708 ft.,246 fta

A

Accuracy, 6

Ambiguous case, 53
Antilogarithm, 36
Applications, 10, 19, 58, 61, 62

INDEX
G
Gauge point, minute, 59
second, 59
H

B
Body, definition of, 6

Cc

Characteristic, 36

Circle, area of, 26

Combined operations, 23, 30, 34, 42

Complementary angles, 37
relations, 37

Cosecant, 37, 41

Cosine, 37, 41

Cosines, law of, 38, 56

Cotangent, 37, 40, 41

Cube roots, 33

Cubes, 32

D

Decimal point, 8, 10, 27, 38, 44, 60
Degrees to radians, 58
Division, 9,

rule of, 10

Equivalents, 19

Hairline, definition of, 6

I

Index, definition of, 6
Index, use of, 9
Indicator, definition of, 6
Inverse, 20

L

Logarithms, 36
antilogarithm, 36
characteristic, 36
mantissa, 36

M

Mantissa, 36
Minute gauge point ('), 59
Multiplication, 7

rule of, 8

and division combined, 23, 42

0

Oblique triangles
ambiguous case, 53
law of cosines applied to, 56
two opposite parts known, 51
Opposite, definition of, 6




Percentage, 10
Primary, 4

Proportion principle, 14
Proportions, 14-17

forming from equations, 18

involving CI scale, 22
trigonometric, 44

R

Radians to degrees, 58

Rates, 10

Ratio 14

Reading scales, 3-6, 38

Reciprocal, 20

Right triangle,
relation in, 38
solution of, 46,50
two legs given, 50

Rule, 4, 18
B, 18
€22
S
Secales, A and B, 26
C, 5. 7
D306, 7

INDEX 70

CF and F, 12
CI,20
K, 32
L, 36
S and ST, 38
T, 40
Secant, 37, 41
Secondary, 4
Seconds gauge point ('), 59
Sine, 37, 38
small angles, 59
Sines, law of, 38
application of, 46-56
Slide, definition of, 6
Small angles, 59
Square roots, 27, 28
Squares, 26, 28
Supplementary angles, relations be-
tween, 38

Tangents, 37, 40

law of, 56

small angles, 59
Tertiary, 4
Trigonometry, 37
Trigonometric, formulas, 37-38
definitions, 37
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