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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
ard illustrated both by diagram and by example that they are
easily mastered. In Chapter IT, they are applied to simple prob-
lems in multiplication and division; in Chapters III and IV
they are used to solve problems involving multiplication, division,
square and cube root, trigonometry, and logarithms. Chapter V
explains the slide rule from the logarithmic standpoint. Those
who desire a theoretical treatment are likely to be surprised to
find that the principles of the slide rule are so easily understood
in terms of logarithms.

Euermnre
tHr CepAR  STT

NEWT‘ONQTR, f\q_‘\gg

CONTENTS
CHAPTER I
MULTIPLICATION AND DIVISION

AnT, Paax
1. Introduetion . . . . . . . . . . .. ... ... 3
2. Reading thescales . . . . . . . . .. ... TEREEEEEL & 8
3. Accuracy of thesliderule . . . . . ., ..., .. .. ...... G
4. Definitions . . . . . . ., ., .. .. ... P e BN F R .oy 6
5, Multiplieation . . . . . . . . . .. . . ... ... 7
6. Either indexmay beused . . . . . . . . . . ... ... .. .. 9
7. Division. . ., ., . . . . .0 T T
8, Simple applications, percentrge, rates . . . . . . . . . . . . . . . 10
9. Use of the scales DF and CF (folded scales) . . . . . . . . . . . . 12

CHaPTER II

THE PROPORTION PRINCIPLE AND COMBINED OPERATIONS

10. Introduction . . . . . . . . . . . ... 14
11. Use of proportions . . . . . . . . . . . . . .. .. wow owuw w4
12. Forming proportions from equations . . . . . . . . . . .. . .. 18
13. Equivalent expressions of quantity . . . . . . . . . . . . . . .. 19
14, The CI and CIF (reciprocal) scales . . . . . . . . . . . . . . . 20
15, Proportions invelving the Clsecale . . . . . . . . . . . . . . .. 22
16,

Combined multiplication and division . . . . . . . . . . . . . . . 23

CHAPTER III

SQUARES AND SQUARE ROOTS, CUBES AND CUBE ROOTS

17, Squares . . . . . . . L L. L 26
18, Squareroots . . . . . . . . . . ..o 27
19. Evaluation of simple expressions containing square reots and squares . 28
20. Combined operations involving square roots and squares . . . . . 30
21. Cubes . . . . . . . . .. oo mmmsR B 6 W ¥ B OE Am AT & & 32
22.C0ubETOOtE - o« & = v 2 v b v smea 4 4o n o ow B v 4 s 0 33
23. Combined operations . . . . . . . . . . . . ..o ... 3
24. The Lseale . . . . . . . . . e e e e 36

e Par Ko< Y



ART,

25,

40.
41.
42,

43.
44,
45,
46.
47.
48.
49,

Historical note . .

. Law of sines applied to oblique triangles, continued.

. Miseellaneous Exercises .

CHAPTER IV
PLANE TRIGONOMETRY

Home important formulas from plane trigonometry

. The S (Sine) and ST (Sine Tangent) scales

. The T (Tangent) scale Lo

. Tho red numbers on the 5 and 7 scales

. Combined operations

30. The use of the trigonometric seales in solving proportions

31. Law of sines applied to right triangles . s ow ow w

32. The law of sines applied to right triangles with two legs given

33. Law of sines applied to oblique triangles when two opposite parts are

known

Ambiguous case

. Law of sines applied to oblique triangles in which two sides and the

included angle are given .

. Law of cosines applied to ohligue triangles in which three sides are given

. Summary

. To change radians to degrees or degrees to rudians

Sineg and tangents of small angles
Applications involving vectors

Applications

CHAPTER V
LOGARITHMS AND THE SLIDE RULE

Construction of the I scala

ACOUFHEY = 5 o o o swsm o v 5 % 5 5 éass % & & 8 % 500 S

Multiplication and division . . . . . . . . . . .. ... L.
The inverted scales .
The A scale, the B scale, and the K scale |

The trigonometric seales . .

Two applieations . . . . . . . . . . . . .. ... ...

Pice

37
38
40
40

70
71
7l
73
T4
71
77
78
80

i B

CHAPTER 1
MULTIPLICATION AND DIVISION

t. 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 eompute answers for a large number of the exerciscs. 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
g 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. Kxactly the same method is used in
reading the slide rule. The divisions on the slide rule are not
uniform in length, but the same prineciple applies.

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

o | A Y

Fra. 1.

seale 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
hetween any two primary marks is divided into ten parts by nine
secondary marks. These are not numbered on the actual scale except

*The description here given has reference to the 107 slide rule. However
anyone having a rule of different length will be able to understand his rulo 1n
the light of the explanation given.

3



1 MULTIPLICATION AND DIVISION [CHap. 1

between the primary marks numbered 1 and 2. Fig. 2 shows the
secondary marks lying between the primary marks of the D scale. On
this scale each italicized number gives the reading to be assoriated

TTT T T YT T T IV
o 4 113 H N saulemabn § 39 54 0T TRLRAN] ‘

Fia. 2.

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

Scals D

Fia. 3.

obtaining the third digit of a reading. Thus between the secondary
marks numbered 22 and 23 there are 4 tertiary marks. If we think of
the end marks as representing 220 and 230, the four tertiary marks
divide the interval into five parts each representing 2 units. Hence
with these marks we associate the numbers 222, 224, 226, and 228;
similarly the tertiary marks between the secondary marks numbered
32 and 33 are read 322, 324, 326, and 328, and the tertiary marks
between the primary marks numbered 3 and the first succeeding
secondary mark are read 302, 304, 306, and 308. Between any pair
of secondary marks to the right of the primary mark numbered 4,
there is only one tertiary mark. Hence, each smallest space repre-
sents five units. Thus the 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
415 to the next mark is read 417. The principle illustrated by these
readings applies in all cases.

§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
1 i 1 ¥l
ol 2 3 3!

Fi¢. a.

between the secondary marks associated with 24 and 25. This region
is indicated by the brace in Fig. (). Now there are 4 marks he-

-

3 I G G 0 O 0 Rl B S R RN TNE (S TTIRT L.

p1 L ko laTs le 7 la lo L T T T
Fia. b.

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

+

Fig, e.

Thus the position representing 246 is indicated by the arrow in
Fig. (¢). Tig. (abc) gives a condensed summary of the process.

: ; 5
3 O 3.%¢
. 246 LIES BETWERN 240 AND 280 O
't( 10,59
7 8 9 H
7 8 9 T
FiG. 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 [Cuap.
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 mumber associated with the smallest spuce under consideration.
Thus between 1 and 2, the smallest division is assoeiated with 10 in
the fourth place; between 2 amd 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 Ifig. 4 the numbers associated with

the marks lettered 4, B, €', . . . and compare his readings with the
H E [ F B A
D 3 ; e 17 W‘ 5 FITQ
{
Fig 4.

following numbers: A 365, B 327, ' 263, D 1745, E 1347, F 305,
G207, H1078, 1435, J 427,

3. Accuracy of the slide rule. From the discussion of §2, it
appears that we read four figures of a result on one part of the
scale and three figures on the remaining part. Thig means an attain-
able accuraey of roughly 1 part in 1000 or one tenth of one per cent.
The accuracy is nearly proportional to the length of the scale.
Hence we associate with the 20 inch scale an accuracy of about one
part in 2000, and with the Thacher Cylindrical slide rule, an accuracy
of about one part in 10,000. The accuracy obtainable with the
10 inch slide rule is sufficient for most praetical 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 indieator is referred to as the hairléne.

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

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

:

§5] MULTIPLICATION 7

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

To multiply 2 by 4,

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

|

Fic. 5 (a).

WADE [N US4

Pal, L930.052 PAT PEMD.
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e e ey
1 &,

L
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AR A Forr gl
i Lt L e

.
el

nw ; g . o :

L 2 L A L 3, L £ L 1 r 2

F1c. 5 (B).

Fig. 5(b) shows the rule set for multiplying 2 by 4 and Iig. 5(a)
shows the same setting in skeleton form. To multiply 3 x 3,

to 3 on I} set, index of C,
push hairline to 3 on C,
at the hairline read 9 on D.

See Fig. 6{a) for the setting in skeleton form and Fig. 6(b) for a
photograph of the setting.

Lo} i [
o | ]

SR

FiG. 6 (a).
e
PAT. L910.852 PAT PEND: MADE INU S& 3
OF i H 10 L b LTI N
CF T '.]
E |nn|u||§un|nHinn|m\‘mllnuprllilHI|I|I|J||I|‘nnp\gnn’\wm\pl;lHH|\ué‘mquwélmnpnumwru;‘lnH.lmalw s e gy
cl .n|J.\.1.J.M,uﬂ,n:.\.\.Lm.\.qﬁ.\.l.\.l.\‘|.|.vm7‘1.mmh|.|?|§u[.7\.u|‘Im||;-\.§‘n.|.l‘ % F.l.l.\.l.‘?m.‘.‘: Jak JRTTRE: 1 N
quib i il el I . | FINTS I RIS "
L T e e g
Ll i PO T BTy AR SRR SRR SO BRI ATy | R }
Fic. 6 (&).



8 MULTIPLICATION AND DIVISION [CHar. 1

To multiply 1.5 x 3.5, disregard the decimal peint and
to 15 on I 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(¢) and Fig. 7(b))

283
E T“”:Inl;'u‘u'u [ ﬂ
[o ] TTLLLLELLE RN RN
1675 e
F1a. 7 ().
§ ESSER CO.M.Y. PAT. 1910.852 PAT PEND. AR )|
bF ) G 0 9 L
CF X T 6 g 1
P L e e St G Tl T e AL 0 S MM AN (AL LA
{3 T T N T A L AL Tt Fanituntrnants
£ } £ b Bt Bl FYPR TPV TP IOPC 1 DVETREONN VU (|
5 i MU UL (e '|l|'|'|w'|‘£ﬂ<{
L'\.x.l.,..?....l....‘.‘u..xuw?u|...--f...|....T....|.../
Fi1G. 7 (b).

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

To place the decimal point we approximate the answer by noting
that it isnearto 3 X 16 = 48, Hence the answeris47.4.

These examples illustrate the use of the following rule.

Rule. To find the product of two numbers, disregard the decimal
points, opposile either of the numbers on the D scale sef the index of
the C secale, 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 {8 placed in accordance with the resull of a rough
calculation.

EXERCISES

1.3 x2 8. 2.03 x 167.3.
2. 3.5 x 2. 9. 1.536 x 30.6.
3. 6k2. 10. 0.0756 x 1.093.
4. 2 % 4.55. 11. 1.047 x 3080.
5, 4.5 x 1.5, 12. 0.00205 x 408.
6. 1.75 x 5.5. 13. (3.142)%

7. 4.33 x 11.5. 14. (175632

§7] DIVISION 9

6. Either index may be used. It may happen that a produet
eannot 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 C scale in
place of the left, or use the following rule: when a number is fo 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 C scale inside the body and
draw the other index of the C scole 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. Henee, we set the right index
of C opposite 2 on I}; opposite 6 on € read the answer, 12, on D.

Again, to find 0.0314 x 564,

to 314 on D) set the right index of €,
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 product is 17.71. —r Y 6 no
EXERCISES [ !
Perform the indicated multiplications.
13 x5 5. 0.0495 x 0.0267: 3 %
2. 3.05 x 5.17; 6. 1.876 x 926. _/,ﬁ
3. 5.56 x 634, 7. 1.876 x 5.32. 3
4, 743 x 0.0567. 8, 42.3 % 31.7. ‘

7. Division. The process of division is performed by using the
(' 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 € read 2 on D.

Lo}
Lo : :

Fi1G. 8 (a).

I

*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 hady.
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FAY. 1330.852 AT FTND.

OF

Fd % [ :
P 5 gy
;

¢ L I ey GGERNT" SRR RY" R
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pfa2 ! Ef ! 4 T
Ly L ) P % ; wk R ) P q }

Fi16. 8 (b).

To divide 876 by 204,
push hairline to 876 on D,
draw 204 of ' under the hairline,
opposite index of € read 429 on D.

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

Rule. To find the quotient of two numbers, disregard the decimual
potnts, opposite the numerator on the D scale sel the denominalor on
the C' scale, opposite the index of the C scale read the quotient on the D
scale. The position of the decimal point is determined from informa-
tion gained by making a rough caleulation.

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. 0, 3.14 = 2,72
5. 0.00377 + 5.29. 10, 3.42 = 81.7.

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

One per cent (19%) of a number N is N % 1/100; hence 5% of N is
N x 5/100, and, in general, p%, of N is pN /100. Hence to find 839%
of 1872

to 1872 on D set right index of C,
push hairline to 83 on C,
at the hairline read 1554 on D.
Since (83/100) x 1872 is approximately 1%—% X 2000 = 1600, the

answer is 1554

§8] SIMPILE APPLICATIONS 11

"P'o find the answer to the question “M is what per cent of N7 we
roust find 100 M + N. 'Thus, to find the answer to the question
“87 is what per cent of 184.7?” we must divide 87 x 100 = 8700
by 184.7. Hence

push hairline to 87 on D,

draw 1847 of € under the hairline,

opposite index of € read 471 on D.
The rough ealculation % = 45 shows that the decimal point should
he placed after the 7. Hence the answer is 47.1%.

For a body moving with a constant velocity, distance = rate times
time. Henee if we write d for distance,  for rate, and t for time, we
bave

d=rt,0rr=iort=i.
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 € read 328 on D.

Sinee the rate is near 280 + 10 = 28, we have 7 = 32.8 miles per hour

EXERCISES g Joo0e
<"

1. Find (z) 86.3 per cent of 1826.
(h) 75.2 per cent of 3.46. ’Ef’o.a}ﬁﬁ'
{¢} 18.3 per cent of 28.7.
{d) 0.95 per cent of 483.

2. What per cent of
(a) 69is 187
() 13218 85?
(c) 87.613 192.87
(d) 1027 is 287
3. Find the distance covered by a body moving
{a) 23.7 miles per hour for 7.55 hows.
(b} 68.3 miles per hour for 1.773 hours.
() 128.7 miles per hour for 16.65 hours.



12 MULTIPLICATION AND DIVISION [CHaAr. 1

4, At what rate must & body move to cover
(&) 100 yards in 10.85 seconds.
(b) 386 feet 1n 25.7 seconds.
(¢) 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.
(&) 3800 miles at 128.7 miles per hour.
(e) 25,000 miles at 77.5 miles per hour.

6. 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 seales may be stated as follows: if for any sefling
of the slide, a number M of the C scole is opposite a number N on
the I) scale, then the number M of the CF scale is opposite the number N
on the DF secale. 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

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
(' secale but eannot do so, he can generally read the required number
on the DF scale opposite N on the CF seale. For example to find
2 % 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
a8 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;

§04d USE OF SCALES DF AND CF 1%

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 343 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 C'F under the hairline,
opposite the index of (' read 0.912 on D.

It now appears that we may perform a multiplication or a dtvision
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
Dis 1 /= times its opposite on DF.

EXERCISES

Perform each of the operations indicated in exerciges 1 to 11 in four ways;
first by using the C 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 M soules
for completing the solution; fourth by using the C'F and DF scales for the initial
setting ind the (" and I seales for completing the solution.

1. 5.78 x §.35. 9. 00945 -+ 7.28.
2. 7.84 x 1.065. 10, 1490 <+ 63.3.
3. 0.00465 + 73.6. 11, 2.718 + 65.7.
4. 0.0634 x b3,600. 12, 783 .

5, 1,769 + 496. 13. 783 + .

6. 946 + 0.0677. 14. 0.0876 7.

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 « and b is the quotient
of a divided hy & or a/b. A statement of equality between two
ratios ix ealled a proportion. Thus

are proportions.  We shall at times refer to equations having =uch
forms as

as proportions.

An fmportent selting like the one for multiplication, the one for
division, and any other one that the operator will use frequently should
he practiced wntil ¢ 1s made without thought. But, in the process uf
devising the best seitings to obtain o particular result, of making «
setting used infrequently, or of recalling a forgotlen setting, the applica-
tion of proportions as explained in the next article is very useful.

il. Use of Proportions. I 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 € scale. In other words,
when the slide is set in any position, the ratio of any number on the
D scale to ifs opposite on the C scale is the same as the ratio of any
other namber on the I scale Lo its opposite on the C scole.  For example

£

Ic} FFFFFI’!’I’FTHH ||1|T I ? | ?I?Iﬁ
jo 1 ! ! L | ! 1|

-]

Fra. 1.

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

| ; C |
C(orCF)H s 2.5j B ’ 4 i 5 l

D(orDF)HQ!:&‘SJ(3‘8}10}‘

3

and draw 2 of C over 1 on D and read the same opposites. The same
statement is true if in it we replace € scale by CF scale and 2 scale
by DF scale. Hence, if both numerator n and denominalor d of a
ratio in o given proportion are known, we can sel n of the C scale opposite
i on the D scale and then read, for an equal ratio having one part
hknown, s unknewn part opposile the known part. We could also
begin by setting d on the C scale opposite n on the D seale. It
is important to ohserve that all the numerators of a series of equal
ratios must appear on one scale and the denominafors on the other.
For example, let it be required to find the value of z satisfying

xr 9
5'_6-:§) (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 .
or
push hairline to 9 on D,
draw 7 of C under the hairline,
push hairline to 56 on C,
at the hairline read 72 on D.

The CF and DF scales could have heen used to obtain exactly tha
same settings and results.

For convenience we shall indicate the settings for solving (1) a3
follows:

56
{c Tllli|] y ? i
(1 ) LA W S
72
1a. 2.
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C (or CF) set 7 opposite 56 @)
2
D (or DF) to 9 read x ( = 72)
i !
¢ {(or CF) set Y read x (= 72) @
S 3

D (or 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 2, y, and 2 defined by the equations

¢ 3.15 & 5786 2
D 520 435 y 1834’

we observe that 3.15/5.29 is the known ratio, and
push hairline to 52% on D,
draw 315 of € under the hairline;
opposite 435 on D, read x = 2.5 on C;
opposite 576 on C, read y = 96.7 on D;
opposite 1834 on D, read 2z = 109.2 on .

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):

C

D |

set 3.15

read % ( = 2.59)| opposite 57.6 |read z { = 109.2)

(4)

to 5.29 | opposite 4.35 |read y ( = 96.7) | opposite 183.4

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

C. z _14.5 5.78

D 587 076 Ty
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to 976 on D set 1456 of ('; then, since the answers cannot be read,
push the hairline to the index on €, draw the right index of € under
the hairline and

opposite 587 on D, read « = 87.6 on C;

opposite 578 on €, 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 seale
it may be possible to read it on the CF scale or on the DF scale.
Thus, to find = and y satisfying the equations

C (or CF) | 492 1y
D (or DF) * r  3.23 13.08°
to 323 on D set left index of C;
opposite 492 on CF, read z = 15.89 on DF;
opposite 1308 on DF, read y = 4.05 on CF.

A slight inspection of the scales will show the value of the state-
ment: If the difference of the first digits of the two numbers of the
known ratio is small use the € and D seales 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.
2 k4
Lg=wag
2, B2 __ 4y _ 1
T1.804 25 0.785
S B M2
TT09 T T T 3%
4 L R
“0.204 T 00R0G Tz T (,1034
5 3 z
207 61.3 1.571
o §:51_9 235
Tl1h oz oyl
g 17 _1.365 4.8
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i.076

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

o

a

¥=—, (1)
we may write the proportion
®
or we may divide both sides by a to get
g
or we may multiply both sides by ¢/ to obtain

Rule (A). A number may be divided by 1 to form o 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 writien as o factor of the denominator of the
other ratio, and a factor of the denominator of either ralio may be replaced
by 1 and writlen as a factor of the numerator of the other raitio, Thus
(3) eould have been obtained from (1) by transferring a from the
numerator of the right hand ratio to the denominator of the left
hand ratio.

T'or example, to find l—w , Write ¥ = M, apply (8) to
35 35
5 1 z 28
abtain ‘T) : 1—6 = % s
and push hairline to 35 on D,

draw 28 of C under the hairline;
opposite 16 on D, read r = 12.8 on .
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To recall the rule for dividing a given number M by a second given

. M . D P
number N, write x = N apply rule (A) to obtain ik %

and push hairline to M on D,

draw N of € under the hairline;
opposite index of C, read x on D.

i S MN .
To recall the rule for multiplication, set x = & , apply rule (B)

1
. D X N
to obtain E‘ . —M— = —1— g
and to N on D set index of C;
opposite M on €, read z on D.
o il 864 ‘ , 7.48 864
loﬁnd;vlf}f 7as) 255 use rule (B) to get =T &g

make the corresponding setting and read x = 0.221. The position of
the decimal point was determined by observing that # must be about
1
0 of 8, or 0.2
EXERCISES

Find in each case the value of the unknown quantity.

_ 86 x70.8

_ _3.95 x 0.707
L g m 6. 0.874 = m 22

147.5 x 8.76

2.y 7. 2580y = 179 x 587.

3260
0.797 x 5.96 = 00879
3. 4= ——-‘m" s 8. 0.649) = T— :
4 :57x8ti=75.7. o ‘l,h_\”-772
¥ 1386 2.85y°
5. 498 - gg‘f,f';.
R 100 3,14y = 0,785 x 38.7.

13. Equivalent expressions of quantity.* When the value of »
quantity is known in terms of one unit, it is a simple matter o
find its value in terms of a second unit. Thus to find the number
of square feet in 3210 sq. in., write

1 no. of sq. ft. &

144 ~ no. of &q. in.  3210°

*Tahles of equivalents may be found in Engineer’s Manuals and in other places.
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15. Proportions involving the CI scale. The €/ scale may be
used in connection with proportions containing reciproeals. Sinee

1 . 1 1
any number a = 1 = E and since et 1, we have
Rule C. The value of any ratio 18 not changed of any factor of is

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

s a 1 1
he written in the numerator. 'Thus 5= (-6) = ET/G)- Henee
it X = be, we may write = = b = it s if ar o= be, we
p ! (1/e) — (1/B)

: x b c e e
may write 1 ja) = 1o = am: A few examples will indicate

the method of applying these ideas in computations.

To find the value of ¥ which satisfies —— = 0.785 x 3.76, apply

427

j Dy _ 078
Rule € to get & - 1.27 7 (1/3.76)

Since wher 3.76 of (I is under the hairline, 1/3.76 of C is also under
the hairline

push hairline to 785 on D,

draw 376 of €I under the hairline;

opposite 427 on CF, read y = 12.60 on DF.

The positioﬁ of the decimal point was determined by observing that
ywasneartod x 1 x4~ 16.

: o 0.0645
To find the value of y which =atishes 7.8% y = [)de’ 18e
. D ; 0.0645 '
Rule (€) to obtain & : f]_f7JA89) =1 381’
and push hairline to 645 on D,

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

The position of the decimal point was determined by observing that

I
RYTRE about - of 0.38, that y is therefore ahout of §, or about 0.002.
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To find the values of z and ¥ which satisly 57.6x = 0.846y =
use Rule (£) to obtain

D, v vy I
G’ O anse-1 ()
and to 7 on D set index of C1;

opposite 576 on C'I, read = = 0.1215 on D;
opposite 846 on CIF, read ¥ = 8.27 on DF.

The folded scales may also be wsed in this connection. Thus
to solve equations (a),

to 7 on DF set index of CIF;
opposite 576 on CIF, read x = 0,1215 on DF;
opposite 846 on CIF, read v = 8.27 on DF.

EXERCISES

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

g
1. 3.3x=4.4y=%'422.

2. 76.1:0:3.44;;:%.

3. 1.88 = ,h = (162) (1.75),

4. 0'3;‘2 = Uy = (189) 0.739).

5. 5. 83x=644y=-1—%2——q-0 2804,

6. 3429::1*;9*&—642 78) (13.62).

16. Combined multiplication and division.

7.36 x 8.44
92 '

Solutiorn. 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 €' under the hairline;
opposite 8.44 on C, read 0.675 on D,

18 X 45 x 37
23 x 29

Selution.  Reason as follows: (a) divide 18 hy 23, (b) multipls

Example 1. Find the value of

Example 2. Find the value of
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the result by 45, (¢} divide this second resuit by 29, (d) multiply
this third result by 37. This argument suggests that we

push hairline to 18 on D,

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

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

at the hairline read 449 on 1.

To determine the position of the decimal point  write

20 x 40 x 40
20 x 30

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 numeralor consisted in pushing the
hairline to that number located on the C scale,

If at any time the indicator cannot be placed because of the projection
af the slide, apply the rule of §6, or carry on the operations wsing 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 €' of §15, write the given expression in
the form

~ about 50. FHence the answer is 44.9.

1.843 % 2.45 X 365
(1/92) (i /0. 584)

and reason as follows: (a) divide 1.843 by (1/92), () multiply the
result by 2.45, (¢) divide this second result by (1/0.584), (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 C'J 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) (6/10) 300 = 81,000
Henee the answer is 88,600.
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0.873 x 46.5 x 6.25 x 0.75.
7.12

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

GEL52 0.873 X 46.5 x 0.75
T.12 % (1/6.25)
This may be evaluated by (a) dividing 0.873 by 7.12, (/) multiplying

the result by 46.5, () dividing the second result by (1/6.25), (d) mul-
tiplying the third result by 0.75. Henee

Example 4. Find the value of

push hairline to 873 on D,

draw 712 of C under the hairline,
push hairline to 465 on €,

draw 623 of CI under the hairline,
push hairline to 75 on C'F,

at the hairline read 267 on DF.

To approximate the answer write L el 6 agd = 36. Hence the

answer is 26.7. 7

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
1 1375 x 0.0642 g 362
* T 76,400 " 3.86 x9.61
, 45.2x11.24 o241
336 " 261 x 32.1
218
3 75.5 % 63.4 x 95
11, 75.5 % 63.4 x 95
4.23 X 50.8 p—
. 235
" 3.86 x 3.54 12. 3.97 .
5.2.84 % 6.52 % 5.19. 51.2 % 0.925 x 3.14
6. 9.21 % 0.1795 % 0.0672. 13 .3x3.14
7. 37.7 x 4.82 x 830 32.5 x 16.4
g, 65.70.835 14 3-82 X 6.95 x 7.85 x 436
3.58 79.8 % 0.0317 % 870

15. 187 x 0.00236 x 0.0768 x 1047 x 3.14.
0.917 x 8.65 x 1076 x 3152

15 7840




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, Thus22=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 ¢
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
18 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; set the hairline to 4 on D, read 16 at the
hairline on 4;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 278% = 77,284, The answer obtained on the
slide rule is accurate to three figures.

The area of a circle may conveniently be found when its radius
is known by using the A, B, €, and D scales. If = represents a
mathematical constant whose wvalue is approximately 3.14, and ¢
represents the diameter of a circle, then the area A of the circle
is given by the formula A = (x/4) d? = 0.785 d2 nearly. The ares
is also given by A = =r? where r represents the radius of the circle.
Henee to find the ares of a circle,

to = /4 (= 0.785 approx.) on A set index of B;
opposite diameter on €, read area on A.

Note that a special mark toward the right end of the A secale gives
the exact position of =/4. Thus to find the area of a circle of
diameter 17.5,

to = /4 on A right set index of B;

opposite 175 on C, read 241 on A.

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 10%

2. Tind the aren of a eirele having diameter (a} 2.75 ft.; () 66.8 ft.; {e) 0.753
ity (d) 1.876 ft.

3. Find the area of a circle having radius () 3.46 ft.; (b) 0.0436 ft.; (c) 17.53
ft.; () 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, Vi= 2, and V9 = 3.

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

Rule. To find the square root of a number between 1 and 10, sef
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 rool of a number
between 10 and 100, set the hairline io the number on scale A right
and rend ils square roof 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 € scale holds true. For 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 ( = 4/25) at the
hairline on C.

To obtain the square root of any number, move the decimal pornt
an even number of places to obtain a number befween 1 and 100; then
apply the rule writlen above in walics; finally move the decimal point
one half as many places as it was moved In the original number but
in the oppesite divection.* The learner may also place the decimal
point in accordance with information derived fromt 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 4 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 10 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 eould
have heen placed after observing that +/10,000 = 100 or that
v/40,000 = 200. Algo the left B scale and the € scale could have been
used instead of the left A scale and the D scale.

To find /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, vead
6.20 at the hairline on the I} scale, move the decimal point one place
to the right, to obtain the answer 62.0. The decimal point could have
heen placed by observing that /3600 = 60.

To find +/0.000585, move the decimal point 4 places to the right
to obtain v/5.85, find v/'5.85 = 242, move the decimal point two
places to the left to obtain the answer 0.0242.

EXERCISES
1. ¥ind the square root of each of the following numbers: 8, 12, 17, 89, 8.40,
800, 0.89, 7280, 0.0635, 0.0000633, 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 £t.2; (c) 3.27 x 107 ft.2
3, Find the diameter of & circle having area (a} 256 ft.2; (b) 0.773 ft.2; (r) 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 invelving square roots.

For example, to find 34/3.24 set index of C to 3 on D, push hair-
line to 3.24 on left B scale, read 540 at the hairline on . Since
34/3.24 is nearly equal to 33/ = 6, the answer is 5.40.

1t will be convenient at times to indicate solutions by forms like
the following which indicates a setting for evaluating 3/3.240:

B } opposite 3.24 (left)
¢ I set 1
D to 3 read 5.40

Note that each nnmber is written on the same line as the lefler noming
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the scale on which it 1s to be set, and that nuwmbers in the same vertical
column are to be set opposile each other. ‘

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

B set 4290 (right)
C opposite 1
D to 85 | read 1.207

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

28+/37 ;
Thus to find the value of —%—9: we may compute it directly by

the multiplication and division principle or we may write

- 28V3T

x= , apply Rule B §12 to obtain

369
C .z V375 >(Bleft)
D’ 28 369
and solve the proportion to obtain the answer x = 1.470.
To find x= Cadl y write the equation in the form

7.92 x +/0.0465

Ti= MQ—Q) and perform the operations indicated in the follow-

+/0.0465
ing diagram:
B set, 0.0465 (left)
Cl . opposite 79:?:h
D to 347 ; read x = 203

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

347
7922 = —=
4/ 0.0465

» then applying Rule €' §15 to abtain
x 347

(1/7.92) /0.0465

and solving this proportion to find r = 203.
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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 ¢ read 0.755 ou .

=2 X 875 x 278
(7272)% (0.317)2
Nolution. 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 € under the haitline,
push hairline to 278 on B,
at the hairline read 4580 on A.

Exampie 4. Lvaluate

EXERCISES
v, 787 X VT 5 20.6 x 7.802 x 6.79°,
3738 ’ L1677 x 281

80 X VT3 x T 189.7 % +/0.00296 x /347 % 0.274

6

775 x /0,685 V28 x 165 x =
3 4.25 x+/63.5 xV/7.75 __ . .
i 5 378 % = : 7. V285 x 667 X /6.6 X 78. 4 % /0. 00440,
(2.60)2 239 x V0 677 x 374 % 9 .45 x =
"2 1T % 7.28 8. . — it L
, < 843 % /0350 x /28200

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 32) is
X3 x3I=27

The K scale i3 so constructed that when the hairline is sel to
« number on the D scale, the cube of the number s of the hairline
on the K scale. To convince himsclf 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
21.73, set the hairline to 217 on D and read 102 on K. Since
203 = 8000, the answer is near 8000. Henece we write 10,200 as the
answer. To obtain this answer otherwise, write

1A 21 7
{117

and use the general method of combined operations. This latter
method is more aceurate as it is earried out on the full length seales.

21.73 =
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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 cubieal tank hold that measures 26 inches in depth?
(1 gal. = 231 cu. in.)

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

The cube root of a given number is a second number whose cube
is the given number.

Rule. To find the cube root of o number befween 1 and 1) sel
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, sel the
hairline to the number on K middle, and read its cube root at the
hairtine on D. The cube root of a number between 100 and 1000
is found on the D scale opposite the number on K righi. 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 oblain the cube ool of any nwmber, move the decimal point
over three places (or digits) af a time uniil o number between 1 and 1000
is obtained, then apply the rule written above in italics; finally move
the decimal point one third as many places as it was moved in the
original number but in the opposite direction. The learner may also
place the decimal point in accordance with information derived from
o rough approximation.

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

v/585 = 8.36. Then move the decimal point —;— (6) = 2 places to
the left to obtain the answer 0. 0836, v



30 SQUARE ROOTS AND CUBE RQOTS [CHAP. IIT

When the hairline is set to a number on the [} seale 1t is aulo-
matically set to the square of the number on the 4 seale, 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 he

; 24 .6)% x 0.785 ;
evaluated conveniently. Thus to find z = %, write

A z  {24.6)?
B 0.78 4.39

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 mamner. Of course

this computation could have been carried out on the C and D scales,
but one will find it convenient at times to wuse the setting just

indicated.

EXERCISES
) e (2.38) x 19.7
1. 42.2+/0.328; 8.
2. 1.83+/0.0517. 0 6.76
_ T217 (2.7
3328 +0.212 . ST .
4. /51,7 +103. " 5.34 x/7.02
/57398, i 20
5. 0.763 +~/0.0296. Wy
6, 506 % (7.48) 12. 143 x 47.5v/0 344
& 13, 20.6 x V7.89 x V0 .571.
g, 2.56 X 4 86 1q, T92V7.88
© (1365 V0571

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 € scale and when set to a number on the B scale
it is automatieally set to the square rcot of the number on the € seale,
he will easily understand that the method used in this article is
assentially 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.

V/365 x 915
804

Solution. To cvaluate this expression, we may think “divide
/365 by 804 and multiply the result by 915.” To set 4/363 on D,
set the hairline to 365 on A left. Hence

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

at the hairline read 21.7 on 1.

Example 1. Evaluate

The following diagram indicates the setting:

A4 |t opposite 365 (left)

¢ set 804 opposite 915

D read 21.7
V/832 X V/365 x 1863

Example 2. Evaluate

(1/736) X 50,400

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 OF,

at the hairline read 8450 on DF.

0.286 X 652 X /2350 X /5 53
785+/1283

Solution. Write the expression in the form
0.286 x /2350 x+/5.53
(1/652) x 785 x /1288

push hairline to 286 on D,
draw 652 of '] under the hairline,

Example 3. ILivaluate
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EXERCISES

1. I'ind 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 acale and on the € seale. 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.

~/ 38R
Example 1. ['ind the value of VR
2.36
Nolution. We may think of this as a division or write the
.z /385 o B ;
proportion 7975 and then make the setting indicated in the

following diagram:

(O set 2,36 opposite 1
b i | read o - 3.08
K opposite 385 (right) |

- 5.37V/0.0835

Example 2. Find the value of =+ Fee——
? \v52.5

Solution. Ilquating the given expression to x and applying

Rule B §12, we write
@ V0.0835
587 /525

This proportion suggests the setting indicated in the following
diagram:

[ C !i _ opposite 537
D .| read z = 0.324
K ‘ to 835 (middle)
B et 52.5 (right)
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Example 3. Evaluate

(1.736) (6.45) +/8590 +/581
V278

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

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

Note that Examples 1 and 2 were attacked by the proportion
prineiple whereas Example 3 was considered as a serics 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
13. 675 x v/ 0.346 x v/0 00711,
e, V321 (0.0585)%
(1/3.63)
Brman i
- 489 = V/THZ. 15, 3:57 % V/BE3 x 4250,
277 + v/ 661,000 T 0.0346 /000753
s e i g o
5. V/EIT + V28 4. 16, V/0.00335 /275,

1. V732 (0.523).
. 24.3 ~/0.0601r.

W N

T8T 4/0.723

/580 + /160,000,
. VBB - /160,000 17, 00872 % 36.8 x \ 2.8,
7. (72.3)* x 8.25. s 0 343=
g, R(0.213)2 18. 76.2 V/B6.1 /BTT (1/3.78).
©T0.0817 ViTEHs
190, ————— " — .
+19.9: 0.0276v/58,500 x 7.63 x (476,
TR x 0.12% N
Hel2lF20 2o, 68-7TV/3160/T0317 x 89
lo, _ TV/TI0 9 17.6 % 277
4,46 x /28,5 3/0 0045 x 1834 % V31,6
11. 3.83 x 6.26 x v/54.2. S 21 89,6 x T48 x V3460
12. (0.437 x /564 % /186 22. /(27 5" (3 483)%,
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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 saine time set to the mantissa (fractional part) of the common
logarithm of the number on the L seale, and eonversely, 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 gredter 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 () 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.

Hence the mantissa is .699. Since 50 has two digits to the left of
the decimal point, its characteristic is 1.
Therefore log 50 = 1.699,
() Push hairline to 16 on D,
at hairline on L read 204.
Supplying the characteristie in aceordance 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
0.01062. N.000412. 72,6, 0.267. 0.00802, _432.

CHAPTER 1V
PLANE TRIGONOMETRY*

25. Some important formulas from plane trigonometry. The
foilowing 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 A BC of Ttig. 1, the B
side opposite the angle 4 is designated by q, .
the side opposite B by b, and the hypotenuse - I
by e. Referring to this figure, we write the  a a
following definitions and relations. Fic. 1.

Definitions of the sine, cosine, and tangent:

sine A (written sin 4) = 7 _ ahoateiside )
¢ hypotenuse

b  adjacent side

cosine 4 (written cos A) = = )
¢ hypotenuse

tangent A (written tan A) - ;—; = }% .

Reciprocal velations:

cosecant A (written ese A) = &« L '
@ sin A
- ¢ 1
secant A (written see A) = = = )
b cos A
cotangent -1 (written cot A) = b
‘ gent - T T g tan A

Relations between complementary angles:

cos 4 = sin (90° - A),
tan A = cot (90° — 4),
cot 4 = tan (90° — A).
*See the authors’‘‘Plane and Spherical Trigonometry,” MeGraw-Hill Book Ce.,

New York, N.Y,, for a thorough treatment of the solution of triangles hoth hy
logarithmic computation and hy means of the slide rule.

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

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

If in any triangle such as ABC of Fig. 2, 4, 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
. : sind4 snB sinl
Law of sines: = = :
a b c ¢ i
Law of cosines: a* = b® + ¢ — 2becos 4., o
b
A+ B+ 0= 180°. Fie. 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 secales 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
11Y'; sinee 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 107,
These illustrations indieate 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 black number (angle) on scale S or
ST, the sine of the angle is on scale C' at the hairline and hence on
seale D when the indices on scales C and D coincide.

When scale € is used to read sines of angles on 87, the left index
of €' is taken as 0.01, the right index as 0.1. When reading sines
of angles on 8, the left index of C is taken as 0.1, the right index as 1.

*The ST scale is a sine seale, but sinee it iz also used a8 a tangent scale it i-
designated ST
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Thus to find sin 36° 267, opposite 36° 26’ on scale S, read 0.594 on
seale €; to find sin 3° 24’, opposite 3° 24’ on scale 8T, read 0.0593
on scale C. TFig. 3 shows scales ST, S, and € 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.

g

ose’ [51:3 25 4% 50
H 4 ] [ ! '
20’} 12°25} w20 2eveo’ B % : H
2 i — O AR
3 B i ;3 d ed ou 5
1 A I 2% &
5] L ] - |11 [

Fie. 3.
EXERCISES

1. By examination of the slide rule verify that on the & seale from the left
index to 16° the smallest subdivision represents 5’; from 16° to 30° it represents
10; from 30° to 60° it represents 30; from 60° to 80° it represents 17; and from
80° to 90° it represents 5°.

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

(@) 30% () 38°, (c) 3°20°". (dy v0O°. fe) 87°45".
) 1°35°. (g) 14°38". (h) 22°25°. () 11°48.  (j) 51°30".

3. Find the cosine of each of the angles in Fxercise 2 by using the relation
cos ¢ =ain {(90° - g).

4. For each of the following values of 2,

(a) 0.5. (b) 0.875. (c) 0.375, (d) 0.1. {e) 0.015.
() 0.62. (g) 0.062 (k) 0.081. () 0.92. (5) 0.885.
find the value of ¢ less than 90°, {A) if ¢ =sin ™, where sin "'z means ‘‘{le
angle whose sine is 2'; (8) if ¢ = cos x.
5. Find the cosecant of each of the angles in Exercise 2, hy using the relation
1
CaC § = el
Hint,  Set the angle on N, read the cosecant on €1 (or on DI when the rule

is closed). .
6. Find the secunt of each of the angles in ¥xercise 2, by using the relatior

BeQ @ = —— &
cos @
7. For each of the following values of x,
(a) 2. ®) 24. (© 1.7. (d) 6.12. (e) 80.2. (fy 4.72.

find the value of @ less than 90°, (A} if ¢ = esc™ly: (B) if g = sec™a.
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27. The T (Tangent) scale. When the indicator is sel to a black
angle on scale T, the tangent of the angle is on scale C at the hairline
and hence on scale D when the indices of scales T' and D coincide.
Also when the indicator 1s set to a black angle on scale T, the cotangent
of the angle is on scale CI at the hairline. Thus to find tan 36° push
the hairline to 36° on 7', at the hairline read 0.727 on €. To find
cot 27° 10/, push the hairline to 27° 10" on T, at the hairline read
1.949 on C1I.

When scale € is used to read tangents, the left index is taken as
0.1 and the right index as 1.0. Only those angles which range from
5° 43’ to 45° appear on seale 7. It is shown in trigonometry that
for angles less than 5° 43/, the sine and tangent are approximately
equal. Hence, so 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 S8T*, at the
hairline read 0.0393 on C. To find the tangent of an angle greater
than 45°, use the relation cot § = tan (90° — 8). To find tan 56°,
push the hairline to 34° ( = 90° — 56°) on T, at the hairline read
1.483 on 1. The student should observe that he could have set
the hairline to 56° in red on the T scale and thus have avoided
subtracting 34° from 90°. The method governing the use of red
numbers is treated in the next article.

EXERCISES
1. Fill out the {ollowing table:
g 8°6" | 27°15" | 62°19° 1 1°7" | T4°1% 87° 47° 28
tan ¢
cot @

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

(a) 0.24. (b) 0.785. (e) 0.92. (d} 0.54. (e) 0.059,
() 0.082. {g) 0.432. (k) 0.043. (i) 0.0149, (7) 0.374.
k) 3.72. () 4.67. () 17.01, (n) 1.03. {0) 1.232,

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

28. The red numbers on the S and T scales. The red numbers
on the S and T scales express the complements of the angles repre-
sented by the corresponding black numbers on these scales.

*The ST scale is a sine scale, but since it is also used aa a tangent scale it is
designated ST.

§28] RED NUMBERS ON S AND T SCALES 41

When the hairline is set to an angle 9 on secale § red, cos 6
[= sin (90° — B)]is on scale C at the hairline and hence on scale D
when the rule is closed. Also when the hairline is set to an angle 9
on seale 8 red, sec § (: c_&i—ﬁ) is on scale CI at the hairline.
Thus to find cos 60°, push the hairline to 60° on 8 red, read at the
hairline 0.5 on €. To find sce 60°, push the hairline to 60° on S red,
at the hairline read 2 on C/.

When the hairline is set to an angle 6 on scale T red, cot 9
(= tan {90° — G)) is on scale €' at the hairline. Also when the

C e 1
hairline is set to an angle § on scale T red, tan 0 ( = m)
is on scale CI at the hairline. Thus to find cot 54°, push the hairline
to 54° on 7 red, read at the hairline 0.727 on ¢, To find tan 62°50°,
push the hairline to 62°50’ on T red, at the hairline read 1.949 on C'7.

In this connection the following statement will be found suggestive.
If the hairline be set to an angle on & trigonometric scale, it is auto-
matically set to the complement of this angle. One of these angles
is expressed in black type, the other in red. From what has been
said it appears that we read at the hairline on the € scale or on
the €I scale, & figure expressing a direct function, (sine, tangent,
secant) by reading a figure of the same color as that representing
the angle, a co-function (cosine, cosecant, cotangent) by reading
a figure of the opposite color. Accordingly the student may find it
advantageous to observe that: Direct functions (sin, tan, sec) are
read on like eolors (black to black, or red to red) co-functions {cos,
cot, cse) are read on opposite colors (black to red, or red to black).

By using the reciprocal relations and the relations cos = sin
(90° — 6) and cot @ = tan (90° — 0), any of the six trigonometric
functions of an angle can be replaced by a sine or tangent of an
angle. Hence by using these relations the red scales may be avoided.
The learner should always use the red numbers to avoid subtracting
an angle from 90° However, if he uses the trigonometric scales
infrequently, it is advisable that he employ mainly the sine and
tangent. Anyone dealing with all six trigonometric funetions should
master §28.

In what follows any reference to an angle on a trigonometric
scale will be to the angle in hlack unless otherwise stated.

EXERCISES

Using the red numbers on the trigonometric scales, solve Exercises 3, 48, 5,
6, and 7 of §26, and Exercises 1 to 3 of §27.
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29. 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 funec-
tions. This is illustrated in the following examples.

4 sin 38°
Example 1. Evaluate Ten 42°
Solution. Push hairline to 4 on D,

draw 42° of 7 under the hairline,
push hairline to 38° on S,
at the hairline read 2.73 on D.

Example 2. Evaluate L3 512n ;2 tan 20

Solution. Use rule € §15 to write Y17 8in 72° tan 20°

(%)

Push hairline to 17 on A right,

draw 2.2 of €' under the hairline,

push hairline to 20° on 7',

draw 6.1 of C'T under the hairline,

push hairline to left index of C,

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

at the hairline read 3.96 on D

7.9 ese 17° cot 31° cos 41°
18 tan 48°4/3.8

Example 3. Evaluate

Solution. Replacing ese 17° by Eﬁi}ﬁ’ cot 31° by ﬁ , and

tan 48° by J&l—lﬁ and using rule C' §15, we obtain

1) 5 .
(18] 7.0 tan 42° cos 41

4/3 .8 sin 17° tan 31°

Push hairline to 18 on DI,

draw 38 of B left under the hairline,
push hairline to 79 on C,

draw 17° of 8 under the hairline,
push hairline to 42° on T,

draw 31° of T under the hairline,
push hairline to 41° on 8 red,

at the hairline read 0.870 on 1.

§29] COMBINED OPERATIONS 43

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

The C'F 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).

2.10 x 2.54 x V45
sin 70° X tan 35° x 3.06
Solution. Push hairline to0 2.10 on D,

draw 70° of S under the hairline,
push hairline to 2.54 on C'F,

draw 35 of T under the hairline,
push hairline to 45 on B right,
draw 3.06 of CF under the hairline,
under index of € read 17.77 on D.

Note that the folded seale was used twice, once in the third setting

Example. FEvaluate

and once in the sixth.

, EXERCISES
Evaluate the following: = 0.61 ese 12° 15",
., 18.6 sin 36° " cot 35°16
' gin 21° 14 1 gin 22° 40’
2 32 sin 18° * tan 28°10"°
275 15 3.1 sin 61° 35’ esc 15° 18"
3 4.2 tan 38° ' cos 27° 40’ cot 20°
* sin 45° 30/ 16 13.18in 3° 7"
4 34.3 gin 17° " tan 30° WY
° tan 22° 30/ 17 0.0037 sin 49° 50'.
5 13.1 cos 40° tan 2° 6
" tan 35° 10'0 18 .\/m sin 45° 30’
5, 22 L0080 " V/436 41.2 cot 71° 10V
cot B0° 3
5. 7.8 cse 35° 30 1o, VB1 401
" eot 21° 257 sa 1 14
63.1 sec 80° 3 OO0
8 — tan 550 T (30.1) (62?) "

0 gin 18° tan 20° . 21, ¢sc 40° 30 s
"3 7tan4l°sin31° (19.1) (7.61) v/69.4
ie sin 62° a5/ 22. 64%112)1 (1 i 6881) sin ig‘:.
v T ey 23. 0. sin 81° cot 41°.
B, e e 50 pa, 101 cos 71° 10/ sin 15°

12, 7.17 sin 47° 35" /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 x and ¢ in the proportion

sin 36° wsine  =in 10°2 )

270 - 320 0 7

e . sin 36° ;
Since in the ratio 57 both numerator and denominator are known,

opposite 270 on scale I}, set 36° on seale S, push hairline to 320
on D, at the hairline read ¢ = 44°10° on S; push hairline to 10°2’
on 8, and at the hairline read z =80 on D. The following form
gives a diagramatie setting for the proportion:

g H st 36° read g = 44°10’ | opposite 10°27
|

opposite 270 opposite 320 read x = 80.0

The learner may well write such a form for the first few exereises
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 ealculation. 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 usual
way, or we may write the given expression in the form of a proportion.
Thus treating 8 sin 40° as a product, to 8 on D), set the right index
of 8, push the hairline to 40° on S, and at the hairline read the
produet 5.14 on D.

To find this product by means of a proportion we write

x = 8 sin 40°,
use Rule B §12 to write
i€ 8
sin 40° = 1 { = sin 90°)

g 40°

l
{2 sl

®
O
]

@
Lo

Fig. 4.
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opposite 8 on D set 90° on 8, and opposite 40° on & read z = 5.14

on D (see Fig. 4). '
Example 1. IFind 6 if sin 6 =

5] v

Solution. We write the given equation in the form
Sn 01 (= sin 909
3 5 ’
to 5 on £ set right index of seale S, push the hairline to 3 on D,
and at the hairline read 6 = 36° 52’ on 8.
Example 2. Find 0 if cos G = 2/3,
Solution. Since cos ¢ =sin (90° - 0), write the given equation
in the form sin (90° — 0) 1 { = sin 90°)
g = 3 '
to 3 on L set right index of 8, opposite 2 on D, read 90° — 6 = 41° 49’
on 8. Hence 0= 48°11".
Scales 17" and 1 can be used together in the usual way to make
the setting indicated by a proportion. Thus to find

16 tan 37° 3 .y tan 37°
W e L 2 ; ain L =
0017 APPh Rule B, §12 {0 obhtain 16~ 000

opposite 170 on D set 37° on T, and opposite 160 on £ read y = 710
on C, This setting is also explained by the following diagram:

H

T w set 37° \
¢ ! read y = 710
D ’ opposite 170 ! opposite 160
. 4, 23% .otan 0 4.23 :
H = Tl et ™t —m—m—m = ——-- 1<
Again to find 4 = tan Grg 0 M t l 6 75 and from thi

proportion obtain 4 = 32°11".

It is worthy of attention that the CF and DF scales may be used
in place of the € and D scales in this process of solving proportions.
For example find the values of » and @ in the proportion

11 £r 12
sin 56°36" ~ sin 43° * sin @
by using the setting explained by the {ollowing diagram:

DF opposite 11 read 9 | apposite 13
I

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

*The gymbol tan-1y is read *“the angle whose tangen! is 3.”
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EXERCISES
1. In each of the following proportions find the unknowns:
(@) sin 50° 25' . sin 42° 10’ ~ gin ¢ ® sin ¢ sin 35°  sin 60° 30",
T x 8 30.5 & - 32.8
© sin 25°  sin 40°  sin 70°, () sin # sing sin 12° 55
20 z o 15.6  25.6 40.7
2, Find the value of each of the following:
{a} 5 &in 30°. (e) 28 vos 25°.
{b) 12 sin 60°. {f) 35 esc 52° 200,
{c) 22/sin 30°. {g) 17 sec 16°.
{d) 15/sin 20°. (k) 55 sin 32° sin 18°,
3. Find the value of # in the following:
(@) sin o - 307 En 42°30° () sin o o 43380182107
a 2030 B 136
. 413 sin 77° 43’ P 156 sin 12° 557
(b) sin ¢ = — @ (d) sin & = S T A

4, Find the value of each of the following:
179.5 sin G° 25’_ 123 .4 sin §° 12/

) —gnsi 50 ©) —gmazao
3.97 sin 73° 375 sin 18° 40’
®) gnos1y ) = on 62° 407

5. Find the value of each of the following:
(@) 4 gin 35° ~ 5.4 8in 17° © 18 ein 52° 30" — 23 4 cos 42° 157
sin 47° ! gin 22° sin 63°
@) 8 — § sin 70° . ) (27 .7 8in 39° 1572 — 16 cos 12° 4(.
8in 37° - 0.21 46.2 sin 10° 10" + 32.1 sin 17° 155*
6. Solve for the unknowns in the following equations:

tan ¢ tan a tan 33°15 (@ y = 84 .1 tan 75°_
@) 57 = 497~ s Y- 374
tan 24° 10’  tan ¢ 9.32 tan 17°
®v=-—%1w ~To07 N v="335
10.7

= g 2 83")2- = TR 1 enf 47°
(c) y = (407 cot 82° 53) (@) vy 5 1 cot 43°

4.77 tan 21° 15,.
25 .7

17.2

tan 34° 107 {h) tan ¢ =

) v =
472 tan 11° 45’
333
31. Law of sines applied to right triangles. We have just scen
how a proportion may be solved with the slide rule. A method of
writing a proportion from a triangle is given by the law of sines

(¢) tan & =

sind sinB snC
= = P
a ] c

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

write gin A _ sin B 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°-4=90° - 36°= 54°

8 Application of the law of sines
to the right triangle of Fig. 5
: a=520 gives
Awb 9oc sin 36°  sin 54°  sin 90°
520 b c

F1a. b,
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 I opposite 520 read b = 716 ' read ¢ = 885

26° 54° 90° l
F s | |
] | .
D 20 be7I6 =885

Fic. 6.

Example 2. Given a right triangle in which
A =44° ¢= 51, find e, B, b.

Solution. B =90° - 4 = 90° — 44° = 46°,
Application of the law of sines to the triangle . a
of Fig. 7, gives

D a 3 -] % o 44° 905
sin 44°  sin 46°  sin 90° A ¢

5 b
i b 51 F1c. 7.

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

8 set 90° , opposite 44° opposite 46°

D opposite 51 ’ read a = 35.4 read b = 36.7
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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. =52,
A =52°41". A =58°30", ¢ = 60.
11. b =2.89, 14. ¢=0.726, 17. a = 1875,
¢ =511 B =10°1". B =220
12, b =512, 15, ¢ = 0.821, 18. b=0,
¢ = 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 iz 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 magnitudeis 10. Tind the component
in the direction of north.

21. Find the angle made by the diagonal of a cube with the diagonal of u 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 & 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. -
Example. Given the right triangle .

of Fig. 12 in which a = 3, b = 4; solve % wa o1,

the triangle. Fie. 12.

Solution. Trom the triangle we read tan A = 2. This equation
when written in the form and 1

3 4
indicates the setting explained by the following diagram:

T set index read A = 36°52’ and B = 53°8 (red)

D opposite 4 opposite 3

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 ¢
and make the setting explained in the following diagram:

S set 4 = 36°52 opposite 90°

D opposite 3 read c= 5

The student should notice that after reading A = 36°52" on T,
the setting indicated in the second diagram is made by drawing
36°52' on 8 undet the hairline.

$33] LAW OF SINES APPLIED TO OBLIQUE TRIANGLES 51

Those operatots who have occasion to solve many right triangles
of the type under consideration should use the following rule:
Rule. 7o solve a right triangle for which two legs are given,
to larger leg on D set proper index of slide,
push hairline to smaller leg on D,
af the hairline read smaller acute angle of triangle on T,
draw this angle on 8 under the hairline,
at index of slide read hypotenuse on D.

EXERCISES
Solve the following right triangles:

1, a=123, 4. a =273, 7. 0= 132,
b =202 b = 418, b =132

2. a=101, 5. a =28, 8. u=42,

b = 116. b = 34 b =71,
3. a=50, 6. a =12 9. a =031,

- b =233. b=>5. b = 4.8

10. The length of the shadow cast by a 10-ft. vertical stick on a horizontal
plane is 8.39 ft. Find the angle of elevation of the sun.
11. From right triangle A BC of Fig. 13 we have

B a . .
S Aore =rsin 4,

and

BT+
a b c a
F1a. 13. e tan 4 or @ = b tan 4.

or, by using Rule C §15,
(1 =sin90°) tam A sind

1/a *T1/p /e’

By means of this proportion solve Exs. 1, 2, 4, 5.

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 (sce Fig. 14) in which
a=50, A=065° and B-40° Find 6
b, ¢, and C.

050

Solution. Since 4 + B + (' = 180°,

¢ =180° — (A + B) = 75° A T T AN
) Fie. 14
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Example 3. (iven a right 2
triangle in which ¢ =49 and g as22
a=22 find A, B, and b (see A ' P
Fig. &). Fic. 8.

Solution. Applieation of the law of sines to the triangle of Fig. 8,
gives . . .
sin A sin 90° sin B
22 49 b

The solution of this proportion for & and ¢ is accomplished by
using the sctting explained by the following diagram:

; . oarr site B = 63°20'
h ‘ set 90 read A = 26°40 Opp(()il Soo _ A)
D I opposite 49 ‘ opposite 22 read b = 43.8

The student should note that he will save time by using the
red numbers to read 63° 20" directly instead of subtracting 26° 40/
from 90°.

Whenever an angle less than 5° 44’; that is, an angle whose 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,
ag illustrated in the following example.

Example 4. Given the

cna gy right triangle in which

A 0 ¢=4.81 and a= 0.31, find
Fie. 9. A, B, and b (see Fig. 9).

Solution. Application of the law of sines to the right triangle
of Fig. 9, gives :

B
90° 10031
[+

sin A _sin B sin 90°
0.31° b6 4.81

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

ST read A = 342’
- |
- . 5 opposite 86°18’
A set 90 ( . 900 _ 3042!)
D ‘ opposite 481 opposite 31 read b = 4.8
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Note that the DF scale may be used in place of the D seale in
making a setting based on the law of sines.

Example 5. Given the right triangle of Fig. 10
8 in which C = 1760 and A = 32° find «, b, and B.

* Solution. Application of the law of sines to the
. right triangle of Fig. 10 gives
Fia. 10. 1760 g b

sin 90° ~ sin 32° ~ sin B

The solution of this proportion for ¢ and b 1s accomplished by using
the following setting explained by the following diagram:

DF } opposite 1760 l read o = 933 & read b = 1490 |

8 \ set 90° I opposite 32° lopposite 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 sctting on the slide rule directly from the figure.
To do this select from the figure (sce Fig. 11) a known side a opposite

8 a known angle A, push the hairline

to a on scale D, draw A of scale S

under the hairline, push the hairline

to a known part, and at the heirline

Fic. 11. read the opposile unknown part.

Tn other words 1t 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.

o
A s

EXERCISES

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

1. a=060, 4. b =200, 7. b =471,
¢ = 100. A =64°. B = 62°56/.
2. 4= 50.6, 5. ¢ =372 B, a=10.624,
A = 38°40". B = 6°12". ¢ =0.910.
3. a="T729 6. c=11.2 9. a=21834,

B = 68°50". A = 43°30". A =T72°7"
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Application of the law of sines to the triangle gives

sin 65°  sin 40°  sin 75°

50 b I

| s 40° 65 75" %

/ D be35.5 i} 553 }

F1c. 15.

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

S ” set 65° i opposite 40° ‘ opposite 75°
D ‘ opposite 50 ’ read b = 35.5 I read ¢ = 53.3
Example 2. Given an oblique triangle in which 4 = 75°, a = 40,
and b = 30, find ¢, B, and C (see Fig. 16), ¢
Solution. Trom the figure we observe
that ¢ =40 and A =75° are the known .20 4040

parts which are opposite. Hence push hair-

line to 40 on D, draw 75° on 8 under the .

hairline, push hairline to 30 of D, and at the 2N ___¢ 8
hairline read B = 46°25' on S, push hairline Fe. 16.

1o ¢ =58°35 (= 180° — 4 —~ R) on S and at the hairline read
¢=3530n 0.

Example 3. Given the oblique triangle of Iig. 17 in which
A =75 a=40,b =3, find ¢, B, and (.
Solution. From the figure we observe

° that @ =40 and 4 = 75° are the known
parts which are opposite. Hence by push-
offera0 ing the hairline to 40 on f) and drawing
75° of S under the hairline, we make the
187 sotting used in solving the triangle. The
gtk solution 1= explained in the following
Fia. 17. diagram:
ST read B = 4°9'16"
8 set 75° opposite 79°9 (= A + B}
D || opposite 40 opposite 3 read ¢ = 40.7, i

To obtain '=100°50'44"" we use the relation €'=180°-{4 + B).
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EXERCISES
Solve the following oblique triangles, .
1, a =50, 5. a4 =120, 9.b =911,
4 =65°, b = 80, ¢ =77,
B = 40°, A = 60°, B =51°7
2. ¢ =60, 6. b =10.234, 10. ¢ =50,
4 = 50°, ¢ =0.108 ¢ =06,
B =75° B = 109°. 4 =123°11
3. a =550, 7. a =705, 11, ¢ = 8.66,
A =10"12" A =179%59" e =10,
B = 46°36' B = 44°41" A = 59°57"
4.%q =232, 8*¢ =21, 12.%h =8,
b = 4570, 4 = 4°10" a =120,
¢ = 90°. B = 75° 4 = 60°.

13. A ship at point S ean be seen from each of two points, A and B, on the
shore. If AB =800 ft., angle SAB = 67°43, and angle SB4 = 74°21’, find
the distance of the ship from A.

14. To determine the distance of an inaccessible tower 4 from 2 point 53,
aline B(’ and the angles ABC and BC' A were measured and found to be 1000 yd.,
14°, and 70°, respectively. Find the distance ARB.

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 Jess 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 side. In this case there is always only one solution. TLet
us now consider a case where
there are two solufions.

Example. Given ¢ = 175,
b= 215, and A4 = 35°30';
solve the triangle.

Solution. Fig. 13 shows 35930
the two possible triangles hav- A
ing the given parts. Applica- L_%_J ]
tion of the law of sines to
triangle ABC, gives

gin 35°30" sin By sin (3 .

L
F1c. 18,

175 215 T o

*The 87 acale must be used in the sojution.
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The setting and results are shown in the following diagram.

s [ set 35°30/ { read By = 45°30’ | opposite 81° (= A + B)

D l opposite 175| opposite 215 ! read ¢; = 298.

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

By = 180° — 45°30' = 134°30,

Cy = 180° — (A + Ba)= 180° — 170° = 10°

sin 35°30  sin 10° .

ang T
The setting and results are shown in the following diagram.
S H set 35°30" opposite 10°
D H opposite 175 read ¢z = 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
sin 35%30°

When the known ratio (SII;A

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

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

gin A _sin B
e b

) in the ambiguous case ig set on

sistent with the proportion 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 fwo solutions;
if it is equal to b, there is one solution, a right triangle; if it ¢s less than b,
there is no solution.

EXERCISES
Solve the following oblique triangles.
1, =18, 3. a=322 5. u=177,
b =20, ¢ =271, b = 2186,
A = 55°24’, ¢ = 52.°24’ A = 35°36'
2, b=18, 4. b=5.186, 6. a = 17,060,
¢ =18, ¢ = 6.84, b = 14,050,
€ = 15°40°, B 4473’ B = 10°
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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 ABCif (a) h = 3?2 (h) b = 4?

Fic. 19. (e) b=p?

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 ilus
trated in the following example.

Example. Given an oblique triangle
in which ¢ =6, b =9, and ' = 32°,

- solve the triangle.
- . Solution. From B of Fig. 20, drop
P the perpendicular ptosideb.  Apply-
300 ing the law of sines to the right
“I 0 D ™ JA triangle C BD, we obtain
- FI;GQ 20. ' sinﬂ90° _sin32° sin 58"_

] P n

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

oy B e 15
tan 4 w3917
or
tanA_i 1
3.18  3.01

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

s 39°8  sin 90° '

318 ¢

Solving this proportion, we find ¢ = 5.04. TFinally, using the relation,
A + B + C = 180°, we obtain B=108°52." The italicized rule of §32
could have been used in place of the last two proportions.

If the given angle is obtuse, the perpendicular falls outside the
triangle, but the method of solution i3 essentially the same as that
used in the above example.
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EXERCISES
Solve the following triangles:

1. a=94, 4. b =230, 7. a =0.085,
b = 56, ¢ = 3.57, ¢ = 0.0042,
C = 20°, A =62° B = 56°30

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

3. a =235 6. o =675 9. b = 2580,
b =185, e =1.04, ¢ = 5200,
(' = 84°36 B =127°%’ A = 138°21°

10, The two diagonals of & narallelogram are 10 and 12 and they form an
angle of 49.3° Iind 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 S
and departure of a course whose length is 2
525 ft. and bearing N 65°30" E. See Fig. 21. Spovss T8
Fre. 21,

13. Solve Ex. I by means of the law of tangents
a—b _ a+ b

1 B 1
tané(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 - €2 - 2bc cos A and then complete the solution hy using the
law of sines.

Example. Given the oblique triangle of Fig. 22, in which

< a=135 b= 18 and ¢ = 20, find A, B, and (.
el a-15 Solution. From the law of
. , B+t - a2
a B cosines we write cos 4 = o
Fic. 22. 5 . "
or cosAzsin(QO"—A)-l&—j———u*‘i—a—@-

2x18x20 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 obtal
sin 46°8’ _sin B sin &
15 18 20
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Making the setting indicated by the proportion, we find
B = 59°52', (' = 74°.

We may use the relation 4 + B + (' = 180° as a check. Thus:
A6°8! 4= 59°52" 4 T4° = 180° check.

EXERCISES
Solve the following trinngles:

1. 0=2341, 4. =610, 7. 0 =97.9,
b = 2.60, b =49.2, h = 108,
¢ =1.58. e = 80.5. e o= 139,

2, a=111, 5 «=793 8, o =579,
b = 145, h = 5.08, b = 50.1,
¢ = 40, ¢ = 4.83. ¢ = 350

3. a=35, 6. «@=2], 9. «a =13,
b = 38, b =24, =14,
¢ =41, c=27. ¢ = 14,

10. The sides of a triangular field measure 224 fr.. 245 ft., and 265 ft. lind
the angles at the vertices.
11. ¥ind the largest angle of the triangle whose sides are 13, 14, 16,
12. Solve Ex. 11 by means of the following formula:
4/ S_M_{

where « = ] { + b + ).
s (s — ) 2

13. In Ex. 4, §35, find the side opposite the known angle by means of the law
of cosines and then complete the solution by means of the law of gines.

14. In triangle A B of ¢
Ig, 23_ i
PE = - m? =a? -l b Pl Y
Hence b2 - a? = n2 — 02, .
) %0,
Factoring and replacing A I [ n B
(m + 7) by ¢, we have Fiq. 23.

(h4a)(b—d =0n+n)(ne—n)=clm—mn)

ar o (1)

To solve the triangle A BC, find m—n by using proportion (o], Combine this
resuit with
e+ o=,
to find m and #. Then solve each of the right trintgles of triangle A BT and use
the results to find the angles A, B, and (.

Apply this method to solve Exs. 1, 2, 3.
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37. Summary, The following tables summarize the methods of selution of 38. MISCELLANEQOUS EXERCISES
triangles. Solve the following triangles:
T 1. ¢ =80, 7. c=1, 13, o = 0.421,
. ] =" 4 = 20° A = 86°, b = 0,361,
& ¢ = 90° ¢ =90° ¢ = 0.402.
L oy 2. b =30, 8. a =795, 14. o =4,
s | T B 4 =107, A = T9°59, b =7,
= € = 90", B = 44°41", ¢ = 6.
& ; . © 3. a =80, 9. a =500, 15, a =78,
& & S wtaf % A = 75°, A = 10°12, b = 83.4,
BN I e e g & « = 90°. B = 46°36". B = 56°30".
B . I 4. o =10.11, b = 29.0, b = K000,
= b =17.3, A = 87°40, A = 24°30,
= ' =90° ¢ =33°15". B = 86°30°.
™
g | lato 5 a=2, a = 55.6, 6 = 42,930,
% | |alo b =3, ¢ = 66.7, ¢ = 73,480,
2| b ¢ =4 ¢ = 77°42". ¢ =127°3%,
6. o = 5.6, @ = 51.38, a = 61.3,
b =43, ¢ = 67.94, b = 84.7,
- E ¢ =49. B =793 o =476,
g als R
2, b C; . E—gug % 19. If the sides of a triangular fleld are 70 ft., 110 ft., and 96 ft. long, find
B ™ - z - “ the angle opposite the longest side.
> B 1 E [ ? g‘e ':3; 20. The diagonals of a parallelogram are 5 ft. and 6 ft. in length.  If the angle
e & HE = = ‘ geZ § they form is 49°18, find the sides of the parallelogram,
& =|™ L S E £ "B g2 = a4 m 21. A caris traveling at a rate of 44 ft. per second up a grade which makes an
2 z 3 & “ S I angle of 10° with the horizontal. Find how long it takes for the car to rise 200 ft
ot 3 &= Bayi | WET |5xF 22. A lighthouse is 16 mi. in the direction 20°30' cast of north from a cliff.
B=h o B OZ Sl | B2 g g8y ° Another lighthouse is 12 mi. in the direction 72°45" west of south from the cliff.
=1 B oo 3 u-r% =& B = z What is the direction of the first lighthouse from the second?
o= ) ﬁ ; g = s 23. A 52-ft. ladder is placed 20 ft. from the foot of an inclined buttress, and
E, £ 2 e 5, = reaches 46 ft. up its face. What is the inclination of the buttress?
- 2 - - = 24. If in a circle a chord of 41.36 ft. subtends an are of 145°37, find the radius
of the eircle.
® o BEE 2
-~ =0 = : 1
EE é =3 o 39, To change radians to degrees or degrees to radians. In
£ z‘a:e 53: %* ® %f & the next article we shall find it convenient to use the angular unit
é B o EE%:’P 9% 5 called the radian. To change radians to degrees or degrees to
. 3] i =gy i :
> & > =3 BE E B 585 | £ radians we use the proportion
Chell E Ege | B = .
<58 e EEE | &3 & = 7 (number of radians)
180  d (number of degrees)
9 N2 T'he setting 1s as follows:
- . 1
Eé 3% Opposite = on DF set 180 on CF,
] .
gz 2 Opposite radians on D (or DF) read degrees on € (or CF),
g = ﬁ or
| Opposite degrees on {or CF) read radians on D {or DF).
a
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Thus to convert 1.3 radians to degrees, we make the following setting:
Opposite = on DF set 180 on C'F,
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 € {or CF) read 0.785 on D {(or DF).

EXERCISES
1, Lixpress the following angles in radians:
() 45°, () 180° (g) 22°30.
(b 60°, (e) 120°. {(h) 200°.
{c) 00°, (£ 135° (£} 3000°.
2. Fxpress the following ungles in degrees;
{@) 7/3 radians. {¢) 7/72 radian. {e) 20m/3 radians.
{b) 3w/4 radians. (t!) Tm/6 radians. () 0.987 radians.
3. Iixpress in radians the following angles:
{n} 1°, ey 1. () 180°34"20"",
() 1% () 10°11°, () 300°25'43"

4, Iind the fullowing sngles in degrees and minutes:

)] 1—10 radian; () 2% radizns; (c) 1.6 radians; (d) 4 radians.

40. Sines and tangents of small angles. T'o find sin 4 or tan 0 for
an angle smaller than those given on the ST seale, we may use the
approximate relation
sin § =tan 8 = 0 (in radicns), {approximately).

T 180
ahgles oxpressed in degrees on Cor CF, read the same angles expressed

= (.00H24.

Sinee 1° radians, set 180 on C'F to = on DF: opposite the

in radians on £ or [DF vespectively. Thussin 0.3% = 0.3 0

- radian, and since 1" radian, we

180 x 60 T 180 % 60 x 60
ean find the sine or tangent of any small angle expressed in minutes
(or seconds) by multiplying it by the value of 17 {or 1”) in radians.
Thus sin 18’ = rsmi'#f = 0.00524; sin 35" = 35

x 60
0.0001697.

Since 1’ =

180 % GO x 60

180 x 60

("

For convenience the value of has been marked by a

“minute’”” gauge point on scale ST near the 2° division, and the value

180 x 60 x 60

of has heen marked by a “second” gauge point near
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the 1°10’ division. To approximate an answer for the purpose of
placing the decimal point, it is convenient to remember that sin 0.1° =
.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 85" or tan 35" set the slide rule as indicated in the
following diagram:

ST set “second’’ gauge point opposite left index

D \ opposite 35 1 read 0.0001697

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

ST set “minute” gauge point
¢ opposite 54
D opposite 28 read 44

To find 540 sin 0.467°, set the rule as indieated in the following
diagram:

f

b OF set 180
C opposite 540
D opposite (L1467 read 44 |
d

I 180
tan 0.25° ~ 0.25«’
and then set the slide rule as indicated in the following diagram:

To find tan 89.75°, write tan 89.75° = cot 0.25° =

DF to =

CF set 180

c opposite 0.25
DI read 229
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susceptance B are found from the relations
J K X
G”h2+.{'"2’ B=tmrx

or, since z =V K2 + X2,

= K o tos U]

© VR4 XEVRELXE 2
(2)

x s )

B =
VEZ+ X2E2 4 X2 e

From cquations (@), we obtain
z gin 6 cos 0
i~ B - ¢ (%)
First apply the italicized rule stated above to find z and 6 of I'ig.
30, and then use the proportion prineiple to find B and ¢ from (h).

Hence

To 3.6 on D set right index of slide,
push hairline to 2.7 on D,

at the hairline read # = 36°52' on 7',
draw 36°52" on S under the hairline,
at index of slide read z = 4.5 on D,
draw 4.5 of C opposite left index of D,
push hairline to 36°52" on §,

at the hairline read B = 0.133 on D,
push hairline to 36°52" red on 8,

at the hairline read G = 0.178 on D.

EXERCISES
1. Tmd the unknown angles # and the unknown magnitudes of the vectors in
Figs. 31, 32, and 33.

25924’

£y Y]

X r 18.3
F16. 31, Fig. 32. Fie. 33.
r o 2. The rectangular components of a veetor
- a4 : are 15.04 and 547 (see TFig. 34). Find the

Fic. 84 magnitude r and direction angle 9 of the vector.

3. Find the magnitude and direetion of a vector having as the horizontal
and vertical components 18,12 and 8.43, respectively,

$41] APPLICATIONS INVOLVING VECTORS 85

4, Find the horizontal and vertical components of a vector having magnitude
2.5 and making &n angle of 16°15” with the horizontal.

5. A force of magnitude 28.8 Ib. acts at an angle of G8° with the horizontal.
Find its horizontal component, and its vertical component.

6. A 12-inch veetor and an unknown vector r
have as resultant a 16-inch veetor which makes an
angle of 28° with the 12-inch vector as shown in
Fig. 35. Find the unknown vector r.

Y
7. Find the magnitude and the angle of the
vector representing the imaginary number
— 2.7 +73.6. Hint. Use Fig. 36. e g
—2.7 | =
F1c. 36.
Y
8. Through what angic 6 measured
counter-clockwise must a vector whose
complex expression is —10 — j5 be rotated
to bring it into coincidence with the vector -10 1 A .
whose complex expression is 3 + j4. (See P
Fig. 37). =
Fi6. 37.

9, The complex expressions for two vec-
tore (see Fig. 38) are v =7 —j14 and - ¥ .

p2 = —6 ~ 8. From the tip of 1 a line k
is drawn perpendicular to ». TFind the -8 3
length m of this perpendicular, and the - 90"
length # of the line from the origin to the i
foot of the perpendicular,
F1i. 38,

10. A certain circuit consists of a resistance of 8.24 ohmns and an inductive
reactance of 4.2 ohims, in series. Find the impedance, the susceptance, and the
conductance, (See Example 3.)

11. Find the impedance, the susceptance, and the conductance of a circuit
which consists of a resistance of 8.76 ohms and an inductive reactance of

11.45 ohms in series.
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EXERCISES
Find the values of the following:
1. sin 5", 12, cot 30°.
2. sin 5", 13. 250 sin 23",
3. 8in 21", 14, 42 tan 19,
4. gin 32", 15. 150 cos 89°40",
5. tan 7, 16. 38 sin 527,
6. tan 52/, 17. 500 tan 35".
7. cos 89°45'. 18. 432 sin 6;3'.
8. cos 89°59’ 19", to, AR
9. mec. 89° 40, 0.0001745
10. csc 16" 29, B0 18"
11. ecse 2/, 0.131

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

A vector A B (see Fig. 27) ix
a segment of a straight line B
containing an arrowhead
pointed toward B to indieate
a direction from its initial
point A to its terminal peint .
B. Thelength of the segment
indicates the magnitude of the
vector and the line with at-
tached arrowhead indicates # " Y B
direction. If from the ends A Fie. 27.
and B of the vector, perpen-
diculars be dropped to the line of a vector A’B and meet it in the
points A" and B”, respectively, then the vector A" B directed {rom
A" to B” is called the component of vector 4B in the direction
of A’H’.

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

In each of the following applications, two mutually perpendicular
components of & vector are considered. Evidently these components
may be thought of as the legs of a right triangle having as hypotenuse
the vector itself.
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For eonvenience the rule for solving a right triangle when two legs
are given is repeated here,
Rule. To solve a right triangle for which two legs are given,
to larger leg on D set proper index of slide,
push hairline to smaller leg on D,
at the hairline read smaller acute angle of triangleon T,
draw this angle on S under the hairline,
at index of slide read hypotenuse on D,

Example 1. Pind the magnitude and the angle of the vector
representing the complex number 3.6 + 7 1.63 wherej = v/ — 1.

Sofution. 1f the numbers x and y be regarded as the rectangular
coordinates of a point, the complex number x + jy is represented by
the wveetor from the origin to the

point (z, 4). Hence we must find R 2
and § in IFig. 28, Therefore, in I
accordance with the italicized rule 7 % 9

stated above, F1a. 28

To 3.6 on D set right index of slide,
push hairline to 1.63 on D,

at the hairline read 6 = 24°22' on 7,
draw 24°22' of S under the hairline,
at index of slide read R = 3.96 on D.

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

Solution. Denoting the required
components by « and ¥ (see Fig. 29),
we write

268 g _ x
sin 90° ~ sin 38°  sin 52°7
make the corresponding setting, and -
read x = 21.1, ¥ = 16.50. Fig. 29.

Example 3. A certain circuit consists of a resistance £ = 3.6 and
an inductive reactance X =2.7 in series. ¥ind the impedance z, the sus-
ceptance B, and the conductance G.

c

Solution. The quantities B, X and
2z have relations which may be read A« 7]
from Fig. 30. Conductance ¢ and F16. 30.
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42. Applications. The solutions of many practical problems are
obtained by dealing with rectilinear figures. In finding the length
of a specified line segment of a rectilinear figure, the beginner is
likely to read a number of lengths which are not needed. This may
be well at first, but the efficient operator reads and tabulates only
useful numbers, The following examples and sclutions indicate
efficient methods of finding desired parts of rectilinear figures.

Example 1. Find the line segment marked z in Fig. 39.
Solution. By using the law of sines, we write

368  y y _x
sin 39°  sin 65°7 sin 50°  sin 28°

and then find # by making the
following settings:
push hairline to 368 on D,
draw 39° of S under the hairline,
push hairline to 65° on S,
draw 50° of S under the hairline,
push hairline to 28% on S,
at the hairlineread z = 3250n . 4 b
The value of i was not tabulated, F1G. 39.
but it could have been read at the
hairline on seale I when the hairline was set to 65° of seale 8. 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 & number
of angles before the slide rulec computation can be carried out. This
process is illustrated in Example 2.

Example 2. Find the length of the side marked z in Fig. 40{a).

Solution. To find the length of the side marked z in Fig. 40{a),
first draw Fig. 40(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, 389

push hairline to 32° on S,
draw 38° of S under the hairline,
push hairline to 65° on S, 16. 40 (). F16. 40(b).
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draw 45° of § under the hairline,
push hairline to 77°on §,
at the hairline read 2 = 319 on D.

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

Example 3. Find the side x of the in-
scribed quadrilateral shown in Fig. 41 (a).

Solution. Angles @ and 8§ are right
angles because each is inscribed in a semi-
circle.  Knowing two legs of right triangle
PQR we first find its hypotenuse and then
deal with triangle PSR. Accordingly

To 184 on D set left index of slide,
push hairline to 7.81 on D,
at the hairline read A [Fig. 41 (B)] = 23°
an T,
draw 23° of S under the hairline,
compute B [Fig, 41 (b)] =65°— A = 42°,
exchange indices (see § 6),
push hairline to 42° on S,
at the hairline read x = 13.37 on D. F1G. 41(3).

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

Example 4. An engineer in a
level country wishes to find the
distance between two inaccess-
ihle points ¢ and I and the di-
rection of the line connecting
them. He runs the line A B TMig.
42 (a) due north and measures
the side and angles as indicated.
Using his data solve his prohlem.

F1c. 42 (a).
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Solution. First find E4 (but do not
write it), and then find EC = 766; after-
wards find BE (but do not write it) and
then ED = 425. In the triangle DEC
[see Fig. 42(b)] two sides and the included
angle are now known; hence the method
of §35 may be applied to it to find DC =
944 and angle ECD = 26%4°. Therefore
the angle NCD = 48° — 2614° = 2134,
and line CD makes an angle of 2134° with
a line directed due north. The operator

Fic. 42(b).

may check these answers by making the suggested settings.

EXERCISES

1. Tind the length of the line segment B¢ in Fig. 39,

2. Tind the Iength of the line segment marked w in Fig. 40a.

3. In Fig. 43 find the length of the line scgment marked 2.

4, Line segment AR in Iig. 44 is horizontal and "0 is vertical.  Find the
length of €.

5. In the statement of Bx. 4, replace “Fig. 447 by “Fig. 45" and solve the
regulting problem.

c
[
o
7 °
a8’

A L Ly

284 B A 74.2 ]

Fiag. 43. FIc. 44, FiG. 45.

6. Find the length of the line segment marked @ in Fig. 46,

7. If in Fig. 47 line segment B1) is perpendicular 1o plane A BC, find its length.
D
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8. A tower and a monument stand
on a level plane. (See Fig. 48). The
angles of depression of the top and bot-
tom of the monument viewed from the
top of the tower are 13° and 31° re-
speetively; the height of the tower 15 =
145 ft. Find the height of the monu-
ment.

F1c. 48.

9. The capiive balloon ¢ shown in Fig. 49 is connected to o ground station .4
by a eable of length 842 ft. inclined 65° to the horizontal. In a vertical plane
with the balloon and its station and on the opposite side of the balloon from A a
target B was sighted from the
halloon on alevel with 4. If the
angle of depression of the target
from the bulloon is 4° find the dis-
tance from the target to a point
" directly under the balloon.

Fia. 49.

10, A light house standing on the top of the cliff shown in Fig. 50 is observed
from two boats 4 and B in a vertical plane through the light house,  The angle
of clevation of the top of the light house
viewed from B is 16° and the angles of
elevation of the top and bottom viewed
from A are 40° and 23° respectively. If
the hoata arc 1320 ft. apart find the height i 13507 B

" of the light house and the height of the cliff. ¥ig, 50.

11, ¥ig. 51 represents a 600 ft. radio tower.
AC and A D are two cables in the same vertical
plane anchored at two points € and D on a level
with the basc of the tower. The angles made by
the cables with the horizontal are 44° and 58 as i N
indicated. Find thelengths of the cablesand the % - uil . S
distance between their anchor points. s, 5C]. e

600

12. Two fixed objects, A and B of
Fig. 52, were observed from a ship at B8

=z

point S to be on a straight line passing
through 3 and bearing N 15° B, After
pailing 5 miles on a course N 42° W
the captain of the ship found that 4 A0
hore due east and B bore N 40° E, A

Tind the distance from 4 to B. “%1{




CHAPTER V

LOGARITHMS AND THE SLIDE RULE

43. Construction of the D scale. Perhaps the simplest explanation
of the construetion of the scales of the slide rule can be made in
terms of logarithms. Since nearly all the scales are constructed by
the same method, a detailed consideration of the construction of the
D scale will indicate how most of the other scales are made.

The D scale is ten inches long* To construct a D scale, draw
a line 10 inches long, make a mark at its left end and letter it 1,
see Fig. 1. This mark will be referred to as the left index. Taking

2 4 3 4 T
2o 1|;|||:|\1||1|?|||||||||nul|m| il ||?1?1j

A
1 )
|
|
|

(=]
-
) [

e
Logll | ng 2

Log3

|
i

Log 3.1

e tog N

Fic. 1.

ten inches as a unit of measure, lay off from this Jeft index a length
equal to log™ 2 ( = 0.3010 approximately), make a mark and num-
ber it 2 (see Fig. 1); lay off from the left index a length equal to
log 3 (= 0.4771 approximately), make a mark and number it 3;
lay off from the left index a length equal to log 4, make a mark and
letter it 4, ete.;until a mark has been made for cach of the digits
from 1 to 9. Instead of marking the right index 10 as we should
expect, since log 10 = 1.0, number it 1. This gives the ten primary
divisions. The other division marks are located in a similar manner.
Thus fo each division mark is associaled a number and this mark is

*Nominally the I} scale is 10 inches long. Tts exaet length however ia 25
centimeters,

**The symbol fog & will be understood to mean the mantissa of logjo N unless
otherwise specified.

70
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situated at @ distance from the left index equal to the mantissa of the
{logarithm of that number.
It is interesting to note that the distance on this scale between

anumber & and a number M, N>M, is equal to log % ;

The mantissa, or fractional part of the logarithm of a number, is
independent of the position of the decimal point. Hence if we
think of the distances from the left index as the mantissas of the
Togarithms of the numbers represented by the divisions, it appears
that we ean think of the primary divisions as representing the
range of numbers 1, 2, 3, . . . 10, the range 10, 20, 30, . . . 100, the
range 100, 200, 300, . . . 1000, ete. Naturally, in each of these
cases, we think of the secondary divisions as representing appropriate
numbers lying between the numbers represented by adjacent primary
divisions.

44, Accuracy. From §43 we write
log;oN = d (1)

where N represents the number associated with any specified
mark on the D scale and d is the distance of the mark from the
left index. By applying caleulus to equation (1) we easily prove
that for small errors in d

Relative error in & = (e_n:gjén_N) = 2.3026 (error in d). (2)

Now the error in d is the error made in making the reading.
The right hand member is independent of N. Therefore the relative
error in the number read does not depend on its size and hence is the
same for all parts of the scale. Near the left end of the D scale a
careful reading should be in error by no more than 1 in the fourth
place i.e. the relative error should be no greater than 1 in 1000.
Hence the accuracy of any part of the D scale is roughly 1 in 1000
or one tenth of one percent.

45. Multiplication and division. The middle part of the rule
which may be moved back and forth relative to the other part is
referred to as the slide; the outer or fixed part of the rule is called the
body. The D scale is located on the body and the C scale is the
same as the D scale except that it is located on the slide. Hence the
( scale may be moved relative to the D scale, and we are able to
add distances as indicated in Fig. 2.
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From this figure and the considerations of §43, it appears that
log P=log N +log M. (3)

But the sum of two logarithms is equal to the logarithm of a produet.
Hence from (3) we have

log P =log MN,or P=MN. ()
Thus it appears that Fig. 2 shows the setting to be used for mul-

c1 2 3 4 5 f?as:l.
N NEEEERI N h_Lu_LArHH;u.LL
71 T L Ll IIITlﬂl
8 9

T T T T T T T TITIIT ATy Ell T[TTTT]
3 4 5 &1 7

fs-—————Log P

Fic, 3.

tiplying numbers. From Fig. 3 and the considerations of §43 it
appears that
log P=1log M — log N, (5)
Or since
log M —log N =1log (M/N),

we have log P =log %[, and P = %r {6)
Thus Tig. 3 shows the setting to be used for dividing numbers.

The rule for multiplication §5 and the rule for division §7 are
justified by the principles set forth above.

46. The inverted scales. The CI and DI scales are constructed
in the same manner as the D scale except that the distances are
measured leftward from the right index, and the numbers associated
with the primary division marks are in red.
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Let N be the number associated with a position on the € scale and
K the number on the C scale associated with the same position.
Then, in accordance with §43,

log N+log K= 1.
Hence we may write

log K=1-log N =1log 10 —log ¥ =log %)’
ar
10
K= '

Therefore, except for the position of the decimal point, K is the
reciprocal of N. In other words, when the hairline is set to a number
on the CT scele, it 1s automatically set to the reciprocal of thot number
un the C scale.

#
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Fig. 4 indicates how multiplication may be accomplished by using
the €I scale in conjunction with the D scale while Fig. 5 indicates
how division may be accomplished. From Fig. 4, we have

log P=log M +log N,or P=MN,
and from Fig. 5, we have
log P=log M —log N,or P= M/N,

Scale DI is the same as scale CT except that seale DI is located
on the hody. Evidently, then, the (' and D7 scales can be used
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together in the processes of multiplication and division just like the
scales ¢ and D.

47, The A scale, the B scale, and the K scale. The A scale is
constructed by the method used in the ease of the D seale except that
the unit of measure employed is 5 inches instead of 10 inches and the
seale is repeated.  The B scale is the same as the A scale except that
it is situated on the slide while the A seale is on the body.

When the hairline is set to a number N on the A scale it 15 auto-
matically set to a number M on the D scale, see Tig. 6. The two

y
LA : 3teserssy ¢ 3 s oe7en |
Scole 5 | j
r———4og N N
Scala 10
T | T 1 1 1 1 1T I T ITIT]
lo p2 3 3 8 6 T'8'9'1 l
M
SE——— ——
Fiq. 6.

lengths marked log N and log M in the figure are equal. However
since the unit in the case of log N is half the unit in the case of
log M, we have

1 o
Tisgg W= 5—; log ¥ =log N% =logV' N,

and M =+/N.
Henee, « number on scale D is the square root of the opposite number on
scale A. A similar relation exists between numbers on scales C and B.
The K scale is constructed by the method used in the ecase of the D
scale except that the unit of measure employed iz one third of 10
inches instead of 10 inches. The argument uzed above may be
employed to show that when the hairline ts sel to a number on the
K seale it is automalically set to the cube root of the nuwmber on the D scole.

48. The trigonometric scales. The general plan of construeting
the S (sine) scale is the same as that for the D scale. Here again
10 inches is taken as the unit of measure. To each division mark on
the § scale is associated an acute angle {in black) such that the
distance of the division from the left index is equal to the mantissa
of the logarithm of the sine of the angle. Thus Fig. 7 shows the
division marked 25 at a distance from the left index of the mantissa
of log sin 25°. Hence when the hairline is set to an angle on the
sine scale, it is automatically set to the sine of the angle on the
16 8in 68°

scale. TFig. 8 shows a setting for finding P s 27°
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N
s .8 1 8 31 1 o w ! o)
Log sin 25°
Log sin N
F1e. 7.
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Fic. 8.

From this figure 1t appears that
. 16 sin 6&8°
. r o , 00 ,
log P =log 16 — log sin 27° + log sin 65° = log e
or
_ 16 sin 68°
~ sin 27°

2

Sinee the slide rule does not take account of the characteristics of
the logarithms, the position of the decimal point is determined in
accordance with the result of a rough approximation.

If the learner will note that the angles designated by red num-
bers are the complements of the angles in black, and remember that
the distance from a division on the ' seale to the right index is the
logarithm of the reciproeal of the nimber represented hy the division;
and also that

sin 6 = cos (90° = 0),
ese 6= 1/sin 0,
sec = 1/cos 0,

he will easily see the relations indicated in Fig. 9 for the representa-
tive angle 25°.
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The T scale was constructed by taking 10 inches as the unit of
measure and assoclating to each division mark on it an acute angle
such that the distance of the mark from the left index is equal to
the mantissa of the logarithm of the tangent of the angle. Recalling
that

cot {90° ~ 0) = tan B = 1/cot 6,

the student will eagily see the relations indicated in Fig. 10 for the
representative angle 25°.

1 3 4 6 T g |
l ¢ | 1 ? 1 i | 1 | ? L4 1 11 Yl L
[}
L————‘ —tog tan 25° Log cot 25°
l T j| 10|30 25)6% 55i'3‘a 45 |
e e 65° Log ton §5° — -m
1 92 8 7T 6 L] 4 3 2 i
| a 0 GO O OO R O L OO [P 1 b 1 1 1

F1a. 10.

The facts illustrated in Figs, Y and 10 are the basis of the follow-
ing rule:

If the hairline be set to an angle on a trigonometric scale, it is
automatically set to the complement of this angle. One of these
angles is expressed in black type, the other in red. From what has
been said it appears that we read, at the hairline on the C secale or
on the CI scale, a figure expressing & direct function (sine, tangent,
seeant) by reading a figure of the same eolor as that representing
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the angle, a co-function (cosine, cosecant, cotangent) by reading a,
figure of the opposite color. In other words, associate direct function
with like colors, co-function with opposite colors.

The 8§ scale applics to angles ranging from 5.73° to 90°; the
sines of these angles range from 0.1 to 1. Any angle in the range
from 0.583° to 5.73° has a sine approximately equal to its tangent.
The ST scale is related to the angles ranging from 0.583° to 5.73° just
as the S seale is related to the angles ranging from 5.73° to 90°.
Since any angle greater than 0.583° but less than 5.73° has its sine
approximately equal to its tangent, the ST scale may he used for
tangents as well as for sines.

49. Two applications. An interesting setting is one from which
may be obtained the solution of a right triangle when two legs arc
given. Let it be required to find the

angle o and the side ¢ of the triangle F)
shown in Fig. 11. From the triangle g 3
we write
« 1oy
cotanf—L’c-u-Bcsca. 4
3 Fra. 11,

Fig. 12, showing the setting from which we read o = 36.9° on the
tangent scale and ¢ = 5 on the DI seale, is self explanatory.

LogcrLog (3 csca)

Log cs¢ &

l-10g cot o~

/T o« 4[5
; 5 [ 4 glo
f I T
DI ] I % : é J ]
—t0g § Log 3
Log 4

G, 12.

Fig. 13 indicates the logarithmic basis of a setiing which mnay be
/223 tan 25°
sin 16°

log P =log /223 — log sin 16° + log tan 25° = log

From the figure it appears that
/223 tan 25°

sn 16°

used to evaluate

£l
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4/ 223 25° . . q
or Pm-———#—m- Since the reading at P is 253, we have

sin 16°
¢ &
V223 tan 25 ~ 953,

sin 18°

HISTORICAL NOTE

In 1614 John Napier, of Merchiston, Scotland, first published his ““Canon
of Logarithms.”

Napier concisely sets forth his purpose in presenting to the world his system
of Logarithms as follows:

“Seecing there is nothing (right well beloved Students of Mathematics) that
is 80 troublesome to mathematical practice, nor doth more molest and hinder
caleulators, than the multiplications, divisions, square and eubical extractions
of great numbers, which besides the tedicus expense of time are for the most
part subject to many slippery errors, I began therefore to consider in my mind
by what certain and ready art I might remove those hindranees.™

Napier's invention of logarithms made possible the modern slide rule, the
fruition of his early conception of the importance of abbreviating mathematieal
enleulations.

In 1620 Gunter invented the straight logarithmic scale, and effected caleulation
with it by the aid of compasses.

In 1630 Wm. Oughtred arranged two Gunter logarithmic scales adapted
to slide along each other and kept together by hand. He thus invented the
first instrument that could be called a slide rule.

In 1675 Newton solved the cubic equation by means of three parallel
logarithmic scales, and made the first suggestion toward the use of an indieator.

In 1722 Warner used square and cube scales.

[CHAP. V HISTORICAL NOTE 79
In 1755 Everard inverted the logarithmic scale and adapted the slide rule
to gauging.
In 1815 Roget invented the log-log scale.

In 1859 Lieutenant Amédée Mannheim, of the French Artillery, invented
the present form of the rule that bears his name.

In 1881 Edwin Thacher invented the cylindrical form which bears his name.

In 1891 Wm. Cox devised the Duplex™ Slide Rule. The sole rights to this
type of rule were then acquired by Keuffel & Esser Co.

For a complete history of the Logarithmie Slide Rule, the student is referred
to ‘A History of the Logarithmic Slide Rule,” by Florian Cajori, published by
the Engineering News Publishing Company, New York City. This book
traces the growth of the various forms of the rule from the time of its invention
to 1909,

*REG. W S PeT. MFF,
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SLIDE RULES FOR MANY PURPOSES

In addition to our extended line of regular Mannheim and Duplex* Slide
Rules, we manufacture a variety of rules for special purposes, of which a few
are named below:

THE ROYLANCE ELECTRICAL SLIDE RULE

- sl ¢ gy o e S T i e
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This ruleis a modification of our regular Polyphase* 8lide Rule and can be used forall
the caleulations made with the ordinary 8lide Hule, In addition to the usual scales, it
carries a series of scales or gange marks by means of which the ditterent properties of cop.
peﬁ']wire. such as size, conductivity weight, ete., may be determinud without the use of
tables,

SURVEYOR’S DUPLEX SLIDE RULE

REG. U. B, PAT. OFF,

. The fact that all astronomical data essential to surveying, such as azimuth, time,
latitude, etc., can be agcertained by means of the usnal type of Transit with vertieal eirels

but without solar attachment, while generally known, is rather seldom utilized in this
country. The maia reason for this condition i8 the difficulty of computing, in the field.
by spherical trigonometry, the results of observations,

. The X & E Burveyor's Duplex* Slide Rule entirely eliminates this difficulty by re-
dueing the hitherto complicated caleulations to mere mechanical operations, thereby ren-
dering the method of field astronomy with the regular Engineer's Transit extrémely
simple and practical.
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This form of Stadia Slide Rule is remarkable for its simplicity, Dy one setting of
the slide the borizonial distance and vertical height can be obtained at once when the
stadia rod reading and the angle of elevation or depression of the telescope are known.

THE CHEMIST'S DUPLEX SLIDE RULE

REG. U. &. PAT. OFF.

For the rapid solution of problems in 8teichiometry, such as Gravimetric and Volu-
u%%tnc Analysis, Equivalents, Percentage Composition, Conversion Factors and many
othera.

4REG. U. 5. PAT. OFF.
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POWER COMPUTING SLIDE RULE.
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GAS ENGINE CYL DIA. STEAM ENGINE

This 8lide Bule is specially designed for use in computing Power and Dimensions
of Steam, Gasgand Oil Engines; since’it gives all data for findine speed, length of stroke,
dimensions of cylinder, ete.

KURTZ PSYCHROMETRIC SLIDE RUILE.
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The calculating of all air conditioning problems, herstofore figured by means of the
burdensome psvehrometrie charts or tables, can now Le accomplished by the new Kurtz
Psychremetric Slide Rule. 'This rule entirely replaces the psychrometrie cliart, and it
affords & simpler and more accurate means of determining any or all of the necessary
air conditioning factors.

EVER-THERE SI.IDE RUILES,

REG. U. 8. PAT. OFF.

The EVER-THERE Slide Rules are made entirely of white Xylonite, a strong, tough material.
On this base the graduations are engine-divided. The handiness of the EVER-THERE slide
rules is evident from the fact that they weigh no more than a fountain pen, and are much
less bully in the pocket. .

The Ever-There Silde Rules Nos. 4097B, C and D are pre-eminently pocket instruments,
as the fellowing dimensions will indicate:

Length over all........ 6 inches. Width over all.................. 144 inches.
Thickness.,...............} inch. Thickness of indicator........ s ineh.
Weight.................. about % ounce,

—

EVER-THERE Slide Rule No. 4097C has all the scales of the Polyphase* Slide Rule in-
cluding the Logarithmic and Trigonometrical Scales, as well as inch and centimeter scales
on the back. The slide is reversible,
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EVER-THERE $lide Rule No. 097D has all the scales of the Polyphase Duplex* Slide Rule
except_lt)klw CIF scale, together with inch and centimeter scales on the back. The slide is
reversible,
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