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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 suspeect that
the treatment is superficial. On the contrary, the subject matter
is so presented thal the beginner uses two peneral principles
while he is learning to read the scales and perform the simpler
operations. The mastery of these two prineciples gives the power
to devise the best settings for any particular purpose, and to
recall settings which have been forgotten.

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

Chapter VI explains the slide rule from the logarithmie stand-
point. Those who desire a theoretical treatment are likely to
be surprised to find that the prineiples of the slide rule are so
easily understood in terms of logarithms.
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THE DI 3CALE

The DI scale ia very useful in continuous manipulation
for reading the reciprocal of a result falling on the D scale.

Another important application of the DI acale i3 its use
with the T and S scales for computing the right triangle
when two legs are given (vector caleulations). It is more
expedient than the use of the D seale for this purpose.

Accordingly the following discussion should be studied
in eonnection with sections 52-34 of the Slide Rule Manual
relating to the solution of triangles,

Fig. 1 represents a triangle having « less than b. From
the triangle read

B
it ;
¢ — =gind,ora=c¢sinAd
a e
A b ¢ %ﬁtan A,ora=btan A
Fig.1

Equating these values of e obtain
a="btan A =cain A

This is easily transformed to the reciprocal right triangle
proportion

1 _tand _sind (I
T - 1/c

Since, strictly speaking, the tangent scale T does not go
beyond 45°, angle A must not be greater than 45°, and
{herefore o must be the smaller side, The following rule,
based on Proportion (I), states a method of zolving a
right triangle when two lega are given, This {s the most
important case,

[2]



Rule: To solve a right triangle when two legs are given:
opposite smaller ler on DF get index of C,

opposite longer leg on £ read the emaller angle
an T (black),

oppesite this angle on § read hypothenuse on DI,
Example 1. Solve the right triangle of Fig. 1 in which
ce=8b=4

Solutien: In this case Proportion (I) ia

1 tand o Ei__A

1/8 1/4 1/e
Accordingly:

opposite 3 on DI set 1 {right) of C,

opposite 4 on DJ read A = 36°54' on T (black)
and B = 53'06" on T (red),

opposite 56.9" on 8 read ¢ = 5§ on DI,

Example 2, Solve the right triangle in which
a=15b=8

Solution. Irrespective of the letters assigned to the sides
in Fig. 1, apply the rule. The short leg ia 8.
Hence:

opposite 8 on DI set index of C,

opposite 15 on DI read B =28"06" on T (black)
and A =51°54" on T (red),

opposite 28.1° on S read ¢ = 17 on DM

[8]



EXERCISES

Solve the following right triangles:

1. a =12%8 4. @ = 273, T e= 182
fit =" <x b = 418, b= 182

2. a =101, B. &= 28, 8. a=42,
b =116 b= 84, b =71

3. o = 50, B, o= 12 9. o =031,
b =284, b =& b= 4.8

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

r 11. The rectangular components
5.47| of a vector r are 15.04 and 5.47 as
(5] 15.04 shown in Fig, 2. Find the mag-

nitude and direction of the vectar,

Fig.2

12. Find the magnitude and direction of a vector having
a8 the horizontal and vertical components 18.12 and 8.45,
respectively,

Another application of the DI scale in vector computa-
tiona is to find the magnitude and phase angle relative to
voltage of the current flowing in a series eirenit of F ohms
resistance and X ohms total reactance due to an applied
voltage E. The formula is:

1 «E/R +jX « B/Zf0 = if‘?ﬁ_

Perform the vector computation using the DI seale but
read only the angle 4. The negative of this is the desired
phase angle. In the last step of this computation the hair-
line will be at Z on the DI scale but it is not necessary to

(4]



read the value of Z. Continue by drawing E on the CI scale
under the hairline. Read the magnitude of I on the I acale
opposite the index of the C acale,

APPLICATIONS OF THE DI SCALE IN
ELECTRICAL ENGINEERING CALCULATIONS

In addition to its use in vector computations the DI scale
enables one to use the method of continuous manipulation
(i.e, without taking intermediate readinga) without ex-
cessive use of the index when an expression contains only
unity as the factor in the numerator, e.g., an expression
such as 1/ebe may be computed as if it were abe by read-

ing the anawer on the DI scale instead of the D scale as
follows

To @ on the D seale set the hairline,
to the hairline draw b on the CI acale,
opposite ¢ on the C scale read 1/abe on the DI scale,

The formula for the reactance of a capacitance to the
flow of alternating current is of exactly this form, i.e.,
1/abe. It is a very common caleulation made by electrical
engineers, particularly in radio and television. The formula
is as follows:

Reactance = 1,/6.28fC
where f = frequency and C = capacitance

It is very simple and convenient to perform the computa-
tion in the manner just given for 1/abe. The advantages
are even preater when more than one computation must
he made. For example, suppose (which is often the case)
one wishes to find the reactanee at a given frequency of
several capacitances connected in series. The formula is
then:

Reactance
= 1/6.28fC, + 1/628fC, - ..... 1/6.28fC,

(5]



The usual method is to write the formula in the form:
Reactance 1/6.28F (1/C; -+ 1/C3 + ..... 1/C,)

which involves the awkward step of caleulating the [
factor first. It becomes quite simple and stralghtforward
however if the 1/abe procedure given above is followed.
That is:

To 6.28 on the D scale set the hairline,
draw f on the CF scale under the hairline,

opposite €; on the € seale read the first term on
the I} acale,

opposite C; on the C scale read the second term
on the DI acale, ete.

set down each of these readings and add.

As another example which occurs frequently, find the
reactance of a given capacitance at several different fre-
quencies, By interchanging f and € in the above example
the reactance is found at each frequeney without further
change of the slide by reading the result on the DJ scale
oppesite each f on the € seale,

Yet another useful example in computing the total re-
actance of a cireuit containing inductance L and eapaci-
tance € in series. The formula ia:

Reactance = (6.28/L — 1,/6.28/C).

The procedure is the same for both L and © except
6.28fL is read on the D scale opposite L on the C scale,
and without moving the slide 1/6.28fC ia fead on the NJ
scale opposite C on the C scale,

Many times it is desirable to know what value of € will
resonate at a given frequency with a given L or vice veraa,
First compute 6.28fL reading the result on the D seale
opposite L on the € scale. Without moving the slide trans-
fer this reading to the DJ scale by moving the hairline.
Then under the hairline on the € scale is the desired value
of C.

[6]



10.

A =31"21"
B = B8°BY
¢ = £8.66

. A = 41°08'
B = 48°57
¢ = 168.8

. A = 65°
B = 257
¢ = b6.2
50°

11.

AMSWERS

A = 3309
B = b66°61'
¢ = 409
A =39°80'
B = 6030
¢ =44

A =86T"2%
B = 22°3T
e =18
16, 20°

T

7. A =45°
B = 45°
e = 18.67
8. A = 80°36
B = 5924
¢ = 82.6
g A= 342
B = 86°18'
¢c =48
12. 20, 25°



CHAPTER I
MULTIPLICATION AND DIVISION

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

2. Reading the scales.* Fveryone has read a ruler in measuring
a length. The number of inches is ghown 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 mensurement, a fraction of a 16th of an inch may be estimated.
We first read a primary length, then a secondary length, and finally
estimate a tertiary length. Exactly the same method ig used in
reading the slide rule.  The divisions on the slide rule are not uniform
in length, but the same principle applies.

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

0 | ! e o PR R

Fia. 1.

scale on the slide rule will show that it is divided into 9 parts by
primary marks which are numbered 1, 2, 3, . . ., 8, 1. The space
between any two primary marks is divided into ten parts by nine
secondary marks.  These are not numbered on the actual seale except

*The deseription here given has refercnce to the 10° elide rule. Howeve
anyone having a rule of different length will be able to understand his rule in
the light of the explanation given.

a4



4 MULTIPLICATION AND IMVISION [Craw, T

between the primary marks numbered 1 and 2. Fig. 2 shows the
secondary marks lying between the primary marks of the I7 scale. On
this scale each italicized number gives the reading to be associated

1] i ! l ) L |‘ ll‘ ;;!;llil;l.étl;.t;;;é;g”i””lmllu ”nnwm

Fia, 2,

with ite corresponding secondary mark. Thus, the first secondary
mark after 2 is numbered 21, the second 22, thc third 23, eto.; the
first secondary mark after 3 is numbered 31, the second 32, ete,
Between the primary marks numbered 1 and 2 the secondary marks
are numbered 1, 2, ..., 9, Evidently the readings sssociated with
these marks are 11, ]2 11 . 1% Tinally between the :-u;-mmlury
marks, sea Fig. 3, appear muullvr or tertiary marks which aid in

Scak O

Fia. 8.

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 tertinry marks
divide the interval into five parts each representing 2 units. Henee
with these marks we associate the numbers 222, 224, 226, and 228:
similarly the tertiary marks between the seeondary marks numbered
42 and 33 are read 322, 324, 526, 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, Detween 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 unite, Thus the tertiary mark beiween 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 prineiple illustrated by these
readings applies in all cases.



52| EEADING THE SCALE 5

Consider the process of finding on the D geale 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 Fig. (e). The sccond
figure from the left, namcly 4, tells us that the position lies between

: T

Fig. a.

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

i AN B o WO B 4 o o e MR AT
e R P a PR P i g R AR S RRRE N
Fia. b.

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

246G
L sl i it |kl i1 SR L P I il +I..r-..|.. 1. Iinil Ll
n_.}|u,H..1;:AHH;H!#-||;.H-~#L-+---14|7H—|{4-W bl I!-ﬂlmh%w*ﬂmdllﬁtl#%%r
Fia, &.

the position representing 246 iz indicated by the arrow in Fig. ().
Fig. (abe) gives a condensed summary of the procesz,

FAG LIES BETWEEN Z40 AND 2850

ey
”“*EW“M““ T

Fia. abe.

It is important to note that the deecimal point has no bearing upon
the position aseociated with a number on the C and I} geales. Con-
sequently, the arrow in Fig. {ebe} 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



G MULTIPLICATION AND DIVISION [Crar. 1

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

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

The learner ghould read from Tig. 4 the
numbers associzted with the marks lettered
A, B, C,...and compare his readings with
the foliowing numbers: A 365, B 327, (7 263,
1 1745, B 1347, F 305, (7 207, H 1078, I 435,
J 427,

3. Accuracy of the slide rule. From the
diseussion of § 2 it appears that we read four
figures of a result on one part of the scale
and three figures on the remaining part.
Assuming that the error of a reading is one
tenth of the smallest interval following the
left-hand index of D, we conclude that the
error is roughly 1 in 100K} or one tenth of one
per cent.  The effect of the assumed error
in judging a distance is inversely propor-
tional to the length of the rule, Henee
we associate with a 10-inch slide rule an
error of one tenth of one per cent, with a
2(-inch slide rule an error of one twentieth
of one per cent or 1 part in 2000, and with
the Thacher Cylindrieal slide rule an error
of a hundredth of one per cent or one part
in 10,000, The accuracy obtainable with

rIII|IIIILI'

1

H
|
|

| TTRTYRTIT

i

* Answers read between 2 and 4 on the O scale or
I» geale contain four significant figures, the last
one being zero or five. Henece such answers have

Bid & tﬁhe fourth significant digit aceurate to the nearest

Ve,

D




§5] MULTIPLICATION 7

the 10-ineh slide rule is sufficient for many practical purposes; in
any caso 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 indi-
cafor and the line on the indicator i3 referred to as the hairline.

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

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

5. Multiplication. 'I'he process of multiplication may be per-
formed by using scales € and D. The € seale is on the slide, but in
other respects it is like the 1 seale and is read in the same manner.

To multiply 2 by 4,

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

LI OO 0 0 T i .
o o TTTITE T 1 T T T &

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

PRI L R
] AR DY

R T




8 MULTIPLICATION AND DIVISION [Cuar, T
To Multiply 1.5 X 3.5, disregard the decimal point and

to 15 o [ set index of €,

push hairline to 35 on C,

ab 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 (sce Fig. 7).

Bhs) maS ¢l Nl dd Lot Ny Y -
ugl.-.l.l.hl.hl.l-i i 1..* :;""'é i -} P i1 "';;_'5 :
RN TR RS A v i

Fra. 7.

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

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

To find the value of 0.001753 X 12.17,
to 1753 on D =et left index of €,
push hairline to 1217 on C,
at the hairline read 2135 on P,

To place the decimsl point, approximate the answer by writing
002 ¢ 10 = .02, Hence the answer is 0.02135.
Theee examples illustrate the use of the following rule.

Rule. To find the product of two numbers, disregard the decimal
points, opposite either of the numbers on the D scale sel the index of
the € scole, push the hairline of the indicalor o the second number
vt the C scale, and read the answer under the hairline of the D scale.
The decimal point is placed in accordance with the result of a rough
cafenlation,

, EXERCISES
1. 3 x% 2. 6. 1.75 X b.5. LI, 1.047 > 3080,
2. 3.8 X 2. 7. 433 X 11.5. 12. 0.00205 » 408,
A b X 2 8 2.03 x 167.3. - 13, (3.142)%
4, 2 ¥ 4.55. 9. 1.536 < 30.6. 14, (1.756)%

5. 4.5 ¥ 1.5 10. 00756 > 1.003.



7] DIVISTON 1]

6. Either index may be used. It may happen that a product
carmot be read when the left index of the € seale is used in the rule
of §5. This will be due to the fact that the second number of the
product is on the part of the slide projecting beyond the body. In
this case reset the slide using the right index of the € scale in place
of the left, or use the following rule:

Rule. IFher a number is to be read on the 1) scale apposite o nun-
ber 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 €
scale under the hairline. Then make the desired reading.

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

If, to find the product of 2 and 6, we set the left index of the
' seale oppogite 2 on the I seale, we cannot read the answer on
the I) seale opposite 6 on the C seale.  Hence, we set the right index
of C opposite 2 on D; opposite 8 on € read the answer, 12, on D,

Again, to find 0.0314 X 564,

fo 214 on D set the right index of €,
push hairline to 564 on ',
at the hairline read 1771 on D,

A rough approximation is oblained by finding 0,03 % 600 = 18
Henee the produet is 17.71,

EXERCISES

Perform the indicated moltiplications.
1.3 X6 0. 912 X 0.267.
2. 3.05 X 5.17. 10. 48.7 X 1.173.
3. 556G X G4, 11. 0288 x 0.544.
4. 743 x 005667, 12, 0.0456 > 4.40.
5. 0.0495 > 0.0267. 13, 8640 » 0.01973.
6. 1.5370 x 926, 14. (75.0)*
7. 1.8706 » 5.32. 15. (R3.0)¢
8,423 ¥ 31.7T. 16, 498 X 676

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



To divide 876 by 20.4,
push hairline to 876 on D,
draw 204 of € under the hairline,
opposite index of ¢ read 429 on D,

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

Rule. To find the quotient of fwo numbers, disregard the decimal
points, opposite the numerator on the D zeale sef the denominator on
the C seale, opposite the index of the C scale read the quoliend on the D
seale,  The position of the decimal point s delermined from informa-
tion gained by making o rough ealeulalion.

EXERCISES
Perform the indicated operations.

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

2, 3.75 + 0.0227. 10, 3.42 + 51.5.

3. 0.685 + 5.93. 1E. 520 <+ 5H65.

4, 1029 + 9.70. 12, (nOui56 -+ 0.0297.
5. 0.00877 + 5.29. 13, 396 - 0.643.

6. 2870 + 37.1. 14, 0.059%2 = 1.983.
7. 871 + 0.468. 15. 0.378 + 00762
£ 0,035 + 0.001462. 16, 10.05 = 30.3.

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

One per cent (197) of a number N is N % 1/100; hence 5% of ¥ is
N % 5/100, and, in general, p% of N is p¥ /100. Henee to find 835
of 1872

to 1872 on D set right index of C,
push hairline to &3 on C,
at the hairline read 1554 on D,
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: T 7 2 : 80
Hince (83/100) X 1872 is approximately 100 w2000 = 1600, the

answer is 1554.

To find the answer to the question “M is what per cent of ¥ we
must find 100 3 + N. Thus, to find the answer to the question
"8Y is what per cent of 184.7?" we must divide 87 » 100 = 8700
by 184.7Y. Henece

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

i . 9000 8
I'he rough caleulation o 45 shows that the decimal point should

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

For a body moving with a eonstant velocity, distanee = rate times
time. Henee if we write d for distance, » for rate, and ¢ for time, we
have

, or b=

- |

di= k. o0 % =

e 18

To find the distance traveled by a car going
for 7.75 hours, write d = 33.7 X 7.75, and
to 337 on D set right index of €,
push hairline to 773 on €,
at hairline read 261 on D.

3.7 miles per hour

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 » = 287 + 8.75, and
push hairline to 287 on D,
draw 873 of C under the hairline,
opposite the index of ¢ read 328 on D.

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

EXERCISES

1. Find (a) 86.3 per cent of 1526,
(b) 75.2 per cent of 3.48,
(£) 18.3 per cent of 28.7.
() 0.95 per cent of 433,
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2. What per cent of
(i) 68 iz 187
(b) 132 is 857
[c) 87.8is 192.87
(d) 1027 is 287
3. Find the distance covered by a body moving
(2) 23.7 miles per hour for 7.56 hours.
(B B2.3 miles per hour for 1773 hours.
(=) 123.7 milez per hour for 16.65 hours,
4, At what rate must a body move to eover
() 100 yards in 10.85 geconds.
(h) 386 foet in 25.7 seconds.
(e} 83,000,000 miles in 8 minuwtes and 20 seconds:
5. Find the time required to move
{a) 100 vards at 9.87 yards per sccond.
(B} 3800 miles at 128.7 miles per hour,
{£) 25,00} miles at 77.5 miles per hour,

0, Use of the scales DF and CF (folded scales). The DF and
the CF scales are the same as the D and the ¢ seales respectively
except in the position of their indiees, The fundamental fact con-
eerning the folded scales may be stated as follows: if for any setiing
of the slide, a number M of the € scale is opposite a number N on
the D scale, then the number M of the CF seale 42 opposiie the number N
on the DF seafe.  Thus, if the learner will draw 1 of the C'F seale
opposite 1.5 on the DF seale, he will find the following opposites on
the O'F and OF seales

and the same opposites will appear on the O and D seales.

The following statement relating to the folded scales is basie. The
process of setting the hairline to a number N on seale C o find ils
oppasite M on scale I may be replaced by setting the hairline (o n
on seale COF fo find dis opposite m on seale DF. The statement holds
true if letters € and D are interchanged.

In accordance with the prineiple stated above, if the oporator
wishes to read a number on the 2 seale opposite & number N on the
' scale but eannot do s0, he ean generally read the required nomber
on the DF scale opposite N on the CF scale. TFor example to find
2 X 6,
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to 2 on D get left index of )
push haivline to 6 on CF,
at the hairline read 12 on DF,

By using the OF and DF scales we saved the trouble of moving the
glide ag well ag the attendant source of error.  This saving, entering
ag 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 € 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,

st the hairline read 45.3 on DF;
ar

to 617 on DF set index of CF,

push hairline to 734 on C,

gt the hairline read 45.3 on D,

Apain to find the quotient 7.68/8.43,

push hairline to 768 on DF,

draw 843 of CF under the hairline,

opposite the index of CF read 0.911 on DF;
or

push hairline to 768 on DF,

draw 843 of CF under the hairline,

opposite the index of € read 0.911 on D,

It now appears that we may perform a multiplication or a division
in several ways by using {wo or more of the scales C, D, CF, and DF.
The sentence written in italics near the beginning of the article seta
forth the guiding prineiple,

A convenient method of multiplying or dividing a number by
T (= 3.14 approx.) is based on the statement: any numoer on DF {s
T times it opposite on D), and any number on 1) i 1T times ils opposite
on DF,  For example, to find the value of 4%,

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

3

to find the value of —
push hairline to 3 on DF,

at hairline read on D, 0.955 =3/.
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Perform each of the operations indieated in the following cxercises.

MULTIPLICATION AND DIVISION

EXERCISES

posaible without resetting, read the anawer on £ and also on .

1. 5.78 * 6.35.

2. 7.54 » 1.0635.

3. OGS + 73.6.
4, (L0341 3 53,600,
5. 1.768 + 490,

6. 946 <+ DGTT.
T. B13 X 1.951.

8. 0.00756 = 0.338.

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

0.0948 <+ T.23,
149.0 -+ 63.3.
2.718 =+ 64.7.
783 .

T8 + .
D087 =,
0.504 = .
1.072 <+ 10.97.

[Crar. 1

Whenover

17. The eircumference of a cirele mensures 8.43 inches, Tind its diameter,
18, A eylindrical tube is 13 inches long and has an outside diameter of 214

inches.

Find its outside surfzce area.



CHAPTER II

THE PROPORTION PRINCIPLE AND
COMEBINED OPERATIONS

10. Introduction. The ratis of iwo numbers a and b is the quoticrt
of & divided by bora/b, A statement of equality between two ratios
is called a proportion. Thus

2 6 7 T

[
R el d
are proportions, We shall al times refer to equations having such
forms as

o &

9 10
=-=?,und
L}

o | =
Sla

E
3 b

Hilw

as proportions,

An dmportant seliing like the one for multiplication, the one for
division, and ary other ane that the operator will use frequently should
be procticed unitl it 1 made without thought. Bul, in the irocess of
devising the besl seflings fo oblein a parbiculsr result, of making a
setting used infrequently, or of recalling a jorgolien setting, the applico-
lisn of proportions as crplafned in the next article {s very uscful,

11. Use of Proportions. Iif the slide is drawn to any position,
the ratio of any number on the D seale to 12 opposite on the ' seale
is, in accordance with the setting for division, equal to the number
on the I¥ scale opposite the index on the C seale. In other words,
when the slide 45 seb {n any position, the ralio of any number on the
1) scale {o its opposile on the C seale {3 the same as the ratio of any
other number on the 1) seale to its opposiie on the C seale.  For example
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draw 1 of €' opposite 2 on I (see Iig, 1) and find the opposites in-
dicated in the following table:

— : !
Clor CF| 1 1.5 2.5, rvoln gt ,| a r

i " - - — — .——-I —_—— 1
D (or DFji 2 | 3 ) i} | b | 1 i

and draw 2 of ' over 1 on I? and read the same opposites. The same
staternent is frue if in it we replace ' seale by CF seale and D scale
by DF seale. Hence, if both numerator n and denominator d of a
ratio in a given proportion are known, we can set n of the € seale opposite
d on the D seale and then read, for an equal ratio having one part
known, ils unknown part opposite the known parf. We could also
begin by eetting d on the ' geale opposite n on the D geale, It
is important to observe that all the numerators of a series of equal
rafios must appear on one seale and the denominators on the other,
For example, let it be required to find the value of = satisfying

g (1)
ob T

Here the known ratio iz 9/7. Henee
push hairline to 7 on 1,
draw & of ' 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 € under the hairline,
push hairline to 56 on C,
at the hairline read 72 on D.

The CF and DF geales could have been used to obtain exactly the
same settings and resulis.  Figure 2 indicates the setiing,

MR RS L SRV LS VR
I | _FEESEE
=} i b T Bl
3 ) ) 1 [oes] PL.L* E ‘T — Y

Fia. 2.
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To find the values of x, y, and 2 defined by the equativns

@ * g e
D e R e
note that € and I indieate the respective scales for the numerators
and the denominators, ohserve that 3.15/5.20 is the known ratio,
and

push hairline to 529 on D,

draw 315 of ¢ under the hairline;
opposite 435 on D, read = = 2.59 on C;
onposite 576 on C, read y = 96.7 on D;
opposite 1834 on I, read z = 109.2 on €,

The positions of the decimal points were determined by notieing
that each denominator had to be sgomewhat less than twice its asso-
cisted numerator because 5,29 is somewhat less than twiee 3.15.
When an answer cannot be read, apply the italicized rule of §6.
Thus to find the values of z and y satisfying
C T 14,56 5.78

D" T olbae .
to 976 on I set 1456 of '; then, sinee 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 x = 87.6 on C;

opposite 578 on C, read ¥ = 38.75 on D,
Here the positions of the decimal points were determined by obezerving
that each denominator had to be about six times the associated
NUMETator.

When a result cannol 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 seale.
Thus, to find * and y satisfying the equations

C (or CF), . DRI MR

D (or DF)’ N L IRE

to 323 on D set left index of C;

opposite 492 on CF, read x = 15.89 on DF;
opposite 1308 on DF, read y = 4.05 on CF.

A slight inspeetion 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 geales for the initial setting;
if the difference is large use the CF and DF seales,  Sinee in the next
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to the last example, the difference between the first digits was great,

the CF and DF seales should have been used for the initial setting.

This would have eliminated the necessity for shifting the slide.
EXERCISES

Tind, in each of the following equaticns, the values of the unknowns,

17 1365 4.86

f— = -—
® H.53 ¥
8 8.51 £l 235
ol
gl 3, v
207 61.3 1.571
x W 5.28 201

140. = m— e =

11. - —— =
285 a6l "
2,43
REGNERL, g A
0.429 0730 00276
5 % _ D748 00615
T N Ty SR PR
.- ] 3.75
4 = = =
yo 78B4 20T
1.076
g D e it L
0.6 y 258 0287
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12. Forming proportions from equations. Binee proportions are
algebraic equations, they may be rearranged in accordance with the
laws of algebra, IFor example, if

ab
z = — 1
= M
we may write the proportion
x ab
o 9
=2, @)
or we may divide both sides by o to get
x ab z b
—=—, gr — = - a
e ac’ a ¢’ ()

or we may multiply both sides by ¢/z to obtain

i el c ab @
—_— = — O = = —,
z ze ' 1 MFE

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

Rule (B). A factor of the numeraior of either rafio of a proportion
may be replaced by I and wrillen s a foclor of the denominator of the
other ratin, and o foctor of the denominator of either ratio may be replaced
by 1 and written as o factor of the numerator of the other yotio. Thus
(3) eould have been obtained from (1) by transferring « from the
numerator of the right hand ratio to the denominator of the left
hand ratio,

25 16 % 28
For example, to find % , Write £ = - —-::; — , apply Rule
8 T 2R
B) to oblain —: — = —
(B Wbl D = nap
and push hairline fo 33 on D,

draw 28 of ¢ under the hairling;
opposite 16 on D, read x = 12.8 on C.
Figure 3 indicates the setting.

T (e T
& lls & % @ ]
! - LR
9 k.

k-
B i eprcps 'L Tl fitt
e Mt — =L, e
I TE IR T EES LR PR E T LR IR RTEE ALY
R T R s

Fia. 3.
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To reeall the rule for dividing a given number M by a second given

M D M
number N, write r = L apply Rule {4) to obtain E: ;lE ol
and push hairline to M on D,
draw N of ¢ under the brirline.,
opposile index of C, read « on 3,
To recall the rule for multiplication, set z = - .1*. , apply Rule( B)
D X N
to obtain ik % = JIT g
and to N on D set index of O
opposite M on €, read = on D,
e | Hiid 748  Bid
T'o find z if ?ﬂ = m&} y LB Ttule {B} to gl’.t T s Eﬁ'

make the corresponding setting and read & = 0.221, The position of
the deeimal point was determined by observing that x must be about

1
0 of 8, or 0.2.

EXERCISES

Find in ¢ach caze the value of the unknown quantity.

8 % 12 0.3z
= i P
¥ o 0.563
2.95 X 0.707
g 0, 0874 = ——2 L
28
Eh ; 0.0879
e g LD 10. 0.695 = ——.
86 X 708
ek mtiEnsT 4 Ak s T
‘386 2.85y
147.5 ¥ 8.76 W
B = TmAL. 12, 2580y = 17.0 ¥ BST.
0.797 % 5.96 13. 3.14y = 0.785 X 88.7.
o T
! 0.87
Py
o7 X 36 5.49
7. == = 787

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

1 no. of sq. ft. x

144~ no. of sq. in. _ 3210°

ginee there are 144 sqg. in. in a square fool; henee
to 144 on D, set index of €
opposite 3210 on D, read x = 22.3 on C;

that is, there are 22.3 sq. ft. in 3210 sq. in.

Again consider the problem of finding the number of nautieal
miles in 28.5 ordinary miles. Since there are 5280 ft. in an ordinary
mile and G080 ft. in a nautieal mile, write

5280  no. of naut. mi. =
6080  no. of ord. mi.  28.5’
make the eorresponding setting and read ¥ = 24.75 naut, mi.

EXERCISES

1. An inch is equivalent to 2.54 em. Find the reapective length in em. of reds
66 in. long, 98 in. long, and 336 in. long. Note the proportion:
., 1 S

m. 254 =z U B

2. One yd. is equivalent to 0.9144 meters. Find the number of m. ters in a
distance of (z) 300 yd. () 875 yd. (e} 2.78 yd.

Y, L _ %087 27
e m C0.el4 PR il

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

4, 31 gq. in. is approximately 200 sq. cm. How many square centimeters in
{a) 36.5 8g. in.? (1) 144 sq. in.? (c) 65.3 8g. in.?

%, If ane horse-power is equivalent to 740 watts, how many watts are equiva-
lent to (z) 34.5 horsepower, () 5280 horsepower, (£) 0,832 horsepower?

6. If one gallon is equivalent to 3700 cu. em., find the number of gallons of
water in o bottle which contains (2) 4250 cu. cm., (b) 9.68 eu. om., (£) 570 e, em.
of the liguid.

*A table of equivalents is ineluded with each K & E slide rule.
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7. The intensity of pressure due to a column of mereury 1 ineh Ligh (1 inch
of mereury) is 0.49 1b. per sq. in.  If atmospherie pressure is 14.2 b, per s, in.,
what is atmospheric preasure in inches of mercury? What is o presaure of 288
Ib. per gq. in. in inches of mereury? What is a pressure of 128 inches of mereury
in Ib. per sq. in.?

8 II P, represents the pressure per square unit on a given quantity of a
perfect gas and V, the corresponding volume, then for two states of the £a8
at the =ame temperature

P, i Vs
P, W,
The volume of a gas at constant temperature and pressure 14.7 1b. per B4q.
in. is 125 eu. in. (s} Find the respective pressures at which the volumes of
the gas are 300 cu. in., 250 cu. in., 75.0 cu. in. (b} Find the respective vol-
umes of the gas under the pressures: 85 1b. per sq, in., 551b. per 8q. in., 23 Ib.
per 8q. in., 10 lb. per gq. in.

14. The CI and CIF (reciprocal) scales. The reciprocal of a

X il 14
number is obtained by dividing 1 by the number, Thus, 5 18 the

reciprocal of 2, —2 {=1-+ =) is the reeiprocal of -:E, and A is the
3 2 2 A
reciprocal of a,

The reciprocal seales CF and CIF are marked and numbered like
the €, and CF scales respectively but in the reverse {or inverted)
order; that is, the numbers represented by the marks on these seales
incrense from right to left. The red numbers associnted with the
rociprocal scales enable the operator to recognize these geales. A
very important consideration may be stated ag follows: When the
hairling is sel to a number on the C scale, the reciprocal (or I nverse) of
the number is at the hairline on the CT scale; conversely, when the hair-
line is sel to a number on the C1 scale, ils reciprocal is at the heirline
on the C seale. A similar relation exists between the CF and CIF
geales.  If the operator will close his rule, he can read the opposites
indicated in the dingram.

cl

T 5 8 oo 14 |

— e __i_._ et L =k —

¢ 1| 05 | 02 | 02 | 0125 | 01111 ‘ i
!'“”i (=1/2) | (=144) | (=1/8) | (=1/8) | (=1/9) | |

By using the facts just mentioned, we can multiply a number
or divide it by the reciproeal of ancther number. Thus to find
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-] &

1
, we may think of it as 28 = and

to 28 on I} get index of C;
opposite 7 on CT read 4 on D,

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

pugh hairline to 12 on I,
draw 3 of CT under the hairline;
opposite index of €, read 36 on D).

When the (7 geale iz used in multiplieation and division, the position
of the decimal point is determined in the usual way.

The DF and CIF geales may be used to perform multiplications
and divigions in the same manner as the D and €[ seales; thus to
multiply 40.3 by 1,/9.04,

to 403 en DF set index of COF;

opposite 204 on CIF, read 4.46 on DF.
Again to multiply 40.3 by 1/0.207,

to 403 on D set left index of C';

opposite 207 on CTF read 194.7 on DF.

EXERCISES

1. Use the CF peale to find the reciprocals of 16, 260, 0.72, 0.065, 17.4, 18.5, 67.1.

2. Using the I’ peale and the O F seale, multiply 18 by 1,9 and divide 18 by 1/%.

3, Using the D scale and the CF scale mulliply 25.5 by 1/0.385 and divide
28.5 by 1,/0.385. Also find 28.5/0.385 and 28.5 X 0.385 by using the (' scale and
the I} acale.

4, Using the D seale and the 0T seale multiply 41.3 by 1/0.207 and divide
41.3 by 1/0.207.

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

15. Proportions involving the CI scale. The C7 geale may be
used in connection with proportions confaining reciprocals, Binece
any number a = 1 + d and zince 4 = A + 1, we have

il i@ i

Rule (C). The value of any ratio is not changed if any factor of ils
numeralor be replaced by 1 and its reciprocal be writlen it the denomina-
tor, or if any factor of its denominalor be replaced by 1 and its reciproeal

: i 1
be written in the numerator, Thusi; = (-.h) == m. Hence
T Aby o b o :
if 2. be, we may wrj.t.EE = _{1,"(:] = EI_:I':EI'; if ax = be, we
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b
A few examples will indicute

€ ¢
it — = i ;
Imay write U.J'"] {1.!'4:} (l_."h]

the method of applying these ideas in compuiations,

To find the value of ¥ which satisfies 4—?;: = 0.785 X 3.76, apply
el

D
Rule () ¢ _— e
s 27~ (1/3.76)
Hinee when 3.76 of C'7 is under the hairline, 1/3.76 of ' is alzo under

the hairline
push hairline to 785 on D,
draw 376 of Cf under the hairline:
opposite 427 on C'F, read y = 12.60 on DF.

The position of the decimal point was determined by observing that

ywasnearto4 X 1 X 4 = 16,
1 L RS R 0.0645
To find the value of y which satisfies 780 y = ——,
0.381
i ~ DJOGAS

D
) to obtain = @ —To o =
Bt s e (1/7.89) 0381 °
pugh hairline to 645 on D,
draw 351 of ' under the hairline:
opposite 789 on CI, read y = 0.0215 on D,

and

The position of the decimal point was delermined by observing that

I 1
L0 is about — of 0.38, that y is therefore about 5 of = or about 0,02,

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

4 o IO o [
cI’”  (1/57.6) (1/0.848)

(a)

¥

= | =1

and to 7 on I set index of CF;
opposite 576 on 1, read x = 0.1215 on D;

oppogite 846 on CIF, read y = 8.27 on DF.
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The folded scales may also be used in this conneetion. Thus
to solve equations (),
to 7 on DF set index of CIF;
opposite 576 on CIF, read z = 0.1215 on DF;
opposite 846 on CIF, read ¥ = 8.27 on DF,

EXERCISES
In each of the following equations find the values of the unkonown numbers:
75.2 0,342 H
o 331 = ddy = ’ 4, = —— LTa4).
1. 3.3 = 4.4y T340 - 165 (189) (0.734)
111 : 12.6
2. To.lz = 3.4dy = — - 5. 588r = 644y = — = 0.2804.
22.8 I
1.83 17.6
3 183z = 2—:—_, = (162} (L.75). 6. 342z =—— = T‘ = (2.78) (13.62).
5 if

16. Combined multiplication and division.

7.306 x 844

Example 1. Find the value of 02

Solulfon. Reason as follows: first divide 7.36 by 92 and then
multiply the result by 844. This would suggest that we
push hairline to 736 on 3,
draw 92 of €' under the hairline;
opposite 844 on (, read 0.675 on D.

b 18 » 45 » 37
Example 2. Find the value of 23 % 20
Solufion. Reason as follows: (¢} divide 18 by 23, (8) multiply

the result by 45, (&) divide this second result by 29, {d) multiply
this third result by 87. This argument suggests that we

push hairline to 18 on D,

draw 23 of € under the hairline,

push hairline to 45 on C,

draw 20 of € under the hairline,

push hairline to 37 on C,

at the hairline read 449 on D,

To determine the position of the decimal point write

20 X 40 X 40

20 % 30 = about 5). Henece the answer is 44.9,
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A little reflection on the procedure of Example 2 will enable the
operator to evaluate by the shortest method expressions similar
to the one just considered. He should observe that: the D scale
was used only twice, once at the beginning of the process and once
at its end; the process for each number of the denominalor consisted
in drawing that number, localed on the €' scale, under the hairline:
the process for each number of the numeralor consisted in pushing the
hairline fo thel number located on the € scale.

If af any time the indicator eannot be placed because of the projection
of the slide, apply the rule of §6, or carry on the operations using the
Folded seales,

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

Solution. By using Rule (C) of §15, write the given expression in
the form
LB43 X 2.45 % 365
(1/92) (1/0.584)

and reason as follows: (2) divide 1.843 by (1/92), (b) multiply the
result by 2.45, (¢} divide this second result by (1/0.584), () multiply
the third result by 365. This argument suggests that w

push hairline to 1843 on D,

draw 92 of C'T under the hairline,

push hairline to 245 on C,

draw 584 of C'f under the hairline,

push hairline to 365 on C,

al 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,

0.873 X 46.5 X 6.25 X 0.75

E . H Ve of
xample 4. Find the value ¢ X7

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}
of §15;

7

0873 X 46.5 X 0.
7.12 X (1/6.25)
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This may be evaluated by (a) dividing 0.873 by 7.12, (b) multiplying
the result by 46.5, (&) dividing the second result by (1/6.25), (4) mul-
tiplying the third result by 0.75. Hence

push hairline to 873 on D,

draw 712 of € under the hairline,

push hairline to 465 on C,

draw 623 of CT under the hairline.

push hairline to 75 en C'F,

at the hairline rend 267 on DF,

1% 42 X 6 1
To approximate the answer write S 36. Hence the

Lri

i
answer is 26.7,

The following rule summarizes the process,

Rule. To compute a number defined by a series of mulliplicalions
and divisions:

(o) Arronge the erpression in fraclional form with one more factor
tn the numerator than tn the denominalor. 1 may be used if necessary,

(b) Push the hairline to the first number in the numerator on the
I zeale.

fo) Using the € scale take the other numbers allernalely, drowing
each number of the denominator wnder the hairline, and pushing the
hairline fo each number of the numerator,

(d) Read the answer on the 1) scale.

(e} Toget a rough approcimalion, comple e volue of the expression
ohtained by replacing each number of the given expression by o convendent
approrimate number (nvolving one, or at most two, significant figures.

When necessary use the rule of §6 to make a setting possible, Also
the folded seales may be used to avoid shifting the slide. At any
time the hairline may be pushed to a number on C or on CF; it is a
good plan in eombined-operation problems always to follow the
operation of pushing the hairline to a mark on € or CF by drawing
a mark of the same seale under the hairline.™

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

#ln tha combined-cperation somputntion eonaidersd above, the sealn of operation may he
changed st will from tha O scale to the OF scale or vice verss. o general, however, if thy anawer
im rend on the [ acals, the number of times the haigline has been pushed to o mark on OF must
be the aame sz the number of times a mark on OF has been drewn undee the haiclive, IE the answar
in rend on DF the proseas of pu.-hm:f the hairline to & number en OF must bave been osed exactly
one e time than the proeess of deowing & merk of CF under the hairline.
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EXERCISES
T™8 D 362
Biwi.” T 3.86 % 9.61°
11 %12 %1 24,1
2, ——-=2 . —_—
7% 8 13- 361 % s2.1
A | Bk 75.5 % 63.4 X 05
"8 X (/5 ; 3.14 .
, 1375 X 0.0042 o 3.97 :
i 76,400 " 51.2 % 0.925 X 3.14°
% 45.2 3 11.24 16, 473 X 3.14
% 336 : T 325 X 164"
i 218 o 8.82 ¥ 8.06 X 7.85 X 436
4.23 ¥ 5087 Y 79.8 X 0.0817 X 870
. 235 18, 187 x 000236 > 0.07685 %1047 %3.14,
" 3.86 X 3.54°
0.917 % B.65 % 1076 > 3152
8. 284 ¥ 6.52 % 510, 10. 7810 .
0, 9.21 ¥ 0.1795 X 0.0672. 1452 X 11.24%
Fp
10. 87.7 % 4.82 % B30. o 336
1, BT X o.sdu'_ 5y, 452 X 1.2¢

3.58 E3m



CHAFPTER III

SQUARES AND SQUARE ROOTS, CUBES AND CUBE ROOTS

17. Squares. The aquare of a number is the result of multiply-
ing the number by itself, Thus 22 = 2 X 2 = 4,

The A secale is so dezigned that when the hairline 18 zef {0 a number
on the D seale, the square of the number s found under the hairline
o the A seale. Similarly, if the hairline be set to a number on the €
seale its square may be read at the hairline on the B scale. Note
that the rule ean be turned at will to enable the uzer to refer from
one face to the other, For example, if one hairline of the indieator
is set to 2 on O, the number 4 = 2° will be found at the other hairline
on ecale H.

To gain familiarity with the relations between these scales the
operator should get the hairline to 3 on the I seale, and read 9 at
the hairline on the A scale; set the hairline to 4 on D, read 16 at the
hairline on A ; ete. To find 2782, set the hairline to 278 on D, read
773 at the hairline on 4. SBince 3007 = 90,000, we write 77,300 as
the answer. Actually 278 = 77,284, The answer obtained on the
slide rule is accurate to three figures,

EXERCISE

Use the slide rule to find, accurate to three figures, the square of each of
the following numbers: 25, 32, 61, 75, 59, 733, 452, 2.08, 1.753, 0.334, 0.00358,
0.953, 5270, 4.73 X 108

18. Sguare roots. The aquare root of a given number iz a second
number whose square is the given number. Thus the square root

of 4 is 2 and the sgquare root of 9 is 3, or, using the aymbol for square
root, 4 = 2, and /9 = 3.

The A seale eonsists of two parts which differ only in slight
details. We shall refer to the left hand part as A left and to the
right hand part as A right. Similar reference will be made to the
B zeale,

Rule., To jfind the square root of a number belween 1 and 10, sel
the hairline to the number on scale A lefl, and read itz square roof af

20
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the hairline on the D scale. To find the square rool of a number
between 10 and 100, set the hairline to the number on scale A right,
and read s sguare rool al the hairline on the I seale.  In either case
place the decimal point after the first digit. A similar statement
relating to the B seale and the C scale holds true. For example,
get the hairline 1o 9 on scale A left, read 3 {=+/9) at the hairline
on D, set the hairline to 25 on seale B right, read 5 (=+/25) at the
hairline on C.

To obtain the sguare root of any number, move the decimal point
an even nwmber of places to obtain a number between 1 and 100; then
apply the rule written above in ftalics; finally move the dectmal point
one half as many places as il was moved in the originel number but
tn the opposite direction.® The learner may also place the decimal
point in aceordanee with information derived [rom 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 (n number between 1 and
101, eet the hairline to 2.34 on seale A left, read 1.530 at the hair-
line on the 1) gcale, finally move the decimal point 14 of 4 or 2 places
to the right to obtain the answer 153.0. The decimal point could
have been pineed after observing that +/10,000 = 100 or that
/40,000 = 200. Also the left B scale and the € scale could have been
used instead of the left A seale and the P senle,

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

To find /i ﬁ._ﬂ-{_]_f']ﬁi. IIlU_\fE.hﬂ decimal point 4 places to the right
to obtain +/5.85, find +/5.85 = 2.42, move the deeimal point two
places to the left to obtain the answer 0.0242.

*The following rule may also be used: If the square root of a number greater
than unity is desired, use A left when it containg un odd number of digits to
the left of the decimal point, otherwise use A right. Tor a number less than
unity use A left if the number of seros immediately following the decimal point
is odd; otherwise, use A right,
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EXERCISES
1. Tind the square root of each of the lollowing numbers: 8, 12, 17, 89, 8.00,
800, 0.89, T280, 0L.0635, 0.00006356, 63,500, 100,000,
2. Find the length of the side of a square whose area is {u) 53,500 [t2
(B) 0.0776 f.2; (e 3.27 2 107 IL2
3. Find the diameter of a eirele having area (2) 256 1t.2; (5) 0.773 1t.%; () 1950
it.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 antomatically set 1o the hair-
line on the ¢ seale. Consequently we may multiply and divide
numbers by square roots of other numbers or we may find the value
of the unknown in a proporiion involving square roots.

For example to find 34/3.24 set the left index of € to 3 on D,
then set the hairline to 3.24 on B left and therefore to+/3.24 on €,
and at the hairline read 540 on D, Since 3+/3.24 is nearly equal to 3
v4=6, we have 3 4/3.24 = 5.40. Observe that the process is that
for multiplieation by means of ths € and D seales, the B scale
being used as a means of setting+/3.24 on the C scale.

28+/375 :
To find the value of = BETEH , in accordance with rule B of
§12, write
R
¢ /315 369
and push the hairline to 28 on D,

draw 369 of € under the hairline,
push hairline to 375 on B left,
at hairline read =z = 1.460 on D,

The approximate answer 304/400 + 400 = 1.5 indicated the posi-
tion of the decimal point. Note also that 4375 of the € scale was
drawn under the hairline indireetly by drawing its opposite 375 on
B left under the hairline.

347
ﬁﬂ_\-’ﬁ?‘bﬁ’ use rwe B of §12 to get
4.92x = 347 /4/0465 and then rule C of §15 to obtain

- o 247

¢ 1492 A/0485

To find the value of & =
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and
gef, the hairline to 347 on D,
draw 465 of I right under the hairline,
push hairline to 492 on CT,
at the hairline read * = 103.4 on D,

The decimal point was placed in aceordance with the approximate
value 350 + (5 % +/.40) = 350 + 3.5 = 100.

When the hairline ie set to a number on the D seale it iz sauto-
matieally set to the square of the number on the A seale, and when
set to a number on the € seale it is automatieally set to the square
of the number on the B scale. Menee by using the 4 and B scales
ag fundamental seales, many expressions involving squares can be

2 " E JH L} "
evaluated conveniently., Thus to find x = M: write

4.39
Aliodigin g gy
B 0785 439"
and
push hairline to 246 on D,
draw 439 of # {either lelt or right) under the hairline,
push hairline to 785 on B (left or right),
at the hairline read 108.2 on A.

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

The area of a circle may be conveniently found when ita radius
is known by using the A, 8, C, and D scales. If T represents a
mathematical econstant whose value is approximately 3.14, and r
represents the radius of a eircle, then the area A equals T2  Sim-
ilarly if d represents the diameter of a circle then its area is given
by the formula A = (n/4) &* = 0.785 & nearly. Hence to find the
area of a cirele,

to index of A set = /4 (= 0.785 approx.) on B;
opposite any dismeter on D, read area on B,
Note that a special mark toward the right end of the A4 and B
scales gives the exact position of ©/4. Thus to find the area of a
cirele of diameter 17.5 ft.,
to index on A set ™ /4 on # right;
opposite 175 on D, read 241 on B.
Therefore the area is 241 sq. ft.



§20] COMBINED OPERATIONS 33

EXERCISES
1. 42.2+/0.428. (238 ¥ 197
_ 18.14
2. 1.83+/0.0517.
A L0517 ; 8.76 i
3. /538 + 0.212. DORIT (2T
G pEteEy .
4, 4/51.7 + 103. T B34 X A2
5. 0.783 =+ +/0.0290. L1, L,
5.344/13.6
5, 5:08 X (7481 12. 143 X 47.5v/0.344.
i i 2
7 13. 20.6 ¥ /T80 ¥ +/0.571.
2.56 X 4.86 14, 7.92v/7.50
(13657 +0.571

185, Find the area of a circle having diameter () 2.75 ft.; () 66.8 ft.; ()
0.753 ft.; (d) 1.876 fL.

16. Find the area of a circle having radiua (a) 3.46 ft.; (5 0.0436 ft.;
{e) 17.53 ft.; (d) 8650 £t

20. Combined operations invelving square roots and squares.
The principle of Example 2 §16 may be applied to evaluate a fraction
containing indicated sguare roots ag well as numbers and reciprocals
of numberz, If the learner will recall that when the hairline is set
to a number on the €1 seale it is automatically et to the reciproeal
of the number on the ¢ scale and when set to a number on the B scale
it is automatically set to the square root of the number on the € secale,
he will easily understand that the method used in this article is
essentially the same as that used in §16. The principle of determin-
ing whether B left or B right should be used is the same whether
we are merely extracting the square root of a number or whether the
square root is involved with other numbera.

915 X +/36.5

Example 1. Evaluate — = ¥ =%
504

Solution, Remembering that the hairline is automatically set to
+/36.5 on the C scale when it is get to 265 on B right, use the rule
of §16 and

push the hairline to 915 on D,

draw 804 of the ' seale under the hairline,
push hairline to 365 on B right,

at the hairline read 6.88 on D,
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e T .
Example 2, Evaluate }{_8.52__}{_{:&&; al 13""'!,
(1/736) X 89,400

Solution. DBefore making the setling indieated in this solution,
the learner should read the italicized rule in §16,

Push hairline to 832 on A left,
draw 736 of C'F under the hairline,
push hairline to 365 on B left,
draw 894 of C under the hairline,
push hairline to 1863 on CF,
at the hairline read 8450 on DF.
(30} (18} (2000) (700)

To pet an approximate value write - = = B400.*
00,000

)OR6 3¢ 65 T .
Example 3. LEvaluate 0.256 X 6 -"‘dt >_< '\fz__i"-l' X \”)}J--J-ii
TB54/1288

Solution. Write the expression in the form
0.286 X /2350 X V553 X 1 -
(1/632) X 785 X /1288
push hairline to 286 on D,
draw (632 of O under the hairline,
push hairline to 235 on B right,
draw 785 of C under the hairling,
push hairline to 553 on £ left,
draw 1288 of B right under hairline,
opposite the index of C' read 0.755 on 1),
A(700) (50) (2) _ 0.9
SO0(30) 5
T X 875 W 278
(72.2)* (0.317)
Solulion. Using the 4 and B seales as fundamental seales,
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 hairline,
push hairline to 278 on B,
at the hairline read 4580 on A.

As an approximate value use

Exampie 4. Tvaluate

® In problems of this type involving very large numbers, it is often desirable to use the
powers-ol-ten method as an aid in placing the decimal point of the unswer, For a diseus-
slon of this subject see 553,
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EXERCISES

L, 7B X /877 5, 125X +/B8.5 X /7.5
d 2,458 g : 0.275 ¥ m. p
, 56 X734 X 7 {2.60)°

" T8 ¥ A/D6885 " 9.17 % 728

. 20.8 X T.80" X 6.7%

aly ==

467 % 281

5. 1997 X A/0.00206 X v/347 X 0.274
7 A/ 285 X 166 X T ;i
7. A/ZBS ¥ 667 2665 ¥ T84 3 +/0.00440.
239 X A/0.077 X 374 X 945 X

B4.3 X v08H0X VIR0

21. Cubes. The cube of a number is the result of using the
number three times as o factor. Thus the cube of 3 (written 37) is
3HIXI=127

The K seale is =0 constructed that when the hawrline 4s set fo a
number on the D scale, the cube of the number is at the hairline on
the K scale. To convince himself of this the operator should set the
hairline to 2 on D, read 8 at the hairline on K, set the hairline
to 3 on D, read 27 at the hairline on K, ete. To find 21.7%, set the
hairline to 217 on D and read 102 on K. Sinece 20° = 8000, the
answer is near 8000, Ience we write 10,200 as the apswer. To
obtain this snswer otherwise, write

orm o 203 X 3LT

(1/21.7)
and use the general method of combined operations. This latter
method is more aceurate as it is carried out on the full length scales,

EXERCISES

1. Cube each of the following numbers by using the K seale and also by
uging the method of combined operations: 2.1, 3.2, 62, 75, 89, 733, 0.432, 3.08,
1.753, 0.0334, 0.043, 5270, 3.85 X 109,

2, How many gallons will s cubieal tank hold that mensures 26 inches in depth?
(1 gal. = 231 cu. in.)

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

part, the middle part, and the right hand part as K left, K middle,
and K right respectively.

The cube root of a given number is a second number whnose cube
iz the given number.
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Rule. 7o jind the cube root of a number between 1 and 10 sef the
hairline to the number on K left, read its cube root at the hairline on D.
To find the cube rool of @ number between 10 and 100, set the hairline
lo the number on K middle, and read its cube rool ai the hairling on D.
The cube rool of a number between 100 and 1000 is Jound on the D
scale opposiie the number on K right. In each of the three cases the
decimal point is placed after the first digit. To see how this rule is
used, set the hairline to 8 on K loft, read 2 at the hairline on D,
set the hairline to 27 on K middle, read 3 at the hairline on D ; get
the hairline to 343 on K right, read 7 at the hairline on D.

T'o obtain the cube roof of eny number, maove the decimal potnt oper
three places (or digits) al a time until a number between 1 and 1000
18 obtained, then apply the rule writien above in tlalics; finally move
the decimal point one third as many places as i was moved in the
original number but in the opposite divection. The learner may also
place the decimal point in aceordance with information derived from
6 rough approximation.

For example, to find the cube roof of 23,400,000, move the decimal
point 6 places to the left, thus obtaining 23.4. Sinee 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 pﬂint% (6) = 2 places to the

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

To obtain v,000585, move the decimal point & places to the
right to obtain V585, set the hairline to 585 on K right, and read

V585 = 836, Then mowve the decimal point ; (6) = 2 places to
the left to obtain the answer 0.0836.

EXERCISE

Find the cube root of each of the following numbers: B.72, 30, 720, 850, 7630,
0.00763, 0.0763, 0.763, 89,600, 0.625, 75 ® 107, 10, 100, 100,000,

23. Combined Operations. By seiting the hairline to numbers
on various seales we may set square roots, eube roots and reciproeals
of numbers on the I seale and on the € seale. Henee we can use the
glide rule to evaluate expressions involving such quantities, and we
ean solve proportions involving them. The position of the decimal
point is determined by a rough ealeulation.

L=
Example 1. Find the value of x;.:}ﬁ




23] COMBINED OPERATIONS a7

Solution. We may think of this as a division or write the pro-
z 385
poriion — = % i?_], and then
i

push the hairline to 385 on K right,
draw 2.36 of € under the hairline,
opposite index of € read 3.08 on [

5.37 V0.0835
V525
Solwtion. Fquating the given expression to # and applying Rule
B §12, we write

Example 2. Tind the value of

_x  v0.0835
68D o WIBEE
This proportion suggests the following sefting:
push hairline to 835 on K middle,
draw 52.5 of B right under the hairline,
push the hairline to 537 on (',
at hairlive read x = 0.324 on D,

Example 3. Evaluate
(L.736) (6.45) v/8500 V581
V27.8

Solution. By using Rule € of §15, write the given expression in
the form

V581 (6.45) VR590
(1/1.736) v27.8 '
and

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

Note that Examples 1 and 2 were attacked by the proportion
principle whereas Example 3 was considered as a series of multi-
plieations and divisions. When no confusion results, the student
should always think of an exercise as a series of multiplications and
divisions. The proportion principle should be used in case of doubt.
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EXERCISES
1. /783 {0.523). 14, V321 (0.0585)
2. 24.3/0.0661%. {1,/3.63)
3. 489 + /T3Z 15, 357 X /643 X 4250,
4, 277 V661,000, 00346 4/0.00753
S. /BT v/281 10, VOORE VI,
6, /080 + /160,000, 787 0T
7. (722 % 8.25, 1y, 00872 X 36.8 X /2,85,
8 I{ﬂjlﬁhs' (1344
T 00817 18. 76.2+/56.1 /877 (1/3.78).
1.2 19. o +/1.735
* {7137 % 0.122 0.0276+,/ 58,300 X T.63 ¥ 0.476
= /740 20, 87 3160 v/ 0.0817 ¥ 80.3
10. T 36 X V55 17.6 X 277 g
11. 3.83 X 6.26 X V347 1. V0.0615 X 1834 X 218,
12, 0.487 X /50E X VIS0 BOG 3 T48 3 4 3450

13, 675 X /0886 X VOOoTiL. o V@R — Gasa).
23. The maximum time £ in hours that an airplane will remain
aloft may be approximated by
750 N /w (LD} ¢ 1 1
i cv, (’\—’( L ‘\”')11:4) .
where the letters represent eertain quantities for an airplane. Com-
pute E if w = 21500, V,= 190, N = (.85, ¢ = 0465, L/D = 20.0,
wy = 19100, w, = 24000.
Hint. Push hairline to 730 on D,
draw 190 of ¢ under the hairline,
push hairline to 215 on £ lefy,
draw 465 of £ under the hairline,
push hairline to 0.85 on CF,
draw 20 of (' F under the hairline,
push hairline to 1 on €,
draw 191 of B left under hairline, read F, = 153.1
on D at index of C,
draw 24 of B left under hairline, read ¥, = 136.6
on I at index of C,
and subtract Fy from F, to get 16.5 hours ®

* In dealing with combinations of very large numbers or very small numbers il is advisiable
1o use the powers-of-ten notations in placing the decimal point.  Article 5 indieates the
method to be used,
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24, The L scale. The problems of this chapter could well be
golved by means of logarithmsz. The following statements indieate
how the I scale is used to find the logarithms of numbors to the
base 10,

(A) When the hairline is set to a number on the D scale it is
at the same time et 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 seale it is set on the D seale to the
sotilogarithm of that number,

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

Example. Find the logarithm of () 50; (§) 1.6; (¢} 0.35; {d) 0.00905,
Solution. () To find the mantissa of log 50,
push hairline to 50 on D,
at hairline on L read 609,
Hence the mantissa is .699. Since 50 has two digits to the left of
the decimal point, its charaeteristic is 1,
Therefore log 50 = 1.600,
Solution. () Push hairline to 16 on D,
at hairline on L read 204,
Supplying the characteristic in accordance with (B), we have
log 1.6 = 0.204,
Jolution. (2 Push hairline to 35 on D,
at hairline on L read 544,
Hence, in accordanee with (B), we have
log 0.35 = 9.544 — 10.
Solution. (d) Push hairline to 905 on D,
at hairline on L read 956,
Hence, in secordance with (B), we have
log 0.00905 = 7.956 — 10.

EXERCISE

Find the logarithms of the following numbers: 327, 6.51, 980,000, 0.676
0L01052, 0.000412, 72.6, 0,267, 0.00802, 432.



CHAPTER IV
TRIGONOMETRY*

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

chapter, a

In the right friangle ABC of Fig. 1, the e o
side opposite the angle A is designated by a,
the side opposite B by b, and the hypotenuse *# b c
by e¢. Referring to this figure, we write the Fia. 1.

following definitions and relations,
Definitions of the sine, cosine, and langent:

a  opposite side

gine A (written sin 4) = e m— i (1)
: b b adjacent side
cogine A (written cos A) = o TatiEs e 14 (2)
: , @ opposite side
tangent A (written tan A) = gl a—djncent e (3)
Rectprocal relalions:
cosecant A (written cse A) = :—! = s'ml s {(4)
& 1
e~ [ 1 i =4
pecant A (written see A) o o, (5)
1 b 1
cotangent A (written cot A) = — = - eropgp (8 (6)
Relations between complementary angles:
gin 4 = coa (90" — 4), {7
cos A = sin (90° — A), (8)
tan 4 = cot (90° — A), ()
cot A = tan (907 — A), (10)

*Zee the authors” “ Plane and Spherical Trigonometry,” MeGraw-Hill Boak Ca.,
New York, N.Y., for a thorough trestment of the solution of triangles both by
logarithmie computation and by means of the slide rule.

40
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Relations bebween supplementary ongles:

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

Relation Letween angles in o right triangle:
A 4+ B = 80° (14)

If in any triangle such as A BC of Fig. 2, 4, B, and ' represent
the angles and a, b, and ¢, represent, respectively, the lengtha of
the gides opposite these angles, the following relations hold {rue:

gin A shlﬁ_ain{?

Law of sines. T Rl B T (15)
Lo of cosines:  a® = b 4 ¢ — 2he cor A. (16}
A+ B+C =180 (17)
]
= a
A . ©
Fia. 2.

26. The 5 (Sine) and ST (Sine Tangent) scales. The gradua-
tiong on the sine scales S and ST represent angles.  Aceordingly,
for eonvenience, we shall speak of setting the hairdine to an angle,
or drawing an angle under the hairline.

There are really two S seales, one ealled 3 or the sine scale specified
by the black numbers on 8; the other & red or the cosine scale specifiod
by the red numbers. Note that the graduations on the sine seale
represent angles increasing from left to right, and that the gradua-
Hons on the cosine seale represent angles increasing from right to
left. The sine scale is the predominant scale. In what follows any
reference to an angle on a trigonemetric scale will be to the angle
in black unless otherwise indicated.

The ST scale, representing angles from about 0734 1o 5°447, is a
gtne seale, but since it is also used as a tangent scale it is desig-
nated 57T
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In order to set the hairline to an angle on the sine geales it is neces-
gary to determine the value of the angles represented by the sub-
divisions. Thus sinee there are six primary intervals between 4°
and 5° each represents 107; sinece each of the primary intervals is
subdivided into five secondary intervals, each of the latter represents
2',  Again since there are five primary intervals between 20° and
25°, each represents 1°; sinee each primary interval here is subdivided
into 2 secondary intervals, each of the latter represents 30°; as each
gecondary interval is subdivided into three parts, these smallest
intervals represent 10", These illustrations indieate the manner in
which the learner should analyze the part of the seale 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 wvalue of the smallest interval on the part of the slide
rule under eonsideration,

When the hairline is sel to an angle on the 8 or the ST seale, the sin
of the angle 13 on scale O ot the hairline, and hence on scele D when
the rule is dlosed.  Also when the hairline is sef fo an angle on the cosine

seale (8 red) the cosine of the angle {s on scale €' al the hairline,

Each small inseription at the right end of a seale is called the
legend of the seale. A legend of a scale specifies o range of values
associated with the function represented by the seale. Thus the
{egend 0.1 to 1.0 of scale S specifies that the sines of the angles on S ana
the cosines of angles on 8 red range from 0.1 to 1, and the legend 0,01
to 0.1 of the 8T scale dndicafes that! sines (or tangents) of angles on 8T
range from 0.01 te 0.1,

Example. TFvaluate (a) sin 36°24" (}) sin 3724,

Solution (a) Opposite 36°21' on S,

read on € (or ) when rule is closed) 0.503,
The result 0.593 lies between 0.1 and 1.0, that is, within the range
specified by the legend 0.1 to 1.0 of S,
Solution () Opposite 324" on ST,

read on (' 0.0593,
The result 0.0503 lies between 0.01 and 0.1, that ie within the range
gpecified by the legend 0.01 to 0.1 of ST,
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i g u_— a*ny’ |
"ol S

5 f' a'rn' ‘:ra:‘i[ :-ra‘ i ss-;qd?l FjF; )"'n
. z ERl = 2 = T omml
Ldo it 3§ g g 82

FiG. 3.

Fig. 3 shows scales ST, S, and D on which certain angles and their
sines are indieated. As an exercise elose your glide rule and read
the sines of the angles shown in the figure and compare your results
with those given, Note that the values of sines appearing in Fig. 3
conform with the corresponding legends.

The 8 and ST scales are essentially one continuous scale read
against two continuous eycles of the € scale. Fig. 4 represents this
relationship.

¥ [ r i L bl ) b ) A i
0 i B S e L) i L5 [ (S o i |
FIG. 4

Each angle on 8 red is 90° minus the corresponding angle on S

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

sin A = eos (90° — A), cos A = sin (907 — A).
Henee when the hairline i set to an angle 4 on S it is set to sin A
and to cos (907 — A) on scale €. For example

set the hairline to 25° on 8,

at the hairline read on C 0,423 = gin 25° = cos B5°.
To find the cosine of an angle greater than 84°16/, use cos A = sin
(90°—~4). Thus to find cosine 86°54', write cosine 86°54’ =sin 3°0
and opposite 3°6' en ST read on €, 0.0541 = sin 3°6" = cos BG°54/,

EXERCISES
1. By examination of the slide rule verify that on the 8 seale from the left
index to 167 {the smallest subdivision representa §; from 16° to 30° it repre-
gonta 107 from 30° to 60° it represente 30°; from 60° to 80° it represents 1°;
and from %0° to 90° it represents 5°,*
2. Tind the gine of each of the following angles:
(a) 30°.  (b) 38" © 320 (D) %0 (e) 88°.
() 1°38. (g) 14°38’. () 22°25". () 11°48".  (j) 51°30.

* (0 the 20 rule divizsions between 50° and 90° represent 52°, 84° and 857,
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3, Find the eoaine of ench of the angles in Exercise 2. Use the red numbera
on the S seale.

4, Find x in each equation:

(m) 8in 2 = 0.5, () min 2= 0.1, } sin 2 = 0.062,

(by min .z = 0.875. {e} gin x = 0.015, 1} gin ¥ = 0.031.

(£ ain z = 0.375. (f) ein z= [LG2. és} sin & = (.02,
5. Find = in ench equation:

Eu} coa 2 = (.5, {d) eos x = 0.1. {7} cos z = 0.062,

b} cos z = 0.875. () cos z= (0.015 (R} eos & = (LS.

() cos e = 0.375. ool 3 = (.62, (i) eos x= (.02,

27. Simple operations involving the 5 and 8T scales. If the reader
will refleet that when the hairline is set to an angle A on scale 8,
it is alzo set to sin A on C, he ean easily see that sines and cosines
of angles can be used in mmb[n{-d operations and proportions by
means of the 8 and 8T seales just as square rools and reeiprocals
were used in Chapter 11T by means of the B seale and the CF seale.
Thus to find 8 gin 407,

oppogite 8 on D get index of ,
opposite 40% on S read en D 5.14 = 8 sin 40°,

The decimal point was placed after observing on the slide rule
that sin 40° is approximately 0.6 and therefore that 8 sin 40° is
:tp roximately 8 x 0.6 = 48, The legend of the 5 seale 0.1 to 1.0

ndicates that the approximate value ﬁf gin 407 i 0.6, n value belween
ﬂ 1 and 1.0.
To find 8/cos 407,
Opposite 8 on 1) set 40° of S red,
Opposite index of ¢ read on {7 1044 = T T

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

The following examples illustrate the use of proportions involving
trigonometrie functions,

kTR

TrT T 1 T

ARRRTRY

F1G. 5.

Examgle 1. Find 4 if ®n96° _ sin 4

Tige s
Solution. Here both parts in the first ratio are known, Tence
write S sin36° asin A

BRI o a0
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amnd
opposite 270 on ¥ set 36" of S,
pusgh hairline to 320 on I},
at hairline read on S, 44°10° = 4.

s . (oagge” Telighit o o
Bugepled P @R R

Sidulion. Write
D) <5580 330 %
8 8n32® snAd cos80°

and
opposite 250 on D get 327 of 5,
push hairline to 330 on D,
at hairline read on 8, 44°20" = A ;
push the slide so that left index on € replaces right index,
push hairline to 80° red on S,
at hairline read on D, B1.9 = z.

Here the decimal point was located by noting that sin 32° = 0.5 ap-
prox, and cos 80° = (0,17 approx., hence

230 ¥ 0,17 approx.
0.5 approx.

= R} approx.

Example 3. Find ¢ if sin 8 = '5.

Solwlion. Write the given equation in the form

8 gind l {= sin 90%)
517 el S :
and

get 907 of S opposite 5 on D,

opposite 3 on D read § = 36" 50" on 8,

Example 4. Find ¢ if cos f = ;.

Solution. Write the given equation in the form

B eosf 1 (= sin90°)

Iy 2 3

and
get 90° of 8 opposite 3 on D,
opposite 2 on D read ¢ = 48°10° on S red.
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EXERCISES
1. Tn each of the following proportions find the unknowns:
(a) sin B0*25' _ sin 42°10° _ am_@ ) gin § _ sin 35°  sin 60°30°
Ki = T 8 an.5 ] a2.B
i gin 25° _ &in 407 _ sin 707 @ in 0 5 sin ¢ _ &in ]2"55"
1] x Wint 156 25.8 40.7
2. Tind the value of each of the following:
(x) & sin B0% (e) 2% cos 25°.
(b 12 sin GO°. {) 35 ese 53720,
(o) 22/sin 30°. (g} 17 s=e. 168°,
(d) 15/sin 20°. (h) 55 ain 18°.
3. Find the value of § in each of the following:
i 307 sin 427307 ; 433 gin 187107
(o) gin § = = —oD () gin i = 198
. 413 ain 77740 . o 156 sin 12°656'
(1) ein B = T . () sin § = 07 .
4, Tind the value of & in each of the following:
(@) o - 1705 5in 6°25' (©) = 1234 sin 12
DR sin 33°HF
8.27 gin 73° _ 375 sin 18°40°
)z = ~gin 2°18° (d) == " M—H'J:éﬂ’ -
5. Find the wvalue of 2 in each of the following:
PR 4 gin 35° — 5.4 sin 177, s I‘\ HI_ZI:_I_EIEE_»‘._T_" 23.4 ¢om 42°15"
gin 47° i gin 22° sin G3°
i - B — 6 &in 70 T g (27.7 min 39°15) *—16 coa 12°40°
gin 37° — 0.21 46,2 gin 10°10° 4= 32.1 san 17°16°

2B. Law of sines applied to solve a triangle. In the conventional

way of lettering a triangle, each side is
represented by a small letter and the B
opposite angle by the same letier cap-

italized. Thus in Fig. 6, each of the a
pairs, a and A, band B, ¢ and C represent

a side and the angle opposite. The law
of sines (see equation 14 §25) is

SH.IA gin B sinC

7l b c

L=
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Using this law and the method of solving proportions explained in
§27, we can solve any triangle for which a side, the opposite angle,
and another part are given,

Example 1. Given o triangle (see Fig. 7) in which a = 50, 4 = 65°
and B = 40°, find b, ¢, and C.

Solution. Binee A + B + C = 180°,
¢ = 180° — (A + B) = 75°

Application of the law of sines to the
triangle gives

gin ﬁfr_"' 4 gin 40°

50 b

FiG, 8.

accordingly
opposite 50 on D =et 65° of 8,
push hairline to 40° on S,
at nairline read on D), 35.5 = b,
push hairline to 75" on 8,
at hairline read on I}, 53.3 = ¢,

Example 2. Tind the unknown parts of the triangle in which
0 =383, A = 25° B = 38°

Solufion. In this solution, it is necessary to use sin ¢ = sin 117°.
By (11) of §25, sin 117° = sin (180° — 117°) = @in 63°. Henece wo
shall use gin 63° instead of sin 117°
since the S geale does not provide
directly fur 117°. In general, use
ihe exterior angle of a triangle in
the law of sines when the in-
terior angle is greater than 90°
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Hence from Fig. 9 write

& gin25° @in38" &in63°
MO T
and
opposite 38.3 on [ set 25° of S,
opposite 387 on S read b = 55.8 on D,
opposite 63° on S read ¢ = 80.7 on D,

29. Short cut in solving a triangle. Observe that it is not neces-
gary Lo write the law of sines in solving a tri-
angle. In accordanece with the setting based
on the law of sines, opposite parts on a
triangle are set opposite on the slide rule.
The parte to be set opposite ean be used
g directly from the figure. Thus from Fig. 10
FIc. 11, it. appears at onee that the pairs of opposites
are: 68.7, 47%; x, 62°; y, T1°

68.T

47" G2}

To golve the triangle

opposite 687 on I set 47" of 5,
opposite 62° on S read & = 829 on D,
opposite 71° on S read ¥ = 88.8 on D,

To solve the right triangle of Fig. 11, note that
0% and 863 are opposite and
opposite 863 on 1) set 90° of 8,
opposite 52° on 8 read ¢ = 68.0 on D,
oppozite 38% on S read b = 53.1 on B,

To solve the right triangle of Fig. 12
[
oppozite 843 on ¥ set 907 of S,

8.43 L opposite T86 on D read B=56"30'on S,
s> compute A = 90° — B = 33°30/,2

4 7.86 : opposite 33.5% on S read 2 =5.21 on 0.
-

FIa. 12,
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In general, to solve any iriangle for which a side and the angle op-
posile are known,
opposite the known side on D sel opposile angle on S,
opposite any known side on D read opposile angle on S,
apposite any known angle on S read opposile side on D,

EXERCISES

Solve the triangle having the given parta:
1. a = &0,
A = 65°

5.

G

B

B

A
I
i
A
B
a

= 40°,
. ¢ = B

= 50°,
= TH".
= 55,
= 10°13*,
= 40°36".
= 705,

A = 80°,
B = 447407,

i
A
o
i

i1
C

B = 62755,

c

- 5.6,
- 38°40,
= 0"
= T0,
= mﬂml"
= 90°,
= 21_]]'
= 847,
= 00°
- 11.2,
= 43°30",
= 90°,
= 47.7,

= Q0~,

10, a = 53.4,

A = 7277,

11. a = 60,

a oo
I
£
o

12.

o
| B
=
%

13,

|
=5
[ =]
5
o
=

14.

15,

RREnu
2
=

16.

(!
=

17.

B0°.
1.1,
7,

= H1710".

18.

el a-;:_c-'a B R oD b= o - Tl e W

*10.

20,

21,

w22

lﬂ*z]_'

25.

26.

27.

Ep=

e = 06,

A = 1237107,
a = 8T8,
¢ = 10,
A= g1%24",
b = 0.234,
¢ = 0,195,
B = 1007,
a =121,

A = 4°10,
B = 75"

b = 8

a = 120,

A = 80"

a = 40,

b =3,

A = ThH?,

¢ = 36.7,
A = bB&"40°,
O = 50"

¢ = {726,
B = 10°51°,
C = 90°

a = 0.821,
B = 217°36°,
O = 00°,

28, The length of o kite string is 260 yds., and the angle of elevation of the
kite is 40°. If the line of the kite string is straight, find the height of the kite.
20, A vector is directed due N E. and its magnitude is 1%
in the direetion of north.
30, Find the angle made by the diagonal of a cube with the diagonal of a face
of tha cube drawn from the same vertex.

31. A ship at point 8 can
shore. I A5 =500 f., angle 8

distance of the ship from A.

32, To determine the distanee of an insccessible tower A from a point B,
g line BC and the angles A B¢ and BCA were measared and found to be 1000 yd.,

447, and T0®, respectively.

* gin 129710° = ain (130°-128°107 = sin 567,

4 Tha 8T seale moust be waed for 47107
% Tha ST seals must be uasd for angle &,

Find the distance AH.

ind the component

be acen from each of two points, A and B, on the
AR = 67°40", and angle SBA = 74°40", find the
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30. The T (Tangent) scale. The black numbers on the T geale
represent angles from 5°43' to 45°, the red numbers represent angles
from 45° to 84°17",

When the hairline is set to an angle A on T {black), tan A is at the
hairline on seale €', and hence on seale D when the rule s closed ; when
the hairline is set Lo an angle A on T red, ian A is at the hairline on C'1,

Since

tan 5°43 = 0.1, tan 45° = 1, tan 84°17' = 10,

the range of values on scale € for tangents of angles between 5°43'
and 45 is (L1 to 1, and on seale CT for tangents of angles between
45" and 84°17" is 1 to 10. The black legend 0.1 to 1.0 at the right
end of the T seale indieates that tangents read on € (black) are be-
tween 0.1 and 1; the red legend 10.0 to 1.0 indicates that tangents
read on CF red are between 1 and 10, The general rule governing
the use of red and black numbers is given in the next article.

For example,

opposite 26° on T (black), read on €, 0.488 = tan 26°,
opposite 64° on T red, read on C'F, 2.05 = tan 64°.

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

cot 4 = 1/tan 4, cot A = tan (30° — A) (18}
to express the cotangent as the tangent of an angle and then using
the method outlined above. Thus to find cot 26°, write from (18)
cot 26° = tan (00° — 26°) = tan 64° and

opposite 64° on T read on C1, 2.05 L. cot 26°,
or wrile cot 267 = 1/tan 26° and

opposite 26° on T read on O, 2.05 = cot 26°,

To find cot 64°, write cot 64° = tan (90° — 64%) = tan 26° and
opposite 26° on T read on €, 0.488 = cot 6G4°,

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

568 tan 56° 565 cot 34° 565 tan 42°
ot 2R TR EEe T T
and push the hairline to 565 on D,

draw 34° of T under the hairling,

push the hairline to 42° an T,

at the hairline read on P, 754.

The deeimal point was placed after making the rough approximation
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600 % (0.9) /0.6 = 900. The numbers 0.9 and 0.8 lie between 0.1
and 1.0, that is, within the range specified by the legend 0.1 to 1.0
of 1"

[t is shown in trigonometry that the sine and the tangent of an
angle less than 5°43" are so nearly equal that they may be considered
equal for slide rule purposes. Thus to find tan 2°15' and cot 2°15,

opposite 2°15' on ST read on €, 0.0393 = tan 2°15,
opposite 2°15' on ST read on CI, 25.5 = 1/tan 2°15" =
cot 2°15',

The operator should be careful in finding an angle greater than 45°
on the tangent scale from aratio. Thus to find 4 where tan A = g,
it iz essential that the setting be made as though 90° — A were to be
found. In this case

tan (B0° — A) = cot 4 =

L

il tan (90° — A)

1
or =

3.1 ~ B8
henee
opposite 56 on D set 1 (= tan 45°) of T,

opposite 31 on D read 90° — A = 29° on T black,
or opposite 31 on D read 4 = 61° on T red.
Note that the setting must be made az though 90° — A, an angle less
than 45°, were to be found.

EXERCISES
1. Fill out the following table:
; T
‘ t 8% ! 27°16" | 62°1¢% e Tels B87° 47°28" .
tan ¥ | I
cob H \
2. The following numbers are tangents of angles, Find the angles.
(a) 0.24. (b)’ 0.785. (c) 0.92. (d) 0.54. ¢} 0.050.
0.082. {a) 0.432. (k) 0.043. Ei) 0.0149, 0.374.
k) 3.72. () 4.67. (m) 17.01. n) 1.03. o) 1.232.

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

{2) tan z = :%, (¥ toan = %, (e) tan z = g.'%_
() tan @ = 2;?_, (g) cotx = g () cot 2= Ei%:

31. Other functions on the S and T scales. Because of the recip-
rocal relations (4), (5), and (6} of §25, the complementary relation:
{(7), (8), (9) and (10) of §25, the fact that each red number n repre-
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senting an angle on seales S and T is 90°—#n, and that the numbers
on C'f are reciprocals of their opposites on €, four funetions or angles
may be read at once when the hairline is set to an angle on S or 7.
To perceive this and a rather interesting color relation, let (B)
represent black and (&) represent red, and

Push the hairline to 30° (&) or 60° (R} on S,

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

at the hairline read eos 60° (B) = 0.5 (B) on (),

at the hairline read ese 30° (B) = 2 (&) on €T,

at the hairline read see 60° (K) = 2 (B) on CI.

Again push the hairline to 35° (B) or 55° (Ryon T'

at the hairline read tan 35° (B) = 0.700 (B) on €,

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

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

at the hairline read tan 55° (R) = 1.428 () on [,
These two illustrations indicate that whenever the value of a direct
function (sin, tan, sec) is vead, the colors of the angle and its funetion
are the same; whenever the value of a eo-function (cos, col, csc) s read,
ihe colors of the angle and ifs function arve different. In other words:
direct funetions (sin, tan, sec) are read on like eolors (black to black,
or red o red); eo-funclions (cos, col, csc) are read on opposite colors
(black to red, or ved to black).

The reader ean easily derive a methog of reading any desired
funetion without using the relation of colors just considered. How-
ever the relation is interesting and helpful to_anyone who uses all
gix trigonometric functions frequently.

EXERCISES
Using the red numbers on the trigonometric sacles, solve Exercizes 3 and §
of §26, and Exercizes 1 and 3 of §30.

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

B first find the smaller acute angle from
its tangent and then apply the law of
i sines to complete the solution,

Example. Given the right trinngle

A s W ¢ of Fig. 13 in which a = 3, b = 4; solve
Fra. 13. the triangle,
Solution. From the triangle we read tan A = §. Henee write
T " tan A

o e i gy
D' 3 Pl
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and opposite 4 on D get index of C,
push hairline to 3 on D,
at hairline read A = 36°82 on T,
at hairline read B = 53°8" on T red,

Now complete the solution by using the method of §28. Since the
haitline is set to 3 on D, draw the opposite angle 36°52' of 8 under
the hairline, and opposite 1 (= sin 30%) on Sread ¢ = Son D. . (See
Fig. 14).

r &

T =y . . i Y e P N Y 3
e D F AR A RN r iR

¥
Wy o

i i _ il [edEpEEEAS [#F

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

s

Rule.
To solve a right triangle for which twe legs are given,
to larger leg on D set proper index of slide,
push hairline to smaller leg on D,
of the hatrline read smaller acule angle of frinngle on T,
draw: this angle on 8 under the hairline,
at index of slide read hypotenuse on D,

The solution of the triangle of Fig. 15 in ac-

cordance with {he rule is as follows:

to 862 on I set right index of O,

push hairline to 479 on D,

at hairline read B = 29°¢' on T,

draw 29°4’ on 8 under the hairline,

at index of S read ¢ = 9.86 an I},
Therefore 4 = 90° — B = 60°56". e 40

L1}
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EXERCISES
Bolve the following right trianglea:
1. a= 123, 4, o= 273, T. o= 132
b= 202 b= 418, b= 13.2
2, a= 101, 5. o= 28 B. o= 43,
b= 116, b= 34, b= T1.
3, g = 50, 6. a= 13 9 a=0.231,
b= 233 b=5 b= 4.8,

10. The length of the shadow cagt by a 10-ft. vertical stick on & horizonta:
plane is .39 {t. Find the angle of elevation of the sun.

33. Solution of a triangle for which two sides and the included
angle are given. To solve an obligue triangle in which two sides
and the included angle are given, it is convenient to divide the triangle
into two right trinngles. The method is {llustrated in the follow-
ing example.

8 Example. Given an obligue tri-
angle in whicha = 6, b = 9, and
- o € = 32° solve the triangle.

5 Pt s s Solution. TFrom B of Fig. 16,
| 3 h_:‘ 3 | drop the perpendicular p to side b.
o Fra. 16. Applying the law of sinea to the

sin 90°  sin 32° _ s§in 58°

right triangle CBD, we obtain i ? E
Bolving this proportion, we find p = 3.18 and n = 5.09. From the
figure m = 9 — 5.00 = 3.91. Hence, in triangle A BD, we have

p_318
i T
or
tand 1
318  3.01°

Solving this proportion, we get A = 39°7". Now applying the law
of gines to triangle A BD, we obtain

sin 39°7"  sin 907
N T T g
Solving this proportion, we find ¢ = 5.04. Finally, using the relation,
A+ B + C = 180%, we obtain B = 108°53'. The ilalicized rule of §32
could have been used in place of the last two proportions.

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

The law of eosines (15) of §25 may also be uzed for the solation,
To solve the triangle of Fig. 16, we have
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¢ m a? 4 b* — 2ab cos O
or e2=0624+02—2%Bx9cos32° =36 + 8] — 91.6 =254
and ¢ = 5.04. Now using the setting based on the law of sincs
opposite 5.04 on D draw 32° of S,
opposite G on D read 4 = 39°7,
therefore B = 180° — 32° — 30°7' = 108°53".
The golution is checked by pushing the hairline to 71°7" (=180° -
108°53" and reading ® on D at the hairline,

A third method of solving this case is considered in Iix. 14, It is
based on the law of tangents.

EXERCISES
Bea the following trinnglea:

L a=94 4, bw= 230, 7. « = (.L085,
b= 56, ¢ = 3.57, = 0.0042,
= 20° A = 62° B = 5630,

2, o= 100, 5 o= 27, 8 a=17,
¢ = 130, ¢ = 15, b= 13,

B = 51°4%. B = 45", C = 59°18",

3. a= 235, 6. a= 6.75 9, b = 2580,
b = 185, c= 1.04, = 5200,
C = B4°30'. B = 127°10". A = 138°20".

10, Solve exercises 1 to 5 hy using the law of cosines to get the third aide and
then the law of sines to get the unknown angles. o

11, The two dizgonals of a parallelogram are 10 and 12 and they form an
nngle of 49°18%, Find the length of each side.

12. Two ships start from the same point at the same instant. One sails due
north at the rate of 10.44 mi. per hr., and the other due northesst at the rate

of 7.71 per hr. How far apart are they at the end of 40 minutes?
DEFHRTURE

13. In a land survey find the latitude
and departure of a course whose length is
5261t. and bearing N 65°30'E. See Fig. 17,

Fia. 17,
14, The law of tangents
tan (A — B) _tan 14 (4 + B) _ tan }4 (180° = C) (a)
&— b 3 a4 b a+b

is used to solve a triangle for whieh two sides and the icluded angle are given.
The three cases to which this leads with the slide rule are illustrated below.
{(a) C=00° Tse (a)directly. Forexampleif a = 6.75, b= 1.04, C'= 127710
write
tan 14 (4 — B‘}= tan 14 (A + H}_ tan 26°25
a7l 7.79 7.79

to 7.79 on D set 2625 of T,
opposite 5.71 on D read ¥4 (4 — B) = 20° on T
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The simultaneous solulion of 14 (4 — B) = 20° and 14 (A 4+ B) = 26°25 ia
A = 46°258°, B = 6°25". Now using the method based on the law of sines find

e 743,
(B C < 45° 90" — 14 (4 — B) < 45°. Usa (a) in the form

tan [B0° — o s R}II tan [“D"‘—- 1/5 % S B}I] p
a4+ b a—b ()

Tor example if ¢ = 30.3, b = 2.5, €' = 50", write from (3)
L [90° — 14 {4 — B _ tan 25°

a2.8 27.5

and

opposite 27.8 on D set 25° of T black,

opposite 32.8 on I read 90° — 34 (4 — B) = 28349 on T.
Now solve 080° — 14 (4 — B) = 28°49' with 80° — 14 (A -+ B) = 25° to obtain
A = 126711, B = 3°49, and then find ¢ = 28,8 by using the method based on
ther law of aines.

{c) €< 90% 90° — 14 (4 — B) > 45°. In this case use (§).
For example if @ = 130, b = 100, © = 51°80°, write from (2)

tan I'EI'I" g (4 — J'i]l tan 25°55"

230 B0

and

oppodite 30 on D set 25°55" of T,

push bairline to right index of O,

deaw left index of C to 230 on I,

at hairline read 90° — 14 (4 — B) = 74°58" or™" red.
Now find A = 70°7, I = 49°3°, ¢ = 104.1,

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

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

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

a =15, b =18, and ¢ = 20, find A, B, and

C.
Solulion. TFrom the law of
4 i g
¥1. 18, cosines we write cog 4 = i ol

Zhe

182 4 20% — 15% 400 eos A 1

= s d= XX 20 ~ 720 " 49 " 720
Henge opposite 720 on D) set right index of C,

opposite 499 on D read 4 = 46°5 on S red.
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Now apply the method baged on the law of sines and
opposite 15 on I set 46°5" of S,
opposite 18 on I read B = 59°55' on S,
opposite 20 on D read ¢ = 740" on S.

The relation 4 + B4 C = 46°5" + 59°55' + 74°0" = 180° sorves as
a cheelk,

EXERCISES
Holve the following triangles:
L a= 341, 4, a = GL0O, 7. a= 979,
b = 2.60, b= 492, b= 108,
= 1.58, c = B0.5. €= 130,
2. a= 111, 85 o="T.08, 8. a = 57.9,
L= 145, b= 5.08, b= 50.1,
¢ = 40, ¢ = 4.83. e = 35.0.
3. a= 35, 8 a= 21, P a=13,
b= 38, b= 24, b= 14,
ce=4]. ¢ 27, cw= 15,
10, The sides of o triangular field measure 224 ft., 245 ft., and 265 t.  TFind
the angles at the vertioes, w

11. Yind the largest angle of the triangle whose sides are 13, 14, 16,

12, Bolve Ex. 11 by means of the following formula

A Je=0F—a a Rt
tan E_# i --_a:l-_" where & = 3 (a4 b4 c).

13. In triangle A BC of
Fig. 19
pi=bt— mi= a?— ni
Henee 8 — g = m? — n?,
Faotoring and replacing
[m 4+ n) by e, we have

Fia, 19.

Bta)b—a)=(m+n) (m—n)=c{m—mn),

b+o m=—n
T b D ()

ar

To solve the trinngle ABC, find m — » by using proportion (1), Combine
thia result with
e g,
to find m and i, Then solve each of the right triangles of triangle A BC and use
the results to find the angles A, B, and
Apply this method to solve Exe. 1, 2, 8.
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14. Another method of solving for angle A when gides o, b, and ¢ are given
follows. From the law of cosines, equation (16) §26, get

b ot = at _ Zhet (b — 2ot ¢ — a?

cos A = Bhe T
o [\ g gt — (b = ¢)"
.1 b L 2he .
ar {
_,_fa—bte)lat bh—¢)
coa A =1 b : ()

Thus to solve the triangle in which & = 21, b= 24, ¢ = 27 for A, subatitute these
numbers in {a} to obtain
(21 =244 27) (21 4+ 24—-37) 2 cosd 1
o A owm ] - .2.(‘.24.]_':2}}_... e :3.' or ._.2_.. o 5
Hence
opposite 3 oo D et right index of 8,
opposite 2 on D read A = 45°10° on S red.
Now use the law of sines to get B = 58°25°, C = 73°25".
Hhow that if & = 97.9, b = 106, ¢ = 139, angle A = 44739,
Also use the method of this exercise to oblain angle A in exercises 3, 4. 8,
and 9.

35. 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 iz less than the other given side, there may be two
triangles which have the given parts. We have already solved
trinngles in which the side opposite the given angle is greater than
the other side. In this ease there is always only one solution, Con-
sider now a case where there are
two solutions,

Example. Given a = 175, b =
215, and A = 35°30/; solve the
triangle.

f . g ! Solution. Fig. 20 shows the
Fia. 20, two possible triangles, AR, C
and A ByC, having the given parts. To solve these triangles
opposite 175 on D set 35°30° of S,
aopposite 213 of D read B, = 45°30' on S,
€; =180° — 4 - B, = 09°,
opposite 180° — 09° (=817) on S read ¢, = 298.
‘rom Fig. 20 it appears that By = 180° — B, = 134°30/.
Cz = 180° — 4 — By = By — A = 10°. Binee 175 of D is opposite
35°30" of 8, push hairline to 10° on & and read ¢ = 52.3 on D at
the hairline.
It is instructive to observe that the slide was set only ones, and
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that the required parts were obtained by pushing the hairline to
parte already found and reading unknown parts at the hairline.

Let the three known parts of a triangle be @, b, and A. TFig. 21 rep-
resents the triangle with the given
parts encircled. If « is less than b
but greater than o, there are two
triangles A By and A B;C having
the given parts, if @ = p there is only
one triangle A BC, and if a is less
than p there will be no solution. Henee when pjs found the com-
puter knows the number of solutions to expeet.

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

EXERCISES
Bolve the following oblique triangles,

1. o= 18, 3 a=322 5 a= 177,
b= 2, e= 27.1, b= 216,
A = 55°25". ¢ = G2°25". A = 35°36".

. bh=18, 4, b= 516, G. o= 17060,
&= 1B, c= G.84, b e 14000,
C = 15°49°, B = 44®, B = 40%

7. Find the length of the per-
pendicular p for the triangle of
Fig. 22. How many solutions will
there be for trinngle ABC if (a) b
= 3T (b} b= 47 (e} b= p?

Fia, 22,

36. 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 trigonometrie fune-
tiong, This is illustrated in the following examples.

Example 1. FEvaluate S A BS:.

tan 42°
Solution, Push hairline to 4 on D,

draw 42° of T under the hairline,

push hairline to 38° on S8,

at the hairline read 2.735 on D),
8.1 v/17 sin 72° tan 20°

2.2 :

V17 sin 72° tan 20°

22 (53)

Example 2. Evaluate

Solution. Use rule € §15 to write
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Push hairline to 17 on A right,
draw 22 of € under the hairline,
push hairline to 20° on T,
draw 61 of O under the hairline,
push hairline to left index of €,
draw right index of ¢ under the hairline,
push hairline to 72° on S,»
at the hairline read 3.96 on D.
7.9 cac 177 cot 31° cos 417
18 tan 48° /38

Example 3. Evaluate

and

Solution. Replacing csc 177 by o ]-‘F, cot 31° by ﬁw

tan 48° by ﬁ, and using rule € §15, we obtain

(i_) 7.0 tan 42° cos 41°
1%

+/3.8 gin 17° tan 31°

Push hairline to 79 on D,

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

push hairline to 18 on C1,

draw 17° of S under the hairline,
push hairline to 42° on 7',

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

at the hairline read 0.871 on D.

The student could have avoided the use of red numbers by replae-
ing in the given expression cos 41° by gin 497,

The CF seale may often be used to avoid shifting the slide. In the
process of evaluating a fraction consisting of & 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 seale
provided that & number of the denominator on the C'F scale is drawn
under the hairline later in the proeess, 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).

210 X254 X VD
gin 70° ¥ tan 35° X 3.06°

Example 4. Fwvaluate
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Solwlion.

FPush hairline to 210 on D,

draw 70° of 8 under the hairline,
push hairline to 254 on OF,

draw 35 of T under the hairline,
push hairline to 45 on B right,
draw 306 of CF under the hairline,
under index of € read 17.77 on B,

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

and onee in the sixth.

EXERCISES

Foraluate the following:
1, 18.6 gin 36°
T T
Risin 18"
R
4.2 fan 35°
sin 43750
343 sin 17°
" tan 22°30"
13.1 cos 40°
tan 85°10°°
5 17.2 cos 357
cok B0* °
7.8 oa0 35°50°
cot 21°24° ©
63.1 sce 307
tan 55"
gin 187 tan 20°
3.7 tan 41° gin 31
gin G225
" B1tan22°18"
11, 3.14 sin 13°10" a0 32°.
12. 7.1 = gin 47°35'.

'

10

.61 cse 12715
cob 35°18° *
15in22°40°
tan 28°10° 1
3.1 sin 61°35° cao 16°18°
com 27°40¢ gt 20° °
¥ R ¢
16. 13.1 sin 3°7
0.0037 sin 49°50/
tan 27G° i
+16.5 sin 45°80°
V4.6 41.2 ot 71°12"
10, V6.1 491

tan 13°L4°
gin 51°30°
(30.1) (6.23)"
ean 487307
(19.1) (7.61) vE0.4"
22, (48.1) (1.88) sin 39"
23. 0.0121 pin 517 cot 41°,
1.01 cos T1°12' gin 15®

+'4.81 cos 27°12°

i

14.

15

17.

18,

20.

21.

25. Holve for the unknowns in the following equations:

(@) tan 0 _fena

27 49 aH
_ tan 24°12' tan
Gry gis . L
(€) ¥ = (407 cot 8295371,
17.2
{d) y= tan 33°13"

tan 33°10

o
(6} = 3&;2@"_.
pio e g,szat;; i
O V= T ota
0 tan 0 = 77 1;;; _‘%1'*12?l

o 472 tan 11°45°

333 i
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37. Relations between radians and degrees.
o E B ]
1 radian is T degrees or 57,290 "ltpgrﬂmn‘!&tﬂl}:} degrees.  Hence

to change r radians to degrees multiply r by @ and to ehange o
18(

-
Te

degrees to radians multiply d by Té} Thus E radian = G)(

o
— 45°, and 1176 radians = 1.176 (lﬁ—“) — 674° = 67°24', Also

35°36' (= 35.6%) = 35.6 ﬁ“ radian = 0.621 radian,
Also the following proportion holds true

r (number of radians) x i
d (number of degrees) = 180 a5
Henee, opposite = on DF set 180 of CF,

opposite radians on DF read degrees on CT,

opposite degrees on CF read radians en DF.

Obviously the F (folded) may be deleted from any line.

A short method using the gauge points on ST is explained in the
next article,

Example. TFind the number of degrees in 1.176 radians and the
number of radisns in 35°36" {=35.6°).

Solution.
opposite = on DF set 180° of CF,
opposite 1176 on DF read 67.4° (=67°24") on CF,
ppposite 356 on CF read 0.621 radian on DF.

EXERCISES
1. Express the following angles in radians:
() 487 () 180°. (o) 22°81"
(& B0°, (e) 120° Ry 200°,
(@) v0°, () 135°, (i) 3000
2, Express the following angles in degrees and minutes:
a) /3 redisns. (c) =/72 radian. (e) 207/3 radians.
Eb} &w/4 radians. {d) 7776 radians. {f% (.98 radianz,
3. Express in radiang by using proportion (17):
() 48°25', :c% 50°20°. (e} 10°14". {g) D027,
{b} T e () 120°45". () oo, (h) 175°35".

& Assume esch number to represent an angle in radians, use (17) to find
each angle in degrees and minutes:
(n; 0611, () 0.206. g} 0.370. {7} 2.06,
(&) 0.373. (d) 0.356. ) 2.80. (h) 1.738.
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38. Trigonometric functions of small angles. The spproximate
relation
gin & = tan # = & (in radians)&,
is assumed to be true for slide rule purposes when 8 is less than
5°44'. Hence for slide rule purposes, when 8 is a small angle, sin
or tan @ is equal to 0 expressed in radians. By using this fact and
the relations (4) to (12) in §25, the trigonometrie functions of
angles near 0°, 9° or 180° may be found.

In changing a small angle to radians, and therefore in finding
its sine or tangent approximately, the gauge points on the 8T seale
180 % 60

=

save fime. The number of minutes m = in a radian has

been marked by a “minutes” gauge point on seale ST near the 2°

180 x 60 x 60 .

division and the number of seconds 5 = in a radian

3
hag been marked by a “seconds” gauge point on ST near the 1°12°
division. Hence: o change M minutes or 8 seconds to radians divide
M by the “minules” gauge number m or divide 8 by the “seconds™ giuge
number s; o change R radians lo minutes or seconds mudtiply R by
the “minutes” gauge number m or the “seconds” gauge number s re-
spectively.

To approximate an answer for the purpose of placing the decimnl
point it is convenient to remember that 0.1° = .002 (2 zeros, 2
radian nearly, 1'=.0003 (3 zeros, 3) radian nearly, and 17 = 000005
(5 zeros, 5) radian nearly,

Thus 2°48" = 168" and
opposite 168 on [ set “minutes” gauge point,
opposite index of € read 4589 on D.
Now approximately 108° = 168 (.0003) radians = 0.0504 radian.
Henee 2°48° = 0.0489 radian,
Also 39717 = 30 x 607" + 17" = 2357". Hence
opposite 2357 on D set “seconds” gauge point,
opposite index of € read 1143 on D,
Now approximately 2357 = 2357 (.000005) radian = (.0118
radian, Hence 39'17"" = 0.01143 radian.

*Tha formula is aceurata to 3 figures for angles from 07 to almost 3%, The approxinnte varis-
tion from § when § = 0.1 radian (3°44°) is 00017 for the sine and 0033 for the tangent,
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To express 0.00744 radian in minutes and in seconds push right
index of C' to 744 on D

opposite the “‘minutes’ gauge mark read 25.6 (25.6") on D),

oppogite the “seconds” gauge mark read 1535 (1535"") on D.

The decimal points were placed in accordance with the approxi-

007

5003 = 1400,

= 23 +,

mation -ﬂ
2 000005

Example 1. TFind sin 15/, ese 157, tan 15, cot 15°.

Solution. Opposite 15 on D draw “minutes” gauge mark,
opposite index of ' read 436 on D,
opposite index of D read 229 on C.
Sinee 15" = 0.0003 (15) radian nearly, 15" = 0.00436 radian nearly.

3 i T i ) - 1R’ = _1_
Henee sin 15' = tan 15' = 0.00436 and cse 15" = col 15 0.00136
= 220,

Example 2. Find cos 80°28', sec 80°28/, tan 89°28', cot, 80°28',

Selution. Using relations {4) to (10} of §25, we get cos ¥0°28' =
sin 327, see 89°28' = csc 32, tan 89°28' = cot 32', cot 89"28' - tan 327,
Now proceeding as in Example 1, we get sin 32" = tan 32 = 0.00931
and cse 32' = cot 327 = 107.4. Hence cos 89°28’ = cot 89°28" =
0.00931 and sec 89°28 = tan 39°28' = 1074.

EXERCISES
1. Using the “minutes’ gauge mark change to radians:
{a) 1%25". () B0°. (e} 2°30°. (d) 2°40°,
3, Using the “'seconds’” gauge point change to radians:
() 10725 () BR, {e) 1"2735"". {d) 17527,

3. Usming the gauge points, change to minutes and to seconds the [ollowing
angles in radians:
() 000634, by 0.0797. (e) 000799, (d) 0.1248.

4 Tind sin 5%, tan 5, esc 5' and eot 5.

g, Find sin 5’/ tan 5%, esc 6'' and cot 5",

6. Find (o) sin 217, (¥) sin 32", {¢) tan 7'. (d) tan 52°".

7. Find cos 89°45", sec 89°457, tan 80°45', and cot 89745

8. Find cosine, sceant, tangent, and cotangent of 89°59719",

9. Find (o) cse 16",  (b) scc 897587  (c) tan 30°30". () cot 12°.

10. 250 =in 23" 15. 432 sin 43°.
1. 42 tan 19°% tan 0.2°
12, 150 cos 89°40" 16 o 0TI
13. 83 sin 52 gin 18

14. 500 tan 357", 0.131°
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40. Miscellaneous Exercises. Solve the following triangles

1. ¢= B0, 7. o= 1], 13. a= 0.321,
fxf lags
== '+ == - G = N 5
2. b= 180, 8 a= Toh, 14, a= 4,
A = 107, A = 80°, b T,
O = 90°. B = 44"40. c= B,
3. o= 80, 0. a= 500, 15. g= T8,
A= 75% A = 10712", b= 33.4,
e OO, B = 46°35%. B = 5G°30".
4 o= 1011, 10, b= 29.0, 16. b= 800,
b= 173, A = B7°45, A = 24730,
C = 90", C = BE°10% B = 8G730".
5, @ = g, 1, am EE'G’ 17. o= ;2.9:5[1,
= ! o= 66T, ¢ = 73450
g i = 740" C = 127°35"
6 a= bA, 12, o= §51.38, 18, o= 1.3,
b= 4.3, o= 67.04, b= 847,
c= 4.0, B = T9"10". ¢ = 47.06.

19, If the sides of a trisngular field are 70 ft., 110 ft., and 06 ft. long, find
the angle apposite the longest side.

20, The disgonals of o parallelogram are 5 tt. and 6 ft. in length.  IF the angle
they form is 48°20", find the sides of the parallelogram.

21, A ear is traveling 8t a rate of 44 ft. per second up a grade which makes an
angle of 10° with the horizontal. Find how long it takes for the car to rise 200 ft.

22, A lighthouse is 16 mi. in the direclion 25°30" east of north from a eliff.
Another lighthouse iz 12 mi. in the direction 7250 west of sonth from the eliff.
What is ihe direction of the first lighthouse fram the second?

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

24, Tf in o circle o chord of 41.36 ft. subtends an are of 145736, find the radiug
of the cirele.

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 veetors will be considered at this time.

[ A vector AB (see Fig. 26) is
a segment of o straight line
containing an arrowhead
pointed toward B io indicate
- . a direction from its initial
point A to its terminal point
B. The length of the segment
indicates the magnitude of the
- o e "% vector and the line with at-
SLak tached arrowhead indicates
direction. 1f from the ends A and B of the veetor, perpendiculars
be dropped to the line of a veetor A'B’ and meet it in the points
A’ and B", tespectively, then the vector A" B'' directed from
A’ to B is called the component of vector AP in the direction
of A' B'.
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A foree may be represented by a vector, the length of the vector
representing the mapnitude of the foree, and the direction of the
vector the direetion of the force, In fact, many guantities defined
by a magnitude and a direction can be represented by vectors,

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

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

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

to larger leg on D sel proper index of slide,

push hairline to smaller leg on D,

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

at index of slide vead hypotenuse on D,

Example 1. Find the magnitude and the angle of the vector
representing the complex number 3.6 + § 1.63 where j =4/ —1.

Soludion. If the numbers r and y be regarded as the rectangular
coordinates of o point, the complex number z + fy is represented by
the vector from the origin to the
point (£, 1}. Henee we must find B
and 6 in Tig. 27. Therefore, in
neecordance with the italicized rule
stated above,

36
F1a. 27,

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

at the hairline read 8 = 24°22' on T,
draw 24°22' of S under the hairline,
at index of slide read R = 3.95 on [,

Example 2. A foree of 20.8 Ib. acts at an angle of 38° with a given
direction. I'ind the component of the force in the given direetion,
and also the component in a direction B
perpendicular to the given one. l

Solution. © Denoting the required
components by & and y (see Fig. 28),
we wrile

26.8 i T

gin 90° ~ gin 38°  &in 52"
make the corresponding setting, and
read z = 21.1, y = 16.5.




68 TRIGONOMETRY [Cuae. TV

Example 3. A certain cirenit consists of a resistance /£ = 3.6 and
an inductive reactance X = 2.7in=series. Find the impedanee 2, the
susceptance B,and the conductance .

Soluiion. The guantities 2, X and =
have relations which may be read from
Fig. 20, Conduectance ¢ and suscep-
tance B arc found from the relations

Fria, 29,

! B X
G = R4 X2 B - BT+ X3’
or, sinee 2 =4/ K2 4 X3,
s R _ cos#d
AT I A L <o
T il ol i 2 gin # (a)
VBRI T s
From equations {a) we oblain
g @nd _ cos i )

B O [
Tirst apply the italicized rule stated above to find z and 8 of Fig.
20, and then use the proportion prineiple to find B and & from (8).
Henee
To 36 on D set right index of slide,
push hairline to 27 om 13,
at the hairling read @ = 36°52' on T,
draw 36°52' on 8 under the hairline,
at index of slide read z = 4.5 on D,
draw 45 of ¢ opposite left index of 1,
push hairline to 36°52" on 3,
at the hairline read B = 0.1333 on D,
push hairline to 36527 red on 5,
at the hairline read G = 0.178 on 1.

EXERCISES
1. Find the magnitudes of the unknown vectors and of the unknown angles
0 in Figs. 30, 31 and 32.

Fra. 30.



§41/ APPLICATIONS INVOLVING VECTORS 69

2. The rectangular components of a veotor are -
1504 and 5.47 {sea Fig, 33). Find the magnitude r - a4 5.4
and direction angle fi of the vector. TFra. 38,

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

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

5. A foree of magnitude 25.8 1b. acts at an angle of 657 with the horizontal.
Find its horigontal component, and ita vertical component.

6. A 12-inch vector and an unknown
vector ¢ have as a resultant a 16-inch
veetor which makes an angls of 28°
with the 12-inch vector as shown in ]
Ig. 34. Tind the unknown veetor r. Fie. 34

7. Find the magnitude and the angls
of the veetor representing the imagin-
ary number = 2.7 + §f3.6. Hint. Tlee
Fig. 35.

8. Through what zngle § measured 5
counter-clockwise must o vector whose ﬁ v
ocomplox expression is —10 —j5 be ro- 2.7 &
tated to bring it into eoincidenee with Fra. 35
the vector whose complex expression ia
24 4. {Hee Fig. 368.)

9. The complex expressions for two
wvieetors (see 1Mg. 37) are oy = 7 = j14
and vy = — 6 —j8. VFrom the tip of u, t
i line i3 drawn perpendienlar 1o r. =i
Find the length m of this perpendie-
ular, and the length n of the line from
the origin to the foot of the perpendie-
ular.

=B

10, A certain eircuit consists of o re-
gistanes of 824 ohme and an induetive
reactance of 4.2 ohms, in geries.  Find X
the impedanee, the suseeptance, and tha \
condluctance. (Ses Example 3.) ~&

=85 T

11. Find the impedance, the suseept-
ance, and the conductance of a eircuit
which conzists of a resistance of B.76
ohma and an indurti== repetance of 11.45
ohma in series, Fia. 37.
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42. Applications. The solutions of many practical problems are
obtained by dealing with rectilinear figures. In finding the length
of a specified line segment of a rectilinear figure, the beginner is
likely to read & number of lengths which are not needed. This may
be well at first, but the efficient operator rends and tabulates only
useful numbers. The following examples and solutions indicate
efficient methods of finding desired parts of rectilinear figures.

Example 1. Tind the line segment marked « in Fig. 38,

Solution. By using the law of sines, we write

o068 g s
sin 39° * sin 65°°  sin 50°  sin 28°
and then find z by making the
following settings:
push hairline to 368 on D,
draw 39° of S under the hairline,
push hairline to 65 on 8,
draw 50 of 8 under the hairline,
Fig. 38 push hairline to 28° on §,
at the hairline read x = 325 on D.
The value of y was not tabulated, but it could have been read at the
hairline on scale D when the hairline was set to 65° of 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 oppogite
angle, he has no difficulty in perceiving, from an inspection of the
figure, the settings to be made.

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

Example 2. Tind the length of the gide marked z in Fig. 30(a).

Solution. To find the length of the side marked z in Fig. 39 (),
first draw Fig. 39 (3), compute
the angles shown in the figure,
and push the hairline to 289 on D,
draw 77° ( = 180° -- 103° ) of S
under the hairline,
push hairline to 32° on §,
draw 38 of S under the hairline,
push hairline to 65° on S,
draw 45° of § under the hairline,
F16. 30 (a). Fia. 39 (b). push hairline to 77 on 8,

at the hairline read z = 319 on D.
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In some problems it is necessary to perform some of the earlier
settings in a chain of settings, compute some parts on the basis of
the results, make some more settings, compute more parts, ete. This
proeess is illustrated in Example 3.

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

Solution. Angles @ and 8 are right
angles becanse each is inseribed in a semi-
cirele. Knowing two legs of right triangle
PQR we first find its hypotenuse and then
deal with triangle PSR, Accordingly

to 184 on P set left index of slide,
push hairline to 781 on D,

at the hairline read A [Fig. 40 (b} ] = 23°
on T,

draw 23° of S under the hairline,
compute B[Fig. 40 (B) ] = 65° — 4 = 42°,
exchange indices (see § 6),

push hairline to 42° on 5,

at the hairline read x = 13.37 on D),

Fie, 40 (5).

The following example illustrates more in detail the same methoed
of procedure,

Example 4. An engineer in a
leve! country wishes to find the
distance between two inaceess-
ible points ¢ and I} and the di-
rection of the line conneeting
them. He runs the line 4 B [Fig.
41 ()] due north and measures
the side and angles as indieated.
Using his data solve his problem.

Fia. 41 (a).



Fia. 41 (b).

43, Miscellaneous
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Solution, Iirst find FA (but do not write
it), and then find EC = 766; afterwards find
BE (but do not write it) and then EI} = 425,
In the triangle DEC [zea Fig. 41 (3)] two sides
and the included angle are now known: henee
the method of §33 may be applied to it to find
DC = 944 and angle ECD = 2614°. There-
fore the angle NCD = 48° — 2614° = 2137,
and line CD makes an angle of 2134° with o
line directed due north. The operator may
cheek these answers by making the suggested
geliings.

Exercises.

1. Find the length of the line segment B in Fig, 38

2. Find the length of the line segment marked w in Fig, 30a,

3. In Fig. 42 find the length of the line segment marked r.

4, Line segment AR in Fig. 43 is horizontal and 'L is vertieal. Find the

length of CD,

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

resulting problem.

Fig. 42.

Fug. 43, Fic. 44.

&

135
A 224 B A 4.2 IE]

6, Find the length of the line segment marked = in g, 45,
7. If in Fig. 46 line segment B2 is perpendicolar to plane ABC, find ite length,

c
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8 A tower and a monument stand on
& level plane.  (See Fig, 47). The angles
of depression of the top and boltom of the
monument viewed from the top of the
tower are 137 and 31° respectively; the M
height of the tower is 145 ft. Find the ¥ —a =
height of the monument. Fia, 47,

8, The captive balloon € shown in Fig. 43 is connectad to a ground station 4
by & eable of length 842 ft. inclined 65° to the horizontal. In a vertieal plana
with the balloon and its station and on the oppoesite side of the batloon from A a
target [ was sighted from the balloon
on o level with-A.  If the angle of de- ¥
preszion of the target from the balloon
is 4° find the distance from the target
te a point € directly under the bal-
loon.

‘“&L_H IiG. 48.

10. A lighthouse standing on the top of the clif shown in Tig, 49 iz observed
from two boats A and B in a vertical plane through the lighthouwse,  The angle
of elevation of the top of the lighthouso
viewnd from f is 16° and the angles of
elevation of the top and bottom viewed
from A are 40% and 23°, respectively. If gl
the boats are 1320 ft. apart find the height — i
of the lighthouse and the height of the cliff, Fic. 49,

LE

13207 B

11, Yig. 50 represents a GO0 ft. radio tower.
AC and A are two eables in the same vertieal
plane anchored at two points O and I on & level
with the base of the tower. Tha angles made by
the cables with the horizontal are 44° and 58° as
indieated. Yind the lengths of the eables and the
distance between their apchor points:

12, Twao fixed objects, A and B of B
Fig. 51, were observed from a ship at ]
point & to be on a straight line passing
through 8 and bearing N 15° E. Alter
gailing 5 miles on a course IN 42% W
the captain of the ship found that A a0,
bore due east and B bore W 40°E, A
Find the distance from A to B: flﬁ'




CHAPTER V

THE LOG LOG SCALES

44, Introduction. One of the most difficult problems of slemen-
tary mathematies is that of finding the value of a power of a number.
By means of the scales considered in this chapter the process of doing
this is as easy as the process of multiplication or division. Not only
are such simple expressions as 2%, 1.57, and 0.85* easily svaluated but
also the more complex expressions such as 1.80%%, .50, 5% gnd
1.036™%* are computed with the same ease.

In what follows we shall refer to the six scales labeled LL1, LL2,
LL3, LLO1, LLO2, LLO3 as the Log Log seales and to any one of
these six as a Log Log seale. Also we shall refer to the group LL1,
LL2, LL3 which exhibit a continuum of numbers ranging from 1.01
to 22000 as the LL seales and to the group LLO1, LL02, LL0O3, which
exhibit a continuum of decimal {ractions ranging from (.99 to 0.00005
as the LIO seales. Thus it appears that the LL seales represent
numbers greater than 1 and the LLO scales represent numbers less
than 1.

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

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

LL3 ] LL2 LIl
LIO3 LLO2 LL0
The following statement indicates the relation between mated

seales,
Opposite numbers on mated scales are reciprocals of each other.

Thus to find the value of é,

push the hairline to 2 on LL32,

the reciproeal of 2,

at the hairline read on LL02, 0.500 = %
To find the value of X the reciprocal of 0.552,

0.552°
T4
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opposite 0.5562 on LL02, read on LL2, 1.812 = l]_;ﬁ

Note that in finding reciproeals by means of mated Log Log seales
there is no queation as to the position of the decimal point. A method
giving reciprocals to a high degres of accuraey is discussed in §56;
this method uses only seales L1, L12, and their mates,

EXERCISES
1. Set the hairline to 5 on LLS, read the reciprocal of 5 on LLO3; set the hairline
to 1.25 on LLZ read the reciproeal of 1.25 on LEO2, sef the hairline to 1,04 on
LI, read the reciprooal of 1.04 on LLOL,

2. Using the Log Log scalea find the reciprocal of ench of the folowing:

{a) 16 (b) 3.52 (¢) 0.0155
(d) 1.95 (e) 0.752 () 1.163
(g) 1.0142 () 0.9515

46, Powers of e. The constant ¢ (2.718 approximafely) and its
powers are elosely associated with the Log Log seales.  This constant
is the base of the system of natural logarithms and it appears again
and again in the mathematics of scienee and engineering. By using
the Log Log seales in conjunction with the D seale we can find powers
of o,

The Log Log seales are so constructed that when the hairline is
set to a number n on seale D, it is also set to ¢* on a Log Log scale,*

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

Fia. 1

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

*Thig statement is fundamental; the complete development of the theory of
the Log Log seales ean be derived by the use of this one fact,
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mark on seale L.I3 represents ¢!, the rightmost mark represents e,
and the legend of scale LL3 is 1.0 to 10.0. It now appears that if
& = N, then the legend numbers 1.0 and 10.0 of LL3 are the limits
of & when X is on scale LI3. In like manner the legend of LLO3,
—1.0 to —10.0 is based on the exponents of ¢! and ¢! reprosented
by the end points of the scale. The legend of each Log Log scale
has a similar relation to the numbers represented on the geale. The
anawer 7.39 above i3 read on L3 because the exponent 2 on ¢* is
between the legend numbers of LL3. The rule for finding powers
of e may be stated as follows:

Rule. T¢ find the value of ", set the hairline to nu on D, at the hatr-
line read the value of ¢® on the Log Log seale containing n belween ils
legend numbera,

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

a5 jun LL3, 201 = &,
1% mirline reac 2 o 5503, 00408 1%

iy j“n .l'h't-*z, 1.350 = l!J"R:I
at the hairline read lon LL02, 0.741 = ¢4,
‘}'nu LEL1, 1.0305 = &,

at the hairline read lon LLOL, 0.0704 = ¢,

It appears from the italicized rule that x on the D scale and ¢ on
a Log Log seale are opposites. Hence we can set the hairline to e
on a Log Log scale® and obtain the value of @ from the reading
on £, Thus to find 2 when

& = 0,122,
opposite .122 on LL03 read on D, 210.

Sinee 0.122 was found on LL0O3, the value of 2 muat lie between the
legend numbers —=1.0 and —10.0 of scale LL0O3; hence z = —2.10

To become familiar with the process, find = satisfying
¢ = 0.002, & = 0.2, & = 2.0, ¢ = 20, & = 200
by making the following settings and placing the decimal point in
each by means of the appropriate legend:

*The case of operations involving numbers beyond the range of the Log Log
arales is congidered in §§ 54 and 5.
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opposite 0,002 on LI03 read on D, (21 and obtain z = -6.21,
opposite 0.2 on LL03 read on D, 161 and obtain x = —1.61,
opposite 2.0 on LL2 read on D, 693 and obtain # = 0.663,
opposite 20 on LEL3 read on D, 2095 and obtain 2 = 2.995,
opposite 200 on LL3 read on D, 530 snd obtain ¢ = 5.30.

Example 1. Ewvaluate ¢*5 and &5,

Solwtion.  Push hairline to 350 on D,
at the hairline read on LL3, 33.1 = &5,
al the hairline read on LL03, 0.0302 = ¢"F,
Seale LL3 was selected for the value of ¢* beeause the exponent
3.5 lies on the range speeified by the legend of the LL3 seale, Simi-
larly seale LLO3 was chosen because —3.5 liea on the range specified
by the legend of the LLO3 seale.

Fig. 2 shows the setting,

Example 2. Ewvaluate: (a) ¢, &2; (B) &2, ¢02; (¢) 002, g 002,

Solution, Push hairline to 2 on D,

o S on LL3, 7.30 = &,
at the hairline read {nn LI03, 0.138 = ¢;

on L12 1.22]1 = ¢,
on LLO2, 0.8187 = ¢2%;

S on LL1, 1.0202 = €2,
af the hairline read {un L101, 0.0802 = a2,

at the hairline read

Example 3. Iind the value of ¢ *" ",

Solution. Cloee the rule,
push hairline to 37° on S,
at the hairline read on L2, 1,825 = g*n ¥,
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Fia. 3

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

EXERCISES
1. Evaluate:
(a) & (g) et0& (1) e~1-80
(B) o (N e () ests
(c) 04 (g) else2 (k) e 004
() 04 (h) el (f) ed0es

2, Finde* when: {a) 2 =212 (B z=—-2.12 (g)2=0212 (d)z=—0212
(e) 2= 0.0212 (f) x= —0.0212.

3. Evaluste:
(o) o (af) ghwild {g) e 0118
(b} ] () piid {ﬁ} a3
(c) -8 LF) e
4, Evaluate:
() g4 R i (k) et
N el (@ eV® (I iqmotis®
(c) a-oon i (W) e~ VE (m) ¢ Vi3
() goon 0 (i) ¢ vz (n} 21gtan 12
(g} egtandl” () ﬁ¢m {n) el-8Hln26"
5. Find the value of @ from esch of the following equations:
{a) ¢ = 1.074 () ¢ = 1270
(b) ¢ = 0.3362 = fe) f = 0.340
(¢) & = 6.54 {f) ¢ = 0.945
6. The damping factor § for a certain oseillatory motion is given by the formula
f= g 00k

where ¢ is the time in seconds. Tind the time elapsed while the damping factor
changes from 1 to &, '
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¥

7, The three hyperbolie functions of » most frequently uaed are called hyper-
bolie sine of @, hyperbolic cosine of », and hyperbolie tangent of 2. They are
designated by sinh x, eosh 2, and tanh £ respectively, and are defined hy

£_ - F Lt : 2z
ainh::-ﬂ ; y oosh T . tanh = s ot 3

L " omhz 1

Using the above definitions evaluate the following:

(i) sinh 1.04 {d) sinh 0.75
(h) ecosh 2.52 {a) ecosh 0.55
{g) tanh 1.41 () tanh 0.63

8. The formulas for the length 1 and the sag & (sea Fig. 4) of a uniform ehain
hung from two points on the same level ara

s\ g s kgl H w b
E=3wmnh T g= w(cush —-I),

where w ia the wt. per ft. of the chain,

H is the tension at the lowest point,
and 2b is the distance between the
points of suspension. Using the defi-

nitionsa for the eosh = and the ginh x ns

given in Exercise 7, find the length [
and the sag 8 if w = 21b/ft, H =
26 1b., and b = 30 ft. X

Tia, 4

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

Push hairline to 3 on LL3,

draw left index of C' under hairline,
push the hairline to 2 on £,

on LI3,9 = 33,

at hairline read {{m LL03, 0.1111 = 32,
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Fig. 5 represents the setting. Without changing the position of
your slide push the hairline to 3, 5 and 7 on C and at the hairline
read on LL3, 27 = 3% 243 = 3% and 2187 = 37 respectively.

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

Rule. To raise a number d o a power n set the index of C to d on
a Log Log scale, opposite n on ' read d* on a Log Log seale. The
C'F geale may be used instend of the €' seale in the process,

In this article the seale for cach answer will be specified. The
process of determining the seale on which an answer is to be read
will be dizscussed in the next article.

Example. FEwaluate the following:

3, 37, 0.2%, 0.2, 1.25', 1,259, 098154, 0.961578
Solution. Push left index of €' to 3 on LL3,

push the hairline to 4 on C,

an LLE, Bl = 3",
on LL03, 0124 = 377;
push left index of € to 0.2 on LILO3,
on LLO3, 0.00032 = 0,25,
on LL3, 3100 = 0.2°F;
push right index of ¢ to 1.25 on LL2,
on L12, 1.231 = 1.250%2,
on LL0O2, 0.8124 = 1.25%%,
push left index of € to 0.9615 on LLO1,
on LI02, 0.612 = (0.9615)125,

fto 125 7
opposite 125 on Cread 9 ), 779 1,633 = (0.9615)-125,

at the hairline read

opposite 5 on C read

opposite 832 on € read

EXERCISES
1. Using the settings indicated by the italicized rule find on LL3 the values
of 22, 52, 78, 82 and on LIOF the values of 2-%, 572, 7-9, 8~%,

2. Using the settings indicated in the italicized rule find on LEO2 the values
of 0.88%1, D80, 0.65%1, and on LL2 the valyes of 0.88-21, 0.50-%1, 0.85-%1,
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3. Push the hairline Lo 3 on LL3, at the hairline read the values of : 31 on LLOS,
arlon LEZ, 3791 on LOO2, 300 gn LLI, 3000 gn LLOL.

4. Use the rule of this article to find: 32, 32, 4%, 472, 62, 672, 02, 09, 5.56%, 5.5%

5, T'ush the hairline to 1.06 on LL1 and read at the hairline the values of:
106V on LLOT, 1.06W on LEZ, 1.0671 on LL0O2, 106 on L3, 1.06-10 o 103,

6. Push the hairline to 0.1 on LL0O3, at the hairline read the values of : (0.1)
on LL3, (010 an LLOZ, (0.1)0 on LL2, (0,1)80 gn LEO1, (0.1)04 on L1,

7. Push the hairline to 25 on LL3, draw the right index of £ under the hairline,
pugh hairline to 5 on 7, at the hairlineg read the values of :
2604 on LL3, 26%¥% gon LL0O3, 2500 on [ L2, 35408 on [, LO2.

8, Set index of € opposite 0.84 on LL02, push hairline to 3 on € and read the
values of (0.84) on L1032, (0.84)% on LLZ, (0.84® on LLO3, (0.84)~% on L13,
(0.84)93 on LELOL, (0.84)=03 on LL1,

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

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

Example 1. Vind the values of 9 raised to the following powers:
0.545, 2.13, -2.13, 0.213, —0.213, 0.0213, and -0.0213.

Solution.
Opposite & on LL3 draw the index 1 of OF,
push hairline to 545 on C'F,
at the hairling read on LL3, 3.32 = 00588
push hairline to 213 on CF,
at the hairline read on LL3, 108 = 9%1,
Alse read on LLO03, 0.0003 = §-21:
on LE2, 1.507 = 9%28; on LLO2, 0.626 = 9-°23;
on LL1, 1.0479 = g3 on LLOL, 0,954 = §-00am,
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Comments. Tig. 6 is o disgram of the solution. First observe
that 9" ig on L.L3 to the left of 9 on LL3, and that 8% is on LL3
to the right of 9. Next observe that the last six cxponents in the
example have the same significant digits, and that the position of
the decimal point in the exponent of 9 for readings on successive
spales in either of the groups LL1, LL2, LL3 or LLOL, LLO2, LLO3
differs by one place, rightward displacement of the decimal point going
with inereasing seale number and leftward displacement with decreasing
seale number. Finally observe that powers having exponents equal
but opposite in gign are on mated scales.

The italicized rule of § 47 applies generally and the comments on
ihe example eall attention to fundamental relations. The following
statements, nambered (1), (II), and (III) for convenience of refer-
enee, are basic in the process of geale determination and loeation of
the decimal point.

(1) If N iz a number on any Log Log scale then any number to
the right of N on the same seale is a power of N having an exponent
between 1 and 10, and any number to the left of N on the same
seale is o power of N having an exponent between 0.1 and 1. This
relation is illustrated by powers of numbers on the L L3 seale of g, 6.

(1T} If at the hairline on two adjacent seales in either of the groups
LI1, LL2, LL3, or LLO1, LL02, LL03, are found d™ on the lower
numbered ﬂca,lc and d® on the higher numbered seale, then the ex-
ponents m and n have the same signifieant digits and the decimal
point in n is one place farther to the right than the deeimal point
in m. Fig. 6 illustrates this relation.

(I1[) Tf the hairline is set to N™ on any Log Log scale, it is set to
N-" on the mate of that seale. Fig. 6 illustrates thig relation also.
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Example. 2. Ewvaluate
(a) (5.27)"0%, (b) (0.955)*2, () (1.456)14,

Soludion. (a) Draw left index of €' opposite 5.27 on LL3,
push hairline to 440 on
at hairline read on LL1, 1.0759 = (5.27)%04,

Note that, after the setting was made, in accordance with (I)
5.27" was on LL3 at the hairline, and then by relation (II) 5.279.4
was on LL2, and 5.27°" was on LL1. Fig. 7 shows tho setting.

¥
o] "o
3 aly o
= DN
r- .--._-_ 1.1. .'f-f 1 I:_-r I:‘_ ?_I - - . .
.-,‘*?rf.‘ti-,.:."‘."_.Iri;?fzrkg.\.:t_;sgifﬁ_;fw
Mg, T

Solution. () Draw left index of € opposite 0.955 on L101,
push hairline to 1863 on O,
at hairline read on LL0O3, 0.000188 = (0.955;%0-8,

Nate that, after the setting was made, in accordance with (I
0.955%% was on LIO1 at the hairline, and then by relation (II)
0.065"% wag on LLO2 and 0.955"™* was on LL03. Tig. 8 shows
the setting,

TIEVEREE MEETREE TFIFETE f-f 5!;
e ; A =
e 8 $_“ | 153
T % ;fi
o i .u p :
BEds 3553“ SEfITErlEl ] | ‘i1 (1t
F1a. 8

Solution. (£} Set right index of € opposite 1,458 on LL2,
push hairline to 540 on €,
at hairline read on LLOL, 0.9799 « (1 456)—008
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Note that, after the setting was made, 1.456"%" was at the hair-
line on LL02 by relations 111 and I, and then by relation IT that
1.456%%% was at the hairline on LLOL. Fig. 9 shows the setting.

EXERCISES
1. Find the values of: (LO5ES, (1056158, (1.056)75,
2. Find the values of:

{..1} ],|:'|:5I.alI 1.03-1.80 1.08-1%1
(%) R4, B.A51a81 £, 55004
(e) D.77%1, 077901, 0. 773

() 0.2240-848, 00,2240 0ukd3, 0.224-0Be

Eyaluate the following expressions:

3. 1031 12, Tdpa0 31 i

4. 101835 13, 74-000 Jdrornie

5. S.5500 14. 0,740 g3 Ao

6. 00817 1S, 0.74-28 e

7, 008175 16, 0,740 TR A
8. (.08-188 17. 10357165 26, 0.475 V0068
0, 2,724 18, 10350885 27. 08310

10. 2.72-24 19, 1.035-0.805 23, 0.083-1

11. 74004 20, (.08 20, 1.032542.5

30. A flyer's chance of returning safely from = missions i3 0.96%, Find the
chanee that he will return gafely from:
() 100 missiona. (b) 50 missions, {c) 15 missions.

40, Logarithms to the base e. In the equation
o
e = N*

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

*The equations ¢ = N and loge N = 2 are equivalent and together con-
stitute the definition of the natiral logarithm of ¥

>
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Rule. To find log, N, sel the hairline to N found on a Log Loy
scale, read the number on scale D at the hairline, and so place the
decimal point in this nuwmber that the resull lies between the legend
numbers of the Log Log scole used,

Example. Find log, 1.345 and log, 0.9196,

Solution. Opposite 1.345 on LL2 obtain on €, 0.296 = log, 1.345,
pppogite 0.9196 on LELOL obtain on €, —0.0838 =
log, 0.9196,

Observe that 0.296 lies within the legend range 0.1 to 1.0 of
soale 112, the seale on which 1.345 is found, and that —0.0838 lies
within the legend range —0.01 to —0.1 of seale LLOL, the scale on
which 09190 is found.

EXERCISES
1. Find the lognrithms to the base e of: 5030, 50, 2, 1.4, 1.043.
2, Find the logarithme to the base e of: 0.002, 0.02, 0.5, 0.714, 0.00901, 0.0804.

3, Set the hoirline ta 8 on £} and read in order the six numbers which have
the respective logarithms to the base e: 3, 0.3, 0.03, =3, —0.3, and —0.03.

4. Find the values of:

() log, 76 ()} log, 0.84 {7 log, 0,909
(% log, 7.6 () log, D.145 () log, 1.43
() log, 0.2 (N log, 0.883 () log, 1.043
5. Find the numbers which have the following logarithms to the base e;
{a) 3.4 (d) —0.30 {5) —1.058
(h) 04 (¢) —0.55 (k) 2.22
(&) —1.74 {f) 1.058 () —0.113

6. Hhow that the first three pigpnificant digits in the logarithms to the base e
of the following numbers are 603: 10718, 0.0330, 2, 0.5, 1024, (L.ODDDTT.

7. (1) Find log, 4. (b) Find five numberas other than 4 each having as its
logarithm to the base ¢ the same firat three significant figures as log, 4.

50. Logarithms to any base. The logarithm of N to the base d
is the exponent x in the equation
=N (1)
Thus if = log, 81, then 3* = B1; since 3' = 81, it appears that
log, 81 = 4.

In accordanee with § 47 when the index of € is opposite a number
d on n Log Log seale then @ on a Log Log scale is opposite r on C;
using this fact we can solve (1) in which d'and N are given, to find «
the required logarithm. The following rule may be helpful.
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Rule. To find log; N, el the index of C to d on a Log Log scale,
push the hairline to N on a Log Log scale, at the hairline read log, N
on O, PFlace ihe decimal point n occordance with the statements
() (II) and (ITT) of § 48,

Example. Iind: (a) log, 81. (B) loges 0.9718. (o) log, 0,726,

Solution. (a) From I = log, 81, 3* = 81. Henee

set left index of ' opposite 3 on L3,

push hairline to 81 on LL3,

at hairline on €' read 4 = L.
The position of the decimal point eould have been found by inspee-
tion, or by relation () § 48,

Solution. (b)) From L = log, s 0.9718, 0.623% = 0.9718. Hence
set right index of € opposite 0.623 on LL0Z2,
push hairline to (,9718 on LLOI,
at hairline read on €, 0.0605 = log, .. 0.9715.
The decimal point was placed in accord with relations (I) and (II)
of § 48,

Solution. (¢} From L = log, 0.726, 8 = 0.726. Hence
set left index of € opposite 8 on L3,
push hairline to 0.726 on LL0O2,
at hairline read on €, L = — 0,154,
The position of the decimal point was found in secordance with
statements ([), (II), and (ILI) of § 48,

EXERCISES
Find the value of L in esch of the equations numbered 1 to 18,
1. L= log 100 10, L= log, 7.34
2. L = logg 81 11, L = log, 10
3. L = logs 32 12, L = log,s 0.8
4 L= log. 0.471 13, L = log; o 0.8
5. L = lognaw 0.902 14, L= logyuw 3.47
6. L = log, 1.682 18, L = logoa: 25.7
7. L= log, 27.2 16. loge10 = 2.78
B. L = log, 40,600 17, log 68 = 0.01
9. L = log, 343,000 18, logy 1.015 = L

19. Find the logarithm to the base 3.34 of ench of the following numbers:
42.5, 167, 0.06, 0.267, 0.045.

20. Find the logarithm to the base 0.46 of each of the following numbaers:
0.682, 60, 100, 0.945.
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51. Continuous relation of C scales to Log Log scales. The dis-
eussion of this nrticle will explain basic continuous relations between
the € seale and the Log Log seales from a new point of view,

Tmagine the LL sgeales to be placed end to end in one continuous
seale opposite to similarly placed LLO seales and to four lengths of
the €' seale. Fig. 10 ghows the arrangement in skeleton form for a
gpecial ease, In Fig. 10 the index of the €' seale is set opposite 1.015
of the LE1 seale and hence opposite 0.9852 = 1.015-! of the LLO1
geale, Note that the numbers on the suceessive € seales must then
be considered as varying from 0.1 to 1, from 1 to 10, from 10 to 100,
and from 100 to 1000,
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The index 1 of (' is opposite 1.015 on LL1. Also opposite numbers
on seale © and the Log Log seales have the relations of 1.015° on an
LL scale, @ on €, and 1.015 on an LLO seale. A visualization of the
general l:nnf:.:lnunus seale relation just illustrated is useful in the
process of geale determination and location of the decimal point.

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

Fra. 11

From these equations we get log P = nlog N, log (@ = m log N, or,
equating the values of log ¥,
¥
log P logQ (2)
) 1

*Thia relation holds, whatever base of logarithma § is msed. The reader may
well think of & a3 the base.
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Henee when three of the quantities in a proportion of the form (2)
are known, the fourth one ean be found. The deeimal point is placed
in aceordance with the relations between numbers on the Log Log
seales and the € seale set forth in § § 48 and 51.

Example 1. Tind # in the proportion
LL3 log3.84 log 9.63
T R - S
Solution, Set 3 of C opposite 3.84 on LL3,
push the hairline to 9.63 on LL3,
at the hairline on € read 5.05 = .
The decimal point in 5.05 was placed in accord with the continuous
relation, explained in § 51, between the € seale and the LL3 seale.

Example 2. Find the value of x = 8.3272/24,
Solution. Tquate the logarithms of the two members to obtain
7.2 :
log x = 28 log 8.32,

or
LE3 logz log 832
T G BT 3aB T
and
opposite 8.32 on LL3 set 28 on C,
opposite 72 of C read on LL3, 232 = =,
Here the relation (1) of § 48 indicates that z is to be read on LL3.

Example 3. Find z from & = /0.8 = (0.8)"4/%,
Solution. FEquate the logarithms of the two members and obtain
6.4
].ﬂg £ = 5—1 ]UE [].8_,
or
LLO  logz log 08
- T ¥ Sl |
and opposite 0.8 on LLO2 set 51 of €,
opposite 64 on C read on LLOL, 0.9724 = z.

A brief study of Fig. 12 will show the reason for reading the result
on LL0O1. Whenever the operator is in doubt as to the position of
a decimal point or the geale to be used for a reading, he should draw
a rough sketeh like Fig. 10 showing essential relations
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Example 4, Bolve 0.72° = 28 7'M,

Solution. Foquate the logarithms of the two members to obtain
xlog 0.72 = 1,34 log 28.7,
or
log 0.72 i log 28.7
1.34 R

and

opposite 0.72 on LLO2 set 1.34 of C,
opposite 28.7 on LL3 read on €, — 13.7 = =z,

The minus sign on 13.7 was chosen because (0,72, being less than 1,
has a negative logarithm to base ¢ and 28.7, being greater than 1,
has a positive logarithm to base . A brief gtudy of Fig. 13 in the
light of § 51 will indicate the reason for the position of the decimal
point in 13.7.

| T 0 s

If;l I° t Pty |I|L|‘°I.-f ey

2 i L oo
Fia, 13
EXERCISES
1. 3.8277 7. 0.86557 13, 0.0553 70
2. 1485 8. 086551 14, 0.0683'%1
3. 7.545"% 9. 0.953%% 15, 148600
4. L1777 10. 0.95351 16, 14561
5. 1.07334s 11, 0.05355 17, 1.456i%

6. 0.478°"" 12. 0.05537 © 18, 53.650



a0 THE LOG LOG SCALES [Crar, V

Bolve the following equations for the unknown gquantities:

19, 1.14078 = x 24, 206" = 12

20. 4.02° = 8.4 25, 4.02 = (237757
21 127 = 71387 26, &1 = 0,08

22, 81' = 10 27, 2.376 = 174
23, ¥4 = 414D 28, D9 = 245
Eolve ench equation for z:

20, 0.8117 = 10.2 33, z2M = 0,617
30, 5.76° = 0.558 34, 0.435" = 1475
31. 1.043% = (1759 35, 1.056°%F = 0.62%
32, 0.955% = 25.9 36. 0.0547%* = 1,355

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

m X 10k ()
where m i8 an ordinary number, generally 1 or a number between
1 and 10, and £ iz an integer positive or negative,

Dlustrations of numbers in this form are:

384 = 3.84 x 104 SE4000000 = 3.84 » 105
0.0384 = 3.84 x 1072, 0.00003584 = 3.84 » 105,

Observe that in powers-of-ten notation the factor 10" has the effect
of moving the decimal poind b decimal places rightward or leftward
according as k {s a pesilive or ¢ negative infeger,

In combining numbers a8 in (3), the following laws of exponents
apply:

10% x 107 = 10k¢r, 1O

B, 50 k- RYP kr .
T = 104, (10%)" = 10%

For example
832000 x 0.00324  8.32 x 10° x 3.24 x 107

——— m — —

5230 5,23 x 10°
RO TR W 4
: 523 w10 = §.15 » 10°! = 0,515
and
(160000)° x (0.00000195)° _ (1.6 x 10°) x (1.95 x 10"
(ﬂ_{}[];‘y}j}? (5,45 % 10 ‘]I"'
(LB (195" sy socmenn 1049 X 550 x 10
{5.45)7 20.¥

= 194 » 107 = 1,94 » 10~ = 0.000104,
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EXERCISES

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

{e) GRG0 () 0.479 () 000000081

(B) 675000 (¢} 28 million {h) D.00405 = 108

{e) 00623 () 2.706 billion (1) BE4S » 10¢
2. Himplify, and give the answer in the powers-of-ten notation:

(a) (3% 10% (6 104 () (63 1070 (7 x 1042

{b) (7 % 1079 () /64 % 10

{c) (3 1012 (N /8 x 10+

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

(1) (831 X 10742 . (d) (3.16 X 1000
() (7.45 % 1092 V'2.66 X 1074 oy (230X 1091 (1.42 X 10°3)¢
V3,68 X 10 : {1.86 X 10743

- /a T a
S o (i V6l % 107 X 5.2 % 10-4

4. Evaluate and give the answer in the powers-of-ten notation.
() /64 3 108 X 0.125 % 1075 (d) V25600 % 0.00816

() 6.8 % 100/2,95 x 104 “ {0.000659) 4
L a — -—--..H_..__

V2.4 % 1P 000673
(0 —— — (2675000)¥is
V000042 X 0.0683 (267500}

(0.00234) 4

8. A light year is the distanse traveled by light in a year. If the speed of light
is 186,300 mi/see., find in the powers-of-ten notation the number of miles in o
light venr.

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

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

Example. Evaluate: (g) 24592 (b) 24753 (& (0.0000042)2%
Solution. (o) 2453 = (2.4 »x 10)58 = 245832 5 10092 » 105,
Hence
to 2.4 on LL2 set right index of C,
opposite 532 on C' read on LL3, 105.4 = 2,453,
to 10 on LL3 set left index of O,
opposite 320 on (' read on LL2, 2.00 = 10032 *
Therefore
2458 = 1054 x 2.09 x 10° = 220.5 % 10* = 2,205 x 107,
(b) 247532 = (2.47 » 107532 o 247032 3¢ (V.M o 247532 3¢ ] (0.0
¥ 10" = 122.8 x 4.37 x 10 = 536 x 102 = 5,36 x 1012,
(¢) (0.0000042)%5 = (4.2 % 10r%)2.8l = 4 22.01 3 101800
42790 5 10795 5 107 = 27.6 % 0.138 % 107% = 3,81 x 1079,

To find the factor 1079, either
get left index of €' to 10 on LL3,
opposite 86 on € read on LLO3, 0.138,
or
write log, 1079# = —0.80 = 9.14 — 10 and
oppoeite 14 on L read on D, 0.138,

EXERCISES
1. 125,64 Hind: (12506 X 1074 = 1.2564 % 108,
2. 866453, Hing: 0.8564-82 3 10804 = 0_8504-32 3¢ 10068 ¢ 108,
3. 0,0001346268,  Hind: (1,346 3 104200 = ] 34G260 % 10-10-80,
4. 0000804005, [int: (804 3 1074008 = g (40.08 % (), 1012,
5. (a) 135841, (B) TR 7466 (c) 0.0001267%7,  (d) 0.000827 50093,
6. (a) T.8463, (B) 9.3657, (c) 4,200, (d) 1.02102,
7. logwe 20,300, Hint: log, 20,300 = log, 298 4 log: 100.

AR T2.000 T2
8. Find » if 281 = 72,000. Hi (_d) s e
e g 1 1081 0l

9. Find z if 6.4% = 42,000, Hint: 6.4 = irmf-

10. Find =z if 10% = 580,000.
11. Find =z if 5.83" = 1.005;

-

*Hinee 0.32 is log,, 10982 apposite .32 on the L scale read on D, 2.00 = 10042
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55. Numbers between 0.99 and l.t:l. ;E z i any real number then
c*=1-+-z+§+m+.... 4
Henee, if @ {8 a positive number less than 0.01,
¢ = 1 4 r approximately.
Imagine a Log Log scale representing numbers from 1001 to 1.01
and eall it the LL 1) seale. Then when the hairline is get on D to &
lying in the range 0.001 < x < 0.0, it is also set to ¢ (= 1 + =
approximately} on the LLID seale. Henece the D seale may be used
s the LLE seale by adding 1 to cach reading x on the D seale. For
this purpose the left index of £ represents 1.001, 4 on D represents
L0, 6 represents 1.006, and the right index represents 1.01.
Himilarly, ealling the Log Log scale representing numbers between
1 - 0,01 =099and 1 — 0,001 = 0.999 the LLOD geale we see that
the 1 seale may be used as the LLOD seale.  In this case the right
index of D represents 1 — (L01 = 0.99 on LLOD, 4 on [ represents
I = 0,004 = 0.996 on LLOD, and g0 on.  Also the D scale may be
used to represent a whole series of Log Log scales which might be
ealled LLD,,, LLOD,, LLD,, LLOD,, ... each pair dealing with
numbers ten times as close to 1 as its predecessor.  Fig. 14 illustrates
the relations of the additional imaginary Log Log seales to the D
seale,
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Fia. 14, The letter x in this figure represents a number in the
interval 0,001 =z = 0.01,

The following examples will illustrate methods of using the D
geale as a Log Log seale,
Example 1. LEvaluate:
{0} 1.005* and 1.005%, (b) 0.995 and 0.995%,
Solution. (2) If 1 + & = 1.005, & = 0.005. Thercfore
set right index of ¢ to 5 on D (considered as LELDY,
opposite 34 on € read on LL1, 1.01715 = 1.005%4,
opposite 34 on C read on L2, 1,1853 = 1.005%,
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Solution. () If 1 — z = 0.993, z = 0.005. Therefora
get right index of € to 5on D (considered as LLOD),
opposite 34 on € read on LLO1, 0.98317 = 0,905%4,
opposite 34 on € read on LLO2, 0.8436 = 0.995",

Example 2. Find the set of values obtained by raising 127 to each
of the powers:
(L1240, 0.0124, 0.00124, 0.000124,
—0.0124, —0.00124, —0.000124.

Solution. To 127 on LL3 set left index of C
opposite 124 on ¢ read
on LL2, 1.824 = 1270.1%,
on .LL]., 1.0619 = lﬂ?ﬁ‘mﬂd.
on LLD, 601; therefore 1.00601 = 1270002
on LLD,, 601; therefore 1.000601 = 12700002
on LLOL, 0.9417 = 1270024
on LLOD, 601; therefore 1 - 00601 = 0.99300 . 127-0.0m2¢
on LLOD,,601; therefore 1- .000601= 0.999309= 1270 000128
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Fig. 15 represents the solution of Example 2 as it would be made on
& rule having all the Log Log scales involved.

If 2 is numerfeally less than 0.001 the first two terms of (4) give e
accurate to seven figures. Hence, the slight error involved in using
1 4+ z for ¢ in the method just considered is entirely negligible for
slide rule purposes when the positive number r, as used above, is
lese than 0.001. The approximate magnitude of the error in the
position of 1 + = on D considered as a Log Log scale is 222, The
greatest theoretical error with 2 between 0.01 and (1,001, that is for
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LLD and LLOD, is the linear space corresponding to the distance
on Lthe slide rule between the mark for 1.01 on LEL1 and the hairline
set to 1 left on seale D, By considering the scale value of this linear
space near o result on the scale where the result is read, one can
estimate the maximum theoretical error for the result and multiply
this by 100 x to find the estimated theoretical error in the result,

To eliminate the ervor just considered, when x is between 0.001
and 0.01, proceed as above using
z (1l —x/2) on D toget 1 + zon D congidered as seale LLD
z (1 + 2/2) on D io get 1 — xon D considered as seale LLGD
Fig. 16 shows the indicated relation.

(5)
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Example 3. Find the principle and interest on $1000 at 39 com-
pounded quarterly for 10 years,

Solution. The compound interest formula S = P (1 + /6™ adapt-
ed to the given exnmple becomes

§ =1000( 1 +5)"" = 1000 (1.0075)"-

To 75 on D set index of C,
opposite 4 on ' read 1.356 on LL2,
& = 1000 x 1.356 = $1350.
This answer is slightly in error. To take account of the slight
error note from (5) that in this problom

0.007 5
2

& (1 —2/2) = 0.0075 (1 3 ) = 075 (0.99625)

and
get the right index of C to 0,996 on D,
push hairline to 75 on €,
draw right index of € under hairline,
opposite 4 on ¢ read 1.3453 on LL2,
Therefore the correct answer is $1000 (1.3483) = $1348.30,
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Example 4. Find 0.991% using (5).

Sotution.  From (5), (1 +2/2) = 0.009 (1 + 22} _ 009 (1.0045),

get left index of O to 1.OMMS on D,

push hairline to 9 on C,

draw right index of ¢ under the hairline,

opposite 32 on ¢ read on LLOZ, 0.7488 = (0.901)%,

EXERCISES
1. Evaluato:
LO04% (L0962, 100430 () oG,

2. Evaluate:
0,550 0 5500 0 550008 ) 55008

Bet left index of ' to .55 on LL3, apposite 3 on € read the first answer on LL1,
the seeond on LLOL, 677 on [, Then write for the third and fourth answers
1.00G77, 1 — 000877 = 090328,

3. Ewvalunte:
L.O4GEM5, 10455051, 10455002, 1 (55002, 1 (4550002 | ()455-0.0062,

4. FEvolunte:
£.5601a1 ) GH-0000 G B50.E00 g 55000001,

5. Evaluate: 1.0005, 0.0045 1.004% 0.0088,

6. Vind 1.009% and 0.001% first by using the B seale in the usual way as an
LEL seale snd also ns an LL0 seale, and then by the method using the expres-
gions (G}

7. Using the method suggested by expressions (6) find 10088, 1.00805,
1.00%0.06,

8. Uging the method suggeated by expressions (5) find 09982, 0.0060.6, 0, 9000.06,
9, Using the expressiona (5) evalunte:

(2] 100928 1.0002-06 1 0000-29% ] (H)g0.026,

(B) 0.901%6 0,90128 0,00710.36 (),00]0-080,

10, Evaluate by the method not using expressions {5):
1.O00GAZ and 0999358 to each of the powers: 0L065, 0.65, 6.5, 85 and 650.
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56. Reciprocals. The method of this article may be used to find
the reciproeal of any number with a high degree of accuracy. The
aceuracy is indicated by the number of figures which may be read
from the part of the seale involved.

Rule I. To find ihe reciprocal of a number in decimal nolalion,
maove the decimal potnl én €l o form a number in the range 0.3 1o 2.9999,
sel the hairline to the result found on o Log Log scale, read the number
af the hairline on the mated Log Log seale, and in this number move the
decimal poind the same number of places as before and in the seme
direction.

Thus to find the reciproeal of 6850, write 0.G850,
set hairline to 0,685 on LLOZ,
at hairline read on LL2, 1.460,
get the decimal 4 places to the left fo get 0.0001460.
Observe thal the decimal peint was moved four places to the left
twice.

When the process of Rule I involves setting the hairline to a
number 1 = a in the range 0.99 to 1.01, a range not found on the
Log Log seales, the following rule may be used.

Rule II. When a number 1 = n lies in the range 0.99 to 1.01, then
the reciprocal of 1 + a8 1 — a,
the reciprocal of 1 — at8 1 + a,
the results will be accurale to three decimal places, and the fourth place
will generally be ecorrect also,

For example,
reciprocal of 1L.O0M {8 1 — 0.0004 = 0,9906 (approx.),
reciproeal of 0.9917 is 1 + 0.0083 = 1.0083 (approx.).
Rules I and 1T may be used to find the reciprocal of any number.
However, much greater acouracy ean be found in most eases by using
the following rule.

Rule III. To find the reciprocal of a given nwmber, first move the
decimal point {n it to form a new number in the vange 1 lo 10, IT this
new nuwmber es n the range 1.5 o 8.5%, divide the number by the digil
2.8 4,8, 6,7, 8 or 8 nearest to iz value, find the reciprocal of the
result by Kule T or 11, and divide this by the same digil. Finally move
the decimal potnt the same number of places and in the same dirvection
ag 1f was first moved,

*Tf the number mentioned in Rule [T is not o the range 1.5 to 9.5, use Rale 1 or 11,
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To beeome familiar with the process the reader should earry out
the following suggested operations in detail, To find the reciprocal
of 0.685 write 6.850; then

6.850 + 7 = 0.07857.
Opposite 0.97857 on LLO1 read on LL1, 1.02185,
LO2185 + 7 = 0.14598, and the answer is 1.4508.

This result is in error by 1 in the last place. The required value
accurate to five figures is 1.4509,
To find the reciproeal of 0.00048700, write
4.8700 + 5 = 0.9740,
opposite 0.9740 on LLO1 read on LI1, 102665,
L.O2665 + 6 = 0,20533, and the answer is 2053.3.
The required value accurate to five figures is 2053.4.

The following outline of solutions will furnish drill work to give
familiarity with the method,

Example. Find the reciproeal of (a) 0.002376, (h) 2762.3,
() SD04.76.
Solution (a). To find the reciprocal of 0.002376, write 2.376: then
2376 + 2 = 1,188,
Opposite 1.188on LE2 read on LL02,0,8418=1/1.188,
0.8418 = 2 = (4204, and the answer is 420.0,

Solution (b). To find the reciproeal of 2762.3, write 2.7623; then
2.7623 + 3 = D.82077.
Opposite 0.92077 on LLOL read on LLI, 1.0859,
LOSSY + 3 = 0.3620, and the answer is 0,0003620.

Solution (). To find the reciproeal of 8004.76, write 8.00476 then
B.OMT6 + 8 = 1.000505.
Reciprocal of 1 + 000595 is 0.999405, (by Rule I11).
09989405 + 8= 10.124026, and the answer is 0.00124026,

EXERCISES

1. Find the reciprocals of the following numbers:
(o) 1.663, 13.74, 10857, 0.0010236
(b) 676, B178, 0.009555, 0.02525
(e} 24563, 0.02964, 020064, 2256
{d) 0.364, 0.00462, 3780, 4937

&, Fined the reciprocals of the following numbers:
523, 0LOL036, D568, 1256, (L0D0248, 0003635, 36.74, 0.07931, 000825, 4280,

3. Find the reciproealz of the Fallowing numbers:
L0032, 0004, 1.008, 0,00, 90,83, 0.010042.
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57. Miscellaneous Exercises. Tind the value of unknown quan-
tities represented by @, ¥, and 2 in the following equations:

1z = 3.15%18 13. y = /0608
2. = 31518 14, y = +/0.645
3. y= LT 15. z = 0.078-80
4, = g 00 16, z = 0.9780-1%
5, r = (5500 17. z = 1.3519
6. 2 = (.55 18, z = ].35u.2
7. o= 4150 19, ¥ = f.]10.8
8. z = /18,0 20. y = Vi1
9, = g 088 21, 2™ = 235
10, y = 055058 22, 322" = 11.0
11, o = gl.088 23, p1.56 = ()20

12, g = ¢ 108 24, 0.815" = 0.830
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CHAPTER VI

LOGARITHMS AND THE SLIDE RULE

58. Construction of the D scale. Perhaps the simplest explanation
of the construction of the scales of the slide rule can be made in
terms of logarithms. Binee nearly all the scales are constructed by
the same method, a detailed consideration of the construetion of the
D scale will indicate how most of the other seales are made.
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Log 3
Log 3.l

Leg N

Fra. 1.

To construet a ) seale, first reproduce the L scale (see Fig. 1),
Sinee it is a uniformly marked and numbered 10-incht seale, it may
be used for finding lengths in terms of ten inches as the unit of
measure. Next draw a line A8 parallel to the L seale. Opposite
0 on L make n mark on A8 and letter it 1. This mark will be re-
ferred to as the left index. Opposite log* 2 (= 0.3010 approximately)
on L make a mark on AB and letterit 2. Similarly opposite log 3
(= 04771 approximately) on I, make a mark and letter it 3, ete.,
until a mark has been made on AB for each of the digits 1 to 0.
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
bo each division mark is assoclated a number and this mark {8 situaied
at a distance from the left index equal lo the mantissa of the logarithm
of that number.

tNominally the D seale iz 10 inches long. Tts exact longth however is 25
centimeters,  On the 20-inch rule the I3 scale is 50 centimeters long.

*The symbwl log N will be underatood to mean the mantissn of log, N unless

otherwise speoified.

100
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The mantissa, or fractional part of the logarithm of a number, is
independent of the position of the decimal point. Hence if we
think of the distanees from the left index as the mantissas of the
logarithms of the numbers represented by the divisions, it appears
that we can think of the primary divisions as representing the range
of numbers 1, 2, 8, . . . 10, the range 10, 20, 30, . . . 100, the range
100, 200, 300, . . . 1000, ete. Naturally, in each of these cases, we
think of the sceondary divisions as representing appropriate numbers
lying between the numbers represented by adjacent primary divisions.

5¢. Accuracy. IFrom §50 we write

logwN = d (1)

where N represents the number associated with any specified mark

on the I seale and d is the distance of the mark from the left index.

By applying caleulus to equation (1) we easily prove that for small
errors in d

{error in N}

Relative error in N = —— N

= 2.3026 (error in ). (2)

Now the error in d is the error made in making the reading. The
right-hand member ig independent of N. Therefore the relative
error in the number read does not depend on its size and henee is the
same for all parts of the scale, Near the left end of the I} scale a
eareful reading should be in error by no more than 1 in the fourth
place ie. the relative error ghould be no greater than 1 in 1000.
Tenee the error of a reading made on any part of the I seale should
not be much greater than 1 in 1000 or one tenth of one per cent.

60. Multiplication and division. The middle part of the rule
which may be moved back and forth relative to the other part is
referred to ns the slide; the outer or fixed part of the rule is called the
body. The D seale is located on the body and the C seale is the same
as the D seale except that it iz located on the slide. Hence the
seale may be moved relative to the D scale, and we are able to add
distances as indicated in Fig. 2,

From this figure and the considerations of §58, it appears that
log P = log N + log M. (3}

But the sum of two logarithms is equal to the logarithm of their
product. Accordingly we get from (3)

log P =log MN,or P = MN., (4)
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Hence Fig. 2 shows the setting to be used for multiplying numbers.
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From Fig. 3 and the considerations of §58 it appears that

log P = log M - log N, (5)
or sinee
log M - log N = log (M/N),
M M !
we have log P = log ' and P = e (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.

Observe that when the slide is set with M and N as opposites
on the ' and D scales, any other pair of opposites on the € and D
for CF and DF) scales have the same ratio . The proportion
principle is based on this fact.

61. The inverted scales. The C7 scale is construeted in the same
manner as the I seale except that the distances are measured left-
ward from the right index, and the numbers associated with the
primary division marks are in red,

Let N be the number associated with a position on the ' seale and
K the number on the CT scale aseociated with the same position.
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Then, in accordance with §60,
log N +log K = 1.
Hence we may write

log K =1 —=1log N =log 10 - log N = log 1’1.,%,

or
L)

N

Therefore, except for the position of the decimal point, K is the
reciproeal of N, In other words, when the hairline is sel to @ number
on the C1 seale, it is automaticolly sel to the reciprocal of that nuwiber
on the C seale,

K=
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IMig. 4 indicates how multiplication may be accomplished by using
the €T seale in conjunction with the D seale while Fig. 5 indicates
how division may be accomplished. From Fig. 4, we have

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

62. The A scale, the B scale, and the K scale. The A scale is
eomstrueted by the method used in the ease of the I¥ seale exeept that
the unit of measure employved is 5 inches instead of 10 inches and the
seale is repeated. The B seale is the game as the A scale except that
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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 is auio-
matically set to a number M on the D secale, see Fig, 6. The two

"
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lengths marked log N and log M in the figure are equal. However
gince the unit in the caso of log N is half the unit in the ease of
log M, we have

log M = ;]ng N =log NV = log \,fﬁ,

and M = /N,
Hence, a number on scale D is the square root of the opposite number on
seale A, Asimilar relation exists between numbers on seales € and /2.

The K seale is construeted by the method used in the case of the D
seale except that the unit of measure employed is one third of 10
inches instead of 10 inches. The argument used above may be
employed to show that when the hairline is sel o a number on the
K soale il is automatically set to the eube rool of the number on the I seale,

63. The trigonometric scales. The general plan of constructing
the § (sine) seale is the same as that for the D seale, Here again
10 inches is taken as the unit of measure. To each division mark on
the S seale is associated an acute angle (in black) such that the
distance of the division from the left index is equal to the mantissa
of the logarithm of the sine of the angle. Thus Fig. 7 shows the

N
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i 1 ]
i
e Log sin 28"
- — ) oy Al — —-
Fia. 7.

division marked 25 at a distance from the left index of the mantissa
of log sin 25°. Tlence when the hairline is set to an angle on the
sine seale, it is automatieally set to the sine of the angle on the
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L [+]
C seale, Fig, 8 shows a actting for finding P = %.
= Log sin 687
[-—————Log un 2?‘4.1
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From this figure it appenrs that
16 ain 68°

log P = log 16 — log sin 27° -+ log sin 68° = log “ain 27°

or
. 16 sin 68°

gin 27° °
Sinee the slide rule doeg not take aceount of the charncteristics of
the logarithme, the position of the decimal point is determined in
aceordance with the result of a rough approximation,
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If the learner will note that the angles designated by red numbers
are the complements of the angles in black, and remember that the
distance from a division on the € scale to the right index is the
logarithi of the reciprocal of the number represented by the division,
and alzo that

gin # = cos (30° - 4),

esc 8 = 1/sin 6,

geg B = 1/cos 8,
he will easily see the relations indicated in Fig, 9 for the representa-
tive angle 256°,
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The T seale iz constructed by taking 10 inches as the umit of
measure and associating to each division mark on it an acute angle
such that the distance of the mark from the left index is equal to
the mantisss of the logarithm of the tangent of the angle, Recalling
that

cot (90° — 0) = tan & = 1/cot @,
the student will ensily see the relations indicated in Fig. 10 for the
representative angle 25°,
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The facts illustrated in Figs. 9 and 10 are the bazis of the follow-
ing rule:

If the hairline be set to an angle on a trigonometrie seale, it is
automatically set to the ecomplemend 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 €1 seale, a figure expressing a direet function (gine, tangent,
secant) by reading a figure of the same ecolor as that representing
the angle, a eo-function (cosine, cosecant, cotangent) by reading a
figure of the opposite color. In other words, associate direct funciion
with like colovs, co-funelion with opposite colors,

The S seale applies to angles ranging from 5° 44 (5.74%) to 90°;
the sines of these angles range from 0.1 to 1 as indicated by its
legend. Any angle in the range from 35° (0.583%) to 5° 44 has a sine
approximately equal to ita tangent. The ST seale is related to the
angles ranging from 35’ to 5° 44' just as the S seale is related to the
angles ranging from 5° 44’ to 90°, Since any angle greater than 35°
but less than 5° 44" has its sine approximately equal to its tangent,
the ST seale may be used for tangents as well as for sines.



§64] AN AFPFLICATION 107

2R3
[ ?
|F en
;- i 0 i T‘"f
| ] | ﬁ
| ! e Pt
—e L ——
I‘ —— L0 HD lE"[: - -—l{
I — L Log tan 25 = *
I Leg B

Fia. 11
64. An application. Fig. 11 indieates the logarithmie basis of a
/223 tan 25°
3 sin 16°
figure it appears that log P = log +/223 —log sin 16°-+log tan 25°
_ Eﬁg tan 25° ol /223 tan 25°

setting which may be used to evaluate From the
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sin 16

65. The Log Log scales. In thia article we shall use logarithms
to the base 10 and also logarithms to the base e (= 2.7183 approxi-
mately). Tor convenience we shall indicate the mantizssa of log, N
by log N, and log, N by In X,
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The mark at the extreme left of scale LL3, see Fig, 12, is opposite
the left index of the I} scale and is numbered e. If 10 inches is taken
as the unit of measure, the mark on LL3 numbered 3 is distant log
(In 3) from the ¢ mark, the mark numbered 200 is distant log (In 200)
[rom the ¢ mark, and, in general, to any mark on scale LL3 distant
log (In N) from the ¢ mark iz associated the number N, To the
point on scale LL2 opposite the left index of the D) seale is assigned
the number ¢*' and to any mark on LL2 distant 10 log (In K) from
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the left-hand mark is assigned the number K. Similarly to the
point on LL1 opposite the index of D is assigned the number ¢
and to any mark on LL1 distant 100 log (In K) from the ¢ point
is asgigned the number K,

The lower part of Iig. 12 shows a skeleton form of the LLO3
seale. Any number K on this seale is the reciproeal of its opposite

N, K = J_l\,,r* on the LL3 scale, The distance of any mark numbered

K(= %J from the left most mark of LLO3, numbered ¢~! = 0.3679,

islog (— In K} = log (In N), Bimilarly, to each mark on scale
LLO02 or LLOL is assigned the reciprocal of its opposite on LL2 or
LL1 respectively,

Let g be the number on the i scale (see Fig. 12) opposite N on
LE3. Then sinee the distance from the point on LL3 opposite the
index on [ to the point on LL3 representing the number N is log
{In &) and the same distance on the D seale is log g, we have

log g = log (In N),org = In &,

Hence, when the hairline is set to o number N on the LL3 scale, it iz
automatically set fo In N on the D seale. A similar statement applies
to seales LL2 and LL1. From the dizeussion above it appears that
In N is on the range 1.0 to 10,0, 0.1 to 1.0, or 0.01 to 0.1 according
as N is a number on LL3, LI2, or LL1. Legends indieating these
ranges are written at the right end of the correeponding scales on
the slide rule, Also since the number on the LLO seales are the
reciproeals of their opposites on the LL scales, their logarithms are
the negatives of the logarithims of their opposites on the LI seales.
Hence —In K lies on the range —1.0 to —10.0, -0.1 to —1.0, or
—=0.01 to —0.1 according ns K lies on LLOA, LI02, or LLO1, and
appropriate legends are found on the rule,

Lag (Ln &) - A sty
B s | L i 1 i L (
3 s} L S W NN O O A e L S e oo ] ‘f
. 512
- —— Lo | —————————

|
Fia, 13.

Fig. 13 shows a setting for evaluating 8. By equating two ex-
pressions for the distance from the left end of the LL3 scale (e
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Fig. 13} to the mark associated with P, we obtain

log (In P} = log (In 8) + log 3 = log (3 In 8B) = log {ln 8.

Hence
In P = In &, or P = 8%,

Bince the reading at P on the LL3 scale is 512, we have 512 = 8,
Bimilarly, Fig. 14 shows a sctting for evaluating N = BT,

t=——Lag (Ln B} Log L

@
gl R
= n 3

Log [LaM}
| Lwos 8 . 5

Logl-LnBy)
Log [=LnK)
Fia. 14

By following the procedure cxhibited in the case of 8, we have
log (In N} = log (In B) 4 log I = log (L In B) = log (In BY).
When the logarithms of two numbers are equal the numbers are

equal. Therefore
In N =In B% N = B,

From Fig. 14 and special reference fo the LEL03 scale, we have
log(-InK) =log (= 1In By} +log L = log (= LIn By) = log (- In B,%).
Henee — ln K = = In 8%, and K = B%

1t is interesting to note, in this connection, how the Log Log
seales may be used to find the logarithm of any number N to any
bage B. If we take the logarithms to the base B of both members
of the equation N = K%, we obtain

1Ug,u N=L,

Interpreting this equation in the light of Fig. 14, we see that
when the index of seale C {8 sel opposite a number B on the LL scale,
logs N 18 on seale ' opposile N on the LL scale. A similar statement
applies to the LLO scales.



HISTORICAL NOTES ON THE SLIDE RULE

Since logarithms are the foundation on which the slide rule is
built, the history of the slide rule rightly begins with John Napier
of Merchiston, Scotland, the inventor of logarithms. In 1614 his
“Canon of Logarithms” was first published. In presenting his
system of Logarithma, Napier sets forth his purpose in these words:

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

From Napier's early conception of the importance of simplifying
mathematical ealeulations resulted his invention of logarithms.

This invention in turn made possible the slide rule as we know it
today. Other important milestones in slide rule history follow.

In 1620 Edmund Gunter, of London, invented the straight
logarithmie scale, and effected caleulation with it by the aid of
COMpasses.

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

In 1675 Sir Isaac Newton solved the cubie equation by means
of three parallel logarithmic seales, and made the first suggestion
toward the use of an indicator,

In 1722 John Warner, a London instrument dealer, used square
and cube seales.

Cireular slide rules and rules with spiral scales were made before
1733, but their inventors are unknown.

In 1775 Thomas Everard, an English Exeise Officer, inverted the
logarithmiec seale and adapted the slide rule to gauging.

In 1815 Peter Roget, an English physician, invented a Log
Log zcale.

110
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In 1859 Lieutenant Amédée Mannheim, of the French Artillery,
invented the present form of the rule that bears his name,

“ylindrical ealculators with extra long logarithmic scales were
invented by George Fuller, of Belfast, Ireland, in 1878 and
Edwin Thacher, of New York, in 1881, These caleulators are still
heing manufactured today.

A revolutionary slide rule eonstruction, with scales on both
the front and back surfaces of body and slide and with a double
faced indicator referring to all scales simultaneously, was patented
in 1891, by William Cox, who was mathematieal consultant to
Keuffel & Esser Co.  With the manufacture of Mannheim rules
and this new rule, K & E became the first commercial manufac-
turer of slide rules in the United States. These had previously
all been imported from Europe.

Folded scales C'F, DF and C'IF were put on slide rules about
1900, to reduce the amount of movement and frequency of reset-
ting the slide. At first the seales were folded at /10 but K & E
later folded such seales at  so that % could be used as a factor
without a resetting. Log Log eeales in three seetions were put on
K & E rules about 1909,

The Parsons invention of about 1919, which included special
geales for finding the hypotenuse of a right triangle was incor-
porated in a rule made in Japan. This rule later included a
Gudermannian seale, patented by Okura, enabling the user to read
hyperbolic functions.

A seale referring to the A or B seales to give the logarithms of
the eo-logarithms of decimal fractions was introduced on K & E
slide rules about 1924. Puchstein's seales for hyperbolic functions,
patented in 1923, were put on commercial K & E slide rules in
1929. The trigonometric scales were divided into degrees and
decimals of a degree, thus making it possible to eliminate all non-
decimal sub-divisions from the rule.

K & E introduced a slide rule (patented in 1939) in which all of
the trigonometricscales are on the slide and refer to the full length
" and I’ seales. In solving vector problems on this rule or other
similar problems involving continuous operations and progressive
manipulation, only the final answer needs to be read.
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In 1947, on the basis of Bland’s invention, the scales of the
logarithms of the co-logarithms of decimal fractions were reterred
to the C and D seales, eorrelated with the Log Log scales and also
with all of the other scalea of the rule, thereby increasing the power
of the slide rule by simplifying the solution of exponential or
logarithmie problems, the determination of hyperbolie functions,
reciprocals, ete,

It was about 1910 when the slide rule first began to come into
general use in the United States. In the years that followed, K & E
introduced many improvements in the rigidity of frame, indicator
design, the precision of graduations, as well as a variety of new
scale arrangements, All these have contributed to the wide
popularity of the slide rule and its many uses in the mathematics
of seience and engineering, as well as for ealeulations of all kinds
in business and industry.

Many types of slide rules have been devised and made in small
quantities for the particular purposes of individual users. Rules
have likewise been made specially for chemistry, surveying,
artillery ranging, steam and internal combustion engineering,
hydraulies, reinforced conerete work, air conditioning, radio and
other special fields. However, the aceeptance of such rules has been
relatively limited.

The slide rule has a long and distinguished ancestry, The rule
deseribed in this manual incorporates the most valuable features
that have been invented from the beginning of slide rule history,
right up to date.
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Answers read between 2 and 4 on the € seale or 1) geale contain four significant

figures, the last one being 0 or 5
digit aceurate to the nearest 5,

Henes such answers have the fourth significant

§5. Page 8
1. 6 4. 0.1 7. 49.8 10, 0.0826 13, 9.87
2.7 5. 6.0 8. 389.5 11, 3225 14, 3.085
3, 10 6. B.62 9, 47.0 12, 0.830
46, Page 9
1. 15 5. 0001322 9. 243.5 13. 170.5
2. 1557 6. 1737 10, &7.1 14. 5630
3. 36256 7. D.08 11, G.1621 15. G820
4. 42.1 8. 1341 12, 0.2005 16, 2870
&7. Page 10
1. 232 5, 0000713 0. 1.154¢ 13, 616
2. 165.2 6. T7.5 10, 0.0419 14, 002085
3, 0.0767 . 1861 11. (.036 15. 4.04
4, 1041 8. 20.356 12. 1.535 16. (.3315
§8. Page 11
1. {(a) 1576 ) 2209 4. (a) 9.22 vda./sec.
{5} 2.60 {d) 272507 (b 15.02 ft./see.
{c) B.25 a, Eu} 178.9 mi. () 186,000 mi./sec,
(d) 4.59 hg 121.1 mi. 8. (@) 10.13 sec.
Z. (o) 26.19% () 2140 mi. Uﬂ} 205 hra.
() 04459 (¢) #322.5 hra.
§0. Page 14
1. 36.7 5. 000357 9, 0.01511 13, 240
2. B35 4. 13,970 10, 2.8065 14, 0.276
3. DANHHHE2 7. 1686 11, 0.0414 15, O.1604
4, 3400 8, 0.02235 12, 2400 16. 0.0977
17, L.685 in.
18, 86.8 sq. in.
£11. Page 18
1. x = 43.3 [z = 0.1013 13 ‘|h: = 000416
2,z = 1004 ‘1 = (.0780 * ly = 00828
3.z = 2845 T = 3905 [z = 0.1170
10. 14 {
4, r = 5.22 = 0,084 ¥ = 0927
5. r =230, y =3185 ; = 0.27156 T = 186
6, r =517, y =337 T = 1.315 16, {y = 13.42
v {_': - 106.2 v = 1.526 2 = 50.3
"\¥ = 30.35 12 [ = 37.8
g |7 = 1586 * |y = 60.5
“ly =414
§12. Page 20
L 18.71 5. 0.3065 0. 2.195 12, 407
2, 2340 6. 946 10, 01265 13. .68
3. 850 7. 42.0 11. 1.6 14, 47.6
&, 437 8. 3.14
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§13. Page 21

1. 167.6 cm. 3. () T20 b, 5. (a) 25,750 watkts
249 em, {b) 2055 Ih. b} 8,940,000 watts
950 om. {ey 3145 b, c) 621 watts

2. {a) 274.5 m, 4. {a) 235.5 3q. cm, 6. (a) 1121 gal.

(k) 500 m. by 920 2q. cm, ihg (LO025545 fnl.
() 2.64 m, c) 421 sq. em. e) (.1604 gal.

7. 28.0 in., 584 in.,
62.7 b, per sq. in.

B. (n}6.12 b, per sq. in., 7.36 lb. per sq. in., 24.5 1b, per 8q. in., 73.5 b, per sq. in.
(b) 216 ou, in., 3.4 cu. in., T9.9 eu. in., 183.8 cu. in.

§l4.

Page 23

1. (,0625, 000385, 1.350, 15,38 3. 740, 1087
0.0575, 0.0641, 0.01490 4, 16905, 8.55
2. 2,162
g §15. Pape 25
l. ¢ = 16.98, y = 1274 [z = (L0481 r = 1107
2. z = 00640, y = 1415 5. yp = 0.0435 6. iy = 0.0483
3. & = 1549, y = 6050 le = 449 ls = 0.465
4, 2 = 000247, ¥ = 645
§16. Page 28
1, 112 172 12. 0.76 17, 41.3
2, 2.355 8. 6.1 13, DO0ZRTH 13, 111.4
3. 80.4 9, 01111 14, 144,500 19, #4340
4. D.DO1165 10, 150,800 15. 0.0267 20, 4.756
5. 1.512 11, 15.42 16. 0.27% 21, 0.481
6. 1.0156
§17. Page 30

625, 1024, 3720, 5620, 7020, 537,000, 204,000, 4,33, 3.07, 0.1116, 0.00001267,
0.000%, 27 500,000, 224 = 1013

§18. Page 31

1. 2.83, 3.46, 4.12, 0.43, 2.98, 29 8, 0.943, 85.3, 0.252, 0.00797, 252, 314
2. (n 231 ft. () 0,279 ft, [e) G720 ft.

3, () 15.06 ft (") 0.2 ft. (e) 49.8 {t.

#19, Page 33

i. 24.2 5 4.43 8. 6.14 11. 328

2, 0.416 6. 4.01 9. D427 12. 388

3, 5.54 7. G.68 10. 1.176 13. 437

4, (L0608 14. 20.4

15. () 594 ft2 (H) B500 1.2 () D440 1.2 () 2.760L.2

16, (o) 37.6f{t.2 (b) 0.00507 ft.2  (c) D66 ft.2 (d) 2.35 » 108f¢2
320, Page 34
1. 64.2 3. 108.1 5. 0.G5 7. 1.526 »x 108
2. 1141 4. 0428 . (L0602 8, 1.580
§21. Page 35 §22, Page 36
1. §.256, 328, 235,000, 422,000, 2,06, 3.11, 900, D47, 19.69,

705,000, .04 3 105, 0.0925, 20.2,
5.30, (LOMNGTS, 0,84, 1.46 » 100,
571w 109 2,78

01968, 0424, 0.914, 44.7, 0855
009, 2.15, 4.64, 46.4
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§23, Page 38
o 7. 43,100 12. 12.76 17. 5.03
g 8. 1.745 13. 76.3 18, 2200
] 9. 1.156 14, 2.12 19. 0.0544
74 10, 1103 15. 1.251 % 109 20, 3.20
2 11. 90.7 16, 0,003609 21. (L.000867
577 22, 27.3
§24. Page 30
1.515, 0.814, 5991, 9.830-10, 8.022-10, 6.615-10,
1.861, 0.427-10, 7.004-10, 2.635
§26. Pape 43
0.5 cb} 0.616 () L05RL (i) 1 Es 0,000
uuwﬁ f) 0.253 b 0.3815 (il 0.204 44 0.783
0,506 E b 0.7R8 (e} 0008 {d) 0 () 0.0349
1000 ) 095S (k) 0.024 (i) 0,970 {7} 0.623
an® E:;} 61° (o} 2209 () 544 (e 51730**
38°20° (p 3°33° (h) 1°46°30°* Ea’! 67°
B0° fby 29° (=) BT°58’ ) R4°16° () 80°8°30"
51°0° (g} 8627 (k) RE"13°30" (i) 23°
627, Page 46
=600 (b) 0 = 54" (e} & = 30.4 (d) 0 = 4°55°
b = 61°%40" =z = 21.6 y = 44.5 f 85
2.5 by 10,30 %r% 44 () 3.8
25.4 (f 44.1 @) 17.68 (A 17
“52’ () B545 {cg g4° d) 58°
36.4 (hy B1.0 {e) 51.9 érﬁ 261.5
0.077 (b 6.02 () —0.11 d) 18.48
§20, Page 49
- 75° 10, B = 17°53 20, B = 28°30°
= 35.46 b = 269 C = 80
= 53.3 £ = B7.6 b =470
55° 11. A = 36°50" 21, A = 17°80°
- 0.7 B = 53°10° € = 53°10°
- 581 b = 80 i = 00758
123°12° 12, A = d43°20" 22, b =270
gL B = 46740’ ¢ = 284
b f o0 b = 0.682 C = 100°50°
S sl 13. B = 37°20° 23, ¢ = 1238
= 55°20 @ = HHTO B = 3°18%30"
= blig & o= T07 C = 118°41730"™
= G4 14. B = 34°25° 24, B = 4%
= §1°20° A = 55°85° C = 100°61"
- 0.0 o = 422 g = 40,7
- 63.2 15. A = 55°20 25 B - 31°20°
- 21°10° B = 34°40" a = 30.5
- 1888 a = 740 b = 18.50
= anon 16. A = 60°8 26. A = 79°9"
. 2go B = 20°54° a = 0713
1 b = 20.04 b = 0.1367
i 17. B = 35°15 27. A = 68725°
ol C = 84745 b - 03245
= 46" ¢ = 138 ¢ = (1,883
= 771 18, A = BT°4 28. 160.7 yi.
= 812 ¢ - 41°10° 29, 7.07
- 27°5 g = 116.9 30. 35°15
= 24.37 19. Impossible. 3l. 1254 ft.
= 53.568 3z. 1029 yds,
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0.282, 0.0523, 0.017
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§30. Page 51
1. 0.142%, 0.515, 1.908, 0.01948, 3.545, 19.11, 1.0400, 7.03, 1.942, 0,525, 51.3

(o) 13°30° (b) 38°8‘ (e) 42%37' {d) 28°22" (&) 3~
O} 4°42° (g) 28~00 (h} 2°28¢ (f) 0°51'13" ({f) 20°30°
(k) 74°57" (I} 7765’ {m) 8637 {n) 45°51" (o) 5O°56°
. (@) 76°30° (b) 51°62° {c) 47°23 () 61°38° {e) 86°37"
{f) 86°18° (g) 66°38" () 87°22° () BO°84T () 69°30°
(k) 15°3' (D 12°5 {m) 3°23* (n) 44°8* () 39°4°
(2} 28°33" (b) 24°F {e) B3"26"
(@) 51°42' (e) 50°12* () 838’
§32. Page 54
A = 31°20° 4. A = 33°0" 7. A = 45°
B = 558°40° It = 56°51° B = 45°
e = 23,05 e = 409 e = 15.67
. A = 41°3° 5 A = 30°30° B. A = 30°38*
B = 48°57" B = (0°30° B = §9°24"
¢ = 153.8 ¢ =44 0= B2.5
. A = 08° 6. A = §7°23" 9. A = 3%
B = 28° B = Z2°37* B = 83°18¢
e = 583 c =18 o= 48
10. £Q°,
§33. Page 55
A = 119°54F 4, B = 3O°12° 7. A = 121%47 11. 10 and 4.68
I = 31°0* C = TB°48* C o= 2724 12, 4.093 mi.
¢ = 52,6 o = 3.21 b = 0.0528 13. Lat. = 218 ft.
Dep, = 475 ft,
A = 49°4* 5 A = 100°67" B A =772
O = 79%7" { = 33°3* B = 43°30
b o= 104 b o= 10.78 ¢ = 14.00
A = §5° 6. A = 48°25" 9. B = 13%23"
B = 4024 C = g"25" C = 28°18"
¢ = 285.56 b = 7.43 @ = 7420
f34. Pape 57
A = 108°47" 4, A = 49°10* 7. A = 44°30¢ 10. 51°55*
b = 40753 B = ar<ae B = 49730 o258
O = 26°20° ¢ = 93°14" C = 85°61" 68740
A =271°20' 5. A -108°16' 8 A -83°%4' 11, 72°35*
i = 1-13“3' B = 3747’ B - 59°20"
¢ = g°gal C = 3547 C - 36°56"
A =52°25'" 6. A = 48°10' 0. A = 53°R'
B = 50°25" f = GR*25" B = 59°30"
C = 68°10" C = 7T3°25' ¢ = B7°22"
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. I = 88710

Cy = GR25
o = 18.62
Hy = 115750
Oy = 10°45°
ey = 4.08

. By = 16°43°

Ay = 147°28¢
& = 35.5
By = 163"17'
Ay = 0°64'
ay = 1.0

. 3.5
. 0,300
. 4680
. 24.2
. 14.24

14.79

. (2) § = 24°55
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§35. Page 59

8. 4, = T0°20"

B = 87"1

5|‘

by = 28,76
Az = 109°40°
By = 17755

b = 10.52
4, A, = 069°
; = 67°
@ = 6.03
Ay - 28°
C; = 113"
iy = 2.891

7. p = 3.13; (g) none, (¥) 2, (e) 1

. Iy

L
[ ]
B
Cy
]

. Ay

L]
£y
As
Cy
€y

- 45°15°
- #7107

= 300

= 134745
- 0°40"

- 5L1

- 51"

- 88740’
- 21,8550
- 128°40°
- 11°20°
- 4260

19, 38.15
20, 0.00319
21. D.001086
22. 50.9

23, 001375
24. 0.0432

(¢) y = 2580 (d) y = 25.3

£36. Page 61
7. 5.26 13. 2.045
8. 254.5 14, 0,720
9. 0.0670 15. 4.26
10. 0.267 16, 1.226
11. 1.35 17, D077
12. 16.47 18. 0.0063

(% y = 00731
B = 4%

(f) » = 00888 (g) ¥ = 0.638 (A) 0 = 4°7'

o = 40°R"
{r:} o= 11.45
(#) 4 = 16°28"
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§37. DPage 62

1, (@}0.785 (by 1.047 () 1.571 ) 3.14 {e) 2.095

() 236 (g) 0.303 (k) 8.49 () b2.4
2. (o) 60° (b 135° (c) 2°30° () 210° (e) 1200° H 178°24’
3. (z) D.845 () 1.407 (¢) 0.831 () 2.11

(¢) 0.1786 (N 0.1 (g) 1.579 (%) 3.065
4. (=) 36° (k) 50° () 16714* (d) 20°24*

(e) 21°12¢  (f) 165°36 (@) 169367 () 99°36°
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§35. Page 64

L (a) 0.0247 (b 0.01454 (c) (L0436

2, {a) 0.00303 (0 00002812 (&) 0.1820

3, (g) 23.5, 1417 (b) 274", 16,440"' (c) 2.75", 185"

4. 0.001454, 0.001451, G35, 638

() (L0465
{d) 0000543
(4} 420, 25,750

5. 0.0000242, 00000242, 41,300, 41,200

6, (a) 0.00811 (B 0.00001.551 {£] 0.00204 (d) 0000262

7. 0.00436, 220, 229, 0.KM36

8. (.0001958, G0, 5030, 00001988

9. {a) 12,800 (&) 1719 (e} 114.6 {:) 286.5

10. 1.673 12. 0.573 14, 0.0548 16, 20

11, 0.232 13, 0.0200 15, 540 17, 0.4

440, Page 66

1. B =70° G A = 746" 11. A = 51.5° 16. A = 69°
6 = 274 B = 47.8° B = 47.8° a = 3320
b o= 75,2 ! = 57.8° b = 50.5 ¢ = T480

2. B = 80" 7. B = 064" 12. A = 40.9° 17, B = 24.8°
a = 520 a = (LG58 C = 59.9° b = {38,900
¢ = 30.5 b o 0800 b = 77.1 A = 27.6°

3. B = 15° 8 C = §53° 13. A = 40.4° 18. A = 45.2°
b =214 b o= B8 B = 5R.6° ft = 101.4°
¢ = B2B ¢ = fifd O = 727 O = 33.4°

4. A - 30.3"° 9. ' =1232° 14. 4 = 3487 19, 81.4°
B = 50.7° b = 2050 i = 8G.4° 20, & ft., 2.24 ft.
¢ = 20.04 ¢ = 2300 ' = §8.8% 21, 26.2 son,

5 A =29 10. H = 50.1° 15, ' = 72.2° 22, 47.9° E. of N.
B = 46.6" a = 33.8 A = §1.8° 23, 84.1°
C = 104.4° ¢ = 18.51 o = 95,2 24. 21.85 ft.

§41. Page 68

1, z = 35.8, y = 10.36
r = 32.4, b - 55.6°
w = 180, 0 = 43.2°

2. 16, 20°

3. 20, 26°

4, 24,07

1. 877
2, 1734
3, 1204
4. 415

5 ¢ = 1070 1b,
¥ o= 26.7 lh,

6. r = T.B1 0 = 74.2°

7. 4.5, 126.9°
8. 206.6°

9. m =804
o= 4.47

§d2. Page 77

5. 41.7
G. 370
7. 382
8. £0.3 ft.

10 z = 0,25, 0 = 27°
(= (.03
B o= 00401

1. z = 1442, B = 0.0651
@ = 0.0422

9, 10.010 ft,

10, 284 ft., 201 [t

11, 5&4 ft., TOS ft., 246,65 ft.
12. 7.87 mi.
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0.2, 0.8, 0.0615
(o) 0.0B25  (5) 0.284
(¢) 1.330 {f) 0.800

{a) 20.1

(B) 0.0498
{c) 1.462
() 0.670

. {a) 5.33

(h) 0.1200
(e) 1.2301
[} H4.6
(h) 3640
(€) 1.537
(u} 2.028
(h) 0.493
(e) 0.6553
() 1.526
(e) 2.314
(a) 0.680
() = 1.0
{e) 1.878

17.33 seconds.

. (1) 1.258

(") 6.25
{c) 0.887
] = 120.2 ft., ¢ = §3.0 It.

ANSWERS

§45. Page 75

{e) 64.5
(g} 0.9560

b6, Page 78

(&) 1.08562

{1 09656

(7) 3.827

(h) 0.2613
() DLEOA0
(e) 1.02143
() 0.970)

(d) 1.0216

(¢} 0.0334

(1 0.B406

(N 0.4321

{my 9.36

(h) 0.1069

(£) 0.686

() 1.468

(d) 0.239

{e)—1.061

(- 00665

(d) 0.822
(e} 1.155
(f} 0.558

£47, Page 80

. 4, 25,49, 64, 0.25, 0.04, 0.0204, 0.015025

0.7040, 0,620, 0.405, 1.305, 1.508, 2.47
0.3333, 1.1161, 058060, 1.01105, 0.95908
4. 0, 0.1L11,16, 0.0625, 36, 0.0278, 81, 0.0123, 166.4, 0.00601

. 0.9434, 1.791, 0.5584, 339, 0.00295

6. 10, 0.7948, 1.259, 0.97724, 1.0233

8,

. 6, 0.2, 1.1746, 0.8313.

0.5927, 1.687, 0.00535, 187, 0.0490, 1.0537

119

() 0.513
() 1.0510

(i) D.0854
) 348

{k) 0.9740
() 1.0890

(g) 00817
(h) 000203

(k) 1.781
() 0.561
(m) 26.0
(n) 25.95
(s) 2.201



120 ANSWERS
£48, Page 84
1. 1.0474, 1.580, 0.00075
2. () 1.0550, 0.9479, 0.5857
(0] 48.8, 0.020G, 1.0306
{c) 0.576, 0.00403, 1.0567
(d) 0.253, 1.01269, 3.58
3. 1.707 12, 1.01736 21. 3.00
4, 2,634 13, 0.542 22, (.333
5. 14706 14, 00402 23, 4.14
6. (.0646 15. 2.380 24, 0.242
7. 0.0273 16. 0.B205 25. 2,233
8. d6.7 17. 0.9437 26. 00365
9. 11.4 18. 320 27. 0.0764
10. D087 19, 09707 28. 1.2034
11. 1.1874 20, 004552 20. 3.893
30, (=) 0.0169, (b) 0.13, (e) 0.542
§49. Page 85

1. 6.21, .01, 0.603, 0.33465, 0.0421
2. - 6.21, — 3.01, - 0.683, - 0.3365, - 0.0953, = 0.0198
3. 20.1, 1,350, 1.0305, 0.0498, 0.741, 0.9704

4, (2) 433 () - 0.17d4 () — 0.0854

(b 2.08 (e} -1.93 (h} 0.358

{c) 2.22 ) - 01132 () 0.0421
5. (a) 30.0 () 0698 () 0.347

(1) 1.405 {e) 0.577 {hy 0.21

(2} 0.1755 () 2.88 () 0.503
7. () 1.386 (8} 0.25, 1,1483, 0.8705, 1.01396, 0.93623

§50. Page 86
1. 2.365 11. 2.303
2. 1.333 12. 0.1386
3.5 13. - 4.57
4. = 0,608 14. =243
5. 0.0599 15. - 44.7
6. 0.52 16, 2.20
7. 1.4346 i7. 103.2
8. 4.605 18. 0.00847
9, 5.535 19, 3.11, 424, - 0.0330, — 1.005, - 2.57
10, 1.762 20, 0.479, — 4.0, — 5.77, 0.0708
§52. Page B0

1. 20 10. 0,856 19. 1.0080 28. 6.35
2. 2.804 11. 0.2119 20. 1.53 20, — 1.958
3. 2.155 12. 0.00435 21. 0.751 0. — 03356
4, 2.335 (13, 0.5805 22. 0.524 31. - B.55
5. 1,935 14. 0.9471 23. 49 32, =707
6. 0.7275 15. OG0 24, 0.847 33, 1.2563
7. 0,058 16. 2.5 25, = 0.379 34, = 04607
8. 0.752 17. 1.086 26, 1.541 35. 0.23

9. 0.0546 18. 36 27. 17.54 36, 48
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. {a) 5.86 = 10

(b) 6.76 x 108
(e) B.28 » 102

{a) 1.3037, 1.0269, 1.002656,

ANSWERS

§83. Page 91
(d) 4.79 » 1071
{e) 2.8 » 107
() 2.76 = 100

10002656

(b) 0.7652, 0.973¢, 0.99733, 0.0009733
10000417, 0.9999583, 1000417, 090553, 1.004146, 0.99583, 1.0427, 0.9502,

1.517, 0.858

456, Page 08

() 0,606, 0.07278, 0.0472, 676.0

(% 0.001736, 0.00012235, 104,66, 1.0138
(e) 00004077, 93.75, 4.77, 0.044327

{d) 2,747, 216,46, 0.0002639, 0.00020256

(LO0023474.

009968, 1.006, 0,202, 1.001, 0.010017, H0.55

11.9

. 1.281
. 0.1755

0.495
0.285
0.882
2,04

1.783

§57. Page 00

9. 0.5769
10. 0,561
11. 2.B8

12, (0.347
13, 0.014
14, 0.914
15, 004607
16, 0.006

121

() 9.1 % 1077
thy 4.95 » 108
(i) 8645 = 108

(o) 1.8 x 107 (¢} 2.7 » 10-¥ (e) B = 104
(b) 3.43 x 107 (d) 245 % 104 () 2 x 10
(2} 6,891 » 1077 (e} B4R x 104 {e) 1.288 » 100
(b} 004 x 109 () 2.37 x 109 (f 1.781
. (@) 4.31 x 1071 {e) 6.03 x 104 (e) 2,38 » 10
(b} 1.17 % 108 (d) 3.8 (f) 8.425 % 100
. 588 w 10T mi,
§54, Page 92
» 2,40 w 105 5, (o) 5,50 »x 108 6. (z) 481 x 104 8. 36.9
. 2.2 x 108 (b 4.42 » 108 (0 3.44 % 108 9. 574
. 5.62 » 101 (g) 2.24 » 1071 (e} 1.0061 10, 5.78
. 0.81 (d) 0.797 () 1.0087 1L 0.00283
7. 4.467
§55. Page 06
1.0820, 0.0157, 2.411, 0.415
107, 0.9345, 1.00877, 0.00323
1.0233, 0.9772, 1.00231, 099789, 1.000231, 0.000769
1007, 0,993, 1.0007, 0.9993
L0305, 0.9706, 1.0325, 0.0685
1.499, 0.667, 1.4966, (0.668
L 1049, 100478, 1.000478
0.9762, 0.99760, 0.899750

. 0001912, 96.68, 0.00010451, 0.0007775, 4032, 115.8, 0.027218, 12.461, 160,

17. 1.78
18. 318
19, 2.382
20. 1.254
21, 2.98
22, 2.06
23, 0.45
24, 0.1613



A

Accuracy, 8, 101
Ambiguous case, 63
Antilogarithm, 39
Applications, 10, 70, 107
Aren of eircle, 32

B

Body, definition of, 7

c

Characteristic, 39
Cirele, area of, 32

INDEX

F

Folded seales, 12, 22

G
Ciauge points, 63

H

Hairling, definition of, 7
Historieal notes, 110
Hyperbolie funetions, 79

Index, 7, 9
Indieator, definition of, 7

Combined operntions, 25, 38, 36, 59 Inverse, 22
Complementary angles, 40 Inverted seales, 22, 102
Construction of the alide rule, 7, 100
Cosceant, 40, 52
Cosine, 40, 43, 56 L
Cogines, law of, 56 Le
¥ ' gends, 42, 44, B, 75, T8, 85
Cotangent, 40, 50 Logarithms 39, 84, 100
Cubes, cube roots, 35, 104 antilogarithm, 39
charaeteristic, 39, 100
mantisen, 39, 100
D to any base, 85
to the base e, 84
Log Log scales, 74-98, 107
numbers beyond range of, 91-06

Degrees to radians, 62
Divigion, 9, 101

i

Mantissa, 39, 100
Equivalents, 21 Mated scales, 74
Error, relative, 101 Minutes gauge point (*), 63
Exponents, see Powers Multiplieation, 7, 101

122



o

Oblique triangles

ambiguous case, 58

law of cosines applied to, 56
Oppogite, definition of, 7

P

Percentage, 10

Powers of ¢, 75
of any number, 70, 81
of ten, 90

Proportions, use of, 15
Applied to Log Log Seales, 87
forming from equations, 19
involving C I scale, 23
trigonometric, 40

R

Radians to degrees, 62
Raiging to n power, 79
Rates, 10
Reading the seales, 3
Reciprocals, 22, 40, 74, 97
Red numbers, 43, 51
Right triangle,

relation in, 40

solution of, 45

two legs given, 52

s

Heales,
4 and B, 20, 103
.7
D, 3, 100
CF and DF, 12

INDEX

Cf and CIF, 22
K, 35, 108
L, 39, 100
LL, 74
LLG, T4
& and ST, 41, 51, 104
T, 60, 61, 104
Secant, 40, 52
Seconds gauge point (7, 63
Sine, 40, 41
small angles, 63
Sines, law of, 46
application of, 46, 52, 58
Slide, definition of, 7
Bmall angles, 63
Bouares, 20, 104
Square roots, 80, 104
Bupplementary angles, relations
between, 40

Tangents, 40, 50

law of, 55

small angles, 63
Triangles, solution of, 65
Trigonometry, 40
Trigonometrie formulas, 40

definitions, 40

soales, 41, 50, 104

summary, 65

Vectors, 66
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