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PREFACE

This slide rule manual has been written for study without
the aid of a teacher. For this reason one might suspect that
the treatment is superficial. On the contrary, however, the
subjeet matter is so presented that the beginner nses two general
prineiples while he is learning to read the scales and perform the
simpler operations. The mastery of these two prineiples gives
the power to devise the best settings for any partieular 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 11, they are applied to simple prob-
lems in multiplication and division;in Chapters ITI, TV and V
they are used to solve problems involving multiplication, division,
gquare and cube root, trigonometry, logarithms and powers of
numbers. Chapter V1 explains the slide rule from the logarithmic
standpoint. Those who desire a theoretical treatment are likely
to be surprised to find that the principles of the slide rule are so
easily understood in terms of logarithms,
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CHAPTER 1
MULTIPLICATION AND DIVISION

1. Introduction. This pamphlet is designed to enable any in
terested person to learn to use the slide rule efficienily, The heginner
should keep his slide rule before him while reading the punphlet,
should make sll settings indicated in the illustrative examples, and
should compute answers for a large number of the exercises. The
pringiples involved are casily understood but a pertain amount of
practics is required to enable one Lo use the slide rule efficiontly and
with a minimum of error.

2. Reading the scales.* Fveryone has read a ruler in measuring
a length, The number of inches is shown by a number appearing
on the ruler, then small divisions are counted to get the number of
16tk of an inch in the fractional part of ihe inch, and finally in
cloze measurement, a fraction of 4 16th of an ineh may be estimated.
We first read a primary length, then a secondary length, and finally
astimate a tertiary length. Exactly the same meihod is used
reading the slide rule. The divisions on the slide rule are not
uniform in length, but the same principle applies.

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

01 S e e

Fred,

spale on the glide ale will show that it is divided inte 9 parts
by primary marks which ave numbered 1, 2,3, ..., 9, 1. The apace
between any two primary marks is divided into ten paris by nine
secondary marks. These are not numbered on the actual seale exeept

*The deseription here given has reference to the 107 slide rule. However
anyone having o rule of different length will be able to understand his rule in
the light of the explanation given.

8
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4 MULTIPLICATION AND DIVISION [Crar. 1

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

= :l l l| i i'! II .!Il. :;';; t;;glI*””l””l”"y"yTWTm—l

Fia- 2.

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

dahxni

Seale 0

Fic. 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 tertiary marks
divide the interval into five parts each representing 2 units. Hence
with these marks we associate the numbers 222, 224, 226, and 228;
similarly the tertiary marks between the secondary marks numbered
42 and 33 are read 322, 824, 326, and 328, und the tertiary marks
between the primary marks uumbered d and the first succeeding
secondary mark are read 302, 304, 306, and 308. Between any pair
of secondary marks to the rlght of the primary mark numbered 4,
there is only one tertiary mark. Hence, each smallest space repre-
sents five units. Thus the primary mark between the secondary
marks representing 41 and 42 is read 415, that between the secondary
marks representing 55 and 56 is read 555, and the first tertiary
mark to the right of the primary mark numbered 4 is read 405.
The reading of any position between a pair of successive tertiary
marks must be based on an estimate. Thus a position half way
between the tertiary marks associated with 222 and 224 is read 223,
and a position two fifths of the way from the tertiary mark number ed
415 to the next mark is read 417.  The principle illustrated by these
readings applics in all cases,




§2) READING THE SCALES 5 1

Consider the process of finding on the D seale the pesition rep-
resenting 246. The first figure on the left, namely 2, tells us that
the position lies between the primary marks pumbered 2 and 3.
This region is indieated by the brace in figure (a). The second
figure from the left, namely 4, tella us that the position lies

" il

g —

Fi1G. a.

between the secondary marks associated with 24 and 25.  This region
is indieated by the brace in Fig. (b). Now there are 4 marks be-
oy
BE g map gbap S F SRR ew Lynpi e el
Di T T P T tﬁ|,|ﬂ|gi|lIll]ltliilllijilll*l
Fia, b

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

2aa
-k st o

Fio, o

Thus the pesition representing 246 is indicated by the arrow in
Fig. {¢). Fig. (abe) gives a condensed summary of the process.

.

248 LIEE BETWEEN 240 AND 350

Fic. abe.

It is important to note that the decimal point has no bearing upon
the position associated with a number on the €' and I seales. Con-
sequently, the arrow in Fig. (abe) may represent 246, 2.46, 0.000245,
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 he read; the first three will be exact and the last one
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6 MULTIPLICATION AND DIVISION [Crap.]

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

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

The learner should read from Fig. 4 the numbers associated with
the marks lettered A, B, (7, . , . and compare his readings with the

Fig 4.

following numbers: A 365, B 327, €' 263, D 1745, E 1347, F 305,
G207, H 1078, I 435, 0427,

3. Accuracy of the slide rule. Irom the discussion of §2, it
appears that we read four figures of a result on one part of the
seale and three figures on the remaining part. This means an attain-
able aceuracy of roughly 1 part in 1000 or one tenth of one per cent,
The aceuracy is nearly proportional to the length of the seale.
Henee we assoviate with the 20 inch seale an accuracy of about one
part in 2000, and with the Thacher Cylindrieal slide rule, an accuracy
of about one part in 10,000. The accuracy obtainable with the
10 inch slide rule is sufficient for most practical purposes; in any case
the slide rule result serves as a check,

4. Definitions. The central sliding part of the rule is ealled
the slide, the other part the body. The glass runner is ealled the
tndicalor and the line on the indicator is reforred to as the hairline.

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

Two positions on different scales are said to be opposite if, without
moving the slide, the hairline may be brought to cover both positions
at the same time.
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5. Multiplication. The proecess of multiplication may be per-
formed by using seales € and D.  The C scale is on the slide, but in
other respeets it is like the D scale and is read in the same manner.

To multiply 2 by 4,
to 2 on D set index of C,

push hairline to 4 on C,
at the hairline read 8 on .

o
o——
S
e

Fig. 5 (a).
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Fig. 6 (b).
Fig. 5(b) shows the rule set for multiplying 2 by 4 and Ifig. Ale)
shows the same setting in skeleton form. To multiply 3 x 3,

to 3 on D set index of €,
push hairline to 3 on €,
at the hairline read 9 on Ih

See Fig. 6{a) for the setting in skeleton form and Fig. 6(b) for a
photograph of the zetting.
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To multiply 1.5 % 8.5, disvegard the decimal point and
to 15 on D set index of ',
push hairline to 35 on (7,
at the hairline read 525 on D,
By inspection we know that the answer iz near to 5 and i= there-
fore 5.25.
To find the value of 16.75 % 2.83 (see Fig Tla) and Fig. 7(8))

|ﬂ1 ||.1|
fod LELLLELALLY 3 l‘l"w{ é 4 &L{]

1675 -rh
F1o. 7 {a).

e
T "
Lkwevﬂ.ﬂwﬁ......,..-L.".“.*:':'.'na.’ s el 4 P --.f.n.u':‘t.,.'f.}‘..t
R T L N TN L O IR R L R I e L Y W 1 P
oF l L F] s i - 1

) m i
EF 5 1 5
eir i LA it | A A Lt IR ST
€1 ME—U,H‘,HI.!I*IIA“IIILII'I|||"||I1I|1|| ?:l-rrl T e
L o I t
Pt

ol ; "
R P R |9 i g g e
L i '.T.'.:‘I...,..I £ ..;...,......ﬁ}qup:q : L"{L mﬁ-m'ljl'*l“ uu-mﬁ%fq.'lw-,'rn%ﬁ-ﬁmm-"|-"'

RS E——

Fie, 7 (b).
disregard the decimal point and
to 1675 on D et index of €,
push hairline to 283 on €,
at the hairline read 474 on D.

To place the decimal point we approximate the answer hy noting
that it isnearfod x 16 = 48, Henee the anaweris47.4.

Thess examples illustrate the use of the following rule.

Rule. To find the produel of two nuwmbers, disvegard the decimal
poinds, opposile either of the numbers on he 1) scale set the index of
the € geale, push the hairling of the tndicator o the second nuwmiber
on the O seale, and read the answer under the hairline on the D seale,
The decimal point s placed in accordance with he resull of o rough
calendition.

EXERCISES

1..8 =2, B. 2.08 x 167.3.
2. 3.0% 2 9. 1.536 = 30.0,
5% 10. 0.0756 » 1.083.
4. 2 % 4.56. 11. 1047 » 2080,
5. 4.6 % 1.5 12. 0.00205 = 408,
6. 1.76 % 8.5. 13, (3 142)%,

T 433 % 11.5: 14. (1.756)%,
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6. Either index may be used. It may happen that a produet
cannol be read when the left index of the (7 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 bevond the body.
In this case reset the slide using the right index of the €' seale in
place of the left, or use the following rule: when a number i o be
read on the 1) seale opposite a number of the O seale and cannol be
read, push the hairline to the tndex of the €' scale tnside the body and
draw the other dndex of the € seale under the hairline* The desired
redding ean then be made.

If, to find the product of 2 and 6, we set the left index of the
' geale opposite 2 on the 0 scale, we cannot read the answer on
the D geale opposite 6 on the €' geale.  Hence, we set the right index
of (" opposite 2 on D; opposite 6 on € read the answer, 12, on D.

Again, to find 0.0314 » 564,

to 814 on D set the right index of €
push hairline to 564 on
at the hairline read 1771 on D.

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

EXERCISES
Perform the indicated multiplications.
L. 3 % &, 5. 00495 = 00267,
2. 305 3 5.17. 6. 1.BTH = 920,
3. 656 » 634 7. 1.8376:5 5.32,
4. 743 ¢ 0.0567, B. 423 % 31.7.

7. Division. The process of division is performed by using the
" and D seales.
To divide 8 by 4 (see Tigs. 8(a) and 8(b) ),
push hairline to 8 on 1),
draw 4 of " under the hairling,
opposite index of O read 2 on I

[o} e
e :

(5

Fig. B {a).

*This rule, slightly modified Lo apply to the seales being used, is generally
applieable when an operation ealls for setting the hairline to a position on the
part of the slide extending beyond the hody.
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Fio. 8 (b},

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 caleulation 800 + 20 = 40 shows that the decimal point
must be placed after the 2.  Henee the answer is 42,9,
These examples illustrate the use of the following rle.

Rule. To find the quotient of two numbers, disregard the decimal
points, opposile the numerator on the D seale sel the denowinator on
the (' scale, apposile the index of the ! scale read the quoticnt un the D
scale.  The position of the decimal point is defermined Srom informa-
tion gatned by making o rough ealonlation.

EXERCISES
Perfarm the indicated operations.
1. 87-0 +37.7. 6. 2875 4 371
Z. 3.75 +0.0227. 7. 871 + 0,468,
3. 0.685 -+ B.9S. 8. 0LOES5 -+ 0.001402,
4. 1029 -+ 0,70, 0304 + 2.7
5. 0.00877T + 520, 10, 342 + §1.7,

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

One per cent (19) of & number N is N x 1/100; henee 5% of N is
N > 5/100, and, in general, p% of N is N /100, Hence to find 839
of 1872

to 1872 on D set right index of (7,
push hairline to 83 on €,
at the hairling read 1554 on D,

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

panswer is 1554,
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To find the answer to the question "M is what per cent of N7 we
must find 100 M + N. Thus, to find the answer to the question
“Q7 is what per cent of 184.77" we must divide 87 x 100 = 8700
by 184.7. Hence

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

000 : .
The rough ealeulation Jﬁﬂ = 45 shows that the deeimal point should

be placed after the 7. Henee the answer is 47.1%.

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

.—i--rt,orr—iurﬁ=i
4 g

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

Since the answer is near to 8 % 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, writer = 287 + 8.75, and
push hairline to 287 on I,
draw 875 of € under the hairline,
opposite the index of € read 328 on D,

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

EXERCISES

1. Find {a) 86.3 per cent of 1526,
ib) 75.2 per cent of 3.46.
(e} 18.3 per cent of 28,7,
() 0.95 per cent of 483,
2. What per cent of
fm) 6 is 187
(by 132 is BS?
() BT.6is 192,587
(d) 1027 is 287
3. Find the distance covered by a body moving
{a) 23.7 miles per hour for 7.55 hours,
(h) 683 miles per hour for 1773 hours,
() 1287 miles per hour for 16,66 hours.,
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4. At what rate must s body move to cover
{u} 100 yurds in 10,85 seconds.
(b} 356 feet in 25.7 seconds,
(&) 03,000,000 miles in 8 minutes and 20 seconds.

5. Tind the time required to move
{n) 100 yards ot 9,87 yards per second,
() 8200 miles nt 128.7 miles per hour.
(e) 25,000 miles st 77.5 miles per hour.

9. Use of the scales DF and CF (folded scales). The DF and
the CF scales are the same as the €' and the I seales respectively
except in the position of their indices. The fundamental fact con-
cerning the folded scales may be stated as follows: if for any setiing
of the slide, a number M of the C scale is opposite a number N on
the 1) geale, then the number M of the CF seale {5 opposite the number N
on the DF seale.  Thus, if the learner will draw 1 of the CF secale
apposite 1.5 on the 2F secale, he will find the following opposites on
the C'F and DF scales

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

In accordance with the principle stated above, if the operator
wishes to read a number on the D seals opposite a aumber A on the
(' geale but cannot do so, he can generally read the required number
on the DF scale opposite ¥ on the CF seale. For example to find
2 X6,

to 2 on D set left index of €,
push hairline to 6 on CF,
at the hairline read 12 on DF.

By using the CF and DF seales we saved the trouble of moving the
slide ns well as the attendant source of error.  This saving, entering
as it does in many ways, is 8 main reason for using the folded scales.
The folded scales may be used to perform multiplieations and divi-

sions just as the € and D scales are used. Thus to find 6.17 3 7.34,

to 617 on DF set index of C'F,

push hairline to 734 on OF,

at the hairline read 45.3 on DF;
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or
to 617 on DF get index of CF,
push hairline to 734 on €',
at the hairline read 45.3 on D,

Again to find the quotient 7.68 /8.43,
push hairline to 768 on DF,
draw 843 of CF under the hairline,
opposite the index of CF read 0.912 on DF;
or
push hairline to 768 on DF,
draw 843 of CF under the hairline,
opposite the index of € read 0.912 on D.

It now appears that we may perform a multiplication or a division
in several ways by using two or more of the seales C, I, CF, and DF.
The sentence written in italies near the beginning of the article sets
forth the guiding principle. A convenient method of multiplying or
dividing & number by = ( = 3.14 approx.} i based on the statement:
any number on DF is = times its opposite on D, and any number on
Dis 1 /= times its opposite on DF.

EXERCISES

Perform ench of the operations indieated in exercises 1 to 11 in four ways;
Jfirut by using the € and 1) scales only; second by using the CF and DF scales enly;
thind by using the € and 1 seales for the initial sctting wnd the CF and DF seales
for completing the solution; feurth by using the CF and DF seales for the initial
gotting snd the ¢ and D =eales for compleling the solution.

1. 5.78 » 6.485. o, 00945 + 7.23.
2. 7.84 » 1.065. 10. 149.0 + 63.3.
3, 000465 = TA0. 11. 2.718 + 647,
4. 0.0634 ¢ 53,600, 12, 783 =

5. 1.769 + 408, 13. 783 + =,

6. 948 + 0.0077, 14. D.O8TG T,

7. 813 x 10561, 15. 0504 + T

8. 0007556 + 0.338 16. 1.072 + 10.97,
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CHAPTER. 11

THE PROPORTION PRINCIPLE AND
COMEINED OPERATIONS

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

.8 Bl v Bk

3 9's8 11'h 4
are proportions. We shall at times refer to equations having such
forms as

_E 10 g€

as proportions.

An important setting Like the one for mulliplication, the one for
division, and any other one that the operator will use frequently should
be practiced until it is made without thought. Bul, in the process of
devizing the best settings to oblarn a particular vesull, of making o
sefting used infrequently, or of recalling a forgotten setting, the applica-
tion of proportions as explained in the next article is very wseful.

11. Use of Proportions. If the slide is drawn to any position,
the ratio of any number on the D seals to its opposite on the € scale
is, in aceordance with the setting for division, equal to the number
on the D seale opposite the index on the € seale. In other words,
when the slide s sel in any position, the ratio of any number on the
D seale to ils opposite on the ' scale is the same as the ralio of any
other number on the D scale to its opposite on the C scale,  For example

25

]GHHFFFI’I'['T.m.m? L Pt
o} L 4 . v ]

I

5

P 1.

14
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draw 1 of C oppesite 2 on I (see Tig. 1) and find the opposites
indicated in the following talle:

Clor CF)| 1 1.5 2.5 4 4 ]
]

D (or DF)|| 2 b fi ) 10

and draw 2 of C over 1 on D and read the same opposites.  The same
statement is true if in it we replace €' scale by CF seale and D scale
by DF seale. Henee, if both numerateor n and denominator d of a
ratio in a given propevtion are known, we can sel 1 of the C scale opposite
d on the D scale and then read, for an equel raiio having ene part
kronon, ils unknown parl opposite the known porf. We eould also
begin by setting d on the € seale opposite # on the D seale. It
is important to observe that all the numerators of a series of equal
rating must appear on one scole and the denmninalors on the other,
For example, let it be required to find the value of z satisfying
x 9
BT T (1)
Here the known ratio is 9/7. Henee
push hairline to 7 on D,
draw @ of ¢’ under the hairline,
prsh hairline 1o 56 on 1,
at the hairling read 72 on C.
or
push hairling to 9 on D,
draw 7 of (' under the hairline,
push hairline to 56 on €',
at the hairling read 72 on D.
The CF and DF seales eonld have been used to obtain exaetly the
same settings and results.
For convenience we shall indieste the settings for solving (1) as
follows:

{ 5 T!lllli]ll? [ . 3
ID é Jr[!l|||1||é '!' 1[_ ]

7o

Fig. 2.
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Clor CF) | set 7 opposite 56 @
D (or DF) to @ read z ( = 72) =
|
C (or CF) ! st 9 read x ( = 72) @
- = 3
D (or DF) to 7 opposite 56

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

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

g R el

D 520 435 g 1m.4
we observe that 3.15 /5.29 is the known ratio, and

push hairline to 529 on D,

draw 315 of C under the hairling;

opposite 435 on D, read = 2.59 on (7;

opposite 576 on €, read y = 96.7 on D:

opposite 1834 on I, read 2 = 100.2 on (€,

The positions of the decimal points were determined by noticing
that each denominator had to be somewhat less than twice its asso-
ciated numerator becanse 5.20 is sormewhat less than twice 3.15.  The
setting may appear simpler when written in the following form
analogous to (2):

a !!mrl} 3.15'read z ( = 2.50)| opposite 57.6 ‘rr:suiz {=100.2)

i

(4)
to 5.29

opposite 4.35 [read y ( = 96.7) |uppo.aita 183.4

When an answer cannot be read, apply the italicized rule of &,
Thus to find the-values of = and y satisfying

C & 14.56 5.78

1

D BTE6 g
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to 976 on D sot 1456 of ¢7; 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 z = 87.6 on C;

opposite 578 on C, read y = 38.7 on D,

Here the positions of the deeimal points were determined by observing
that each denominator had to be about six times the assoeiated
numerator,

When a result cannot be read on the € sesle nor on the D seals
it may be possible to read it on the CF seale or on the DF scale.
Thus, to find & and y satislying the equations

C (or CF) 402 1 -y

D {or DF) ° x 3.23 13.08°

to 323 on D set left index of £
opposite 492 on CF, read z = 15.89 on DF;
opposite 1308 on DF, read y = 4.05 on CF.

A slight inspection of the seales will show the value of the state-
ment: T the difference of the fivst digita of the two numbers of the
known ratio is small use the € and I seales for the initial setting;
if the difference is large use the OF and DF scales. Since in the next
to the last example, the difference befween the first digits was great,
the €F and DF scales should have been used for the inifial setting.
This would have eliminated the necessity for hifting the slide.

EXERCISES

Find, in vach of the following equations, the values of the unknowns.

e

g ek A

v
- 28
it 384

5.
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12. Forming proportions from equations. Since proportions are
algebraie equations, they may be rearranged in aceordance with the
laws of algebra.  For example, if

il
£ = ? i {]J
we may write the proportion
x ab
i (2)

=--rur;~r-—, (3]

{4)

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

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

For example, to find %—% , Write & = ma}; i , apply (B) to
. € = 28
oblain D i
and push hairline to 85 on D),

draw 28 of € under the hairline;
opposite 16 on D, read 2 = 128 on C,
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To recall the rule for dividing a given number M by a second given

i 2 ¥,
number N, write r = %, apply rule (A) to obtain g 3 % = 1%1
. 4

and push hairline to M on I,
draw N of € under the hairline;
opposite index of €, read z on .

M N

To recull the rule for multiplication, set 2 = T apply rule (B}
] 1'_ 1 Jg a E = .&r
o obtain & M- 1
and to N on D set index of €;
opposite M on €, readd = on D).
o 864 | : 748 864
To find = if 2= [7.48) (35.5) use rule (B) to get g A

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

1
=—=of r (.2,
a0 80
EXERCISES
Tind in each ease the value of the unknown quantity.
B o T0.5 . 2.05 % 0.707
L. i = 125 — ﬁ\.n.SIi——z'—".‘
Z.yuj—_‘%. 7. 25804 = 17.9 % 587.
0,797 x 5.96 o 0.0879
A 8. 0.605 = ———.
P L T ) o L 0772
v * ERo T 286y
5. 498 = Eﬁﬁ:%
: 10, 9. 14y = 0.785 % 28.7.

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

1 no.ofeq.ft. =z
144 " no. of sq. in. 8210

*Tables of equivalents may be found in Engineer's Manuals and in other places,
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ginee thers are 144 8q. in, in a square foot ; hence
to 144 on D, get index of C;
opposite 3210 on D, read r = 22.3 on (;

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

Again consider the problem of finding the number of nautical
miles in 28.5 ordinary miles. Bince there are 5280 fi. in an ordinary
mile and 6080 ft. in o nautical mile, write

5250  mo. of naut. mi. T
= (] b =
6080 no. of ord. mi. 28.5

make the corresponding setting and read = = 24,7 naut. mi.

EXERCISES

1. An inch 18 equivalent to 2,54 em. Find the length in em. of a rod 66 in.
long,.

2. The number of meters in a given length is to the number of yerds 5s 171
igto 187, Find the number of meters in o 300 yd. distance.

3. If 7.5 gal. water weighs 62.4 Iba., find the weight of 8.5 gal. water.

4. 31 #q. i, is approximately 200 s8g. em. How many square centimeters
in 36.5 8q. in.?

5. If one horse-power is equivalent to 740 watis, how many watts are equiva-
lent to (a) 34.5 horsepower, (b} 6280 horsepower, (e) 0,832 horsepower?

6. If one gallon is equivalent to 5790 en. em., find the number of gallons of
water in a bottle which containg (a) 4250 cu, em., (b) 9.68 en. am., (2] 570 6w, em.
of the liguid.

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

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

is the

Bl pole—

reciprocal of 2, g (=1+ g } is the reciprocal of %, and
reciprocal of a.

The reciprocal scales CI, DI and CIF are like the €, I, and OF
seales, respectively, with the exeeption that they are inverted, ie.,
the numbers represented by the marks on these scales inerease
from right to left. The red numbers gssociated with the reciproeal
seales enable the operator to recognize Lhese scales. A very im-
portant consideration may be stated as follows: When the hair-
line is set to a number on the C scale, the reciprocel (or Inverse) of the
number is af the hatrline on the CI seole; conversely, when the hair-
line iz sel lo a number on the CI scale, itz reciprocal is af the hair-
line on the € seale. A similar relation exists between the 1 and DT
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scales and between the OF and OIF scales. Tf the operator will
eloge his rule, he ean read the opposites indicated in the dingram

{I{ur-')f|l 2 ® I ]
Crp) [1| 05 | 025 L 0.125 | 0.1111 |
(=1/2)|(=1/4) (=-1,f:-} (=1/8)[(=1/9)

By using the facts just mentioned, we ean multiply a number
or divide it by the reciproeal of another number. Thus to find
25

= We may think of it as 28 x % and

to 28 on D set index of ('
apposite 7 on C1 read 4 on D,

Again to find 12 x 3, we may think of it as 12 + - and

3
push hairline to 12 on D,
draw 3 of O under the hairline:
oppusite index of €, read 36 on D,

When the C'F seale is used in multiplication and division, the position
of the decimal point is determined in the usual way.

The DF and CITF scales may be used to perform multiplications
and divisions in the same manner as the D and €7 seales; thus to
multiply 40.3 by 1 /0.04,

to 408 on DF set index of CF;
opposite 904 on CIF, read 4.46 on DF.

Again to multiply 40.3 by 1 /0,207,

to 403 on D set left index of 7
opposite 207 on CIF read 194.7 on DF,

EXERCISES

1. Use the ' 7 seale to find the reciprocals of 16, 260, 0.72, 0.085, 17.4, 18.5, 67.1.

2. Using the [ seale and the (' F seale; multiply 18 by 1/9 and divide 18 by 1,/9.

3. Using the D scale and the €1 geale multiply 28.5 by 1,/0.2%5 and divide
25.5 by 1/0.385.  Also find 28.5/0.385 and 28.5 = 0.385 by using the 7 seale and
the D seale,

4. Using the £ scale and the 1 seale multiply 41.3 by 1,/0.207 and divide
413 by 1/0.207.

5. Perform the aperations of Exercises 2, 3, and 4 by using the € TF scale and
the DF seale.
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15. Proportions involving the CI scale. The ([ scale may be
used in eopnection with proportions containing reciprocals. Since

1 - 1 1
any number & =1 + = and sinee g o 1, we have
Rule C. The value of any ratio is nol changed if any faclor of e

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

i ! . a 1 Ly
be 1wrilten in the numeraior. Thus =0 (E) b (1/a) Hence
A ; x b .
if - be, we may write - = e = W i if oz = be, we
o= A few examples will indieate

may write -—-—|:1 a) 5 /e i .H'?J

the method of applying these ideas in computations.

To find the value of y which satisfies i ‘ﬁ = 0.785 x 3.76, apply

¢ Dy _ 0.98
Rule € to got il o7 {1/3.76

Sines when 3.76 of O'T is under the hairline, 1/3.76 of € is also under
ihe hairline

push hairline to 785 on D,

draw 376 of €I under the hairline;

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

The position of the decimal point was determined by observing that
ywasneartod X 1 x4 = 16.

-

To find the value of y which satishes 7.80 4= ﬂL:;li y use

B y__0.0645
Rule (€) to obtain T {177 80) = 0.881
and push hairline to 645 on ),

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

The position of the decimal point was determined by observing that

06 s a‘tmtl of 0.38, that y is therefore ahﬂutl of %, or about 0.02,

il ; i}
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To find the values of z and y which satisfy 57.6z= 0.846y =T,
use Rule (') to obtain

21 l Y '.u '_E {"}
' (1/57.6)  (1/0.846) 1’
and to 7 on D zet index of C'T;

opposite 576 on CI, read = = 0.1215 on D);
opposite 846 on CIF, read y = 8.27 on DF.

The folded scales may also be used in this conneetion. Thus
to solve equations {a),

to 7 on DF set index of CIF;
opposite 576 on CIF, read & = 0.1215 on DF;
opposite 846 on CIF, read y = 8.27 on DF.

EXERCISES
In each of the following equations find the values of the unknown numbers:
76.2
1.342°
1t
mE

o e
3 1.83z= 51 F (162) (1.75).
0342 ¥

ke (159) (0,734},
12

5. 5.832 = 0.44y = ) zx‘i - 0. 2804,

.38z =d dfm

2, To 1z =3.4y =

4.

6. 3.42p = — = = = = (2.78) (13.62).

16. Combined multiplication and division,
7.36 % 8.44
03 i
Solution. Reason as follows: first divide 7.36 by 92 and then
multiply the result by 844. This would suggest that we

Example 1. Find the value of

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

18 x 45 % 37
23 X 20

Solution. Renson as follows: (1) divide 18 by 23, (b} multiply

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

push hairline to 18 an D,

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

draw 29 of ¢ under the hairline,
push hairling to 37 on €,

at the hairline read 449 on D,

To determine  the position of the decimal point  write
20 > 40 % 40

- -;ﬁj——)“(—tii}— = }L!'Inutl Al H{}Ill:{! thl‘." ANEWET j.t‘ 44.9.

A little reflection on the procedure of Example 2 will enable the
aperator to evaluate by the shortest method expressions similar
to the one just eonsidered. He should observe that: the D seale
was used only twice, onee at the beginning of the process and onee
at its end; the process for vach number of the denominalor consisted
in drawing that number, located om the C scale, under the hairline;
the process for each number of the numerator consizted in pushing the
hairfine to that wwmber located on the € seale.

If at any time the indicator connot be placed because of the projection
of the slide, apply the rule of §6, or carry on the operations using the
folded scales,

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

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

1.%43 » 2. 45 ¥ 365
(1/92) (1,/0.584)

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

push hairline to 1843 on D,

draw 92 of CI under the hairline,
push hairline to 245 on (7,

draw 584 of CF under the hairline,
push hairline to 365 on €,

at the hairline read 886 on I,

To approximate the answer we write 2(90) (5/2) (6 /10) 300 = 81,000,
Hence the answer is 88,600,
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0,878 x 46.5 x 6.25 % 0.75
7.12
Solution. The following arrangement in which the difference
between the number of factors in the numerator and the number in
the denominator is no greater than 1 is obtained by applying Rule (€)

of §15: 0.873 % 46.5 % 0,75

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

push hairling to 873 on D,

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

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

at the hairline read 267 on DF.

; S T
To approximate the answer write = o 3. Hence the

answer is 26.7. !

Example 4. Find the value of

A eonsideration of the examples of this article indicates that
the operator should rewrite the expression to be evaluated so that
ita numerator shall contain the same number of factors, or ane more
faetor than its denominator,

EXERCISES
1375 » 0.0642 0 363 .
Y W6,400 * T80 % 061
o 320 10 561 w8 1
218 i 2
& : : 4.4 %9
3 i T B8 11, 185 % 63.4 % 85,
314
s R i
' 3.86 % 3.54 e At B, ol SRS
ER L X
5. 2.84 % 0.52 x 5.10. 51330985 3. 14
6. 0,21 x 0, 1795 % 0,0072, g3, 4T3 x 3. 14
o ; 32.6 % 1.4
7. 37.7 % 4 82 x 830,
85.7 % 0.835 14 5,82 % 6,95 % 7 86 x 438
cadi 5 { 79 8 00317 % 870

15, 187 = 0.00236 % 0.0768 » 147 x 3.14.

16, 0917 x 8.65 x 1076 x 3152
S 7840
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CHAPTER TT1
SQUARES AND SQUARE ROOTS, CUBES AND CUBE ROOTS

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

The A seale is so designed {hat when the hairline is sel lo @ number
on the D seale, the square of the number i3 found under the hairline
on the A scale. Bimilarly, if the hairline be set to a number on the €7
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 user to refer from
one face to the other. For example, if one hairline of the indicator
is set to 2 on €, the number 4 = 22 will be found at the other hairline
on seale B,

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

The area of a cirele may eonveniently be found when its radius
is known by using the A, B, €, and D seales. If = represents a
mathematical constant whose value is approximately 3.14, and d
represents the diameter of a cirele, then the area A of the cirele
18 given by the formula A = (=) d* = 0.785 ¢® nearly. The area
18 also given by A = o where r represents the radius of the circle,
Henee to find the area of o circle,

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

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

to = /4 on A right set index of 8;

opposite 175 on €, read 241 on A,

Therefore the area is 241 sq. ft.
26
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EXERCISES

1. Use the glide mle to find, securate to three figures, (he square of each of
the following numbera: 25, 32, 61, 75, 89, Ti3, 4562, 2.08, 1.753, 03234, (L0056,
0.953, 3270, 4.73 % 108,

2. Find the area of a cirele having dismeter (o) 2.75 ft.; () 66.8 ft.; {e) 0.753
ft.; (d) 1.876 ft.

3. Find the area of a circle having radius (o) 3.48 f1.; (b)) 00436 f1.; (=) 17.53
ft.; (d) 8650 [t.

18. Square roots. The square root of a given number is a second
number whose square iz the given number. Thus the square root
of 4 ia 2 and the square root of 9 is 3, or, using the symbeol for square
root, V4 = 2, and /9 = 3.

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

Rule. To find the square vool of a number between 1 and 10, set
the hairline to the number on scale A left; and read s square root at
the hairline on the D seale, To find the square voot of a number
between 10 and 100, set the hairline to the number on seale 4 right
and read ils square root at the hairline on the D seale.  In either case
place the decimal point after the first digit. A =imilar statement,
relating to the B seale and the € scale holds true. For example,
gt the hairline to 9 on seale A loft, read 3 { = /%) 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 square root of any number, move the decimal point
an even number of places to oblain a number between 1 and 100; then
apply the rule written above in dlalics; finolly move the decimal point
one half as many places as it was moved in the original nember but
in the opposite direction.* The learner may also place the decimal
point in accordance with information derived from a rough approxi-
mation. ;

For example, to find the square root of 23,400, move the decimal
point 4 places to the left thus getting 2.34 (a number between 1 and

*The following rule may also be used: If the square root of a number greater
than unity is desired, use A left when it contains an odd number of digits to
the left of the decimal point, otherwise use A right. Tor a number less than
unity use A left if the number of zeros immediately following the decimal peoint
is odd; otherwise, use A right. 1
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10), set the hairline to 2.34 on seale A left, read 1.530 at the hair-
line on the D seale, finally move the decimal point % of 4 or 2 places

to the right to obfain the answer 153.0, The decimal point eould
have been placed after observing that /10,000 = 100 or that
V40,000 = 200, Also the left B seale and the  seale could have been
used instead of the left A seale and the D scale.

To find /3850, move the decimal point 2 places to the left to
obtain 4/38.50, set the hairline to 38.50 on seale A right, read
.20 at the hairline on the I} seale, move the decimal point one place
to the right to oblain the answer 62.0.  The decimal point could have
been placed by observing that +/3600 = G0.

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

EXERCISES
1. Find the square oot of each of the following numbers: 8, 12, 17, 89, 3.00,
800, 0.80, 7250, 0.0635, 00000635, 63,500, 100,000,
2. Tind the length of the side of a square whose aren is (o) 530500 ft.2;
@) 0.0776 11.2; (¢) 3.27 3 107 ft.2
3. Find the dismeter of a vircle having area (o) 256 16.2; (6) Q773 165 (o) 1850
it

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 £ scales, its square root is automatically set to the hair-
line on the € scale. Consequently we may multiply and divide
numbers by square roots of other numbers or we may find the value
of the unknown in a proportion involving square roots,

For example, to find 34/3.24 set index of €' to 3 on D, push hair-
line to 3.24 on left B scale, read 540 gt the hairline on D, Since
34/3.21 is nearly equal to 34/ = 6, the answer is 5.40.

It will ke convenient at times to indicate solutions by forma like
the following which indicates s setting for evalunting 3+/3.240:

B | opposite 3.24 (left)
C gel 1
D to 3 read 5.40

Note that each number fe written on the same line us the lefler naming
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the seale on which it 15 to be sel, and thal mmbers in the same verfieal
colummn are to be sel opposile cach other,

The same plan is used below to indicate a setting for evaluating

85 + /4200

(54 | set 4200 (right) [
674 ‘ opposite |

_E'_ “ to 85 read 1.297

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

A BT
A65
the multiplication and division prineiple or we may write

28+4/375

Thus to find the value of s wee may compule it directly b
¥ oy

, apply Rule B §12 to obtain

Sty
L4 & Vaih >(Bleft)
; D' 28 364 2
and solve the proportion to obtain the answer x = 1.470.
To find ¢= L.n write the esquation in the form

7.92 3 4/0.0465
347 (1/7.92)
A e
4/ 0.0465
ing dingram:

and perform the operations indicated in the follow-

B set 0.0465 (leit)
G opposite 7.92
b to 347 read r = 203

The position of the decimal point was abtained from the fact that
420 + (0.2) 8 = 200,
A seeond method consists in applying Rule B §12 to get
7,027 = ———, then applying Rule € §15 to obtain
N

A 0 O
- 247

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




30 SQUARE ROOTS AND CUBE ROOTS [CHar. LT

When the hairling is 2et to 4 number on the D seale it is auto-
matically set to the square of the number on the A secale, and when
get to a number on the £ scale it is automatically set to the square
of the number on the B seale. Henee by using the A and B seales
as fundamental seales, many expressions involving squares gan be

(24.6)% % 0.785

evaluated conveniently. Thus to find z = R, write
& z__(24.60%
B’ 0:7%  4.39

anil

push hairline to 246 on D,

draw 439 of B (either left or right) under the hairline,
push hairline to 785 on B (left or right)

at the hairline read 108.2 on A.

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

EXERCISES -
Y L 1 ]
1. 42 24/ 328, 8. L}Eﬁy.
2. 1.800/0.0517. P X
Lt g T EIT R TA
3. /3,25 + 0,212 BT
& BT + 108 10 5 % V/7.02
e 5
5. 0,763 ++/0 024, 11 T i)
5.66 x (7.481 12, 14.3 % 47.5v/0. 380
: w0 13. 20.6 % /7.89 x +/0.571.
2.56 x 4.86 14, 792V 8D
" (1.365)2 0 571

20. Combined operations involving square roots and squares.
The principle of Example 2 §16 may be applied to evaluate a fraction
containing indicated square roots as well as numbers and reciproeals
of numbers.  1f the learner will recall that when the hairline is set
to a number on the C'f seale it is automatically set to the reciproeal
of the number on the € seale and when set to a number on the 8 seale
it is automatically set to the square root of the number on the € seale,
he will easily understand that the method used in this article is
essentially the same as that used in §16. The prineiple of determin-



§20] COMEBINED OPERATIONS 31

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
sguare root is involved with other numbers.
R
Example 1. Evaluate ‘_\x’i{bﬁ e .
S04
Solution. To evaluate this expression, we may think “divide
v/ 365 by 804 and multiply the result by 915.”  To set v/ 365 on D,
get the hairline to 365 on A left. Hence

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

at the hairline read 21.7 on D.

o S —

The following diagram indicates the setting:

[
A opposite 365 (left) |
¢ et S04 opposite 915
)] read 21.7
/832 x /365 x 1863

Example 2. Evaluate =Teasy= 2o 400

Solution. Before making the setting indicated in this solution,
the learner should read the italicized statement in §16, p. 24,

Push hairline to 832 on A left,
draw 736 of CF under the hairline,
push hairline to 363 on B left,
draw 894 of € under the hairling,
push hairline to 1863 on CF,
at the hairline read 8450 on DF,
Example 3. Fvaluaie DY T 251.5_“ AN S 501
! 7854/ 1288

Solution. Write the expression in the form
0,286 x /2350 x V' 5.53
{1/652) » 785 x4/ 1258

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

and
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push hairline to 235 on B right,

draw 785 of € under the hairline,

push hairline to 553 on R left,

draw 1288 of B right under hairline,

opposite the index of (' read 0.755 on D).

7? x 875 x 278

(72.2)2 (03179

Solution. Using the A and B scales as fundamental seales,

push hairline to 3.142 on D,
draw 722 of € 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.

Example 4. Evaluate

EXERCISES
g, 787 xxfa??l 5 20.6 x 7.80¢ x 6.702
: : 4 67¥ % 28] &
Eﬁx\/?dixf lag?xvnmzmuvurxﬂ 274
T76 = 4T, 6a5 V285 5 ThS 5
4.25 x VB3 B x VT T A I Wity b M
3 2= s 7. VI8 % 867 % /B85 % T84 x /0 00,
__(2.60p* g 259 % A0 077 X374 x 945 x 7
T3ATxT.28 : s&sxv’umxv‘ﬁmm

21. Cubes. The cube of a number is the result of using the
number three times as a factor. Thus the cube of 3 (written 31 ix
3x3x3=27,

The K scale is so construeted that when the hairline is sel to
a number on the D scale, the cube of the number s at the hairline
on the K secale. To eonvinee himself of this the operatar should
set the hairline to 2 on D, read 8 at the hairline on K, sct 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
208 = 8000, the answer is near 8000. Henee we write 10,200 as the
answer. To oblain this answer otherwise, write

21.7 % 21.7
(1/21.7)

and use the general method of combined operations. This latter

method is more accurate as it is carried out on the full length scales.

21.7% m
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EXERCISES

1. Cube each of the following numbers by using the K scale and also by
uging the method of combined operstions: 2.1, 3.2, 62, 75, 89, 733, 0.452, 3.08,
1753, 0.0:334, 0.943, 5270, 3.85 %100,

2. How many gallons will & cubieal tank hold that measures 26 inches in depth?
(1 gal, =231 eu. in.)

22. Cube roots. There are three parts to the K seale, sach
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 & second number whose cube
is the given number.

Rule. To find the cube rool of o number between 1 and 10 sel
the hairline to the number on K lefl, read itz cube rool al the hatrline
on D, To find the eube vool of a number belween 10 and 100, sef the
hairline o the number on K middle, and vead ofs cube rool al the
hairline on D.  The cube vool of a nuwmber between 100 and 1000
iz found en the D scale opposite the number en K right. In each
of the three cases the decimal point s placed after the first digit,
To see how this rule is used, set the hairline to 8 on K left, read
2 at the hairline on 0); set the hairling to 27 on K middle, read
3 at the hairline on D); set the hairling to 343 on K right, read 7
at the hairlineon D,

To obtain the cube roal of eny number, move the decimal point
aver three places {or digits) at o time undil & number between 1 and 1000
is obtained, then apply the rule written above in ttalics; finally move
the decimal point one third as many places as 1l was moved in the
original number bul {n the opposite direction. The learngr may also
place the decimal point in accordance with information derived from
a rough approximation.

For example, to find the cube root of 23,400,000, move the
decimal point 6 places to the left thua obtaining 23.4. Bince this
is between 10 and 100, set the hairline to 234 on K middle, read

2,86 at the hairline on D). Move the decimal point% (6) = 2 places

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

To ohtain +/0.000585, move the decimal point 6 places to the
right to obtain 4/385, set the hairline to 585 on K right, and read

V585 = 8.36. Then move the decimal point % (6) = 2 places to
the left to obtain the answer (0. 0838,
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EXERCISES

1. Find the cube root of cach of the following numbers: 8.72, 30, 720, 850, 7630,
0.00763, 0.0763, 0.763, 50,600, (0.625, T5 » 107, 10, 100, 100,000,

23. Comhined Operations. By selting the hairline to numbers
on various scales we may set square roots, eube roots and reciprocals
of numbers on the D seale and on the € seale.  Hence we can use the
slide rule to evaluate expressions involving such quantities, and we
can solve proportions involving them. The position of the decimal
point is determined by a rough ealeulation.

Example 1. Find the value of \/q%

2,36
Sofuwtion. We may think of this as a division or write the
proportion %—r-?;ﬁi?, and then make the setting indicated in the
following diagram:
G | sel 2,36 opposite |
D | read o= 3.08

% opposite 385 (right] |

5.37v0
'v"éi'"

Solution, Equating the given expression to x and applying
Rule B §12, wo write

Example 2. Find the value of

i

z  VO.0835
7 4/b2.5

This proportion suggests the setting indicated in the following
diagram:

£ opposite 537
D | read r = 0.324
K | to 835 (middle)
B | set52.5 (right)
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Example 3. Evaluate

(1.736) (6.45) v/8500 V581
V' 27.8

Solution. By using rule (C) of §15, write the given expression in

the form
/581 (6,45) V/8580
(1/1.736) V/27.8 °
and

get the hairline to 5381 on K right,
draw 1736 of CT under the hairline,
push hairline to 645 on €

draw 278 of B right under the hairline,
push hairling to 8590 on B right,

at the hairline read 1643 on D.

Note that Fxamples 1 and 2 were attacked by the propartion
principle whereas Example 3 was considered as a series of multi-
plieations and divisions. When no confusion resultg, the student
should always think of an exercise as a series of multiplications and
livisions. The proportion prineiple ghould be nsed in case of doubt.

EXERCISES

1. 4/73.2 (D.523). 13, 675 x /0.540 x +/0,00711,

e +/321 (0,0585)%
2. 24,3 +/0.06a1T, 7 e S )

0005 (173.03)

¥ o
3. 480 + /782, 4.57 x /i3 x 4230,
4, 27w 4/ B0 1,0000 T 00846 /0. 00758
5. /531 + /28 4 o, VD035 /278,

_____ 787 /0. 723

. 1y, 00872 x 36 8 x +/3 85
7. (72.3)% » 820 : 0. 343
(0. 2151 18. TH.2 v/58.1 /57 (1/8.78).
0. 0817 pul 1735 e
. _-;',,—‘1T.a=_ ! T 00276/ 58,300 x 7,08 x 04706,
(7,13 x 0.122 08,7 4/ATA0 /0 0A1T x 80.3
o =V % 17 6 % 217
4,40 % +/28.5 L0 0045 % 1834 x /216
11. 3.83 % 6.26 x V54,2, 21, 89.6 x 748 % v/ 3400

12, 0.437 x v/564 % v/1.86. 22, /(27,50 — (3. 4831
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24. The L scale. The problems of this chapter could well be
solved by means of logarithms. The following statements indicate

how the L seale is used to find the logarithms of numbers to the
base 10,

(A) When the hairline is set to a number on the D seale 1t s
at the same time set to the mantissa (fractional part) of the eommon
logarithm of the number on the L scale, and conversely, when the
hairline is set to a number on the L scale it is set on the 1 seale to the
antilogarithm of that number,

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

Example. Find the logarithm of (a) 50; (b) 1.6 (¢) 0.35: (d) 0.00005,

Solution, (a) To find the mantissa of log 50,

push hairline to 50 on D,
at hairline on L read 699,

Hence the mantissa is .609. Sinece 50 has two digita to the left of
the decimal point, its charneteristic is 1,
Therefore log 50 = 1.699,
(h) Push hairling to 16 on D,
at hairline on L read 204,
Supplying the characteristic in accordanee with { B), we have
Iog 1.6 = 0.204.
{¢) Push hairline to 35 on D,
al hairling on L read 544,
Hence, in accordance with (B), we have
log 0.35 = 9.544 — 10.
() Push hairline to 905 on D,
at hairline on I read 956,
Hence, in accordanee with ( B), we have
log 0.00905 = 7.956 — 10,

EXERCISE

Find the logarithms of the following numbers: 327, 6.51, G80,000, 0.676
0.01052, 0.000412, 72.6, 0.267, 0.00802, 432,



CHAFTER 1V
PLANE TRIGONOMETRY*

25. Some important formulas from plane trigonometry. The
following formulas from plane trigonometry, given for the eon-
venience of the student, will be employed in the slide rule solution of
trigonometrie problems considered in thiz chapter.

In the right trigngle 4 BC of Fig. 1, the B
gide opposite the angle A is designated by a, A
the side opposite B by &, and the hypotenuse —_— 8
by ¢. Referring to this figure, we write the & ~ &
following definitions and relations. F16. 1.

Definttions of the sine, cosine, and tangent:

gine A (written sin A) = B Sppesiie wde 1
¢ hypotenuse

- 3 ! jueent &
cosine A (written cos 4) = b _ adjacent side

¢ hypotenuse

tangent A (written tan A) = = opposite eide

b~ adjacent side
Reciprocal relations ;

coseeant A (writlen cse A4) = o _,l._..,
R
secant A (written see A) = & = ] -
L1k b oeos A
cotangent A {written cot 4) = By 2 d
g a tan A

Relations between complementary angles;

cos A = =in (90° — A),
tan A = cot (D0° — A),
cot' A = tan (90% = 4).
*See the authors"* Plano und Spherieal Trigonometry, ™ MeGraw-Hill Book Ca,,

New York, N.Y., for o thorough treatment of the solution of trinngles both hy
logarithmio computation and by means of the slide rule.

a7
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felations between supplementary anples:
gin (180° — A) = sin A,
cog [180% — 4) = — cos A,
tan (180° — A) = — tan A.
Relation betwecn angles {n o right {riangle:
A 4 B=190°
I in any vriangle such as A BC of Tig. 2, A, B, and € represent
the angles and a, b, and ¢, represent, respectively, the lengths of

the sides opposite these angles, the following relations hold {rue:
B

: sind snB snC
Lone of 2ines: S = .

h i c

Law of cosines: a® w 6® 4 ¢ — 2bc cos 4.

4
B
A+ B4 0= 180% F16. 2.

=]

26. The S (Sine) and ST (Sine Tangent) scales. The numbers
on the sine scales 8 and ST represent angles.  In order to sef the
indieator to an angle on the sine scales it is nocessary to determina
the value of the angles represented by the subdivisions.  Thus since
there are six primary intervals hetween 4° and 5°, each representa
10¥'; sinee ench of the primary intervals is subdivided into five second-
ary intervals, each of the latter represents 2°. Again since there
are five primary intervals between 20° and 25, ench represents 17;
sinee each primary interval here s subdivided into 2 secondary
intervals, each of the latter represent 30°; as each secondary interval
is subdivided into three parts, these amallest intervals represent 107,
These illustrations indieate the manner in which the learner should
analyze the part of the seale invelved to find the value of the smallest
interval to be considersd. In general when setting the hairline to
an angle the student should always have in mind the value of the
smallest interval on the part of the slide rule under consideration.

When the indicator is set to a black nwmber (angle) on seale S or
ST, the sine of the angle is on seale O at the hairline and henee on
seale 1) when the indices on seales C and D eorneide.

When scale € is used to read sines of angles on 8T, the left index
of € is taken as 0.01, the right index as 0.1. When reading sines
of angles on 8, the left index of ' is taken as 0.1, the right index as 1.

*The ST seale in a sine seale, buf since it is also used nz o tangent scale it is
desipnnted ST,
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Thus to find sin 36° 20', opposite 36° 26’ on scale S, read 0.594 on
seale (; to find sin 3° 24/, opposite 3° 24’ on seale ST, read 0.0583
on seale C. Fig. 3 shows seales ST, S, and €' on which certain
angles and their sines are indicated. As an exercise, read from
your slide rule the gines of the angles shown in the figure and com-
pare your results with those given.

o SR e 4
R O W3 OB -
RN
FiG. 3.
EXERCISES

1. By examination of the slide rule verify that on the S seale from the lefi
index to 16" the smallest subdivision represents 5'; from 16° to 307 it represents
10%; from 207 to 60° it represents 30°; from 607 to 80° it represents 17; and fram
B0 to B0° it represents 57,

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

(a) 80°. (h) 38" (o] B°20. (&) 90°, (e} B7°45'.
(f) 1°35". (@) 14°38%,  (h) 22°2%.  (9) 11°48%  (5) 51°90".

3. Find the cosine of each of the angles in Kxercise 2 by using the relation
ong @ = gin {M0° = g).

4. For each of the following values of =,
fe) L6 () 0.875. {e) D375 fd) 0.1, (e} 0.015.

0 062 fi) 0.062 {h) 0.031. (4 092 ) 0.885,
find the value of g less than 90°, {A) if § = sin ™z, where sin ~'z means ‘‘the
angle whose sine is £'; (8) if § = cos ™x.

5. Tind the coseeant of each of the angles in Exercise 2, by using the relation
cEG @ = --.F-— :

sin g

Hint. Set the angle on 8, read the coseeunt on O (or on DI when the rule
is elosed).

6. TFind the seeant of ench of the angles in Exercise 2, by using the relation

1 5
BeC @ = CIJ_B_? -
7. For esch of the following values of =,
{a) 2. (b) 2.4 fe) 1.7 (d) f.12. () 80.2. (N 4.2

find the value of p less than 907 (A) if ¢ = ese™x; (B) if g = see™z.
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27. The T (Tangent) scale. When the indicator is set to o black
angle on scale T, the tangent of the anple iz on seale C at the haivline
and henee on seals D when the indices of seales T and P eoineide.
Also when the indicator iz sef to a black angle on scale T, the eotangent
of the angle ts on scale C1 at the hairline. Thus to find tan 36° push
the hairline to 36° on T, at the hairline read 0.727 on €. To find
cot 27° 10, push the hairline to 27° 10/ on T, at the hairline read
1949 on €1,

When seale € is used to read tangents, the left index is taken as
0.1 and the right index as 1.0. Only those angles which range from
5% 43" to 45° appear on scale T'. It is shown in trigonometry that
for angles less than 5° 43', the sine and tangent are approximately
equal. Henee, so far as the slide rule is concerned, the tangent of
an angle less than 5° 43" may be replaced by the sine of the angle.
Thus to find tan 2° 15, push the hairline to 2° 15" on ST*, at the
hairline read 0.0393 on €. To find the tangent of an angle greater
than 45°% use the relation cot f = tan (90° — 0). To find tan 56°,
push the hairline to 34° ( = 90° — 56°) on 7T, al the hairling read
1.483 on C'f. The student should observe that he could have set
the hairline to 56° in red on the T scale and thus have avoided
subtracting 34° from 90°. The method governing the use of red
numbers iz treated in the next article,

EXERCISES
1. Fill out the following table:
2 86 2ro160 | et | 157 74" 15 87 | 47" 2R
Ko | |
ot ¢ | |

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

{a) 0.24, ib) 0.785. feh 0.02, (e} 0.54. feh 0060,
() 0082, () O.452. () 0.043. (i) 00140, (7] 0.874.
(k) .72 (I 4.67, (i) 17.01., () 1.02. (o) 1.232,

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

28. The red numbers on the S and 7 scales. The red numbers
on the S and T seales express the complements of the angles repre-
sented by the corresponding black numbers on these scales.

*The ST scale is 4 sine seale, but sinee it is also used us o tangent seale it is
designated ST
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When the hairline is set to an angle 0 on scale S red, cos 0
[n gin (90" — l}j] is on seale €' at the hairline and hence on seale [
when the rule is closed. Also when the hairline is set to an angle #
on seale S red, sec 6 E(T‘)Elﬁj is on seale CT at the hairline.
Thus to find cos 60°, push the hairline 1o 60° on S red, read at the
hairline 0.5 on €. T'o find sec 60°, push the hairline to 60° on & redd,
at the hairline read 2 on €T,

When the hairline is set to an angle § on scale T redd, eof 0

= tan (40° — ﬂ}] is on seale €' at the hairline. Also when the

ST 1
v My J e
hairling is set to an angle 6 on seale T red, tan f ( an (907 = “})

is on seale C1 at the hairline. Thus to find cot 54°, push the hairline
to 54° on T red, read at the hairline 0.727 on 7. To find tan 62°507,
push the hairline to 62°50" on T red, at the hairline read 1.949 on (7],

In this conneetion the following statement will be found sluggestive,
If the hairling be set to an angle on a trigonometrie seale, it is auto-
matically set to the complement of this angle. One of these angles
13 expressed in black type, the other in red. From what has been
said it appears that we read at the hairline on the € seale or on
the €7 seale, o figure expressing a direct funetion, (sine, tangent,
secant) by reading a figure of the same color as that representing
the angle, a co-function (cosine, cosecant, cotangent) by reading
a figure of the opposite color. Accordingly the student may find it
advantageous to observe that: Direct Junctions (sin, tan, sec) are
read on like colors (black to black, or red {o red) co-functions (cos,
cot, esc) are read on opposite colors (black to red, or red to black).

By using the reciprocal relations and the relations cos § = sin
(90° = 0) and cot 0= fan (90° — 1), any of the six trigonometric
functions of an angle ean be replaced by a sine or tangent of an
angle. Hence by using these relations the red scales may be avoided,
The learner should always use the red numbers to avoid subtracting
an angle from 90°. However, if he uses the trigonometric scales
infrequently, it is advisable that he employ mainly the sine and
tangent. Anyone dealing with all six trigonometric functions should
master §25,

In what follows any reference to an angle on a trigonometric
seale will be to the angle in black unless otherwise stated,

EXERCISES

Using the red numbers on the trigonometrie seales, solve Exercises 3. 48, b,
G, nnd T of §26, and Txercises 1 to 3 of 827,
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29. Combined operations. The method for evaluating expressions
involving combined operations as stated in §§16 and 23 applies
without change when some of the numbers are trigonometric fune-
tions, This is illustrated in the following examples.

i 4 sin 38°
Example 1. Evaluate Tan 5%
Salution, Push hairline to 4 on D,

draw 42° of 7" under the hairline,
push hairling to 387 on 8,
at the hairline read 2.73 on D,

6.14/17 sin 72° tan 20°

Example 2. FEvaluate 5 5

Solution.  Use rule € §15 to write V17 sin 72° tan 20° .

2.2 (!-;]_])

Pugh hairline to 17 on A right,
draw 2.2 of €' under the hairling,
push hairline to 20% on T,
draw 6.1 of CJ under the hairline,
push hairline to left index of C,
draw right index of €' under the hairline,
push hairline to 72° on 5,
at the hairline read 3.96 on [).
7.9 esc 17° cot 31° eoz 41°

18 tan 48°+/3 .8

Example 3. Evaluate

1 .
T eot 31° by O

1 : :
tan 45° by B -i‘z“‘zmd using rule €' §15, we obiain

Sofulion. Replacing cso 177 by

18
/3.8 sin 17° tan 31°

Push hairline to 18 on DI,

draw 38 of B left under the hairling,
push hairling to 79 on €,

draw 17° of 5 under the hairline,
push hairline to 42° on T,

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

at the hairline read 0.870 on D,

(i):'.{atﬂ.u 42° 0os 41°
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The student could have avoided the use of red numbers by replac-
ing in the given expression cos 41° by sin 40°,

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

i 5
Example. Evaluate siil_%i}li]: 33?3;‘;4; 06
Solution. Push hairling to 2.10 on D,
draw 70° of 8 under the hairline,
push hairline to 2.54 on CF,
draw 35 of T under the hairline,
push hairline to 45 on B right,
draw 3.06 of CF under the hairline,
under index of € read 17.77 on D.
Note that the folded seale was used twice, onee in the third setting
and onee in the sixth.

Evaluate the following: S 0.61 cae 12° 157
1, 18.6 sin 36° e T [
i #in 21° 14 1 sin 22° 40"
2 32 EI-!I:I. 13 ' tan 28° 10"
R 15 3.1 8in 61° 35 eag 15" 18"
5 4.2 tan 38> 3 ooa 277 40" cot 20°
* Ein 45° 30° 16. | 13,1 gin 37 7'
4 34.3 sin 17° tan 30° 10"
" “tan 22° 307 i7. ﬂ_ﬂ_ﬂ&imn 40° 50
5. 1.-.! 1 m‘ﬂ-iﬂ"'l tan 2°IJ
tan 35° 107 /18,5 gin 45° 30°
L °:E}%f'_°. '1.*'4 B 41.2 cot 71° 10/
COL o .-"'_
7 .8 cae 35° 30 —-—i—u-%
¥ e T tan 147 ]:;;
. §0° _sin 5L 30
g B lee 0. 2@ 6.9
gin 18° tan 20° ; eae 40° 30 *
% 37 tand4i° sn3I° (19.1) (7.61) +/60.4
gin G2° at_‘i 22, {43]} l:l G2) gin 39°.
iy e 23. 00121 gin 81° cot 417
8.1 tan 22° 18

11. 3,14 sin 13* 10" cao 32°

12, 7. 1= sin 47° 45%,

1.01 eos T1° 10" sin 15°
+/ 4 81 cos 27° 10/

£



44 PLANE TRIGONOMETRY [CHAr, TV

30. The use of the trigonometric scales in solving proportions.
Seales S and 1) ean be used together in the same way as other scales
have been used in previous chapters for making a getting indicated
by a proportion involving sines and numbers. For example let us
find the values of z and @ in the proportion

gin 36° mine =in 10°2
270 320 T

n 36°
Since in the ratio > 3 0 both numerator and denominator are known,

opposite 270 on scale D, set 36° on scale 8, push hairline to 820
on I}, at the hairline read ¢ = 44°10" on S; push hairline to 10%2
on 8, and at the hairline read # = 80 on D. The following form
gives a diagramatie setting for the proportion:

| 8 [ serase read g = 44°10° | opposite 102"

| b opposite 270 [ opposite dzﬂ J read = 80.0

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

To find the value of a product involving sines, we may use the
S and D geales together to perform the multiplication in the usual
way, or we may write the given expression in the form of a proportion.
Thus treating 8 sin 40° as a produet, to 8 on D, set the right index
of 8, push the hairline to 40° on 8, and at the hairline read the
produet 5.14 on [,

To find this product by means of a proportion we write
= H gin 40°,
use Rule B §12 to write

x 8 ;
sin 40° = 1 ( = sin 90°)

(e

i o =-51H

m-m-%

Fia. 4.
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opposite 8 on D set 90° on 8, and opposite 40° on 8 read = = 5.14
on D (see Fig. 4).

Example 1. Find # if sin a=g.

Solution. We write the given equation in the form
gin @ 1 (= sin90%
B e i
to 5 on D set right index of scale S, push the hairline to 3 on D,
and at the hairline read 0 = 36°52' on 8.
Example 2. Find 0if cos 0 = 2/3.
Selution. Since cos 0§ = gin (90° — 0), write the given equation
in the form gin (907 — ) 1 ( =sin ‘..{Qfll
2 3
to 3 on D) set right index of &, opposite 2 on D, read 90° — 0 = 41° 49
on 8. Henen 0 = 48° 117,
Scales 1" and D can be used together in the usual way to make
the setting indicated by a prépertion. Thus to find

_ 16 tan 87" y _ tan 37°
= =007  apply Rule B, §12 to obtain = 6= 001"

opposite 170 on [ set 37° on 7', and opposite 160 on D read y = 710
on €. This setting is also explained by the following diagram:

¥ get 37°
i read y = 710
D opposite 170 opposite mn
; : R b . b 4,23
Again to find # = tan? g_‘?, write tq;x : ~ 873 and from this

proportion obtain 0 = 32711,

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

11 5 L
sin 56°36° ~ sin 43° " sin @'
by using the setting explained by the following disgram:

DF || opposite 11 I read 9 | opposite 13

S || set56°36" | opposite43® | read 80°24’

*The symbul tun~y is read “the angle whose tangent iz o

"‘
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EXERCISES
1. In each of the following proportions find the unknowns:
(a) sin 50° 25" @in 42° 10 _«in ¢ @) gin ¢ gin 45°  sin 6030,
T g -] s = 38R
gin 267  sin 40  sin 707 gin ¢ @in g  gin 12° 55
te) an xr ¥ ) T5.6  25.0 = 40.7
2. Tind the value of each of the following:
(a) 5 sin 30°, {e) 28 cos 25°,
i) 12 sin G0°, () 45 eso K2™20",
(e) 22/sin 50", (g) 17 see 167
() 15/ain 20°, (h) 55 sin 327 sin 187,
3. Find the value of #in the following:
. 807 sin 42° 3¢ : 413 sin 187 10"
Phmn e Sl i
. 413 sin 777 4%’ 156 sin 12° 55
T 508 S

4. Find the value of cach of the Tollowing:

1795 ain 67 257

Iﬂ.i 4 gin 8% 12¢

(a) gin 340 a0 {e) gin 33° 307
3.27 sin 73° 475 =in 18" 40°
®) oy B s @y
5. Find the value of each of the following:
(}4Hjn35°—5 4 gin 17° () lsai.uﬁi":il}'—ﬂﬂ.&-mﬂ“lﬁ’i
gin 477 gin 227 gin 6:3°
@) # — 6 gin 7O ] () (277 sin 30° 15°)? — 16 cos 12° 407
gin 37° — 0,21 40 2 gin 10° 10" + 32,1 =0 17° 167
6. Salve for the unknowns in the following equations:
ta‘m 4 tan a tan 33" 1*: 84_1 tan 75°
B T T g L N
{an 24° 10° tnn .8 9.32 tan 177
B yY=-"%1EF 16 D r=""55
() y = (407 cot B2" 53" @ y= R T
151 ecol 42°
1'? 2 4,77 tan 21° 15'
{d} W= tan rM." HJ" (k) tan # = Jfl -

{t) tam # =

31, Law of sines applied to right triangles.
how a proportion may be solved with the slide mle.

472 tan 11° 45"

333
We have just seen
A method of

writing a proportion from a triangle is given by the law of sines

gin A @in

B snC

-
{1 b

which applies to all triangles,

’
e
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Clongider its application to & right trizngle in which € = 907 and

write sn A sin B sin 90°

i i ¢

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

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

Solution. Bince A+ B=90° B=190°— 4 = 90% - 36° = 54°,
Application of the law of sines
to the right triangle of Iig. 5

ives
sin 36°  sin 54°  gin 90°
520 o

The solution of this proportion for b and e is accomplished by using
the setting (see Fig. 6) sxplained by the following disgram:

o | sot 36° ] opposite 54° | opposite 90°
D | opposite 520 | read b = 716 | read ¢ = BBS
]‘ & an“ sra“ 90"
E D s b coBb ?
Fio. 6.

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

Solution. B =007 — 4 =00° — 44° = 45°,
Application of the law of sines to the triangle
of Tig, 7, gives

~:u1 44° _Ein 468%  &in 90° A

= e At b
i i al Fic. 1.

The solution of thisz proportion for @ and b s aecomplished by using
the seliing explained by the following disgram:

il et 90° opposite 447 opposite 46°

0 ppnosite 51 read a = 35.4 read b = 36.7
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Example 3. Given a right *
triangle in which ¢ = 49 and iz e
il = 2'3, find A, E, and b {Et["ﬁ & b 80} c

l"lﬁ E,}, Fic. 8,
Solution. Application of the law of sines to the triangle of Tig. 8,
gives : : ;
gin A gn9° sin B
2 4 F

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

| git = 63°20°
§ | set90° | read 4 = 26%0 = Sﬂlﬁ _6:}
D | opposite 49 opposite 22 read b = 43.8

The student should note that he will save time by using the
red numbers to read 63° 207 directly instead of subtracting 26° 40
from B0,

Whenever an angle less than 5° 44, that is, an angle whose sine
or tangent is less than 0.1, is involved in the solution of a triangle
it is necessary to use the S7' scale, instead of the & or T seale,
as illustrated in the following example.

Example 4. Given the

_____;_._4_3_._________555‘_&& right triangle in which
A B [+ ¢=4.81 and a= 0,31, find
Fig. 8, A, B, and b (see Fig. 9).

Solution. Application of the law of sines to the right triangle
of Fig. 9, gives gin A gn B sin 90°

03" & 4.8

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

FAll read A = 3°42'

(/]

s opposite 86°18"
8 ik (= 90° — 3°42)

D | opposite 481 opposite 31 read b = 4.8
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Note that the DF geale may be used in place of the D scale in
making a setting based on the law of sines.

Example 5. Given the right triangle of Fig. 10
¢ in which € = 1760 and 4 = 32°, find a, b, and A.

i *  Solution. Application of the law of sines td the
L 71, right triangle of Fig. 10 gives
le l'ﬂ. ITE‘U it b

an 90°  sin 32° gin B°

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

DF || opposite 1760 | read a = 933 | read b = 1400

8| seto0° l opposite 32° | opposite 58° ( = 90° — 32°)

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

8 a known angle A, push the hairline

to & on scale D, draw A of scale S

4 . under the hairline, push the hoirline

A L a to a known parl, and at the hairline

Fic. 11. read the opposite unknown part.

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

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

EXERCISESR

Solve the following right trinsgles. In each ease draw o figure and write a
proportion from the law of sines.

1. a =G0, 4. b =200, 7. b w47,
& = 100, A = 64", B = 62756",

2, a =508, 5 e=372 8. a=0424,
4 = 38740". B = 8712 e = 0.010.

3. a=720, 8 o=l1l2 0. aw=8id,

B = 68750, 4 = 43°30°, A =727,
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Bolve the following right trinogles,  In each ense deaw o figure, from 16 make
the seiting directly, snd write the resulta without first writing the law of sines,

10, b = 4347 13. =357, 16, o =52,
A = 53°41", A = 5880, ¢ = .
11. b = 280, 14. o= 0.726, 17. & = 1875;
e=511 B = 10°51". B =200,
12, b w512, 15. o= 0.821, 18, b=,
g = 1100, = 217347, A = B826",

19, The lenglh of a kite string js 250 yds, and the angle of elovetion of the
kites is 407, IT the line of the kite string is straight, ind the height of the kite,

20, A veclor is direeted due N, and its magnitudeia 10, Find the component
in the direetion of north.

21. Find the angle made by the disgonn] of a eube with the disgonal of o foee
of the cube drawn from the same vertex.

32. The law of sines applied to right triangles with two legs given.
When the two legs of a right triangle are the given parts, we may
first find the smaller geute angle from

]

its tangent and then apply the law of

sines to complete the solution. LA
Example. Given the right triangle <

of Fig. 12 in which a = 3, b = 4; solve n e 201

the triangle. F15. 12

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

tanA 1
B g
indicates the setting explained by the following diagram:
4 set index read A = 36752  and B = 53°8' {red)
b apposite 4 opposite 3

Since an angle and its opposite side are now known, we may
apply the law of sines to the triangle to obtain
gin 36°52°  sin 90° (either index)
3 = €
and make the setting explained in the following disgram:

h ] set A = 36°52" opposite 90°

R | opposite 4 read ¢ = 5

The student should notice that after reading A = 36°52"on T,
the setting indicated in the second diagram iz made by drawing
36%2" on 8 under the hairline.
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Those operators who have oeeasion to solve many right triangles
of the type under consideration should use the following rule:
Rule. T solve a right triangle for which two legs are given,
to larger leg on I} set proper index of slide,
push hairline to smaller leg on D, _
at the hairline read smaller aeute angle of triangle on T,
draw this angle on S under the hairline,
it index of slide read hypoletiuse on D,

EXERCISES
Solve the following deht Lrisngles:
1. ‘¢=123, 4. a=273 7. a=133
b = 20,2, b =418, b =133
2. o= 101, 5 a=23 B n=432
b o= 116, b o= b =T1. ,
A a=50 6. a=12, 9. a=03I, i
b =235 b= 5, b =48,

10. The length of the shadow east by a 10-ft. vertical stick on s Horizontal
plane is 8.30 ft.  Find the angle of elevation of the sun,

11. From right trisngle ABC of Fig. 13 we have

a a s -
; = sin Adora=egnd,

and
. p 90°],

F1g. 13, ;: =tan A ora =btan A,

or, by using Rule C §15,
(L-sin90") tand _sind
1/a 1/b I/ *
By menns of this proportion solve Exs. 1, 2, 4, 5.

33. Law of sines applied to oblique triangles when two opposite
parts are kmown. The aame process used to solve right triangles
may be used to solve any triangle when a side and angle opposite
are given, since the law of sines which we have been using applies
to any triangle.

Example 1. Given an oblique triangle (see Fig. 14) in which
=350, 4=0656% and B=40% Find
b, ¢, and C,

Solution. Since A + B + €' = 1807,
Cw180° — (4 + B) = 755,
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Application of the law of sines to the triangle gives
sin 657 _ sin 40° _ sin 75°
By~ ] &
is & L A AT
/D be355 . 50 583 ¥
FiG, 15,

The solution of this proportion for b and ¢ is aceomplished by using

the setting (see Fig. 15) explained in the following disgram:

hi

| set 65° | opposite 40° opposite 75

2]

opposite 50 | read b = 35.5 read ¢ = 53.3

Example 2. Given an oblique triangle in which A = 75°, q = 40,

and b = 30, find ¢, B, and €' (see Fig. 16).
Seluiion. Trom the figure we observe
that @ =40 and A = 75° are the known pe3o
parts which are oppesite.  Henee push hair-
ling to 40 on I, draw 75° on & under the
hairline, push hairline to 30 of D, and at the a

c

“ﬂ

£

s

hairline read B = 46°25' on 8, push hairline Fig. 16.

to (! = 58°35" (= 180° — A — B) on S and at the hairline read

¢ =353 on D.

Example 3. Given the oblique trangle of Fig. 17 in which

A=75%u0=40, b= 3 find ¢, B, and €,

Solution,  Trom the figure we observe

- that @ =40 and A = 75° are the known
parts which are opposite.  Hence by push-
-0 ing the hairline to 40 on D and drawing
75" of & under the hairline, we make the
T setting used in solving the triangle. The
A splution i= explained in the following
Fig. 17. dingram:
Lty | read B = 4°0"16"
8 set 75° opposite 79°9' (= 4 + B)
1 | opposite 40 opposite 3 read ¢ = 40.7,

To obtain '=100°50'44" we use the relation C=180°—(A + B).
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EXERCISES
Bolve the following ohlique triangles.
1. & =50, 5. o =120, 0.5 =011,
A = 65%, b =80, e =TT,
B =407, A - 002, 8 =517
2, £ =60, 6. b = 0234, 10. & =30,
A = 0%, ¢ = 0,148, e =6,
= 75", B = 1007, 4 =123°11"
3. a =550, 7.0 =705, 11. @ = 8.064,
A =16%13" A =709 e =10,
It = 46°36 B« 44%41" A = 5051
4%y = 222 8."a =21, 12.%h =8,
b = 4570, A =410 a =120,
€ = H0°, =75 A =607,

13. A ship at point 8§ can be seen from each of two points, 4 and B, on the
shore. If AM =800 fi., angle SAB = 67°43, and angle SHA = 74°21", find
the distanee of the ship from A,

14, To determine the distance of an inaccessible tower A from u point &,
aling BC and the angles ABC and BC'A were messured and found to be 1000 yd.,
44°, amd 707, respectively. Find the distance A 7.

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

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

Solution. Fig. 18 shows  jeeay
the two possible triangles hav- A - i
ing the given parts. Applica- . 5
tion of the law of sines to F1a. 18.
trinngle ABC, gives

sin 36°30" min By &in O

175 = 3215 1

*The ST seale must be used in the solation.

-
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The setting and results are shown in the following diagram.

8 || set 35°30° | read By = 45°30' | opposite 81° ( = 4 + B)

8] ||| opposite 175 | opposite 215 read o = 298.

It appears from the Fig. 18 that Bz= 180° — By. Hence to solve
triangle A B € we write
By = 180° — 45°30' = 134730,
(= 180° — (A + Ba)= 180° — 170° = 10°
and g =
175 s

The setting and results are shown in the following diagram,

g | | st 35730 opposite 10° ‘

opposile 1756 read ¢z = 52.3. l

b

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

176
sin 35°30°

. fsin AN : :
When the known rafio (Einu—) in the ambiguous casze 12 sel on

the slide rule, we find opposite the index of scale S on seale D g num-
ber equal to or greater than the largest value that leg b may have con-
gin A sn B

-3 Therefore the following

gistent with the proportion

rule applies:

Set angle A on S opposite a on D and vead the value en D opposite
the index of S. If this value is grealer than b, there are tivo sohdions;
if it s equal to b, there s one solulion, a right trianagle; if it iz less than b,
there is no solulion.

EXERCISES
Holve the following obligue tricngles,
1. a'= 18, 3. a=322 5 o=177,
b =20, ¢ =971, b =214,
A = 55°24". = 52.%84" A = 35°36"
a0 §=19, 4. b= 516, 6. o= 17,060,
e=18, o= fi. 84, b = 14,060,

C = 15°40". B =443’ B = 40"
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7. Find the length of the perpen-
dieular pfor the triangle of Fig. 19,
How many solutions will there be for
trinngle ABC if (o) b= 37 {b) b= 4%
Fio. 19, (0) b= pt

35. Law of sines applied to an oblique triangle in which two sides
and the included angle are given. To solve an oblique triangle in
which two sides and the included angle are given, it is convenient to
divide the triangle into two right triangles, The method is illus-
trated in the following example.

Example. Given an oblique triangle
in whicha =6, b = 9, and € = 32°,
golve the triangle.

Solution,  From B of Fig. 20, drop
| the perpendicular p to side b, Apply-
| ing the law of sines to the right

: D - A trangle B}, we obtain
L beg ——-I

sin 90°  sin 32°  gin 58°
Fig. 20, e w —— B .
i 7 n

Solving this proportion, we find p=318and n = 509. From the
figure m = 0 = 5,00 « 3.91. Hence, in triangle A BD, we have

_P_318
B m 391
or
i
418 301"

Solving this proportion, we get A = 30°%'. Now applying the law
of sines to triangle A BD, we obiain

sin 39°8 . {-lin [!E‘

SRR T

Solving this proportion, we find ¢ = 5.04, Finally, using the relation,
A + B 4+ C = 180° we obtain B -108°52.* The italicized rule of §32
eould have been used in place of the last two proportions.

If the given angle is obtuse, the perpendicular falls outside the
triangle, but the method of solution is essentially the same as that
used in the above example.
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EXERCISES
Bolve the following trinngles;
1. a=04, 4. b =230, 7. a-0.085,
b = 58, 6 =3.487, £ = 0.0042,
O =29 A =825 B = 56730"
2. a=100, 5 a«1237, 8 a=17,
¢ =130, ¢ =15, b=12
B = 514" B = 48", € = 59°18"
3. o =235 6. o =8.75, 0, b = 2580,
b = 186, e = 1.04, o = H29n,
(' = 8430 B =121 A= 135721"

10. The two diagonals of a parallelogram are 10 and 12 and they form an
angle of 49.3* TFind the length of each side.

11. Two ghips glart from the same point st the same instant. One eails
due north at the rate of 10,44 mi. per hr., and the other due northeast af the
rate of 7.71 mi, per hr. How far apart are they at the end of 40 minutes?

DEPSATLE
12, In & land survey find the latituds 5
and departurs of 4 course whose length is E
525 ft. and bearing N 65°30" . See Fig. 21. asrie
TFic. 21,

13, Bolve Ex. 1 by means of the law of tangents
a—h a+ b

1 ¥ i
tan 5 (4 - B)  tang (4 + B)

36. Law of cosines applied to oblique triangles in which three sides
are given. When the three sides are the given parts of an obligue
triangle, we may find one angle by means of the law of coszines
a? = B2 + ¢* — 2 cos A and then complete the solution by using the
law of gines,

Example. Given the oblique triangle of Fig. 22, in which
c a=15 b= 18 and ¢= 20, find A, B, and €,
5 Solwlion., Trom the law of
: ; P+ —a?

B posings we write cos A = — T

s 182 4208 — 15 499

: o i + =157 499
or eos A = sin (00" — 4) = TR I8 K30 " 720
The ratio indicates the setting from which we find 90° — A « 43°52'
or A = 46°8’, Since we now know an angle and the side opposite,
we may apply the law of sines to obtain
sin 46°8' sin B sin &
150 S =
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Making the setiing indicated by the proportion, we find
B - 50°52', (' = 74°,

We may use the relation 4 4 5 + € = 180° as a check. Thus:
468" - 552’ 4 Td4° = 1807 check.

EXERCISES
Folve the following trisnglea:
1. o=234l, 4. o= 610, 7. o=07.10,
b =2.60, b = d0.2, b= 106,
¢ =158, o = 505, o= 139,
2, n=111, 5 o0=7T93, & u=2347.9,
b = 145, b =508, b= 5.1,
e = 4. o= 4,81, o = 35.0:
3. n=15, 0, g2l 2 a=13
b =38, b= 24 b =14,
=41, €= 27, ¢ = 15

10. The sides of & trisngular Geld messare 224 T, 245 fi, nod 205 ft. Find
the noples at the vertices,

11. Find the hirgest aogle of the trinngle whose sides nee 13, 14, 10,

12. Solve Fx. 11 by means of the following formula:

tﬂn‘l—l:- - AJU’_—M.__.. ol where 8 = é (o + b 42}
13, In Ex. 4, §35, find the side opposite the known angle by means of the law

of cosines and then complete the selution by means of the law of sines,

14. In trinngle A B( of [\
Fig. 23

P =R em? = -k

Henee B — o = m® — n¥, - \
”

Factoring nnd replacing A L . ! - B

[ 4 n) by o, we have Fi1g. 23.

(b4 a) (b —a) =(m+n) (m—n) =2cim-—n),
b4a m=n
2 b=o (a)

Tosalve the triangle A BC, find m —p by using proporiion (o). Combine this
result with

ar

W+ n o=

to find moand i, Then solve sach of the right triangles of trigngle A BC and nse
the results to find the aogles A, B, and €,

Apply this method to solve s 1, 2, 3,
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37. Summary. The following tables summarize the methods of solution of

triangles.
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38, MISCELLANEOUS EXERCISES
Solve the following triangles:

1, o =80, Y. e=1, 13. a = (321,
A = 207, A «30°, b = 0.361,
= 00°, = 00°, ¢ = 0,402,

2. b =30, 8. 4 =785, 4. a0 =4,

A = 10°, A = 700, b=T7,
7 = 007, B = 44%41°, ¢ =G

3, o=80 9. a = 500, 15. & =78,

A = 78% A = 1.”'“12’_. b= 834,
7 = 807, B = 465736, B = 56°30-,

4. a = 10.11, 10. b=29.0, 16. b = B000,
b= 172 A = E7o00, A = 24%0,
1 = 802, G =-33715"% B = Ba30,

5 a=2 11. & = 546, 1¥. o = 42,930,
b =3, e = G6.7, ¢ = 73,480,
= (' = 7742, C = 127738,

6 o =56, 12. o = 5138, 18. a = 1.5,

b = 4.3, ¢ = G704, b = 54.7,
e = 4.0, B = 7013, ¢ = 47.0.

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

20, The disgonals of o parallelogram are 5 fb, and 6 ft. in length.  1f the angle
they form is 49°18, fird the sides of the parallelogram,

21. A earis traveling at a rate of 44 i per second up s grade which makes an
nngle of 10” with the horigontal,  Fiod how long it takes for the car o rise 200 ft,

22, A lighthouse iz 16 mi. in the direction 20°30° east of north from a eliff,
Another lighthouse is 12 mi, in the direetion 72°45' west of south from the eliff.
What i the direction of the first lighthouse from the seeond?

23, A 52-ft. Indder i= placed 20 {1, from the foot of an inelined buttress, and
reaches 46 ft. ap ite Face,  What i8 the inclinntion of the bultress?

24, Ifin a circle a chord of 41,36 ft. subtends an are of 145°37, find the radius
af the eirele,

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

= r {number of radians)
180 ~ d (number of degrees)

The setring iz as follows:

Opposite = on DF st 180 on COF,

Opposite radians on D (or DF) read degrees on € (or OF),
or

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

EXERCISES
1. Express the following angles in radians:
{a) 45% () 180°, (g 22°30",
{h) 60°, (e} 120° (h) 200°.
{e) 007, {135 {£) 3000
2. Express the following angles in degrees:
(a)y =/3 radians. (¢} =/72 radian. (e} 207 /3 radinns.
(b /4 radiang, (i) T=/0 rndians: () 09587 radians.
3. Fxpreas in radiang the following nngles:
{a} 1% {e) 1. fe} 180°34"20",
b 1 () 102117, (f) Bo0°25'43",

4, Find the following angles in degrees and minutes:

(i) ﬁ] radign; (6) 23 radinns; (e} 1.6 redinng; (d) 6 radians

40, Sines and tangents of small angles, To find sin 6 or tan 0 for
an angle smaller than those given on the ST scale, we may use the
approximate relation

gin ) = tan O = 0 (in rodiens), (approximately).

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

angles expressed in degrees on €' or O'F, read the same mugles expressed

in radians on D or DF respectively. Thussin 0.3° = 0.3 ﬁ = (L1524,

ot jan, and sinee 1" = ————— radian, we
Sinee 1 = 5 g radia 15075 60 % 60
ean find the sine or tangent of any small angle expressed in minutes
(or seconds) by multiplying it by the value of 1’ (or 17) in radians.

= - A = e
Thussin 18" = 18 ——— ]81] &0 0.00524; sin 35 Y s 180 x | ﬁ” w00
0.0001697.

3 180 = G0
For convenience the value of Tx

has been marked by &
"minute” gauge point on geale 8T near the 2° division, and the value
180 3 60 x 60

of S C S has been marked by a “second’ gauge point near
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the 1°10¢ division. To approximate an answer for the purpose of
placing the decimal point, it is convenient to remember that sin0.1% =
002 (2 zeros, 2) nearly, that sin 1’ = .0003 (3 zeros, 3) nearly, and
that sin 1" = ,000005 (5 zeros, 5) nearly.

To find sin 35" or tan 35" set the slide rule as indicated in the
following diagram;

ST | set “second” gauge point \ opposite left index

D ‘ opposite 35 ‘ read 0.0001697

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

|
ST \ set “minute’” gauge point
I ‘ opposite &4
2 | opposite 25 read 44

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

C'F set 180
e oppozite 540
[ D opposite 0,407 | read 44

1 150
tan0.25° ~ 0.25="
and then set the slide rule as indieated in the following diagram:

T'o find tan 80.75°, write tan 80.75° = cot 0.25° =

DF to =

| CF set 180
¢ | ' B opposite 0.25
pI | read 229

-
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EXERCISES
I'ind the walues of the following:

1. gin 5%, 12. cot 30°.

2. &n 5. 13, 250 sin 23°,
3. =in 21°. 14, 42 lun 19,
4. sin 327, L5, 150 cos S4°40°,
5. tan 7. 16. 38 gin 537,
6. tan 52", 17. 600 tan 35%.
7. oos BOME" 18, 432 gin 337,
8. cos BUSH’ 19 jo JmA TS

9. sec. 897 41V, 0.0001745 "
10. eso 16, 20, M0 18
11. ase 2, 0.131 °

41. Applications involving vectors. Sinece veclors are used in the
golution of a great number of the problems of seienee, a lew applica-
tions invelving vectors will be eonsidered at this time,

A veetor A B (see Fig. 27) 1a
n segment of a straight line 5
containing an arrowhead
pointed toward B to indicate
a direction from its initial
point A to its terminal point %
B. Thelength of the segment
indicates the magnitude of the
vector and the line with at-
tached arrowhead indicates 4 © o i !
direction. If from the ends A Fie. 27.
andl B of the vector, perpen-
dieulars be dropped to the line of a vector A'B' and meet it in the
points A" and B”, respectively, then the vector A" B direeted from
A" to B" is called the component of vector AB in the direction
of A'B’,

A force may be vepresented by a vector, the length of the vector
representing the magnitude of the force, and the direction of the
veetor the direction of the foree. In fact, many guantities defined
by a magnitude and a direction ean he repre:cntcd by vectors.

In each of the following applications, two mutually perpendicular
components of a vector are considered. Evidently these components
may be thought of as the legs of a right triangle having as hypotenuse
the vector itself,
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For sonvenience the rule for solving a right triangle when two legs
are given is repeated here.
Rule. To solie a right triangle for which two legs are given,
to larger leg on D set proper index of slide,
prush hairline to smaller leg on D,
al the hatrline read smaller acute angle of triangle on T,
draw this angle on 8 wnder the hafrline,
ab frdex of slide vead Rypotenuse on D,

Example 1. Find the magnitude and the angle of the vector
representing the complex number 3.6 + § 1.63 where j = Za ]y

Solwdion, I the numbers @ and g be regarded as the rectangular
enordinates of a poini, the complex number x + jy is represented by
the vector from the origin to the
point (z, y). Henee we must find &
and 4 in Fig, 28. Therefore, in
accordance with the italicized rule
stated above,

Fig. 28,
To 3.6 on D set right index of slide,
push hairline to 1.63 on 1,
at the hairline read § = 24°22' on T,
draw 24°22° of S under the hairline,
at index of slide read R = 3.96 on [,

Example 2. A foree of 206.8 Ib. acts at an angle of 38° with a given
direction.  IFind the component of the force in the given direction,
and also the component in o direction B
perpendicular to the given one, t

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

26.8 ] 3
sin 90° ~ sin 38° * gin 52°°
make the corresponding setting, and
read z = 21,1, = 16.50. F1a. 20.

Example 3. A certain eirenit consists of a resistance B = 3.6 and
an induetive reactance X =2.7 in series. Find the impedance 2, the sus-
ceptance B, and the conductance (.

[

Solution. The quantities B, X and i
2 have relations which may be read
from Fig. 30. Conductance ¢ and F16. 30.

™
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susceptance B are found from the relations
. R X
Gy x fomem
or, gince 2 =V 2 4+ X7,

Vil b K eos B
B+ X2VREy X2 2]
& I ein (a)

B=—
Vit X0WRP L X2 2

From equationz (a), we obtain
2 gin 8 cos B
il el ©
First apply the italicized rule stated above to find 2 and 0 of Fig.
30, and then use the proportion principle to find B and & from (b).
Henee
To 3.6 on [ sel right index of slide,
push hairline to 2.7 on D,
at the hairlive read § = 36°52" on T,
draw 36%32" on S under the hairline,
at index of glide read z = 45 on D,
draw 4.5 of (" opposite left index of D,
push hairline to 36°52' on 8,
at the hairline read B = 0.133 on D,
push hairline to 36°52° red on &,
at the hairline read G = 0.178 on D,
EXERCISES

1. ¥md the unknown angles i and the unknown magnitudes of the vectors in
Tiga. 31, 32, and 33,

¥ 8.3
Fie. 31, F1a. 82, Fie. 33.

2. The rectangular components of a veotor

547 : ; :
i i are 1504 nnd 547 (see Fig. 84}, Find the
Fic. 34 mugnitude r and direetion angle § of the veetor,

3. Find the mugnitude and direction of a vector having a= the horizontal
and verticn] components 18,12 and 845, respeetively.
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4, Find the horizontal and vertical components of a veetor having magnitudes
2.5 and making an angle of 16°15" with the horizontal.

5. A foree of magnitude 28.8 1b. acts st an angls of 68° with the horizontal,
Find its horizontal eompanent, and its vertical component,

6. A 12-inch veetor and an unknown vector v
have as reaultant & 16-inch veetor which makea an
angle of 25° with the 12-inch vector as shown in
Fig. 35. Find the unknown vector r.

¥
7. Find the magnitude and the angle of the
veetor representing the imaginary number
~ 2.7 + j3.6. Hint. Use Fig. 36. L 'ﬂ
=3
=T
Fra. 38.

8. Through what nngle 9 measured
counter-cloclwise must a vector whose
complex expression ia —10 = 35 be rotated
to bring it into coincidence with the vector

¥
—10

whose complex expression i2 3 4+ j4.  (See P

Fig. 37). -5 |

Fiz, a7.
]
9. The somplex expressions for two vie-
tare (see Fig, 88) are m =7 —F14 and - e s
g = — & —§8 From the tip of s & ling \‘
ig deawn perpendicular to v, Tind the -8 :
length e of this perpendicular, and the - a6
length # of the line from the origin to the o'y
foot of the perpendicular. |
Fig. 38,

10. A certmin cireuit consists of n resistance of 8.24 ohms and an industive
ranctance of 4.2 ohms, in series.  Find the impedance, the susceptance, and the
conductance, {(Bee Example 3.)

11, TFind the impedance, the susceptance, and the conductance of a cireuit
which consists of a resistance of 8.76 ohms and an inductive resctance of

11.45 ohms in series.
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42, Applications. The solutions of many practical problems are
obtained hy dealing with rectilinear figures. In finding the length
of n specified line segment of a rectilinear figure, the beginner is
likely to read a number of lengths which are not needed. This may
be well at first, but the efficient operator reads and tabulates enly
useful numbers, The following examples and solutions indieate
efficient methods of finding desired parts of rectilinear figures.

Example 1. Find the line segment marked = in Fig. 39.
Solution. By using the law of sines, we write
368 1 T z

sin 39° ~ sin 65° sin 50°  sin 28°

and then find # by making the
following settings:
push hairline to 368 on J'J
draw 39° of S under the hairline,
push hairline to 65 on S,
draw 507 of 2 under the hairline,
push hairline to 2587 on &,
at the hairline read & = 3250n D,
The value of y was not tabulated, Fiz. 39.
but it could have been read af the
hairline on seale 2 when the hairline was set to 65° of seale 8. Also
it was not necessary to write the ratios; for, when one remembers that
each ratio is that of a side of a triangle to the sine of the opposite
angle, he has no difficulty in perceiving, from an inspection of the
figure, the settings to be made.

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

Example 2. T'ind the length of the side marked 2 in Fig. 40(a).

Solution. To find the length of the side marked z in Fig. 40{::},
first draw Fig. 40(0), campute the
angles shown in the figure, and
push the hairline to 280 on D,

dreaw T7° (= 1807 — 103*) of Sunder
the hairlineg,

push hairline to 32° on 5,

draw 387 of 8 under the hairline,
push hairline to 65% on 5, Fic. 40(n). F1G. 40 (k).
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draw 45% of S under the hairline,
push hairline to 77%on 8,
at the hairline read 2 = 319 on D,

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

Example 3. TFind the side 2 of the in-
seribed quadrilateral shown in Fig, 41 (a).

Solufion. Angles § and 8 are right
angles because each is inseribed in a semi-
cirele. Knowing two legs of right triangle
FOR we first find its hypotenuse and then
deal with triangle PRR. Accordingly

To 184 on D zet left index of slide,
puish hairline to 7.81 on D,
at the hairline read A [Fig. 41 (1] = 23°

draw 23° of S under the hairline,
compute B [Fig. 41 (h)] = 65— A = 42°
exchange indices (see § 6},

push hairline to 42° on S, -
gt the haidine read x = 13.37 on . Fi6. 41(b).

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

Example 4. An engineer in o
level country wishes to find the
distance between two inaceess-
ible points ("and D and the di-
réction of the line conneecting
them. He runs the line A8 Fig.
42 (a) due north and messures
the side and angles as indicated.
Using his data solve his problem.

Fia. 42 (a).
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Solution. First find £A (but do not
write it), and then find £C = 706; after-
wards find BE (but do not write it) and
then ED = 425. In the triangle DEC
[sea T, 42 (B)] two sides and the ineluded
angle are now known; hence the method
of §356 may be applied to it to find DU =
044 and anple ECD = 26147, Therefore
the angle NCD = 48°% — 2814 = 2184°,
and line C P makes an angle of 2134° with
a line directed due north. The operator

EXERCISES

—

Fig. 43. Fi1g. 44.

. Find the length of the line gegment B0 dn Fig.: 39,
2. Find the length of the line segment marked w0 in Fig. 400,
3 In Fig. 43 find the length of the linesegment marked 2.

4. Line sepment A8 in Fig. 44 is horizontal and 0 38 vertical.  Find the
lemgth of 13

5. In the statement of Hx. 4, replace " Fig, 44" by " Fig. 45" and solve the
resulting problem,

Fig. 42(h).
may check these answers by making the suggested settings,

Fra. 45.

6. Find the length of the line segment marked = in Fig. 46,
7. If in Fig. 47 line segment B0 s perpendioular to plane A Bt7, find ita length.

Tog"
p—ad—
Fig. 46,

| A.
: i

Fie, 47.
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8 A tower and a monument stand
on n level plane.  (See Fig, 48), The
angles of depression of the top and bot-
tom of the monument viewed from the
top of the tower are 13° and 31° re-
speetively; the height of the tower is
145 ft.  Find the height of the monu-
ment,

9. The captive bolloon € shown in Fig, 40 is connected to a ground station A
by a eably of length 842 ft. inclined 65° to the horizontal.  In a vertioal plane
with the balloon and ite station and on the opposite side of the balloon from A o
lurget B was gighted from the
badloown on g level with 4. I the
angle of depression of the target

from the Ldloon is 4° find the dis- g

tanee from the target to o poind AT

€ directly under the balloon. i i
Fic. 49,

10, A light house standing on the top of the cliff shown in Fig, 50 is observed
from two bosts A and B in o vertical plane through the light house.  The nngle
of clevation of the top of the light houss
viewed from B iz 107 and the angles of
dlevation of the top and bottom viewed
from A wre 407 and 23° respectively. If
the bosta nre 1320 ft. apart fnd the height
of the light house and the beight of the cliff,

11. Fig. 51 represents a 600 ft. radio tower,
AC and AD are two cables in the same vertical
plane anchored at two points € and £ on & level
with the base of the tower, The angles made by
the eablea with the horizontal are 44 and 55 ps
indicated, Find the lengths of the eables and the
distance between thelr anchor points,

12, Two fixed objeots, A and B of

Fig, 52, were observed from a ghip ot B
it 5 to be on & etraight line passing
through 8 and bearing N 15° B, After
pailing 5 miles on 8 coursa N 42° W
the captain of the ghip found that A ag,

lore dise east and B bore N 40° E, 4
Find the distance from A to /. e

-

Y
m



CHAPTER V
THE LL (LOG LOG) SCALES

43. Raising a number to a power. An important use of the Log Log
(LL) secales is to find the powers of numbers. Tn this connection
these seales funetion with the € seale. To illustrate the process
consider the problem of finding the value of 3. To do this

|38

1 w3 5 a
Fic. 1.
Push hairline to 3 on LL3,
draw left index of C under the hairline,

push hairline to 4 on €,
at the hairline read 81 on LL3.

The above example illustrates how to use the LL scales to find the
powers of numbers. In this connection the following rule will be
found helpful.

Rule. To raise a number b to the nth power, set the index of the
¢ (or CF) scale to b on an LL scale: and opposite n on the ¢ {or CF)
seale read the answer on an Ll scale.

Te familiarize himself with the process, the student should per-
form the operations indicated in the following disgrams.

To find 5%,

&) “ set left index || ppposite 3

LL3 | opposite b | read 125

to find 2.82415,

C ” set left index | opposite 415

LI3

opposite 2.52 1 read 73.9

70
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to find 1.25',

LL3 ‘ read 9.31
LL2 oppozite 1.25
to find 1.14%,
(& ‘ sof left index | opposite 5
LI2 opposite 1,14 l romd 1,925

to find 1.250.%2

C i sed right index apposite 932
LL2 | oppodgite 1.25
LL3 read 8.00

to find 1.0412%,

i | sot left index | opposite 125
L1 | opposite 1.04 ‘
Lz | read 135

to find K333

¢

Li3

‘ set right index

opposite B6

| read 4.41

| opposite 333

M

Powers of e (= 27183 approximately) are involved in many
mathematical investigations, especially in problems dealing with
probability. Since e appears at the left end of seale LL3, when
we seb the slide for raising e to a power in accordance with the above

rule, seales € and 9 are in coincidence.

Hence in this ecase seale D

may be used in place of sealesC. For example to find ¢ set the
hairline to 7 on secale D and at the hairling read 1100 ( = €7) on

seale LL3.
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EXERCISES

Ewvaluate the following expressions.  In each case the anawer must be read
on seale LIS,

1..3%, 7. ¢h2, 13, 008

2. 4, 8, phfl, L4, 270
3. 4.544, 0, ﬂ_l.i‘l 15. 4“".3 L

4. 1,812, 10. e2d1, 16, +/Ri.2.
5. 2.501, 11. 32187, 17. V20
6. ¢t 12, fjoea, 18, +/ (7417,

44, The proportion principle applied to the Log Log (LL) scales.
Throughout the remainder of this chapler nearly svery setting
given in the examples is indicated by a proportion.  This does not
indicate that a student should always write a proportion helfore
making a setting. He should use the proportion plan only when
he has forgotten a setting or wishes to devise 8 new one.

When the hairline is set to a number on seale LLL, LL2, or LL3,
it iz automatically set to the neturael logarithm of the number on
seale D at the hairline, Consequently a proportion invelving
logarithms and numbers indieabes a setting to be made by using the
L1 seale with the €' seale. Thus to find  in the proportion

log 3.84  log 8.64

3 T
we make the following setting:
{ l gel 3 | read 5.05
LL3 || opposite 3.84 | opposite 9,63

' A : L = a
Suppose it is required to find the value of ¥e. Write 2 = Noand
equate the logarithms of the two members of this equation to obtain

oz _log N
Iug.c—hlug N, or ey

/o : A
} L N H \
Fra. 2.
This proportion suggests the following setting:

pusch hairline to ¥ on LL secale,
draw b of seale € under the hairline,
push hairline to 4 on €,

at the hairline read x on LL seale.

This method will be followed in the examples below.
Example 1. Find 83255
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Solution. Let y = 8.32 ©1 and equate the logarithms of the two
members of this equation to oblain

2

2 log 8.32, or &Y 08552,

7.2 2.8
Thiz proportion sugpests the setting indieated in the following
diggram:

fi
logy=3

44 | pel 2.8 | appodite 7.2
L3 |

opposite 8,92 | read 232

Example 2. Tind v/36.4.

1 1
Solutton, Write ¥36.4 in the form 36.43, let y = 36.4%, and
equate the logarithms of the two members of Lhis equation to obtain

log y _ log 36.4

1 e
[ugy-ﬁlugdh.l,ur oo =

This proportion suggests the setting indicated in the following
dingram:

G set 8 opposite left index

ooy M
LL3 “ opposite 36.4 read iy = 3.31

It appears from the foregoing example that the same process of
raising a number to a power ineludes ag a special case a process of
finding the root of a number.

Example 3. Find zif 7.2* = 83.2,

Solution. Equate the logarithms of the two members of the given
equation to obtain
log 7.2 log 83.2

a log 7.2 = log 83.2, or i =

This proportion suggests the setting indieated in the following
disgram:

[ B | set left index | read £ = 2.24

Li:3 | opposite 7.2 | opposite 83.2

Example 4. Find y if 32 = 146,
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Solution. Equate the logarithms of the two members of the given

erquation to obtain :
P log 4 log 146
3.24 log y = log 148, or —e
This proportion suggests the setting indicated in the following
diagram:

¢\ seb 3.24 opposite left index
LE3 || opposite 146 | read j = 4.60
EXERCISES

Evaluate the following expressions.  In Exervises 15 to 18, find #. Tneachcase
the answer must be read on the seale indieated.

Rend Ans, Read Ans,

on geale o sl
1. BATEF LL3 10, (780" LL2
2. 3820 | LE3 1. V1i LL2
3, 42550 | L3 12. (L17T7)52 LI2
4. 131850 LI3 13. /006 LL3
5. 145-1' L3 14. (';‘;—i i L2
i 2 s 15. 5% - 12 ¢
7. 4.86% Lii 16, z* = 720 LL2
8 (8) LL3 17. 27% = 81 o
9. 1101 L2 18, 107% = 5.78 o

45. Location of the decimal point. When raising a number fo a
power a rough mental caleulation is usually sufficient to locate the
position of the decimal point in the answer. Moreover, sinee the
actual magnitudes of the numbers appear on the LI scale, the
result of the approximation serves to determine the seale on which
io read the result. This method of loeating the decimal point is
very important for, in addition to indicating the scale on which the
answer is to be read, it furnishes a rough check on the work.

A useful relation which can be used as a supplement to this method
of determining the decimal point is that a number on scale LL3 ts
the 10th power of the number appearing directly opposite on scale LL2,
and a number on scale LL2 13 the 10th power of the number appearing
directly oppogite on scale LLL

*The scale on which the answer must be read is discussed io §43.
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The same relation may also be expressed by saying that any number
on seale LL2 is the lenth voot of the number opposite on scale LL3
and any number on seale LLL is the tenth root of the number opposile
on seale L1L2,

To better understand the statements just made the student should
think of the scales LL1, LL2, LL3 as forming one continuous seale
sueh as the one shown in Fig. 3. Above thiz continuous Log Log
soale is placed another continuous scale made up of adjoining €
soales in which each of the numbers appearing on any one of these
{f geales is taken as fen times the same number appearing on the
' seale adjoining on the left,

[+ 1 Egnla © 10 Ecoln & 120 Seals G 1000
1 b A B O B B W S O TR R I
I it wole L il L2 &7 LL3 ziboe

Fic. 8.

In the position here shown it is seen by inspection that (LOL5)
is on scale LL1, (1.015)'0 is on seals LL2, (1.015)1%% i5 on scale LL3
and (1.015)1990 i3 heyond the limit of scale LL3.

Example 1. Find 8.731.73,

Solution. By inspection we see that the value of 87317 lies
between 8 and 9% or between 8 and 81.  Sinee all numbers between
2.72 and 22,000 appear on scale L3 the answer must be read on
geale L3,

The setting is as follows:

i “ set left index ] opposite 1.724
LL3 |

opposite 8,73 | read 41,0

Example 2. Iind 1.04%%,

Solution. A glanee at the rule tells us that (1.04)! appears on
seale LL1. Hence we know that 1.041° appears on LL2 and 1.04100
appears on scale LI3;: consequently 104" must appear on LL3.
It is left to the student to write the proper proportion and obiain
the result which is found to be 9,680,

Example 3. TFind 1.03223.5

Solution. 1i we attempt to make the setting in the usual way by
getting the hairline to 1.0322 on seale LL1 and dreawing the left
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index of € under the hairline, we find in this position of the slide
that 3.52 on seale € is beyond the limit of scale LL1. Hence we
must seek the answer on scale LL2. To do this

push hairline to 1.0322 on LL1,

draw right index of € under the hairline,

push hairline to 352 on €,

at the hairline read 1.118 on LL2.

f e 3p0 F
[Le e 3§
Frc. 4.
EXERCISES

1. Bhow in each of the expressions of §42 that the seale on which the answer
must be read is the coe indieated,

Tind the value of xin the following exercises.

2. (a) 1.081% = z, (b) 1.031%1 = 3, {¢) 103151 = .
X (a) 1.0163%™ =g, (h) 10163978 =, (e} 1.OIG3AVE m 3,
BET B&T &8 T

4. (o) (LOTI@i=2,  (b) (10733)%6 = 1, (¢) (1.0733)07 = @,

E, (o) 85637 =, by BA5M1A = (&) B.55%E = 5

6, (o) 1550357 = 7, (b 1550108 = 2, {e) 15500188 o o,

7. {a) 1.045%2 =z, (b) LO4A® =z, [¢] L0430 =, (d) 1.043%0 =z, (¢) LO43M =,
8. 1.14"7 = 1, 11, 1.3% = 7.2, 14, 2005 = 13,

g, 4027 = .4 12. 8312 = 10, 15. 4.02 = {B.B?}%‘l;
10. 127 = 7.137. 13, 54 = 4140, 16. z%3 = .04,

46. Readings beyond the limits of the LL scales. When the value
of the expression a™ does not full within the interval from 1.01 to
22,000 of the LI scales, a™ should be divided into parts each one
of which can be evaluated on the rule. These parts are then com-
bined to obtain the required result. The proecess is illustrated in
the following example.

Example 1. Find (24}°.

Solution. Method 1. Obviously 245 = 248 x 24*. Hence find in

the usual way 242 = 13,820 and 242 = 576. Then multiply these
results together to obtain 7,960,000,

Methad 2. Obviously 24° = (6 x 4)3= 6* x 45. Henee find in
the usual way 6° = 7,780 and 4 = 1,024, and multiply these results
together to obtain 7,960,000.

It is to be observed that the first method consisted in splitting
the exponent, and the second in splitting the base.
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Example 2. Find (28.2)7,

Solution. Obviously (28.2)7 = (2.82 x 10)7 = (2.82)7 x 107, Henee
find in the usual way (2.82)7 = 1420, and multiply this result by 107
to obtain 1.42 % 10",

When the value of @ in the expression a" is between 1 and 1.01,
we may find the value of a" by using o method based on the relation

(1 +8)" =1+ nb (approximately), (1}
or "
(1 4 bE)* =1 4 ub (approximately), (2)

where k is o number at our disposal.  E should be so chosen that
6k is near to 0.01.

Example 3. Find (1.0007)*".
Solution. Using relation (1), we write
(1 + 0.0007)" « 1 + (3.4) (0.0007) = 1.00238. Ans.
Example 4. Find (1.005)"",
Solution.  In aceordance with relation (2), we write,

d-1
(1005 = [ 1 + (0,005 (2] 7 = (1.o1)*7.

But LOL"" ¢an be found on the alide rule in the usual way. Its
value is 1.0171. Ans,

Example 5. Find (127)%0001%,

Soluiton.  Wrile the given expression in the form
D.onn 24

[(127) o0 1> = [(127)" %% P2t - (1.0151)",

We found 1.0151 by evaluating (127)"™"!

relation (1), we write

in the usual way. Using

{1 +0.0151)%" w 1 + (0.04) (D.0151) = 1.0006. Ans.

EXERCISES
Evalunte the following expressions,
1. R.50, Hint: Write in form 2459 = 853,
2. 12453, Hint: Write in form 12,432 » 1082,
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3. Lpane Hint: Use relation (2), taking k= }.
4, LR Hint: Use relation (2), taking & =4.
5. 27188, Hint: Write in form 2.75 x 277,

6. (144) 0005, Hint: Write in form [ (144) %07]05,
7. Find pin g =loga 20,300, Hint: Bubtract log o 10,000 from both members to
obtain ¢ — 4 = loge 293,

8. Find zinz?™ = 628,000, Hinl:writ-ﬂ(-;rﬁ)”'” = 25, 00 A (:ﬁ)

e
9, (75402, 11, (4. 2) 00040, 13, Find & in 231 = 72,000,
10, (9:3) 5.7, 12, 102150, 14, (B0} 0.0k,

15. Find zin (6.4)% = 42,000. Hint: write (6.4) = = ‘_f;_:“ and find (z —1);

47. Use of scales LLO, LL0O. An important use of scales LLOO
and LLO is to find the powers of numbers between 0.00005 and
0,999, These scales are so designed that when the hairline is set
to & number on LLO or LLOD the natural co-logarithm of the number
is on seale A. Consequently seales LIO, LLOD are read against
seales A and B.

The process of finding the powers of numbers between 0.00005
and 0.000 is the same as that already explained, for finding the
powers of numbers greater than unity, As in the case of problems
involving seales LL1, L2, and LL3 a rough caleulation should be
made to determine the position of the decimal point in the answer.
In this connection the student should remember that when a positive
number less than unity 7s raised to a power greater than unity, the result
is less than the number diself, and when 1t s raised Lo a decimal power,
the resull is greater than the number ilself.

As an aid in determining the decimal point a useful relation is that
a number on scale LLOD iz the 100th power of the number eppearing
dirvectly opposile on scale LLD.

The same relation may also be expressed by saying that any number
on seale LLO is the hundredth root of the number opposite on scale LLN).

To better understand the statements just made the student should
think of the seales LLO, LL0O as forming one continuous seale such
as the one shown in Fig. 5. Below this continuous Log Log scale
is placed another continuous seale made up of adjoining B seales in
which each of the numbers appearing on any one of these B scales iz

[c-n?v amer LLO axon LLOG ‘“P"I

i par B rig L o wn i s S
10 100 1000
T 5

A —
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taken as ten times the same number appearing on the B seale
adjoining on the left.

By examining Fig. 5, we readily see that (0.997) is on seale LLO,
{D.997)12 is on seale LLO, (0.997)1% js on scale LLOO and (0.997)1000
is on seale LLOO.

Example 1. Tind 0.64%%2,

Solufion. Since (.64 is raised to a decimal power the answer is
greater than 0.64, Henee to find 0.640-32

push hairline to 0.64 on LLOO,

draw index of B under the hairling,
push hairline leftward to 321 on B,
at the hairline read 0.8665 on L LOO.

[ 1100 oses one/

t- o3z

Fig. 6.

Example 2. IMind 0.6:44%,

Solutfon. Bince 0.64 is raised to a power greater than unity we

iTs
know that the required answer is less than 0.64, Now let y = 0,645
wned equate the Iug&rit]uns of two members of this equation to obtain

logy log 0.64

172 634

log o = ]Db 0.64, or

This proportion suggesta the setting indieated in the following
dipgram;

LIOD

‘ opposite .64 read y = 0.298

B set 634 (left) opposite 172 (right)

It is interesting to note that seales LLD and LLOD can be used
with seale A to find negative powers of . Thus if the hairline is
set to 5 on A left, we read e00% = (L.99501 on LLO and 95 = 0.6065
on LLO0 at the hairline; if the hairline iz set to 5 on A right, we read
€905 o 0.8512 on LIO and ¢® = 0.0067 on LLOO at the hairline.
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Problems involving values between 0.999 and unity are treated in
the eame way ag the problems in §46 cxcept that we use the relations

(1 — 1" =1 — ba (approximately), (3)
or "
(1 —bk)* =1 — bn (approximately). (4)

Example 3. Find (0.0903)"%,

Solufion. Writing the given expression in the form (1 — 0.0007)"",
and using relation (3), we obtain

{1 = 0.0007)™ = 1 = (0.0007) (0.51) = 0.999643. Ans.
Example 4. Tind (0.6993)*°,

Solution. In accordance with relation (1), we write

(0.9003)° = [ 1 - (0.0007) {2}]%] = (0.9986)"" = 0.845. Ans.

EXERCISES

1. 00752, 8. 0.585%8, 15. (.75% 725
2, 07508, 0, (.040.M, 16, 0.5130%,
3. 047687, 10. 096248, 17, 0,500 -
4. /0481, 11. 0.500.278, 18. /L7564

T L, A N A L PR T T Wy e Tsm et
5. :-f) : 12, 083100, 19. /021
6. 0840047, 13, 0950124, 20, (L5158,
7. g3 14, =43t 21, g-Moona,

48. Logarithms to any base. To find the unknown logarithm L
of a known number N to a known base b, it is necessary to find the
exponent L satisfying the equation

bfe o hr_
Thus to find the logarithm of 8 to the base 2 (log .8), write
2" = 8,

and find the value of the exponent L in this equation. To aceom-
plish this by means of the slide rule equate the logarithms of the
two members of the above equation 1o oblain

log 2 _loa$

Llog 2 = log B, or —— T

This proportion suggests the following setting:
push hairline to 2 on LL2,
draw right index of €' under the hairline,

push hairline to 8 on LL3,
at the hairling read 3 on .
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If problems of the above type oecur frequently the tohowing rule
for making the settings will be found useful:

To find the unkrown logarithm L of a known number N to a known
base b, push the hairline to b on scale LL, draw index of C under the
hairline, push hairline to N on scale LL and read L on ' under
the hairline. Locate the decimual point in the answer by estimating L
in the eguetion b= N,

Example. Find log, .58

Solution. In accordance with the above rule we make the follow-
ing setting:
push hairline to 7.7 on LL3,
draw left index of € under the hairline,
push hairline to 584 on LL3,
at the hairline read 3.12 on €.

The decimal point in the answer was located by examining the
equation 7.7° = 584 and noting by inspection that = iz approximately
3, ginee 8% = 12,

To find logarithms to the base e it is only necessary to remember
that seale I,L3 is so designed that when the hairline is set to a number
N on seale LL3, log, N is on seale I at the hairline.

EXERCISES

Find the value of = In the following equations,

1. log 7+ 100 = . # Toia (l) -9 11. logs 1.682 =&,
2. logar 81 = . 9 12. logs 2 = —2.5.
3, logs 32 = 2, 13. logo 27.2 = 2.

4, logax =312 14. logg 49,000 = o
5, Joges 0471 = 2. 15. logg 343,000 = z
6. logs 43.2 = 0,75, 16. log, 10 = =2

8. logi,eno 1962 = 2.
9, logna T34 = x.
10. log: 504 = 3.93.



CHAPTER VI
LOGARITHMS AND THE SLIDE RULE

49. Construction of the D scale. Perhaps the simplest explanation
of the construetion of the scaules of the slide rule can be made in
terms of logarithms. Since nearly all the scales are construeted hy
the same method, a detailed eonsideration of the construction of the
D seale will indicate how most of the other scales are made. *

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

Pacd e g s Yot e o Jr S
| | | b
Luq Log 2 | J ‘
| |
| Log 31 N l

Fic. 1.

ten inches as a unit of measure, lay off from this left index a length
equal to log™ 2 ( = 0.3010 approximately), make a mark and num-
ber it 2 (see Fig, 1); lay off from the left index a length equal to
log 3 ( = 04771 approximately), make a mark and number it 3;
lay off from the left index o length equal to log 4, make a mark and
letter it 4, ete.;until a mark has been made for each of the digits
from 1 to % Instead of marking the right index 10 as we should
expect, since log 10 = 1.0, number it 1. This gives the ten primary
divigionz. The other division marks are loeated in o similar manner.
Thus te each division mark {s associated ¢ number and this mark iz

*Nominally the £} seale is 10 inches long. Tts exaet length however is 25
eentimeters,

**The symbol log & will be underatood to mean the mantissa of log.s ¥ unless
ntherwise specitied,

B2
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situaled al o distance from the left dndex equal to the mantissa of the
lagarithm of that number,
It 13 interesting to note that the distance on this seale between
=
a number N and a number M, N>M, is equal to log -

M

The mantissa, or fractional part of the logarithm of a number, is
independent of the pesition of the decimal point, Henee if we
think of the distances from the left index as the mantissas of the
logarithms of the numbers represented by the divisions, it appears
that we ean think of the primary divisions as representing the
range of numbers 1, 2, 3, . . . 1} the range 10, 20, 30, . . . 100, the
rangs 100, 200, 300, . . . 1000, ete. Naturally, in cach of these
eases, we think of the secondary divisions as representing approprinte
numbers lying between the numbers represented by adjacent primary
divisions.

50. Accuracy. Irom §40 we write
logio N = d (1)

where N represenfs the number associated with any specified
mark on the D seals and o is the distance of the mark from the
left index. By applying ealeulus to equation (1) we easily prove
that for small errors in o
{errorin N)
J.m‘r 2
Now the error in d iz the error made in making the reading.
The right hand member is independent of N, Therefore the relative
error in the number read does not depend on its size and hanee is the
same for all parts of the seale. Near the left end of the 1) geale a
careful reading should be in error by no more than 1 in the fourth
place i.e. the relative error should be no greater than 1 in 1000,
Henee the accursey of any part of the D seale iz roughly 1 in 1000
or ong tenth of one percent.

Relative error in N = 2.3026 (error in o). 23

51. Multiplication and division. The middle part of the rule
which may be moved back and forth relative to the other part is
referred to as the slide; the outer or fixed part of the rule is called the
bindy.  The D seale is loeated on the body and the € scale is the
sume as the D seale except that it i3 loeated on the slide. Henee the
' seale may be moved relative to the D seals, and we are able to
add distances as indicated in Fig. 2.
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g3 l 4 & T 8 91
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t4. o

Fig. 2.

From this figure and the considerations of §49, it appears that
log P =log N + log M. (3)

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

log P =log MN,or P= MN. (4)

Thus it appears that Fig. 2 shows the setting to be used for mul-

H

III.'IIlIIIIlI

o3 "T"’i'i"""w ‘ Mmu

1 i‘ra 1

|‘——Lnl i B N'—"'h
. Lo 4 o

P 3.

tiplying numbers. From Fig. 3 and the considerations of §49 it
appears that

log P =log M — log N, i5)
ar Znes
log M —log N = log (M [N),
M M
we have log P =log 57, and P= - (6)

Thus Fig. 3 shows the setting to be used for dividing numbers.
The rule for multiplication §3 and the rule for division §7 are
justified by the principles et forth above.

52. The inverted scales. The CT and DI scales are constructed
in the same manner as the D seale except that the distances are
measured leftward from the right index, and the numbers associated
with the primary division marks are in red
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Let N be the number associated with a position on the € seale and
K the number on the CI scale associated with the same position.
Then, in aecordance with $49,

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

log K = 1 —log N'=log 10 = log N = log f-,?,

or 10

K= T’I..T'
Therefore, except for the position of the decimal point, K iz the
seciprocal of &. In other words, when the hairline is set to a number
o the CT scale, @ i awlemalicelly sel to the veciprocal of thal nember
ot the € seale.

cI 1|i'|IIIT|I|TIl|I IIII?III T lufu.tr l1||Tl] i Ll i i }
- SRR AR o M B i

:: }
M 3
- Leg M e Leg ]
F:ﬁ.4 i
il 4 0 Y :"'i'?.".' J'%"f’?'ﬁr'%"|I|'u'#a'fi'n‘y‘u:'ufu!-,;..‘..'*.}..1...;...:..?1—1
Leg P e Leg N I
= Lo W 4

16, B,

Fig. 4 indicates how multiplication may be accomplished by using
the C'f geale in eonjunetion with the D scale while Fig. 5 indieates
how division may be accomplished. From Fig, 4, we have

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

Beale DT is the same as scale O'F except that seale DI i located

on the body. Evidently, then, the O'F and DI seales can be used
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together in the processes of multiplication and division just like the
seales C and D,

53. The A scale, the B scale, and the K scale. The A =cale is
eonstructed by the method used in the ease of the D seale except that
the unit of measure employed is 5 inches instead of 10 incheés and the
seale is repeated.  The B scale ia the same as the A scale except that
it iz situsted on the slide while the A seals i4 on the body.

When the hairling is set to a8 number N on the A seale it is auto-
matically set to a number M oon the D seale; see Fig. 6. The two

v
(a3 ¢ sloseram & ¥ 19erenm |
s I

||:|1 Y a'i'a*rw;-a‘”

Fia. 6,
Iengths marked log N and log M in the figure are equal.  However
sinee the unit in the case of log N is half the unit in the ease of
log M, we have
i L
log M = 3 log N = log N% = log+/N,
and M =+/N.
Henee, a nwmber on seale D s the squre vool of the opposile number on
scale A. A similar relation exists botween numbers on seales O and B,
The K seale is constructed 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 hairtine 12 set to a number on the
K sealeql is automatically set to the cube root of the number on the I scale.

54. The trigonometric scales. The general plan of eonstructing
the S (zine) scale is the same as that for the £ seale. Here again
10 inches is taken as the unit of measure.  To each division mark on
the 8 seale is associated an weute angle (in black) such that the
distanee of the division from the left index i3 equal to the mantissa
of the logarithm of the sine of the angle. Thus Fig. 7 shows ihe
division marked 25 at & distance from the left index of the mantissa
of log sin 25°, Henee when the hairline i3 set to an angle on the
gine scale, it 1z automatically et to the sine of the angle on the

o : 5 1 figin 687
C seale. Fig. 8 shows g setting for finding P = —;;?;;‘,--
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Fii. 8.
Trom this fipure it appears thal
s O = a 16 sim GX°
log P = log 16 — log sin 27° + log sin 68° = IHHW
ar
16 sin 68°
' gin 27°

Sinee the slide rule does not take account of the characteristies of
the logarithms, the pesition of the decimal point is determined in
aecordance with the result of a rough approximation.

Ii the learner will note that the angles designated by red num-
bers are the complements of the angles in black, and remember that
the distanee from a division on the €' seale to the right index is the
logarithm of the reciprocal of the number represented by the division,
and also that

gsin i = cos (90° - 0),
ese 0= 1 /gin 8,
gec = 1 feos f,

he will easily see the relations indicated in Fig. 9 for the representa-
tive angle 252,
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The T seale was eonstructed by taking 10 inches as the unit of
measure and associating to each division mark on it an acute angle
such that the distance of the mark from the left index iz equal to
the mantissa of the logarithm of the tangent of the angle. Reealling
that

cot (90° — ) = tan 0 = 1 feot O,
the student will easily see the relations indicated in Fig. 10 for the
representative angle 257
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T ! 100 25y e ‘lF I
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The facts illustrated in Figs. 9 and 10 are the basis of the follow-
ing rule:

1§ the hairline be set to an angle on a trigonometrie scale, it is
automatically set to the complement of this angle, One of these
angles iz expressed in black type, the other in red. From what has
been said it appears that we read, at the hairline on the (7 seale or
on the CI scale, a figure expressing o direct function {sine, tangent,
secant) by reading a figure of the same eolor as that representing
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the angle, a co-function (cosine, cosecant, cotangent) by reading a
figure of the opposite color.  In other words, associnte direet function
with like colors, co-function with opposite colors,

The & seale applies to angles ranging from 5° 44" fo 90°; the
sines of these angles range from 0.1 to 1. Any angle in the range
from 35’ {o 5° 44’ has a sine approximately equal to its tangent.  The
ST seale is related to the angles ranging from 35’ to 5 44’ just as
the S seale is rolated to the angles ranging from 5° 44 to 90°.  Binee
any angle greater than 35" but less than 5° 44° has its sine approxi-
mately equal to its tangent, the ST scale may be used for tangents
us well ag for sines,

55. Two applications. An intersting setting is one from which
may be obtained the solution of a right triangle when two legs are
piven, Let it be required to find the
angle @ and the side ¢ of the trinngle
ghown in Fig. 11. Trom the friangle
we write

vl = : £ =3 e
cot & = 7’ o EG O, Fie. 11,

Fig. 12, showing the setling from which we read « = 36° 52" on the
tangent seale and ¢ = 5 on the DT seale, is self explanatory.

Loge® Lag (3 eae el

L £

I-'Lm: £l gr—=

‘Ii-r @ 45
EARE | s
TR TE S T TR DN .
e Log §— == --Ln-:a———-ali

Fm. 12,

Fig. 13 indicates the logarithmie basis of a setting which may be

a0 0
V223 tan 25° From the figure it appears that

sin 167
— : A/ 22 5"
log P = log \/223 - log =in 16° + log tan 25° = log —ﬂ??{}t&.

used to evaluate
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273
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Log @
Fi6.13
A A apED
or P '—:ﬁftﬁzﬂ Bince the reading at P is 253, we have
a0 el
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g 16

56. The Log Log scales. Tn this article we shall use logarithms
to the base 10 and also logarithma to the base e = 2.7183 approxi-
mately. For convenience we shall indicate tho mantissa of logo N
by log N, and log, N by In N.

The mark at the extreme left of seale LL3, see Fig. 14, is opposite

1099 535 0]

b 1 o ok g Bl U8 L
JLL!-+ l l 5 {':'IDIH:I :I!ia!o IEJIIT:I';Q J.l'!l'# 00 ulo':nlm nn)
Log Lnd) Lag (L 200)

Log (L)
Fie. 14,

the left index of the I scale and is numbered e { = 2.7183 approxi-
mately). If 10 inches is taken as the unit of measure, the mark on
L L3 numbered 3 is distant log (In 3) from the e murk, the mark
numbered 200 is distant log (In 200) from the e mark, and, in general,
to any mark on scale LL3 distant log (In N) from the ¢ mark is
associated the number N. The mark on the extreme left of seale LL2
is associated with ™', and to any mark on this geale distant log
{ln K) from the left hand mark is associated the number K. Seale
LL1 has a construction similar to that of seale LL2. It appears
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at onee from this deseription and from Fig. 14 that when the hairline
26 sel to a number N on any one of the three LL seales, € is aulomatically
gel to In N on the D seale,

o g L 6} Log3

|7Ec i 1 § | # i {

Tile & & 'd o eh mu"lf
|

’LLarl !

Bz
- e T I
Fia. 16,

Fig. 15 shows a setting for evaluating 8% By equating two
expressions for the distance from the left end of the LL3 scale
(see Fig, 15) to the mark aseociated with P, we obtain

log (In P) = log (In 8) + log 3 = log (3 In 8) = log (In 8).
Hence InP=Ing, orP=2a%
Sinee the reading at P on the LL3 scale is 512, we have 512 = 83,

Bimilarly, Fig. 16 shows a setting for evaluating N = B"

Log (LB Leg

| e

C
T

[u_a-

|
I

e — Lag LK =

Fia. 16.

% i

By following the procedure exhibited in the ease of 8, we have
log (In &) = log (In B) + log L = log (L In B) = log (In B%).

When the logarithms of two numbers are equal the numbers arve
equal. Therelors 1\ N~ In By, N= B~

It is interesting to note, in this conneetion, how the Log Log
seales may be used to find the logarithm of any number N to any
base B. If we take the logarithms to the base B of both members
of the equation N = BE, we obtain

]Ug B N=1L.
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Interpreting this equation in the light of Fig. 16, we ses that
when the index of scale ' 4 set opposite a number B on the LL seale,
loge N is on scale € opposite N om the LL seale,

The seales LLD and LEO0 have o construction similar to that
of the other LL scales. Sinee they are read with the A seale or
with the B seale, the unit of measure is 5 inches instead of 10 imches,
and, since the logarithm of a fraction is negative, —In N is used
instead of In N,

HISTORICAL NOTE

In 1614 John Napier, of Merchiston, Seotland, first published his “Canon
of Logarithms."

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

“Zecing there is nothing (right well beloved Students of Mathematics) that
ig 8o troublesome to mathematical practice, nor doth more molest and hinder
caleulntors, than the multiplications, divisions, gquare and eubical extractions
of great mumbers, 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 certuin and ready art 1 might remove those hindrances, ™

Napier's invention of logarithms made pessible the modern glide rule, the
fruition of his early conception of the importance of abbrevisting mathemationl
culoulations,

In 1620 Gunter invented the straight logarithmio seale, and effected caleulation
with it by the aid of compasses,

In 1630 Wm, Oughtred areangsd two Guoter logarithmin seales adapted
Lo alide along each other and kept together by hand. He thos invented the
firgd imgtrument that eould be ealled o slide rule.

In 1675 Newton solved the eubie equalion by means of thres parallel
logarithmie seales, and made the firet sugrestion toward the use of no indicator,

In 1722 Warner used aquare and eube seales,

In 1766 Everard inverted the logarithmic scale and adapted the slide rule
to Eauging.

I 1816 Hoget invented the log-log seale,

In 1859 Lieutensnt Amédée Mannheim, of the French Artillery, invented
the present form of the rule that bears his nomie,

In 1881 Edwin Thacher invented the eylindrieal form which bears his name,

In 1801 Wm. Cox devised the Duplex® Slide Hule. The sole rights to this
type of rule were then sequired by Keuffel 8 Easer Co,

For a complete history of the Logarithmic Slide Rule, the student i= referred
to “A History of the Logurithmic Shide Rule,” by Florinn Cajori, published by
the Engineering News Publishing Company, New York City, This book
traces the growth of the various forms of the rule from the time of its invention
to 15903,
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19. (LO9720
20. 000279
21. 090382

13, 14346
14. 4.6855
15. 4.5453
16, 2.503
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Acouraoy, 6, 53
Ambiguous case, b
Antilogarithon, 36
Applications, 10, 66-69, 80

B

Bumly, definition of, 6

c

Chuarneteristic, 36

Cirele, aren of, 26

Combined operations, 20-25, 2843,

HA-15, 42

Complementary angles, 57
relationa, 7

Construetion of Lhe slide rule, B0-54

Cosecant, 37, 41

Cosine, 37, 41

Cosines, luw of, 38

Cotangent, 37, 40, 41

Cubae roots, 33

Cubses, &3

D

Decimal point, 8, 10, 27, 48, 44, 61, 74
Degreas to radians, 59
Diivision, 9, 10, 83

Equivalents, 1%
Eirror, relative, 83

G

Ulaugee point, minute, G0
aeoond, )

H

Hairline, definition of, 6

Index, use of, 0
Indieatar, definition of, &
Inyerse, 20

L

Logarithms 36, 80, 82-02
antilogarithm, 36
characteristio, 30
mantisan, 36, 53

Mantissa, B, 83
Minute gauge point ('), G0
Multiplication, 7, 44, 83

rule of, &

and division combined, 23, 43

0

Ohligue trizngles
ambiguous case, 53
law of eosines applied to, 56
two opposite parts koown, 51
Opposite, definition of, 6
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Percentage, 10, 11

Powers of e, 71

Primary, 1

Proportions, 14-17
applied to Log Log Seales 72
forming from equations, 18
invalving ' [ seale, 22
trigonometrie, 43, 44

4

Radiang to degrees, 59
Raiging to a power 70-72
Rates, 10, 11
Heading scales, 34, 58
Hed numbers, 4041
Right triangle,

relation in, 38

solution of, 446, 50

wo legs given, H0

Rule, A, 18
B, 18
0,22
5
Seales, A and B, 26 86
T
D, 3, 82

DI, 20, 50, 84

INDEX
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CF and CIF, 20
K, 32, 8
L, 36
LL, 70, 76, 90
LLA, and LLOO, 78, 92
& nnd ST, 38, 84
T, 40,88
Secunt, 37, 41
Becondury, 4
Beconds gauge point ('), 60
Hine, 37, 48
smull angles, §i0
Bines, law of, 58
application of, 46-56
Hlide, definition of, 6
Hmall angles, G0
Bouares, 26, 28
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Supplementary angles, relations be-

tween, G5

Tangents, 47, 40
law of, 57
emall angles, G0

Tertiary, 4

Trigouometry, 37

Trigonometrie, formulas, 37 38

definitions, 87
surminnry, 58
Vectors 62-66
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POWER COMPUTING SLIDE RULE.

il

PR LTI TR

. This Blide Ttule is apepially designed for use in com

of Steam. oz and Ofl Engines] since it givea all dat for finding speed, length of stroke,
limensione of oylinder, ote,

KURTZ PSYCHROMETRIC
SLIDE RULE.

ting Power and THmensions

The calenlating of all nir conditioning prolloms, beretofore figured by means of tha

burdenaome paychrometric charis or tables, can now be ac:m!n1:n§1inhq-d bythe new Kurr
Papchrometric $lide Rule. This role entirely replaces the psyohrometrio chart, aml it

afbords o simpler and more aceurate means of determining snv or all of the neceseary
air conditioning factors.

EVER-THERE SLIDE RULES.

ARE, U, B, PAT. OFF.

The EVER-THERE Slide Rules are made nptireeﬂ' of white Xylonite, a strong, tongh material,
On this base the praduations are ¢ g-divided. The handiness of the EVER-THERE slide

T
rules is evident from the fact :hatl}ﬁﬂ' welgh no more than a fountein pen, and are much
less bulky in the pocket,

The Ever-There Slide Rules Nos. 4087, C and D are pre-eminently poclet instruments,
as the following dimensions will indicate:

Length over all. ... 6 inehes, Width over all;,..oo oo 154 inches
Thiekness, ..ccooeae..od ineh, Thickness of indioator. ... fa inch.
Woelahb i about § sunee,

SECFFEL B ETSER DO 4T LTI SURTE

e

EVER-THERE Slide Rule No, $#097C has all the scales of the Polyphase® Slide Rule in-
cloding the Logarithmie and Trigenometrieal Seales, s well a3 ineh and centimeter scales
on the back. The slide is reverzible.

F P
"_ﬂ,_lT'I" T i ¥ Tl % 1 LA B i e
nr Lkl q T [ 1 e

CF & 1 il 2 f Hi 'H 3

1 Iilhlﬁllllll?i! lTIIl h ||1-r|| 1l |||?|-II|.|':I:|I| |.:||||||I||. |||||I|r|

| 'i'.l":' " 3
=1 I [LEN ] |a||

AL ‘“ﬂ@ :

EVER-THERE Slida Rula No. 40470 has all the scales of the Polyphase Duplex* Elide Rule

exeent the CIF scale, together wilh inch and centimeter scales on the back, The slide is
reversible.

® REG. W, 5. PAT. DFF
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EVERY
REQUISITE
OF THE
ENGINEER

Fiylk THE

FIELD or OFFICE

K & E Surveying In-
gtruments, Transits,
Levels, ete, with Internal
Focusing Telescope, are used
on nearly every im- ;
portant Government,
Munieipal and Pr'lv—
ate engineering work,
They excel in design,
workmanship and aceur-
acy and embodythelatest
improvements.

We carry the largest
and most complete as-
sortment of Drawing
Papers, Tracing Cloths
and Papers, PBlueprint
and Brownprint Papers.

K & E Engineer’s Transii Mo, NMBEMCFS,

A with Internal Foeusing Telaseops
wﬂt" I"‘r and K & E Stadkin Clrele.

(Genernl Catalogne

We manufacture the celebrated
K &E Measuring Tapes, Flat Wire
Tapes, Bandehains, ete. Accurate
Excellent quality. Large assortment,

The K & E W"I’TEF.&EE Steel Tapes

represent the latest1 II!][‘}I ovements in the
method of graduating tapes, resulting
in a saving of lime and reducing the
possibility of errors in reading,
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