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Dagram illustrating the reading of the graduations of the rule.
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The Blide Kule in it3 prezent form
haa hecome an indispensable aid not
only to the ongineer and scientiat,
baut alse 1o the manufacturer, the
merchanl, secountant, and all others
whose nr:r_'upah'rm or businesz in-
volves cxloulations.

We manufacture zlide rules and
itfewote to them s gsparate department
of our factory which i3 thoroughly
equipped with the most improved
apeeial machinery.

geveral of our improvements are
protected by patenta, and are, there-
fors, not embodied in other Rules.
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Croad section of K & E Polyphase

Blide Rule showing alide adjustment.

+== [olyphase Duplex Slide Ttula

No. 40682,
WANRS-3.
W40a8-81F,
N4058-5.

Magnifier for
K& E Hlide Rule

We manufacture a complete line of Slide
Rules for all uzes and publish o separate boolk of
instructions for each tvpe. Yrite for complete
information on onr Mannheim, Polyphase Din-
plex, Log Log Duplex, Lor Loz Vector, Mer-
rhants, and other f—'[:-&nlu! Ty s of Slide Rules.
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THE POLYPHASE SLIDE RUL
FREFACE

This manual is designed to meet the needs of all who desire to learn the use
of this alide rule.

Cllljfc{ﬂ.pr 1, through the use of numerous cuts and examples aimply
explained, is sell-teaching, Bome persons will learn all that they require from a
few leasons in this chapter.

It is suggested that everyone learning to use the slide rule hegin by working
the problems in Chapter L

In Chapters II, III, IV, and V, a simple explanation of the theory of
the glide rule is followed by the advanced subjects of Cubes, Cube Root, Sines,
Cosines, Tangents, Logarithms, and the Solufion of Triangles.

Special work for technical men and typical problems [rom various oecupa-
tions are presented in Chapters VI, VII, and VIIL

WHO SHOULD USE THE SLIDE RULE?
I. Teachers in the [ollowing types of schools:
1. Elementary Sehools in the higher grades,
2. Jumnior High Schools for part of their practical mathematics,

3. High Schools in connection with logarithms, practical mathematies, of
trigonometry.

4. Colleges in their courses in algebra or trigonometry, Most colloges
have already made the slide rule a part of the trigonometry course.

6. Evening schools; since no subject holds the students so well as the
teaching of the use of the slide rule.

6. Engineering and Trade Schools find the rule indispensable,

11, Engineers, IM&chan.ics, Chemists, and Architeets who have long understood
its value.

I11. Private Becretaries to check reports by the slide rule in a small fraction
of the time required by ordinary caleulation.

IV. Estimators, Accountants and Surveyors to make approximate caleu-
lations rapidly and with sufficient aceuracy to check gross errors.,

By means of the slide rule, all manner of problems involving multiplication,
division and proportion can be correetly zolved without mental strain and in a
small fraction of the time required to work them out by the usual “fguring,”
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For instance, rapid ecaleulation is made poasible in the following everyday
problems of office and shop: estimating; discounts; simple and compound
interest; the conversion of feet into meters, pounds into kilograms and foreign
maoney into T, 8. money; the taking of a series of discounts from list priees; and
adding profits to costs. Dozens of equivalents are instantly found, such as
eubie inches or feet in gallons, and vice versa; centimeters in inches; inches in
yards or feet; kilometers in miles: sguare eentimeters in sguare inches; liters in
mubie feet; kilograms in pounds; pounds in gallons; feet per aecond in miles
per hour; circumferences and diameters of cireles,

How much education is necessary?

Anyone who has a knowledge of deeimal fractions can learn to use the
alide rule.

How much time wiall it take?

The simplest operations may be learned in 2 few minutes, but it 15 recom-
mended that at least the problems in Chapter I be worked thoroughly and
checked by the anawers, in order to gain accuracy and apeed. This will take
from one to ten hours, according to the previous training of the student.

How accurate is the Blide Huale ?

The accuraey of the slide rule i3 about proportional to the unit length
of the zcales used.

The 10" =cale gives resulta correct to within about 1 part in 1000, or
one tonth of one per cent.

The 20" scale gives results correct to within one part in about 2000,

The Thacher Cylindrical slide rule gives an accuracy of about 1 partin
L0000,

How to use this manumal

For the man who desires to perform the simplest operations of multiplica-
tion and division, the first few lessons in Chapter I will be sufficient. Work
the illustrative examples and as many problems for practice as scem necessary
to obtain aceuracy and spoed.

For educational use, Chapter IT [urnishes the necessary theory and history
of the rule, while Chapter I provides additional examples for practice. Chapters
II1, IV, and V may be used for advaneed worls,



CHAPTER I

ESSENTIALS OF TIE SLIDE RULE
SIMPLY EXPLAINED

The slide rule is an instrument that may be used for saving time and labor
In most of the calculations that oceur in the practical problems of the business
man, mechanic, drafteman, engineer, or estimator.

On scales @ and 2, if 1 at the extreme left is taken as unity then 1 at the
extreme right of these geales is 10,

On geales 4 and &, if 1 at the extreme left is taken as unily then 1 in the
middle of the seale is 10 and 1 at the extreme right is 104,

In order that you may see how the rule is used on simple problems where
you know the answers, let us take the following:

Example: 2 x %, (See Fig.1)

Opposite 2 on seale [7 set 1 on zcale O, Then move the indicator or Elass
runner so that the hair line iz over 3 on seale ¢, Direetly below this 3 you will
find &, the answer,

Tndisator
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Fig.1. 2%38=6o0r6=38=2

Examnple: 23x4. (See Fig. 2)
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Example: 333, (8ee Fig.3) "
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Example: 6 == 3. (See Fig. 1)

Opposite & on scale D, set 3 on seale . Look along C to the left, till you
come to 1 at the end of the slide. TUnder this 1 you will find 2, the answer, on
scale D.

Example: In the same way find 5 + 4. (3ee Fig. 2)
Example: o L X g = 3. (See Fig. 3)

1t will ba noled thal the cuts shown are not in the sama scale. This arrangemant is for
Ike purposa ol illustrating various lengths of the rule.

SQUARES AND SQUARE HOOTS

Example: You will remember thal to square a number means to multiply
that number by itself; e. g., 8* means 3 % 8 = % On the slide rule this is
done as follows: set the hairline of the glasa indicator to 3 on seale TN
Above, on scale A, under the hairline, you will find 9, the answer. {Fig. 4).
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Fig. 4. 3* =9 and 2¥ = 4.

Example: In the same way find 22, (See Fig. 4)

To find aquare roots simply do the work in the reverse order.

To fnd the square oot of 9, find the number which multiplied by itsell
will give 8. The aquare root of 9 is indicated thus: /9.

Set the indieator to 9 on scale A, being careful to use the 9 on the left-
hand half of the rule, because the other 9 is really 90. Below, on seale D

Example: Find /4.

Set the indicator to 4 on 4. Under the indicator on scale D, find 2, the
answer. (Fig. 4).

Wea shall now proceed to apply the same methods to numbers of two of
more figures.

T RN R N SR e ST R R



P, i

MULTIFLICATION OF TWO OKE MORE FIGURHES

Example: Find the value of 2 » 1.5.

COpposite 2 on I* set 1 on €. Move the indicator to 1.5 onC. Thia will
be between 1 and 2 at the division numbered B6; since the numbersd divisiona
between 1 and 2 on C and D are the tenthe. Under the indicator, find 3 on D,
(Fig. 5)
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Fig. 5. 2 X 1.5=3,
Example: 2 X 1.B. Using Fig. b, ase if you can make it 3.6,

Example: 1.5 ¥ 2.5. Opposite 1.5 on Deet 1 onC, Move the indicator to
2.6 on C. Below 2.5, find 3.75, the answer, on [). Wote that this answer is
halfway between 3.7 and 3.8, which makes it 2.75, (Fig. 6.
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Fig.6. 16 x25=375. 1

HOW T0 READ THE SCALES
Graduations on the slide rule are not measures of length, but represent

figures.

On the 8" and 10" slide rules, acales C and D eonsist of nine prime spaces
of unequal length; the first line of each space ia numbered, respectively, 1
(ealled left index), 2, 3, 4, 5,8, 7, 8, 9, ; the last line s numbered 1, and is ealled
the right index. The spaces 1-2, 2-3, 3-4, ete., decrease in length, the space
from 1 to 2 heing the longest and every succeeding space being shorter than
the one preceding it.

Each of these prime spaces is divided into ten (secondary) spaces. also
decreasing in length, the nine lines betweern prime 1 and prime 2 being num-
bered 1,2,8,4,6,6,7, 8,9, in smaller figures than those of the prime gradu-
ations. Space doez not permit the numbering of the other secondary lines.

Each of the spaces between these secondary lines is apain subdivided,
Thus, each secondary space between prime 1 and prime 2 i3 divided into ten
(unequal) parts, The secondary spaces between prime 2 and prime 4 are
subdivided into five {unequal) spaces.
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The secondary spaces from 4 to the end are subdivided into two (unequal}
parts by one line betwesn the two secondary lines.

To find a number, always resd the first figure to the lelt on the prime line,
the second fizure of the number on the secondary line to the right thereof, and
the third figure on the subdivision; thus, Lo read 435 (aay four, three, five, not
four hundred and thirty-five) find prime 4, secondary 3 and sub. 5,

FPLACING THE DECIMAL POINT

Example: 2 3 15,

This is worked on the rule exactly like the above examples, hut you can
eep by looking at the problem that the answer is 20 and not 2. |
All of these problems are worked like the above.
Prablems Az far aa the slide rule is concerned, we multiply 2 by 1.5
30 % 15 and get 3. Then we place the decimal point by inspee-
2. 200 % 15, Hon. From arithmetie we remember that in multiplying
3. ap » 15p, Hecimals we first multiply as though there were na deci-
i 5 9 1al mal points, then point off as many decimal places in the
5
&
T

-

answer as there are total decimal places in the two
numbers which were multiplied together. Thus, in
Problem 7, there are two decimal places in .02 and three
in 015, So in the answer, 30, we must have 2 4+ 3, or
& places, making the result 00030. Of course the 0 at
the right does not count and the final result iz 0008,

From the above explanation it i evident that the deeimal point is not con-
gidered in operating the slide rule. After the work of the rule has been done,
the decimal point can usually be placed by inspection; L. & through a mental
survey of the influence of the invelved factors upon the result.  Where this is
not feasible, a rough arithmetical ealeulation will serve to properly loeats
the decimal point.
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Fig. 7. 29><-$4 T.48 e

Example: 2.2 % 3.4,

Opposite 2.2 on P set 1 on €. Move the indieator to 3.4 on . Under the
hair line on I} find 748,

That the unit figure iz 8 is further confirmed by observing that the produet
of the unit figures 2 and 4 in the example iz 8,

Sinee 2.2 ¥ 3.4 is roughly 2 % 3, or 6, place the decimal point in T48
&0 Lhat the result will be as near € az possible. Evidently the answer is
7.48. (Fig. T).
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Fig. 8 18 %34 = 61.2.

| Example: 18 X 8.4,
Using the same method as in the previeus cxample, the slide rule gives 612
| By a rough calculation the problem iz ahout equal to 20 X & = 60.
Hence we malke 612 look like 60 by placing the decimal point after the 1.
The answer is 61.2.
Example: 16 3 2.4, Answer 35.4.
Example: 1.4 » 2.6, Anzwer .64
Problem B. Fill in the blanks in the following multiplication table, using
| the slide rule:

[ B}

I— 21 22 5 LY 5 pai & 28 0

i

EEiE
e

Bt loft index of C to 31 on Tk Mote that the factors 21 to 29 can he
| taken without resetting the elide.

WHICH TNDEX TO UsSE
| 1f we attempt to multiply 30 by 45, using the preceding methods ol aetiing
the 1 on the leit hand end of € to 30 on 13, we shall find it impbagible to
move the indicator to 45, since 45 on seale 'liss beyond the right hand end of
| geale 1, Tn such a ease, begin the work on the rule by setting the 1 on the right
| hand end of ¢ to 30 on seale D. Tt is then possible to sel the indicator to 45
on . Opposite the 45 on € find 125 on D).  Placing the decimal point by
| inspection, the result is 1350,
We will now define the left hand 1 on geale (fas the left index and the right
hand 1 on seale ¢ as the right index. In most examples, the following rule
‘ will be found useful in determining which index to u=e:

If the product of tha firat flrerres of the given aumbers 15 less than o, use the
Left gnden; ff dhis produst i greater than 10, s the right fnde,
Example 1. 2.13 x 833, 8 %% =6 Use the laft index.
Example £. 7.23 ® 471, T X 4 =28 Tse the right index,
Example 3. .131 x 4.6, 1 x4 = 4. Use the left index.

e



An exeeption to this rule will be found in such a case as 3.12 3¢ 3.31.
According to the rule the left index should be used. It will be found, however,
that it is necessary to use the right index. This is due to the fact that while
the product of the first figures of the two numbers ialesg than 10, the product
of the complete numbers iz greater than 10.

In moat cases, the use of the above rule will save time,

PEHRH CENT

Example: Suppose you are earning 56 eents per hour and you are given an
increaze of 8 centa. What per cent increase do you receive 7

O eourse you will divide 8 by 56,

Tao divide one number by another on the alide rule we simply reverae the
arder of the work we have been doing in multiplication.

Set the indicator to 8 on scale 1.

Mowve the slide 80 a= to sot 56 on C to the hair line of the indieator.

e — 1 —
/| sl J.L.I.J:Ju]. -.qulll wlat |? I3
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B 5 3 a b “t”'#. ¢
Fig. 8. 8 + 56 = 14, it

Under 1 onC we find 14 and a little over. But the result is nearer 14 than
15. Henee the correct result to two figures is 14. By inspection the decimal
point must be placed before the number, making the answer .14 or 14 per cent.

Exampla: A man earned 6 cents per hour. He learned a new trade which
increazed his earning power to 67 cents per hour. What per cent inerease did
he recsive?

His increase is 32 cents per hour. The per cent of inerease is found by
dividing 32 by 33.

Set the indicator to 32 on .

Zet 35 onC to the indieator. The result cannot be found under the left index

+ f.& the 1 at the extreme left of seale C, sinee this projects beyond acale I, So

we use theright index of C.  Under thisindex, find 91 on scale D).  (Fig, 10).

ke
v

]
SR
In the same way, for practice, try the I'nlluwin:;. ubt-aiuing the result correct
o two figures:
Problem 9. What per cent of 91 iz 457
(Divide 45 by 91)
10. What per cent of 73 iz 247
11. What per cent of 67 iz 617
12, What per cent of 53 is 317
13. What per cent of 82 iz 137
i4, What per cent of 42 15 97

_




if you have a long report to make out in which a large number of por
eents are to be caleulated, why not use the slide rule?

A secretary-to the president of a big corporation recently safd:  ““The i
glide rule does my work in one-third of the time that would be required other- I

Wise,

. )

READING TO THREEE FIGURES !

Suppose you had to get per cents in 2 problem like the following:

Example: A baseball player made 57 hits out of 236 times at bat. What i3
hiz percentage?

e
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| Fig. 11. 657 + 286 = 180,
Opposite 57 on D set 256 on €. When we look for 286 we observe that
between 2.8 and 2.9 there are five spaces on the rule.  Henee every gpace counts
one-fifth of .1, which is .02.  Since we want six points for the third figure, we

have to use three spaces, every one worth 02, § % .02 = 08,

Under the left index of ' look for the result on D, When we read this result,
we sea that it comes on the rule between 1.9 and 2.0. There are ten small spaces
between 1.9 and 2.0. Tence every space counts one point. The index is
close Lo the ninth of these divisions. Hence the reading is 199. Now we must
Place the decimal paint. A rough ecaleulation shows that 2?-'516 is uearlyﬂﬁb%.o ; E
Hence the decimal peint must be placed so as to make the result some
where near one-fifth or 2.  Ewidently the result is.199. This may be read

[ 19% 33 per cent or 19%/ hundredihs, or 19% thousandths,
Example: If your income is $2,600 per year and you save $451, what per
cent do you save? I

T
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Fig. 12. 451 = 2,500 = .180.

Oppozir2 451 on Deet 25 onC.  Tnder the indox find 190 on .  Hence the
answer ia \150, or 18 per cent, We note that when we look for the 1 in 451 on
the rule, we find only two spaces between 45 and 46, Henee sach gpace counts
one-half of a hundredth or one-half gi .01, which is .005 or five points for the
third figure. We estimate one-fifth of the amall space to obtain 001. (Fig. 12)

Example:  If your salary is $87.60 per week, and you are given an inereaze
of $12.40, what per cent increase do you recelve?

| ¥
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Fig. 13. 124 =+ 57.5 = .Z16.

Opposite 124 on I set 675 on C. This rmeans that between 5 and 6 on ©
we must take 7 of the large divisions and one of the small divisions. TUnder
the right-hand index read 216 on D. Henee the answer is 2144 per cent.

Problem 15. 5.42 + 2.43,

16. 7.85 + 3.14.
17. 6.13 + 4.61.
18. 9.56 = T.26.
19. 10 + 3.14. For 10, use either the right or left index.

In the following problems the location of the decimal point is determined

by working the problems in round numbers.

Problem 20. 16.5 + .245 is approximately 16 +.2 = 80.
21. 00855 = .00034 o J0E0 < 0008 = 20.
22, 00156 + 32.B i k5 0015 + 30 = .00006.
23. .375 + 066 i e’ 06+ .06 = 6.
24. 0386 + 0014 " L 038 o .01 = 38,

There is another method of placing the decimal point in division. Work the
problem as though both dividend and divisor were integers (i. e., not decimals},
pointing off as usual. Move the decimal point to the left as many places as
there are decimal places in the dividend. Then move it to the right as many
places as there are decimal places in the divigor. For example in problem 20,
165 = 245 gives .673. Move the point one place to the left because there is
one decimal place in the dividend, giving .0673. Then move it three places to
the right because there are three places in the divisor, glving as a result 67.3.
Try both methods snd see which one you likke the better. Let ona check the
other.

MORE THAN THREE FIGURES IN A FACTOR

Suppose we have more than three figures, as in the following example:

Problem 25. Find the circumference of a wheel 28 inches in diameter.

Here we must multiply 28 by 3.1416. But the 10" slide rule only reads to
three figures. So cut off the fourth and fifth figures in 8.1416 and call it 3.14,
gince the number iz nearer 3.14 than 3.15. It is however, somewhat more
eonvenisnt to work this problem on the & and B scales, where = (3.1416) ia
accurately marked. Use A in place of D, and B in place of C.

Problem 26. Multiply 26 by 8.149.
Call 8.149 equal to 8.15.

w*
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COMBINED MULTIPLICATION AND DIVISION

Example: If hell metal iz made 25 parts of copper to 11 parts of tin, find
the weight of tin in a bell weighing 402 pounds,

The tin is evidently eleven thirty-aixths of 402, or 11 x 402

TR

i 11 x 402
Fig. 14. 36
Opposite 11 on D set 86 on C.  (Fig. 14)
ove the indieator to 402 on C.
Opposite 402 on ¢ read 123 on D,
To place the decimal point, make a rough ealculation as follows: The
10 3 400

0 =100. So make 123 look as nearly like
100 25 possible by placing the point after 3. The answer is 123 pounds of tin.

example is roughly equal to

14 » 525

Problem 27, ————

roblam i

24.6 x 43.4

Problem 28, == 0o
1.35 :

Example: E%(Ew (Bee Fig. 15)
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Opposite 1.35 on D, set 6.2 on C. If we try to move the indicator to 516

on C, it = impossible because 316 lies beyond the extremity of D. In such a case
proceed as follows: Move the indieator to the right-hand index of €. (See Fig. 16.
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Then move the slide, setting the left-hand index of " to the indicator. (Fig.1T.)
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Wow we ean move the indicator to 316 on C. (Fig. 18.)
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Fig. 18,
and under 316 on ¢ read the answer 638 on D)
A rough caleulation for the decimal point gives us 1 § o %. or 5. Mak-
ing 688 look as much as possible like .5, we have JGRE.
228 = 0125
i 136

The rough calculation for the decimal point might be %m = 06,
The answer iz 00654,

Problem 23. T'ﬁsﬂfngﬁi

Problem 30. ﬂ;ﬁﬁﬁl-ﬁ

Problem 31. 512.:.5.563%_

Problem 32 f’*_z_hgéfﬂ_l
PROPORTION

Example: If an aeroplane flying 100 miles an hour travels 86 miles in a given
time, how far will an automobile traveling 22 miles an hour go in the same time?
Writing this in the form of a proportion:
100 ; 22 =36: %
which means that 100 is to 22 as 86 is to the answer,
The work on the rule is as follows:

T i

Fig 19. 100 : 22 == 86 : 18.9,

R USRS
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Opposite 22 on D, set 100 on . (Use right index for 1003, Opposite |
BB onC resd the answer, 18.9 on D. An easy method of remembering this ia: |
G I C Iy
Wt 22 = BG 3 18.5.
In placing the decimal polnt, note that 100 has the same relation to 22 that
96 has to the answer. Sineo 22 is ahout one-fifth of 100, we migst place the f
decimal point in 159 so that the answer shall be abour onefifth of 85, Henee f
the anawer i3 15.9. |
In Lhe same way solve the lollowing proportions:
Problem 33, 24 : 31 =152 : z. !
24. 14 : 25 =12 : x I
35 871 : 24 =517 [
| Problem 36. If = poet 13.2 feot high casts a shadow 27.9 feet long, how high
is & tower which casts 5 ghadow 116.5 feet long?

h
A”'E
7.2 ;

116.8 |
Fig. 20. 27.2 : 13.2 = 116.8 : h. !
Problem 37. At 2400 yarde an inereaze of 1 mil in the elevation of a Zun i
[ increases the range 25.0 yards. What change in elevation will increase the |
[ range 40 yards?
The mil is the unit of angle in the artillery. 1t s equal to oy of 360°,
Example: The effects of wind on g shell are approximately proportions
to the veloeity of the wind, At 3,000 yards for a S-ineh gun, a rear wind of 10
milez per hour incresses the range 3.1 vards.  {a) What wind will increase the
range 42.8 yards? (b) What wind will decreasa the range G8.5 yards?

Answer (4} Rear wind of 14.2 miles ner hour. (b) Head wind of 22.8 |
miles per hour, :

SQUARES 4
Example: Find the area of a sguare plot of ground measuring 128 yarda !
on & side.
N T
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Fip. 21,
Set the indicator to 128 on D. Directly above on 4 find the aquare ye
guired, 184. To place the decimal point, make a rough caleulation.
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%1128]’ iz roughly (120)%or 16900. Then make 164 look like 16800 by plac
Ing the point as follows: 16400, The result is only eorrect to three figures,
The complete reault is 163584,

If greater aceuracy iz desired, a number may be squared by the use of the
longer seales C and £,

Example: Find the square of 125,

Regard this as an example in multiplication eguivalent to:

Find 128 » 128

To 128 on I set left index

Opposite 128 on C read 1638 on D.

Placing the decimal point by a rough caleulation, the result is 16380.

Example: Sguare 652,

Set the indicator to 652 on D reading the square 425 on A. Notice that
here the arithmetic aquare would be 426104, but on the slide rule we can get
only the first three figures, 425. This, however, is close enough for most
practical purposes, puch as estimating on contract work.

To place the decimal point,

6327 = 600* = 360000.
<= TO0E = 430000,
ginee the value ia between these limits the result is 425000,
Find the squares of the following numbers:

Problem 38. 3.2 Problem 42. 276. Problem 46. .0057
39. 4.65 43, 342 47. 0244
40. 1.12 44, 66 48. 22440.
41, B.66 45. 0626
Example: Find the area of a circular plot of ground measuring 14.5 feet in
diameter, |

Tlze the formula 4 = .7854 d*, which means that the area of the circle
is equal to 7854 multiplied by the square of the diameter. Set the indicator
to 146 on [}, The square is found directly above on A, but need not be read.
Set the right-hand index of the slide to the indicator. Move the indicator to
the constznt, .7854 on B, and opposite find the result, 165 sg. ft. on A,

Thir constant, .T854, is 50 fp uently used that it has been marked by a
gpecial line on the right-hand half of the A and & seales.

BQUARE ROOTS
Example: How long must one side of a square garden bed be made in order
that it shall contain & square yarda?
Here we have to find the square root of 8.
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S Fig. 22. +/§ =288,

Set the indieator to & on seale A, Assume that scale A runs from 1 to 100,
ap that % is found on the left-hand half of the rula,

Now under the hair line on zeale I, find 2.88, the square root.

Then the result is 2.83 vards.

Example: Find +/3,

Bet the indicator to 3 on A.

Under the hair line find 1.78 on D,

i
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Example: Find + 30,

Set the indicator to 30 on A, being eareful to notice that 20 i indicated by 3
on the right-hand half of the rule. Opposite the indicator on D, find 6.48.
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Fig. 23. +/30 = 5.48,

Example: Find /300,

Move the decimal point an even number of places in order to obtain a
number that is between 1 and 100, This can be done by moving the point twe
places to the left, giving 4./3.00.

Find the /3, which is 1.73. Then move the decimal point half as many
blaces as it was moved in the first place, but in the oppogite direction. In
this case, move the point in 1.73 one Place to the right, giving 17.5.

Example: Find +/.30.

Move the point two places to the right, obtaining %0.

Find /30 = 5.48,

Move the point one place to the laft, obtaining .548 for the result,

Example: Find +/.03. =

Move the decimal point two places to the right, obtaining 4/3,

Find /3 = 1.73.

Move the point one place to the left, obtaining .173.

Example: Find +/.003,

Move the point four places to the right, obtaining /30,

Find +/30 = 5.48.

Move the point two places to the lef t, obtaining .0548,

Find the square roots of the following numbers:

Problem 49, 1.42 Problem 62, 142 Problem 55. .365
50. 14.2 53. 2.43 66. 21418
B1. 142 54. 85.4 87. 1450
1P‘;'Etnhan'n §8. Make alist of square roots of whole mumbers between 110
and 1340,

Problem 59. Onahbaseball field, find the distanes from home plate tosecond

base, measured in a straight line. (The distance betwesn the hases is 90 feat),
Prablem 60. Water is conducted into a tank through two lead pipes having

diameters of %5 and 13§ inches, respectively. Find the size of the lead waste
pipe that will allow the water to run out as fast as it runs in.
Use ¢ and 1%{ in the deeimal form, §
Find +/( 6258 4+ (1.75)%
NOTE:—Perform the addition by arithmetic. The glide rule eannot ba
uzed to advantage in addition. E

Problem 61. Two branch iron sewer pipes, each 6 inches in dizmeter, empty

Into a third pipe. What should be the diameter of the third pipe in order to
carry off the sewage?
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TEST PROBLEMS

Bead carefully the following instructions:

@, Copy the test on your paper in the form given below.
B, Work the problems straight through, setting down the answers in the
column at the extreme right.
¢, Fold these anzwers underneath the paper.
d. Work the problems through again, setting down the answers in the
other column.
g, Compare the two setz of anawers.
f. Tf the answers to any prohlem do not agree (within one point in the
third place), work the problem again.
g- The correct reaults are given on page 79,
TEST
Apswoerzs  Answers
Second First Credirs
Time Time
Problem 62, 1.23 = 246 20
i B3. &4 = 59.B 20
o g B88 3;515,2 20
. 65. 625 : 242 =951 = 20
“ 88 4/182 20
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CHATPTER I1
THEORY OF THE SLIDE RULE
HISTORICATL NOTE

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

Mapier conecisely sets forth his purpese in presenting to the world his system
of Logarithms as follows:

“Seeing there is nothing {right well beloved Students of Mathematies) that
is s troublespme to mathematieal practice, nor doth more molest and hinder
calenlatora, than the multiplieations, divisions, square and cubical extractions
of great numbers, which besides the tedious expense of time are for the most
pirt subject to many slippery errors, I hegan therefore to eonsider in my mind
by what certain und ready art I might remove those hindrances.”

Napier builded better than he knew, His invention of logarithms made
possible the modern slide rule, the fruition of his early conception of the
importance of abbreviating mathematieal calealations,

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

Tre 1630 Wm. Qughtred arranged two Gunter logarithmie geales adapted
to alide along each other and kept together by hand, He thus invented the
first instrument that could be ealled a glide rula,

In 16756 Newlon solved the cubic equation by means of three parallel
logarithmic scales, and made the first suggestion toward the use of an
indieator.

In 1722 Warner uzed square and cube seales,

In 1766 Bverard inverted the logarithmie scale and adapted the slide rule
to Fauging,

In 1815 Roget invented the log-log zeale,

In 1259 Lieutenant Ameadie Munnheim, of the French Artillery, invented
the present form of the rule that bears his neme. y

In 1851 Edwin Thacher invented the eylindrical form which bears his name.

In 1891 Wm. Cox patented the Duplex Slide Rule, The sole rights to
thia type of rule were then sequired by Keuffel & Esser Co.

or o complete history of the Logarithmic Slide Rule, the student 1s relerred
to “A History of the Logarithmie Slide Rule,” by Florian Cajori, published by
the Engineering Mews I'ublishing Company, {_EW York City. This beook
traces the growth of the various forme of the rule from the time of its invention

to 1504,
ACCTRACY
The aceuracy of a result depends upon {a), accuracy of the chaerved data;
(b, accuracy of mathematical constants; (g), accuracy of physical constants; (d),
precizion of the computation,

ACCTRACY OF THE OISERVED DATA

The precision of 2 messurement is evidently limited by the nature of the
mstrument, and the care taken by the observer.

Example 1. Il a distancee is measured by a scale whose smallsst sub-
divizion i8 & millimeter, and the resalc recorded 134,58 mm., evidently the result
ig correct to 1584, but the .8 is estimated. Hence it s known that the actual
measurerment lies belween 134 and 135 and i3 estimated to be 134.8,

The result 134.8 is said to be “eorrect to four significant figures”

1 the result were desired correct to only three figures, it would be recorded
136, sinee 134.8 is nearer 135.0 than 184.0.  This result is said to be “correct
to three sipnificant figures,"

Example 2, If the distapce is measured by & rule whose smallest sub-
division ia .1 inch, and found to he exactly 8. inches, the result would be recorded
200 inchee. The zgeros record the fact that there are no tenths and no
bundredths, but the distance 1t exactly 8 inches, The result, 8.00 inches iz
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gald to be “correct to three significant figures.”

Example 3. If an object i3 weighed on a balance capable of weighing
to .01 gram, then .001 gram can be cstimated. Suppose several objects are
welghed, with the following results:

1. Seven grams recorded  7.000 grams.
2. Seven and a half grams s Taop: N
8. Seven and 9/100 grama 2 T.080 -
4. Seven and 6/1000 grama 7006
5. 4/100and 2/1000 grams J4g ™

Mote that readings with the same instrument should show the same number
of places filled in to the right of the decimal point, even if zero occurs in one or
all of these places.

In number 5, the result, 042 grams is said to be “correct to two significant
figures.” The first sipnificant figure is 4 and the second is 2.

Example 4. When we say that light travels 186,000 miles per second, we
mean that the velocity of light is nearer 186,000 miles than 185,000 miles, or
187,000 miles. The result iz said to be “correct to three significant figures."

Summarizing the preceding examples: -

Example 1. 154.8 is correct to four significant figures,

Example 2. 8.00 is correct to three significant figures.

Example 3. 042 is correct to two significant figures,

Example 4. 186,000. is correct to three significant figures,

Counting from the left, the first significant figure is the first figure that is
not zaro,

After the first significant figure, zero may count as a significant figure, as
in Example 2, where it represents an ohserved value; or it may not so count,
as in Example 4, where the zeros merely serve to place the decimal point eor-
rectly, the number 186,000, being correct only to the nearest thousand miles. |

Similarly in resultz derived from caleulation, zero counts as a aignifieant |
figure if it represents a definite value, 6. g. 25 x 36 = H00.

Roth zeros in 900 are significant figures. On the other hand, zero is not
a significant figure il it does not represent a definite value, but merely serves
to place the decimal point.

Find the cube of 234,

The complete result is 12,812,504,

On the slide rule only the first three significant figures can be found, and
the result is 12,200,000, Here 128 are significant figures and the five zeroa
following sre not significant, since they do not represent definite values, but
merely serve to place the decimal point.

As far as caleolation on the slide rule ean determine, each of these five
zeros might be any one of the numbers from 0 to 9. Arithmetical caleulation
shows that they are really, 12,504.

ACCURACY OF MATHEMATICAL CONSTANTS

A mathematical constant may be carried to any desired degree of accuracy,
¢. g., the value of = usually given as 3.14159 has been caleulated to TOT decimal
places, For ordinary caleulations 3.14 or 3] is sufficiently accurate.

ACCURACY OF PHYSICAL CONSTANTS

Maost physical constants are only correct to three significant figures and

gome only to two figures.

_x
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& 0., The weight of & cu. ft. of water iz §2.5 Ib.
The weight of 2 cu. in. of east iron is .26 1b.
LIMITS OF ACCURACY

Holman's rale states that if mumbers are to be multiplied or divided, a
given percentage ertor in one of them will produce the same pereentage error in
the result.

In other words, a chain is no stronger than its wealkest link,

Sinee physical constants are not usually correet beyond three significant
figures, and the observed data in an experiment are rarely reliable beyrond this
paint, the slide rule reading to three figures gives results sufficlently accurate
for most kinds of practical work,

PFERCENTAGE OF ERROIE

1f a result iz correct to three significant figures, the ratio of the error to the
result is lesa than 1:100.

Suppoes, for example, the result iz 3527.6, which iz known to be correct
to three sipnificant fipures. Then the figures 3562 are known to be correct and
the figures 7.6 are doubtful.

Since 7.6 18 less than 10 and 3527.6 iz greater than 1000, the error must be
lesa than 10:1000 or 1:100.

7.6 10 10 1
TS < WEE < 100 "™ 100

A result read on the 10-inch slide rule to four significant figures is 1324,
which is eorrect to three figures, 132, while the fourth figure, 4, is a close estimate
not mora than one point away ffom the correct reading.

The error here iz less than , Which is lesa than - Henece the

1
1824 1000°
error in this reading is less than one-tenth of one per eent.

It is evident that the per cent of error holda throughout the length of the

slide rule, since the first significant figure increnses from 1 to 10 as spaces

decrease.
€. g., On the right end of the rule, & result read 998 might be really 999
making an error of 1 in 999 or approximately 066 ©F Tlﬁ of 1%,

1f greater aceuracy is desired, a twenty-inch rule will give results correct
to within one part in two thousand; while the Thacher Cylindrical Rule will
give results correct to within one part in ten thouszand.

LOGARITHMS
108 = 104,
Another form of making this statement ia:
The logarithm of 100 i 2.
In the eame way, 108 = 1,000
or the logarithm of 1,000 is 3.
From these examples it is evident that the logarithm iz the exponent
which is given to 10.
Fill out the blanks in the following table:

108 = 10,000 Log 10,000 =
105 = 100,000 Log 100,000 =
10t = 10 Log 10 e

‘ w =1 Log 1

W e U stk asAiice L RIS ASSRRY g
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LAW OF MULTIPLICATION

10t = 100,
108 = 1,000.
102 3 107 = 100 3 1,000,
10% = 100,000.
Log 100,000 ia 5.
Sinee 5 is the sum of 2 and 3, log 100,000 =2 43 = log 100 4 log
1,004, or
The logarithm of a product is the sum of the logarithms of the multiplicand
and the multiplier.
Henee to multiply one number by another, add their logarithms,
The ronstruction of the rule allows thiz addition to be done easily.
The scales are divided proportionally to the logarithms of the numbers,
If the scale s considered as divided into 1,000 units, then any
mumber—1, 2, 3, ete,—is placed on the rule so that its distance from the left
index is proportional to its logarithm.

Sineelog 1 =1, 1 is found at the extreme left.
o log 2 =801, 2isfound 301 units from the left.
"o ORI RS |
il lmE 9 — .E'E-:"i, 9 ir i Ej__‘gd i L1 5 |

W jop 10.=1.000, 10 “ * 1000 ¢ T
On the zeale the number 8 is placed three times as far from the left index

a8 2, because the logarithm of § is three times the logarithm of 2,
MULTIPLICATION

When we multiply 2 by 4, we set the left index of the slide to 2 on peale I
and under 4 on scale € find the product, 8 on aeale Ih
This iz equivalent to adding log 2 to log 4 and finding log 8 (Fig. 24).

ol MK

LOG 4

b
-
£
L

©

" LOG & 1
Fix. 24
Example: Multiply 2.45 by 3.52.
Opposite 2.45 on I, set 1 on € and under 3,52 on C find 862 on D, '
Roughly calenlating, 2.45 » 3.52 = P d =8,
Henee, we place the decimal point to make the result az near 8 as poa-
gible; and the result is 8.62.
Example: Dlultiply 24.5 by 352
Working this like the preceding example, without regard to the decimal
point, we obtain 362,
Roughly caleulating, 24.5 % 85.2 = 25 ¥ 25 = 900.
Placing the decimal point to make 582 as near 900 as poszible, we
obtain B6Z.
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Example: Multiply 6.234 by 143,
Taking 6.234 correct to throe significant fipures we multiply .28 by 143.

Opposite 623 on Dset 1 on O,

Under 143 on C find 891 on [

Roughly caleulating, 6 » 140 = 840,

Therefore the result is 891,

Example: Moultiply 2.46 by 7.82.

When the product of the given numbers is greater than 10, the sum of their
logarithmz will exceed the length of the rule. Hence if we set the laft index of
the zlide to 246 on [, the other number 782 on C projects beyond the rule.
1n this case, think of the projection as wrapped around and inserted in the
groove at the left, which would be the case in a cireular slide rule. Now tha
right and left-hand indexes coincide.

Hence get the right index of the slide to 246 on D.

Under 782 on C find 192 on D.

Roughly caleulating, 2 » 8 = 16.

Hence the result is 19.2,

Example: Multiply .146 by 0465,

Opposite 146 on D set 1 on C.

Under 465 on C, find 679 on Dn

Roughly ealeulating, .1 % .06 = .006.

Henco the result iz 00679,

Find the value of

Problem 67, 2.54 ¢ 3.16. 70- B.54 x 6.85. 73 .023 x 2.35.

€8 176 ¥ 6.14. . 842 w755, T4 00515 X 524,
6% 1.B2 416 T2, 4371 = 62.47. 75, 00523 » 0174,
Problam 78. Find the circumferences of circles having diameters of 4 ft.,
6.5 ft.; 14 ft.
Opposite = on A, set 1 on B.
Above 4, 6.5, and 14 read the circumferances on A.

DIVISION

In division, reversing the operation of multiplication,
8 +4 =2, (8ee Fig. 24)
We subtract log 4 from log 8 and obtain log 2.

PROPORTION

FProblems in proportion are epecial cazses of multiplication and divison.
Example: Solve 16 : 27 = 17.6: 1.

Following the method on page 13, Fig. 14, we first divide 27 by 16 by
getting 16 on ' to 27 on . We have subtracted the logarithm of 16 from
the loparithm of 27. The result of this division, which is 169, is found on D
under the left index. Now multiply by 17.5 by moving the indicator to 175 onC.
Omn I, opposite the indicator, read 20&.
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To place the decimal point, note that 15 has the same relation to 27 that
17.5 haa to x. Sinee 27 is not quite twice 16, z will be not quite twice 17.5. ;

Hence the decimal point must be placed so that the answer ia 20.5.
The method of working & proportion is easily remembered as follows:
Cp cC D
16:27 = 1752,
Example: Solvexz:24 = 11:18,
c B ¢ D
x84 =11 :18.
Tol% on D), set 11 on C. Opposite 24 on D find = on C.
The significant fgurea of x are 147.
To place the decimal point, note that since 11 i= a little mora than half of
18, 5 will be a little more than half of 24, or 14.7.

SQUARES AND BQUARE ROOTS
(109 = 10* % 100
=10°.
Sinee § =2 % 3,
Log (1052 = 2 x log 107
Hence, to square & number, multiply its logarithm by 2.
The space given to each number on seale D is twice that given to the
same numher on scale 4.
As an example, suppose we wish to aquare 3,
This can be done by doubling the space given to 3 on scale A and finding 9,
or looking for 3 on seale D and finding its square above it on scale A.

Reversing the operation gives the square root.
As an example, find the square root of 9,
Look for 9 on scale A, and directly below it on D' find 3, ita square root.

CUBES

(10%)2 = %uﬂ: ® 107 % 105

Sineaf =3 X 2,

Log (1073 = 8 x log 10%,

Hencs, to cube a number, multiply its logarithm by 3.

Seale K iz praduated from 1 to 1,000, while seale I runs from 1 to 10.
The space given to each number on scale D is threa times that given to the
same number on scale K.

Example: Find the cube of 2.

Thia eould be done as follows:

Find 2 on scale K with the indicator. We have now mensured log 2,
from the left end of the rule.

et SR T 1 AT e
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Measure off three times this space on scale K and we have the indicutor
eet at log 22 or 8,

But this measuring can be done by ﬁetrinﬁ the indieator to 2 on seale D,
<inee the space given to 2 on I is three times that given to 2 on K.

Hence, to cube a number, set the indicator to the piven number on
scale I,

On secale K, opposite the indicator, find the result which is 2%, or 8.
In the same way show that

Example: 17 = 27, {Mote that the reading is on the second of the K

4 = 64, geales running from 10 to 100. This scale
we will call K, ).
1 = 125, (MNote that the reading is on the third of the K
67 = 218. srales running from 100 to 1,000, This zcale
Tv = 348. we will call Ka.)
8 = 512,
91 = 729,
11 = 1331,

Roughly caleulating, we know 11* is a [ittle larger than 10¢, or 1,000, We
also ean see that the units figure will be the cube of 1, or 1. The mark on the
rule gives 133, Hence the total result is 1,331,

In the same way, work the following:

Example; 12' = 1,728,

Find the cubes of the following numbers correet to 4 significant figures:

Problem 77. Find the cubeof 13. Problem 82, Find the cubsof 18,
LT}

B oy TSR g3 n m 19.
78. 2 £ L B o 15
2 80. o B =I5 BE = 2 ey
81. & i L LER
Find the eubes of the following numbers correct to $ significant figures:
Example: Find thecubeof 23, [The complete answer iz 10,648, but

on the alide rule we get 10,600 corract

to 3 significant figures. The erroris

lesa than one-half of one per cent),
Problem BE. Find the eube of 21.

BT. T ™ i 46,
8a. " i i 47.
89. i it i“ B3,

Priblem 90. Find the cube of 64. Problem 96, Find the cubeof 342,
al, i w «  TEE. 57, = w « 06T,
82. " T % 232, 88. « 1 i O0RR,
83, [ w e 425.6.% 99. « i w 1.08.
a4 " T a  f7.8, 100, « e w 218,

95, i ii w139,
*In Problem 93, 425.6 is approximately 426, Roughly approximating
the result 407 = 64,000,000, The rule gives us 771. The result is 77,100,000
correct to three significant figures. The complete result iz T7,091,209.218,
. Problem 101. How many gallons will a cubieal tank hold that measures
| 28 Inches in depth? (1 gal. = 231 ew. in.)
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Example: Find the cube root of 8.

Set the indieator to 8 on the left=hand K seale, called H,. On seale I,
opposite the indicator, find 2,

— 1
Explanation. Log /8 = 7 log 8.

Hence, to find the cube root of a spumber, divide the logarithm of the
number by 4.

Using log & on aeale [ as a unit, set the indieator to 8 on D :
Mearuring from the left index one-third of this space, we find £ on scale L |
But one-third of log 8 on I' may ba found by setting the indicator to & an

the left-hand K aeale, since each K acale iz one-third as long as the I' scale ‘

Example: Find 4/27,
Set the indicator to 37 on the middle K acale, called K.
On seale I, oppozite the indieator, find 3.

Example: TFind 47125,
Set the indicator to 125 on the right-band K seale, called X,
On geals D, opposite the indicator, find &.

Example: Find V4.

Set the indicator to 9 on K.

On D, opposite the indicator, find 208, the significant figures of the resul.
Placing the decimal point by inspection, we have a9 = 2.08.

Example: TFind {fﬂﬂ_

Set the indieator to 90 on K. -
Omn I}, opposite the indieator, find 4.48, the cube root,

Example; Find 900,

Set the indicator to 900 on K.

On D, opposite the indieator, find 9.65, the cube root.

Example: Find 4.8,
Point off the number into perinds of three figures each, counting from the |

decimal point, adding zeros to fill out the three figures. "This gives 300. Now |
we have the problam of finding the cube root of 900 a3 in the previous example

The significant figures are 986, the setting of the indieator being the sare
as in the previous example, |

In placing the deeimal point, there iz a decimal place in the cube root for
every decimal period of three figures in the given problem. |

Given number S00,000,000.
Cube root § 6 6
The result iz 968,

Example: Find Y09,
Following the plan of the previeus exampls, the first decimal period ia .080.

Findlng 4¥ 00 23 bafore we hava 448 for the slgnifleant figures.
Henos, the result is 448,
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Rule for placing the decimal point in Cube Root

From & consideration of the preceding eight examples, we derive a rule for
placing the decimal point in finding the cube root of numbers that do not lia
between 1.and 1,000,

a. Move the decimal point 3, 6, or 9 places, as may be neceasary, in either
direction to obtain a number between 1 and 1,000.
b. TFind the cube root of this new number using
K, for a number of one integer,
A " “ {wo integers,
s " three integers.

s, 1n the result, move the decimal point one third as many places as it was
moved in &, and in the opposite direction.

Example: Find /56,542,

dw. Move the decimal point three places to the left, obtaining 56.342.
B Find the cube root of 56.3 which in 3.83.

s, Move the decimal point one place to the right, obtaining 38.3.

Example: Find +/.00382.

a Move the decimal point three places to the right, obteining 882,
5. Find the cube root of 3.82 which is 1.563.

s Move tha decimal point one place to the lelt, obtaining .1563.

Problem Problem
102. Find the cube root of 3. 112. Find the cuberoot of 50,
103. b " gt alk 113. i e i T.3b6.
104. = = e 200, 114, . A = i vi8
105. i o m . 115 s - 1" 241.
106. ik i 5 03. 116. = o e A840.
107. - i . SR, 117. 2 o 7 52076,
108. & o " 2613, 118. ! it f L1163,
109. % L i 47.8. 119 s " i L0094,
110, L Ly i ST 120. it i o 1.086.
11 ok = o 45083, 121, A o * 108723,

Problem 122. How deep should a cubical hax be made in arder to contain
8,500 cubic inches?

THE INVERTED SCALE CI

An important improvement found on the Polyphase Slide Rule is the
inverted seale, CT.

This scale enables reciprocals of all pumbers to be read at once, without
setting the slide. It also anables three factors to be taken at a single setting,
thus saving one or more settings in many formulas, and incrensing both speed
and ApCUracy.

| Setle C1 (or C inverted) is like seale C, execept that the numbers are placed
on the rule in inverted order. Beading from left to right, the numbers on C
#un from 1 to 10, while those on CI run from 10 to 1

I — T
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RECIPROCALS

T'wo numbera are reciprocals if their product is equal to 1, or we may say
that the reciproeal of 8 number iz 1 divided by that number.

é. g 5 and 1/6 are reciprocals sinee & > 1/6 = 1.

To find the reciprocal of a number:

Zeot the indicator to the given number on scale O,

Opposite the indicator on scale CI will be found the significant figures of
the reciprocal.

The decimal point is placed by inspection.

Example: Find the reciprocal of 2.

Set the indicator to 2 on €.  Opposite the indicator on CI, find b.

Placing the decimal point by inspection, the rezult ia .5,

Example: Find the reciprocal of (236,

Set the indicator to 236 on C. |

On I, opposite the indicator, find 424.

Roughly calculating 1/.236 = 1/2 = &

Henee the result is approximately & or 4£.24,

Find the reciproeals of the [ollowing numbers:

Problem 123. T2 Prablem 128, 152
| 24. 41 129. 58.5
125. 378 130, B5
126. 68.2 131. 7.95
127. A3 |32, 063

MULTIPLICATION
Example: Multiply 2 by &, using zcale Cr.
Set the indicator to 3 on L.
To the indicator set 2 on Cl,
Opposite the right index, find 6 on Ik
Waote that 3 on scale CF iz also in alignment with 2 on seale ). Hence we
may 2et the indieator to 2 on I},

To the indicator get 3 on CF.
Opposite the right index, find 6 on I).

Explanation [
|
log 3 - log £ = log B
measured on J'_J' measured on OT measured on I

Example: Multiply 5 by 5, uzing seale C1.

Set the Indicator to 3 on D,

To the indieator set 5 on CF1.

Opposite the left index, find 15 on I,

An adwvantage of seale O in multiplieation is that no unecertainty ean
exist za to which index to use.

i, BELSe - _BL - SRS 2
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Exercisa

Waork problems 67 to 75 on page 23, using scale CI, Note the saving in
time,

IMYISION

Example: Divide 28 by 7, using scale T,
To 28 on scale I ot left index,

Zet indieator to 7 on CI.

Opposite indieator on seale I read 4.

Bunceessive DMvision

1 3 a

The CT zeale iz useful in problerns of the type x = 7 where a is constant
il ¥ assumes duccessive values,

Example: A field rheostut on an electric generator is used to vary the
esistance 8o as to give it the following values in ohma: 250, 298, 347, 401.
153, 496,

If the voltage is 125, what are the values of the field current?

E {Constant)

it (Varying)
where I is the current in amperes, B the electromotive force in volts, and R
the resistance in ohms,
125 125 125 125 125 125
S 298 " 4T 401" 453" 406

To 125 on L set 10 on ©F (lelt index),
Opposite 250 on C, read 500 on I,
(L} EPS [ Cr1 i ‘41.9 £ dE
L} 3_1? (L} ‘l'-rfr £r .3‘5':' dd ir
ie ll[:]-l i¥ (“I.‘ i ..I‘-L]z LI}
i 455 ** Cr' di O
W Ngpeeeg, W gk wia
From one setting of the slide all six values sre read.

By the use of aeales ' and I only, =ix sottings of the slide would have been
required,

THREEE Ok MORE FACTORS
Explanation

Example: 2 %3 %4 =z

ol the indicator to 2 on I3,
Zet 8 on CT to the indicator,
Oippoaite 4 on O, read 24 on D,

log 2 -+ log 2 + log 4 = log 24.

messured on I meaayred on OF measured on ¢ measured on D
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Example: 52 % 34 ¥ a (=28) = a,

Method 1. Using scales CI, C and D.

1. BSet indicator to 52 on D.

2, Set 34 on CI to the indicator.

3. Opposite any value of a, say 28, on C, read 435 on D.

To place the decimal point, roughly estimating,

B X8 X3 =45

Henece the result 1 49.56.

Mote that this result is obtained with only one setiing of the slide, and with
a0 uncertainty as to whether the right or left index should be used.

Mathod 1.  Using only acales © and .

1. BSet right index to 52 on D.

2, Move indicator to 34 on C.

8. Set left index to indicator.

4. Oppoaite 28 on C read 495 on I,

This method requires two settings of the slide, and involves some
uncertainty as to which index to use in steps 1 and 3.

Hence Method I should be used in problems of this type.

Example: — —” =

6 2 al=064)

To T2 on I) set 75 on ; opposite any value of 4, say 64, onCf read 16 on D.

The decimal point of the result can be placed by inspection,

Mote that when the ¢ and I scales alone are used in solving problems of
this type, two settings will be required, including a separate aetting for each
value of the varizble (a) of the denominator; whereas, by employing the CI
geale also, a single etting of the slide permits a solution for all the values of
the variable {a).

Four Factors
Example; 143 X 5.12 X 1.78 X 0.7T25 = =.

Method 1.

1 Het indieator to 143 on I\

2. To indicator set 512 on CT. Ans. 7.32 on D opp. rt. index.
3. Indieator to 176 on C, Ans. 12.8% on I} opp. indicator

4. Bet 725 on CT to indicator.
5. Opposite right index, read 934 on .

This method requires only two settings of the slide.
Methad 1. Using only seales C and L3,

1. Set left index to 143 on I,

2, Move indicator to 612 on C. Ans. 7.32 on D opp. indicator.
3. Bet right index to indicator,
4. Indieator to 176 on C. Ang. 12,80 on I opp. indicator.

5. Left index to indicator. [
6. Oppusite 725 on C read 9.84 on [, |
This method inveolves three settings of the slide, and some uncertainty as

to which index to use in steps 1 and 3. Hence Method I will save considerable

time in the solution of problems of this type.

.
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Five Factors

Example: 2 38 %4 M5 x6 =z

To 2 on I set 3 on CI.

Indicator to 4 on .

et b on CT to indieator,

Opposite 6 on C, read 72 on [,

Placing the decimal point, the result iz 720,

Note that the five factors are handled with only two settings of the slide.
Without the CT scale, four settings of the slide would be required.

Oceasionally in finding the produet of three or more numbers, usicy seme
ClI, it iz nocessary to re-set the index.

Example: 2 X 3 % 1.3 =a.

To 2 on D, zet 3 on OF,

Since 1.8 on {7is beyond the left end of the ruie,
Move indicator to 10 on £,

Set 1 on ' to the indicator,

Oppoaite 1.3 on O, read 7.8 on D,

Using seale CI, fine the value of:
133. 6.1 X 24 X G52

134, 61 x24 x .52

135, B3 42 %16

I36. B3 X 42 Wb

137. 548 X 1.26 X 2.3

138. 54.3 126 % 1.17

139, 075 > 1.1 3 6.5 % 5.68
140. B2 X040 x 64 X 16
141. b XEL XI5

42, 71 ¥ 31 % 42

143, Bl 32 % 5.8

144. 163 X 3.606 ¥ 248 X 1216
146, 825 ¥ 086 % 1.07 x 4.12
146. 37.8 x 0052 ¥ 46 % 6.2
147, B3 X256 x .17 X564 %384

TE

Example : Solvex = , Where ¢ has the series of values, 1.2, 2.4, 8.5
)
and 4.8,
Set right index to 78 on seale A; opposite any value of g on seale CI, read
ron I}
when ¢ = 1.2 z = T.36. Answer.
24 3.63
3.6 2.45
4.8 1.84
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Example; Solve z = \?;;:
s

Set 2.7 on geale B to index.
Opposite any value of ¥ on scale C read » on D.

Example: Find the value of £.3+/35

Tsing indicator: to 26 on scale E-, aot 4.3 on scale CF,
at index read 12.57, the result, on .

Example: Find the value of ~7T60

ST

To 760 on i set 84 on C.

At index find 1086 on L.

The decimal point may be placed by inspection. The cube root of T60
has one integer, roughly %; which divided by 80, shows the magnitude of the
ANIWET.

Example: Selvez = 5 ——
A

Set indicator to 69 on K,
Yot 27 on 2eale O to indicator,
At index on D read 658 on seale C,

Fuughly ealeulating:

-3

c| (]
]

7/

a-q-&lm .|

-

=|lts
G:-lan
-

Henece the reault is 668,

Example: Solvesx = 34723 % 4127,
To 127 on K3 set 3 on seale CI.
Tndiestor to 23 on scale B,

Oipposite indicator on scale I, read 728,

Roughly ealeulating:
G2 93 wAVTIET = 8 32 4/85 X 185
=ohit B g
= Thi
Henee, the result is T2.8.
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CHAPTER III
ADVANCED PROBLEMS

COMEINED MouLTIPLICATION AND DIVISION

Examale: Find the vawme of
235 X483
2670
To 285 on D, set 267 vn €. Opposite 453 on  find 899 on 7. To obtain
the decimal point make a pough caleulation as follows:
LR is roughl al to o S
2670 e 3000 8 °
Henee, we must place tne decimal point a0 s to make 399 approximately
equal to 14, The result is evidently .399.

Another method of placing the decimal point:
23.5 % 45.3 (235 ¥ 100 (4.63 X 10)

270 2 2ETwI00
_ 2353463 1
=R i (3
1
= 3.00 Xin—
= 393
The first method will be found preferable, but may be checked by the
second.
Example. Find the value of E‘idszi
To 1.34 on I, =et 4.2 on €. When we altempt to move the indicator
to 2,16 on C, it iz impossible, because 2.15 projects beyond the loft end
of the rule. Bring the indicator to 16 on € and move the slide so a8 to zet the
left index to the indicator, This divides by 10, but is permissible, since dividing
by 10 does not change the order of signifieant fipures. Now move the indicator
to 2,156 on ; and on I}, opposite the indicator, read 686, A rough eaioulation
showa that:

l.:]-l+ﬂ:2.15 1= approximately equal to Lf—‘-:l- - ;- 5 T B

Henee, the result in JG86,

Example. Find the value of
30.5 60.6 X 835 _

364 > 380 % 425

L% C D
30.5 X 60.6 X 835 m 7,
3.64 X 380 x 425

H H c
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The five operations are as follows: Intermediate Results on I
1. At 305 on I} set 364 on . &35, opposite right index.
2. Move indieator to 506 on 434, opposite indieator.
8, Set 380 on C to the indieator, 111, opposite left index.
4. Indieator to B35 on C. 28, opposite indicator.
&. Set 425 on € to the indicator, and opposite
the index on O, find 218 on [

Caleulating roughly,

30 X 50 X 800 ..

3 X400 X 40 : i

Hence 218 must be made to look as near as possible like 25, giving the
reault 21.8. It i2 not necessary to obtain the intermediate results, but with
beginners it 18 an advantage to check the work at every atep,

Exampla: Find the value of
25.4 » 5T0 > 26.8 » 5.63 = 1.3
1.55 x B3bl x 4.1a X 2.24
D (8 c [ [ b
264 % 670 » 26.8 % A.83 = 1.3
1.55 x 8350 > 4.15 x Z.24

& c & £ Intermediates on It
1. At 254 on [, get 155 on 164
2. Move indicator to 570 on €. 034
£, Move the slide, setting 835 to indieator. 112
4. Indicator to 268 on C, A0
5. Move slide, setting 415 on C to indicator. T22
#. Indieator to 863 on . 625
7. Move slide, setting 284 to indicator, 278
8. Indicator to 13 on €. 363

Find the answer 362 on I} opposite the indicator.
Caleulating roughly:
25 X600 %30 XB X1 _ .o
1 3 8000 x4 x 2
Making 383 look as much az poagible like 60, we have 56.3. [
Example: Find the value of |
T
460 = 0267
The preceding examples have had as many factors in the numerator as in
the demominator or one more. This example ean be chanped to conform to
these typea by introducing unity as a faetor in the numerator. |
Mathod |. Using scales OF, 7, and D,
1. To 746 on D set 365 on €.
2. Opposite 267 on CJI read T64 on I,
Roughly calculating: '
2=l 2.00 o
o T Yk ‘
Making 764 look as much as possible like 100, the result is T6.4.
This method iz preferable, since it reguires only one setting of the slide.
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Method Il.  Using only scales © and .

B g
T.45 746 %1
366 % 0267 ~ 9.85 % .0267 _ *
C C
Check by
Intermediates on DL
1. Bivide 7.45 by 3.65. 204, opposite left index
2. Move indicator to 1 on C. 204, opposite indiemtor.
d. Maove dlide, setting 267 to indieator. T64, opposite right index.
e 1
Exampla: Find the valua of 534 % 31 %535
Check by
Intermediates on D
1. Tolon D, set 284 on C, 427, opposite right index,
2. Indicator to 83 on CL 1293, opposite indieator.
d. BE5 an € to indicator. 2467, opposite right index.
Rough ealeulation: : :
e e Ea mel

Making 2467 look as much as possible like 25 the result ia 2487,

Example; Find the value of: IMM .
Method |.—Work the example mthuut regard to the gquare root, then find
the square root of the result.

Method Il.—Tlzing geales 4 and B

4 B BE D
214 # 840 X 640

15 X5 %08 ™
B B E

Intermediate on A,
1. ToZ2l.4on A set 4.15 on B. 416, opposite index.
Be eareful to use 21.4 on the right half of 4 and not 2.14 on the left half,
gince the square root of 21.4 has different significant figures from the aguare roat
of 2.14. For the same reason use 4,15 on the left half of .

2. Indieator to 3.45 on B (left half of rule) 178, opposite indicator.

8. Move slide setting .75 (right half} to indicator. 237, opposite Index,

4. Indicator to 6.4 (left hall) on B. 152, opposite fndicator.

Change 640 Lo 6.4, by moving the decimal point an even number of places,
in order not to change the 2quare root,

B. Moveslide setting B (left hall) on B to indicator. 180, opposite index,

6. Oppozgite right index of B find 436 on .

Rough caleulation

20 % 3 % 600 e
N i T = V90000 = 300,
Placing the decimal ooint so as to make 436 as near as possible to 300, the

result is 436,

| SRR R SR
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Find the value of

Problem 148. w Problem 152. .65 % 24 X 7.5 X 9.5

B.75 % 1.85 B.45

.~ 5% 4.55 » 0276
: 1

o 1 e s
150, 264 % 4.8 x 712, e ] wrm

- 1 St 3
161. 8.2 % 28 % 35 ¥ 6.4. 155.

2.04 X T4
2.14 ¥ 4.6 X .48

Probl ’
roblem 156 513 % 06 % 575
157 6.8 » 4.6 x 8.7 x 132
" A MEE WER M4
.68 % B2.b
158, W 2dE)
'486 w23

159, \.J-s R
- =
oy \}229 % 12.2 % 126 x 406

2760 = 716  B.16

MISCELLANLEOUR CALCULATIONS

245 ¥ (T6:5) % 625
.55 > 087
Method 1. Tse sealos A and B, but use C for 76.5.
At 240 on A =et 55 on B.
Indicator to 766 on C.
et 87 on B to the indicator.
Indicator to 626 on 5.
Opposite the indicator on A, find 187.
A rough caleulation shows:
2 K T0 % 2w 600 ZUUXT{I > B0 X 600
= R e Ex1
The result is 187, 000, K00,
Method 1. Write the example:
2406 ¥ TH.5 ¥ T6.6 x 625
an 2 0BT W

Method 11l Find (76.5)® as a separate problem, then work the
example on € and I,

Example: Find the value of 135 }{-\.rci B ‘K 430
26 x 250 ¥ 638
Tse C and I¥, but use B for 475.
At 135 on D, set 26 on .
Tndicator to 4.76 on B {eft half of slide, because the decimal point must
be moved an even number of places).

Example: Find the value of

= 134000000,

%
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Set 250 to the indicator.

Indicator to 430 on .

Set 638 to the indieator.

On I}, opposite the right<hand index, find 305.

Roughly caleulating:
‘lﬂﬂ %20 % 400 15

25 X 250 % 600 — 75 — “bout ¢ 5' or £
The result, then, is .305.
Example: Find the value of
/260 /B350

4 1310
Use A and B, but read the result on I,
At 2.6 on 4 set 15.1 on B (moving the decimal point an even number of
places).

If we try to move the indieator to 3.5 on B, 8.8 projects beyond the end of
the rule. Hence, move the indicator to the right index of the slide, then set the
left index to the indieator. This operation divides by 100, but doss not chang:
the significant figures of the result.

Now move the indicator to 5.8 on B,
On I}, opposite the indicator, read 869,
Roughly caleulating:

BO0 M3 A 5
V1600 4
Hence the result is 269,
Settinga:
The reault is denoted by
18.5 X (14)¢ A : Tol35 :Find x
Frebive 154, i B : Set 82
Mk + Owver 14
D
. Hi :
162. 1.35 % /2 B - : Under 2
D : Tolds : Find =
. 428 7 :
e /8720 B : Bet67.2 :
(E - Under 10
D Tod22 : Find x
164 Sb5E A: Tob52: Findzx
to(a4r B A 0
C : Bet3d
& 3 $
185, (16.2)F x 45.2 & : Find z
(2.7 B : Owver 452
C : Set2] :
L Tol62 ;

_,
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D347 )2
168, {'.'{Hj'ﬁs_

2.31 3 (48.5)% % 413

. = T

176 3 4/ 286 34/ 17 x 410

b 28 % 228 ¥ 604

1o, M3.32 X V6.6

ot /2830
oL
e
{ .0325) °
AT 166
e ([0

I : Find =
B + Owver 100
g : BethB :

D : Ati47 :
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CHAPTER IV

PLANE TRIGONOMETRY

SINES

Methad L Remowve the slide from the groove, turn it over so that the face
that was underneath is now uppermost and insert it in the groove with the
indexes coinciding as in Fig. 26.

} Foemabmmcles 3

Fig. 26. :

The zeale marked S i3 a seale of sines.  Angles are given on seale S, opposite
their sines on scale A.

Example: Find zine 207,

Opposite 20 on acale & i3 found it= sine on seala 4, This reada 342. Teo
place the decimal point, a number read on the right half of scale A has the
first significant fizure in the first decimal place, except sine 90, which is 1; a
number read on the left half of scale A has the first significant figure in the
second decimal place,

Hence sine 20° = 3420,

Example: Find sine 2°,

The significant figures are 349,

The reading iz on the laft of scala A, hence the result iz .0349,

Methad 1. With the slide in the usual position showing scales B and €,
set the given angle on acale § to the mark opposite the index on the under side
of the rule; then opposite the right index of scale A read the sine on seala B,

COSINES

Sinee the cosine of an angle iz equal to the sine of the complement of the
angle, the cosine may be lound on the alide rule.

Example: Find cos 30°

Cos 30* = ain {(90°—30%).

= gin 60%,
= 866,

Example: Find sin 5° 40° ¢ 35

Method L. 'With the slide having scales B and C uppermost, set sin 5* 40°
on & to the marlk in the groove at the right end of the rule.

Under 35 on A, read the product 3.46 on B.

Evidently we have added log sin 5”40’ to log 35, the sum being counted
on scale B,

Or sin §° 40" ¥ 35 = r may be written as a proportion using scalea A and B.
A B A B
1 :8in 6°40" =856 : =
Opposite 1 on A, set sin 5 40' on B,
Under 38 on 4, find 3.46 on B.

SRR e e
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Meathod 1. With the slide having seales 8 and T uppermost,
Wil Bhy L : Find 3.46
S+ Set Right Index @ Owver 6% 40°
Log 35 i3 added to log sin 5° 40/, the sum being counted on scale A.
38
na 40
Method |.  With the slide having scalez B and ¢ uppermost, set gin 5° 40
to the mark in the groove at the right end of the rule.
Ovwer 36 on B, read the guotient 354 on A.
Method 1. With scale S5 uppermost
A: Tods
& et 5% 407
To place the decimal point, note that sin 5° 40/ iz a trifle less than .1.
Henee dividing 35 by .1 we have 350 for the rough exleulation.

Example: Find .
&l

: Find 354

1 Over left index

Explanation
Method I. We have solved the proportion:
Bt 4l =1 =38 toE
B A Fi3 A,
Methad 1. We have taken the proportion by alternation, securing

sin 5™ 40¢
8 A 5
EXERCISE
Problem 173. Find the sine of 90%. Problem 178. Find thesineof 15° 207,

r3h =] i

A

174, « i a  45% 179, = b i b S

175, = it e B0% 180, = i e 57 a0

176. = W i F\ 181, « o u p- 1

177, « i 40, 182, =« i s 270307
Problem 183. Find the cosine of 30", Problem 188, Find thecosine of 76% 30,

84, " W BBe 189. “ LI S

185. « “ A | 190, « it o 20300,

186, « w T 181. « i a B1% 45

187, « i T 192, « “ w 3R R, ]

193. Bin 25° ¥ 45.

194. Cos 56% » 27.

18 21.5
o, g = 5E = et

199 BN 12%:30° B aim 42° 10°

Problem 197. 4 =32°. (Fig. 27). _f,ﬂ
& =bd _,.p*"”'F
Find a. e o
Problem 198. A = 70° 80",
a = lod.
Find . ' 3 c
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Problem 198, A disk ia 21 inches in diameter.
Find the distance necessary to
get g pair of divider sin order to:
space off a,) 7 sides; b,y B sides
e,) 10 gides; d,) 18 sides.

The angle DAB = %ui 3607 = 61° 26

ito the nearest minute).

The angle DAC = = of 51° 26' = 25° 48",

¢ D

AD

D = AD % sine angle DAC.
- BD =2 x Ch=2% A ¥ sine angle DAL

Fig. a0. — A sine angle 167 where d = diameter
of circle.

~ zine angle DAC,

200, Holes A and C are
ta be drilled on the milling A
machine. After drilling C,

e

in order to drill A, how |

puch movement of the

table will there he ineach

direction! | : i -
The tabls moves from .5 =

CtoB thenfromBtod. | " c
BC = 5 % eos 20, Fig. L,
BA = 5 » gin 20%

\

S

TANGENTS

’.i_i"' Fop e ; ik }.::‘-I.lp'!r .:;1- :I_..-Li*ll .E‘
Fig. 40

With the slide in position for reading sines, seale T gives readings for angles
whose tangents zre found opposite on seale I

Theil r=t sipnificant figure comes in the first decimal place for all values
found on the rule,

Example: Find tan 30%

Method 1. Opposite 30 on scale T, find 577 on 10,

Pointing off, we have tan 307 = 5770, which 1 eorrect to threes ignificant
figures; the result eorrect to four figures being 5774,

Method 11 With the slide in the usual position showing scales E and C,
et 80 on the T seale to the mark on the under side of the rule and opposite 1
on I read 577 on C,

Example: Find Lhe value of tan 15° 30" X 175,

Find tan 157 50" by Method IL

Shift “0" seale go that right index tukes position of left index,

Above 176 on D, find 556 on C. 1

Sines tan 18° 307 is 354, the product must be roughly 5 of 175, making
the result G8.6.

The seale gives tangents only as tar az 457

e

Ju u:l-.u.-lL:, I-—‘.g-—.L_ w#f—i—n‘ﬂh-.’:—‘h—.' : ﬂ-vr‘—,rl
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For larger angles, use the formula:

1
tan 4 = fan 90°—4)
Example: Find the tan of 75°.
PRI 1
tan TG T -Lgﬂazﬁhj_i
e TN
~ tanlhs”

Opposite the mark in the noteh on the under side of the rule, set 15° on
the T seale, Opposite the left index of ¢, read 373 on 1. Placing the
decimal point by a rough caleulation, remembering that tan 4567 i3 1,
ol 1
T | L i

d
Henee the result iz 3.748.

Owing to the presence of the O seale we may also obtain the answer by
setting 290°—4 on T to 10on P, Under the mark in the noteh on the under
gide of the seale read 3.73 on °F. Thia gimplifies the operation, but is applic-
ghle only to angles lesa than 84 For angles from E4% to 90° the formuls

1
tan (S0°—A)
must be used, Tan (90°—A) can be cohtained by finding sine (90°—.4) as
explained on page 44.
Example: Find the value of 565 < tan 65°.
- : 1
9 = - - + — —a
Bob + tan 65 BEb -+ tan 35°
= B0 X tan 25"
= J63,

Find tan 25° by Method II.

Opposite 565 on I find 263 on o1,

Example: Find the value of

2566 + tan 10° 280,

Method 1. Oppozite 256 on I aet 10% 30° on T. Under the left indexof T,
find 138 on I'. Roughly caleulating for the decimal point, remembering that
tan 45" =1,

206 —« tan 10°30° = Egi = 1280. Making 138 look as much as pos-
sible like 1250 we hawve 1380,

Method Il With the slide in the usual pozsition with seale C uppermost, sel
10°30° on T to the mark on the under side of the rule. Opposite 256 on C, find
138 on D. Placing the decimal point, we have 1380,

Example: Find the value of

256 + tan 40° 10",

By Method 11, setting 40° 10° on T to the mark on the under side of the

rule, under 256 on C, find 303 on I

Roughly caleulating: 2 = 2 = §20.
Hence, the result is 303.

tan #0° 10° ]
%iﬁ%—

tan- A =




. R

The tangent of an angle less than §° 43° eannot be obtained directly from |
the ordinary 10 in. rule, but the sine may be used in place of the tangent, since |
the sine and the tangent of any of these angles are identical to three significant |
figures. |
tan 1* 30° = gin 1° 30" = .0262.
COTANGENTS

The cotangents of angles from 6% to 45° may be read upon the OF seale,
In every case the first significant figure iz a whole number,

Cotangents for angles greater than 45° may be found as follows:

Cot A = tan (30° — A). = - 3

tan A,
Example: Find cot B5%.

Cot 66° = tan (90° — 66°).

r ; tan 25
=t Aﬁ-ﬁ. #
| Example: Find cot 187, 1
B o i —
Cot 18% = tan 18°

SECANT AND COSECANT.
The secant and eosecant may be found by the formulas:

pec A = o T
1
ESEA - H‘
Problem 201, Find tangent of 25>,  Problem 207. Find tangent of 75° 10,
2092 « i v 147 307, 208, 2 16 w207 107,
203, « i w 357 30, 209. I8 o w15® &
204 « ww 26° 20, 10, . e woBR3N,
205, « w w187 80, 211, w w e 1046
206, " u 55 20, 212. & i o 435 207,
Problem 213, Tan 15° ¥ 18.
12.2
o ¥ S BT L M
Problem 214. Tan 65° 30" » 13.2 an 245307
0.62
Problem 215. “tan 10°
8.6 T
Problam 2186. @n 07 0 B.5 3 tan 19° 40°.
Fi)
| .
\ b i
C
—E Tig. o1, F

Example: To find BE, the height of a building, a transit is set up at 4;
& level line AC s sighted on a rod held at £,

CE iz found to be 5.2 {t,

EF. which is equal to CA, is measured and found to be 138 ft.

Th angle CAB is taken by the transit and found to be 28° 307,

T nd BE, the height of the building,




i = =
BE = BC - CE.
BC = CA > tan A.
BE = CA x tan A 4 CE.
= 138 W tan 237 30" 4 5.2
= T49 4 B2,
= R.1 {t.

(i i A
Fig. 82,

Example: To find CB, the width of a river.

A transil is zet up at  and a right angle, BCA s 1aid off.

CA i3 measured and found to be 2335 11,

Then the transit i= 2ot up at A and the angle A found
to be T5° 30",

Find CB, the width of the river.
CB =04 % tan A.

= 235 ¥ tan T5% 30",

236

e o

=900 ft.

SINEd ANI» TANGENTS OF SMALL ANGLES

Gauge points are placed on the sine seale for reading rines of angles smaller
than those given on the regular scale.  Near the 17 107 division is the "seccond™
gauge point and near the 2° division is the “minute™ gauge point. By placing
one of these gauge points opposite any number an the 4 seale, the corresponding
gine of that number of minutes or seconds is read over the index of the zine
seale on 4. Or place the gauge point opposite the left index. Then for any
value on zeale M the corresponding sine may be read on geale A for angles from
4 to 100° or from 3" to 100°, depending upon which guuge point is used.
By placing the gauge point opposite the right index sines for angles as
small a3 1" may be read. In order to point off, it should be rememhbered that
gine 1* is about 000005 (5 zeros, B), and sine 1 Is about 0003 [3 zeros, 35,

The gines and tangents of small angles being practieally identical, these
gauge points, as well as the portion of the sine scale below 5% 43", may also be
uzed for the tangents.

The tangents of angles greater than 89% 24" are found az [ollows:

Determina S0°—4,

Zet gauge point to index of geale, Set indicator to value on seale &
corresponding to the angle whose tangent is gsought. Shiflt index to indi-
cator. Opposite the other indev read tangent of angle on zcale 2.

Example: Find sine 10,

Opposite 10 on seale 4 aet the gauge point for seconds.

Oppozite the left index find 485 on .

k e
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Bince gine 1* = L00005,

gime 107 i3 roughly 10 » 000005 or 00005,

Henee sine 10" = 0000485,

Example: Find sine 12,

Opposite 12 on seale <A set the gauge point for minutes.
Opposite the left index find 349 on 4.

Since gine 1! = 0003,

aine 12' is roughly 12 % 0003 = .0036.

Making 349 ook as near a5 possible 1ike (0036,

gine 12° = .00349.

Example: Find tan 859 45°.
G0°—89° 45" = 1§,

Hot minute gauge point to left index of scale.

Set indicator to 15 on &,

ahift right index of I to indicator,

Oppozite lelt index of 4 read 229 on B,

The complete tangent of 897 45' iz really 229.18.

Exampla: Find tan 892 45° 45",

S0°—g9° 45° 45" = 14 15" = E5b",

Bet second gauge point to left Index of A.

Hot indicator to 855 (left hall) of H.

Shift right index of & to indicator.

Opposite left index of 4 read 241 on B.

The tangent of 852 45" 45" is actually 241.26 4+

Anather method of finding sines and tangeni= of very small angles depends
upon the fact that, for small angles the sine or the tangent varies directly
a3 the angle.

Example: Find tan 15,

Tan 15 = gin 15'.
= '1i1} gin 1650,
= L gin 2 g0
10 5

% .0436 by the slide rule,
= 00436

LOCARITHMS
Between the scale of sines and the scale of tangents is a seale of equal parts,
by means of which the logarithm of a number may be found.

Example: Find log &0.

. Placing the slide in ita usual position, with the scale of equal parts (which
18 numbered from left to right} underneath, set 5 on C opposite the right index
of I).  On the sesle of equal parts opposite the right index on the underside of
the rule, read 355,  Placing the derimal point znd prefixing the characteristic, as
usual in working with logarithms, log 50 = 1.6494.

iThe characteriftie is found by taking one less than the number of figures
at the left of the decimal point),

. NOTE.—Some elide rules have the seale of equal parts numbered from
ht to left, in which case proceed in the above example as follows: Set the
| left index of seale C to 5 en 0. On the seale of equal parts opposite the right
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index on the underside of the rule read 639. Prefix the characteristic as aboye,
making log 50 = 1.689, .

Example: Find (2.36)* = =.
Logx = b X log 2.36.

Mete that 1 i the characteristic. Find what number has 865 for a
mantizza by reversing the method of the preceding example.

£ = T3.2,
Example: Find 43187 = x.
Log 137 = 2272,
Log /187 = % of 2272 = 454,
r = 2.54.
Problem 217. Find the logarithm of 1.34,
218. “ooe “ a 4.5,
219, wooa i i Ja12.
220, T i e 8T,
221. T " > Ta5,
222, Find the value of 8.2)%  to threesignificant figures.
223, @ o i (425)%,
224, w w +/3.46
225. oo & 1?23‘5.
226, FI i "\?T‘iﬁﬂ,

Example: = = (2.7)-¢
log 2 = 1.41 ¥ log 2.7
= 1.41 ¥ 0431 (Log 2.7 found on slide rule a= in first
example).
={,608 {Multiply, using scales C and D).
x = 4.05
Example: x = (41.5)"=
log z = 0.23  log 41.5
= 0.23 3 1.615 (Find mantisaa of log 41.56 = 618, Then
prefix characteristic of 1, making 1.618.)

= (.472 (Multiply, using scales © and [}).
o= 0
Example: = =7-5L.3,
log 2 = log 51.3
4.2
= T10
T (Finding log 51.3 = 1.710).
= 407 {Divide; using acales C and ).
x = 2.56
To Change Radians to Degrees or Degrees to Hadians
v  Radians
180 —  Degrees
A Oppogite w1 [ Opposite Radians Read Radians
Bl Set 180 | Read Degrees ' | Opposite Degress

QR RIS R RS TTT SOASTe
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CHAPTER V
SOLUTION OF TRIANGLES

By the Slide Rule a right triangle or an obliue triangle may be solved in
& few gecondz.  On the 107 Slide Rule o side of & triangle may be read to three
sipnifieant figures, and the angles to withina few minutes. For many kinds of
applied work this degree of accuracy is sullicient.

Where greater accuracy i8 required, as in surveying caleulations, the work
should be done by logarithms, and then checked by the slide rule. This check
will show any groes error and will locate the ercor.  For classes in 7 rigonometry
it iz recommended that the student proceed as follows:

#&. Bolve the triangle by logarithms.

b,  Check by zolving on the Slide Bule.

e, If the Slide Rule shows that there is an error,find the error and correet it..

d. i no error appears and it is desired to check to a greater degree of ac-
curaey, apply the usual trigonometrie cheel.

The use of the Slide Rule saves time and locates the errdr in a particnlar
part of the worls.

NOTE: Inthe lallowing pagee on Fight and eblique triangles the aathor kas drawn freely upon
the ndmimble treatment of this subjort in a chapier of the formar Munnheim Manual by Professos
J. M. Willurd, of the Btace Collega of Penmayivania,

RIGHT TRIANGLES

Example: Given an Acute Angle and the Hypotenuse.
Let d = 82280 and e = 14.7,

Find &, &, and &,

Bolution: B = 90° — 4 = 572 80.

@
Ene 2 @mA 2 §nb
SBubstituting the given values,
B a =, b
En 90° smo2° 80 2 smoro 80

Setting the rule as in proportion, using right half of scale 4,
A| Oppositeld7 | Reada =T88 | Readb = 124
8| Setl (min90%) | Opposite 32° 80" | Oppoaite 572 30/
To place the decimal point, note that the sides will be in the same order
of magnitude as their opposite angles.

C=290° e=14.T.
B=57"30' b=124.
A= 32° 30 = - T.88.

—
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Where the 5 scale is involved, care should be taken to set the number on
the proper half of scale A The following diagram will make this clear. The
numbers on the scale are eontinuous,

Left End Middle Right End
01 i | 1.
Seale A 1. 10. 104.
100. 1000, 100,

Example: Given an Acute Angle and the Opposite Side.
Let A — B5° 15" and a = 485,

Find B. b, and C.

Solution: B = 90°—A = $0°—55° 15’ = 847 45",

- 465, Pig. 34,

a
B g b
HinA ~ En 0 EnB
Using left hall of seale A,
A | Opposite 465 Find ¢ =567 | Find b= 323
g Set 66° 15"  |Opposite 1 (3in 90°)| Opposite 34° 45°
Placing the decimal point,
C o= 90° ¢ = 566,
A — BR2 15 a = 465.
B =384% 45 b= 323

Example: Given an Acute Angle and the Adjacent Side,
Lot A— 16° b= 12.5,

Find B, a, and o,

Solution: B == H0°—A = 752,

B
L I3
& Fig. 35,
A 15” o
h=125 (i
W .. X X c
sinB = snA gin(
185 E e o]
Bin 76° ~ ain15° — 1 (mio 909}

Using the right half of scale A,
A| Oppositel25 | Finda=2335 Find ¢ =129

S| Set7° | Opposite 15° | Opposite 90°
Placing the decimal point by arranging the angles and sides in order,
C =40 c= 129,
B="T§e b=125.
A =157 g 8.2
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Example: Given the Hypotenuse and a Side.
Leta = 1.64, =" .5b
Find A, B and b.

2 c
Solution: - . - =
it

nC smA  =nB
WL iR |, DI
1(zin 90"} s=€inA  enB
A | Opposite 2.56 Opposite 1.64 Find b =195

"B | Setl(sin30°) | Find A—40° |Opposite B (90°-A)
B may be found after A iz known.
B = 90°—40% = 50°.
To place the decimal point in b:
Since B is a little larger than A, b will be a little larger than a.
Hence b = 1.594.
Example: Given the Two Sides.

0=20 Tig. 87.

e =1

Case 1. Where tan A or —,:-:— i lesa than 1.

Teta=20and b — 25,
Find A, B and e.

Y a tan A B ... ALl
Bolution: —p—= ey T T " tan A
T | Set1(tsn 45°) Find A — 88°40°
D | Opposite 25 Opposite 200
Or tan A = il]
dand
_G | Beb2d
D | Opposite 25 ] —
_’T—| | Read 33° 40¢
2 [ Dpposite line on
underzide of seale,
"o find he formula, —— s
o find e, use the formuala, =T e

Case II. When tan A urTa iz greater than 1.

Leta = &0, b = 25.
Find A, Bande.

—
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Solution: Find B first in order to avoid finding the tanpent of an angle
greater than 459 since the T seale reads only to 455,

B
2 i3 = 3
4 b= 25 <
Fig. 38,
= IR . L. femB
1 = tanB SR ot ey
'T_'_ Set 1 {tan 45%) | Find B = 192 By
D Opposit2 30 |  Opposite 256
_ 25
Or tan B= ;;E
S '_('.In_r_n}site S f -
S | Read 3%° 50°

| Dpposite Tine on
under-side of scale
A = 90°P—329° 50" — 509 10",
c
Bin G
OBLIQUE TRIANGLES
Example: Given Twe Angles and a Side.
Leta—=225 A =447 81y B = 24° 1§
Find €,bande.

Find ¢ by the formula T;’B— =

a

44730° 2471

A = 1.3
Fig. 39.
Solution: C — 180°—(44° 80’ + 24° 15)
=180°—387 45
= 111715
T L [
TEin A sin B sin Coran (A+E)
228 . b o ¢ _
sin44° 307 &in24°15  @in111° 15 (ain 68° 457
TUhsing the right half of rule:
A | Opposite22.5 | Findbh= 132 | Finde=300
8 | Setdd®80° | Opposite24° 15 | Opposits 65° 45

To place the decimal point, the sides will follow the same order of magni-
tude as their opposite angles.
=111 1§ =800,
A= 44° 30 o= 22.5.
B= 2 1F hi—T1:




— f] —

Example: Oiven Two Sides and the Angle Opposite One of these Sides.
This example has two poasible solutions, both of which are given below,
Liet s = 175, b =215, A == 35" 30/

Find B, C, and ¢, B' and ¢

Solution: I S L
5 gin A ain B sin 0 Note: Sine O = Sine (A - Bl.

Using left half of rule.

A |Opposite 175 UE;??.T:W_ 216 | PFind ¢ =203 |
8 | Set35% 30° |Find B=45" 3’| Opposite {A-}1) or 81°
B' = 180°—45° 80' (B).
== 1842 30,
AT = 35° 30°4-184° 80",

=170
' = 1800—170°,
169,
Tndieator to right index Find ¢ == 52.2

Lot index to indieator | Opposite ' = 109

To place the decimal point, arrange angles and sides in order of magnitude. '
In triangle ABRC,

G = 94° e =288

B = 45" 30’ b="218

A =354 30 fi— LTH.
In triangle AB'C,

B'—= 134" 20/ b= 21k,

A =830 a— 175.

e 1 0 o'= 52,3,

Example: Given Two Sides and the Ineluded Angle. The fact that Lhe
tangent scale runs only to 467 makes two cases,

Caze I. When ;
Example: a=5.14, b=2.12, C=113" 30,
Find A, B and .

_.

iz greater than 45° whenee 146 (A 4+ B} is lesa than 45°,



€ h=zaz A
Solution: Fig. 41.
a=514.
[ b Tze the formula,
a-+bo=T.26, tan 14 (A4+B) tan ig (A—8)
a—h =302, — ath a—5 -
R L T | Set 14 (A+B} Find 14 (A—E)
A +B =6T" 30, Er) [JF;:DI')'SLLL I._rl.—ll.l |Opposite (a—a)
A 4RI = d[l-" a',
Jyf;lll .f?‘l 155 Bak PR | Bet 83° 45" [Find 1 (d—B) =15 {:'i
A =49 17", I} |Upposita 7.25 Cpposite 3.02
i =15" 13",
¢ 18 found by the usual sine formula
e el
End " mnl
514 ¢
“Ein 49° 17 Fin 1127 30" or =in 67° 807
A Opposite 5.14 (Left half of cale Al Find 6.=6.27
T Sef 49° 17 (F]’:po&-‘lteh a0
¢ i)
ookl Che T ImE
_A [Oppaosite 6.27 (Left half of seale A} Find 2.12
) Bet 677 8307 " |Opposite 18° 157
NOTE.— In the mathematics elassroom thiz check formula may be used
alter the student has solved the triangle by logarithms,
Example: a=1564, b=T73.5, =120°30",
{.I
;',7:9-:}'?3:0 i The Fig. 42,
A B
bt tan 14 (4 +I§'j tan 14 (A—B)
T a+b a—h
Mtan 20° 45" tan 13 (AR
N A = =
g (A—B)1=11" 28"

_T | Sec28°45' [Indicator to right index| Find 14
D |Opposite 2275 | Left index to indicator [ Dppqaite 80.56
15 (A+B)=29° 45",

14 (A—B)=11° 26",
A =41°11"

B =18 19"




By the method of the preceding example, ¢ 18 found to be 202,

Casze JI. When -g—

Example: =765, b=42.5, C=6530"
a+b=118. a—b = 33:
L5 (A4 B} =57 15",
tan 1 (A48}  tan Y4 (AB)

iz less than 457, whenee 14 (A +B) is greater than 45°.

a+h a—b
tan 67° 16° tﬂn_é»_j__(.d—ﬁ}
; 1148 i 33
Sinee tan 57° 15 i3 not on the rule, we substitute for it
1 1

tan (90°-57° 15')  tan 82° 45
The formula now reads:

1 _ tan 14 (A—B)
118 % tan 82" 4% 83 :
T |Set 1 {Left index) | Indicator to 82° 45" |Find 14 (A—B) = 23° 30/
D | Opposite 118 |Right index to indicator Cpposite 31

14 (AL B) =BT 15,
14 (d—B) =23° 80"
A =80 45",
B=33"db’.
Find ¢ by the usual method.
Check by the sine formula.
Example: b=83.4, a=78, C=72"15.
h4a=161.4 b—a=>54
L4 (B+A) =53 b3,
T [Set 1 (Right index)| Indicator to 36" 7" | Find 24° 38°

D | Opposite 161 |Left index toindicator | Opposite 5.4
g (B—A) =24° 58", Teating these results by the formuls:
B=78%381". i [/
A =20 15". gin A =m A

it will be Tound that the angles are incorrect.  This results from the fact that
the slide rule gives the significant fizures of the tangent, hut does not tix the
decimal point,  In this example, there are three values for 15 (B—A) between
2° and #5°, corresponding to the natural tangent whose pignificant figures are
450,

[. tan-* .0459= 2% 38"

2. tan-! 4560 =24"38',

3. tan—' 4569 =77°48%.

Other values may ba found less Lhan 2° or batweon 858° and 907, bil these
will seldom be reguired.

Henee, in the solution of any problem in this case, it i2 neeessary to tesw
the results by the cheel formula.

Aninspection of the example shows that b iz slightly larger thana.  Hence
£ will be only elightly larger than 4.  This would be possible if 14 (B—A4) were
gmaller than 24° 28°, which we obtained on the rule.

Find tan 247 38%, which iz .459.

—
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Find tan-1 0459,

In order to secure thiz emall angle, we use the sine scale, sinee the sine af
an angle less than 5° 43° is practically equal to the tangent.

Oppozite 0459 on the left half of seale A, find 2° 37' on 5.

L (B+A)=53° 53

Lo fE_ — a4 qm o e x : r:__= - [

4 (B—A)= 2°37 Ueing the check formula, i) e
E =587 300,
A=01"15". these results will be found to be correct.

Suppose it is desired to obtain the next larger angle than 245 38°,
tan 24° 35" =459,
The next larger angle with the same significant figures for the tangen:
would be: tan x-4.54.
Since this angle is evidently greater than 457, we may write:
tan (907 —z) = ?.'.é;i - .ﬁi} .

Solving by the slide rule

90—z =12" 17"
=TT 48"

Example: a=14, b =40, E=gh;

b4 =100. b—a= 8.
14 (B+4) =57° 30",
g (B—A) = 7210, by the first trial on the rule.
B=647 40",

A =gad" 20"
Theze results do not check,
Since U is nine timea o, B must be considerably larger than 4.
Using the method above,

tan 7T 10° = 126,
tan & A L

. : 1
tan (90°—z) = i85

T [Bet 1 (Tan46°) | Find 387 39",
"D | Opposite 1.25 | Opposite 1
0 —r= J5° 80",
E= h1%Ba
12 (B+A)= 5T° 30",
L (B—aA)= 51°08,

B =108 82"
A R
These results check by the formula % — _ _b—
gin A gin B

b :



ANOTHERE METHOD,—
Example: b =834, a=T8 C = T72°1b".

h =agin C= T4.3
n = aeod C=agin (90°—C)=23.8
m =hb—n = b6

90°—A = tan ? 80°—d5° 45°
13

A =hH1"15"

B =180°—(A+C) = 56 30°
h

=" =9aK3

Cogna =04

T : . A h [

Cheelt, s Z~gnR =& o

Example: Given three aides,

Method I. Let a = 82.0. b= 28.h; ¢ =14,
Find A, B, and C.

a—32.10. X ta—n {z—e)

b = 26.5. i, & o R S

e = 14.7.

2z = 73.2,

g = 36.6.

g——=a =45, Iy I' 101 > 21:H

g—h=10.1, N 266 % 147

g—e — 21.0,

= (.T6d4. By the slide rule.

Henee + A = 49° (Uzing scales A and 8).
A =082

Find B and C by the formula:

a h [

@in A #nB  ®mQ

#



82 _ 265 _ 147

Ein 98°(= min 82°) snB ~ snC

A | Opposite 32 | Opposite 26.5 | Opposite 14.7

5 Set 82° | Find B = 55° | Find C — 27°
_ st B —gt
Method II. Cos C = e
; . (o 1024. 4 T02. —216. _ 1510
it e 1896, 1696

Sin (90° — C; = .880
890" — C = 637 (to the nearest degres)

=279
; R b
Find B from the formula o R
e a
and A from the formula e

Check: A+ B + C = 180°.

Example: Given the three gides:
=20, b= LE; o =15
Find the angles A, E and (.

An easy indirect solution suited to the slide rule is sa follows:

B
=15 L= 0D
i f==1a R
Fig, 44,

IR RIS S el
Bin A~ SimB ~ Sn
A4 4C=180"

By inspection @ is the longest side, henee angle A i the greatest angle
and is preater than 60°,

Try A= 65" Try A = T5" Try A = 747

B = 53* Roughly B =#81° B =6&0°

_ ad” C = 458° ! G = 45

N 152% 1507
loo smau Slightly too large

12 20 on acale A set trial vaue of A on geale §: opposite sides b and ¢ on A
veaq corresponding angles on 5. Only a few trials are necessary.
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CHAPTER V1
TYPICAL, EXAMPLES RELATING TO
VARIOUS OCCUPATIONS
SECRETARIAL WOLRK

A seeretary in checking a traveling man's expense aceount for one week
found the following items:

5] Erra s B v e o A A $27.50
Hotel il i e s et 56.00
pi 1 e M L el R 23.50

Find what per ¢ent of the total expense waz used in hotel bills.
molution: &6 <+ 83.50 = 6T per cent.

Opposite 56 on D set 836 on C.

Opposite the right index of C, find 67 on D.

EXCAVATING
What will be the cost of exeavating rock for & cellar measuring 43 £t < 28 ft.
to an average depth of 6,5 ft, at $2.560 per cubic yard?
L 48 X 28X 65 x25
To 43 on I} zet 27 on C.
Indieator to 28 on C.
65 on T to indicator.
Opposite 25 on O read 7256 on I3,
Ruuhhl:..r caleulating for the decimal point:—
& = B,
Hence, the result is $725; which is correct to the nearest dollar.

e

PER CENT OF PROFIT

A merchant purchased a bill of poods for $318 and sold the same for $361.
Find the per cent of profit reckoned,
a. On the cost.
b.  On the selling price.
Solution: Profit = 3360 — §318 = 342,
Per cent of profit reckoned on the cost = 34125 = 13.2 per cent.

Per cent ol profit reckoned on the selling price = :gﬂ =11.T per cent.

DISCOUNT

Goods marked $7.25 are 2o0ld at & discount of 3314 per cent. Find the
net price.

Soplution: The net price is 100 per cent—a6L4 per cent or G4 14 per cent.
B46 % T25 = 4.68,

—
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COMPOUND INTEREST

How many years will it take a sum of money to double itself if deposited in
a savings bank paying 4 per cent interest, compounded semi-annually.

Using the formula A = P (1 4+ r}u, where A i the amount, P the principal,

r the interest on 21. for 6 months, and » the number of hall years, if we take 31.
as P, we have:
(1+.02."
log 2
log 1.02

.01 See page 46.
© 0086
= 35 half years. See page 11.
or 17 14 vears.

NOTE.—1t is advisable to use 3 20-inch rule for this problem. On the
1l-inch rule the result can be found only very roughly.
PHYSICS

In a photometer a 16 e, p. lamp is used as a standard. The following
distance readings are obtained in testing a nitrogen flled lamp.

2
andn =

D, D,
31T mm. 683 mm. By experiment 1
304 mm. BOE mem. = bt 2
322 mm. 678 mm, o e 8
248 mm. ST0 mem. - i i

Using the following cquation eslculate the observed candle power of the
unknown lamp,

B
L, o, p.of atandard
—F ¥
Dﬂ: e. . of unknown
7 5
(683 )2 I

To 633 on geala D set 317 on O,
Above 16 on B find x on A,
T = Td.d.
The operation of transferring from scaleaCand D to A and B sguares the

fractio :
ik EE:].

The first experiment gives = = T4 .4
The zecond = o r =839

* third o i 2 = T0.B

* fourth s e

473187

Theresult...... ... = TH.4
CHEMISTRY

By weight 80 parts of sodium hydroxide combine with 08 parts of sulphurie
seid. How many grams of sodium hydroxide will neutralize 50 prams of

_
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sulphuric acid?
Solution: 98 : 50 = 20 : =,
To &0 om I} set 98 on .
Under 80 on € find 40.8 on D,

SPEEDS OF PULLEYS

The diameter of the driving pulley ia 9 inches and itsspeed i3 1,300 R. P.M
If the diameter of the driven pulley ia 7 inches, what is its speed ?

Solution:  The diameter of the driving pulley, multiplied by its speed, ia
aqual to the diameter of the driven pulley, multiplied by itz speed.
T ¥ 8 =931200.
g 91300
el T See page 13,
8 = 1670 correct to three sipnificant figures

CUTTING SPEED

A eertain grindstone will stand a surface or rim speed of 800 ft. per min,
At how many I, P, M. can itrun if its diameter iz 57 in.?

Solution: The cutting speed is equal to the circumference of the atone in
feet multiplied by the number of revolutions per minute,

1 o S, : i
orQ =-T° X—F’E—P M. where d iz expressed in inches,

12
wd °
_ 12 X800
T BMIEXET
= i, See page 34.

GEARING

23

Hence B. P. AL, =

o

&

Fig. 45.
The gear with B5 teeth (Fig. 45) revolves 60 times per minute, Find the
gpeed of the gear with 25 testh,
Solution: The continued prodict of the B, P. M. of the first driver and
the number of teeth in every driving gear iz equal to the continued product of
the R. P. M. of last driven gear and the number of teeth in every driven gesr,

Henen, 50 3% 40 < 40 = 80595« 8.

_ 50 X 85 x 40 :
g= 30 w25 See page 33.
5 = 20T,

LENGTH OF PATTEEN

If window weights are 114 inches In diameter, how long must we make the
pattern for & 1b. weights (1 ¢u. in. of cast iron welghs .26 [h.)9

Solution: The number of pounds in the window weight i2 equal to the
volume of the eylindrical weight 3 26 lh,




=y, fiin
g =X (1.5 L x.26
LR K
4 %8

and L = - ;
A R
= 17.4 inches, or 17 and 7/16 inches to the neareat]fth,

Bee page 34,

COMPOSTTION METATL MIXING

If bell metal iz made of 25 parts of copper to 11 parts of tin in weight, find
the weight of each metal in a bell weighing 1054 1be.
23

— of 1064 = 782 Tbe. Sea page 13.

Solution: The copper weighs 36

The tin weighs :g; of 1054 = 222 ha,

SURVEYING
The slide rule is used in surveying to checl gross errors in eomputation, to
reduce stadia readings, and to solve triangles.
Seo page 47 for the golution of triangles by the slide rule.

Exampla: Find the Iatitude and departure of a course whose length is
525 1t. and bearing N 65" 30° E.
Latitude « length of course % cosine of bearing.
= b2b ¥ cos G5% 30
= 325 ¥ gln 24° 307,
= 218,
Ta the mark in the groove at the right of the rule set 24° 80’ on seale 5.
Oppogite 525 on A, find 218 on B.
The decimal point may be placed by inspeetion, since the sine and eosine
are always less than one,
Departure = length of course 3 sine of bearing.
=-Ded M wig 657 307
= 478,
NOTE.- Keuffel and Esger Co. malke a special rule for surveyors, known
a8 the Surveyor's Duplex Slide Rule, which, has not only the 4, B, CI, C and D
geales on one face, but two full length stadia zeales for computing horizontal
distanees and vertical heights, The other face is arranged for the determina-
tion of the meridian by direet 2olar obzervations, and carries the gine and cosine
seales used in caleulating latitudes and departures of the course. Hence, thiz
rule reduces many complicated surveying caleulations to mere mechanics)
operations.
For those who desire to caleulate stadia reduetions, and latitudes and
departures, with a considerable degree of accuracy, the above mentioned
company makea a complete Stadia dlide rule.

_
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Rectangular Co-Ordinates

e=1"a" + b = aw,,..'ll i “‘_
o

| Set 1 | Rem{tz 45 I.!H.l-:-{%} i

| | e
i | Toa | At h |R:—.*w;1 C

B

or
o .I..l a - h n &
_A_| Resd {—l) |‘."h1; 14 {a )
| |

€ Beta | AtE |[Reade

|
| To1l

Example:
Find the diagonal of a rectangle with sides 6% and 11§ feet in length.

Thagonal B (114 = 6 IL {IH-T
I - '-.E,Il.-.')'—z\l_.' 63

To 64 on I? set 1 on B.

At 11% on I read 8.13 on B.

Adding 1 = 4.13,

Indicator to 4.13 on 1.

At indicator read 15.21 on D). Answer,

This aolution reguired only one setting of the slide. Compare this with
the polution reguired if the equation had remained in its original form. This
would have required 3 zettings and an addition on paper,
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CHAI'TER VII
METIIODS OF WORKING OUT
MECHANICAL AND OTHER FORMULAS
Diameters and Areas of Circles A = T8bd Do,
The B geale has 75854 (—:{r—) marked by a long Tine on the left half,

.4_| R. Index |i _A_ Ta_ll- o
B Set Tiad Find Arens, E | Bet 6| Find Arcas In square foct

&l ‘ 4 C

I.Il | Above Diametors T = Above Diameter in inches

Te Calculate Selling Prices of Geods, with percentage of profit
on Cost Prica
: s

| Set 100 l Below cost price
0 || To 100 plus percentage of profit | Find selling price

To Calculate Selling Prices, of Goods, with percentage of profit
on Selling Price

¢ || Set 100 less percentage of profit | Below eost price
D || To 100 | Find selling price
Example: Ii poods cost 45 eents a vard, at what price must they be sold
to realize 15 per cent profit on the selling price?

C | Set 86 (=100—15) | Below 45
Dl Fo 100 | Find 53 Ans.
(D 4d) % (D—a)
To find the Area of a Ring. A —_
1.2732
o | To sum of the two diameters | Find area
¢ | Set 1.278 | Under difference of the two diameters

Compound Interest [Log A = Log P + n Log (1 4 1]

Zet ono Elus the rate of interest, on C to the right index of D, then take
the correzponding number on the scale of Equal Parts, and multiply it by the
number of years. Het this product on L acale to the index on the under
aide of the Hule, then on C will be found the amount of any eoinciding sum
on D for the given years at the given rate,

Example: Find the amount of §150, at & per cent at the end of 10 years
Bet 105 || E.P.= 021 ¥ 10=.21| .21t 1 || C |Find$244.36—Ans.
| To.R.1.|| Under side of Rule and | Slide | D | Over 150
Mote that it is necessary to shift C from the left to the right indax
before the © scale can be read opposite 150 on Ir

We thra obtain on G, above 1 on D, a gaupe-point for 10 years at b per cont
and can obtain in like manner similar ones for any other number of years and
rate of interest.

_

C |
Bl




6 —
Levers
St distance [rom fulerum to Below power or weight
& power or weight transmitted applied

Find power ar weight

D To distance from fulcrum to
transmitted

power or weight applied

Diameter of Pulleys or Number of Teeth of Gears
(=pe page 54d)

€ | Set diameter or teeth of driving Revolutiong of driven
D I; To digmeter or tecth of driven Revolutions of driving

Diameter of two Gears to work at given Veloeities

¢ || Bet digtance between their ecntera Find diamneter
n | To ]:[:;H sum of their revolutions Above revolutions of each
VH
Strength of Teeth of Gears e
(1.6W
A || To H. P. to be transmitted
CT || At veloeity in ft. per aec.
G | © Set guuge point L6
D | Read pitch in inches
D ==
Ciameter and Pitch of Gears M= 7

DF | ToD | TFind number of teeth
CF || SetP | Oppuosite v

Strength of Wrought Iron Shafting
, B3 H
D= \|T {or erank shafts and prime movers

66 H
Powd |E —_ for ordinary shalting
N
¢ ||set R. P. M.| TIndicator to H.P. |
I || To 83 or 65 | Read [? Read D
T | a | Opposite DY

NOTE.—In this, as in other cases, the eosfficients (83 and 64) may be
altered Lo suit individual opinions, without in any way altering the methods of
solution .

—
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To find the Change Wheel in a Screw=-Cutting Lathe

BExwW N Nu mhsr of thrpads per inch to be cut.
N = Tar—1 T " on traverse screw.
where | ‘LI i teeth in wheel on mandril

stud wheel (gearing in M).

,_,
=
LI

W=nNMxFP P i 2 stud pinion (gearing in S).
T 5 o v wheel on lraverse screw,
C ] Bet T lInd. to BS to Ind) Under M
D|[ToN| | |  Find No. of teoth in W or stud wheel
600 or 375 H, P,
Rules for Good Leather Belting W iy
V ft. per min.
D | Ta 60D ]' Fmd width in inchea
—- —for Single Belts
C | Set velocity in feet per min. | Opposite sctual H. P,
D To 875 Find width in inches

— - -['nr Double Belts
C | Bet velocity in feet per min. | ﬂ['lrr-l:aﬁlu.\ u-:tu:t] H. P

Best Manila Rope Driving
| To velocity in feet per min, ' Find Aetual Horse Power

Set 307

Above diameter in inches

A
B
C
D i
| Tod | Find Strength in Tons

Bet 1 | Above diameter in inches

| To 107 | Find Working Tension in Pounds

Set 1 | Above diameter in inches

| To0.28 | Find Weight per Foot in Pounds

Set 1 | Above diameter in inches

!:Ir:bd[:t:- Ol ol Hla o

Ip—



B
Weight of Iron Ean- in Pounds per Foot Length

4 Tel Weight of Square Bars

B
= | Abowve width of aide in inches
A To &5 Weight of Round Bars
B Set 21
i I | Above diameter in inches
C Set 0.3 Below thickness in ]r‘t]'li-'H

i Breadth in inches Weight of Flat Bars

WEiul:l.l: of Iren Plates in Pounds per Squrl.n.-. Faot

e Sat 32 Below thickness in thirty-seconds of an inch
I To 40 Find weight in pounds per square foot
Weights of other Metals
G Bet 1 | Below G. P. for other metals
D | To weight in iron | Find weight in other metals

Gauge-points of other metals, and weight per cubie foot.

Cuast Sieel Cast
W.I. C.1. Bteel. FPlates. Copper. Brass. Lead. Zinc.
i TR e | 03 1.02 1.04 1.15 1.08 1.47 B2
Wedght. ... 4B0 450 400 S00 GA0 bEh T10 440 lbs.

Example: ‘What i3 the weight of & bar of copper, 1 foot long, 4 inches
broad and 3 inches thick?

- Lt 0.3 Indicator to

o inehes thick| L 1 1nr1u3tm' Below G. P. 1.15

I} || To 4 inches broad | Plrd 30.7 r:-m:!n|:I=t—;’u.1q

Weight of Cast Iron Pipes

; . BEICIW Difference of ‘TlEiIf].L and outaide
T ¥ i
C Set 4076 diameters in inches

n To Sum of inside ar*d outaide
diameters in inches

Firnd weight in pounds per lineal foot

. P. for other metals. ... ... Brasm., Copper. Lead. W. Iron
W 0a S0D 209 a8

—
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Sefe Lond on Chains

A | Safe load in tons

B Set 36 for open link Above 1
or 28 for stud-link

1
-
D | To diameter in sixteenths of an inch !

Gravity
Below 32.2

C Bet 1
D
4 | Spaee fallen through in feet

To seconds | Velocity in leet per second

Set 1 Under 8§

Velocity in feet per second

A l\ | ‘-‘pam fallen through in ft.
B | Above 16.1

B
C Set 1

-

D[ To seconds

Oscillations of Pendulums

« |
B | Set length pendulum in in. !

L

Below 1

D To 375 | humber m‘llal:mns per minate

Comparison of Thermeometeora

G
D |
C || Set 4 | Degreee Reaumur

Set & | Degrees Centigrade

To & | Degreea Fabranhalt — 32

D || To9 | Deprees Fahrenheit — 32

C | Bet 4 | Degrees Reaumur

D |i To 6 | Degrees Contigrade

—



Forece of Wind

P =.0021 V* (ft. per sec.)
A To?2 | Find pressure 1::puundsperaquuro I1.1-ut
B || R. Index|

G | Velocity in Feet per second

P =.0045 ¥V {m. per hr.)

A | To 45 | Find pressure in pounds per square oot
B || R.Index
L | Velocity in Miles per hour

Diascharge from Pumps

A | Gallons delivered per struee
B ‘ Set 204 | Stroke in inches
i | " To diameter in inches |
Diameter of Single-acting Pumps
A Set 294 1
R | Betlength of stroke | Indic. to gal]nns tobe| Mo, strokes per
in inches delivered per, min. min, toindie
C o Below 1
b7 SR I = T
D pump in
il inches
Horse Power required for Pumps
C I| Set . P. Height in feet to which the water
is to be raised
D [ To cubic feet or gallons to be | Horse POWET reqmrc'd
raised per minute
Gauge Points with diferent pereentages of allowance.
Fer(Cent......... Wone 10 o0 a0 410 il il T0 20
For Gallons Tmop. 3300 3000 2750 2540 2360 2200 2060 1940 1835
Ol Faet, v 528 480 440 406 37T 852 530 311 204

“ 10,8, Gallona. 3960 3600 3300 3050 2330 2640 2470 2330 2200

Theoretical Velocity of Water for any Head
A || Head in feet
&l Set 1 Under &

i | Velocity in fect per second

—:




Thearetical Discharge from an Orfice 1 inch Square

Bl cet 1 Under head in feet

SRS | e T AP | If the hole is rov md

[ | : and one inch dia,
. | _—:_ Lhe (r P 'I.'_' 2.62

D || Te P 384 | Di «r'h'u'g-. in eubie Iu:—ﬂ pPer minute J

Real Discharge from Orifice in a Tank 1 inch Square

[I the hn]F-1 round
and 1 ineh dis 1111,
the G. P, i= 1.65

B || Bet 1 Under head in foet
[

.[J

Te 2.1 G. P, | Discharge in eubice feet per minute
with coellicient 63

Gauge Pointa lor other cosfficients.
Coeffietent. ... .80 86 B% 2 F5 95 51 34 B7 =80 88 56

o PoBquare. .. B, %

2 23 24 25 26 27 28 29 3. 41 '52
“ Round... 157 1.78 1.80 1.88 1.96 2.04 2,12 2.0 2.98 2.86 2.44 o350

Discharge from Pipes when real velocity is known

A ‘\- elocity in ft./ | Digcharge in cu. ft. /min.

cr || lha:uem“ in inches | Above 1.76

Delivery of Water from Pipes W=4.71 \I

Extelwein's Rule

A i oD | !
B : | setLinme [P
g Fead log D Qpp. 6 1og T . _, Tt
¢ i [ Index Lo indio _Gp.g:;ouim 4.7
3 .I:I ﬁpp, Dinin.| Read Ds . 3 _iﬁead euft. par min

When setting 5:¢log D on L do not inelude characteristio




Gauging Water with a Weir
] Tea depth in inches | At 4.3

or 2et depth in inches | Read discharge in cubic feet per minute from
each foot width of sill

VvHE XV
Discharge of a Turbins = I}
0.4
Al To head in feet !
o | . Set 0.3 I'Un:"'er sguare inches of water ven? {d
o | Cubicfest discharged per minute

Revolutions of a Turbine

A 'I"cu head in feet |

= THE . o
O lSet dinmeter in inches '"“"';;Er tndleatar | Unider rate of peripheral veloeity

Er ] :
D ! [ | Firnd revalutions per min.

Harse Power ef a Turbine

| Indieator to discharge per o. ft. | 1 Lo Percontage

1 L i) L i
C | Set530 permin, Endioater]  Useful effect
I || Head in £t Horse power
or
(] 1) ..-le' ' [ |
A | head
Indicator [ 168 ta Tndicator o
c _ B s ih iy R 3 Under
et 1 head in {1 Indieator | vent in s, in, IVECAEOT yenia] effect
] | | [ [ Horge power
Horse Power of a Steam Engine
}' | Bet dia. | I I ih!-:s-r.l pregsure .
1"" ””}”"‘ I|l- 2. n.tokndie,|
| v
f_‘ | Indicator tol | 21,000 to indie. Tndle. to 1. P, ! | At index
strola in £ | 1 | [

v | To d i [ e ey
I [l in inclis| | | | IHoad TT.T.
e
A | ' = R

Indieator 1to | Indicatorto | 1 to Mean

B (|lwat 21000 . Mt Pt
i|"'3t 21,000 toStroke inft.  |indiestor’ revolubions Tndicstor| pressure

0 | To diam, |
| in inches | | I

_
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Dynamometer; to Estimate the indicated H. P.

_PLN
H

arctual horse power.
P

~.1reF|sur§! or weight applied at end of lever in pounds, including weight
01 RCAle.

L = length of lever in feet from center of shaft.

N = revolutions of shaft per minote,

G| Set 5252 Indie. to L | 1 toindic. | At N
L) [l Ta P | | Read H

Geometric Mean

Te find the Geometrie Mean, or Mean Proportional hetween two numbaors,
v e e
_F?_! Set a |
I} '| Toa

].'F:—*lma.:'_i!:-
Find X = G. M.

NOTE.—In operations invalving square roof, care zhould be taken to
mave Lhe decimal point an even rumber of places and Lo use the proper right or
left half of 4 2 E.

Fractions and Decimals.
To reduee [ractionz to decimals:

Sel numerator Find equivalent decimal
| T denominator | Above ]

o
IF]

T'o reduee decimals to fractions:

| fet decimal Find equivalent numerators
b T To 1 | Find equivalent denominators

Quadreatic Equation.
P 4ardli=og

T 2% Ty = 4}

Fy +— T =i
Of Setindex | Opposite x,
Iy | Tob Find =,

Example: " + Tr-1T=o0
Find two numhers opposite each other on I and €7 whose sum is -7,
az follows:
Opposite - 8.91
Find 1.91

Set index

To 17

The sum of —8.91 and 1,91 iz - 7.

—
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CHAPTER VIII
TABLE OF HQUIVALENTS OR GAUGE
POINTS FOR SCALES C AND D

The following equivalents are in the form of proportions, which should
be solved as such, thus

: 1180 :
Diameters of circles = 3FE Circumferences of cireles

355
Circumferencesa ol cireles — 113 Diameters of circles

GEOMETRICAL
113 = Diameters of eircles
866 = Circumferences of circles
T0 = Diameter of cirela
Tl = aide of equal sguare
89 = Diameter of cirele
70 = Side of inseribed square
49 = Circumference of circle
11 = Side of equal square
A0 = Cirenmierence of circle
8 = Zide of inscribed square
T = Bide of aquare
495 — Dhagonal of square
206 = Arca of square whose gide = 1
"161 = Area of cirele whose diameter = 1
322 = Area of eircie
205 = Area of inseribed square

ARITHMETICAL
10} = Links 12 = Linksa
T66 = Feet 95 = Inches
101 = Bquare links
14 = Square foet
6 = TI. 8. Gallona
& = Imperial gallons
1 = TI. 8. gallons
"231 = Cubic inches
800 = TI. 8, gallond
107 = Cubic [eat,
22 = Tmperial gallons
G100 = Cubic inches
430 = II:TLUF"‘ILI.! gallons
69 = Cubic feet
METRIC SYSTEM
26 = lnches B2 = Feat
6 = Centimeters 25 = Meters
A2 = Yarda 87 = Milea
T 76 = Meters 140 = Kilometers
4300 = Linls 48 = Chains
865 = Meters #66 = Meters

—
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31 = Bguare inches
200 = Square Centimeters
140 = Square fest
15 = Square meters

_ 61 = Square yards
51 = Bqguare meters
42 = Acres
17 = Hectares
_ 22 = Bquare miles
67 = Square kilometers
b = Cubhie inches
82 = Cubic centimeters
600 = Cubirc feet
17 = Cubic meters

85 = Cubie yards
65 = Cubiec meters

6 = Cuhire feat

170 = Liters
14 =11 5. Ld.l]ﬂnH
53 = Litera
46 = Imperial gallons
2089 = Liters :
108 = Grains f = Ounces
T = Grama 170 = Grams
76 = Pounds 63 = Hundredweights
31 = Kilograms 200 = Kilograms =

i3 = Englizh tona
tid = hletric tons

PRESSURES
__E4ﬂ' = Paundsa per square inch
45 = Hilogs per H-'i]ua.'['C. centimeter
_B1 = Pounds per square foot
240 = Kilogs per square meter
68 = Pounds per square yard
32 = Kilogs per square meter
7 = Inches of mereury
28 = Pounds per square inch
82 = Inches of mereury
5800 = Pounds per square foot

T20 = lnches of water

" 26 = Poundz per square inch
T4 = Inches of wator

"885 = Pounds per aguare foot
60 = Feet of water
26 = Pounds per souare inch

—



— 73—

§ = Feet of water

" 812 = Pounds per squace [oot

15 = Inches of mercury
1T = Teet af water

4% = Atmospheres
2460 = Inches of mercury
84 = Atmospheres
" H0i = Pounds per square inch
_ 34 = Atmospheres .
T2 = Pounds per square foot
40 = Atmosphoros
4l = Kilogs per square centimerer

23 = Atmospheres
T80 = Feel of water
3 = Atmospheres

#1 = Metera of water
29 = Pounds per sguare ineh
67 = Feet of water ;
1 = il OZs PEr Buare centimeter

- WMeters of water

=t
=

COMEBINATIONS
43 = Pounds per foot

T M= Ki ]:;EQ_I:-P; meter
127 = Pounds per yard
G3 = Kilogz per meter
46 = Pounda per square vard
25 = Kiloga per square meter
19 = Fr::mdq per {'uhw foot
"T85 = Kilogs per cubie meter

27 = Pounds per cubie yard
16 = Kiloga per cubie meter
89 = Cubie feet per minute
" 42 = Liters per gecond
T00 = Tmperial gallons per minuts
ba = Liters per secand =

840 = T0. 8. pallons per minute

B8 = Liters per seccond
38 = Weight of fresh water
1 = Weight of sea water
f = Cubic feet of water
312 = Weight In pounds
1 = Imperial gallons of water
10 = Weight in pounds

3 = 11, 8. gallons of water
26 = Weight in pounds

—
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60 = Pounds per T, 8. gallon

£ = hﬂags per !.u,er

10 = Pounds per Imperial gallan
1 = Kiloge per liter™

80 = Pounds per 1. 8. gallon

25 = Poundsa per lmperial gallon
3 = Cubic feet of water

85 = Weight in kilogs

46 = Tmperial gal'ons of water

208 = "r‘r’m[.,ht, in kilogs

14 = TI. B. pallons of water

o3 = Wu_.lght in Ll.l{ugs'

44 = Feet per second

30 = Milez per hour

88 = Yards per minute

& = Miles per hour

11 = Feel. . per sec ond
730 = Aleters per minute

g2 — Feet per minute

25 = Metera per minute
340 = Footpounds

17 = Kilogrammeters
T2 — Britich horze power

T8 — PFrench horse power
E'EICI{I — Une cubic foot of water per minute under one foot of head
T == Brilish horse powear
Ta = Omne liter of water per sec ond under ane meter of hea.u:]
1= French homse power

In no case does the departure, in these eguivalents, from the exact ratio
attain one per thousand.

EXAMPLES

What is the pressure in pounds per square inch equivalent to a head of
84 feet of water.

C '| Zat 60 | Under 34
3 D TO EE Find 14.76 pounds —Anawer
What head of water, in feet, i2 equivalent to a pressure of 18 pounds par
square inch.
L | Set 26 Under 1%
D | Ta II“] | T'md 41,5 faet—ﬂnmer

How many horse power will 50 cubie feet of water per minute give under
a head of 400 feet.

C Set 3700 | Runner to -1{H:I| 1toc R | Under 50
D || To 7 | Find 37.8 H. P.—Answer

—




HIGHER POWERS AND ROOTS.

The fourth root of a number iz obtained by finding the square root of the
square root. The sixth root is obtained by finding the square root of the cube
root. The eighth root i= the square root of the fourth root.

Expressions Which May Be Kead Direetly By Means OF
The Indicater, Withont Sctting The Slide:

x = @*, sat Indieator to @ on D, read x on A.
x = a*, set Indicator to @ on D, read x on K
x = 1/ _a, set Indieator to @ on A, read x on D.
x = ¥ a, set Indicator to 3 on K, read x on D.
x = 1/ a", set Indicator to @ on A, read x on K.
x = o, set Indicator to a on K, read x on A,

Ll R

1
1. x=-= sot Indicator to @ on CI, read x on C.

i
8. x= —, set Indicator to @ on CI, read x on B,

1
9 x= T _ aet Indicator to = on B, read x on CL
S ]

With Indices in Alignment

1
10. x=—j, set Indicator to # on 1, read x on K.
1
13 = —f"/_:-_ . set Indicator to @ on K, read x on CL
F i
EXPRESSIONS SOLVED WITH ONE
SETTING OF SLIDE.

ONE FACTOR.

12. x—ai, set 1l to a on I}, over « on C, read x on A,
1
18, x= _q,setoon OT to o on D, under 1 on A, read x on B.
14, x =af setgon Cl toaon D, over ¢ on B, read xon A,
1
1 7 get @ on C to @ on ¥, under o on CI, read x on K,
16, % = o, set 1 on C to @ on D, under & on C, read x on K.
17. =z — a7, =set ¢ on CI to e on K, under ¢ on C, read x on K.
18, x=a" sebaoon Cl toaon D, under @ on C, read x on K.
19, x =1 a, set 1o on K, under # on B, read x on E.
0. x= ) af setltoaon A, under @ on G, read X on o
21, x—1 0, set @ on CI to @ on K, under @ on B, read x on K.
22, x=1 a'" set @ on CI to o on I, under @ on B, read x on K.
2E. = ﬁ, et 1 ta @ on K, under 1 on A, read x on B,
1
24, x= ', st 1toaon K, under a on C, read x on D.
1
25, I—W.H&tuﬂﬁﬂ]tﬂﬂﬂﬂﬂ,u"ﬂlnnD,rﬂadxﬂnﬂu

26. x = 1" a", set 1 to @ on K, over o on B, read x on A.

—
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1
2. = ﬂ?. set @ on C to @ on K, under & on CI, read x on I,

28, x='|§i£seta on CI to @ on K, under @ on C, read x on D,
20, I'—-'ﬁ'tf‘g,aetltﬂaon K, over a on C, read x on A,

a0. x=ﬁ,aﬁtmm CI to s on K, under 1 on A, read x on B.

1
2l. z= e 8t aon Ctoaon K, over @ on CI, read x on A.
f}. gl

82. x= ﬁ'z,sctacm Cl to @ on K, over @ on B, read x on A,
3. 2= 104 st aon CI toa'on K, over a on 7, read x on A,
34. x_E'fu,setuunBt.umunK,uverlunD.r&udxun(‘-
1
3 =
@
36, x= p a’ pet1to g on K, under @ on B, read x an D.
3. x=1V o' setaonB toaonK, over son D, read £ on 0
1

v Eelaon B toaon K, under 1 on C, read x on D,

\:.\

L

8. xz= F=BetaonB toaon K, over  on D, read x on CL
boat

83, x= ]',’/F, get ¢ on CI to # on K, under @ on R, read x on D,

SETTINGS FOR TWO FACTORS, _
40. z=oal st 1 toaon D, under b on C, read x on D, [

1 .
41, x= abr et @ on CI to bon D, over 1 an D, read x on C,
[
2. x= 58t don Cto e on I, under 1 on C, read x on D.
1
i x= "z 2etbon Ctowon D, over 1 on D, read x on €.
T

4. x=ab" st 1 to s on A, over don C, read x on A,
aiir B2t b on CT to @ on A, under 1 on A, read x on B,

e
*
I

it
46. x= e s8et bon C to e on A, over 1 on B, read x on A,
; 3

4. x= “peBetaon Ctobon A, under 1 on A, read x on B,
48. x=a*" setlonCtog on D, over b on O, read ¥ on AL

proBet @ on Cl to & on D, under 1 on A, read x on B.

e Sl

8. x= wipn Bt @ on  to 1 on D, under & on CL, resd x on K,
-

Lr 3
bl. = Zerietion Cloaon D, at 1 on C, read % on A,
62. x=a17F, set1tc & on D, under b on B, read x on .

1
fid. x——(w o zet @ on CI to b on A, over 1 an D, read z on €,
M, =1 ': vt bon C to @ on A, under 1 on C, read x an D,
§5. x—= I—%—-, st don B toaon I, under 1 an U, read x on D

R
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B6. x=a'}’ b ,setaonCltoronD,
under »on B, read xon ID

§7. x=a' b, set @ on Cl to & on A,
over @ on C, rend x on A.

5B, x=a® /8 setwon Cl to & on A,
under ¢ on C, read x on K.

%

=—— gfetdhon B toaon D,
Vb underaonC,read xonD.

60. x=X"2  wot bon C tomon A,
8% ynderbonClreadxonD.
Gl, x=ab* st 1 on C to o on K,
under & on C, read x on K.

9. x

a

G2, x =", set & on ¢ to o on K,
" under 1 on C, read x on K.

ﬂ,B
63, x ="y, sel @ on CI to @ on A,
over b on CI, read x on A.

%

64, }:—-{,‘;, seb & on B to @ on D, over
“" & on CI, read x on A.

65, x= a0, set b on CIl to son D,
over & on B, read xon A

66, x=a(¥ b ,setlonCtodbonK,
under & on C, read x on D.

87, =1 = mﬂ"‘b_, get g on CI to &
mKJUElnnD.remlxanC.
68, =0+ 1 b ,seteon C to hon
K,over 1 on D, read x on C.
60, xe= g i = B 2at b on O to ¢ on
,under 1 on C, read x on D.
0. xz=on%% et 1 on C to & on I},
under & on €, read x on K,
Gﬂ
Tl. x=77,8et bon C to s on D,
under 1 on C read x on K.
2. x=ad', set. b on CI to @ on A,
over b on C, read x on A.
3. xe=15" 17 aF , get b on CT to a on
A, under & on C,read x on K.
ox=a ¥ gt lon Ctobm K,
over ¢ on C, read x on A.

vat set b on O to o on K,
T0. % =71 runderaoni, read xonld

_-f.-"r-z"_ get b oon © to s on K.
T6. E="T78 sgyeraon C,read xon A,

@' gat Ban C to s on K, over
1. 2="Fi v g on C, read xon K,

SETTINGS FOR THREE FACTORS

T8, x=a.b.e,zetaon Cltobon D,
under ¢ on C, read x on D.

79, x=a b &, set ¢ on CI to
b on D, over ¢ on C, read
T on A.

B0, x=a¥% b¥ o) et @ on CI to b
onD,over ¢ onC,readson K.

g1. x=ﬂ>:b. get con C ko ¢ on D,

under b on C, read x on DL

a? b
L Ry got gon C toaon D,
over b on C, read £ on A.

L] %
83. I=FE:IP,SE1.G on Ctogon D,

over b on C, read = on K.

a4, x'_-[:.ﬂ_g‘ get b on C te @ on D,
under e on CI, read = on D.

Ed
85, I=ﬁe?' setbon C to a on D,

over ¢ on CI, read = on A.

3
b‘-)[zT’ setBon G to o on 1D,
over ¢ on CI, read z on K.
87, x=a ba/ ¢, aet a on CI to ¢ on
A, under bon C,read = on D.

88. x=a'e,setaon CItocon A,
over b on O, read x on A.

89, x=nthes/ ¢ setaon CT to ¢ on
A,overbon C,read = on K.

a0, x=a b ¢, setaon Cl to ¢ on
K,uﬁéerb on C,read & on D.

Bb. x=

o1, x=a* i+ ¢t eet con CL to ¢ on
K,overbon O, read & on A,

92, x=p' b5 ¢, aet aon CI to 2 on
K,overb on C, read = on K.
=h_'\.,1.f'.” .i,set bonCltoconk,
¢
under a on A, read z om C.

04, x-.—-a-;\:{---i—.mtr:un C,toeon K,

93, x

under b on A, read £ on O
And acores of other combinatinna,

—
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ANSWERS.

(Answers given with the problems are not given below.)
1. 300. - 03
2. 3000. 6. i
3. 3000, 7. 0008
4. a
[~agd
21 oa 24 B4 a5 26 aT a8 0
| Gi1 Ga2 15 T44 | 775 | 808 | sa7 | sas RGO
8 B2 673 | T4 | THa | Fa8 | 800 | =32 | 864 | s06 | opos
25 263 Yag | 750 | To2 | 826 | Ans | sm | w24 | 85T
a4 T14 | T4B | 782 | 816 GO0 | 854 | 918 | 952 | 946
. —L _-JJ F—J
8. 499 41, 748
1, 33% 43, 76200,
11. 819 43. 1170,
12, 594% 44, 436
18 16% 45, 0035
14, 214 46, 0000325
16, 224 T Rl
18. 234 48,  HO20000,
: i R 44, 1.18
18. 7 1.32 g, 3.7
18, 318 6l. 11.%
20. B7.3 62 A0
2151938 Ba. 1.56
a3 0TS 64, 9834
2%. 5E.TT ad. H4
24. 27.6 o, 560
25, B7.9 In. 67. 382
26, 212 68, Bguare roots of numbera
o7, 1586. from 110 to 120,
28, 294
28, 106 Number Square Roota
a0, H15 1140, 10.5
41. 136 111 10.5
82, 7.9 112, 10.6
83. 19.6 11g. 10.6
4. 214 114. 10.9
45, 33.1 115, 10.7
I6. &6.T 116, 1.3
37. 1.5 mils. 117, 10.8
88. 10.2 118, 10.9
a8, 214 115, 10.9
40. 126 120, 1.0



i%%. 11.3 6L, 2.5 inches  (se a 3-in.
' 11. ipe, the nearest standard
122, 111 flﬁf .
124, 11.1 e
‘II%E 11.22 Answers to test problems on
;i 11. 3
157, s Page 16.
128. 11.2 -
129. 11.4 6. 1.41
130. 114 64. 114
E9. 127 feet, 3 inches. 60. G685
60. 1.9 inches. Use a 2-in, 66. 13.5
p1pe,t]:ue nearest standard
Bz,
ANSWERS.
Multiplication.
67. 1749 72. 273,
63, 19.3 T8 541
69. 7.5b T4. J0ET
70. bH8.5 Th. 0810
71. 2568, T6. 12.6. 204 44.0.
Cubes.
. 2197, £9. 148000,
TR, 2744 0. 262000,
79, 33Th. 91, 436,000,000
g0, 4096, o3, 12,500,000,
81. 4913. 93, 77,800,000,
82, 53i2, 94. !"?9 001,
83. 6859, 95, E,EED 000,
ﬂ-\L B0 96. O
9261. 97. 000185
I{Three aignificant Mgures). 9a. 000,000,814
29800, 99, 1.08
E-T 97300, 100, 9.53
B8, 104000, 101. 76.1 gal.
Cube Roots.
102, 144 113. T1.54
104, 3.107 114. JB3Z2
104. 669 115. 422
105 GR9 116. 156.66
106 &107 117. 3734
107. J44 114, 2585
108. 13.77 119 211
108, 3.628 130, 1.012
110, 022 121, 47.7
111. 36.53 122, 204
112. 3.68

— -



123,

124,
1256,

126.

127.

133,

154,

134,

1386,
137.

135,
139,

1440,

148,
148,
150.
151.
152,
168,
154,

161.
162,

164,
165,
166.

173.
174.
175.
1786,
177,
178.
179,
180,
181,
182,
183,
184,
185.
186,
1”7

1.89
244
265
0147
13.7

76.1
46.8
35.6
1447
157.4
0.
46.4
878,

L

Reciprocals

12z,
129,
130.
131,
132,

141.
142,
143,
144,
145.
146.
147.

T )
17T
1.178
136
158,

Three or More Factars

40.4
924
114.7
17,490,000,
1.309
.1
452

Combined Multiplication and Division.

01815
533
D02,
328,
1111,
614
2563

323
1.81
a16

1627.
36.8

)

o7
B
D523
0116
264
0262
1478
0393
ABG5
1736
A28
743
470
H78

160,

167.
168,
169,

T,
171.
172,

Sines and Cosines,

185,
185,
180,
151.
152,
183,
154,
185,
196.
147.
188,
199,

200.

1586
4.58
1.59

288

280
1.078

Miscellaneous Cale ulations.

GT,200,0:00,
1.234
ADE
00642
1] .
6.4

.2u[|

0276



201.
202,
203,

208,
208.

217,
218.

213,

280.
221.

i —

Tangenis.
ABB 200,
59 210.
713 211.
A85 " 212,
335 213.
1.446 214.
3.78 215.
367 216.

Logarithmas.
27 ‘2‘23_
1.736 223.
1.494, or 9.494-10. Eﬁré
28260, or B.8260-10 226,

2.866

270
1126
306
an
4.82
25.0
d41.9
3.04

336,
42,600,000,000.
1.512

3.10

2.82
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POWER COMPUTING SLIDE RULLE, .

™

. IR.l.u HHEKE 4 HP
Jﬁllllj_lly1llll|:‘r-|'|'|l|'|rurr1F q‘:p-
WT IF'\I'IF‘H -H.F.H.’
WWW |r‘;"'|'r‘£

) i
PRONY BRAKE BYL [ STEAM EHGINE

Thia Hlida Bale iz specially desigme] for gee in comenting Power and Dimensions
of Btearn, Oatand 01 Enpines! ginee it gives all dote for finding speed, lemgth of stroke,
bimensiorns ol evlmder, e,

KURTZ PSYCHROMETRIC SLIDE RULE.

Thie calvaluting of nll gir conditioning ]_l:rn'h]r:m g, heretofors frured by means of the
Bardensome peyehrometrie charts or tables, can now be aceomplished by the new Kpde
F#ﬂ:hromalrin Siide Fule. This rule entirsly replaces the psyehrometric chars, snd it
afforids a simpler and more avenrpte meane of determining any of all of the necessary
wir |'||1|-|:1:i-::-r|i'|'|g fnotors,

EVER-THERE SLIDE RULES,

HEL UL B, BT, G
The EVER-THERE Slide Ruled are made entively of white Xylonile, a strong, toagh maferial.
O this base the graduntions are eogine-divided. The bandiness of the EVER-THERE slide
rules is evident from the faet thet they weigh no moee than a fountain pen, and are much
less bulky in the pocket, "
The Ever-Thers Silde Rules Moo 4007B, © and D are pre-emiosndy poclket instrumenis,
as e Mollowing dimensions will lndieale:

Length over all...... .6 inelas. Wideh 0vor 81k, corrsermenneess 1% inches,
Thickness........ .1 inch. Thickness of indicator....... % inch.
Welrhl.. i about § ounes.

L4 e

EVER-THERE Slide Rule Mo, 40870 has all the scales of the Polyphase® Slide Rule in-
eluding the Logarithmic and Trigonometrical Scales, as well ns inch and centimeter soales -
on the heck. The elide is reversible,
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EVER-THERE Slide Auls Mo, 40570 bhas all the srales of the Polyphuse Duplex® Slide Ruls
except the CIF seile, together wilkt inch and centimeter seales om the bucl. The shde s
reverzible,
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SLIDE RULES FOR MANY PURPZSES

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

THE ROYLANCE ELECTRICAL SLIDE RULKE

T R

Wl

[ R -
[l T
L3 1:50 [+ [ b Tpof o
o il IR R TR Y O
27..".,-. .}1"‘._1_1 '_

This ruleis & modifiention of our 1'c|:qurT’c:-’..'."ﬁ-tu1w‘ Slide Bole and cnn benaed for ol
tha calenlatinms mide with the ordinary Blide FBule, In nddition o the nsmsl scalss, 16
CitFrien & aaries of menles or gange marhs by menns of which the different properties of pope
puﬁlw:m' anch a8 size, conduetivity weight. sto.. may be datermined withoun the use of
tablue,

SURVEYOR’S DUPLEX SLIDE RULE

=LG. W 8o PAT, OFF.

_ "'he fuet that all astronomical data esgential to anrverinr, such ns aziromtly time,
latitude, ete., cen be assertained by menns of the menal type of Tranait with vorkieal eircle
tnt wishont solur attachinent, while geperally known, is pather seldom utilized this
eununtrr. The main ronsorn For this eondition i& the diffieulty of sompuling, in the feld,
by spherieal trigonomeatry, the restilia of obeervistions.

The E & E Burrerors Duplex® 8lide Buls entively eliminetes this diffienlty by re-
ducing thu lsitherte complicated valmilations to niere machanieal aperations, thereby ren-
dering the meshod of feld astronomy with the regulur Engineer's Tranail extremely
simple and practical

This form of Smdie Slile Enle is remarksbls for its simplicity, By one setting of
the alide the horizontel distenee wpd vertical height can e obtained il ones when the
gtadia rod rending and the angle of elevatlon or depeession of the telescopu are known,

THE CHEMIST'S DUPLEX SLIDE RULI

5. ol H5o o PAT.OFF

—§§ & (Gngl ppi flEusy vsd Sl
— 11 & {Sup-Eaiy poy {0 ::-Il bap feiigda
i—trﬁ—h—r—++—~|——=——w~q-—*+w-ﬂw———-—-—~a—m&n—+%

JFer thi rapid solntion of problems in Steichiometry, sach ae Gravimetric and Yolo-
mﬂm-m Analyaiz, Eguivelents, Percencage Compisition. Conversion Factors and mwny
ophera.

WREQ, U, §. PAT.OFP
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