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No. N4041.

The Slide Rule in its present form
has become an indispensable aid not
only to the engineer and scientist,
but also to the manufacturer, the
merchant, accountant, and all others
whose occupation or business in-
volves calculations.

We manufacture slide rules; and
devote to them a separate department
of our factory, which is thoroughly
equipped with the most improved
special machinery.

Several of our improvements are
protected by patents, and are, there-
fore, not embodied in other Rules.

AN

Cross section of K & E Mannheim
Slide Rule showing slide adjustment.

- Mannheim Slide RRule

No., 4031,
4085,
4041.
4045.
4051,
4055,
4056.
4058.

Magnifier for
K& E Mannheim 8lide Rule.

Note:» We manufacture a complete line of Slide
Rules for all uses, and publish a separate book of
instructions for each type. Write for complete
information on our Polyphase, Polyphase Du-
plex, Log Log Duplex, L L Trig Duplex, Mer-
chants, and other special types of Slide Rules.
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THE MANNHEIM SLIDE RULE

PREFACE,
This manual is designed to meet the needs of al] who desire to learn the uge
of this slide rule.
Chapter 1, through the use of numerous cuts and examples simply

explained, is self-teaching. Some persons will learn all that they require from a
few lessons in this chapter.

It is suggested that everyone learning to use the slide rule begin by working
the problems in Chapter 1.

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

Special worlk for technieal men and typical problems from various occupa-
tions are presented in Chapters VI, VII, and VIII.

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

3. High Schools in conneetion with logarithms, practical mathematies, or
trigonometry.

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

5. Evening schools; since no subject helds the students so well as the
teaching of the use of the siide rule.

6. Engineering and Trade Schools find the rule indispensable.

11.  Engineers, Mechanics, Chemists, and Architects whe have long understood
its value.

I11. Private Secretaries to check reports by the slide rule in a small {raction
of the time required by ordinary caleulation.

IV, Estimator_s, Accountants and Surveyors to make approximate calcu-
lations rapidly and with sufficient accuraey to check gross errors,

By means of the slide rule, 21l manner of problems involving multiplication,
division and proportion can he correctly solved without mental strain and in a
small fraction of the time required to work them out by the usual “figuring.”
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For instance, rapid calculation is made possible 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
money into U. 8. money; the taking of a series of discounts from list prices; and
adding profits to costs, Dozens of equivalents are instantly found, such as
cubic inches or feet in gallons, and vice versa; centimeters in inches; inches in
yards or feet; kilometers in miles; square centimeters in square inches; liters in
cubic feet; kilograms in pounds; pounds in gallons; feet per second in miles
per hour; eircumferences and diameters of circles.

How much education is necessary?

Anyone who has a knowledge of decimal fractions can learn to use the
glide rule.

How much time will it take?

The simplest operations may he learned in a few minutes, but it is recom-
mended that at least the problems in Chapter 1 be worked thoroughly and
checked by the answers, in order to gain accuracy and speed. This will take
from one to ten hours, according to the previous training of the student.

How accurate is the Slide Rule ?

The accuracy of the slide rule iz about proportional to the unit length
of the scales used.

The 10 inch scale gives results correet to within about 1 part in 10600,
or one tenth of one per cent.

The 20 inch scale gives results correct to within one part in about 2000.

The Thacher Cylindrical slide rule gives an accuracy of about 1 part in
10000.

How to use this manual

Tor the man who desires to perform the simplest operaticns of multiplica-~
tion and division, the first few lessons in Chapter 1 will be sufficient. Work
the illustrative examples and as many problems for practice as seem necessary
to obtain aceuracy and speed.

For educational use, Chapter 11 furnishes the necessary theory and history
of the rule, while Chapter I provides additional examples for practice. Chapters
III, IV, and V may be used for advanced work.

— B

CHAPTER I

ESSENTIALS OF THE SLIDE RULE
SIMPPLY 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, draftsman, engineer, or estimator.

On scales C and D if 1 at extreme left is taken as unity, then 1 at the
extreme right of these seales is 10. '

. On scales 4 and B if 1 at the extreme left is taken as unity, then 1 in the
middle of the scale is 10 and 1 at the extreme right is 100.

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 3. (See Fig. 1)

Opposite 2 on scale D set L onscale C. Then move the indicator or glass

runner so that the hair line is over 3 on scale . Directly below this 3 you will
find 6, the answer.
Indicator

A _ _ S r——
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Fig.1. 2X3=86,0r6+3=2.
Example: 2 X 4. (See Fig.2) —
¢ A,
B. f i ! ) | d
A
g Kl:urn:uEsJ;:nce NY, ‘ *
Fig.2. 2x4=80r8+4=2. -
Example: 3 X3 (See Fig. 3)
A
3
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Fig.3. 3x3=9%o0r%+3=3
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Example: 6 + 3. (See Fig. 1)

Opposite 6 on scale D, set 3 on scale C. Look along C to the left, till you
come to 1 at the end of the slide. Under this 1 you will find 2, the answer, on
scale D.

Example: In the same way find 8« 4. (See Fig. 2)
Example: L 1 L 9+ 3. (See Fig. 3)

It will be noted that the cuts shown are not in the same scale. This arrangement is for
the purpose of illustrating various lengths of the rula,

SQUARES AND SQUARE ROOTS

Example: You will remember that to square a number means to multiply
that number by itself; e. ., 32 means 3 X 3 = 9. On the slide rule this is
done as follows: set the indicator to 3 on secale . Above, on scale A, using
the face of the rule under the indicator you will find 9, the answer. (Fig. 4).

b

I AT
iHII]IiII]IiII‘IIII[HHIIII

N.Y.

1

Fig. 4. 3* =9and 2 = 4.

Example: In the same way find 22. (See Fig. 4)
To find square roots simply do the work in the reverse order.

To find the square root of 9, find the number which multiplied by itself
will give 9. The square root of 9 is indicated thus: +/9.

Set the indicator to 9 on scale A, heing careful to use the 9 on the left-
hand half of the rule, because the other 9 is really 90. Below, on scale D,
find 3, the answer. (Fig. 4).

Example: Find 1/4?

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

i

_
MULTIPLICATION OF TWO OR MORE FIGURES

Example: Find the value of 2 X 1.5.

Opposzite 2 on D set 1 on €. Move the indicator to 1.5onC. This will
be between 1 and 2 at the division numbered 5; since the numbered divigions
between 1 and 2 on ¢ and D are the tenths. Under the indicator, find 3 on D.
(Fig. 5)

Fig. 5. 2% 1.5=8.

Example: 2 X 1.8. Using Fig. 5, see if you can make it 3.6.

Example: 1.5 X 2.5. Opposite 1.5 on Dset 1 onC. Move the indicator to
2.5 on C. Below 2.5, find 3.75, the answer, on D. Note that this answer is
halfway between 8.7 and 8.8, which makes it 3.75. (Fig. 6).
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Fig.6. 15X 25 =375, Al )

HOW TO READ THE SCALES

Graduations on the slide rule are not measures of length, but represent
figures.

On the 87 and 107 slide rules, scales C and D consist of nine prime spaces
of unequal length; the first line of each space is numbered, respectively, 1
(called left index), 2, 3, 4. 5,6, 7, 8, 9, ; the last line is numbered 1, and is called
the right index. The spaces 1-2, 2-3, 3-4, etc., decrease in length, the space
from 1 to 2 being 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 between prime 1 and prime 2 being num-
bered 1,2,3,4,5,6,7,8,9, in smaller figures than those of the prime gradu-
ations. Space does not permit the numbering of the other secondary lines.

Each of the spaces between these secondary lines is again subdivided.
Thus, each secondary space between prime 1 and prime 2 is divided into ten
(unequal) parts. The secondary spaces between prime 2 and prime 4 are
gubdivided 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 between the two secondary lines.

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

PLACING THE DECIMAL POINT

Example: 2 X 15.

This is worked on the rule exactly like the above examples, but you can
see by looking at the problem that the answer is 30 and not 3.

All of thege problems are worked like the above.

Rrdbisis Ag far as the slide rule is concerned we multiply 2 by 1.5
1. 20 % 15 @andgetd. Then we place the decimal point by inspee-
2 200 X 15. tmr}. From arithmetic we remember that in multiplying
3. 20 % 150. demma-is we first multiply as though there were no deci-
4 2% 15. mal points, then point off as many decimal placesin the
5. 2 % .15 Answer as there are total decimal places in the two
6. 2% 15. numbers which were multiplied together. Thus, in
7. .02 % 015, Problem 7, there are two decimal placesin .02 and three

in .015. So in the answer, 30, we must have 2 L 3, or
5 places, making the result .00030. Of course the 0 at
the right does not count and the final result is .0003.

From the above explanation it is evident that the decimal point is not con~
sidered in operating the slide rule. After the work of the rule has been done,
the decimal point can usually be placed by inspeetion; 1. e. through a mental
survey of the influence of the involved factors upon the result. Where this is
not feasable, a rough arithmetical calculation will serve to properly Jocate
the decimal point.

Fig. 7. 2.3 X 8.2 = 7.36.

Example: 2.3 X 3.2.

Opposite2.3on Dset 1 on C. Move the indicator to 3.2 on €. Under the
hair line on D find 736.

That the unit figure is 6 is further confirmed by observing that the product
of the unit figures 3 and 2 in the example is 6.

Since 2.3 X 3.2 i3 roughly 2 X 3, or 6, place the decimal point in 736
so that the result will be as near 6 as possible. Evidently the answer is
7.36. (Fig.7)

NIRRT S
1] i TS TS T

B M W !

Q ) KEUFFEL A £5SER €2 NY.

Fig. 8. 18 X 34 = 61.2

Example: 18 X 3.4.
Using the same method as in the previous example, the slide rule gives 612.
By a rough calculation the prohlem is about equal to 20 X 3 = 60.

lHence we make 612 look like 60 by placing the decimal point after the 1.

The answer is 61.2.
Example: 16 X 2.4. Answer 38.4.
Example: 1.4 X 2.6, Answer 3,64,
Problem 8. Fill in the blanks in the following multiplication table, using

the slide rule;

21 22 23 24 25 26 A7 28 29

31

o2

33

34

Set left index of C to 31 on I). Note that the factors 21 to 29 can be
taken without resetting the slide.

WHICH INDEX TO USE

If we attempt to muitiply 30 by 435, using the preceding methods of setting
the 1 on the left hand end of € to 30 on I}, we shall find it impossible to
move the indieator to 45, since 45 on scale C lies beyond the right hand end of
scale D. In such a case, begin the work on the rule by setting the 1 on the right
hand end of C to 30 on scale D, It is then possible to set the indicator to 45
on C. Opposite the 45 on C find 135 on D. Placing the decimal point by
inspection, the result is 1350.

We will now define the left hand 1 on scale C as 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 use:

If the product of the first figures of the given numbers s less than 10, use the
left index; {f this produet {5 greater than 10, use the right indea.

Example 1. 2.13 X 3.33, 3 X 2 = 6. Use the left index.
Example 2. 7.23 X 4.71, 7 X 4 = 28. Use the right index.
Example 8. .131 4.6, 1 x4 =4. Use the left index. &
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An exception to this rule will be found in suech a case as 3.12 X 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 isless than 10, the product
of the complete numbers js greater than 10,

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

PER CENT

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

Of course you will divide 8 by 56.

To divide one number by another on the slide rule we simply reverse the
order of the work we have heen doing in multiplication.

Set the indicator to § on scale D.

Move the slide so as to set 56 on C to the hair line of the indicator.

Fig. 9. 8- 56 == .14.

Under 1 on C 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.

Example: A man earned 35 cents per hour. He learned a new trade which
increased his earning power to 67 cents per hour, What per cent increase did
he receive?

His increase is 32 cents per hour. The per ceni of increase is found by
dividing 32 by 35.

Set the indicator to 32 on D.

Set 35 onC to the indicator. The result cannot be found under the left index
{.e. the 1 at the extreme left of scale C, since this projects beyond scale D,  So
we use the right index of €.  Under thisindex, find 91 on scale D. (Fig.10).

ESSEr CQ N.Y.

1 TFig 10, 32 35— 9L

In the same way, for practice, try the following, obtaining the result correci
to two figures:
Problem 9. What per cent of 91 is 457
(Divide 45 by 91)
10. What per cent of 73 is 247
11. What per cent of 67 is 617
12. What per cent of 53 is 317
13. What per cent of 82 is 13?
14. What per cent of 42 is 97

1f you have a long report to make out in which a large number of per
cents are to be caleulated, why not use the slide rule?

A secretary to the president of a big corporation recently said: *“The
slide rule does my work in one-third of the time that would be required other-
wise.ll

READING TO THREE FIGURES

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

Example: A baseball player made 57 hits out of 286 times at bat. What is
his percentage?

—

| 4 3 ¢ s X t I‘. ; ; o
I 1) il {
Ku:rrnlts TR CE NY.
Fig. 11. 57 + 286 = .199.

Opposite 57 on D set 286 on €. When we look for 286 we observe that
between 2.8 and 2.9 there are five spaces on the rule. Hence every space 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. 8 X .02 = .06.

Under the left index of € look for the result on D). When we read this result,
we see that it comes on the rule between 1.9 and 2.0. There are ten small spaces
between 1.9 and 2.0. Hence every space counts one point. The index is
close to the ninth of these divisions. Hence the reading is 199, Now we must

57 . 60 1
536 is nearly 300° org_
Hence the decimal point must be placed so as to make the result some-
where near one-fifth or .2. Evidently the result is.199. This may bhe read
19%/10 per cent or 19°/, hundredths, or 199 thousandths.

Example: If your income is $2,500 per year and you save $451, what per
cent do you save?

place the decimal point. A rough calculation shows that

|l|l|

!'JHIIIH
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KeurreL e Esser C9 N.Y.
Fig. 12. 451 -+ 2,600 = .180, « 1. _J

Opposite 451 on Dset 25 onC. Under the index find 180 on D.  Hence the
answer is .180, 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, Hence each space counts
one-half of a hundredth or one-half of .01, which is .005 or five points for the
third figure. We estimate one-fifth of the small space to obtain .001. (Fig. 12)

Example: If your salary is $57.50 per week, and you are given an increase
of $12.40, what per cent increase do you receive? i

y
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Fig. 13. 124 + b7.5 = .216.

Opposite 124 on D set 575 on C. Thiz means that between 5 and 6 on C
we must take 7 of the large divisions and one of the small divisions. ~ Under
the right-hand index read 216 on D. Hence the answer is 214% per cent.

Problem 15. 5.42 + 242,

16, 7.85 = 3.14,
17. 6.13 = 4.61,
18. 9.56 = 7.26.
19. 10 + 8.14. For 10, use either the right or ieft 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. 00655 + .00034 “ 0060 = 0008 = 20,
22. .00156 = 32.8 4% “ .0015 <+ 30 = .00005.
23. 375 + .065 L “ 36 -+ .06 = 6.

24, 0385 -+ 0014 o i 038 - 001 = 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 divisor. 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, giving as a result 67.3.
Try both metheds and see which one you like the better. Let one check the
other.

MORE THAN THEREE FIGURES IN A FACTOR
Suppose we have more than three figures, as in the following example:
Problem 25. TFind 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 3.1416 and call it 3.14,
aince the number is nearer 3.14 than 3.15. It is, however, somewhat more
convenient to work this problem on the A and B scales, where () 3.1416 is
accurately marked. Use A in place of D, and B in place of C.

Problem 26, Multiply 26 by 8.1490.
Call 8.149 equal to 8.15.

—18 —

COMBINED MULTIPLICATION AND DIVISION

Example: 1f bell metal is 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-sixths of 402, or

—

]
;

11 X 402
3%

| ! JL aful
K:urr:n.aEsJ:n C2o N.Y.

11 X 402 _
Flg. 14—z =123,

Opposite 11 on D set 36 on C. (Fig. 14)
Move the indicator to 402 on C.
Opposite 402 on C read 123 on D.

To place the decimal pc{iont, make a rough calculation as follows: The
example is roughly equal to 10 < 400 100. So make 123 look as nearly like
100 as possible by placing the point after 3. The answer is 123 pounds of tin.

14 X 525
Problem 27. R
24.5 X 434
Problerm 28. T%‘
Example: EQGX_;*E (See Fig. 15)
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Fig. 15. %5

Opposite 1.35 on D, set 6.2 on €. If we try to move the indicator to 316
on C, it is impossible because 316 lies beyond the extremity of D. In such a case
proceed as follows: Move the indicator to the right-hand index of C. (See Fig.16)

[

T[T !mmm,
KeprreL e ERscr C2 N.Y.
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i 3 : s 3 : Opposite 22 on D, set 100 on C. (Use right index for 100). Opposite
Then move the slide, setting the left-hand index of C to the indicator. (Fig.17.) 86 on C read the answe;, 18.9 on D. _An easy method of remembering this is:
] C D C D
i 3 3 : 100 : 22 =86 : 18.9
T 1 i TR AR R s e 1' Tt In placing the decimal point, note that 100 has the same relation to 22 that
' ' T T T : 3 86 }ms to the answer. Since 22 is about one-fifth of 100, we must place the
| y ; s BLEAeR P decimal point in 189 8o that the answer shall be about one-fifth of 8¢, Hence,
KurreLa E JER C2 NY. 6 b the answer iz 18.9.
| Fig: 17, In the same way solve the following proportions.
Now we eah move the indicator to 316 on C and under 316 on C read the Problem 33. 24 : 31 — 152 .
answer 688 on D. (Fig. 18.) 34. 14 : 25 =12 .

35. 371 : 24 =512 : =
Problem 36. If a post 13.2 feet high casts a shadow 27.2 feet long, how

[
(e TR st ssestont
] i i ' ' i

1,
i ' [ i
R Keurreva Esdra €O NY.

Fig. 18. L J ‘_ k
: ‘ By 1x38 8
A rough calculation for the decimal point gives us e — g °f 5. Mak- 13.2
ing 638 look as much as possible like .5, we have .688, 212 1168
Example:  2:28 X 0125 Fig.20. 27.2 : 132 = 116.8 : h.
4.86 . Problem 37. At 2,400 yards an increase of 1 mil in the elevation of a gun
Pl calvalition Tor thedsinisl pomtiigRNe 2 X4.012 = .006. , ;1;;1-;:3:3 ;Itllcle.drsg?nge 25.0 yards. What change in elevation will increase the

The answer is .00654. The mil is the unit of angle in the artillery. It iz equal to 147 of 360°.

Problem 29. B0 DR, Example: The effects of wind on a shell are approximately proportional
24.3 to the velocity of the wind. At 3,000 yards for a 3-inch gun, a rear wind of 10
2.56 % 1.78 miles per hour increases the range 30.1 yards. (a) What wind will increase the
Problem 30, = i z range 42.8 yards? (b) What wind will decrease the range 68.5 yards?
’ Answer (a) Rear wind of 14.2 miles per hour. (b) Head wind of 22.8
82.6 X 9.3 miles per hour.
Problem 3. ~E6E
32.6 X 22.1 l SQUARES
Problemca2, 9.25 E)'(&mpla: Find the area of a square plot of ground measuring 128 yards
on a side,
PROPORTION
Example: If an aeroplane flying 100 miles an hour travels 86 milesin a
given time, how far will an automobile traveling 22 miles an hour go in the same : i
ime?
time? 100 : 22 —86 : wntnunbutuahudlul
which means that 100 is to 22 as 86 is to the answer, TR ””I””I””F QUi | ‘
Tke work on the rule is as follows: Il |z |3 " " 6. 19 IR (g
L L
1
e { : '
‘# T i ol ] I' l’ l' l’ 5 KEUFFEL&E‘
ig. 21
HELTETY L | i L S v Laliy ‘l'l'l'l‘ll ||{ Flg
Set the indicator to 128 on .D. Direetly above on 4 find the square re-
Fig. 19. 100 : 22=86 : 18.9. quired, 164. To place the decimal point, make a rough calculation.
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(128)% is roughly {130)2 or 16900. Then make 164 look like 16900 by plac-
Ing the point as follows: 16400. The result is only correct to three figures.
The complete resuit is 16384,

If greater accuracy is desired, a number may be squared by the use of the
longer scales C and D,

Example: Find the square of 128.

Regard this as an example in multiplication equivalent to:

Find 128 x 128.

To 128 on D set left index.

Opposite 128 on C read 1638 on D.

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

Example: Square 652,

Set the indicator to 652 on D reading the square 425 on A. Notice that
here the arithmetie square would be 425104, but on the slide rule we can get
only the first three figures, 426. This, however, is close enough for most
practical purposes, such as estimating on contract work. '

To place the decimal point,

6522 > 6002 = 360000.
. < T00% = 490000,
gince the value is between these limits the result is 425000.
Find the squares of the {ollowing numbers:

Problem 38. 3.2 Problem 42. 276, Problem 46, .0057
39, 4.65 43, 342 47. 0244
40. 1.12 44. 66 48, 2240.
41. B8.66 45, .0625

. Example: Tind the area of a circular plot of ground measuring 14.5 feet in
diameter.
. Use the formula A = .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 145 on D. 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 constant, .7854 on B, and opposite find the result, 165 sq, ft. on 4.

This constant, .7854, is so frequently used that it has been marked by a

special line on the right-hand half of the A and B scales.

SQUARE ROOTS :
Example: How long must one side of a square garden bed be made in order
that it shall contain 8 square yards?
Here we have to find the square root of 8.

)
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; Fig. 22. +/8 =2.33.

Set the indicator to 8 on scale A. Assume that scale runs from 1 to 100,
4o that 8 is found on the left-hand half of the rule.

Now under the hair line on scale D, find 2.83, the square root.

Then the result is 2.83 yards.

Example: Find /3.

Set the indicator to 8 on A.

Under the hair line find 1.73 on D,
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Example: Find +/80. L
Set the indicator to 30 on A, being careful to notice that 80 is indicated by 38
on the right-hand half of therule. Opposite the indicator on D, find 5.48,

1|ﬁ|ll|l[l Tl

L i "'

T : | ]

_ Fig.23. +/80 = 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 two
places to the left, giving 4/2.00.

Find the /3, which is 1.73. Then move the decimal point half as many
places as it was moved in the first place, but in the opposite direction. In
this case, move the point in 1.73 one place to the right, giving 17.3.

Example;: Find +/.30.

Move the point two places to the right, obtaining 30.

Find +/30 = 5.48.

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

Example: TFind +/ 03, _

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

Find /3 = 1.78.

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

Example: Find +/.003. o

Move the point four places to the right, obtaining 4/30.

Find /30 = 5.48.

Move the point two places to the left, obtaining .0548.

Find the square roots of the following numbers:

Problem 49. 1.42 Problem 52. .142 Problem 55. .365
50. 14.2 53. 2.43 56. .31416
51. 142 54, 854 57. 1450

Problem 58. Make alist of square roots of whole numbers between 110
and 130.

Problem 59. On a baseball field, find the distahce from home plate tosecond
base, measured in a straight line. (The distance between the bases is 90 feet).

Problem 60. Water is conducted into a tank through two lead pipes having
diameters of 34 and 134 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 34 and 1% in the decimal form.

Find -+/{625) 4+ (1.75)%

NOTRE:-Perform the addition by arithmetic. The slide rule cannot be
used to advantage in addition.

Problem 61. Two branch iron sewer pipes, each 6 inches in diameter, empty
into a third pipe. What should be the diameter of the third pipe in order to
zarry off the sewage?
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TEST PROBLEMS

Read 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 answers underneath the paper.
d. Work the problems through again, setting down the answers in the
other column.
¢. Compare the two sets of answers.
J. If the answers to any problam do not agree (within one point in the
third place}, work the problem again.
g. The correct results are given on page 71.
TEST
Answers  Answers
Second First Credits
Time Time
Problem 62. 1.28 x 2.46 20
" 63. 84 + 59.5 20
y 58.5 X 15.2
64, g 20
L 65. 625 : 242 =95 : 5. 20
“ 66 /183 20
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CHADPTER 1I
TIHEORY OF TIHHE SLIDE RULE
HISTORICAL NOTE

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

Napier concisely sets forth his purpose in presenting to the world his system

of Logarithms as follows:
. “Seeing there iz nothing (right well beloved Students of Mathemalics) that
is so troublesome to mathematical practice, nor doth more molest and hinder
caleulators, than the multiplications, divisions, square and cubical extractions
of great numbers, which besides the tedious expense of time are for the most
part subject to many slippery errors, I began therefore to consider in my mind
by what certain and ready art I might remove those hindrances.”

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 mathematical ealculations.

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

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

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

In 1722 Warner used square and cube scales.

In 1755 Everard inverted the logarithmic scale and adapted the slide rule
to gauging.

In 1815 Roget invented the log-log scale.

In 18569 Lieutenant Amédse Mannheim, of the French Artillery, invented
the present form of the rule that bears his name.

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

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

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

to 1509,
ACCURACY
The accuracy of a result depends upon (a), accuracy of the observed data;
(b), accuracy of mathematical constants; (¢), aceuracy of physical constants; (d),
precizion of the computation.

ACCURACY OF TIHE OBSERVED DATA

The precision of a measurement is evidently limited by the nature of the
instrument, and the care taken by the ohserver.

Example 1. If a distance is measured by a scale whose smallest sub-
division is a millimeter, and the result recorded 134.8 mm., evidently the result
is correct to 134, but the .8 is estimated. Hence it is known that the actual
measurement lies between 134 and 135 and is estimated to be 134.8.

The result 134.8 is said to be “‘correet to four significant figures.”

If the result were desired correct to only three figures, it would be recorded
135, since 134.8 is nearer 135.0 than 134.0. This result is said to be *“‘correct
to three significant figures.” !

Example 2. If the distance is measured by a rule whose smallest sub-
division is .1 inch, and found to be exactly 8. inches, the result would be recorded
8.00 inches. The zeros record the fact that there are no tenths and no
hundredths, but the distance is exactly 8 inches. The result, 8.00 inches, is



said to be “correct to three significant figures.”

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

1. Seven grams recorded 7.000 grams.
2. Seven and a half grams ‘ 7.500
3. Seven and 9/100 grams & 7.090 ¢
4., Seven and 6/1000 grams  * 7.006 *¢
5. 4/100and 2/1000 grams 4 042

Note 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 significant 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 veloeity of light is nearer 186,000 miles than 185,000 miles, or
187,000 miles. The result is said to be “correct to three significant figures.”

Summarizing the preceding examples:

Example 1. 134.8 is cotrect to four significant figures.

Example 2. 8.00 iz correct to three significant figures.

Example 8, .042 is correet 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 zero.

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

Similarly in results derived from caleulation, zero counts as a significant
figure if it represents a definite value, ¢ g. 25 X 36 = 900.

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

Find the cube of 234,

The complete result iz 12,812,904,

On the slide rule only the first three significant figures can be found, and
the result is 12,800,000. Here 128 are significant figures and the five zeros
foliowing are not significant, since they do not represent definite values, but
merely serve to place the decimal peint.

Ag far ag caleulation on the slide rule can determine, each ot these five
zeros might he any one of the numbers from 0 to 9. Arithmetical caleulation
shows that they are really, 12,904,

ACCURACY OF MATHEMATICAL CONSTANTS

A mathematical constant may be carried to any desired degree of accuracy,
e. g., the value of = usually given as 3.14159 has been calculated to 707 decimal
places. TFor ordinary calculations 3.14 or 31 is sufficiently aceurate.

ACCURACY OF PHYSICAL CONSTANTS

Most physical constants are only correct to three significant figures and

some only to two figures.
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e. g., The weight of a cu. ft. of water is 62.5 1b.
The weight of a cu. in. of cast iron is .26 Ib.
LIMITS OF ACCURACY

Holman's rule states that if numbers are to be multiplied or divided, a
given percentage etror in one of them will produce the same percentage errot in
the result.

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

Since physical constants are not usually correct beyond three significant
figures, and the observed data in an experiment are rarely reliable beyond this
point, the slide rule reading to three figures gives results sufficiently accurate
for most kinds of practical work,

PERCENTAGE OF ERROR

If a result is correct to three significant figures, the ratio of the error to the
result is less than 1:100.

Suppose, for example, the result is 3527.6, which is known to be correct
to three significant figures. Then the figures 352 are known to be correct and
the figures 7.6 are doubtful.

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

7.6 10 10 1
3537.6 < 35276 <~ 1000 U T00°

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

The error here is less than , which is less than Hence the

1 I
1384 1000°
error in this reading is less than one-tenth of one per cent.

It is evident that the per cent of error holds throughout the length of the
slide rule, since the first significant figure increases from 1 to 10 as spaces
decrease.

e. g., On the right end of the rule, a result read 998 might be really 999
making an error of 1 in 999 or approximately ﬁ or i% of 19,.

If 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 thousand.

LOGARITHMS
102 = 100.
Another form of making this statement is:
The logarithm of 100 is 2.
In the same way, 10* = 1,000
or the logarithm of 1,000 is 3.
From these examples it is evident that the logarithm is the exponent
which is given to 10.
Fill out the blanks in the following tabkle:

100 = 19,000 Log 10,000 =
108 = 100,000 Log 100,000 =
101 = 10 Log 10 =
10° =1 Log 1 =
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LAW OF MULTIPLICATION

102 = 100.
10* = 1,000.

10% X 10° = 100 X 1,000,
100 = 109,000.

Log 100,000 is 5.

Since 5 is the sum of 2 and 3, log 106,000 -= 2 + 3 = log 100 + log
1,000, 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 construction of the rule allows this addition to be done easily,

The scales are divided proportionally to the logarithms of the numbers.

If the scale i3 considered as divided into 1,000 units, then any
number—1, 2, 3, etc.,—is placed on the rule so that its distance from the left
index is proportional to its logarithm.

Sincelog 1 =0, 1 is found at the extreme left.

“ log 2 =.301, 2isfound 301 units from the left.

“ log 8 =.477, 3 ¢ “ o ogm o« “ -
«* log 9 = _954, g “ “  g54 “ “ @
“ log 10 = 1.000, 10 * ** 1000 ** M -

On the scale the number 8 is placed three times as far from the left index
as 2, because the logarithm of 8 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 scale D
and under 4 on scale ¢ find the product, 8 on scale D,
This is equivalent to adding log 2 to log 4 and finding log 8 (Fig. 24).

|
re - LOG 4 5
¢ 4 _l

D 2 8
T :
) LoG 2 |

e . LOG &
Fig. 24

Example: Multiply 2.45 by 3.52.

Opposite 2.45 on D, set 1 on C and under $.52 on C find 862 on D.

Roughly caleulating, 2.45 X 8.562 = 2 X 4 = 8.

Hence, we place the decimal point to make the result as near 8 as pos-
sible; and the result is 8.62.

Example: Multiply 24.5 by 35.2.

Working this like the preceding example, without regard to the decimal
point, we obtain 862.

Roughly calculating, 24.5 X 85.2 = 25 X 36 = 900.

* Placing the decimal point to make 862 as near 900 as possible, we
obtain 862.
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Example: Multiply 6.234 by 143.

Taking 6.234 correct to three significant figures we multiply 6.23 by 143,
Opposite 623 on Dset 1 on €.

Under 143 on € find 891 on D.

Roughly calculating, 6 X 140 = 840.

Therefore the result is 891.

Example: Multiply 2.46 by 7.82.

When the product of the given numbersis greater than 10, the sum of their
logarithms will exceed the length of the rule. Hence if we set the left index of
the slide to 246 on D, the other number 782 on C projeets beyond the rule.
In this case, think of the projection as wrapped around and inserted in the
groove at the left, which would be the case in a circular slide rule. Now the
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 calculating, 2 X 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 D,

Roughly caleulating, .1 X .05 = .005.

Hence the result is .00679.

Find the value of

Problem 67. 2.34 X 3.16. 70. 8.54 X685 713 023 X 2.35.
68. 376 X 5.14. TI. 342 X755 74, 00515 X .324.
69. 1.82 X 4.15. T2 4371 X 6247. 75. .00523 X .0174.

Problem 76. 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 zircumferences on A.

DIVISION

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

PROPORTION

Problems in proportion are special cases of multiplication and division.
Example: Solve 16 : 27T =175 :x.
_ 27T X 115
T '

Foliowing the method on page 13, Fig. 14, we first divide 27 by 16 by
setting 16 on C to 27 on D. We have subtracted the logarithm of 16 from
the logarithm 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 indieator to 175 on C.
On D, opposite the indicator, read 295.
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L0G 16
C 16 17/5 _!
T |
DI by ! l 1 ALY !
LOG 27 1
DG 175
100G 295
Fig. 25.

To place the decimal point, note that 16 has the same relation to 27 that
17.5 has to x. Since 27 is not quite twice 16, ¥ will be not quite twice 17.5,
Hence the decimal point must be placed so that the answer is 29.5.

The method of working a proportion is easily remembered as follows:

C D C D

16 :27 = 17.6 : 2.
Example: Solvex :24 = 11:18.

¢ D C D

r 24 =11 :18.

To 18 on D, set 11 on C. Opposite 24 on D find x on C.

The significant figures of x are 147.

To place the decimal point, note that since 11 is a little more than half of
18, z will be a little more than half of 24, or 14.7.

SQUARES AND SQUARE ROOTS
(10%)2 = 103 x 103
=10°.
Since 6 =2 X 3,
Log (10%)® = 2 X log 102
Hencs, to square a number, multiply its logarithm by 2.

The space given to each number on secale D is twice that given to the
same number on scale A,

As an example, suppose we wish to square 3.

This can be done by doubling the space given to 3 on seale 4 and finding 9.
or looking for 3 on scale 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 gcale A, and directly below it on D find 8, its square root.

CUBES

LOG 8
2x LoG 2 LOG 2

1
~f

K1

4
1

ci i
2

Fig. 25a. 2%, =8,
1. Find 23,
Set the left index of the slide to 2 on D.
Opposite 2 cn B read 8 on A.

Note that we have taken
S 2Xlog2 +log2 =38log2,orlog8
ScaleD, Secale B Seale A
where log 2 on B has been used as the unit.
In the same way show that
Example: 32 = 27,

43 = 64
5 = 125. Set right index on the slide to 5 on D,
6 = 2186.
79 = 343.
8 = 512,
93 = 729,
113 = 1331.

Roughly calculating, we know 114 is a little larger than 108, or 1,000. We
also can 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 correct to 4 significant figures:
Prablem 77. Find the cube of 13. Problem 82. Find the cubeof 18,

73. (X3 & 131 14' 83' & “ (1 19.
79. £ 11 {5 15. 84. 48 11 “" 20.
8. « ¢« « 71 8. “ o« o« g1
81. ¢ e qy,
Find the cubes of the following numbers correct to 3 significant figures:
Example: Find the cubeof 22. (The complete answer is 10,648, but

on the slide rule we get 10,600 correct
to 3 significant figures. The erroris
less than one-half of one per cent).

Problem 86. Find the cube of 31.

87. “ e “ 48.
88. T 6 « 47, (Set the right-hand index on the slide
to 47 on D.)

89, I i M 53.

Problem 80. Find the cube of 64. Problem 96. Find the cube of .242,
a1. “ t « 758, 87. =« “ « 067,
92. T 0 « 232, 98. « I « 0068,
93. T Y «  425.6.% 99. « “ « 1,08,
94. a “ w o B7.9. 100, « “ w 2,12,
95. 1 t w139,

*In Problem 98, 425.6 is approximately 426. Roughly approximating
the result 4009 = 64,000,000. The rule gives us 771. Hence the result is
77,100,000 correct to three significant figures. The complete resultis
77,091,209.216.

Problem 101. How many gallons will a cubical tank hold that measures
26 inches in depth? (1 gal. = 231 en. in.)
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CUBE ROOTS

Example: Find the cube root of 9.
Set the indicator to 9 on scale A.

We know that the first figure of the root is 2, sinee the greatest cube in 9is
8 and its cube root is 2.

Set the left index of the slide to 2 on scale D

Opposite the index on D we have 2.00.

QOpposite the indieator on B we have 2.25.

This first approximation tells us that the root lies between 2. and 2.25.

Next, try setting the index to 2.1 on D.

We now have:

Opposite the index on D, 2.10.

Opposite the indicator on B, 2.04.

This second approximation tells us that the root lies between 2.04 and 2.10;
that is, correct to 2 places it is 2.0.

Setting the index in succession to numbers between 2.0 and 2.1, such as
2.02, 2.04, 2.06, 2.08, we find.

Opposite the index on I}, 2.08.

Opposite the indicator on B, 2.08.

Check by cubing 2.08, observing that we already have the setting and 9
for the result.

Example: TFind the cube root of 90.

Set the indicator to 90 on scale A.

The greatest cube in 90 is 64 and its cube root is 4. Hence, the first
significant figure is 4.

Set the left index to 4. on scale D.

Opposite the indicator we have 5.6 on scale B.
The root lies between 4 and 5.6.

Set the index to 4.4 on D

Opposite the indicator we have 4.65 on B.
The root lies between 4.4 and 4.65.

Set the index to 4.48 on D.

Opposite the indicator we have 4.48 on B.
The cube root is 4.48, correct to three figures.
Example: Find the cube root of 800.

Left End Middle Right End
100 1000 10,000
1 10 100
01 i 1

Then 900 is on the left half of the rule. Set the indicator to 9 on the left
half of scale A.

The greatest cube in 900 is 729 and its cube root is 3. Hence the first
significant figure is 9.

If we set theleft index to 9 on D,no part of the slide is opposite the indicator.

27 __

Hence, set the right-hand index of the slide opposite 9 on scale D.
This gives us:

On D, opposite the index, 9.

On B, opposite the indicator, 11.1.
The root lies between 9. and 11.1.
Set the index to 9.6 on D.

We now have:

On D, opposite the index, 9.6.

On B, opposite the indicator, 9.77.
The root lies between 9.6 and 9.77.
Set the index to 9.66 on D.

This give us.

On D, opposite the index, 9.66.

On B, opposite the indicator, 9.66.
Henee, 9.66 is the root.

Solving arithmetically, the third figure is 5, but the fourth figure is more
than 5, so that 9.66 is nearer the correct result than 9.65.

Example: Find the cube root of .9.

We point off the number into periods of three figures each, courting from
the decimal point, adding zeros to fill out the three figures.

This gives us .900.

Here we have the problem of the cube root of 900 repeated. From the above
exanmple the significant figures are 966. In the cube root thereisa decimal place
for every decimal period in the given problem. Hence from the first decimal
period .900 we obtain one decimal place, .9. This fixes the decimal point and
the work on the rule gives us .966 for the root.

Example: Find the cube root of .09.

Following the above example the first period is .090.

The significant figures of the root are 448.

Hence, the result is .448.

From a consideration of these five examples, we have a rule for placing the
decimal point in the cube reot of numbers that do not lie between 1 and 1,300.

a. Move the decimal point 8, 6, or 9 places, as may be necessary, in either
direction to obtain a number between 1 and 1,000.

b. Find the cube root of this new number.

¢. In the result move the decimal point one third as many places as it was
moved in a, and in the opposite direction.

Example: Find the cube root of 56,342.

a@. Move the decimal point three places to the left, obtaining 56.342.

b. Find the cube ropt of 56.3 which is 3.83.

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

Example: Find the cube root of 00382,

(@) Move the decimal point three places to the right, obtaining 3.82.

(1) Find the cube root of 3.82 which is 1.563.

(¢) Move the decimal point one place to feft, obtaining .1563,
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Problem Problem
102. Find the cube root of 3. 112. Find the cube root of 50.
03, ¢ @ e s, B3, ™ ® & @ «ipgg
104. “oon “ e300, 114, e o s 575,
105. (13 o (11 i (13 -3. I IE- (14 [13 £ o €@ 241.
106. oo 1 ‘08, 116. oo U w3840,
oy, “ ¢ w003, Hz, *« « © o« O EogTg.
Ioa' (13 (1} [ i 13 2613’ lIB' " 49 (13 (13 (1] .0163.
109. % & o« yqg g, ¢« & 4 0094,
110, “o o e T84, 120. wou o 1,036,
) PO A V1 R 121, ¢ e e w o« 08,728,

Problem 122. How deep should a cubical box be made in order to contain
8,500 cubie inches?

NOTE On the Polyphase and the Polyphase Duplex Slide Rules there is
a Cube Scale, by means of which Cubes and Cube Roots may be obtained
directly.
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CHAPTER II1

ADVANCED PROBLEMS
MULTIPLICATION OF THREE OR MORE NUMBERS

Example: Find the value of 4.1 X 56 X .26 X .49,

Using seales C and D), set the right index on € to 41 on I? and move the in-
dicator to 56 on C. We have now multiplied 41 by 56. The result thus far
found on D, opposite the indicator is 2296, without regard to the decimal point

Now set the left index of C to the indicator and move the indicator to 26
on C, thus adding the log of 26 to the former result. On D under the indicator
is 697.

Set the right index to the indicator and move the indicator to 49 on C.

On D opposite the indicator, find 2925,

The position of the decimal point is determined by a rough calculation.

4.1 X 56 X 26 X .49is, roughly, 4 X 60 X 1 X .5 = 30.

Placing the decimal point so as to make 2925 read as near 30 as possible, it
is evident that the result is 29.25,

Find the value of

Problem 123. 7.1 X 31 X .42  Problem 126. 8.25 X .036 X 1.07 x 4.12

124, 64 X 32 X 5.6 127. 62 X 37.8 X .0052 X 46
125. 163 X 1210 X 3.65 X 243

COMBINED MULTIPLICATION AND DIVISION

Example: Find the value of
23.5 X 45.3
2670 '
To 235 on D, set 267 onC. Opposite 453 on C find 399 on D, To obtain
the decimal point make a rough caleulation as follows:

23.6 X 453 . 20 X650 _ 1
T roughly equal to 5500 — 3

Hence, we must place the decimal point so as to make 399 approximately
equal to 1§. The result is evidently .399.
Another method of placing the decimal point:
23.5 X453 (236 X 10) (4.58 X 10)
2670 - 2.67 X 1000
_ 235 X453 1
=261 10"
1
3.99 XTO—

= .399
The first method will be found preferable, but may be checked by the
second.

Example. Find the value of

1.34 X 2.16
1.2 :
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To 1.34 on Dset 4.2 on €. When we attempt to move the indicator to
2.15 on C, it is impossible, because 2.15 projects beyond the left end of the rule.
Bring the indicator to 10 on C and move the slide so as to set the left index to
the indicator. This divides by 10, but is permissible, since dividing by 10 does
not change the order of significant figures. Now move the indicator to 2.15 on
C and on D, opposite the indicator, read 686. A rough calculation shows that:

ﬁ-:(z—ll—ﬁ is approximately equal to 1 f _ -—;—, or .5,
Hence, the result is .686.
Example. Find the value of
30.5X 50.6 X 835 _
3.64 X 380 X 42.5 )
D C C D
80.5 X 50.6 X 835 _ 4
3.64 X 380 X 42,5
C c

C
The five operations are as follows: Intermediate Results on D,
1. At 305 on D set 364 onC, 838, opposite right index.
2. Move indicator to 506 on C, 424, opposite indicator.
8. Set 380 on C to the indicator. 111, opposite left index.
4. Indicator to 8356 on C. 928, opposite indicator
5. Set 425 on C to the indicator and opposite ’

the index on C, find 218 on D,

Calculating roughly,

30><5(}v>(800=25
3 X 400 x 40 '

Hence 218 must be made to lock as near as possible like 25, giving the
result 21.8. It is not necessary to obtain the intermediate results, but with
beginners it is an advantage to check the work at every step.

Example: Find the value of
25.4 X 670 X 26.8 x 863 X 1.3
1.55 X 83560 X 4.15 X 2.24
D C c C C D
25.4 X 570 X 26.8 X 863 X 13
1.55 X 8350 x 4.15 X 2.24 n

C c C c Intermediates on D
1. At254on D, set 156 onC 164
2, Move indicator to 570 on C. 934
8. Move the slide, setting 835 to indicator. 112
4. Indicator to 263 on €. 300
5. Move slide, setting 415 on € to indicator. 722
6. Indicatorto 8683 onC. 625
7. Move slide, setting 224 to indicator. 279
8. Indicator to 13 on C. 363

Find the answer 363 on D opposite indicator.
Calculating roughly:
25 X 600 X380 X8 X1
1 X 8000 x4 x2
Making 363 look as much as possible like 60, we have 36.3.

= 60.
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Exampte: Find the value of
745

3.65 X .0267
The above examples have had as many factors in the numerator as in the
denominator or one more. This example can be changed to conform to these
types by introducing unity as a factor in the numerator,

D c
145  _ T4EXT _
3.65 0267 ~ .65 x .0267 — °

C C

Check by
Intermediates on D.

1. Divide 7.45 by 3.65. 204, opposite left index.
2. Move indicator to 1 on C. 204, opposite indicator.

3. Move slide, setting 267 to indicator. 764, opposite right index.

Roughly calculating:
8 X1 _2.00

.0z~ 0z 1
Making 764 look as much as possible like 100, the result is 76.4.
1
234 X 33 X 525"
Writing the example in type form we have:

Example: Tind the value of

D ¢ C D
1xX1x1 -
2.34 X .33 X 5.25
C C C Check by
Intermediates on D
1. Atlon D, set 234 on C. 427, opposite right index.
2. Indicator to 1 (right index) on C. 427, opposite right index.
3. 33 on C to indicator. 1285, opposite left index.
4. Indicator to 1 (left index)} on C. 1295, opposite indicator.
5. 525 on C to indicator, 2467, opposite right index.
Rough calculation:
S T . 25
2xX1iX6 4 -

Making 2467 look as much as possible lile .25 the result ts .2467.
21.4 X 3.45 X 640
4.15 % .75 X .08
Method I.—Work the example without regard to the square root, then find
the square root of the result,
Method l.—Using scales A and B:

A B B D
21.4 X 3.45 X 640 _

215 X .05 X .08 &
B B B

Example: Find the value of:

Intermediate on A.

1. To21.4on A set 415 on B. 516, opposite index.

Be careful to use 21.4 on the right half of A and net 2.14 on the left hali,
since the square root of 21.4 has different significant figures from the square root
of 2.14. For the same reason use 4.15 on the left half of B.
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2. Indicator to 3.45 on B (left half of rule) 178, opposite indicator,

8. Moveslide setting .75 {right half} to indicator. 237, opposite index.

4. Indicator to 6.4 (left half) on B. 152, opposite indicator.

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

B. Move slide, setting 8 (left half) on B to indieator. 130, opposite index.

6. Opposite right index of B find 436 on D.

Rough calculation
20 X3 X 600
AXTxI - /90000 = 300,
Placing the decimal point so as to make 436 as near as postible to 300, the
reault is 436.
Find the value of

3.26 x .02356 6.45
Problem 128. ~~isz Problem 133. 355 x 0276
6.756 X 1.35 1
129 14.4 * ISL. 2.66 X .75 X 1.42
!30. 26.4 » 4.8 x 7.12. 3
131. 6.2 x 28 X .35 X 5.4. 135. m

132, 65 X 24 X 7.6 X 9.5
214 x 4.6 X .39

24.3 X .06 X .675

5.8 X 4.5 X 8.7 X 132
7.3 X862 X28 X14

2.63 X 82.5
2450

Problem 136.

137.

138,

43.6 X 22.4
139 \56.57% 245

\}22.5 X 12.2 X} 126 X 405
2760 X 715 X 6.16
MISCELLANEOUS CALCULATIONS

.o 2.45 X (76.5)* X 625
Example: Find the value of 55 % 057

140.

Method I. TUse scales A and B, but use C for 76.5,
At 245 on A set 55 on B.

Indicator to 765 on C,
Set 87 on B to the indicator,
Indicator to 625 on B,
Opposite the indicator on A, find 187.
A rough calculation shows:
2 X 70 X 80 X 600 200X 70 % 80 X 600
X 1 = X1 - = 134000000,
The result is 187,000,000.
Method ). Write the example:
2.45 X 76.56 X 76.56 X 625
b0 X087 X1
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Method IIl. Find (76.5): as a separate problem, then work the
example on C and D.

Example: Find the value of 135 X /75 x 430
26 X 250 X 638
Use C and D, but use B for 475.
At 135 on D, set 26 on C. 5
Indicator to 4.76 on B (left half of slide, because the decimal point must
be moved an even number of places).
Set 250 to the indicator.
\ Indicator to 430 on C.
Set 638 to the indicator.
On D, opposite the right-hand index, find 305.
Roughly caleulating:
100 X 20 X 400 _ 16 _ 1
26 X 250 x 600 ~ 75 - 2bout g, or 2
: The reault, then, is .305.
Example: Find the value of
| /260X +/3.80°
i /1810

Use A and B, bui read the result on D.

At 2.6 on A set 13.1 on B (moving the decimal point an even number of
places).

If we try to move the indicator to 3.8 on B, 3.8 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 does not change
the significant figures of the result.

Now move the indicator to 3.8 on B.

On D, opposite the indicator, read 869,

Roughly calculating:

00 X3 3

, 600 ~ 2 "0
r Hence the result is .869.
Settings:
The result is denoted by =
|
. 13.56 X (14 A :Tol35 :Findz
Problem 141, — = B TGt &8
C : Over 14
D
_ A s o
142, 1.35 X+/2 B : : Under &
' C : Setl :
D : Tol3b : Findx
423 Ao 3
133; \/6720 B : BSet67.2 :
, C ; Under 10
: D: To423 : Find=z



144,

145,

146.

141.

148.

149,

150.

151

152,

S -

52_
{3.4)

(16.2)7 X 45.2

(2.7

{.0347 2
0058

2.31 X (48.5)F X 413
45 % .087

175 % /285 X /17 X 410

28 X 228 X 634
/832 X /565
/2830
2.6

A Tob52: Findzx
B : Overl

C Set 3.4 :

D :

A : Find 2
B : : Over 452
C Set 27

D: Tol62 :

A : Find z
B : Over 100
C : Seth :

D UAt34T ¢

o -

e R

CHAPTER IV

PLANE TRIGONOMETRY
SINES

Method b Remove 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.

1 T R D . enbrbar T
LG LU R R MY ARG U VR R R L ErL

KEwrrgyaan 2 NY

Fig. 26.

The scale marked S is a scale of sines.  Angles are given on seale S, opposite
their sines on scale 4.

Example: Find sine 20°.

Opposite 20 on scale 8 is found its sine on scale A. This reads 342. To
place the decimal point, a number read on the right half of scale A has the
first significant figure 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 gine 20° = .3420.

Example:  Find sine 2°,

The significant figures are 349,

TFhe reading is on the left of scale A, hence the result is .0349.

Method 1. With the slide in the usual position showing scales I3 and C,
get the given angle on scale 8 to the mark opposite the index on the underside
of the rule; then opposite the right index of scale A read the sine on scale B.

COSINES

Since the cosine of an angle is equal to the sine of the complement of the
angle, the cosine may be found on the slide rule.

Example: Find cos 30°,

Cos 30° = sin (90°—30°).

= sin 60°.

.866.

Example: Find sin 5° 40" X 35.

Method |. With the slide having scales B and ¢ uppermost, set sin 5° 40
on S to the mark 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 tog sin 5° 40/ to log 35, the sum being counted
on scale B.
Or sin 5° 40’ % 35 = x may be written as 2 proportion using scales A and B.
A B A B
1 :sin 6% 40" = 35 : .
Opposite 1 on A, set sin 5° 40" on B.
Under 35 on A, find 3.46 on B.

i



Method 1L With the slide having seales S and T uppermost,

A : To35 : Find 3.46
S : Set Right Index : Ovwver 5°4¢/

Log 35 is added to log sin 5° 40, the sum being counted on scale A,
35
sin 5° 407
Method I.  With the slide having scales B and € uppermost, set sin 5° 40’
to the mark in the groove at the right end of the rle.
Over 35 on B, read the quotient 345 on A.
Method 1. With scale S uppermost
A Toss : Find 354,
8t Set' 5% 407 ¢ Over left index.”

To place the decimal point, note that sin 5° 40’ is a trifle less than .i.
Hence dividing 85 by .1 we have 350 for the rough calculation.

Example: TFind

Explanation

Method I. We have solved the proportion:
sin 5°40F : 1 =35 : =
B A B A

Method Il. We have taken the proportion by alternation, securing
sin 5°40" : 35 =1 : =z,

hy A S A
EXERCISE
Problem 153. Find the sine of 20°. Problem 158. Find the sineof 15° 20",
154. « W W 45°, 159. « “ i“ 1° 30"
155, « u «  30°, 160, « w“ w 8730,
196, « t @ 3°. 16t. « it “ 2° 15
157. « I " 40°, 162. « “ w  21° 307
Problem 163, Find the cosine of 80°. Problem 168. Find thecosine of 75° 30",
164, « “« 7 65°, 169, « “ « 54° 107,
165, « “ e 42°, 170. « i «  20° 307,
166. « T o 14°, 171. « @ «  81° 45,
167. « i« ] 12°, 172, « « « 88 25,

173. Sin 25° X 45.
174. Cos 56° x 27.

18 21.5
“sin 12° 307" 116 g 10
Problem 177. A =32°. (Fig. 27). B
¢ =65
Find a. i
Problem 178. 4 = 70" 30"
a = 154.
Find ¢. wt 3 ¢
Fig. 27.

175.

-
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B " "D Problem 179. A disk is 21 inches in diameter,
Find the distance necessary to
set a pair of dividers in order to
space off @,) 7 sides; b,) 8 sides;
¢,) 10 sides; d,) 13 sides.
The angle DAB = + of 360° = 51° 25
(to the nearest minute).
The angle DAC = %of 51° 26" = 25° 43",
D ;i
%D_ = sine angle DAC,
CD = AD X sine angle DAC.
BD = 2 X CD =2 x AD X sine angle DAC
Fig. 28, = ¢ sine angle DAC where d = diameter
of cirele,
180, Holes A and C are
to be drilled on the milling | 4
machine, After drilling C,
in order to drill A, how
much movement of the g
table will there beineach
direction? 5 55
The table moves from \ g
C to B, thenfrom B to A, B c

BC = 5 X cos 20° Fig. 29.
BA =5 X sin 20°

TANGENTS

Deiial A L I L] sl L
TRV SO PSS TR ST P2
A R e e O R e e 1y

[

Fig. . 80.

With the slide in position for reading sines, scale T’ gives readings for angles
whose tangents are found opposite on scale D.

The first significant figure comes In the first decimal place for all values
found on the rule.

Example: Find tan 30°.

Method [. Opposite 80 on gcale T, find 577 on D.

Pointing off, we have tan 80° = 5770, which is correct to three significant
figures; the result correct to four figures being .5774.

Method 1. With the slide in the usual position showing scales B and C,
set 30 on the T scale to the mark on the under side of the rule and opposite 1
on Dread 577 on C,

Example: Find the value of tan 18° 80’ 3¢ 175.

Find tan 18° 30' by Method II.

Shift ““C* scale so that right index takes position of left index.

Above 175 on D, find 586 on €.

Since tan 18° 307 is .334, the product must be roughly 1/3 of 175, making

~ the result 58.6.

The scale gives tangents only as far as 456°
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For larger angles, use the formula:
1
ten 4 = G Er—4)
Example: Find the tan of 75°,
1
9 e S
tan 18 = e me =Ty
. S
~ tan15°
Opposite the mark in the notch on the under side of the rule, set 15° on
the T scale. Opposite the right index of C, read 373 on D. Placing the
decimal point by a rough calculation, remembering that the tan 45° is 1,

1 1
T A
3
Hence, the result is 3.73.
Example: Find the value of 565 + tan 65°.
. o _ ; 1
565 + tan 65° = 565 =+ W-
= 565 X tan 25°,

= 263.

Find tan 25° by Method II.
Opposite 565 on D find 263 on C.
Example: Find the value of

256 + tan 10° 30",

Method I. Opposite 256 on D, set 10° 30’ on T. Under the left index of T,
find 188 on D. Roughly calculating for the decimal point, remembering that
tan 45° =1,

256 = tan 10° 30’ = % = 1280. Making 138 look as much as pos-

sible like 1280 we have 1380.

Method ll. With the slide in the usual position with scale C uppermost,
set 10° 30" on T to the mark on the under side of the rule. Shift the slide from

the left to the right index. 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 II, setting 40° 10’ on T to the mark on the under side of the
rule, under 256 on C find 303 on D.

Roughly caleulating: ﬁ& = 2—26 = 320.

Hence, the result is 303.

The tangent of an angle less than 5° 43’ cannot 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’ = &in 1° 30’ = .0262.
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COTANGENTS

The cotangent may be found as follows:
Cot A = tan (90° — 4).
Example: Find cot 65°.
Cot 65° = tan (90° — 65°).
= tan 25°
= .466.

SECANT AND» COSECANT.

The secant and cosecant may be found by the formulas:

Il

1
sech = e A
1
A = — A
Problem 181, Find tangent of 25°. Problem 187. Find tangent of 75° 10",
182, « w e 147 3070 188, « “ « 20° 107,
183. « « w 35° 3. 189. « “ « 15° 5.
184. « « o 26°20°, 190, « i « 6% 25,
185. « 7] « 18° 307, 191. “ “ w 1°45°,
186. « w o« BB 20", 192, « i o 42° 207,
Problem 193. Tan 15° X 18.
580" X 182 = —— o2 __
Problem 194, Tan 6 X132 = tan 24°30°
5.62
Problem 195, w-
8.5 o Ant
—— = 8. 9° 40°,
Probiem 196. T2 10520 8.5 X tanl
B
a
b 4
C
E Fig. 31. £

Example: To find BE, the height of a building, a transit is set up at A;
a level line AC issighted on a rod held at E.

CE is found to be 5.2 ft.

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

The angle CARB is taken by the transit and found to be 28° 30°,

Find BE, the height of the building.

BE = BC + CE.

BC = CA X tan A.

BE = CA X tan A + CE.
= 138 X tan 28° 30’ 4 5.2.
= T4.9 4+ 5.2,
= §0.1 ft.
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B
= Fig. 32. 4

Example: To find CB, the width of a river.
A transit is set up at C and 2 right angle, BCA is laid off.
CA is measured and found to be 235 it.
Then the transit js set up at A and the angle A found
Y to be 75° 80",
Find CB, the width of the river,
CB = CA X tan 4.

= 235 X tan 75° 30",

_ 235

" tan 14° 307

= 909 ft.

SINES AND TANGENTS OF SMALL ANGLES

Gauge points are placed on the sine scale for reading sines of angles smaller
than those given on the regular scale. Near the 1° 10’ division is the “second”
gauge point and near the 2° division is the “minute” gauge point. By placing
one of these gauge points oppogite any number on the A scale, the cotresponding
sine of that number of minutes or seconds is read over the index of the sine
scale on A. Or place the gauge point opposite the left index, Then for any
value on scale B the corresponding sine may be read on seale A for angles from
47 t0 100’ or from 3*’ to 100"/, depending upon which gauge point is used. By
placing the gauge point opposite the right index, sines for angles as small as
.1” may be read. In order to point off, it should be remembered that sine Jat
is about .000005 (5 zeros, 6}, and sine 17 is about .0003 (3 zeros, 3).

Tht? sines and tangents of small angles being practically identical, these
gauge points, as well as the portion of the sine scale below 5° 43/, may also he
used for the tangents.

The tangents of angles greater than 89° 26 are found as follows:
Determine 90°—A4.

Set gauge point to index of scale. Set indicator to value on secale B
ecorresponding to the angle whose tangent is sought. Shift index to indicator.
Opposite the other index read tangent of angle on scale B.

Example: Find sine 107",

Opposite 10 on scale A, set the gauge point for seconds,

Opposite the left index find 485 on A.

Since sine 1" = .060005,

sine 10*’ is roughly 10 x 000005, or 00005,

Hence gine 10’/ = .0000485.
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Example: Find gine 127,

Opposite 12 on scale A, set the gauge point for minutes.
Opposite the left index find 349 on A.

Sinee sine 17 = .0003,

sine 127 is roughly 12 % .0003 = .(_]036._

Making 349 look as nearly as possible like .0036,

sine 127 = ,00349.

Example: Find tan 89° 45,
90* — 89° 45/ = 15",
Set minute gauge point to left index of scale.
Set indieator to 15 on B,
Shift right index of B to indicator,
Opposite left index of A, read 229 on P.
The complete tangent of 89° 45’ is really 229.18.
Example: Find tan 89° 45’ 45",
90° — 89° 45" 45/ = 147 15"’ = 855"
Set second gauge point to left index of A.
Set indicator to 855 (left half) of B.
Shift right index of B to indicator.

Opposite left index of A, read 241 on B.
The tangent of 89° 45’ 45’/ ia actually 241 .46 +.

Another method of finding sines and tangents of very small angles depends
upon the fact that, for small angles, the sine or the tangent varies directly

as the angle.
Example: Find tan 15°. .
Tan 157

I

sin 157,

1 . .
1p oin 1507,

I

2 Gnoo s
mst 307,

1

1—10 .0436 by the slide rule,

I

.00436.

To Change Radians to Degrees or Degrees to Radians.
T Radians

180~  Degrees
Opposite Radiang Read Radians

Read Degrees 95 Opposite Degrees

Al Opposite
B| Set 180

LOGARITHMS

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

Example: Find log 50.

With the slide in its usual position, with the scale of equal parts (which
is numbered {rom left to right) underneath, set 5 on C opposite the right index
of D. On the scale of equal parts opposite the right index on the underside of
therule, read 689. Placing the decimal point and prefixing the characteristic, as
usual in working with logarithms, log 50 = 1.699.
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(The characteristie is found b i ;
R bt L y taking one less than the number of figures
NOTE.—Some slide rules have the scale of e
. - : ual
{'l%h!; t&: left, in which case proceed in the above exgmplg ?1??0?]%?2? reéietfrﬁr:;
Oenttﬁr; fr:]cdt;t; ssi‘éiag% th?e 5 (])n D. On the scale of equal parts opposite the index
o pamndemiiont rule read 699. Prefix the characteristic as above, mak-
Example: Find (2.36)% = gz,
Logx = 5§ X log 2.36.
5 X .373.
1.865.
Note that 1 is the characteristic. Find wh
mantissa by reversing the method of the precedirlvg iiaﬁlﬁﬁer has 865 for a

Opposite 865 on the log scale find 732 on D,
xr = T73.2.

1l

Example: Find /187 = z.
Log 187 = 2.272,

Log /187 = -;— of 2.272 = 4B4.

xr = 2.84.
Problem 197. Find the logarithm of 1.34.
198. T 1 «  54.5,
199, oow o w i@ 312,
200. “ooa i « 067,
201. ITRENT} i “ 735.
202. Find the value of (3.2)°  to three significant figures
203. oo I (425)%., '
204, ‘oo “ 3.46.
2085. Y] “w " /286,
206 TS i« +/1430.

Example: 2z = (2.7p.0
logz = 141 X log 2.7
=141 X (0,431 (Log 2.7 found on slide rule as in first
example).
=0.608 (Multiply, using scales C and D).
r = 4.05
Example: z = (41.5)0-%

log # = 0.23 ¥ log 41.5
= 0.23 x 1.618 (Find mantissa of log 41.5 = .618. Then
~ prefix characteristic of 1, making 1.618.)
. = (2)322 (Multiply, using scales ¢ and D).

Example: » =1”513.
log # = log 51.3

42
- 1.710
462 (Finding log 51.3 = 1.710).
. = 2;27 (Divide; using scales C and D).

CHAPTER V
SOLUTION OF TRIANGLES

By the Slide Rule a right triangle or an oblique triangle may be solved in
a few seconds. On the 10" Slide Rule a side of a triangle may be read to three
significant figures, and the angles to within a few minutes. For many kinds of
applied work this degree of accuraey is sufficient.

Where greater accuracy is required, as in surveying calculations, the work
should be done by logarithms, and then checked by the slide rule. This cheek
will show any gross error and will locate the error. For classesin Trigoncmetry
it is recommended that the student proceed as follows:

a. Solve the triangle by logarithms.

b. Check by solving on the Slide Rule.

¢.  If the Slide Rule shows that there is an error,find the error and correct it.
d. If no error appears and it is desired to check to a greater degree of ac-
curacy, apply the usual trigonometric check.

The use of the Slide Rule saves time and locates the error in a particular
part of the work.

NOTE: In the following pages on right and obligue triangles the author has drawn freely upon
the admirable treatment of this subject in a chapter of the former Mannheim Manual by FProfessor

J. M. Willard, of tha State College of Pennaylvania.

RIGHT TRIANGLES

Example: Given an Acute Angle and the Hypotenuse,
Let 4 = 32° 30 and ¢ = 14.7. i
Find B, @, and &.

Solution: B = 902 — A = 57°30".

¢ w147

sin sin A sin B
Substituting the given values,
14.7 a . b

§in 90° ~ sin82°30° sin 57°30°
Setting the rule asin proportion, using right half of seale 4,
A Opposite 14.7 Read ¢ = 790 Read b = 124
5| TSet1 (win 90°) | Opposite 32° 30" | Opposite 572 3¢
To place the decimal point, note that the sides will be in the same order
of magnitude as their opposite angles.
C = 90° c = 14.7.
B = 57° 30 b=12.4.
A=32°30 a= T.88.
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Where the S seale is involveq
the proper half of scale A. The foll
numbers on the scale are continuous,

Left End Middle

» care should be taken to set the number on
owing diagram will make this clear. The

Right End
01 1 1.
Seale A 1. 10. 100.
100. 1000. 10000.

Example:: Given an Acute Angle and the Opposite Side.

Let A = 55° 15" and q = 465,
Find B, b, and C.

Solution: B = 90°—A = 90°—55° 15’ — 34° 45,

B

a =455, Fig. 34.

A 3 c
L R
sind = sin€C ~ snB
Using left half of scale A,
A Opposite 465 Find ¢ = 566 Find b =< 3238

S Set 55° 15
Placing the decimal point,

C =90°
A=55°15
B = 34° 45’

Example: Given an Acute Angle a
Let A = 15°, p= 125,

Find B, a, and ..

Solution: B = 90°—4 — 75°,

Opposite 1 (sin 96°) Opposite 345 45

¢ = 566,
a = 465,
b = 323,

nd the Adjacent Side,

B
[
% Fig. 35,
15°
- b=12.5 ¢
b e ¢
sinB T sind T sne
125 a ¢
sin75° " sin 15° © 1 (sin 90°)

Using the right half of seale A,

i Opposite 12,5 _Find a =3.35 Finde=1249

8 Set 759 I~

Placing the decimal point by arranging the an
C=90p°
B=15°
A=15°

Opposite 15° |~ Opposite 90°

gles and sides in order,
c=12.9,
b=12.5.
a-=3.35,

Example: Given the Hypotenuse and a Side.
Let a — 1.64, c=2.55
Find A, B and b.

a wl.64
Fig. 36.
A 3 le]
. c a b .
Solution: sinC  sind ~ sinB
266 164 = b
1(sin 906°) ~ sin A gin B ‘
A | Opposite 2.56 ! Opposite 1.64 Find b =1.95

B | Set 1 (sin 90°) | Find A =—40° |Opposite B (30°-4)
B may be found after A iz known.
B = 90°—40° = 50°, o
To place the decimal point in b; ) .
Sinee B is a little larger than A, b will be a little larger than a.
Hence b = 1.95. .
Example: Given the Two Sides.

B
. € =20
Fig. 87.
AT =% &
Case 1. Where tan A or % is less than 1.
Let a = 20 and b = 25.
Find A, Bande.
; g . tand or b _ a .
Solution: —== 7 ftan 459) T~ md
' T | Set 1 (tan 45°) ‘ Find A = 38 40
D | Opposite 25 Opposite 20
2
Ortan A = %
Set 20 {
D | Opposite 25
T | Read 38¢ 40’
J

Opposite line on
underside of scale

" a e .
To find e, use the formula, T A = anC
Case II. When tan A or —‘; is greater than 1,

Letaxao,b='25-
Find A, Bande.



Selution: Find B first in order to avoid findi
: ng the tangent
greater than 45° since the T seale reads only to 45og. 2o of B i6ngle
B

o
)
1
g8

& T=m O
Fig. 38.
_a _ b 1 tan B
1 tan B o b !
_T | Set 1 (tan 45°) | Find B — 39° 5¢'
. D Opposite 30 | Opposite 25
Ortan B = 30
_C | Set25 |
_11' Opposite 30
T Read 89° 50’

ngos_ite line on
A = 90°—39° 50’ — 50° 10, underside of scale

Find ¢ by the formula £

b o
simB =~ “sinG

) OBLIQUE TRIANGLES
Example: Given Two Angles and a Side.
B =240 15

Leta=225 4 =44°30
Find C,bande,

= B
Fig. 39.
Solution: € = 180°—(44° 3¢’ + 247 157
== 180°—68° 45’
=111° 15
a b ¢
sind  sinB = & i
- ; sin C or sin (A+B)

L [

sind4° 30" sin24° 15 - @n 111915 (6in RO IEY

Using the right half of rule: B
A | Opposite 22.5 Find b = 132 Find ¢ = 299
S Set 44° 3¢ Opposite 24° 15| Opposite 68° 45

To place the decimal point i i i
o e A ang]g:'m , the gides will Vfollow the same order of magni-

C=111°18 o= 29.9.
A= uo30 a=22.5.
B= 24°1%' b=13.2.

AT

Example: Given Two Sides and the Angle Opposite One of these Sides.
This example has two possible solutions, both of which are given below.

Let a = 175, b =215, A = 35° 30

Find B, C, and ¢, B and ¢'

Fig. 40.

Solution: LW S .
s sind ~ sin B~ sin C Note: Sine C = Sine (4 + B).

Using left half of rule.

A |Opposite 175/ Opposite 215 | Find ¢ = 298
S | Set 35° 30’ |Find B—45° 30" Opposite (A |-B) or 81° |

B' = 180°—45° 3¢’ (B).

= 134° 30'.
A--B" = 85° 30'+134° 30", .
= 170°,
C'=180°—170°.
= 10°,

Indicator to right index Find ¢’ = 522
J Left index to indicator | Opposite C' = 10°

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

C =99° ¢ = 298.

B =45 30" b = 215.

A =235930 a = 175.
In triangle AB'C,

B'=134°3( b= 215.

A= 385°3(0 a =175,

cC'= 10° ¢/ ¢ = 52.2.

Example: Given Two Sides and the Included Angle. The fact that the
tangent scale runs only to 45° makes two cases,

Case I. When gis greater than 45° whence 14 (A + B) is less than 45°,

Example: ¢=5.14, b=2.12, (=112°30".
Find A, B and ¢.



— 48—
B
a=514
C b=32i2 A
Solution: Fig. 41.
a=5.14,
h=212, Use the formula,
a+b="7.26, tan 34 (A4-B) _ tan !4 (4—B)
a—b=3.02. a+b I
A+B=67° 30’, i _%P % (A+B) Find % (A_B)
D |Opposite {z +b)|Opposite (a—b)

14 (A+B) =33° 45",

1/2 {(A—B) =15° 32", T | Set 33° 45’ |Find 14 (A—B)=15° 32",
A =49° 17", D |Opposite 7.26 Opposite 3.02
B =18°13".

¢ is found by the usual sine formula:
a [
sind sinC
5.14 _ ¢
8in 49° 17"~ sin 112° 30 or sin 67° 30’
A |Opposite 5.14 (Left haif of scale A)| Find ¢=6.27
Al Set 49° 17/ |Opposite 67° 30" -
Check: - b

sinC ~ sinB"
A |Opposite 6.27 (Left half of scale A) Find 2.
S| Set 67° 30’ Opposite 18° 13
NOTE:— In the mathematies classroom this check formula may be used
after the student has solved the triangle by logarithms,
Example: ¢=154, b5=78.5, C=120°30".

C
b=73,5,/120°30 a =164 Fig. 42.
A . B
Solution: tan s (A+B) _ tan 14 (A—B).
a+b a—b
tan 29° 45’ tan 145 (A—B)
2276 ab )

T |_8et 29° 46’ Indicator to right index! Find Y (A—B)=11° 2¢'
D |Opposite 2275 |Leit index to indicator Opposite 80.5
%5 (A +-B) =29° 45",
15 (A—B)=11° 2¢'.
A=41°11".
B=18°1%"

el Qe
By the method of the preceding example, ¢ is found to be 202.

Case II.  When —g— ia less than 45°, whence 14 (4 +B) is greater than 45°.

Example: «=75.5, b=42.5, C—=65"30",
a+b=118. a—b=233.
14 (A+B) =67 15",
tan 14 (A4+B) _ tan Y4 (A-—B)

a+b a—b
tan §7° 15 _ tan 13 (A—B)
113 T
Since tan 57° 15’ is not on the rule, we substitute for it
1 1

tan (90°-57° 15') _ tan 32° 45’
The formula now reads:

1 _ tan 14 (A—B)
118 X tan 82° 467 33
T |Set 1 (Left index) | Indicator to 32° 45’ |Find 15 (A—B) = 23° 30’
D | Opposite 118  |Right index to indicator | Opposite 33

32 (A+B) =57° 15",
14 (A--B) =23° 30",
A =80°45".
B=33°45".
Find ¢ by the usual method.
Check by the sine formula.
Example: 5=83.4, a=78, C=172°15"
bta=161.4 b—a=56.4
14 (B+A)=53° 53",
T [Setl (Ri‘}iindexﬂ Indicator to 36° 7 Find 24° 38’
D | Opposite 161  [Left index to indicator | Opposite 5.4
15 (B~A)=24° 38", Testing these results by the formula:

B=18°31", a b
A=29"15" sin A = sin B’

it will be found that the angles are incorrect. This results from the fact that
the slide rule gives the significant figures of the tangent, but does not fix the
decimal point. In this example, there are three values for 15 (B—A) between
2° and 88°, corresponding to the natural tangent whose significant figures are
459,

[. tan-! .0459= 2° 38’

2, tan-! .459 =24°38’

3. tan-1 4.59 =77°43",

Other values may be found less than 2° or between 88° and 90°, but these
will seldom be required.

Hence, in the solution of any problem in this case, it is necessary to test
the results by the check formula.

An inspection of the example shows that b is slightly larger than a. Hence
B will be only slightly larger than A. This would be possible if 14 (B—A) were
smaller than 24° 38’, which we obtained on the rule.

Find tan 24° 38, which is .459.
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Find tan-* .0459.
In order to secure this small angle, we use the sine scale, since the sine of ANRIEHER. MERHQD=

an angle less than 5° 43’ is practically equal to the tangent, Example: =834, a =78 C =172°1¥5,
Opposite .0459 on the left half of scale A, find 2° 37 on §.
15 (B+A)=53° 53

B

1 Ay 990 : _a _ b
13 {(B—A)= 2°387 Using the check formula, i nE
B=56° 30", :

A=51°15", these results will be found to be correct.

Suppose it is desired to obtain the next larger angle than 24° 38",
tan 24° 38’ =459,

The next larger angle with the same significant figures for the tangent
would be: tan x=4.59.

Since this angle is evidently greater than 45°, we may write:

’

i
i
1
I
|
|
: a=78
|
!
R
1
I
I
|
I
1

1 i A b—83.4 Gl
tan (90°—zx) = G L Fig. 43.
h =asinC =743
Solving by the slide rule n = acos C=asin (90°—C) = 23.8
T |Setl (tan 45°) |Find 12° 17 m=5bh—n =596
D | Opposite 4.59 |Opposite 1 3 7
90°—z =12° 17", 90°—A = tan~  —= =90°—38° 45’
x=T7°43".
; = 51° 15’
Example: ¢« =10, b =90, C =65°, é =180°—(A +C) — 56° 30"
b4a=100. b—a =80, B 955
14 (B+A) =57° 30/, € =g, 7 ~0
4 (B—A)= 7°10". by the first trial on the rule. a b ¢
B=64° 40, . Check, SinA SinB ™ SinC
A =50°20", Example: Given three sides.
These results do not check. _ iz
. Let = 32.0. = 26.5, e =14.7,
Since b is nine times a, B must be considerably larger than A, Method ©
Using the method above, Find A, B, and C.
tan 7° 10 = .126. a = 32.0. . _ (s—b) (s—¢)
tan z =1.26. b— 265 sin j A = ——4
1 -
tan (90°—z) = - e =141,
1.26 25 == T3.2.
T |Set 1 (Tan 45°) | Find 88° 32", 3 = 36.6. T
D | Opposite 1.25 | Opposite 1 s—a = 4.6. e GLOlRXTAR,
| Opposite pposite b —101 26.5 X 14.7
90°—z = 38° 32", g—¢ = 21.9. .
r= 51°928" = 0.754. By the sfide rule.
¥ (B+A)= 57°30" =49°  (Using scales A and S).
¥ (B—A)= 51°28. Henes 3 i = 98¢ ( )
B =108° 58",
A= 622, Find B and C by the formula:
These results check by the formula —%— = — b— e _ B _ 8
: sin A sin B SinA _ sn B sin C
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32 _ 265 147
8in 98H=8n82%) snB — snC

A | Opposite 32 Opposite 26.5 ! Opposite 14.7

S Set 82° Find B=55° | Find ¢ = 275
Method IL. Cos ¢ = LT 0" —¢*
2 ab
or 8in (80° — () :Lmi'_ﬂ:zﬁ;ﬁ 1510
1696. 1696

Sin (90° — C) = .8%0
90° —C = ggz (to the nearest degree)

C
Find B from the formula £ = H—b._
nC sin B
and A4 from the formula —% . _ @
sin € sin 4

Check: 4+ B + ¢ = 1800,

Example: Given the three sides:—
a = 20, b =18, ¢ =15.
Find the angles A,Band C.

An easy indireet solution suited to the slide rule is as follows:

B
=15 a=20
4
b=1g ¢
Fig. 44,

e _ b e
SnA~ SmnEB " Snc
A+ B+ C = 180°

By inspection a is the longest side, h i
e e fid , hence angle A is the greatest angle

Try A= 65° Try A = 75°
el Try A = 74°
B = 55° Roughly B = 61° Y B = Zg"
C= 43:_ C=46°_ C = 48°
163 1829 T IR0°
Too small Slightly too large

To 20 on scale A set trial value of A i
: on scale S; opposite sides b and ¢ on 4
read corresponding angles on S. Only a few trials are necessary. "

CHAPTER VI

TYPICAL EXAMPLES RELATING TO
VARIOUS OCCUPATIONS

SECRETARIAL WORK

A secretary in checking a traveling man’s expense account for one week
found the following items:

Railroad fares. .................. $27.50
Hotelbills, , . ........coovvvtn.. 56.00
Total. o e o o oo 83.50

Find what per cent of the total expense was used in hotel bills.
Solution: 56 + 83.50 = .67 or 67 per cent.

Opposite 56 on D set 835 on C.

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

EXCAVATING

What will be the cost of excavating rock for a cellar measuring 43 ft. X 28 ft.
to an average depth of 6.5 ft. at $2.50 per cubic yard?
i _43 X 28 X 6.5 X 2.5,
27
= $725. Correct to the nearest dollar.

PER CENT OF PROFIT
A merchant purchased a hill of goods for $318 and seld the same for $360.
Find the per cent of profit reckoned,
¢. On the cost.
b. On the selling price.
Solution: Profit = 3360 — $318 = $42.

Per cent of profit reckoned on the cost = iﬁzﬁ = 13.2 per eent.

Per cent of profit reckoned on the selling price = é%% =117 per cent,

DISCOUNT

Simple discount is ealculated by employing 100 less the discount for the
setting. Thus, for a discount of 189, set the right hand index of C at 82
{100-—18=82) on D, Then opposite any amount on C, its digcounted valuye
will be found on D). This is equivalent to multiplying by 82%.

For a combination of digcounts, as 2724-15-5%, proceed as follows:

Right Indicator Index to Indicator |Index to|Opp. any

Index |to 85 (100-15) | Indicator | to 95 (100-5) |Indicator] amount

To 72.5 Find
D | (100-27.5) answer
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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 (14 r)n, where A is the amount, P the prineipal,
T the interest on $1. for 6 months, and » the number of half years, if we take $1.
as P, we have;

L

(1+.02.*

log 2 .
log 1.02
L 8m See page 41.
= o0k
= 35 half years. See page 11.
or 1714 years,

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

PHYSICS

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

2
and # =

D 4 Dm

317 mm. 683 mm. By experiment 1
304 mm, 696 mm., “ “ 2
322 mm. 678 mm. L 1 3
248 mm. 570 mm. i th 4

Using the following equation caleulate the observed candle power of the
unknown lamp.

Dg?  c. p.ofstandard

D,z - ¢.p. of unknown
(317 )2 16

(683 = g

To 683 on secale D set 817 on C.
Above 16 on B find z on A,

xr = T44.
The operation of transferring from sealesC and D to A and B squares the
fraction St
633"

The first experiment gives z = 74.4
The second “ “  x =839

* third i “ox =709

“ {ourth “ “ 2 = 84.5

813.7

The vesult........... =784
CHEMISTRY

By weight 80 parts of sodium hydroxide combine with 98 parts of sulphurie
acid. How many grams of sodium hydroxide will neutralize 50 grams of
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sulphuric acid.
Solution: 98 : 50 = 80 : x.
To 50 on I set 98 on C.
Under 80 on C find 40.8 on D.

SPEEDS OF PULLEYS
The diameter of the driving pulley is 9 inches and its speed is 1,300 R. P.M.
If the diameter of the driven pulley is 7 inches, what is its speed?
Solution:  The diameter of the driving pulley, multiplied by its speed, is
equal to the diameter of the driven pulley, multiplied by its apeed,
TX8 =9x1300.
9 X1300
= 7 see page 13
8 = 1670 correct to three significant figures

CUTTING SPEED
A certain grindstone will stand a surface or rim speed of 800 ft, per min.
At how many R. P. M. can it run if its diameter is 4 {t. 9 in.?

Solution: The cutting speed is equal to the eircumference of the work in
feet multiplied by the number of revolutions per minute.
“—dx%ﬁp‘iwhere d is expressed in inches,

Hence R. P. M. =—12 c .
wd
12 % 800
T 3.1416 X 57 °

= §3. see pags 29

orC =

GEARING
25

Fig. 45

The gear with 85 teeth (Fig. 45) revolves 50 times per minute. Find the
speed of the gear with 25 teeth. )
Solution: The continued product of the R. P. M. of the first driver and
the number of teeth in every driving gear is equal to the continued product of
the R. P. M. of last driven gear and the number of teeth in every driven gear.
Hence, 50 X 85 X 40 = 30 X 26 X 8.
g = 50 X 85 X 40
T80 X 25
S = 2217.

3 see page 29

LENGTH OF PATTERN
If window weights are 114 inches in diameter, how long must the pattern
for 8 1b, weights be made (1 cu. in. of cast iron weighs .26 1b.)? )
Selution: The number.of pounds in the window weight is equal to the
volume of the cylindrical weight X .26 b,
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g mX (152X L x 26,
4

4% 8
mX (1.5 X .26
= 17.4 inches, or 17 and 7/16 inches. see page 30

and L=

COMPOSITION METAL MIXING

1f bell metal is made of 25 parts of copper to 11 parts of tin by weight, find
the weight of each metal in a bell weighing 1054 lhs.

Solution: The copper weighs g—g of 1054 = 732 lbs, See page 13.

The tin weighs %—é of 1054 = 322 Ibs,

SURVEYING

The slide rule is used in surveying to cheek gross errors in computation, to
reduce stadia readings, and to solve triangles.
Seée Chapter V. for the solution of triangles by the slide rule.

Example: TFind the latitude and departure of a course whose length is
525 ft. and bearing N 65° 30’ E.
Latitude = length of course X cosine of bearing.
= 525 X cos 65° 30,
= 525 X sin 24° 30",
= 218,
To the mark in the groove at the right of the rule set 24° 30’ on scale S.
Opposite 525 on 4, find 218 on B.
The decimal point may be placed by inspection, since the sine and cosine
are always less than one.
Departure = length of course X sine of bearing.
= 525 X sin 65° 30",
478,

NOTE:— Keuffel and Esser Co. male a special rule for surveyors, known
as the Surveyor’s Duplex Slide Rule, which, has not only the 4,B,CI,C and b
scales on one face, but two full length stadia scales for computing horizontal
distances and vertical heights. The other face is arranged for the determina-
tion of the meridian by direct solar observations, and carries the sine and cosine
scales used in ealculating latitudes and departures of the course. Hence, this
rule reduces many complicated surveying calculations to mere mechanical
operations.

For those who desire to calculate stadia reductions, and latitudes and
departures, with a considerable degree of accuracy, the above mentioned
company makes a special Stadia slide rule.

— b6a ~—

Rectangular Co-Ordinates

- - T b®
e=1"a% L b= a\/l +ZJ.T

i” Set 1 ‘Read(%)g‘Atl+(g)z

D ” Toa l At Db ‘ Read ¢

or

] s [mea®) e (B

C || Seta At b ‘Readc

Example:
Find the diagonal of a rectangle with sides 61 and 11} feet in length.

P 111 2
Diagonal = ~/(6§)° 1 (111)? == 6} \/1 + 6_;)

To 63 on I} set 1 on B.

At 111 on Dread 3.13 on B.

Adding 1 = 4.13.

Indicator to 4.13 on B.

At indicator read 13.21 on 7. Answer.

This solution required only one zetting of the slide. Compare thiz wit-h
the solution required if the equation had remained in its original form. 'This
would have required 3 settings and an addition on paper.
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CHAPTER VII
METHODS OF WORKING OUT
MECHANICAL AND OTHER FORMULAS

Diameters and Areas of Circles A = 7854 D2,
The B scale has .7854 (%) marked by a long line on the left half,

Al R, Index A |To1ll

Em _ﬁm "B | Set 6 | Find Areas in square feet
C o c

3 | Above Diameters _J—D— Above Diameter in inches

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

C | Set 100
D | To 100 plus percentage of profit Find selling price

Below cost price

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

C ‘ Set 100 less percentage of profit Below cost price
D

To 160 Find selling price

Example: If goods cost 45 cents a yard, at what price must they be sold
to realize 15 per cent profit on the selling price?

C || Set 85 (=100-15) | Below 45
D | To 100 | Find 53. Ans.
D4+d) x (D—a)
To find the Area of a Ring. A=

1.2732
D l To sum of the two diameters ! Find area

¢ | Set 1.273

| Under difference of the two diameters

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

Set the left index of C, to one plus the rate of interest, on D, then take
the corresponding number on the scale of Equal Parts, and multiply it by the
number of years. Set this product on L scale to the index on the under
side of the Rule, then on D will be found the amount of any coinciding sum
on C for the given years at the given rate.

Example: Find the amount of $150. at 5 per cent at the end of 10 years.
Set 105 || E. P.= .021 X 10=.21} 21to1 C iFind $244.36—Ana.

To.R. L || Under side of Rule and |Slide || D | Over 150

Note that it is necessary to shift C from the left to the right index
before the C scale can be read opposite 150 on D.

‘We thus obtain on D, below 1 on C, a gauge-point for 10 years at per cent
and can obtain in like manner similar ones for any other number of years and
rate of interest.

c
D

D
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Levers

Set distanece from fulecrum to Below power or weight

C power or weight transmitted applied
D To distance from fulerum to Find power or weight
power or weight applied transmitted

Diameter of Pulleys or Number of Teeth of Gears

C l Set diameter or teeth of diiving | Revolutions of driven

D | To diameter or teeth of driven ! Revolutions of driving

Diameter of two Gears to work at given Velocities

C Set distance between their centers Find diameter
! To half sum of their revolutions Above revolutions of each

v'H
Strength of Teeth of Gears P=W

A | To H.P. to be tranamitted

.ndicator| velocity in ft. per

C Set gauge point 0.6 to1 |second to indicato]  Under 1
D Pitchin inches
Dxmw

Diameter and Pitch of Gears N = P

C ” P I Opposite =
DIl TeD | Find number of teeth




To find the Change Wheel in a Screw-Cutting Lathe

SXW N =Number of threads per inch to be cut.
N =T3P T= o “  on traverse screw.
where % = M teeth in wheel c;ln mandril
= & stud wheel (gearing in M).
W=NMXP P= =« « stud pinion (gearing in §),
T x8 3= « “ wheel on traverse screw.
C “ Set T |Ind. to P|S to Ind.’ Under M
D H To N ‘ ‘ Find No. of teeth in W or stud wheel
6000or 375 H. P.
Rules for Good Leather Belting W= ———
V ft. per min.
D To 600 I Find width in inches
- - for Single Belts
C | Bet velocity in feet per min. ! Opposite actual H. P.
D To 375 , Find width in inches
— for Double Belts
C | Set velocity in feet per min. 1 Opposite actual H, P.

Best Manila Rope Driving
To velocity in feet per min. | Find Actual Horse Power

Set 307

Above diameter in inches

Ulao e

To 4 Find Strength in Tons

Set 1 Above diameter in inches

To 107 | Find Working Tension in Pounds

Set 1 Above diameter in inches

To 0.28 | Find Weight per Foot in Pounds

Set 1 Above diameter in inches

Uio We o bk Sle min

|

e Bl

Weight of Iron Bars in Pounds per Foot Length

A To 1 Weight of Square Bars

_B_ _éet 3

? Above width of side in inches
A | To 55 Weight of Round Bars
B Set 21

? al Above diameter in inches

Set 0.3 ‘ Below thickness in inches

<]

D || Breadth in inches | Weight of Flat Bars

Weight of Iron Plates in Pounds per Square Foot

C I[ Set 32 Below thickness in thirty-seconds of an inch
' I To 40 Find weight in pounds per square foot
Weights of other Metals
C Set 1 , Below G. P. for other metals
D) |j To weight in iron ‘ Find weight in other metals
Gauge-peints of other metals, and weight per cubie foot.
Cast  Steal Cast
W.1. C.1. Steel. Plates. Copper. Brass. Lead. Zine.
GoPicw 1 .93 1.02 1.04 1.15 1.09 147 92

W.eight.... 480 450 490 600 550 525 T10 440 lbs.

Example: What is the weight of a bar of copper, 1 foot long, 4 inches
broad and 2 inches thick?

Indicator to Py
C Set 0.3 5 inahes thigk 1 to indicator| Below G. P. 1.15
D |l To 4 inches broad | Find 80.7 pounds—Ans.
Weight of Cast Iron Pipes
Below Difference of ingide and outside
¢ Set 4075 diameters in inches

Find weight in pounds per lineal foot

D To Sum of inside and outside
diameters in inches

G. P. for other metals........ Brass. Copper. Lead. W. Iron
J 355 333 259 .38




C || Set 4 | Degrees Reaumur
"D || To9 | Degrees Fahrenheit — 32
c ” Set 4 1 Degreeg Reaumur
D Tos| D

egrees Centigrade

) —61 —
. — 62 —
Safe Load on Chains Force of Wind
#
A Safe load in tons P =.0021 V7 (ft. per sec.)
B Set 36 for open link Above 1’ A To 21 | Find pressure in pounds per square foot
or 28 for gtud-link
c B ||R.Index
D | To diameter in sixteenths of an inch & Velpeityiin Pastper sesmd
P =.0045 V' (m. per hr.)
Gravity A To 45 | Find pressure in pounds per square foot
c ﬂ Set 1 | Below 32.2 B [[R.Index
D " To seconds | Velocity in feet per second C Velocity in Miles per hour
A [ Space fallen through in feet
B Discharge from Pumps
& A ‘ Gallons delivered per stroke
Set 1 Under & B Set 204 Stroke in inches
D Velocity in feet per second D || To diameter in inches
A Space fallen through in ft
B Above 16.1 Diameter of Single-acting Pumps
. A Set 294
o C Set 1 P i |
¥ B Set length of atroke | Indic. to gallons to be| No, strokes per
D | To seconds in inches delivered per. min. | min. toindic,
c Below 1
Oscillations of Penduluma D g;l;m
A inches
B | Set length pendulum in in. Horse Power required for Pumps
C Below 1 c Set G. P. Height in feet to which the water
> — is to be raised
To 876 Number oscillations per minute D |} To cubic feet or gallons to be | Horse power required
) raiged per minute
Comparison of Thermometers Gauge Points with different percentages of allowance.
C “ Set 5 | Degrees Centigrade PerCent......... None 10 20 30 40 50 60 70 80
[ For Gallons Imp. .3300 3000 2750 2540 2360 2200 2060 1940 1835
D I To 9 | Degrees Fahronhelt — 32 “ C.Feet...... 628 480 440 406 377 852 330 311 294

4 U.8. Gatlons ., .3960 3600 3300 8050 2830 2640 2470 2330 2200

Theoretical Velocity of Water for any Head
A | Head in feet
C Set 1 Under 8

D Velocity in feet per second
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Theoretical Discharge from an Orifice 1 inch Square

B Set 1 I Under head in feet

C

D || To G. P. 3.34 | Discharge in cubic feet per minute

Ii the hole is round
and one inch dia.
the G. P. is 2.62

Real Discharge from Orifice in a Tank 1 inch Square

B ” Set 1 ’ Under head in feet 1f the hole is round

d 1 inch di
To 2.1 G. P. } Discharge in cubic feet per minute ?I?e G. 1};1::15 11%?

with coefficient .63

Gauge Points for other coefficients,

Coefficient. . . ., .60 66 69 .72 75 78 81 .84 .87 .90 .93 .96

G.P.Bquare.... 2. 22 23 24 25 26 27 28 29 3. 31 32
* Round....1.57 1.73 1.80 1.88 1.96 2.04 2.12 2.20 2.28 2,36 2.44 2.52

Discharge from Pipes when real velocity is know
With the slide inverted, or upside down:
Al

C H Diameter in inches ‘ Above 1.75

Velocity in ft. /zec. ‘ Discharge in cu, ft./min.

D¢ H
Delivery of Water from Pipes W =4.71\/ -

L

Eytelwein’s Rule

Al | | ToDs
Ak ‘ ; . e

B | Set Liin ft. | julicatorso |

s ‘ Readlog D Opp. 5xlog D

c Index to indic|{ Opposite 4.71
D J Opp.Dinin.| Read D¢ I Read cu.ft. per min

When setting 5 Xlog D on L do not include characteristic

— 64 —

Gauging Water with a Weir

o
I SH(:E d Depth in inches | Under 4.3
nverte . - - - .
el Discharge in cubie feet per minute from
D | Depth in inches I each foot width of sill
VE XV
‘Discharge of a Turbine o =
A \ To head in feet
C Set 0.3 Under square inches of water vented
D Cubhic feet discharged per minute

Revolutions of a Turbine

To head in feet

Indicator | 1t

%o 1840 | Indic. | Under rate of peripheral velocity

A
C |Set diameter in inches
D

Find revolutions per min.

Horse Power of a Turbine

Indicator to discharge per c.it. | 1 to Percentage
c Set 530 per min. Indicatar  useful effect
D ! Head in ft. | | | Horse power
or
Under l
A | head in ft. 1
— I
icat 158 to ¢ Indicator '
¢ Indltc;l o ! to 1to Under
Set 1 | head in ft.| Indicator | vent in sq. in. Indwdwr& useful effect
D | ‘ [Horse power
Horse Power of a Steam Engine
Indie. : Indie. to | 144 M Jressura
et 1to } Indic.to | 1to ol c £an pre
¢ ZIS,OOO Digm. | Indic. istroke in ft. | Indie. TODer | Indie. per 8q. inch
p |l To dia. ‘ ‘ I l ’ { Horse power
| in inches]
or
A | | H. P,
Indicator 1 to | Indicator to | 1 to Mean
B |set 21,000 to Stroke in ft. |Indicator; revolutions (ndicator bressure
D | To diam. ] ,
in inches




4 e

Dynamometer; to Estimate the indicated H. P.

- PLN
5252

H = actual horse power.

P m pressure or weight applied at end of lever in pounds, including weight
of scale.

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

N = revolutions of shaft per minute,
C || Set 5252 ! Indic. to L | 1 toindic. | At N
D || ToP | | Read H

Geometric Mean

To find the Geometric Mean, or Mean Proportional between two numbers,
ora:x:ix:b

i[ Set ¢ | Below b
D || Toa |Find X = G- M.

NOTE.—.In opt‘arations involving square root, care should be taken to
move the decimal point an even number of places and to use the proper right or
left half of A or B,

Fractions and Decimals.
To reduce fractions to decimals:

C
D
To reduce decimals to fractions:

5

Set numerator l Find equivalent decimal
To denominator | Above 1

Set decimal
To1l

Find equivalent numerators
Find equivalent denominators

Quadratic Equation.

!
+
g
+
<o«
1l

0
+b
-

With slide inverted—that is, upside down, with C at the top,

Set index | Opposite «,
Tob | Find z,

22

Example: z* + Tr—-17=0

With the slide inverted, find two numbers 05 j0si'e each o-
C whose sum is -7, as follows: RORFRENIERLY sl

C || Setindex Opposite - 8.91
D To 17 Find 1.91

! The sum of - 8.91 and 1.91 is — 7.

-
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CHAPTER VIII

TABLE OF EQUIVALENTS OR GAUGE
POINTS FOR SCALES ¢ AND D
The following equivalents are in the form of proportions, which should
be solved as such, thus

118 . .
Diametezs of circles = 33E Circumferences of cireles

355
Circumferences of cireles — {13 Diameters of circles.

This equaticn

is for slide-rule purposes only and signifies that if 113 on

Cisget to 355 on D, then opposite any diameter on C the corresponding cireum-
ference will be found on D,

GEOMETRICAL
_113 = Diameters of circles
3556 = Circumlferences of circles

79 = Diameter of circle

70 = Side of equal square

99 = Diameter of circle

70 = Side of inseribed square
3% = Circumference of circle

11 = Side of equal square

40 = Circumference of circle

9 = Side of inseribed square

= Side of square

99 = Diagonal of square
205 = Area of square whose side = 1
161 = Area of circle whose diameter =1
322 = Area of circle
205 = Area of inscribed square

-3
(=1
|

ARITHMETICAL
100 = Links 12 = Links
66 = Feet 95 = Inches
101 = Square links
" 44 = Square feet
6 = U. 8. Gallons
b = lmperial gallons
1 = U. S. gallons
231 = Cubic inches
800 = U. 8. gallons
107 = Cubic feet
22 = Imperial gallons
6100 = Cubic inches
430 = Imperial gallons
69 = Cubic feet
METRIC SYSTEM
26 — Inches ¢ 82 = Feet
66 = Centimeters 25 = Meters
82 = Yards 87 = Miles
75 = Meters 140 = Kilometers
4300 = Links 43 = Chains
865 = Meters 865 = Meters
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31 = Square inches

200 = Square Centimeters
140 = Square feet

13 = Square meters

61 = Square yards

51 = Square meters
42 = Acres

17 = Hectares

22 = Square miles

57 = Square Kilometers

5 = Cubie inches

82 = Cubic centimeters

600 = Cubic feet

17 = Cubic meters
85 = Cubie ie yards

170 = TLiters
14 = 1. 8. gallons
53 = Liters
46 = ll_mperlal gallons
209 = Liters ’
108 == Grains = Ounces
7 = Grams "170 = Grams
76 = P(?unds 63 = Hundredweights
34 = Kilograms 3200 = Kilograms
_ 63 = English tons

64

65 = Cubic meters
6§ = Cubic feet

= Metrie tons
PRESSURES

640 = Pounds per square i inch

T4 =
51

Kilogs per square centimeter
= Pounds per square foot

249 =
59 =

Kilogs per square meter
Pounds per square yard

32
57

= Kilogs per square meter
= Inches of mercury

28
82

= Pounds per square inch
= Inches of mercury

5800 =

720

Pounds per square foot
= Inches of water

26
74

= Pounds per square inch
= Inches of water

386

1 K

= Pounds per square foot

= Feet of water -
Pounds per square inch

.

5 = Feet of water
312 = Pounds per square foot

15 = Inches of mercury

17 = Feet of water

99 = Atmospheres
2960 = Inches of mercury

34 = Atmospheres

" 500 = Pounds per square inch

34 = Atmospheres

7200 = Pounds per square foot
30 = Atmospheres

31 = Kilogs per square centimeter
28 = Atmospheres

780 = Feet of water

3 = Atmospheres
31 = Meters of water

29 = Pounds per square inch

67 = Feet of water
1 = Kilogs per square centimeter

10 = Meters of water

COMERINATIONS
43 = Pounds per foot

64 = Kilogs per meter
127 = Pounds per yard
" 68 = Kilogs per meter
46 = Pounds per square yard
25 = Kilogs per square meter
49 = Pounds per cubie foot
785 = Kilogs per cubic meter
27 = Pounds per cubic yard
16 = Kilogs per cubic meter
89 = Cubie feet per minute
" 42 = Liters per second

700 = Imperial gallons per minute

53 = Liters per second

840 = U. 8. gallons per minute
53 = Liters per second
38 = Weight of fresh water

39 = Weight of sea water
5 = Cubic feet of water
312 = Weight in pounds
1 = Imperial galions of water
10 = Weight in pounds
3 = U. 8. gallons of water
25 = Weight in pounds




50 = Pounds per U. 8. gallon
6 = Kilogs per liter
10 = Pounds per Imperial gallon

1 = Kilogs per liter
80 = Pounds per U. 8. gallon
25 = Pounds per Imperial gallon
8 = Cubic feet of water
85 = Weight in kilogs
46 = Tmperial gallons of water
209 = Weight in kilogs
14 = U, 8. gallons of water
83 = Weight in kilogs
44 = Feet per second
80 = Miles per hour
88 == Yards per minute
3 = Miles per hour
41 = Feet per zecond
760 = Meters per minute
§2 = PFeet per minute
25 = Meters per minute
340 = Footpounds
47 = Kilogrammeters
72 = British horse power
78 = French horse power
3700 — One cubic foot of water per minute under one foot of head
7= British horse power

75 == One liter of water per second under one meter of head

1= French horse power

In no case does the departure,
attain one per thousand.

in these equivalents, from the exact ratio

EXAMPLES

What is the pressure in pounds per square inch equivalent to a head of

34 feet of water.
Set 60 }

3
D To 26
What head of water,
square inch.

Under 84

Find 14.75 pounds—Answer
in feet, is equivalent to a pressure of 18 pounds per

C ’ Set 26 ) Under 18
D To 60 Find 41.5 feet—Answer

How many horse power will 50
a head of 400 feet.

C " Set 8700
( To 7

cubic feet of water per minute give under

D

Indicator to 400’ 1to R r Under 50

’ Find 37.8 H. P.—Answer‘
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HIGHER POWERS AND ROOTS.

The fourth root of a number is obtained by finding the square root of the

square root. The eighth root is the square root of the fourth root.

10.
11.

12,
13.
14.
15.

16.

17.

18.

19.

20.

Expressions Which May Be Read Directly By Means Of
The Indicator, Without Setting The Slide:

X = a, set Indicator to ¢ on D), read x on A.
X =~/ 4, set Indicator to o on A, read x on D.

EXPRESSIONS SOLVED WITH ONE
SETTING OF THE SLIDE.
ONE FACTOR.

i, setaon Ctol on D, under 1 on € read x on D.
c

M
I

x=—Lz,setaonCtolonD,overlonBreadxonA.
I

X = ;/1;, set ¢ on B to 1 on A, under I on C read x on D.
¢
x=al,setlon CtoaonD,overeaon C read xon A.
SETTING FOR TWO FACTORS.
X = ab, set 1 on C to @ on D, under b on C read x on D.

X = %}'—,setbonCtoaonD,underlonCreadxonD.

1

x= a,setbon CtoaonD,overlon D read x on C.
b

x = ab? set 1 on B to aon A, over b on C read x on A.

x=-—§T,setbonCtoaonA,overlonBreadxonA.
L set e on C to b on A, under 1 on A read x on B.
h' i

x = a? b2, set 1 on Ctoaon D, over b on C read x on A.

-g;,setbonCtoaonD,atl()nCr'eadxonA.

x =a+/ b, set 1 on C to @ on D, under b on B read x on D.

x = - g ,set b on C to a on A, under 1 on C read x on D,
X =\/_[;ﬁ,setbonBtoaonD,underIch read x on D.
¢ C read x on D.
x = ———, set b on B toaon D, under a on C rea
v
SETTINGS FOR THREE FACTORS.
x 2 >: b,setconctoaonD,underbunC read x on D.
2 2
x = —g_czi, setl con CtoaonD, over b on C read x on A.



{Answers given with the
300
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ANSWERS.

problems are not given below.)
5. .03

gi gggof 5 3
3 o:3 7. 0003
21 o3 3 24 25 26 P 28 29
31 | 651 | es2 | 513 | 740 | vi5 | s0s | s37 | 268 | s9w
8 32 8§72 T4 746 768 800 832 864 896 928
38 | 693 | 726 | 759 | o2 | 825 | 858 | 891 | 924 [ 957
34 ) 714 § 148 | 782 | 816 | 850 | s8¢ ) ot | 952 | ass
9. 499 41. 74.8
10. 337 42, 76200.
1. 914 43. 1170.
12. 584, 44, 436
%3 169 45. 0039
1§ 512.4 A 46. 0000325
1o 2.2t 47. 000595
: 48.  5020000.
17. 1.33 49. 1.19
18, 1.32 50. 3.76
19. 318 5l. 11.9
20. 67.3 52, 377
21, 19.3 53.  1.56
22, .0000476 54. 9.24
23. 5.7 5.  .604
24, 2T.5 B6.  .560
gg. 87.9 In 57, 38.2
27: %g 58. Square roots of numbers
23' b from 110 to 130.
gO: gt;g Number Square Roots
80. 8 110. 105
32. 779 1 106
32. 779 112 10.6
3. 196 113 10.6
8. 214 114, 10.7
36. 56.7 Hg oy
gg 1.6 mils 117. %gg
39, %% %18' 109
| 40. 1.25 1%3 %(1)3

e
121. 11.0 61, 8.5 inches  (Use a 9-in.
ig% ﬂ(l) p_ipe), the nearest standard
124. 11.1 slze ).
%g% 11.2 . Answers to test problems on
1 11.2
127. 11.3 Page 16.
128, 11.3 62. 3.15
129. 114 63, 141
130. 114 64, 114
59. 127 feet, 3 inches. 65. 36.8
60. 1.9 inches. Use & 2-in. 66. 13.5
pipe, the nearest standard
size.
ANSWERS.
Multiplication.
87. 7.39 72. 273.
68. 19.8 73 0641
69. 7.556 T4 00167
70. 58.5 75 0000910
71. 258. 76. 12.66, 204 44.0,
Cubes.
7. 2197, 89. 149000.
78. 2744. 90. 262000.
79. 3376, 91. 436,000,000,
80. 4096. 92, 12,600,000,
81, 4913. 93. 717,300,000,
82. 5832, 94, 679,000,
83. 6859. 95. 2,690,000,
84. 8000. 96. 04
85, 9261. 97, 000185
(Three significant figures). 98, .000,000,314
86. 29800. 99, 1.09
87. 97300. 100. 9.53
88, 104000, 101. 76.1 gal.
Cube Roots.
102, 144 113. 194
103. 3.107 114. 832
104, 6.69 115. 6.22
105. 669 116. 15.66
106. 3107 117. 37.34
107. 144 118. 2636
108, 13.97 119. 211
109. 8.628 120. 1.0i2
110. 922 121, 47.7
111. 35.59 122, 20.4
112. 3.68
. Multiplication of More Than Two Numbers.
123. 924 126, 1.309
124, 114.7 127, 56.1

125. 17,490,000
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Combined Multiplication and Division
128. 01815 135. .1585 . INDEX_-
i§9. 2.633 136. 4.58
0. 902, 137. 1.69
131. 328, : 138, 998 PAGE
132, 1111, 139. 280 Accuracy in General’ ....................... 19, 20,21
%gi 51'353 Mg, it ' Accuracy of Slide Rule, . . . . . . . . .. Besun awen » wovm 4 @@ 4, 21
. . Answers to Problems, . . . . ., . . . . ... .71, 72,73
Mi i Belilig: ..o asw o soms o soie cmma s 5 b A 60
iscellaneous Calculations » CRAING, + « v v o e e e e e e e e 62
141, 323 147. 57 1300,000. CHEMISETY, « « . .+ o v e e vt o e e 54
%ig 1'2%6 s 1.234 Citeles; « « wv 5 s v swn 5 Saps o B P s v BT B 4 Ew 58
. E 149, 08  d Fabaa | RE B AEE § T OWa L SEY O AEE W .
144. .45 150, 30542 Compound Interest,. . . . . .. ... oo 0o 53, g?
145 1627, 161. 814 Coordinates;, « « woo v wopn ¢ 5 be ¢ Stew E B WA §A R & ¢ s
146. 35.8 152. 6.4 Cosines, . . . . . . . v v e e e e e e e e 36, 36
COANGENLE, « oo v s o 8 s s o G v vm s v ¥ a v s 5 0w 39
Sines and Cosines Cubes., w7 5% © 85 T wesd B.08 8 SR F SR G E Haeg ¥ 24,25
153, 1. 168. 260 CubeRoot, . « -« v v v i wwn v s e s v e s e s 26, 217, 22
154. 707 169. 585 CULLNE SPEEA .+ - « -« v o o e e e 5
155. 5 170. 937 Decimal Point, Placingof . . . . . . . . . . . . .. ... 8
156. 0523 171. 1435 : {01160 FEACHONE, - o « &+ + « & ¢ v s s v v e n s 66
167, -0116 172. .0276 Decimals, Reduction to Fractions, . . . . . . . g
158, 264 173, 19. DHSCOUNE, .« « + « 4 v b b e e e e e e e e
160 e i 16 DA, « = & © % 58 2ce s tmn s amn s an s o 6,23, 2831
) i 175. 83-2 ........................
161, 10393 176, 320 gl ARt} « time £ Amd s uma s wms xuEs o wme o 53
162, .3665 177. 84.5 Excavating, . . R e 2
lgz -17:;6 178, 16.3 Fractions, Reduction to Deeimals, . . . . . . . . . . . ... s ‘5.8 . o
164. 42, 179, a—911 b =804, ¢ = 6.49, PBH; o v v soms & smes 5 Gme s BT S 8 AU B G w v B E —
105 ot 03 Gonttng, ~ LIS 55, 59, 60
166. 970 180, BG < 4 .70, BA = 1.M1 _ ey TR AR e R E SR BEE AR e © AR 62
167, 978 GIAVILY, v« o voms wow o & s s & war s @ oo a -
Gauge Points, . . . . . . . . . Lo e
Tangents Higher Powersand Roots, . . . . . - . - « « + . v v o i v v i e 6?3
181, 466 189. 270 Historical Note, - - -« « » oot n 1
182, -259 190. 1125 Horse Power, Steam Engine, . . . . . . . . ... ... ..., S
%gg Z%g ig; g?tl)e Horse Power, Turbines . . . . . . . . . . . . . . . i i v v v v v v o 63
185: .335 193: 4:82 Index, which to use, . . . . . . . . . . . 0L . :61
186. 1.446 194, 29 .0 THon Bare;: - ¢ s ¥ sms © S8IE § &5 E © § 508 8 o
187. 3.78 195, 31.9 IronPlates, . . - . . . . . . o o v i o e e e e e e e e
188. 367 196. 304 Law of Multiplication, - . . . . . .. ... ... =
LOVETS, « « « v v v v i e e e e e e e e e e e e e e e e 59
Logarithms. Logabithts,  « ¢ v s ¢ v v v v o wa v vms v v d v 0 a 5 21,41, 42
197, 127 202. 338, Mean Propertional, . . . . . .« . . o ..o e 66
198, 1.736 203, 32,600,000,000. Metal MIIRg, .+ . » « « v« o o e e e e e e 56
199.  1.494, or 9.494-10. 204, 1.512 Metals, weight of, . « « -« « .\ T &1
200.  2.8260, or 8.8260-10 ggg gég Misecellaneous Caleulations, . « « .« « v v v v v v b e e 32—34
o 2806 Multiplication, two numbers, . . . . . . . . ... L. 5,7, 22, 23
Multiplication, three or morenumbers, . . . . . . . . . . .. ... 18, 29
Multiplication, more than three figures, . . . . . . . ., . .. 12, 21, 29—32
Multiplication, theory, . + . . « « « . v 0000 s e .22



- POWER COMPUTING SLIDE RULE.

PAGE
Multiplication and Division Combined,. . . . . . . ..., .. 13,2034 e
Orifices, Discharge from . . . . - . . . . . . . .. .. .. ... ... 64 S TRONE
Patternig, « « conw o e o cgs goes v v ¢ 6me g $9% . . . . . B U R iy 'Y !

RPN,

Pendulums, . . . . . . . .. .. ... .82 ; LS
PerCents,..........,..................10,53 o STEAM EHGINE
Physics, . C e e e e e e e e e e e e .. B4
Pipes, . . . . . . . . e, 61, 64 This §lide Rule is specialty designed for use in computing Power and Dimensiona
Piteh. . . . . 59 of Bteam, Gasand 0il Engines; since it gives all data for finding speed, length of stroke,
v ’ i T I T TR dimensions of eylinder, etc.
Proportion, . . . . . . . . . . . .. .. e e v oo .. 14,28 . A b
Ballogi, « ~son % o £ s 8 8 BB . o 8 EEE . o BE B KURTZ PSYCHROMETRIC SLIDE RULE.
Pumps, LR pema o w mmis mamos s iwa 8 mams ¥ marw & aes o« 09
QuadraticEquation . . . . . . .. ... ... ... ......... 85
Radians, . . . . . . . ... ... L4
Reading thescales, . . . . . . ... ... .. . .........711,12
Rectangular Co-Ordinates, . . . . . - - . . . . . .+ . v+ « o . ... BT
Rillgic o wommn womn o sore & sms v dmesn sowmin ¢ sapg wis BB
Rope DIive, . « « v o o o v e e e e 57—-60 The ealeulating of sll air conditioning problems, heretofore figured by means of the
Safe Load Chai burdenrome psychrometrie charts or tables, can now ba accomplished by the new Kurtz
ate Load on Chains, Ve s e R B 0 B @ % & BHE § W § § 62 Psychrometric Slide Rule. This rule entirely replaces the psychrometric chart, and it
Scales, How t0 Read, . « « « - « v« v o v e e 7,11, 12 airoggg‘ﬁt?argggrfgg%glare accurate means of determining any or all of the necessary

Secant and Cosecant, . . . . . . . . . .. . . . .. .........89
Secretarial Work, . . . . . . . . . ... .. .. .. ... .......58 EVER-THERE SLIDE RULES.

REG. U. 6. PAY. OFF, .

Selling Price

7 .g i <. 58 The EVER-THERE $lide Rules are made entirely of white Xvlonite, a strong, tough material.
Signifieant Figures, . - . . . . . . . . . . .o e 19, 20 Ori_ﬂ“.s base the graduations are engine-divided. The handiness of the EVER-THERE shde
SINES, « « v v e e . 35, 86, 40 {:sfsbhslfgli(:ler:ﬁ:rgggaf fact that they weigh no more than a fountain pen, and are much
Small Angles, Sines and Tangentsof, . . . . . . . ... . ... .. .. 40 The Ever-There Slide Rules Nos. 4087B, C and D sre pre-eminently pocket instruments,
Squares as the following dimensiens will indicate:

QUATES, © 3 & 2@ 348 & ol « smn v mwes s womn v 06,715, 24 Length overall,...... § inches. width over all................. 13 inches.
Square Roots, . « v & w5 v v vrn v g s s . 6,16, 24 Thickness.,.............. % inch. Thickness of indicator........ s inch.
SpeedsofPulleye, . . . . . . . . . .. . ... ... ... 85 Welght...ne about I ounce.

Steam Engine, . « - v v v v e h v i s f e e ke e s e s s e 65

Surveying, - - .« v 4 4 i it et e v e e e e e e e e e ... BB
Tangents and Cotangents, . . . . . . ... ... ... ...87383940
Teeth, Gear Wheels, . . . . . . . ... . ... . ... ......5960

Test Problems, - . . . . . . . . . .« . . ¢ . i e e e e .18

Thermometer, . 5 R 1

Triangles, Solution by Slide Rule, . . .43_52

Turbine, . . - o FEABE Bs noumo o B EVER-THERE Slide Rute No. 4097C has all the scales of the Polyphase® Slide Rule in-
Water Velocity, . 63, 64, 65 cluding the Logarithmic and Trigonometrical Scales, as well as inch and centimeter scales

on the back. The slide is reversible.

Wind,ForceoI,...............:::.::.......63

i
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EVER-THERE Siide Rule No. 4097D has all the scales of the Polyphase Duplex® Slide Rule
except the CIF scale, together with inch and centimeter scales on the back. The slide is

reversible.
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SLIDE RULES FOR MANY PURPOSES

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

THE

=

This ruleis a modification of our regular Pol}]'ﬁha.se‘ Blide Rule and can be used for all
the calculations made with the ordinary Slide Rule. In addition to the usual scales, it
carries a series of scales or gauge marks by means of which the different properties of cop-
pe.}r!wire. such as size, conductivity weight, etc., may be determined without the use of
tables.

SURVEYOR’S DUPLEX SLIDE RULE

REG. U. 8. PAT. OFF.

., The fact that all astronomical data essential to surveying, such as azimuth, time,
latitude, etc., can be ascertained by means of the usual type of Transit with vertical circle
but without solar attachment, while generally known, is rather seldom_utilized in this
country. The main reason for this condition is the difficulty of computing, in the field,
by spherical trigonometry, the results of observations,

. TheK & I Surveyor’s Duplex* Slide Rule entirely eliminates this difficulty by re-
ducing the hitherto complicatec calenlations to mere mechanical operations, thereby ren-

dering the method of field astronomy with the regular Engineer’s Transit extremely
simple and practical

K&E STADIA SLIDE RULE

This form of Stadia Slide Rule is remarkable for its sim%lti}ci_ty,d B{ one setting of
ained a/

the slide the horizontal distance and vertical height can be o once when the
stadia rod reading and the angle of elevation or depression of the telescope are known.

THE CHEMIST'S DUPLEX SLIDE RULE

REG. U. 8. PAT. OFF.

For the rapid solution of Broblems in Stoichiometry, such as Gravimetric and Volu-

n:iatrie Analysis, Equivalents, Percentage Composition, Conversion Factors and nany
others,

*REG. U. S, PAT. OFF.




