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THE POLYPHASE SLIDE RULE.
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The Slide Role in its present form
hasg hecome s indispensable aid not
only to the engincet and sciential,
but also to the manufacrurer, the
merchant, peeonntant, and all others
whose occupation or busginess in-
yolves calenlations.

We manufacturs slide
ﬂevuletﬂﬂ-vemawpmtedﬁrmnmnl
of onr faetory, which is thoromghly
equipped with the most fmprov
gpecial machinery.

Beveral of onr improvements arc

rotected by patents, and are, there-
ore, not cmbodied in other oles.
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Cross section of Polyphase® glide Rule
showing slide adjustment.
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Magnifier for Slide Rule.

Note:- W e wanufacture 8 complete line of Slide
Hules for all uses, and publish a separate book of
instructions for each type. Write for completa
{nformation
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PREFACE

This manual is designed to meet the needs of all who desire to learn the nss
of this slide rule,
Chaptler T, through the use of numerous cuts and examplez simply

e:? ined, is self-teaching. Some persons will learn all that they require from
& few lessona in this chapter.

It is gugpested that everyone learning to use the slide rule begin by work-
ing the prob| in Chapter I.

In Chapters II, IIL, IV, and V, a simple explanation of the theory of
the slide rule is [ollowed by the advanesd subjeets of Cubes, Cube Raoot, Sines,

Cosines, Tangents, Logarithms, and the Solution of Triangles,

Special work for technical men and typical problems from various occnpa-
tions are presented in Chapters VI, VIT, and ‘Vﬁ =

WHO SHOULD USE THE SLIDE RULEY
L. Teachers in the following types of schoolz:
1. Elementary Schools in the higher grades,
2. Junior High Schools for part of their practical mathematies,

4. High Schools in connection with logarithms, practieal mathematies, or
trigonometry,

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

6. Ewening schools; sinee no :mh{'?:t holds the students so well as the

tenching of the use of the slide rule,
6. Engineering and Trade Schools find the rule indispensable.

IL. Engiq&t&ﬂmhinim, Chemists, and Architects who have long understood
1ts value. :

III.  Private Secretaries to check reports by the slide rule in a small fraction
of the time required by ordinary ealeulation.
IV. Estimators, Accountants and Survevors to make approximate ealeu-

lations rapidly and with sufficient aceuracy to ET0ss erTors

By} means of the slide rule, all manner of problems involvi multiplieation,
n and proportion ean be eorrectly 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 caleulation is made possible in the following everyday
problems of office and shop: estimating; diseounts;
interest; the eonversion of feet into meters, pounds into
money into U, 5, money; the taking of a series of diseounts
adding profita to costs. Dnemﬂofequiwlnntamimhnﬂy
cubic inches or feet in gallonz, and vice versa; centimeters in inches; inches in
yards or fect; kilometers in miles; square centimeters in square jnches; liters in
cubie feet; kilograms in pounds; pounds in gallons; feet per second i
per hour; circumferences and diameters of cireles.

How much ednecation is NecessAry T

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

Tow much time will it take?

The gimplest operations may be learned in a few mintes, but it is recom-
mended that at least the problems in Chapter 1 thoroughly and
cheeked by the answers, in i

from one to ten hours, according

How acenrate is jhe Slide Rule?

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

The 107 scale gives results correct to within about 1 part in 1000, or
one tenth of one per cent. 3
The 20* scale gives results correct to within one part in about 2000

The Thacher Caleulator {Cylindrienl) gives an sccuracy of about 1 part
in 10000.

Tow to nse this mannnl.

For the man who desires to perform the simplest operations of multiplica-
tion and division, the first few lessons in Chapter I will be enfficient. Work
the fllustrative examples and as many problems for practice as seem necessaTy
o obtain aecuracy and spesd.

For educational use, Chapter 11 furnishes +the necessary theory and history
of the rule, while Chapter I provides additional examples for practice. Chapters
mdﬂ,mﬂ?ma}rbeumdioradvanmdv&urk-
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CIHAPTER I :
ESSENTIALS OF THE SLIDE RULE
SIMPLY EXPLAINED
The elide rule is an instrument that may be used for saving time and Isbor

in most of the caleulations that oceur in the practical problems of the business
man, mechanic, draltsman, engineer, or estimator.

On seales C and D (front face), if 1 at extreme left is taken as unity,
then 1 at the extreme right of these scales is 10,

On scnim‘d and I3 (rear face), 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 onscale Dset 1 onsmmle €. Then move the indicator or glass
runner 50 that the hair line is over 8 on scale €. Directly below thiz 3 you will
find 6, the answer.

Fig.1. 2x 8 =6, 0r +83=2."
Example: 2 x4, (See Fig.2)

Fig.2. 2 x4 =8 0r8+4=2,
Example: 3 X 3. (See Fig. 3




Example: 6 = 3. (See Fig. 1)

Opposite § on scale I, set 3 on seale €. Look along € fo the leit, tll you
come to 1 at the end of the slide. Under thiz 1 you will find 2, the answer, on
scale [,

Example: In the same way find 8 + 4. (See Fig. Z)

Examtpio: i e 9 +3 (SeeFig.3)

SQUARES AND SQUARE ROOTS

Examgle: You will remember that to square a number to multiply
that number by itself: e. g., 32 means 3 % 3 = 9. On the slide rule this ia
done as follows: et the hairline of the glass indicator to 3 on seale D, Above,
on seale A, under the hairline, you will find 9, the answer. (Fig. 4).

Fig. 4, 22 = 4and 3% = 9,

Examgly: In the same way find 2% (See Fip. 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 itseli
will give 9. The square root of 9 is indicated thus: /9.

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

Example: Find +/4.

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

Weahﬂlnuwpmdtnapplyth&mmﬂhnd:tnnumhﬁmufmw
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MULTIPLICATION OF TWO (OR MORE FIGURES.
Example: Find the value of 2 X 1.5,
Opposite 2 on D set 1 on ¢. Move the indieator to 1.5 on . This will
be between 1 and 2 at the division numbered §; since the numbered divisions
between 1 and 2 on ¢ and D are the tenths, Under the indicator, find 8 on D,

I IH illl-]ll
1.5 I8 TTTITIR [ORRRRRERL THWEY
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Fig. 5. 2 X 1,5.= 3,

Example: 2 ¥ 1.8, Using Fig. 5, see if you can make it 8.6.

Example: 1.5 % 2.5. Opposite 1.50on Deet1on €. Move the indieator to
2.5 on C. Below 2.5, find 3.75, the answer, on D, Note that this answer is
halfway between 3.7 and 5.8, which makes it 3.75. (Fig. 6).

e .n e
Fig. 6. 1.5 X 2.5 = 3.75.
HOW TO READ THE SCALES.

Graluztions on the slide rule are not measures of length, but represent
figures, .
Su]uzsﬂahdﬂumaiatnfnineprimemu!umquﬂlmgth; the first
line of aach space is numbered, respectively, 1 (ealled left index), 2,8, 4,856,
7, 8, 9; the last line iz numbered 1, and is ealled the right index. The zpaces
1.2, 2-3, 34, ete., decrease in length, the space from 1 to 2 being the longest
and every suceeeding 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 1,2,8, 4, 5,6, 7, 8, 9, in 2maller figures than those of the prime grady-
ations. On the 10-inch slide rule, space does not permit the numbering of
the other secondary lines.

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




To find a number, always read the first figure to the lelt on the prime line,
the second figure of the number on the secondary line to the right thereol; and
¢he 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.

PLACGCING THE DECGIMAL POINT.

Examgle: 2 ¥ 15.
Thiz iz worked on the rule exactly like the above examples, but you ean
see by looking at the problem that the answer is 20 and not 3.
: All of these problems are worked like the abowve.
Problems: As far as the slide rule i concerned, we multiply 2 by 1.5
1. 203 16. and get 3. Then we place the decimal point by inspec-
2, 200% 15. tion. From arithmetie we remember that in multiplying
decimals we first multiply as though there were no deci-
3. 20X 150. mal points, then point off as many decimal places in the
PR L R R there are total decimal places in the two
Ak 015 pumbers which were multiplied together. Thus, in
N Prublm‘?,themamtwudmimalphmin,ﬂﬂmdthrm
B. .23 15. in .015. %o in the answer, 30, we must have 2 + 3, 0r
7. 02% .015. b places, making the result .00030. Of course the 0 at
i the right does not count and the final result is .0003.
From the above explanation it is evident that the decimal point iz 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 inspection: ie, through a mental
survey of the influence of the involved factors upon the result. Where this is
not feasible, a rough arithmeticsl caleulation will serve to properly locate
the decimal point.

Example: 2.2 > 3.4.

Opposite 2.2 on Dset 1 on €. Move the indieator to 3.4 on .. Under
hair line on I find T48. g

That the sub. figure is 8§ is further confirmed by observing that the product
uftbeunltﬁglm?.andiinthaﬂmlaisﬂ. 4

Sinee 2.2 3.4 is roughly 2 X 2, or 6, place the decimal point in 74
&0 that the result will be as near § as possible Evidently the answer iz 7.48
(Fig. 7).
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Fig. 8. 18 ¥ 3.4=01.2,

Example: 18 X 3.4. :

Using the same method as in the previous example, the slide rule gives 612,

By a rough caleulation the problem is about equal to 20 X 3 = 60.
Henoe we make 612 look like 60 by placing the decimal point after the 1.
The angwer iz 61.2.

Exsmple: 16 ¢ 2.4. Answer 33.4,

Erample: 1.4 X 2.G. Aaswar 8.64, B

Problem §. Fill in the blanks ia the following multiplieation table, using
the lide rule:

Dot laft iadex of C to 31 oa D. Note that the factors Z1 to 29 can ha
taken without resetting the slide.

WHICH INDEX TO USE.

If we attempt to multiply 30 by 45, using the preceding methods of setting
the 1 on the left hand end of ¢ to 80 on D), we shall find it imposible to
meve the indicator to 45, sinee 45 on scale C lies beyond the right hand end of
geale D). In such a case, begin the work on the rule by setting the 1 on the right
hand end of € to 30 on seale D, It is then possible to set the indicator to 43
on (. Opposite the 45 on € find 135 on . Flacing the decimal point by
inspection, the result iz 1350, )

We will now define the left hand 1 on seale € as the left index and the right '
hand 1 on seale O as the right index. In most examples, the following rule
will be found uselul in determining which index to use:

I the product of the first figures of the given numbers i3 lass than 10, wse the
Left dndez; if this product ie grealer than 10, use the right inles.

Example 1. 2.13 X 233, 3 X 2 = 6. Usctleleft index.
Example 2. 7.28 % 4.71, 7 X 4 = 28 Uze tha right index.
Example » 1351 X 4.6, 1 X4 =4 Usze the left index.




An exception to thiz rule will be found in such @ case as .12 ¥ 3.3L
Aeceording to the rule the left index should e uzed. It will be found, however,
that it is necessary to use the right index. This iz due to the fzct that while
the product of the first figures of the two numbers i3 less than 10, the product
of the complete numbers is greater than 10,

In most cases, the use of the ahove rule will save time.

PER CENT.

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

Of eourse 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 been doing in muitiplication.

Sat the indicator to 8 on seale D,

Maove the glide so as to set 55 on C to the hair line of the indicator.

TUnder 1 on ¢ we find 14 and a little over. But the result is nearer 14 than
16. Henee the correct result to two figures ia 14. By inspection the decimal
point must be placed hefore the number, making the answer .14 or 14 per cent.

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

His increase i3 32 cents per hour. The per cent of inercase is found by
dividing 32 by 35.

Set the indicator to 32 on D.

det 35 on C to the indicator, The result cannot be found under the left
index Le., the 1 at the extreme left of gcale €, since this projects heyond seale D,
€0 we use the right index of C. Under this index, find 91 on seale D. (Fig. 10).

T iz 10, 92 = 35 = 91

In the game way, for practice, try the following, obtaining the result correct
to two figures:
Problem 9. What per cent of 91 is 457
(Divide 45 by 91)
10. What per cent of 73 i 247
11. What per cent of 67 is 617
12. What per cent of 53 iz 317
13. What per cent of 82 is 137
14, What per cent of 42 is 97
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If 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
elide rule does my work in one-third of the time that would be required other-
wi'm-ll

READING T{ THREE FIGURES.

Suppose you had to get per cents in a problem like the Tolowing:
Examgle: A baseball player made 57 hits out of 286 times at bat. What is
hi= percentage?

[ Mﬂﬂﬂlldllﬁﬂlhhﬂﬂuhh N A mm%
: Fig- 10.67 +286 =198, & | ]

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. Honee EVETY space counts
one-fifth of .1, which iz .02. Since we want six points for the third figure, we
have to use three spaces, every one worth .02. 3 % .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. Henee every space counts one point. The index is
close to the ninth of these divisions. Hence the reading iz 199. Now we must

place the decimal point. A rough caleulation shows thai% is nearly ?ﬁnl—:], ar :—é‘
Hence the decimal point must be placed 5o as to make the result somewhers

near one-fifth or .2. Evidently the result is .199. This may be read 19.9
per eent or 19%,; hundredths, or 199 thousandths.

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

cr M|“-|‘Iimllulh'h'|hhllllhl|I|I|F|!:|I|I|ILI|

liag
R Lt LEfigaraert
n..lﬂ'ﬁ:tl mmrﬂmummw#g%

Fig. 12. 451 <+ 2,500 = 180,

Opposite 451 on D set 25 on €. 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-haif of .01, which is .005 or five pointa
for the third figure. We estimate one-fifth of the small space to obtain .001.
(Fig. 12)

Example: If your salary is $57.60 per week, and you are given an increase
of $12.40, what per cent increase do you receive?




Fig.13.. 124 = 5T.6 = 215,

Opposite 124 on T set 576 on ¢. This means that between 5 and 6 on €
we must take T of the larga divisions and one of the emall divisions. Under
the right-hand index resd 215 on D. Hence the anawer is 215 per cent.

Problem 15. 542 + 2 42

18, 735 = %14
17. . 6.183 = 461,
1B. 9.55 + 7.926.
19. 10 + 3.14. For 10, use cither the right or Jeft index,

In the following problems the location of the decimal point is determined
by working the problems in round numbers,

Preblem 20, 165 + 245 is approximataly 16 + 2 = &g,

21, 00655 + 00034 - 2 060 + 0003 = 20,
2, 00156 + 828 o 53 0016 + 30 = 00005,
23. 376 - 066 i L A6 + 08 = 6,

24, 0885 + 0014 ¢ '” 028 = 001 = 38,

. 'There iz another method of placing the decimal point in division. Work the
problem as though both dividend and divisgr were integers (4. £., not decimals),
pointing off as vsual, Move the decimal point to the left as many places as
there are decimal places in the dividend, Then move it to the right a3 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 becanse there ia
one decimal place in the dividend, giving .0673. Then move it three places to
the right beeause there are three places in the divisor, Fiving as a result 67.3.
Try both methods and see which one you like the better. Let one check the
other.

MORE THAN THREE FIGURES IN A FACTOR.

Suppose we have more than three figures, as in the following example:
Problem 25. Tind the circumference of 3 wheel 28 inches in diameter.

. Here we must multiply 28 by 3.1416. Dut the 10" slide rule only reads to
three figures. 2o cut off the fourth and &fth figures in 3.1416 and call it 3.14,
gince the number is nearer 3.14 than 3.15. It is, huwever, somewhat more
convenient to work this problem on the A4 and E seales, where = (3.1416) is.
sccurstely marked. Use 4 in place of I, and B in place of O, . :

~ Problem 26. Afultiply 26 by B.149, i

Call 8,149 equal to 8.15,
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.t COMBINED MULTIPLICATION AND DIVISION,

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

The tin m evidently eleven thirty-sixths of 402, or

11 x 402
Fig. 14. Wk B

Opposite 11 on I set 36 on €.  (Fig. 14

Move the indicator to 402 on €.

Oppogite 402 on € read 123 on 1. .

To place the decimal point, make a rough caleulstion as follows: The
i s 10 ¥ 400

example iz roughly equalto 20 = 100. Somake 123 look as nearly Iike

100 as possible by placing the point after 3. The anawer is 123 pounds of tin,
1 525 i
Probiem 27, 147 P22
24.5 % 43.4

1.35 X 3.16

Opposite 1.55 on I, set 6.2 on C.  If we try to move the indicator to 316
on U, it is impossible because 316 lies beyond the extremity of . In such g case
: Move the indicator to the right-hand index of ¢, (See Fig.16.)

el |
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Then move the glide, setting the left-hand index of € to the indieator. (Fig. 17.)
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and under 316 on C read the answer 88 on D.

A rough caleulation Tor the decimal point gives us 1% = ;. or .5, Mak-
Ing 623 look 2 much as possible like .5, we have _BBE,

Another method which will save the time of exchanging indexes i3 as fol-
lowa: instead of dividing first, multiply first and then divide.

To 135 on D sot index of C.

Indicator to 816 on C.

To indicator set 6.2 on C.

At index of  read 688 on D,

228 X 0125
Exampbe: e T
2 X D012

The rough esleulstion for the decimal point might be —4 = .00

The answer iz 00654,
T3 % 284 B2.5 x93
Problem 29, 513 Problem 31. T
2.56 ¥ 1.78 826 x 22.1
Prablem 30. T4 Problem 32. TORBE. o
PROPORTION.

. Examgle: If an aeroplane flying 100 miles an hour travels 86 miles in a
given time, how far will an automobile traveling 22 miles an hour go in the
game time?

Writing this In the form of & proportion:
100 : 22 =86 :x
which means that 100 is to 22 as 86 is to the answer.
The work on the rule is as follows:

Fig. 19, 100 :22 = 86 : 18.9.
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Opposite 22 on D, set 100 on C. (Use right index for 100). Opposite
86 on  read the answer, 13.9;& 15 Ancmyﬂmthud of remembering this is:

100 : 22 = 86 : 18,9,

In placing the decimal point, note that 100 has the same relation to 22 that
E6 has to the answer. Since 22 is about one-fifth of 100, we must place the
decimal point in 139 so that the answer shall be about onefifth of 86, Hence
the answer is 13,9,
Ia the same way solve the following proportions:
Prablem 33. 24 :31 =152 :z.
34. 14 :25=12:z,
5. 371:24 = 512 :x.
Problem 38, If a post 13.2 feet high casts a shadow 27.2 feet long, how
high is a tower which easts a shadow 116.8 fect long?

4] aje
272 1168

A
Fig. 20. 272:132 = 1168 : &

Problem 37. At 2,400 yards an increase of 1 mil in the elevation of a run
increases the range 25.0 yards. What change in elevation will increase the
range 43 yards?

The mil is the unit of angle in the artillery. Tt iz equal to w2ty of 360°,

Examgle: The effects of wind on a shell are approximately proportional
to the velocity of the wind. At 3,000 vards for a Sinch gun, a rear wind of 10
miles per hour izeresses the range 30.1 yards, (a) What wind will increase the
range 42.8 yards? (b) What wind will decrease the runge 68.5 vards?

Azzwer (a) Rear wind of 14.2 miles per hour. (b) Mead wind of 22.8
miles per Bour, A :

SQUARES.

Exsmple: Find the area of a square plot of ground measuring 128 yards
on a side., ¢

Set the indicator to 128 on D. Directly above on A find the square
required, 164, To place the decimg] point, make a rough caleulation.




: &28}! ilmuglﬁif {180} or 16900. Then make 164 look like 16900 by plac-
iﬂﬁ > point a8 follows: 16400.  The result is only correct to three figures,
The complete result is 16584,

If greater accuracy is desived, a number may be squared by the use of the
longer scales  and £,

‘" Example: Find the square of 1285,
Bepard this gz an example in multiplication equivalent to:
; Find 128 x 128,

To 128 on 1D set left index.

(J]p-apcuil.e 128 on (7 read 1638 on L)

Plaging the decimal point by a rough calenlation, the result iz 16380,

Examgle: Soquare 662, :

Set the indicator to 6562 on I reading the sguare 425 on A. Notice that
here the arithmetic square would be 425104, but on the slide rule we can get
only the first three Em:a, 425. This, however, is close enough for most
practigal purposes, such as estimating on contract work.

To place the decimal point,

= 6002 = J60000.
= TO0Z = 490000,
gince the value iz between these limits the result is 425000,
Find the squares of the following numbers:
Problem 38. 3.2 Problem 42. 276, Problem 46. (067
39. 466 43. 342 47, 0244
40. 1,12 44, 48. 2240.
41, B.GH 45.

_ Example: Find the area of a circular plot of ground megsuring 14.5 feet in

ter.

Tse the formula A = 7854 42, which means that the area of the circle
iz equal to .7854 multiplied by the square of the diameter. Set the indicator
to 145 on D. The square is found direetly sbove on A, but need not be read.
Bet the ripht-haid index of the slide to the indicator. Move the indicater to
the constant, .7T864 on B, and e;lp-asit& find the result, 165 =q. f£. on A.

This constant, 7854, is so Irequently used that it has been marked by a
gpecial ling on the right-hand hall of the A and B sealea. :

SUUARE ROOTS. &
: 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 B.

Fig. 22. /8 = 2.83.
Set the indicator to 8 on seale 4. Assume that seale A runs from 1 to 100,
&0 that & is found on the left-hand half of the rule.
MNow under the hair line on seale D, find 2.83, the square root.
Then the resnlt.}_EBS yards. :
- Example: Find /3.
Set the indicator to 3 on A. g
Under the hair line find 1.73 on D.
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Example: Find +30.
Set the indicator to 30 on A, being careful to notice that 30 is indicated
§ on the right-hand half of the rule, Gppusitethﬂlmﬂmtnru;ﬂbn,ﬂndﬁ

Fig. 23. 30 = 5 4B,

Exampls: Find 300,

Move the decimal point an even number of places in order to obtain a
number that is between 1 and 100. Thia ean ba done by moving the point two
places to the left, giving +3.00.

Find the /3, which is 1.78. Then move the decimal point half as many
places a5 it was moved in the first place, but in the opposite direction. In
this case, move the point in 1.75 one place to the right, giving 17.3. 3

Examgle: Find + 30, :

Mowve the point two places to the right, obtaining 50.

Find v30 = 5.48.

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

Exampls: TFind +.05.

Move the decimal point two places to the right, obtaining 3.
Find v3 = 1.73.

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

Exzmple: Find +.003.

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

Find +30 = 5.48. ”

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

Find the equare roots of the following numbers:

Problem 49, 1.42 Problem 52. .142 Prablem 55. .365

50. 14.2 53. 243 56. 31414
51. 142 54, 854 57. 1450
d;lal';hlilf Make a list of equare roota of whole numbers between 110

Y : .

Probless 583. On a baseball field find the distance from home plate to second
base, meusured in a straight line. (The distance between the bases iz 90 feet )

Problem 60. Water is conducted into & tank € two lead pipes having
diameters of 3¢ and 134 inches, respectively. Find gizo of the giﬂ:i wste
pipe that will allow the water to run out as fast as it runs in.

Use %4 and 134 in the decimal form.

Find + (6257 + (L.7B)% -

NOTE:—Perform the addition by arithmetie. The slide rule cannot bhe
uzed to advantage in addition.
., Problem E1. Two branch iron sewer pipes, each @ inches in diameter, empty
into a third pipe. What should be the diameter of the third pipe in order to
earry off the sewage?




TEST PROBLEMS.

Read carefully the following instruetions:

@. 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.

&, Cover these answers.

d, Work the problems through sgain, setting down the answers in the
other eolumn.

&, Compare the two zets of answers. :

f- If the answers to any problem do not agree (within one point In the
third place), work the problem again, ;

#. The correct results are given on page T9.

Problem 62. 1.28 = 2.46
63. 84 + 59.5
84, B35 X 16.2

T3
B5. 625242 =905:2
66, yisZ
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CHAPTER II.

THEORY OF THE SLIDE RULE
HISTORICAL NOTE

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

Wapier conclzely sets forth his purpose in presenting to the world his system
of Logarithms as follows:

“Beeing there is nothing (right well beloved Students of Mathematics) that
is 80 troublesome to mathematieal 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

nart subject to man; 3]1]:3)61’}" errors, I began therefore to consider in my mind
¥ what certain and ready art I might remove those hindrances.”

Mapier builded better than he knew. His invention of logarithms made

ible the modern slide rule, the fruition of his early conception of the
importanece of abbreviating mathematical ealculations.

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

In 1630 Wm. Qughtred arranged two Gunter logarithmie scales adapted
to alide along each other and kept together by hand. He thus invented the
first instrument that could he a slide rule.

In 1675 Mewton zolved the eubic equation by meana of three parsllel
logarithmic zcales, and made the first suggestion toward the use of an indicator.

In 1722 Warner used 2quare and cube seales.

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

In 15815 Ropet invented the log-log seale.

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

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

In 1891 Wm. Cox patented the Dlgle.x Blide Rule. The sole rights to
this type of rule were then acquired by Keuffel & Easer Co.

to

For a complete history of ithmic Slide Rule, the student is referred
to “A History of the Logarithmic Slide Rule,” by Florian Cagﬂri_. published b
the E:ﬁi.n&e ing News Publishing Company, New York C booi
traces the gro

ity. This
oy of the various forms of the rule from the time of its invention
to 1909,

ACCURACY

The sceuraey of a result depends upon (a), accuracy of the observed data;
{k), accuracy of mathematical constants; (c), accuracy of physical constants;
{d), precizion of the computation.

ACCUBACY OF THE OBSEEVED DATA.

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

__ Example 1. Ii a distance is measured by a seale whose smallest sub-
divigion is 8 millimeter, and the result recorded 134.8 mm., evidently the result
iz correct to 134, but the .3 iz 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 zaid to be “correct to four significant figures.”

If the result were desired correet 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 sipnificant figures.”

__ Example 2. Ii 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
B.00 inches. The geros record the fact that there are no tenths and no hun-
dredths, but the distance is exactly 8 inches. The result, 8.00 inches, is
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said to be “‘correct to three significant fizures.”

Example 3. If an object iz weighed on a balance capable of weighing
to .01 gram, then .01 gram can be estimated. Suppoas several ohjects are
weighed with the Tollowing results:

1. Seven grams recorded T7.000 grams.
2. Beven and a hall grams R
3. Seven and 9/100 grams i T.000 *
4. Beven and 6/1000 grams  *  T.006 “
5. 47100 and 2 /1000 grams b AgE e

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

In number 5, the result, .042 grama 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 136,000 miles per second, we
mean that the velocity of light is nearer 186,000 miles than 185,000 miles, or
187,000 miles. The result iz said to be “eorrect to three significant figures.”

Bummarizing the preceding examples:

Ezample 1. 134 8 is correct to four significant figures.

Example 2. 5.00 is correct to three significant figures.

Example 3. .042 is correct to two significant figures.

Example 4. 156,000. ig correct to three significant fizures.

Counting from the left, the first significant figure is the first firure that is
not zero,

After the first sipnificant figure, zero may count as a significant fizure, as
in Example 2, where it represents an observed 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 ealeulation, zero counts a8 a significant
figure if it represents a definite value, e g. 25 ¥ 36 = 900.

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

Find the eube of 234, '

The complete result iy 12,812,904,

On the glide rule only the first three significant fizures can be found, and
the result iz 12,800,000. Here 123 are significant fizures and the five zerog
following are not significant, since they do not represent definite values, but
merely perve to place the decimal point,

Az far as calculation on the slide rule can determine, each of these five
zerog might be any one of the numbers from 0 to §. Arithmetical caleulation
ghows that they are really, 12,504,

ACCURACY OF MATHEMATICAL CONSTANTS.

A mathematical constant may be carried to any desired degree of accuracy,
&. g., the value of © usually given s 3.14159 has been caleulated to T0T decimal
places. For ordinary calculations 3.14 or 34 is pofliciently accurate.

ACCURACY OF PHYSICAL CONSTANTS.

Many physical constante are only correct to three significant figures and

goma only to two figures.
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. ., The weight of a eu. ft. of water is 62.5 1b.
The weight of a ew. in. of cast iron is .26 1h.
LAMITS OF ACCURACY.

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

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

Sines 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 ERRUK.

Tf & result is correct to three significant figures, the ratio of the error to the
regult iz less than 1:100.

Suppose, for example, the resulf is 3527.6, which iz known te be correct
to three gignificant figures. Then the figures 352 are known to be eorrect and
the figures 7.6 are doubtful.

Sines 7.6 is less than 10 and 3527.6 is greater than 1,000, the error must be
less than 10:1000 or 1:100. :

7.6 .10 10 1
35270 ~ 35276 - 1000 " 100

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 closs estimate
not more than one point away from the correct reading,

The error here iz less than ﬁ which is less than ﬁ Henee the error
in this reading is less than one-tenth of one per cent.

Tt ia evident that the per cent of error holds throughout the length of the
glide rile, sinee the first significant figure increases from 1 to 10 23 apaces

decrease.
e. g., On the right end of the rule, ss a result read 998 might be really 999

1 1 )
making an error of 1 in 999 or approximately 700 °7 75 of 1%,

Tf grester accuracy 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.

LOGARTTHMS.
10 = 100,

Angther form of making this statement is:

The logarithm of 100 is 2.

In the pame way, 107 = 1,000

or the logarithm of 1,000 & 3.

From these examples it iz evident that the logarithm is the exponent
which is given to 10.

Fill out the blanks in the following table:

100 = 10,000 Log 10,000 =
100 = 100,000 Log 100,000 =
1 = 10 Log 10 - =
100 = 1 Tog- 1 fo

i
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LAW OF MULTIPLICATION.

102 = 100.
107 = 1,000.
10% % 10% = 100 3 1,000,
10¢ = 100,000,
Log 100,000 is 5.
Sines 5 iz the sum of 2 and 3, log 100,000 = 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.
Henece to multiply one number by another, add their logarithms,
The construction of the rule allows thiz addition to be done easily.
The peales are divided proportionally to the logarithms of the numbers,
If the seale is considered as divided into 1,000 units, then any number—
1, 2, 3, ete.,—is placed on the rule so that its distance from the left index is
proportional to its logarithm. -
Bineelog 1 =10, 1 is found at the extreme left.
* Jog 2 = 301, g 201 units [rom the left.
B Yo fwm T R S L AE T Gae
E ]Dg 9 — _954' B F Bd 954 i Wl kL i
“ logl10 = 1.000, 10* * 1000 * L L
On the seale the number 8 is placed three times as far from the left index
as 2, because the logarithm of 8 iz 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 seale C find the product, & on seale D.
This iz equivalent to adding log 2 to log 4 and finding log 8 (Fig. 24).

1
e — T 4
1

Fig. 24.

Example: Multiply 2.45 by 3.52.

Opposite 2.45 on D, set 1 on € and under 3.52 on C find 862 on D\

Roughly calculating, 2.45 X 3.52 =2 X 4 = B,

Henee, we place the deeimal point to make the result as near & as pos
gible; and the result is 8.62.

Example: Multiply 24.5 by 35.2.

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

Roughly calculating, 24.5 % 35.2 = 25 » 86 = 900.

Placing the decimal point to make 862 as near 900 as possible, we ob




Example: Multiply 6.234 by 143.

Taking 6.234 correct to three significant fizures we multiply 6.23 by 143.
Opposite 628 on D set 1 on (.

Under 143 on € find 391 on D,

Roughly calculating, 6 3 140 = 840,

Therefore the result iz 891.

Example: Multiply 2.46 by 7.82,

When the product of the given numbers is 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 752 on ¢ projects beyond the rule,
In this case, think of the projection as wrapped around and inserted in the
groove at the leff.. Now the right and lzft-hand indexes coincide.

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

Under 782 on ( find 192 on D.

Roughly ealeulating, 2 > 8 = 16.

Henee the result is 19.2.

Example: Multiply .146 by .0465.

Opposite 146 on D set 1 on .

Under 465 on C, find 679 on D.

Boughly calculating, .1 » .05 = .005.

Hence the result is 00679,

Find the value of

Problem 67. 2.34 > 3.16, T0. 8.54 ¥ 6.85. 73. 023 x 2286
B8. 3.T6 x 5.14. 71. 34.2 X 7.55. T4 00515 ¥ .324.
B9. 1.B2 w 4.15. T2, 4371 > 62.47. 7B .00523 » .0174.
Problem 76. Find the cireumferences of circles having diameters of 4 ft.,
6.5 It., 14 ft.
Opposite = on A, set 1 on B. i
Abowe 4, 6.5, and 14 read the circumferences on A,

DIVISTON.

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

PROPORTION.

Problems in proportion are epecial cazes of multiplication and division.
Example: Solve 16 : 27 = 17.5 : 2.
2T x 115

G N . 5

Following the method on page 13, Fig. 14, we first divide 27 by 16 by
setting 16 on C to 27 on D, We have subiracted 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 indicator t0 175 on C,
On D, opposite the indicator, read 295. (See Fig. 25)
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~ To place the decimal point, note that 16 has the aszae reiation to 27 that
17.5 has to . Sinee 27 is not quite twice 18, z will be not quite twiee 17.5.
Henee the decimal point must be placed so that the answer i 20.5,
The method of working a proportion is easily remembered as [clows:
S L
16 : 27T =176 c
Example: Solve x :24 = 11 : 18,
g D G B
£:24 =11 :18.
To 18 on D, set 11 on €. Opposite 24 on D find  on .
The significant figures of = are 147.
To place the decimal point, note that since 11 is a little more than half o
18, zwiﬁ be a little more than half of 24, or 14.7.

SQUARES AND SQUARE BOOTS.
(1092 = 10% X 105,
S
Sinee 6 = 2 ¥ 3,
Log (107t = 2 » log 10%

Henee, to square a number, multiply its logarithm by 2.

The space given to each number on scale D is twice that given to th
game number on seale A.

As an example, suppose we wish to square 3.

This can be dane by doubling the space given to 3 on scale A and finding §
or looking for 3 on scale D and finding its square above it on seale A. i

Reversing the operation gives the square root.

As an example, find the square root of 9.

Look for 9 on seale 4, and directly below it on [? find 3, its square roo

CUBES. !

{107 = %0’ X 102 x 102,

Since 6 = 3 % 2,

Log (107)8 = 3 » log 103

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

Seale K is graduated from 1 to 1,000, while seale I runs from 1 to 10. Tk
space given to each number on scale D is three times that given to the sams
number on scale K.

Example: Find the cube of 2,

Thiz could be done as follaws:

Find 2 on scale K with the indicator. We have now measured log
from the left end of the rule.
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Measure of three times this space on seale K and we have the indieator
get at log 2% or 8.

But this measuring ean be done by setting the indieator to 2 on scale D,
since the gpace given to 2 on D ia three times that given to 2 on K.

Hence, to cube a number, sst the indicator to the given number on
gcale D,

On scale K, opposite the indicator, find the result which is 23, or 8.

In the same way ghow that

Exampla: 3% = 27. {Note that the reading iz on the second of the K
48 == G4, scales running from 10 to 100. This scale
we will eall K;}h
5% = 125, {Note that the reading iz on the third of the K
6t = Z16. geales Tunning from 100 to 1,000. This scale
TF = 8435, we will call Hj).
8 = B12. ;
g2 = 729,
117 = 1331,

Roughly calenlating, we know 11%ia a little larger than 10%, of 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 ia 1,331,

In the same way, work the following:
Example: 12° = 1,728, )
Find the cubes of the following numbers eorrect to 4 significant figures:
Problem 77. Find the eube of 13, Problem B2. Find the cube of 18,
5 13 i (1] WE lé- m‘ i W a8 (13 19.
i T oon  15. T
B * 16. 85. AT AT e IR,
BE; o i7.
Find the cubes of the following numbers correct to 3 significant lgures:
Example: Find the cube of 22, {The complete answer iz 10,648, but
on the slide rule we gt 10,600 correct
to 3 pignificant firures. The error is
less than one-half of one per cent.)

Problem 83. Find the cube of 51.
ET- i ai ad af 45. -
88. v ¢ S 47 (Set the right-hand index on the slide

to 47 on [0)
B i iR T ETRED
Problem 90. Find the cube of 64.  Problem 96. Find the cube of 342,
) 1. i _ oai ai Hogeg 97, &t I i “ o pET
ﬂ [T Wi ﬁ:‘:. ﬁ £e e 4 i ‘m.
ns' i i i ﬂﬁ.ﬁ.‘ m. ai 1] i ik l.ﬂﬂ.
QL e Ly T R i) L L LA T
85. L L S 1
*In Problem 33, 425.5 iz approximately 426. Roughly approximating
the result £00% = 64,000,000, The rule gives us 771. The result iz 77,100,000
eorrect to three significant figures. The complete result is 77,001,209.216.
Problem 101. How many gallons will a cubical tank hold that measures
26 inches in depth? (1 gal. = 231 eu. i=* '




CUBE ROOTS.

Example: Find the cube root of 8.
Set the indicator to 8 on the left-hand K seale, called K;. On seale D,
opposite the indiecator, find 2.

el |
Explanation. Log VB - g log 8.

Henee, to find the cube root of a number, divide the logarithm of the
number by 3.

Using log 8 on scale I) as a unit, et the indicator to 8 on I,

Megsuring from the left index one-third of this space, we find 2 on seale I,

But ane-third of log 8 on D may be found by setting the indicator to 8 on
the left-hand K scale, sinee each K ecale is one-third as long as the D scale.

Example: Find /27,
Set the indieator to 27 on the middle K scale, called K.
On scale D, opposite the indieator, find 3.

Example: Find +/125.
Set the indieator to 125 on the right-hand K scale, called .
On geale 1), opposite the indieator, find &.

Erample: Find +/T.

Set the indicator to 9 on K.

On D, opposite the indicator, find 208, the significant figures of the result,
Placing the decimal point by inspection, we have v'3 = 2.08.

Example: Find ~/90.
Set the indicator to 90 on K.
On D, opposite the indieator, find 4.48, the cube roct.

Exsmplo: Find +/900.
Set the indicator to 900 on K.
On D, opposite the indicator, find 9.63, the cube root.

decimal point, adding zeros to fill out the three fgures. Thia gives .900. Now
we have the problem of finding the cube root of 900 as in the previous example,

The significant figures are 966, the setting of the indicator being the sa
as in the previous example.

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

Given number .S00,000,000.

Cube root 9 6 6

The result is .966.

Example: Find +/.08.
Following the plan of the previous example, the first decimal period is .09

Finding /90 as before we have 448 for the significant figures,
Hence, the result is .448.
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Rule for placing the decimal point in Cube Root
From & consideration of the preceding eight examples, we derive a rule for
placing the decimal peint in finding the cube root of numbers that do not lia
between 1 and 1,000.
a. Move the decimal point 3, 6, or 9 places, as may be necessary, in either
direction to obtain a number between 1, and 1000,
b. Find the cube root of this hew number using
K, for a number of one inteper,
Kz u - = two intepers,
KEyu w w « three intepers.
¢. In the result, move the decimal point one third a3 many places as it was
moved in a, and in the opposite direction.

Example: Find ~/56 342

a. Move the decimal point three places to the left, uhtam:ng 56, M_
b. Find the cube root of 56.8 which is 3.83.

¢. Mowe the decimal point one place to the right, obtaining 38.3.
Example: Find v/ joaaz.

a. Move the decimal point three places to the right, obtaining 3.82.
b. Find the cube root of 3.82. which is 1.563.

e. Move the decimal point one place to the left, obtaining 15863.

Problem Problem
102. Find the cube root of 3. 112. Find the cube root of 50,
103. a0, 113 u u T7.35.
104. a00. 114. o « BT
1085, .3 115. L
106. “ .03. 116. " 4 SB40.
107. “ 003, 117. i H20T6.
108. “ 2613. 11B. “
108, - 47.8. 118,
110. “ JT84, 120. "
i1t, " 45083, 121. w

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

THE INVERTED SCALE CI

An important improvement found on the Polyphasze Slide Rule is the
inverted scale, CI.

This scale enables reciprocals of all numbers to be read at once, without
setting the slide. It also enables three factors to be taken at a single setting,
thus saving one or more settings in many [ormulas, and incressing both speed
and accuracy.

An examination of the CI scale will show that it is similar to the C scale
but with the numbers increasing from right to left rather than from left to
right. If you remove the slide and replace it upside down, you will see that the
CI seale graduations and numbers are now in the same position as the ¢ m:ah
iz normally.




. : RECIPROCALS

Two numbera are reciprocals if their produet is equal to 1, or we may s
that the reciprocal of & number is 1 divided by that number.

¢. g. 5 and 1/5 are reciproeals since 5 % 1/56 = 1.

To find the reciprocal of a number:

Set the indicator to the given number on seale C.

Opposite the indieator on seale T will be found the signifieant figures
the reciprocal.

The decimal point is placed by inzpection.

Example: Find the reciproeal of 2.

" Bet the indieator to 2 on €. Opposite the indieator on CI, find 5.

Placing the decimal point by inspection, the result is .5.

Example: Find the reciproeal of .236.

Set the indicator to 236 on C.

On 71, opposite the indicator, find 424,

Roughly caleulating 1/.236 = 1/.2 = 5.

Hence the result is approximately 5 or 4.24.

Find the reciprocals of the following numbers:
Problem 123, 7.2 Problem  |28.

124, A1 129,
125. 37.8 130.

126. 63.2 131.
127. 73 132.

MULTIPLICATION
CExample: Multiply 3 by 2, using scale CT.
Set the indicator to 3 on D,
To the indicator set 2 on 1.
Opposite the right index, find & on .

" Wote that 8 on =cale OT iz zlso in alignment with 2 on seale I Hence
may set the indieator to £ on I,

To the indicator set 3 on 1.

Opposite the right index, find 6 on D,

Explanation
y log 8 + log 2
moasured on I measured on CT

Example: Multiply 3 by 5, using zeale C1.
Set the indicator to 3 on D,
To the indicator set 5 on CI.
Opposite the left index, find 15 on I,
_ An advantage of scale CI in multiplication is that no uncertainty e
exist as to which index to use.
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Work problems 67 to 75 on page 23, using scale CI. Note the saving in

DIVISLION

Example: Divide 28 by 7, using seale CI.
To 28 on zcale D set lelt index.

Bet indicator to T on CI.

Oppozite indieator on =cale I rend 4.

Buccessive Division

The T seale is useful in problems of the type z = —'-, where g is comstant
#nd y assumes suecessive values,

Example: A field rheostat on an elactric generator is used to vary the
resistance so as to give it the following values in ohms - 250. 298, 347, 401
453, 496,

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

E (Constant)

R (Varying)
where I is the current in amperes, E the electromotive foree in volts, a.m:] R
the resistance in ohms.
125 125 125 125 125 125
SR F T 401 455" 498 °
To 125 on I set 10 on CT (left index).
f'l;rlp-rmtr 250 on L1, read .500 on I,
/‘*H Ly "I i 41“ w4 ¥
M7 “ CI, 60 £
401 “ CI, S12 = =
453 * CI, 276 " ™
496 = CI, B L

From one setting of the slide all six values are read.
By the use of scales C and D only, six settings of the slide would have been

required.

THREE OR MORE FACTORS
- Explanation

Example: 2 % 3 x4 =z
Set the ndieator to 2 on 1,
Set 3 on O to the indieator.
COppogite 4 on O, read 24 on D.
log 2 +  log3 + log4 =log 24,

measured on 2 measured on €I  measured on € measured on D
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Example: 5.2 X 34 X a(=28)=umx
Method 1. Using scales CI, C and I
' 1. Set indicator to 52 on It

2. Set 34 on CT to the indicator.

8. Opposite any value of a, say 28, on C, read 495 on D,

To place the decimal point, roughly estimating,

bxaxi3=4h

Henze the result is 49.5

Note that this result is obtained with only one setting of the alide, and with
no uncertainty as to whether the right or left index should be used.

Method Il.  Using only scales C' 2nd D.

1. Sef right index to 52 on D.

2. Mowve indicator to 34 on C.

3.  Bet left index to indieator.

4. Opposite 28 on C read 495 on D.

This method requires two settings of the slide, and involves some
ancertainty as to which index to use in steps 1 and 5.

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

. T2
Example: ——————— =3I,
J5 ¥ a { = 6.4)

To T2 on [} 2et 75 on IV; opposite any value of @, say 64, on CJ read 150n D,

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

Note that when the © and I? zcales alone are used in solving problemt of
this type, two settings will be reguired, including a seperate sotting for each
value of the variable (a)of the denominator; whereas, by employing the CT
scale also, & single setting of the slide permits a solution for all the values of
the variable {a).

Foar Factors

Example: 1.43 = 5.12 ® L76 X 0.726 = =.

Method 1. ;

1. Set indicator to 143 on I,

2. To indicator set 512 on CI. Ans. 7.52 on I opp. rt. index.
8. Indiecator to 176 on C. Ans. 12,89 on I’ opp. indicator
4. Bet 725 on CT to indicator.

5. Opposite right index, read 934 on IL
This method requires only two settings of the slide.

Method 11: Using only scales C and D,

L. Set leftindex of C to 143 on C.

2. Move indicator to 512 on C. Anz. 7.32 on I} opp. indicator

8. BSet right index to indicator ;

4. Indicator to 176 on C. Ana, 12.89 on D opp. indicator

6. Left index to indicator .

6. Opposite 726 on C read 9.34 on D,

This method involves three settings of the slide, and some uncertainty as
to which index to use in =teps 1 and 3. Hense Method I will zave considerahle
time in the solution of problems of this type.
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Five Factars

Example: 2X3X4X5X ==

To 2 on Dset 3 on CL.
Indicator to 4 on C.

et 6 on CI to indicator.
nppusibnsunc.resdﬂmu.

Placing the decimal point, the result is 720.

Note that the five factars are handled with only two settings of the slide,
Without the CT scale, four settings of the slide would berequired. .. TSt

Oecasionally in finding the product of three or more numbers, using scale
T, it iz necessary to re—sct the index. T

Example: 2 X 3% 1.3—==x.
Ta 2 on D, set 3 on CI.
@inee 1.5 on C is beyon the left end of the rule,
Move indicator to 10 on C.
8et 1 on C to the indicator.
Opposite 1.3 on C, read, 7.8 on I\

Using scale CI, find the value of:

133. 61 w24xE2

134. 61 W 2d x .32

135. B w42 » 16

136. G2 % 42 ¥ 8.5

137. 5.3 X 1.26 ¥ 2.3

138. B3 X 1.26 » 1.17

139. 0.76 ¥ L1 % 6.5 ¥ B.656

140. 82 ¥ 046X 6.4 x 18

141. 55 ®21x35

142, T1 %81 X 42

143. B4 % 32 X 66

144, 163 X 2,655 243 ¥ 1210

145. £.25 ».036K 1.0Tx4.12

146. 378 X J0B2 x 46 ¥ 6.2

147, 63 X 25X .1TxX54X34

- AT v e
Example : Holver — where y has the series of values, 1.2, 2,{1_. 1.6
“ v |

and 4.8, !

Set right index to 78 on scale A, right; opposite any value of y an nciia cl,
read « on D. &

r = T.36. Answer.
3.68
2.456
©1.84




Exampla: Solver —
V2T

Set 2.7 on seale B left to index,
Oppoaite any value of ¥ on acale C read x on D.

Example: Find the value of 4.3 +/25.
Using indicator: to 25 on seale K., set 4.3 on scale CF.
At index read 12.57, the result, on I,

Example: Find the value of 47760
B4
To 760 on K, sct B4 on C.
At index find .1086 on I},
The decimal point may be placed by inspection, The cube root of 760
has one integer, roughly 9; which divided by 80, shows the magnitude of the
Anawer.

27
Example: Solver — —
v 068
fot indicator to 69 on K.,
Set 27 on scale (7 to indicator,
At index on D) read 658 on scale O,

Roughly caleulating:
27 28

v 068 v .08d
= 258
A
=T
Henes the result is 658,

Example: Solvez = 333 ¥ V'1aT,
To 1#7 on K:set 3 on seale CJ.
Indicator to 23 on scale B,

Opposite indieator on scale I), read 723,

Roughly caleulating, B
8+4/28 % 127 —8 % /25 % 125,
=8 x5x5b
— T4
Henece, the result is 72.3




CHAPTER III
ADVANCED PROBLEMS

COMBINED MULTIFLICATION AND DIVISION

Example: Find the value of
23.5 » 45.3
- 2670
To 235 on [, set 267 on €. Opposite 453 on O find 399 on D. 'To obtain
the decimal point make a rough ealeulation as follows:

o - a, 1
Hagss is roughly equal to "2,33“50 - -
] F

2670
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:
o 3.5 2458 (235 X} 10} (4.53 X 10y
2670 i 2.67 > 1000
2356 453, A
PRSRRE > . T )
Sl
= 3.99 % 0
- 399

The first method will be found preferable, but may be checked by the

gecond. SR
Example: Find the value of %

To 134 on D, get 4.2 on €. When we attempt Lo move the indieator
to 2.15 on (), it iz impossible, because 2.15 projects beyond the left end of
the rule. Bring the indicator to 10 on ¢ and move the slide 20 as to set the
left index to the indicator. This divides by 10, but iz permiszible, since dividing
by 10 does not change the order of significant figures. MNow move the indlcator
to 2.16 on 7; and on I}, opposite the indicator, read 686. A rough calculation
ghows that:

-Ew is approximately equal to _!.'X_E __l, or 5.
4.2 4 2
Henee, the result is 636,

Example: Find the value of
805 ¢ 60.6 ¥ 835
764 » 380 X 425
D c
30.5 X 50. ;
564 x 380 x 25~ ™
¢ L H

=




The five operations are as follows: Intermediate Results on D,
I. At305on Daet 364 on (. 838, opposite right index,
2. Mowve indieator to 506 on (. 424, opposite indicator,
8, Bet 880 on ( to the indicator. 111, opposite left index.
4. Indicator to 835 on . 932, opposite indicator.
4. Bet 425 on ( to the indicator, and opposite
the index on 7, find 219 on 1,
Caleulating roughly,
30 > 50 x B0O
8 X 400 X 40
Hence 219 must be made to look as near as possible like 25, giving the
result 21.8. It i= not necessary to obtain the intermediate results, but with
beginners it is an sdvantage to check the work at EVETY step.
Example: Find the value of

= £5.

156 X 8350 x 4.15 x 2.24 °
D C c C i
254 X 570 X 26.8 X 868 x 1.3
1.65 X BI60 X 4.15 X 2.24
c L. K C
At 254 on D, set 155 on .
Move indicator to 570 on (.
Move the slide, setting 835 to indicator.
Indicator to 268 on .
Move alide, setling 415 on  to indiecator,
Indicator to 863 on .
Move slide, setting 224 to indicator.
. Indieator to 13 on (.
Find the answer 362 on [} opposite the indieator.
Caleulating roughly:
25 X 600 X 80 X 8 X 1 - &0
1 8000 x4 x2 i e
Making 362 look as much as possible like 60, we have 36.2,

Example: Find the value of
T.45

3.65 x .0Z67

The preceding examples have had as many factors in the numerator ag in
the denominator or one more. This example can be changed to conform to
these types by introduecing unity as a factor in the numerator,

Method I. Using seales O, ©, and D.

1. To 745 on D set 865 on €.

2. Opposite 267 on CT read 764 on D.

Roughly caleulating:

8x1 2.00

Tx .02 0z —100.

Making 764 look as much as possible like 100, the result is 76.4.
This method is preferable, since it requires only one sctting of the slide.




T
Methed Il. Using only scales ¢ and D,

D C
7.45 TAG XL
3.65 » .0267 ~ 3.656 x 02687
C [

Check by
Intermediates on D,
1. Divide 7.45 by 3.65. 204, opposite left index.
2. Move indicator to 1 on . 204, opposite indicator,
8. Move slide, setting 267 to indicator. 764, opposite right index,
" 1
EII.*. Find the value of 2_...35:)( A3 % Bon”
Check by

Intermediates on D
1. Tolon D, set 234 on C. 427, opposite right index,
2. Indicator to 3% on CI. 1295, opposite indicator.
8. 525 on C to indicator, 2467, opposite right index,
Rough caleulation: 1
Making 2467 look as much as possible like .25 the result is 2467,

i e
1 - 25

. T 2 21.4 X 3.45 ¥ 64D
Erample: Find the value of: TiER T 0
Methed |.—Work the example without regard to the square root, then find
the square root of the result.

Method Il —Using scales 4 and B:

A B B D
214 X 3.45 X 640

‘ B

*

o x J
415X A6 x 08 T
B B

Intermediate on A.

1. To21.4on A set4.15 on B. 516, opposite index,

Be careful to use 21.4 on the right half of 4 and not 2.14 on the left half,
since the square root of 21.4 has different significant figures from the zQuare root
of 2.14. For the same reasen use 4.15 on the left half of .

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

3. Moveslide setting .75 (right half) to indieator. 237, opposite index.

4. Indicator to 6.4 (left half) on E. 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.

5. Move elide setting 8 (left half) on B to indicator. 190, opposite index.

6. Opposite right index of B find 436 on .

Rough caleulation

{20 % 3 x 600
Y ixixa

Placing the decimal point o as to make 436 as near as possible to 300, the
result iz 436,

- /90000 - 300.




Find the valoe of

5.26 x .0235
4.22

6.76 X 6.45

. ; oy 4.55 X 02T

1

2.66 » .75 x 142
3

254 X 745

Problem 148. Problem 162. .65 24 ¥ 7.5 ¥ 0.5

160, 26.4 > 4.8 » T.12. : 154.

6.2 X 28 ¥ 35 X 5A,

Example: Find the value of

Method 1.  Tlse scales A and B, but use ﬂ.‘fnr T6.5.
At 245 on A set 55 on B.

Indicator to 765 on .
fet 87 on F to the indicator.
Indicator to 6256 on 5.
Opposite the indicator on A, find 187,
A rough caleulation shows:
2 X T0 X B0 X600 200 X TO
Bboxll i ]
The result iz 187,000,000
Method 1l.  Write the example:
21_15 766 X T6.5 ¥ 625
T BB % 0BT X1
Method Il.  Find (76.5)* as a separate problem, then work the example
on C and D.

’45\14

ol
x1

Use  and D, but use B for 475.
At 125 on D, set 26 on C.

Indicator to 4.75 on £ (left half of slide, becanse the decimal point must
be moved an even number of places).




Set 250 to the indicator.
Indicator to 430 on C.
Set 638 on C to the indicator.
On D, opposite the right-hand index, find 305.
Roughly ealeulating:

100 X 20 x 400 16

85 250 5 600 = 7§  *bout - or 2
The result, then, is .305.
Example: TFind the value of

260 % /380
/1310 ;

Use A and B, but read the result on 1.
At 26 on A set 13.1 on B (moving the decimal point an even number of
places).

Il we try to move the indieator to 8.8 on B, 3.8 projects beyond the end of
the rule. Hence, move the indieator to the right index of the slide, then set the
left index to the indicator. This operation divides by 100, but does not change
the significant figures of the result.

MNow move the indicator to 3.8 on B.
On I, opposite the indicator, read 569,
Roughly ealeulating:
\(::mu wa .8
1600 4
Hence the result iz .569.

Settings:
1t iz denoted
Probten 167, LEEC 1A i o s s el
x a2 ] A :Tol35 : Find =
B : Bet 82
S
Dz

1.85 % v2 A 3
B .-
¢ :Betl

Owver 14

: Under 2

A =
B :Bet67.2 :
g Under 10
T :Tud23 : Find =
A : Teb?2 : Find =
B ! Over 1

: Find #

: Over 452




: Find =z
: Owver 100
58 :

(.ﬂ34‘? 2
058

2.31 X (48.5)2 X 413

¥ 087
175 ¥ /285 ¥ /1T % 410
T 28 X 228 X 632
+/8.32 ¥ 565

.P-‘a -8

=
o
=¥
=

-1

a

i

/2830
2.6
AP
(,u:slzﬁ s
0075
3430 X 1.65
2.64
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CHAPTER IV

PLANE TRIGONOMETRY
SINES

Method I. 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 az in Fig. 26.

The scale marked Sisascale ofsines. Angles are given on seale 5, opposite
their sines on seale A,

Example: Find zine 20°.

Opposite 20 on seale 8 iz found its sine on seale A. This reads 342, To
place the decimal point, a number read on the right half of seale A has the
first significant figure in the first decimal place, except gine 90, which is 1:a
number read on the left half of scsle 4 has the first significant figure in the
gecond decimal place.

Hence since 207 - 3420,

Ezample: Find sine 2°,

The signifieant figures are 349,

The reading is on the left of scale A, henee the result is .0349,

Method Il. With the slide in the usual position showing scales B and C,
get the given angle on seale S to the mark opposite the index on the under side
of the rule; then opposite the right index of zcale A read the sine on scale B.

Example: Find sin 57 40" ¥ 35,
Method 1. With the slide having seales § and T uppermost,
A : to3d : Find 3.46
§ : SBet Right Index : Over 5° 40°
Log 35 iz added to log sin 5° 40’, the sum being counted on seale A.
Method 1. With the slide having scales B and ( uppermost, sct sin 5° 40°
on 8 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 log sin 5° 40" to log 35, the sum being counted
on scale 5.
Or gin §° 40" % 35 = = may be written as a proportion using zcales A apd B.
A B A B
1 :5in5"40' =356 : =,
Opposite 1 on A, set sin 5° 40" on B.
Under 35 on A, find 2.46 on B.




: 35
Example: Find T
Methed I. With seale 5 uppermost
- A : To35 : Find 854
g : Set 5° 40' : Owver left index

To place the decimal point, note that sin 5° 40° iz a trifle less than .1.
Henee dividing 35 by .1 we have 350 for the rough ealeulation.

Method 11, With the slide having scales B and 7 uppermost, et sin 5° 40°
to the mark in the groove at the right end of the rule.

Ovwer 35 on B, read the quoticnt 354 on AL

Explanation _
Methed I. We have taken the proportion by alternation, securing
ginb* 40 36 =1:z
3 A 3 A
Method 1l.  We have solved the proportion:
gin 5°40' : 1 -35 : =
B A ;SR |8

EXERCISES

Problem 173. Find the sine of 90°. Problem 178. Find the sine of 157 20",
| Iy M A LR |l i i B S o 1= 30,
PE e 2l TR ! o it = 30"
PR By Y oF; a4~ 200 R R 4 4l 1
1. == 40 1| R o 21%80h

COSINES
Sinee 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°.
Cog 20° - sin (90"—307).
" - gin 60",

- .B66.

Problem 1832. Find the cosine of 50°. Problem 188. Find the cosine of 757 30°.
124, “ " bl | o L 1 e R L " 10
185, “* " . o 190. 20° 307,
i86. ** s | 181. s 81° 45",
18T =5 gl Lo - 192, f BE8° 2p.

193. Sin 2567 X 45.
194, Cosb6” » 27.
18 21.5
. gin 12° 30" 196, gin 42° 10°
Problem 197. 4 - 32°, (Fig. 27).
. & =65
Find a.
Problem 198. 4 - 70° 30°.
& = 15.4.
Find ¢.
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Problem 199. A disk iz 21 inches in diameter.
Find the distance necessary to
set a pair of dividers in order to
gpace off a,) 7 sides; b,) 8 sides
2,) 10 pides; d,) 13 sides.

The angle DAB - %uf 360° - 51° 26",

(to the nearest minute).

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

if} = sine angle DAC,
O = A ¥ sine angle DAC.
Fig. 30 Bl =2 X CD =2 X ADXBinemlﬁ]e DAC
- d gine angle DAC where d - diameter
200, Holes A and C are of circle.
tobe drilled on the milling = — e
machine. After drilling C, A

in order to drill 4, how
much movement of the
table will there be in each -
direction? .
The tahle moves from T 20t
C to B, then from B to 4. ]
BC =§ X cos 20°,
BA = § x sin 20°. Fig. 31.

TANGENTS

e & e e T g gt gy & ] <

£ L 3 i X FETReS FOTTURETTL MUY PONEL | I ru

Fig. 30.
With the slide in position for reading sines, scale T gives readings for anglea
whose tangents are found opposite on scale .

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

Example: Find tan 30°.

Methed l. Opposite 30 on scale T, find 577 on D.

Pointing off, we have tan 30° = .5770, which is correst to three significant
figures; the result eorrect to four fipures being .5774.

Method L. With the slide in the usual position showing scales B and ¢,
set 30 on the T scale to the mark on the under side of the rule and opposite 1
on D read 577 on (.

Example: Find the value of tan 18° 30" % 175.

Find tan 18° 30° by Method IT.

Shift *™ seale go that right index takes position of left index,

Above 175 on D, find 586 on .

Since tan 18° 30¢ is. 334, the product must be roughly % of 175, making
the result 58.6.

The scale gives tangents only as far as 45°.
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For larger angles, use the formula:
= tan 4 -

Example: Find the tan of 75°
tan 76° =

1
tan (90° — A)

1
tan (90°—75%)°
tan15° °
Opposite the mark in the notch on the under side of the rule, set 15° on
the T scale. Opposite the left index of €, read 573 on |D. Flacing the
decimal point by a rough calculation, remembering that tan 45% 2 1,
i 1
nls® 1 %
Henee the result is 3.73. 2
Owing to the presence of the CT seale we may alzo obtain the answer by
getting 90°—A4 on Tto 10 on D. Under the mark in the noteh on the under
gide of the scale read 3.73 on °f. Thissimplifies the operation, but iz applicable
only to angles less than 84°, For angles from 84° to 90° the I ormula
1
tan A - — ‘.90,_ .d.:l
must be used. Tan (30°—A) can be obtained by finding sine (90°—A4) as
explained on page 44.
Example: Find the value of 565 + tan 65°
- RS = ;
565 + tan 65° = 565 + ——=s

= 565 3 tan 25°,
- 263.

Find tan 25° by Method IL.

Opposite 565 on D find 263 on C.

Exsmple: Find the value of )

256 + tan 10° 30°.

Method I. Opposite 256 on Dset 10° 30" on 7. Under the left indexof T,
find 138 on D. Foughly calculating for the decimal point, remembering that
tan 45° =1, 956
256 + tan 10° 30" =i = 1280. Making 138 look as much as pos-

gible like 1280 we have 1380.

Methed 11, With the slide in the nsual position with scale € uppermost, set
10° 30" on T to the mark on the under side of the rule. Opposite 256 on C, find
188 on . Placing the decimal point, we have 1380,

Example: Find the value of

266 + tan 40° 10°.

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

rule, under 256 on 7, find 303 on D.

o 256
Roughly esleulating: T ggepgr = g = "2




g =

The tangent of an angle less than 5° 43’ cannot be obtained directly from
the 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 in cloge agreement,

tan 1* 30" = gin 1° 30" = .0262.
COTANGENTS

The cotangents of angles from 5° 43 to 45° may be read upon the CTI
scale, In every casze the first significant figure is a whole number.

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

5 e 1
Cot A = tan (90° — 4) = AT B
Exsmple: Tind cot 65°. L

Cot 65° = tan (90° - 65%).
= tan 325°.

= 466,
Esample: Find cot 18°.

” 1 -
3O e — 3.08,
Cot 18° - o 3.08

SECANT AND COSTCANT
The secant and cosceant may he found by the formulas:

sec A =

ek = sin

Problem 201. Find tangent of 25°.  Problem 207. Find tangent of 75° 10,
o R T o
W aF EEE 30!, (1 a
1:' LES EEQ Eﬂf. 1] a
i i IBU 3{.?" i LTy
i i 55' 2.}'. i &
Tan 15° % 18, :

Tan 65° 30" X 13.2 =

49,62
tan 10° *

5.5 e
m,ﬂﬂ.ﬁ X tan 19° 40°.

55
tan 24° 30°°

E Fig. 31.
Example: To find BE, the hei t of & building, a transit is set up at A:
a level line AC is ted on a rod held at E.
CE iz found to be 5.2 ft.
EF, which is equal to CA, is measured and found to be 138 ft.
The angle CAB is taken by the transit and found to be 28° 3¢
Find BE, the height of the building.




s

Fig. 32.
Example: To find CB, the width of a river.
A transit i= set up at C and a right angle, BCA is laid off.
CA iz measured and found to be 236 ft.
Then the transit is sct up at A and the angle A found
to be 75° 30°.
Find CE, the width of the river.
CHB =CA > tan 4.
= 235 ¥ tan 75° 30"
- 235
= tan 147 307"
- 909 it.
SINES AND TANGENTS OF EMALL ANGLES
(;aupe points are placed on the sine seale for reading sines of angles smaller
thun those given on the regular seale, Near the 1° 10/ division on the 3 scule is
the “sceond™ gauge point and near the 2° division is the “minute’ gauge point.
Tiv placing one of these gauge points oppasite any number on the A seale, the
eurresponding sine of that number of minutes or seconds is read over the index
of the sine seale on 4. Or place the gauge point opposite the left index. Then
for any value on seale B the eorresponding sine may be read on seale A for ang-
les from 47 to 100" or from 3" to 100", depending upon which gauge point is used.
By placing the gauge point opposite the right index sines [or angles as emall
as 1" may be read. In order to point off, it should be remembered that
gine 1 iz about 000005 (5 zeros, 5}, and gine 1’ iz about .0003 (3 zeros, 3).
The sines and tangents of small angles being practically identical, these
gauge points, as well as the portion of the sine scale below 5° 437, may also be
used for the tangents.
The tangents of angles greater than 88° 26’ are found as follows:
Determine 90° — A.
Set gauge point to index of scale. Set indicator to value on scale B

corresponding to the angle whose tangent is pought. Shift index to indi-
eator. Opposite the other index read tangent of angle on zcale B.

Example: Find sine 10",
Opposite 10 on peale A (center index) set the gauge point for seconda.
Opposite the left index of scale 8 find 435 on A.
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Since gine 1* = 000005,
gine 10'" is roughly 10 » 000005 or .00005.
Hence gine 10" = 0000485,
Example: Find sine 127,
Opposite 12 on seale A set the gauge point for minutes.
Oppozite the left index find 349 on A.
Bince sine 1* = .0003,
gine 12’ iz roughly 12 » 0003 - 0036,
Malking 349 look as near as poasible like 0036,
gine 12' = 00349,
Example: Find tan 89* 45,
B0°—89° 45° ~ 157,
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 E.
The complete tangent of 89° 456 is really 229,18,
Example: Find tan 89° 45" 45",
89" 45" 45" = 14" 15" - B55",
Bet second gauge point to left index of A.
Bet indicator to 855 (left half) of B.
Ehift right index of B to indicator.
Oppogite left index of A read 241 on &.
The tangent of 89° 45" 45" iz actually 241.16 +
Another method of finding sines and tangents of very small angles depends
upon the fact that, for small angles the sine or the taungent varies directly
28 the angle.
Example: Find tan 15°.
Tan 15" = gin 15",
- % ain 150, .
1

R - - .:]n P
_lﬂm" 30",

S 1% 0436 by the slide rule.
= 00436,

LOGARITHMS

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

Example: Find log 50.

Flacing the slide in its usual position, with the seale of equal parts (which
is pumbered from left to right) underneath, set 5 on  opposite the right index
of . On the seale of equal parts opposite the hair line on the underside of
the rule, read 699. Placing the decimal point and prefixing the characteristie,
a8 usual in working with logarithma, log 50 = 1.699,

{The characteristic is found by taking one less than the number of figures
at the left of the decimal point).

NOTE.—Some slide rules have the scale of equal parts numbered from
right to left, in which case proceed in the above example az followa: Set the
left index of scale C'to 5on . On the seale of equal parts opposite the right
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index on the underside of the rule read 699. Prefix the characteristic as abowve,
making log 50 - 1.699. .
Example: Find (2.36)% = z.
Log == 5 x log 2.36.
= b ¥ .373.
= 1.B65.
Mote that 1 iz the characteristic. Find what number has .B65 for a
mantissa by reversing the method of the preceding example.
z =T3.2.
Example: Find /157 = =
Log 187 =2.272.

Log 4/187 -%m‘ 2.272 = A54.

r =2.84.
1.24,
54.5.
312,
D6T.
TA5.
(3.2)%  to three significant figures.
(125)4
/846,
/2386,

: +/1430.

r = (2.7
=1.41 ¥ log 2.7
=1.41 % 0.431 (Log 2.7 found on slide rule as in first

example).
= 0L.G08 (Multiply, using scales C and D).

z = 4.06
Example: = = (41.5)%8
log x = 0.23 ¥ log 41.5
- 023 % 1.618 (Find mantissa of log 41.5 = .618. Then
prefix characteristic of 1, making 1.618).
{Multiply, using scales C and D).

(Finding log 51.3 = 1.710).
{Divide; using scales 0 and D).

To Change REadians to Degrees or Degrees to Radians
T Radians
T180 " Degrees
A Opposite © | Opposite Radians Read Radians
Bl T Set1®0 I"Em“ Opposite Degrees




CHAPTER V

SOLUTION OF TRIANGLES

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

Where greater accuracy is required, as in surveying caleulations, the work
should be done by logarithms, and then checked by the glide rule. This check
will show any gross error and will locsate the error.  For classes in Trigonometry
it is recommended that the student proceed as follows:

a. Solve the triangle by logarithms.

b.  Check by solving on the Slide Rule.

. Ifthe Slide Rule shows that thereizan error, find the error and eorreet it

d. If no error appears and it is desired to check to a greater degree of ac-
curacy, apply the usual triponometrie check,

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

RIGHT TRIANGLES

Example: Given zn Acute Angle and the Hypotenuse.
Let A = 32°80" and ¢ = 14.7,

Find, B, a, and b. .

Solution: B = 90°"— 4 = 57" 30",

Tgin G
Substituting the given values,
14.7 .
sin90° " En BRI’ T FmET I -
Setting the rule az In proportion, using right half of scale 4,
A| Opposite 147 | Reada =788 | Readb - 124

S| Set 1 (sin 90%) | Opposite 327 30" | Opposite 57° 307

To place the decimal point, note that the sides will be in the same order
of magnitude as their opposite angles, :

C = 90* e =147

C = 50° 30" ¢ =124,

A =327 30° a = TB88




Where the 8 zcale is involved, care should be taken to set the number on
the proper half of scale A.  The following diagram will make this clear. The
pumbers on the scale are continuous.

Left End Middle Right End

| n a 1.
Seale A H ) 1. 100.

| 100. 10440 10000
Example: Given an Acute Angle and the Opposite Side.
Let A = 556°16° and a = 465,
Find B, b, and C.
Solution: B = 80°——A — 90°—55° 15’ = 34° 45,

B

0 == 455, Fig. 34.

Aty o

a © b

gin A H@n (G EmB
Using left hall of zcale A,
A |_ Opposite 465 Find ¢ = 566 | Find b = 323
s Set 55°15°  |Opposite 1 (sin 90°)| Opposite 34 45'
Plzcing the decimal point,
c =M
A = 56”15
B = 34* 45
Example: Given an Acute Angle and the Adjacent Side.
Let A = 15°, b = 12.5.
Find B, a, and .
Solution: B = 907 -A = T6%

b=—12.5

b il B ool
sn B ey A T
125 0 BT [
mn75°  s=ni15° 1 (=in 90°)
Using the right half of scale A,
A| Opposite12.5 | Finda =335 | Finde =12.9
8 “Bek 160 " Opposite 15° Opposite 90°
Placing the decimal point by arranging the angles and sides in order,
C =980* c =129,
B = 75" b = 12.5.
A = 15" a = 335
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Example: Given the Hypotenuss and a Side.
Leta = 1.64, e = 2.5
Find A, B andb.

0,55 a=1.64 Fig. 36.
b
gre [\ = a b
T iy e
L TTIORE N enee
L{n90°%  =2inA =~ @nB
_A | Opposite 2.56 Opposite 1.64 | Find b = 195 |

B | Set1 (zin §0°) Find A = 40° | Opposite B (90°-4) |
B may be found after A iz known.
B = 50°—40° = 50",
To place the decimal point in b:
Binee B is a little larger than A, b will be a little larger than a.
Henee b = 1.95.
Example: Given the T'wo Sides.

a =20 Fig. 31"
4 F=25 £
Case 1, Wheretanﬁar%islmthml.

Leta = 20 and b = 25.
Find A, B and c.

A a . tan A h o a
Salution: b 1®and5) " 1~ tand
T Set1(tand6%) | Find A = 38° 40’
D Opposite 25 Opposite 20
20
Ortan A = gz

G Set 20
| Opposite 25
T

Read 38° 4"
Opposite line on
underside of seale

To find ¢, use the formula, _ai:A - ﬁ

Case IT, W]J.eﬂtnhhorLisgrenterthanl.

b
Leta = 30, b = 25.
Find A, B and e.
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Solution: Find B first in order to avoid finding the tangent of an angle
wm&miﬁ“sinmtha'famlemdaonlrtui&',
8

o == 30

- =2

Fig. 38.
; b _tunB
tan B a b
“']!‘)_lﬁatl (tan 45%) |Find B = 38° 50"

Dpposite 50 Opposite 25

or B 25
tan ='3'—u

Dpposite line on
under-side of scale
A = 90°—39° 50" = 50° 10".

b &
Find ¢ b}f the formula —'H - -m— 5

See optional solution on page B1.

OBLIQUE TRIANGLES
Example: Given Two Angles and = Side.
Leta = 22.5 A = 44° 3% B = 24° 15

Find C, b and c.
H

A =
Fig. 59.
Solution: C = 1830°—(44° 30" 4- 24" 15")
= 180°"—6&° 45
= 111° 15*
B e A o [
sinA  =nB gin C orsin (A+B)
22.5 e b gy oL
Fndd 30 wnzd4° 15’ sinlll® 16’ (min 6B°45')
Using the right half of rule:
A | Opposite 22.5 Find b =132 _  Finde = 290
8 Set 44° 30 1'nppmim 24° 15’ | Dpposite 68° 45
To place the decimal point, the sides will follow the same order of magni-
tude as their opposite angles.
C = 1117 16" e = 29.8;
A = 447 30 a = 225,
B = 24°1% b= 13.2.
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Example: Given Two Sides and the Angle Opposite One of these Bides.
This example has two possible solutions, both of which are given below.
Leta = 175., b = 215, A = 35° 3o

Find B, C, and C, B’ and ¢

a
e ek T Note: Sine C = Sine (A + B),

Using laft half of rule.
A | Opposite 175 Opposite 215 | Find ¢ = 298
?‘ Set 35° 30" [Find B = 45° 50' | Opposite (A +B)or81°
B’ = 180°—45° 3¢ (B).
= 134° 30"
A4B" = 35° 30’ L 134° 30",
=- 170
C = 180°—170°.
= 1(°,

_Indicator to right index | Find ¢’ = 529
Left index to i.ndit::tnr_ Opposite C7 = 10°
To place the decimal point, arrange angles and sides in order of magnitude,
In triangle ARBC,
C = 99° ¢ = 208,
B = 45° 30" b = 215,
. A = 35030’ a = 175.
In triangle AB'C,
B'= 134° 30’ b = 215,
A = 35" 30° 8 = ITh
C'=10° o cfm H22

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

CaseI. When zﬂummﬂm 45° whence }4 (4 + B) isless than 45°.

Example: q = 5.14, 5 = 212, ¢ =112°30.
Find 4, Band e,




Solution:
a = 5.14.
b w212 Tlze the formula,
a+b = 7.26. tan M (A4 B) tan 4 {A—B)
a—1b - 3.02. a+h T 3
e T | Set 14 (A+B) |Find 1§ (A—B)
R ﬁ" Opposite (a+h) | Opposita Ta—b)
Lg (A4 B) = 33°.45",

{A—B) = 15" 32", _T_l et 33° 45' | Find 14 (A—B) = 15" 32,
A =43717. D | Opposite 7.23' QOpposite 3.02
B = 13" 18°.
¢ is found by the usual sine formula:
a @
Zin A ain C
514 o ot
Sm 467 1T~ @n 112° 30 or =im 67° 30
A |0Opposite 5.14 (Left half of scale 4} Find ¢ = 627
- Set 49° 17 lﬂpposit& 677 507
¢ b
Checkt 5, G “Sn 8
A | Opposite 6.27 (Left half of scale 4) Find 2.12
ST Bet 67° a0’ —  |Opposite 13° 18
KOTE.—In the mathematics elassroom this check formula may be used
after the student has solved the triangle by logarithms.

Exsmple: o =154, b =735 C =120°30,

Bolution:

tan 29° 45" _ t
T 22Th o 5
T | Set29° 45 |Indicatortoright index|Find 3¢ (A—B) - 117 26"
D | Opposite 227.5 | Left index to indicator Opposite 80.5
4 (A+B) = 20° 45'.
4 (A—B) - 11° 26",
A =41"11".
B = 13° 1%.
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By the method of the preceding example, ¢ is found to be 202,
- Caze II. When F—;ia.lemthnn 45°, whenee Y4 (A 4 B) is greater than 457,

Exsmple: o =755, b - 42.5, ¢ - §5° 30",
a+b = 118, a—b = 33.
14 (A4 B) = 57" 15".
tan }g (A4 B}  tan M (A—E)
a+b a—b
tan 57° 15° tan 14 (A—B)
~ 118 g il
Sinee tan 57° 15" is not on the rule, we substitute for it
1 1
tan (90°-57° 15°) ~ tan 32° 457
The formula now reads:
5 1 tan ¥ (A—B)
118 X tan 32° 45" ~ 53
Set 1 (Left index) | Indicator to 32° 45' | Find !4 (A—B) = 23° 3¢
Opposite 118 | Right index to indicator | Opposita 33
14 {4+ B) = 5T° 15,
15 (A—B) = 28° 30"
A - B0® 457
B = 33" 45",
Find ¢ by the usual method.
Check by the sine formula.
Example: F - 83.4, o - T8, C =1T72° 15".
h4a = 161.4 b—a = 5.4
g (B+4) - 53° B3’
T |Bet 1 (Right index) | Indicator to 86° 7' | Find 24° 88°
D Opposite 161 Left index to indicator | Opposite 5.4
4 (B—A) = 24" 38, Testing these results by the formula:
B = 78" 31", a b
A =29° 15, sinA  gnB'
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, bhut does not fix the
decimal point. In this example, there are three values for 14 ( B— 4 ) between
2° and 887, corresponding to the natural tangent whose significant figures are
459,
1. tan-!.0459 - 2% 38"
2. tan-! 459 - 24" 38"
3. tan-14.59 - T7743%
Other values may be found less than 2° or between 287 and 90°, but these
will seldom be required.
Henee, in the solution of any problem in this ease, it is necessary to test
the results by the cheek formula.
An inspection of the example shows that b is slightly larger than z. Hence
B will be only slightly larger than A. This would be possible if 4 ( B—A4) were
smaller than 24° 38', which we obtained on the rule,
Find tan 24° 38/, which iz .459.
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Find tan—! .0459.,
In order to secure this small angle, we use the sine seale, sincs the gine of
an angle less than 5° 43’ is practically equal to the tangent.
Opposite 0459 on the left half of scale 4, find 2° 87 on &
14 (B+A) = 53" Bd". § Tt
14 (B—A) =2° 37 Using the check formula, —*— = o
B = 56° 30°.
A =517 15 these results will be found to be correct.
Suppose it is desired to obtain the next larger angle than 24° 35"
tan 24° 38° - 458,
The next lurger angle with the same significant figures for the tangent
would be: tan = = 4.58.
Sinee this angle is evidently greater than 45°, we may write:
: 1 1
L an (0°2) = T A0
Solving by the slide rule
I
D | Opposite 4.59
90°—z = 12° 17"
r =TT 43",
Example: a =10, b = 80, ¢ = 65"
b — 100, b—a = Bl
14 (B+4) = 5T° 80",
1 (B—4) = T 1. by the first trial on the ruls
B = 647 40°. -
A =50 20,
These results do not check.
Sinee b iz nine times o, B must be conziderably larger than A.
Using the method above,
tan 7T 100 = 126,
tan = = 1.26.

& 1
tan (90"—zx) -3135"

T |Set1 (Tan 45%) | Find 38° 32°.
D | Upposite 1.25 I Opposite 1
90°—z = B8 32" ;

¢ = Bb1°28.
14 (B4+-A) = 577 80%
1g (B—A) = 517 28

B = 108" B3".

A - R

a 1]




ANOTHER METHOD—
Exmple: b =834, o =78 C = 72°15.

b=834
Fip. 43,
h=asgnC = T43,

n=acwC =asin (907 -C) =233,
m=b—n = 58.6

—tm
B0° — A = tan Yy =80% — 38° 44-,

A = 51° 16",
B = 180° — (A + C) = 56° 31",

Check, S5 = S = ST

Example: (3iven thres sides:—

Method I. Leta = 32.0. b= 265 ¢c= 147,

Find A, B, and C, g=3la+b+ e

a = 320, : o
b = 26.5. amM={'
=147 :
23 = 732,
B = BE'E.-!E
E—a = 4.6. 10.1 % 21.9
E— b =101, -l
B—r = 21.9, ‘{ 265 X 147
= 0.754. DBy the slide rule.

Hence } A = 49° (Using seales 4 and &)
A = 93*

Find B and C by the formulg-
b [

-“L_-BI‘.'II.G'

B




a2 26.56 14.7
i (—sni2) smB anC

A Opposita 32 Opposite 26.5 Opposite 14.7
] Bet 827 Find B = 657 Find C = 27°

5 al Hbt—dl
Method II. CosC = T

3 H 1024, + 702, — Z18. 16510
i ki q606. 1696
Sin (90° — C} = .00

90" — C = B3° (to the nearest degree).

C = 27°

@ b

Find B from the formula o~ Oy P Hab
and A from the formula —m-:ﬁ-r— - 'E;ITEA-‘
Check: A + 1 4+ C = 180~
Exampls: Given the three sides:—
a = 20, b = 18, ¢ = 15.
Find the angles A, B and C.
An easy indirect solution suited to the slide rule ie as [ollows:

© b e

§mA BmB SmC
A+ B 4+ C =180~
By inspection a is the longest side, hence angle A is the greatest angle
and is greater than 60°.
Try A = 65° Try A = T5° Try A = T4
B = 55° Roughly B = 61° B = 60°
O =43° C = 46° Gi'= 48"
163° 182* 180
Too small Slightly too large
Ta 20 on seale A set trial value of A on geale §; opposite sides b and ron 4
read corresponding angles on 8. Only a few trials are necessary. -
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CHAPTER VI.

TYPICAL EXAMPLES RELATING TO
VARIOUS OCCUPATIONS.

SECRETARIAL WORK

A pocretary in checking o traveling man's expense account for ane week
found the following itomsa:

Find what per cent of the total expense was used in hotel bills.
Solution: 56 <+ 83.50 = 67.1 per cent.

Opposite 56 on D zet 835 on C.

Opposite the right index of C, find 67.1 on D).

EXCAVATING

What will be the cost of excavating rock for a cellar meusuring 43 ft. > 28
ft. to an average depth of 6.5 ft. at §2.50 per cubie yard?
_ 43 X 28 X 6.5 X 25
27 )

I

. To43 on Daet 27 on C.
2. Indicator to 28 on C.
. 65 on 7 to indicator.
. Opposite 25 on C read 725 on D,
Roughly ealeulating [or the decimal point:
r = B00.
Tence, the result is $725; which is correct to the nearest daollar.

PER CENT OF PROFIT

A merchant purchased a bill of goods for 318 and sold the same for $360.
Find the per cent of profit reckoned.
a. Un the cost.
h. Un the selling price.
Solution: Profit = £360 - $318 = $42.
; 43
Per cent of profit reckoned on the cost = 7 13.2 per cent.

Per cent of profit reckoned on the selling price = Et:—i = 11.7 per cant.

BIsSCOUNT
Goods marked $7.25 are sold st a discount of 351¢ per cent. Find the
net price.
. Solution: The net price is 100 per cent — 5514 per cent or 6414 per cent.
B45 % T256 = 4.68.
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COMPIOUND INTEREST

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

Using the formula 4 = P {1 + ri", where 4 iz the amount, P the prineipal,
r the interest on $1. for 6 months, and n the number of half years, if we take $1.
a3 P, we have:

Do (1 4 00"
lng 2
and n = Tog 1.02
A0l
= 0086

= 35 half years.
or 1714 years.

i PHYSICS

Int?lh{ltcrmeteralﬁc.p.lampismduamdﬂi The following
distance readings are obtained in testing a nitrogen filled lamp.

D.!' Dl'

317 mm. 683 mm. By experiment 1
304 mm. 696 mm. e £ £
822 mm. 678 mm. = b 3
248 mm. 570 mm. o 2 4 ;
Using the following equation ecaleulate the observed candle power of the
unknown lamp

Ds ¢. p. of standard

‘D; = c. p. of unknown
{317)* 18

[BET)? z

To 633 on scale [ set 317 on O,
Above 16 on E find z on A.
-

r = Tdd.
The operation of transferring from scales O and D to A and B squares the
. 317
fraction Frrl
The first experiment gives x = T4.d
The second - “  x=1839
The third - oz =T0S
The fourth ’® * m="840
43137
Theresult, ............ = TB4

CHEMISTRY

By weight 30 parts of sodium hydroxide combine with 98 parts of sulphurie
acid. How many grams of sodium hydroxide will neutralize 50 grame of




sulphurie aeid?
Solution: 98 :50 = 80 : z.
To 50 on I} 2t 98 on O,
Under 80 on ¢ find 40.8 on D.

SPEEDS OF PULLEYS

The diameter of the dﬁving;]ﬁuﬂey iz 9 inches and ftespeediz 1,300 R.P. M
If the diameter of the driven pulley is T 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, mulliplied by its speed.
. TX3=9x 1300. -
& 8 X 1300
T A e See page 13.
8 = 1670 correct to three signifieant figures.

CUTTING SPEED

Amtahlgrindstﬂnewﬂlatudamfaqeorrimﬂmedufﬁﬂﬂi} per min.
At how many R. P. M. can it run if its diameter iz 57 in.? ]

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

d X R.P. M.
or € = TEXZ M o ore d is expressed in inches.

Fig. 45.
with &5 teeth t‘_ll?!ig. 45) revolves 50 times per minute. Find the

The
gpeed 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 produoct of
the K. P. M. of last driven gear and the number of teeth in every driven gear.
Hence, 50 > 86 % 40 = 30 % 25 ¥ 8.
3 50 > 85 » 40

= 30 »x 25

§ = 227.

LENGTH OF PATTEERN
If window weights are 114 inches in diameter, how long must we make the
pattern for & Ib. weights (1 euw. in. of east iron weighs .26 1b.)?

Solution: The number of pounds in the window weight is equal to the
volume of the cylindrieal weight » .26 lb.

See page 33.




— B =

COMPOUND INTEREST

Hwmanyymwi‘.llittd:eammoimonuymdwhlaimdﬂtdﬁpﬁhdh
a savings bank paying 4 per cent interest, compounded semi-annually.

Using the formula A = P (1 + 1), where A is the amount, P the principal,
r the interest on $1. for 6 months, and « the number of half years, if we take §1.
g3 P, we have:

2 = (1+ 02"
log 2

mnd » = jog 1.02°
301 See page 46.
0086

= 35 half years. Bee page 11.
or 1714 years.

i PILYSICS

In & Photometer & 16 ¢. p. lamp is used 22 a standard. ‘The foliowing
distance readings are chtained in testing a nitrogen filled lamp.

D, o,

317 mm. 683 mm. Ry experiment 1
304 mm. BO6 mm. ¥ " 2
322 mm. 678 mm. T = 3
248 mm. 570 mm. A = 4 :
Using the following equation ealeulate the observed candle power of the
unknown lamp.

D ep of standard

=
D, ep. of unknown

st _ 16
{BR3)? z

To 633 on scale [ set 317 on .
Above 16 on B find z on A.

r = Tdd.
The operation of transferring from scales € and Dto A and B squares the
e 31
ction Tl
The first experiment gives = = T4.4
The second o4 #* ¢ =21839
The third i = op= TS
The fourth “  » =845

4)313.7
= T84

CHEMISTHY

By weight 80 parts of sodium hydroxide combine with 98 parts of sulphurie
acid. How many grams of sodium hydroxide will neutralize 50 grame of




T,

sulphuric acid?
Solution: 98 : 50 = B) : z.
To 50 on I set 98 on C.
Under 80 on  find 40.8 on I,

SPEEDS OF PULLEYS

The diameter of the drivim_;ﬁtlﬂeyiﬂ 9 inches and its speed is 1,300 R. P. M
If the diameter of the driven pulley is 7 inches, what iz it speed?
Solution: The diameter of the driving pulley, multiplied by its speed, i
equzl to the diameter of the driven pulley, multiplied by its spéed.
. TX 3 =19 1300,
P 9 x 1300 .
) T ) Ses page 13.
8 = 1670 correct to three significant fipures. :

CUTTING SPEED
A certain grindstone will stand a2 surface or rim speed of 800 ?. per min.
At how many R. P. M. can it run if its diameter iz 57 in.? £

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

d .P. M. e
urﬂwt KEHdeismprmdmmm
12 ¢
Henee R, P. M. = e

12 ¢ B0O

= 51416 x o7

= 53.
GEARING

26

Fig. 45.

The gear with 85 teeth (Fig. 45) revolves 50 times per minute. Find the
speed of the gear with 25 teeth.

SBolution: 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.

Henee, 50 » 856 % 40 = 30 X 25 ¥ 8.

50 B85 x 40

e
8 = 221,

LENGTH OF PATTERN

If window weights are 114 inches in diameter, how long must we make the
pattern for 8 Ib. weights (1 ew. in. of east iron weighs .26 Ib.)7

Solution: The number of pounds in the window weight iz equal to the
volume of the cylindrical weight > .26 Ihb.

o
L]

See page 33.
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¥ (1.5 X L X 26

8= 1

4 X B
ad L = 157 X 26 See page 34.
= 17.4 inches, or 17 and T/16 inches to the nearest 16th.

COMPOSITION METAL MIXING

If bell metal is made of 25 parts of copper to 11 parts of tin in weight, find
the weight of each metal in a bell weighing 1054 lbs.

Solution: The copper mmha'g—ﬁ' of 1054 = T32 lba. See page 13.

Ththwﬂﬂw—nllﬂH = 322 Ibs.

3 SURVEYING

The alide rule iz used in surveying to check gross errors in computation, to
reduce stadia readings, and to solve triangles.
See Chapter V for the solution of triangles by the alide rule.

Example: Find the latitude and departure of a course whose length is
525 It. and bearing N 65° 30' E.
Latitude = length of course ¥ cosine of bearing.
= 525 X cos 65° ﬂﬂ'
= 525 X min 24* 30",
= 218,
To the mark in the groove at the right of the mlasatﬂé“‘]ﬂ" on seale 8
Opposite 525 on A, find 218 on B.
The decimal point may be placed by inspection, gince the sine and cosine
are always lesz than one.
Departure = length of course X sine of bearing.
= 525 ¥ =in 65° 30/,
= 478.

NOTE.—Eeuffel and Esser Co. make a special rule for surveyors, known
as the SURVEYORS" DUPLEX Slide Rule, which, has not only A, B, €I, €
and T scales om one Tace, but two full length stadia scales for computing hori-
gsontal distances and vertical heights. The other face is arranpged for the deter-
mination of the meridian by direct solar observations, and earries the sine and
eosine seales used in ealeulating latitudes and departures of the course. Hence,
this rule redures many complicated surveying caleulstions to mere mechanieal
operations.

For those who desire to calenlate stadia reductions, and latitudes and

departures, with s considerable degree of accuracy, the above mentioned
company makes a complete STADIA Slide Bule,
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Rectangular Co-Ordinates
5
c=a’+h‘—a41 +;;

s e (BY e+ ()

D | Toa At b Read ¢

|| Seta At b

Example:
Find the diagonal of a rectangle with sides 61 and 114 feet in length.

11 §h2
Diagonal = /97 + (117 = 61 41 + (1)

To6ton Deetlon B,

At 11} on D read 3.13 on B,

Adding 1 = 4.13.

Indieator to 4.123 on B.

At indicator read 13.21 on D. Answer,

This solution required only one setting of the slide, Compare this with
the solution required if the equation has remained in its original form. This
would have required 3 settings and an addition on paper.




CHAPTER VII
METHODS OF WORKING OUT
MECHANICAL AND OTHER FORMULAS

Diameters and Areas of Circles A = .T854 D2,
The B seale has 7854 (}) marked by a long line on the right half.

A|R. II:HlEI A|Toll '
?1521‘..‘?354 Find Areas. B | Set 6 | Find Areas in square feet

ﬂ N

i) . Above Diameter in inches

Te Calculate Selling Prices of Goods, with percentage of profit
on Coat Price

c | Set 100 Below cost price
D To 100 plus percentage of profit Find selling price
To Calculate Selling Prices, of Goods, with percentage of profit
on Selling Price

6' Set 100 less percentage of profit | Below cost priee
D To 100 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?
|| Set 86 (= 100—15) Below 45

I To 100 Find 53. Ana.

D+d —
To find the Area of a Ring. A-{—i-%;a?—m

[ || Tosum of the two diameters | Find area

c  Set 1.273 Under difference of the two diameters
Compound Interest [Log A = Log P 4+ n Log (1 + 1) ]

Set one plus the rate of interest, on C to the right index of 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 seale to the index on the under
gide of the ﬂu]e, then on C will be found the amount of any coinciding sum
on D for the given years at the given rate.

Example: Find the amount of $150. at 5 per cent compounded annually
at the end of 10 years.

] Set 105 ||E.P.= 021 ¥ 10=.21] .21 t0 1 ¢ |Find $244.35—Ans,
D ||ToR.1. T.}'_ndaﬂlitknfRulemd Slide : D | Over 150

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

We thus obtain on C, above 1 on D, a gauge-point for 10 years at 5 per cent

: and ean obtain in like manner similar ones for any other number of years and
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Levers

Set distsnce from fulerum Below power or weight
power or weight transmitted applied

To distance from Tulerum to Find power or weight
power or weight applied transmitted

Diameter of Pulleys or Number of Teeth of Gears
(See page 04) -

L Set diameter or teeth of driving Revolutions of driven
¥ || To diameter or teeth of drivea Revolutionsz of driving

Diameter of two Gears to work at given Velocities
€ || Set distance bet=reen their centers | Find diameter

D || To half sum of their revolutions Above revolutions of each

Strength of Teeth of Gears

A || To H. P. to be trunamitted
or At velocity in ft, per sec,
Lo Set gauge point 0.6 |

h | : Read piteh in inches

Diameter and Pitch of Gears
DF ] To D Find number of teeth
[ i Set P Opposite =

Strength of Wrought Iron Shafting

D -#—B-il—]-{ for crank shafts and prime movers

D m“"—";g for ordinary shalting

€ ||Set R. P. M. | Indicator to I. P
I || To 83 or 65 Read D

K | Opposite DY

NOTE.—In this, as in other cases, the coeMicients {83 and 63) may be
ﬁmﬂ o suit individual opinions, without in any way altering the methods af
ution.
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To find the Change Wheel in a Screw-Cutting Lathe

: ._1 N
where

T
M
W
P
3

Nm:u]:ner of‘l:hre.ada per inch to be cut.
o8 pn braversoe screw.
R “ teeth in wheel on mandril.
e L T | 'WhFF1 fxemgm M.
- o S gind pinion (gearing in 8).
£ o W wheerun traverse seraw.

C | S8et T|Ind. to P{3 to Ind Under M .
D ITeN Find No. of teeth in W or stud wheel

600 or 475 H. P,

Rules for Cood Leather Belting W = Tl s

To GO0 Fmd width in inches
7 for Single Belts

t velocity ia feet per min. | Opposite “Opposite actual H. P.
To 373 F'md width in inches

_— for Double Belts
¢ | Bet velocity in feet per min. Gppomt.u actual H. P. i

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

Sot 307
- Above diameter in inches

Find Strength in Tons
Above diameter in inches
To 107 | Find Working Tension in Pounds

Above diameter in inches

To 0.28| Find Weight per Foot in Pounds

Ahove diameter in inches




A1l Tol | Weight of Square Bars
B Sat 3
c

Above width of side in inches

A To &b Weight of Round Bars

B || Set21
—_—
e l Above diameter in inches

C 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 ‘ Set 32 Below thicknesa in thirty-seconds of an inch
D To 40 Find weight in pounds per square foot

Weights of other Metals

C Set 1 Eclow G. F. for other metala
D || To weight in iron | Find weight in other metals

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

Cast  Stesl Cast

W.1 C.1. Steel. Plates. Copper. Brass, Lead. Zine.

55 P | H3 102 104 116 1.09 147 92
Weight.... 480 450 450 500 &850 25 710 440 ibs.

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

H Indicator to - .
C Set 0.3 > inches thick 1 to indieator| Below G. P. 1.15

D || To 4 inches broad Find 30.7 pounds—Ans.

Weight of Cast Iron Pipes

Below Difference of ingide and outside
c Set 4075 d in inches

D | To Sum of inside and outside | pyyq weight in pounds per lineal foot

Brass. Copper. Lead. W. Iron
G. P. for other metals 355 333 259 35




Safe Load on Chains
Safe load in tons

Bet 36 for open link Above 1
or 28 for stud-link

D To diameter in sixbee.nth-s of an inch

Gravity
Zet 1 Below 32.2

D Ta seconds ‘i.i'e]umty in feet per second

Bpace fallen through in feet

Under 8

Veloeity in feet per second
Space fallen through in ft.

Oscillations of Pendulums

B | Setlength pendulum in in.
c Below 1

D To 876 Number oscillations per minute

Comparison of Thermometers

C | | Degrees Centigrade
D Degrees Fahrenheit — 32

o9
C $e 4 | Degrees Reaurnur
| To9 | Degrees Fahrenheit — 32

C | Set4 | Depgrees Reaumur
D | To b Degrees Centigrade




Force of Wind
P = 0021 V2 {ft. per sec.)

A To 21 | Find pressure in pounds per square foot
B || R. Index -

_\-’Elncitjr in Feet per sccond
P = 0045 V* {m. per hr.)
To 45 | Find pressure in pounds per square foot

_‘Fell:nzitﬁ" in Miles per hour

Discharge from Pumps
Gallons delivered per stroke
Set204 | Strokein inches
To diameter in inches

Diameter of Single-acting Pumpes
Set 204

Set length of stroke Indie. to gallons to be | No. strokes per

in inches delivered per min, min. to indie,

&= "~ [ Below1
Diam.
pump in

inches

Horse Power required for Pumpa

Bet . P. Height in fest to which the water

i8 to be raised
To cubie feet or gallons to be | Horse power required
raized per minute
Gauge Points with different percentages of allowance,

10 20 a0 40 a0 G0 T0 a0

For Gallons Imp . .3300 3000 2750 2540 2360 2200 2060 1940 183%
528 430 440 406 377 352 330 311 204

" T.E Gallons. 3960 3600 3300 2050 2830 2640 2470 2230 2200
Theoretical Velocity of Water for any Head
A Head in feet
C Set 1 Under 8

D Velocity in feet per second




—
Theoretical Discharge fram an Orifice 1 inch Square

et hmet bis ok
s st e If the hole fs round

and one inch dia.

D | To G, P. 2.34 | Discharge in cubie feet per minute SRR AR

Real Discharge from Orifice in a Tank 1 inch Square

D | To21G. P |Dhdameneabieimtpermmute | o poo o

B Set 1 Under head in feet If the hole is round
b gt o the G. P.is 1.65

Gauge Points for other coefficients.

Coeflicient.. . ... .60 .66 T2 .76 T8 81 B4 8T 00 93 96

G.P.Square.. .. 2. 22 23 24 2.5 26 2.7 28 29 3 31 a2
“ 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

Digcharge from Pipes when real velocity ia known

” Velocity in ft./sec. | Discharge in cu. ft. /min,

]:hmm'tﬂ' in inches | Above 1.75

Deliverr of Wt Sroms Pipes 1+ W £71 gl B

L

Eytelwein's Rule

Tao D&

BT in e | Sownonto

Opposite 4.71
Resd co. 1. per min.

When setting §%log D on L do not include characteristic
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Gauging Water with a Weir

A | Todepthininches | At 4.3
E' Set depth in inches | Read discharge in cubic fect per minute from
_ i each foot width of sill
Discharge of a Turbine VJE':E_“F = D
To head in feet '
Under mmem
 Cubic foct discharged per minute

Revolutions of a Turbine
To head in feet

es o4t | Indinnsr| Under rate of peripheral velocity

Find revolutionsz per min.

Horse Power of a Turhine

Indicator to discharge per e, ft. | 1 g Percentage
: per min. Indiestor| useful effect

Horse power

1to Under
Indieator| useful effect

1to | Indicatorto| 1 to
to Stroke in ft. |Indicato




Dynamometer; to Estimate the indicated H. P.

PLN
7= e
[ = actual horze power.

P pralgrgu:]gr weight applied at end of lever in pounds, including weight

I. = length of lever in feet fmm center of shaft.
N = revolutions of shalt per minute.

C “ Set 5252 | Indie. to L | ltoindie. | AtN
D To P Read H

Geometric Mean

To find the Geometric Mean, or Mean FProportional between two numbers,
arMmMiFE IR

et index of B tom on A.
Undernon Bread z on D,

NOTE.—In operations involving square root, care should he 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 reduee fractions to decimals:

Set nnmeratur - Find equivalent decimal
Tr:| denummntnr

Above 1
To duce decimals to fractions:

" Set decimal

Find equivalent numerators
Tol

Find equivalent denominatora

Quadratic Equation

tar+b=o0
n X Iz = =}
I + ¥3 . i

eI | Set index Opposita «,
D Tob ]

Find z2
Exampla: 22 4Tz — 1T=0

Find two numbers opposite each other on D and €T whose sum iz —Ty
as followa: _

CI|| Betindex | Opposite - 891
D \ To 1T i

Find 1.91
The gum of — 8.91 and 1.91 is - 7.
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CHAPTER VIII

TABLE OF EQUIVALENTS OR GAUGE
POINTS FOR SCALES C AND D

The following equivalents are in the form of proportions, which should
be solved as Blll!]'lfth‘l.ls

Diameters of circles = ;E Cireumferences of cireles

Cireumferences of circles — % Diameters of cireles

GEOMETRICAL
113 = Diameters of circles .
355 = Circumferences of circles
_T8 = Diameter of cirde
70 = Side of equal square
99 = Diameter of circle
70 = Side of inseribed square
39 = Cireumterence of circle
11 = Bide of equal square
40 = Circumference of cirele
% = Side of inscribed square
T0 = Side of square
9% = Diagonal of syuare
205 = Area of souare whose side — 1
161 = Area of circle whose diameter = 1
822 = Area of circle
205 = Area of inscribed sguare

ARITHMETICAL

231 = Cubie inches
800 = 1. 8. gallons
107 = Cubic fest
__22 = Imperial gallons
6100 = Cuble inches
430 = Imperial gallons
" 69 = Cubic fest o

26 = Tishey METRIC SYSTEM 82 = Feet

" BB = Centimeters ' "85 = Meters
82 = Yards BT = llﬁl&!_
T8 = Meters 140 = Kilometers
4300 = Links 43 = Chain
“865 = Meters 865 =




31 = Sguare inches
200 = Sguare Centimesters
140 = Bquare feet

13 = Bguare melers

61 = Square yards

Bl = Sqguare metars

42 = Acres

17 = Hectares

22 = Bguare miles

BT = Hguare kilometers
b = Cubie inches

600 = Cubic feet
17 = Cubic meters
85 = Cubic yards
65 = Cubic meters
i = Cubie feet
170 = Liters
14 = 1. 8. gallong
" B3 = Liters
46 = Tmperial gallons
209 = Liters" )
6 = Ounces
170 = Grams
'E.'I_-I Hundredweights
3200 = Kilograms
63 = English ton
64 = Metric tons

PRESSURES
640 = Founds per square inch
45 = Kilogs per square centimeter
51 = Pounds per syuare foot
249 = Kiloga per sguare metar

59 = Pounds per square yard
32 = Kilogz per syuare meter

47 = Inches of mercury
28 = Pounis per square inch
82 = Inches of mércury
5800 = Pounds per square foot
720 = Inches of water
"26 = Pounds per square ineh
74 = Inches of water
385 = Pounds per square foot
60 = Feet of water ____
26 = Pounds per aquare inch




e A s

b = Feet of water
812 = Pounds per square foot
16 = Inches of mercury
17 = Feet of water
85 = Atmospheres
2960 = Inches of mercury
34 = Atmospheres
600 = Pounds per equare inch
84 = Atmospheres
7200 = Pounds per square foot
a0 = .&tmmpherea

28 = Atmospheres
T8O = Feet of water
8 = Atmospheres
T 81 = Meters of water
_ 29 = Pounds per square inch
" 67 = Feet of water
1 = Kilogs per square centimeter
10 = Maters of water *©

COMBINATIONS

43 = Pounds per foot
64 = Kilogs per meter
127 = Pounds per yard
63 = Kilogs per meter
_ 46 = Pounds per square yard
25 = Kilogs per square meter
49 = Pounds per cubic foot
"785 = Kilogs per cubic meter
27 = Poundsa per cubic yard
16 = Kilogs per cubic meter
B9 = Cubic feet per minute
T 42 = Liters per second
T00 = Imperial gallons per minuta
63 = Liters per gecond
848 = 1. 8. gallons per minuts
63 = Litera per second
58 = Weight of fresh water
39 = Weight of sea water
& = Cubie feet of water
812 = Weight in pounds
1 = Imperial gallons of water
T 10 = Weight in pounds
3 = T. 8. gallons of water

" 25 = Weight in pounds
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60 = Pounda per 1. 5. gallon
6 = Kilogs per liter
10 = Pounda per Imperial gallon
1 = Kilogs per liter
30 = Pounds per U. 3. gallon
25 = Pounds per lmperial gallon
3 = Cubic feet of water
856 = Weight in kilogs
46 = Imperial gallons of water
209 = Weight in kilogs o
14 = U. &, gallons of water
53 = Weight in kilogs
44 = Feet per second
20 = Miles per hour
B8 = Yards per minute
3 = Miles per hour
41 = Feet per gecond
750 = Meters per minute
£2 = Feot per minuto
25 = Meters per minute
B0 = FeipaRnis
47 = Kilogrammeters
T2 = Rritish horse power
T8 = French horse power
_8700 = One cubic foot of water per minute under one foot of head
T = Rritish horse power
T6 = (ne liter of water per gecond under one meter of head
1 = French horse power

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

EXAMPLES

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

| Set G0 TUnder 34
E ) | To 26 Find 14.75 pounds—Answer
What head of water, in feet, is equivalent to a pressure of 18 pounds per
gquare inch?

€| Set2 Under 18
D To G0 Find 41.5 feet—Answer

How many horse power will 50 cubic feet of water per minute give under
a head of 400 leet?

| Set 3700 Runner to 400 1to R Under 50
D To T Find 37.8 H. P.—Answe







The Sotethin 7
root. The eighth root is the square root of the fourth

Expressions Which Moy Be Eead Dircctly By Means Of

-

]

X
X
- X
X
X
. X
- K
- X

]

o

-

The Indicator, Without Setting The Slide,

a*, set Indicator to 2 on D, read x on A.
a? set Indieator to a on D, read x on K.
v a set Indicator to @ on A, read x on D,
+/m. set Indicator to a on K, read x on D,
v u?. set Indicator to « on A, read x on K.
+/a¥, set Indicator to u on K, read x on A.

1

— + tet Indicator to @ on CIL, read x on C.
1

- et Indicator to a on CI, read x on B.

",rET' get Indicator to ¢ on B, read x on CL

With Indices in Alignment.
1 L
i et Indicator to a on CI, read x on E.

1
_\},——', set Indicator to a on K, read x on CL.
&

EXPRESSIONS SOLVED WITH ONE
SETTING OF SLIBE.

ONE FACTOR
et zet Ltowon D, over a on C, read x on A,
1
et aon Cl toaon D, under 1 on A, read x on B.

a eeteon Cltoson D, over zon B, read x on A,

1
= —,setaon Ctoaon K, under a on CI, read x on K,

[i:gly

@ zet 1 on C to s on I, under a on C, read x on K.

@, set a on CI to a on K, under a on C, read x on K.
a*, get g on CI to o on D, under a on C, read x on K,
va', set 1 to a on K, under a on B, read x on K.

va*, set 1 to ¢ on A, under z on C, read x on K.

Vou'l, set ¢ on CI to o on K, under 2 on B, read x on K.
+ o', et o on CI to @ on D, under « on B, read x on K.

{r—,l:—,—,aetltoamK,nnderlmA,md:nnB.

%, set1toa on K, under « on C, read x on D,

—_1—1'-',aetuﬂmCItnﬂunK.mrerlunD,ruflxnnG.
4 at

Vo, set 1 to o on K, over s on B, read x on A.




_80 = Pounds per U. 8. gallon
25 = Pounds per Imperial gallon
% = Cubhic feet of water
85 = Weight in kilogs
4f = Imperial gallons of water
209 = Weight in kilogs
_14 = U. 8. gallons of water
T 53 = Weight in kilogs
44 = Feet per second
30 = Miles per hour
88 = Yards per minute
3 = Miles per hour
= Fect per second
760 = Meters per minute
82 = Feet per minute
25 = Meters per minute
340 = Footpounds
47 = Kilogprammeters
72 = British horse power
73 = French horze power
2700 = One cubic foot of water per mihute under one foot of head
T = 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, in these equivalents, from the exact ratid
attain one per thousand.
EXAMPLES

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

C et 60 Under 534
D I To 26 Find 14.75 pounds—Anawer

What head of water, in feet, is equivalent to a pressure of 13 pounds per

Bquare inch?

c I Set26 | Under 18
. To 60 Find 41.5 feet—Answer
How ma.nirhnme power will 50 cubie feet of water per minute give under
lhﬂd of 400

| Set 3700 R-u.rmer to 400 l1to R Under 50
To T Find 27.5 H. P.—Answer
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HIGITER POWERS AND ROOTS.

Thniumthrmtﬂanu@berianhtﬂnedbtﬁnding-ﬂmnqlmmntaftb:
square root. The sixth root is obtained by fin & the aquare root of the cube
root. The eighth root is the square root of the fourth root.

Expressions Which May Be Read Directly By Mcans O
The Indieator, Without Betiing The Slide,

u®, set Indicstor to a on D), read x om A
a? set Indicator to a on D, read x on K.
v'a zet Indicater to o on A, read x on D,
~/@ set Indicator to a on K, read x on D,
/@, set Indicator to a on A, read x on K.
/', set Indicator to @ on K, read x on A,

—1-, set Indieator to 2 on CI, read x on C.

1
2 » set Indicator to 4 on CI, read x on B.
1
e d, set Indicator to @ on B, read x on CL
With Indices in Alignment.
';—,,aetlndie.nturmuunﬂl.mad:unk
1

£l
a

set Indicator to 2 on K, read x on CL

el
EXPRESSIONS SOLVED WITH ONE
SETTING OF SLIDE.
ONE FACTOR
=aYysetltoaeon D, over aon C, read x on A.

1
= g+t aon Cltoa on D, under 1 on A, read x on B,
=a.seteon Cltoaon D, over 2 on B, read x on A,

1
= p#taon C toaon K, under a on CI, read x on K.
@

@', set 1 on C toa on D, under o on C, read x on K.

o, set o on Cl to 2 on K, under 2 on C, read x on K.
a?, set o on CI to ¢ on D, under a on C, read x on K.
va*, get 1 to a on K, under « on B, read x on K,

Ve, set 1 to @ on A, under g on C, read x on K,

Va'l, get o on CI to « on K, under a on B, read x on K.
f&ifsetaouﬂltuamﬂ,undﬂunnfi,mndxm]{.

]

- X
X
. X
. K
X
- X
X

.

= 1|?Tr,—..iT,smat:lt.u:rc:u:mK..um:l,er1@113.1.rwaeﬂ.dxn:nr.lE.
x = v, set 1 to « on K, under a on €, read x on D,
25 x =\—,'r,l—-a*—,netunuGItoaonK.uverIonD,mmixnn(}.

. * = V/uf, set 1 to « on K, over a on B, read x on A.




R -
ek
\f—-— ,8et 2 on C to.a on K, under a on CI, read x on D,
@ a', st ¢ on CI to a on K, under aon C, read x on D.
/7, et Tto aon K, over a on C, réad x on A.
1
= —7—, 8¢t a.on.CI to g on K, under 1 on A, read x on B.
i
v-T.setannGtuaonK DverunnCI read X on A,
= :*11,mtqanCItuunnK.overnunB,mldxonﬁ..
+'a't, fet o on CI toa on K, over o on C, read x on A.
o ?setuﬂn.'ﬂtuqmi’l, over 1 on I, read X on C.

i
—-—I—netuuaonBtnannK,undprionC read x on D
EE

L]
":rn tltauunl{_,unﬂeraonﬂ read x on I
£
L

a, 56t e on B to o on K, over ¢ on ID, read x on C.
1
—.'—,sctaunBtoaonK over a on ), read x on CI.
" a
a1, set @ on CI to a on K, under « on B, read x on D.

SETTINGS FOR TWO FACTORS.
ab, set 1 to ¢ on 13, under F on €, read x on D.

1
u—l,aetuunCItﬁme,omlun D, read x on C.
b,s@thonﬂtnannﬂ under 1 on C, read x on D,

—i'—_.sutbuﬁﬂtu'uﬂnD,n?erlunl),rgn.dxunc.

b
abt, set 1toaon A, over b on C, read x on A.

1 .
—arsethon Cl'to a on A, under 1 on A, read x on B.
—bil.ﬂetbunGtu.ttnn.ﬁ..n?erlunB.rea.dxnnL

by ;
-%'. st a on C to b on A, under 1 on A, read x on B.
a*l?, set 1 on C to « on D, over b on C, read x on A.

i
e st @on CI to b on D, under 1 on A, read x on B.
= 'ﬁ;,mtn_ﬂnﬂtol-onl), under b on CL, read x on K.

]
preetbhon Ctoaon D, at1on C, read x on A.
a +'b 8et 1 toaon D, under b on B, read x on D.
1
uﬁ,mguﬂmiﬂhm-ﬁ.mr1m!’l,readxnn(‘-.

8 sethon Ctoaon A, under 1 an C, read x on D,

haeth.nnBtuaDnD. under 1 on C, read x on D).
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BB. x = a*v/b,eet a on CLtoaon D,
under b on B, read x on D.

x=uo'b setaon Clto b on A,
over @« on C, read x on A.

x =a"whisetaon Cltobon A,
under @ on C, read x on K.

2
X ————, Bt b onBtoeonD,
/b underaon C, read xon D,

=Y 8 aetbonC toa on A,
b underbonClreadzonD,
x=ob, et 1 on C to g on K,
under b ox: C, read x on K.

i:,aetbun!:tuunnli,
¥ under 1 on C, read x on K.

.i‘, set o on CI to aon A,
b overbhon CI, read xon A,
q‘l‘

B bon CL read x on A,
a*h?, get b on CI to e on D,
over b on B, read x on A,

av'h, set 1 on C to b on K,
under ¢ on C, read x on D,

~—, setbon Btoaon D, over |

8. x =1 + avb, set a on Clto b
on K, overlon D, read xon C.

68.x =a + b set aon Ctobon
K,overlon D, read x on C,

69. X = +'a + b, set bon C toaon
K, under 1 on C, read x on D,

- X = g%t get 1 on Ctobon D,
under & on C, read x on K.

x .;E-, #et b oo Ctom on D,

B under 1 on C read x on K.

E=alt, set b on CI to « on A,
over bon C, read x on A,

x =B at set bon CI to a on

A, underbon C, read x on K

.x=at b, setlonCtobon K,
over a on C, read x on A.

L e
x =¥ eetbonCtonon K,
b underaon C, read xon D,

6. x = v ot ceet hon Cto e on K,
¥ overaonC, readxon A,

e
T7. X = ——, set bon C toaon K,over

b g on C, read x on K.

SETTINGS FOR THREE FACTORS.

a. b.e,eetaonCIltobonD,
under ¢ on C, read = on D.

et X I* X e setaon Clto
bon D, over ¢ on G, read
T on A.

a? ¥ B ¥ oieetoon Clto b
on D, evercon C, read z on K.

.“‘—“,mtcwCMEnnD.

(4
under b on C, read z on D.

ah  etcon C toa on D,

D?&hnﬂﬂ,mﬂzon&.

-—'E-E_I;L. get conC toaon D,

nﬁrhonc.rmdxun]i:.
%,a&tbanﬂmamﬂ.

under ¢ on CI, read z on .

at
Frivey set bonCtoaon D,
over ¢ on CI, read = on A.

-EI..
BE X = m,mtbunﬂtuu an 1),
overcon CI, read z on K.

BY. x = abv/r, 8ot ¢ on CI to ¢ on
A, under bon C, read £ on D,

BB. x = o, set a on CI to e on A,
over b on C, read = on A.

‘89, u‘b’-\fETmt aon CIl tocon

A, over b on C, read z on K.

ab?c, set a on CI to e on
K, under bon C, read z on D),
atht-! &, set o on CI to e on
K, over b on C, read = on A,

atbie, et @ on CI to ¢ on
K,overbon C, read z on K,

93. x = g—ific_,setbunﬂltucnnk.,
under @ on A, read z on C.

p—

o4, x = E{}'i, setaon C,tocon K,

[
under b on A, read z on C.
And secores of other combinations.




(Answera given with the problems are not given below.)
1. 300 6. .08
2. 3000. i 6. 3.
8. 3000, 7. 0003

! 5 E

4. 3

258 | 891

58, qqnare roots of numbers
from 110 to 130,

MNumber Sguare Roots
110. 10.5
111. 105 .
112, 10.6
113. 10.6
114, 10.7
115, 10.7
116. 108
117. 10.8
118.

119,
120.




61. 8.5 inches, (Use a 9-in.
pipe, the nearest standard
size.)

Answers to test problems on

127. Page 18.
128, 5
129, 62, -3.15

130. : [ A 2 |
B69. 127 leet, 3 inches, 64. 114
60, 1.86 inches. TUse a 2-in. 65. 86.8
pipe, the nearest standard . 135

. 273,
A541

0167

J000910

126 204  44.0.




Accuracy in Generai,
Accuracy of Slide Rule,
Answers to Problems,

Decimal Point, Placing of, ., . . . .
Decimals, Reduction to Fractions, .

Higher Powerz and Roots,

FhEtoeltdl Wiebe: . vt U Gl o ohn e iiiER R S sl 19
Horse Power, Steam Engine, |

Index, which to use,

Iron Bars,

Iron Plates,

Inverted Seale, CI, .

Law of Multiplieation, . . .

Metals, weight of,

Miscellaneous Caleulations, . . . . . . . . .

Multiplication, two numbers,

Multiplication, three or more numbers, . .

Multiplication, more than three figures, 21, 80, 81
Multiplication, theory, 22,23
Multiplication and Division Combined, 13. 23, 84, 35, 36, T6, 77
Orifices, Dmcham Irum,




Quadratic Equation,
I'I'.adiam.

Seales CI and CIF, Use of, . .
Seales, How to Read, . .

Triangles, Suluhnn by Slide Rule,
Turbine,




COOKE RADIO SLIDE RULE

| P ALY LT R

The COOKE Radio Stide Rule No. 4139 not only facilitates the rapld solution of radin
enginesring problems, bul is also suitahle for general use.

CIANS’ SLIDE RULE

Thia rule is o modification of our regular Polyphase® Blide Rulé and con be nsed for all
the ealelutions made with the ordinary Slide Tmle. In addition to the nsnal senles, it
enrrics a series of scales or gauge marks by mesns of whick the different properties of cop-
ﬁ]m guch an size, conductivity welght, ote.. may be determined without the nse of

SURVEYOR’S DUPLEX SLIDE RULE

The fact that all astronomical dats essential to survering, stuch as azimmih, time,
lJutitude, ete., can be aseertained by means of the nsual type of Transit with vertieal sircle
but without solar nttac'unent, while generally known, ia rather seldom untilized in this
country. The main resson for thie condition is the diffenlty of compating, in tho fiald, "
by spleerical trigonometry, the results of obeervations. i y

The K & E Burveyor's Duplex® 8lide Rule entirely eliminates this diffienlty by re-
dueing the hitherto enmplicated calonlations to mere mechanical operntions. thershy ren-
dering the methal of field astronomy with the regulsr Engineer's Transit extromaly
simple and practical.

This form of Stadis Hlide Nuls is remarkable for its simplleity. By one setéing of
the elide the horizontal distance and vertical height can be obtalned st ones when the
siadia rod reading amil the angle of elevation or depression of the telescope ara known.

SEEG. 1. & PAT. OFF.




EVER- THERE SLIDE RULES.

WEC. L. B, PAT. OFF.

EI'ER-TFIEI\‘.E Slide Rule is made entirely of tir I Btromng, h
:i hiz base tha“ l':r;!_unhnm wre e y i J.‘t}?fa handiness of rii
EVER- IHEIIEqui:aruia i mdanl from tb& Foct thal it weigha no more than & fnu.nt-am
en, and i< much Toss bulky in the pocket

The Ever-Thers Slide Rule No. 40000 s pre-eminently a pocket instrument, ae the

Y oneth o i';r::fﬂ::f Width over all nches,
L over all... 4 oAl Sl - o E
R T . Thickness of Indicator. 5{ inch.
eight..... - . sbout { ounce.

WELFFEL & ES5rmon Wy

FeT LeFemar

EVER-THERE Slide Rulo No. 40578 has th amcalesshm !n the |I|n:1ru'lx:m above, and iz
convandent for all multiplication, dlvislm. proportion and pereentage probloms. It glso has
inch amd centlmeter soales on the bae

[ =
u FENFFIL & ESaEncO i Fal iarsday

IHE’W !A

|ﬁ||l|l.|'&|l|l|l1li|l||:|||I]IJI||| I|iﬁiﬂmlu&mluahndunluul

K me'#mtnwmmmmtmnlur

£ uh'ljmhmuuh

AADBTEY

. EVER-THERE Silde Rule No, 4097C has a.llt'h& scales ufthemﬁip]:mi Blide Rule [
ot he nometrical

thmic and Trigo Seales, as well ag in d centimeter seales
is on the hm:k. The slide s reversible,

[ ; S — )
- NUrbiniiir = g s y T
FE hly ity i Gl It A 1
e LT G ] - - 3
=] Mﬂlﬁﬂlllllllllllﬂml?ﬁ"|||||ﬁﬁ”i|ﬁ|“|ﬂrl| .r||.||tﬂmI.h|||||.|u|||||||||.|ur|||,r|...l' g
= I E AN ' ety hll |
Ry 5 1 e 3 ] i
R berialent g B T WX N P E N WA L]
s

E\'EH -THERE Slide Rule Mo, 40970 ly all the scales of the Polvphase ex* Slide Rula
'E!m‘-'pt e CIF scale, bmﬁbwwithz:;:ha.nd centimeter stales on the beck, The slide

®REL. L 4. PAT, oer.

K& E POCKET SLIDE RULE.

ACG. U, 8 PAT. OFF,

The K & E POCKET Shide Rule N
and !-Lﬁ lneh th.lr:l. In addition to the
uﬂ 5

0.
ARC
mmunthchlctoll.be

lide. I



EVER-THERE SLIDE RULES.

REQ, W. B. PAT, OFF,

EVER-THERE Slkia Rule 1 de entirely of whits Xyloni strong, h
mtartin Um ih!m.a t-ha. Hiulzﬁnu Arg. enzine:ﬁp I'iI?B .ﬁmilnaq of tha
EVER-THERE slide rula :I!ﬂnr‘l'lil_.'l:lnt from uu Inct that it weighe no mere than o fountain
pen, and 18 mugh less b ley in the poeket.

foil :‘h Eﬂ:l;l-‘lhr}r:ﬂl 'F:.-in'-m.i. w::;imﬂ:: Pocket J':lnl.:.']uu:unt. =8 the
- | Ve . e 3 over-all.. .. .. M.
ﬂ&mf__ﬁ i.nph.m Thickness of Indieator ] ‘g zr.uuh.
WHsht__,._-......_l.buni 1 cunece, <

EVER-THERE Slide Rule No. 4097B hax the seales shown in
eonvenient for all multiplication, division, progortion and
inch and centimeter sealos nﬂu back,

EVER-THERE Slide Rule No. 80970 has a1l ih =eal 1§ “Folyphase®* Slide Rule in-
ing the I'.m:rfthn:':e u.ueﬂ ‘f.ﬂmnmage;] ;‘::::Iec. a?::nﬁ::ﬁnh and mnﬁmgtar scales

is on the back., The slide is reversible,

EVER-THERE Slide Rule No. 40870 has all the senles of the Polypliase Duplex® Silde Rule
scale, together

except the CIF with inch and centimeter seales on the back. The slide
reversible.
FREG. U, B PaT, OFF,

K&E POCKET SLIDE RULE.

BEG. U. 5 PAT. oFr.




FIELD or OFFICE
K & B Surveying In-

gtrum:nts, Transits,
Levels, ete., with Internal
Focusing Telescope, are
used on many important 4
Government, Municipal
and Private engineering
works. They excel in de-
sign, workmanship and
accuracy and embody
thelatest improvements.

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

K & E Engineer's Transit No. M30GFS,
Wﬁtﬁ iﬂl with Internal Foeusing Telescopa

General Catalogue

and K & E Stadia Circie.

We manufacture the celebrated i
K&FE Measurmg Tapes, Flat Wire
Tapes, Bandchains, ete. Accurate.
Execellent quality. Large assortment.

The K & E WYTEFACE Steel Tapes
represent the latest improvements inthe
method of graduating tapes, resulting
in a saving of time and reducing the
possibility of errors in reading,

S TR A







