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PREFACE

The purpose of this book is to explain by easy and reliable
methods how one can use the slide rule to perform accurate
mathematical calculations, The author has used these methods
successfully for more than twenty vears, and has found thém
suitable both for classroom work and for home study. _

Part One gives a detailed exposition of the use of the Mann-
heim and Polyphase Slide Rule, The salient features are: ¢\

a. Explanations for each operation are logically develof)ed
in a series of well-defined steps.. ' &

b. Each operation is illustrated with at least.tfné ‘diagram
which gives the setting for the problem.discussed.

¢. Each topic is followed by many problems as a driil. -

d. A special system is presented fqr‘lq&‘ﬁing decimal places
in many different operations. ) .

Part Two presents charts of othgr?ﬁ?eli-known slide rules used
for special operations. Sample settings for each type of opera-
tion are explained opposite the'chart of the rule heing used. -

The Appendix gives supp{ementary problems for drill, as well
as many practical probléms covering topics often met in me-
chanical, civil, elect{i(\.a\l‘, and chemical engineering. Answers.
to all problems are.given; the author has become convinced by

‘Jong experience’it“teaching slide rule that this is advisable.
Without such/arswers, a student- will often make wrong set-
tings, andy \baving no way to check himself, will acquire a
wrong j:gtl}nique which later will have to he discarded. By
worktin;gffowards definite answers, and repeating the operations
se¥eral times if necessary to obtain the correct answer, he can
dis¢over and correct his errors in procedure. The answers in
this hook have been worked out with great accuracy, using
“old-fashioned arithmetic” and logarithms, and they are given
to the nearest reading on the slide rule. s

The author is confident that by following the methods of this

book, with reasonable practice each day, a student can learn

v



v PRACHICAL USE OF THE SLIDE RULE

to perform the ofdinary operations of multiplication, division,
- reciprocals, powers, and roots in about two weeks. If he has a

fair working knowledge of trigonometry and logarithms, he
can solve rather difficult problems on those topics in another -
week.. - Practice on the- many problems (with answers) will
develop speed and accuracy in the use of the slide rule.

. Tt-has been found by experience that learning the slide rule

'.can be made most interesting by two or more students’ worlugg

together and making slide rule practice a game. The wmner

- must excel in speed and accuracy. The problems in this book

are arranged particularly for such a game, Answe(s‘are to be

‘written in lead pencil in the boxes in each studentls book, and
© - then checked with the answers in the answer seftion. The pen-

. ciledanswers may then be erased and secondrand third tests run.

' The slide rule is not an instrument to'\be studied and then

-. ~-put aside. It should be kept handy, like a pen or pencil and
. used whénever possible, for it is gttick and has an accuracy

comparable to that of many of*the instruments with which

- ._engmeenng measurements are made. N

xR Calvin C. Bishop
g Pasadena, California




ACKNOWLEDGMENTS

The author is inidebted to several of his friends for suggestions
and for problems: to Mr. John W. Greenwood and Dr. M.
Ernest Chriswall for problems on mensuration from their
Handbook of Elementary Technical Mathematics; to Mr. Lester

A. Cherry, Consulting Engineer, for problems in thermody— \

namics; to Mr, Clark Suor for problems in civil engineering},’
and to Mr. William Block for problems in chemistry. He\ 18
also grateful to Miss Mary M. Brown for assistance in (;heckmg
the answers to many of the problems in the book. /)

-

Q.



Chapter
1

11

111

JAY

v

V1
Vi1

VIII

CONTENTS

PART ONE
Use of the POLYPHASE Slide Rufe

Page

Introduction. . .. .. e 3
Muitiplication, Division, and Propogttion. . ... .. &
Finding the Place for the Decimal Point, ..., .. 12
CI Scale and Foided Scales CFand DF. ... ... .. 22 ,
Slide Rule Operations Involving Squares and .

SquareRoots............. ... ... ¢ 30y
Slide Rule Operations Involving Cubes and Cube O

Roots. .. A v 3o
Slide Rule Operations Involving the Common

Trigonometric Functions. . . “’,\ T 4|

Logarithms and Their Apphcatlon to thi‘illde Rule 47
N
PART TWO L ©

Well-Known Slide Rules Explained by Ch:art; and Sample Settings
 *POLYPHASE Slide Rule, 8% . ... ......... .. - 55
+*POLYPHASE DUPLEXYIRIG Slide Rule... - 36
*LOG LOG DUPLEXJRIG Slide Rule. . . . . .. 62
*L,0G LOG DUPLEX VECTOR Slide Rule. .. 74
“HEMMI” L_OGf[)OG VECTOR Slide Rule. . . . 88
LANGSNERUINDUSTRIAL Slide Rule .. . . .. 96

Qo APPENDIX :
A Problems.for Drill. ...0.............. 105
B Practieal Problems. .................. U 113
Problemsin Areas, . ............. ..., 113
WProblems in Areas and Volumes. .. ... ... ... 116
~()  Problems in Trigonometry..... .. .. PRI 7 ¢
.  Problemsin Méchanics. ... ............. ... 123
Problems in Civil Engineering............... 127
Problems in Chemistry. ... ................. - 130
Problems in Electrical Engineering........ .. 134
Problems in Thermodynamies......... e 138
ANSWEIS. ..ot e e 144

*Trade-Mark of KEUFFEL & E3SER CO.

ix



\%O

| - )
PART ONE .\Q’\/b
| oV
USE OF THE?
POLYPHASE Sl@ RULE
| S |

~$\)

O



PART ONE RO
»

USE OF TI—kF;\(‘}
POLYPHASE sgb RULE



CHAPTER |

INTRODUCTION

DESCRIPTION OF THE SLIDE RULE

The slide rule is an instrument for performing mathematical
operations quickly and easily and vet with sufficient accuracy. -
for very many engineering computations. In theory it is posm-
ble to make a slide rule that will compute to almost any degres,
of accuracy but practically the 10 inch shide rule is the bestbne
known and the most widely used. A 20 inch rule may be ob-
tained for desk use, and a 5 inch pocket rule for approxunate
calculations. ’ :

All slide rules have three parts: the body or rule proper, the
slide, and the indicator or runner. Thesgiaarts are clearly
labeled in the cut of Fig. 1 which shows‘a‘modern slide rule
known as the “POLYPHASE DUPL‘EX DECITRIG slide
rule.” o

ZNJ ¥1e. 1—Modem Slide Rale
\ (Keuffel & Eeacr Ga.}

S .
CALCULA'J:IMS ONE CAN MAKE ON THE SLIDE RULE
The\ordmary shde rule w111 enable you to:

\ (a) Multiply (h) Find Sines
(b) Divide : (i) Find Cosines
(c) Find Reciprocals (3) Find Tangents
(d) Square Numbers (k) Find Cotangents
(e) Find Sguare Root (1) Find Logarithms :
(f) Cube Numbers (m) Find Fractional Powers
- (g) Find Cube Root (n) Find Fractional Roots



4 PRACTICAL USE OF THE SL'DE RULE

Many slide rules have special scales for operations other i
than those listed above; as a person familiar with the funda-§
mental operations of the ordinary slide rule can readily learn :
to use these by himself, some of these special scales are de-
scribed in Part 1I.

THE SCALES AND HOW TO READ THEM

The scales on the front of the rule are known as the A3 B\ 3
Cl, C, and D scales. Some rules have another scale kp&wn as ° 1
the K scale on the front; others have the K scale 011 “the side ;
of the rule.

. The A scale is on the body of the rule and, conmsts of two

‘sectlons each one-half the length of the rule, Both sections
are similarly divided into ten parts or mditt divisions but for
veasons to be explained later, the divisign&“are not all the same
size. The left-hand or first section.of\the A scale starts with 2
rather large main division at the 1€ft*hand end of the rule and

_ ends with a much smaller division at the center of the rule.

~ This section is numbered from 1 to 10. The right-hand or
second section of the A seale has the same sized divisions as
the left-hand section but these divisions are numbered from

10 to- 100. The reason for this system of numbering will be

explained under \‘Qquanng" and “Square Root.”

- The B scaleds the same as the A scale but is on the slide.

“The C scale’ss on the slide and is twice as long as each section

- of the Asscale. It is divided into ten main divistons and num-

. bered from 1 to 10.

The'D scale is the same as the C scale but is on the body of
Ltﬁe rule.

N\ ) The CI scale is on the slide and is divided and numbered

v like the C scale. The CI scale, however, is “inverted’”; that is,
it is read from the right towards the left.

* The K scale consists of three sections, each a third the length
of the rule. Al three sections are similarly divided into ten
parts. The left-hand o first section reads from 1 to 10; the
center or second section reads from 10-to 100; and the right-
hand or third. section reads from 100 to 1000. Thls “special
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numbering will be explained under “Cubing”” and “Cube Root.”

Since the divisions on the above scales are large near the low
numbets marked on the scales, and small near the high muimbers,
it is not practical to subdivide the main divisions the same
throughout the length of the scales. A large number of sub-
divisions that could easily be read, say between 1 and 2 on
the C scale, would be so crowded together between 9 and 10
that they would be very difficult to read.

The A, B, Cl, C, and D scales start with 1 instead of 0 as
we are used to in reading ordinary rules and electric metérs,
In reading these scales between 1 and 2, we first read 1{"then
the number of the large division we need, and then «the sub-
division. Taking the C scale again as an examplesand taking
‘the number 1.96, we read 1, the first number on the Scale; then
g0 along the scale to the ninth large division Uetween 1 and
2, calling this 9, then to the sixth subdjvision between 1.9
and 2 and obtain 1.96. If we desire toread 1.965 we must
estimate the 5, half the value of the space between 1.96 and
1.97. ‘This last figure, of course, may be in error as the reading
depends on our skill in estimating half the value of a division.
1.967 would be 1.96 and 7/10 the value of a division beyond
1.96, ete,

In reading the slide mLe we read only the figures, paying
no attention to the Q mrlal point. 1.96, 19.6, 19600, .00196
would all he read the‘same. The decimal point in computa-
tions is located by simple rules given later in this text.

Taking next the space between 2 and 4 on the C scale we
find the spaces Thetween 2 to 3 and 3 to 4 each divided into ten
large divisions and each large division into five subdivisions.
Each subdivision is therefore 2/10. To read 25.6, we read 2,
then the fifth large division for the 5 and the third subdivision
f6r the 6, because each subdivision is 2/10, and 3 times 2/10
equals 6 /10. If we desire 25.65 we must estimate one-fourth
the value of a subdivision, because 14 X 2/10 1/20 = .05,
and so we have 25.6 4+ .05 or 25.65. :

" Between 4 and 10, the main divisions or spaces ate each
divided into ten large divisions and each large division is
divided into two parts. To read 4.55, we first read 4, then the

N



6 . PRACTICAL USE OF THE SLIDE RULE

fifth large division for the first 5, and then the first subdivision
- for the last 5. If we desire 4.56 we must estimate the 6 as 6 /10
the value of the space between 4.5 and 4.6.
- The same general method of reading the scales applies to the.
A, B, C, D, and K scales. The CI scale is read the same as
-the C scale but from the right-hand end of the slide.
- The scales for logarithms, sines, and tangents are on the
back of the rule; all start at 0 and are read the same as ordinary
rules and ineters. N

N
LN

'USING THE SLIDE RULE . L

N\

- When you become familiar with reading the sales you can
quickly learn to multiply, divide, find reciprogals, find square
root and cube root and the square and cube.of numbers.
. If you understand simple trigonometiy\you can find sines,
, -cosines, tangents, and cotangents prtvyour rule and solve
. triangles without the use of a book ©f-tables.

- By the time you have learned t0.do the ordinary operations

' with numbers and ‘work problems involving the use of trigo-

" nometry, you will probably want to know the theory of the rule
' a.nd how to use logarithms}.’; By studying the chapter on ‘‘Loga-
rithms and Their Application to the Slide Rule,” you will under- -
stand. the theory of(the rule and how to raise numbers to 2
fractional ppwe,r\ ke 2'9 and to find the fractional root of, say
_ Proficiency, in the use of the rule will come in a very short .
. -tlme t?y a&study _of the topics outlined in the pages to follow and
by z_i\llttle practice each day on the problems given.
NS
THE C AND D SCALES -
[C‘ 2 i 1 % ¢ 19¢%
__.|D_1_ - 2 3 4 5 & 7 & 8

F16. 2The C and D Seales of a Slide Rule

|

e

J

. ﬂ;r hese two scales are probably used more than any of the
others, for .on these multiplication and division are performed.
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It is not necessary to go into the theory of the slide rule at this
time further than to say that when the 1 on C is set over a
number on D, then under any other number on C, there will
be found on D, a number that is the sum of the selected num-
bers on C and D. The operation of setting the s¢ales is similar
to setting the end of one foot-rule over 2 number such as 2 on
another foot-rule and under 3 for instance, on the upper rule,
reading the sum of 2 and 3 which is 5 on the lower rule. Such
a setting is shown by Fig. 3.

.._...3"__| . ' . 2\
"L 2 3 . 5 6 7 8 9 o I} T
_ A 1 I A TR U T . &
2 3 4 5 6 7 a8 o o 15 @
P 234 A O S O W
-..—2 y
e 2 4, G 5 RN

Fi¢. 3—Two Rules Sei for Addmg@umberb

The divisions on the C and D scales Of the stide rule are not
equal, as on ordinary foot-rules, bt ‘are proportional to the
logarithms of the numbers they a8present. 1t will be explained
under “Logarithms and TheitiApplication to the Slide Rule”
that when logarithms are 4dded, the numbers they represent-
are muiitiplied together, ¢ o)

For the present it*%$ only necessary o remember that to
multiply two numbers we set the scales to add together the
distances denotad by the numbers printed on them.



. " CHAPTER II
MULTIPLICATION, DIVISION, AND PROPORTION

SETTING THE SLIDE RULE FOR MULTIPLICATION

TO MULTIELI BEVAL
J SET SO T OVER

2 oD%
UNDER L B T

FTNG L 2ON D

- TS
. ".;f/c./}f-f
Ty 2o  lxg
\ L ROSECTS
RN TO RAGH T

Fis. 4(2)}—Multiplying Numbers on the Slule Rule

Multiplication is done on the C and\b scales. As set up in
Fig. 4(a) the rule multiplies 2 by 2« . The process is as follows:
To multiply two numbers togetheg set 1 on the C scale over one
number on the D scale and under the other number on the C
scale find the product on the D scale. Thus in Fig 4(a), 1 on
C is set over 2 on D; then under 2.1 on C is found 4.2 on D
which is the product.of 2 and 2.1. With this same setting we
could have multiplied 2 by 2.5, 3, 3.5, etc. or any number up

- to 5 when we should have reached the end of the D scale. If

Wi, 4(h)

we Wanted to muluply 2 by 6 for instance, we would set the 1

.. at the right-hand end of the C scale over 2 on the D scale with

- the slide projecting to the left as shown by Fig. 4(b). Then
_'we could multiply 2 by 6, 6.5, 8, 9, etc. up to 10
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To summarize then:

To multiply two numbers set 1 on C over one number 611 D;
then under the other number on C find the product on D.

Practice the follovﬁng:*

(1) 2:56 X 1.6 = “NOTE: Put |
- : : Put your an-

(2) 28 X 35 = s;;lvers 11}11 tl;{e.se b%lxes}fmd
— X

@7 X14-= given in the A“Spendi{fse\

492 x2.1=

W,
Fa
< 3

In (4) set the right-hand 1 of C over 9 on D arx,q\ﬂnd 18,9
onDunder2lonC

) 6 X7 =| gl
® 31 x 41 V
M 18 x 8

1

f

® 16lx 9 =] ',11:"“”__’
(9) 131 X 8 = 4% e
(1) 115 x 9 =

SETTING THE SLIDE RULE FOR DIVISION

Division is the inverse of multiplication. To divide, find the
dividend on D, aﬁa set the divisor on C directly over it. The
quotient will-be found on D under the 1 on C. It is best to
use the rlyiser to locate the dividend as shown by Fig: 5. In
Fig. 5 the rule is set up to divide 26.8 by 2.

FO L DL 808 SV 2,
A EET 2 ON T OVER
B 283 ONDF GNAER
O D FIND RS
M Z‘

/.5.4{ |Eﬁd

Fr6. 5—Slide Rule Set for Dividing

SLADE Q‘?WEC‘?‘J‘ FORIGHT.
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Practice the following:

4 921 _

@) g{_‘g _

@ BT |

(4) 2_"12.';?' = ¢ é\,,} |

® S - ,.z.f"’:'s
L ® 1080 -

N

® 25 =

o R

a3 -

«

SETTING THB\SLIDE RULE FOR PROPORTION

When $he’unknown in a proportion is to be found, the pro-
portiomis-generally written

'\
NYTX 263 206 4
.,;.&1) a0~ 1s *F @ x =5

o .
~\ When these equations are solved for X
\ :

(1) becomes X = 2194—;&5-«26-——3 and

{2) beéor_nes X = ‘i)%_“‘f{)t}
" Although prol}leins in proportion can be solved by the usual
method of multiplication and division as indicated above, the
§1?de rule offers a simpler and quicker method. A little study
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of the rule will show that equations such as (1) and (2) can be
set up on the rule ¢s fhey stand and the value of X read off
at once.

F

A

AUl I"[*T"'F.%f \E

Fig. 6. Setting the Slide Rule for Proporﬁ& o

In solving (1) refer to Fig. 6. First ﬁnd 4}5 on D and set
26.3 on C directly over it. This can beé‘t “be done by using
the runner. If now we want to find whatvvalue of X will have
the same ratio to 210 as 26.3 has ta41.5, we move the runner
to 210 on D and over 210 on D read 133 on C.

X _ 263
\ 925 415 -
we let the slide remain‘as it was with 26.3 on C over 41.5

on D and simply move the runner 1o 925 on D. Under the
hairline of the runn’er‘we find 586 on C.

1?50 il g maove the slide so that the right-
hand mdex of C stands where the left-hand 1ndex stood, that
is, at 458 on D, and over 1150 onDread 729 on C..

\m 12): Over 50n D set 4 on C.

Under 20.6 on C read 25.7 on D. _

Note that in the above solutions of ratios the figures are set
up on the rule as they stand on the page. That is, 26.3 is over
41.5 and X is over 210, 925, and 1150. This setting is the
inverse of regular division hut is one of the tlme-sawng schemes
that the slide rule offers.

If we should want to ﬁnd X m

To find me
N



CHAPTER Il

FINDING THE PLACE FOR THE DECIMAL POINT

‘Thus far the problems given have been of such nature that
" one can tell where the decimal point is to go by inspection.
- There is a very simple and reliable methed for determining:
where the decimal point is to go, no matter what the numbers
“are or how many of them are multiplied and divided{ Below
the problem are written the steps by which the decintal point.
is located. Therefore you can check your methodand answer.
. The method outlined has the advantage that ou toncentrate !
“on one thing at a time: first actually making the settings for':
multiplying and dividing, and then, 284 second entirely -
~ separate operation, finding where to.put the decimal point. ,
A number such as 352 is made uplof'3 figures usually called |
“digits.” While this name for thevfigures of a whole number

is all right, it does not describe the zeros in a number such as

© 0.00352. In this book the word SPAN will be used to describe

© . the number of digits making up a whole number, and with a
. negative sign the number of zeros before the first significant
. - figure in a decimal fraction. The following will illustrate the

~ use of the word\sgaﬁ:
' ‘ Number: P Span Number Span
352y 3 0.0352 -1
~852 2 0.00352 -2
.§~ 3.52 1 0.000352 -3
N 0,352 0 0.0000352 —4

2N\
PR
\ S

" RIGHT AND LEFT PROJECTIONS OF THE SLIDE
: In practicing with the slide rule on the problems of pages 9
© and 10 it was seen that the slide sometimes projected to the
- right and sometimes to the left. A study of many settings of
the rule has revealed the fact that these right-hand and left-
- _h_and_ projections of the slide can be made use of in determining
i 12
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the position of the decimal point in multiplication and division.
The method of using the projections is as follows:

1. When the slide projects to the left.
(a) In multiplying, add the spans of the numbers
multiplied together to find the span of the product
(b) In dividing, subtract the spans of the numbers in
the divisor from span or sum of the spans in the .
dividend.

2. When the slide prO}ects to the right.
" (a) In multiplying, add the spans of the numbers
multiplied together but subtract 1 for every nght- :
hand projection of the slide.

(b) In dividing, subtract the spans of thé numbers in
the divisor from the span or sum\of the spans in
the dividend, but add 1 for e@h right-hand pro-
_jection of the slide.

N
7 "' A

In order that we shall not forgét thxs simple method of
locating the decimal point, it is.d“good plan to express it in
formulas and mark these formulas on the upper left-hand and-
right-hand corners of your rule as in Fig. 6

X =SUM -1
+ = DIFF. +1

This 'm;arkmg is clearly shown by Fig. 7.

1

X = SUM “' ’
._=DIFF\?\ ‘

Fig. 7. Rule Marked with Formulas for Finding Position of Decimal Point
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 LOCATING THE DECIMAL POINT WHEN MULTIPLYING

_ A 7] -
T - T :
Ai o T :
= 1 'z |
. v 1
! !
b . | ?
. € . 1
) 15._ l Y ) \|Illl[H\| ||r||lr||1[

. . H ] .
Bz B

‘We will first take an example where the slide always project
to the left, '
" 3.5 X 76 x 0.00795 X 8200

First multiply the numbers together as shown by Fig. 8
proceeding as follows: '

Step 1. Set right-hand 1 on C over 3.5 on D. Under 76 on
C read 266 on D. 266 is the product of 3.5 X 76, &whén the
decimal point is not considered. Move the rugiger to 266
“onD. :

T P L

o Fzg B. Steps in Continned Multiplication
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Step 2. With the runner at 266 on D, bring the right-hand.
1 on C to the hairline of the runner and under 795 on C read

211 on D. 211 is the product of 266 and 795 when the decimal .

point 15 not considered. Move the runner to 211 on D.

Step 3. With the runner at 211 on D, bring right-hand 1 on

C to the hairline of the runner and under 82 on C read 1734
on D. 1734 is the product of 211 and 82 when the dec1mal
point is not considered.

N

In this problem as the slide always projects to the 1eft the"' '

span of the product is the sum of the spans of the. sepafate
factors. To prevent error in summarizing the span8, write
down the spans, tying all the plus values together @t the top
and the minus values at the bottom, and then<ubitact. The
separate spans and their total for thlS problem\wﬂl then be:

N——'_‘—-—___ﬂ
152+ -244= 7 0
\‘_—_’_ :t'x
5 &..

The span of the product will be & and as the ﬁgures are 1734
the correct answer will be 17340

Next, take a problem whet'e the slide proiects to the right.
In multiplying for every p’;g‘ht projection we must subtract 1.
Therefore, we-must Kefp track of all righi projeciions, and
mark a small capitaf $R” by the number that made the slide
project to the rlghu Do this while you are making your settings,
With some pragtiee you will do this with little effort. -

The follo zr;g problem will llustrate the method used:

e)! 22\ 144% x 0.00198% x 1300R = 8150
@PZ+3+ —2+4 -3 =
\ ) \-..___.__.-'\_*:E) .
4
In the above we found that the figures were 815. Adding the
spans and subtracting 3 for 3 right prOJectlons we obtam a
span of 4 or the product is 8150. :
Practu_:e the following:

(1) 14.6 x 90 X 0.0000025% X 2960% = 9.72

A\
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Y Sy

m
Z42+ 5444 -2 =08
"‘N-..___..—-""\’_

1

{2) 14.5 X 26 X 0.00002 x 1260

(3) 2.55 x 3.1416 x 108 =
(4} 0.00195 X 195 x 350 =
" (5) 2090 X 0.0032 X 1045 X 0.096 =

LOCATING THE DECIMAL POINT WHEN DIVIDING O\
When the slide projects to the left: subtract the &pdn of the
divisor from the span of the dividend, thus,

475 _ 425 = 3 span\0

- 72 ‘ 72 = 2 span)
(= = Diff.) 3 — 2 = 1, that is,thé quotient has a span
~of 1. The number is therefore. 3.9

When the slide projects to the right subtract the span of the
divisor from the span of the dwldend but add 1 for every right-
hand projection, thus,

425 )
95, ~ 28 .

"19.5 made the sllde project to the nght 80 we write a small
“R” below and to.the nght of 19.5; then from (+ = Diff. + 1),
e

324194 whach means that the quotient hasa span of 2 or
]

~f\"*'2' ) is 21.8,
Pﬁtme the following: :
TSl e m.
2_2.3 0 | -2-2 = 4
(i)ji—%{i—‘ . _(4)"632{5*51‘__
4—2{1‘:_—3 2—--14+1=2@91+4+1=4
R 3 S
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755
®)  gozm, =

J- -14+1=3814+1=5

Minus —1 is equal to +1. The symbol & is used to show
that — —1 has been changed to plus 1 and to avoid reading
the change to +1 as —1 —1 which is sometimes done if the
ordmary symbol is carelessly made.

MULTIPLICATION AND DIVISJON COMBINED _ (NI
. o PR
In fractions like A
6.2 X 192 :
14 x 0.0225 R4S

the correct way to solve is by dividing and multiplying “criss-
cross.” That is, divide 6.2 by 14, then mulfiply this answer
by 192, and finally divide by 0.0225. Note in each operation
whether the slide projects to the right A¥it does put an “R”
by the number that made it project £o the right. Put the
- “R” above and to the right of the.Alimber if in the numerator,
and below and to the right of the! nimber if in the denominator.
Total the spans in the same. “ietisscross” order that you used
in dividing and mlﬂtlplyxng, Fig. 9 shows the proceclure for
the problem given. \’\"

Step 1. Bring {lfe runner to 6.2 on D and set 14 on C to
the hairline of\the runner. Under 1 on C find 443 on D.
443 is 6.2 divided by 14, when the position of the decimal
point is jot considered. Bring the runner to 443 on D.
Note Lh'ﬁ the slide projects to the right and mark down
“R” lmmedlately

SSa‘.{ép 2. With the runner at 443 on D and the left-hand 1
. of C at the hairline of the runner under 192 on C, read 85 -
2 0 N
on D. 8 is le X 192 when the position of the decimal
point is not considered. Move the runner to 192 on C (85
on D). Note that the slide projects to the right and mark
down “R” immediately.
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Step 3. With the runner at 85 on D, bring 0.0225 to th
hairline of the runner and under 1 on C read 378 on' L
- 978 is the final answer when the position of the decim:
point is not considered. Move the runner to 378 on D

Note that the slide projects to the right and mark dom
- another “R.”

" The complete solution will then appear on your paper

follows
62 _ X 292% A
14z ¥ 0.0225x% R\

Fig. 9. Stepsin Muiltiplication and Division Combined
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The spans will be _ .
1-24+3=--1+1

or 1-2+3gl4+1= 6

"4

and since the figures in the answer are 378, the correct answer
is 3780. Note that an “R” in the numerator may be cancelled
with an “R” in the denominator.

Practice the following:

42% 4575, T ~A™
(1) —5% 0&3&\;_ ] ~}
5 1+2@1-=-"5 AN
e | AL
_ T T4

362 % 0.0052 N
2) — 55 % 0081 R 4
3 . 0008% X35 A

71.5 x 0.022 IR

0.0074 X 76 Wb¥
@) 081 N

2 %X 8% 16 A

6) B 32.8 %0.0075 _
22 X 0.06°« 0.008
M\260 '
(0 257X 0.00362

o O . _ A . .
~In pro.t\}&i"('?) note that since the quantity 0.00362 is in the
denominator you mpust divide by it.

7N\ .

~\D
)} 44 % 0.002 x 0.06
NV “w oot ot
1435 X 23 X 2 .
@ 82 X 56 =

(10 160 X 52 X 0.00092 _
938 X 40 X 0.081 ~
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‘LOCATING THE DECIMAL POINT IN SPECIAL CASES

When the same product may be obtained with the slide proﬁ
jecting either to the left or the right, use the left-hand pro]ec-
tion in finding the place for the decimal point.

Example: 2 X 5 = 10. This product may be found w1th
either the right-hand or left-hand 1 on C set opposite 2 on D
Only the left-hand projection will give the correct locatlon of

- the decimal point. With a left-hand projection, the product is
~ found thus: 2 X5 =10 1+ 1 = 2, that is, span is, 20, '

Example: 4 X 25 = 100, Either a left-hand offight-hand

 projection will bring the 1 on C opposite 25 on™B, but only a

left-hand projection will give the correct loca\zon of the decimal

. point. With a left-hand projection, the SOhition is as follows:
T 4)(25 100, 1 +2 —3(span133)\

When the rule closes up in makmg computations, call the
setting that makes the rule close dp a right-hand projection. .

Example: 2 X 40 X %= ’10 In dividing 2 times 40 by 8,
the operation of dividing by8 causes the rule to close up, form-
ing a right-hand projection’ The solution is:2 X 408 X Ly = 10

1’_;_7:__:1;&\
. . 'i..t
S

+2 (span i.s 2) .

’\

Exanhsle %30~ 0.1. Working criss-cross as usual, 2

dlviied by 4 and multiplied by 6 all give left -hand projections.
The operation of dividing by 30 causes the rute to close up,

X \makmg a right-hand pro:.echon The problem would then be
‘\ set down as follows:

2[>< 6 B R e N
4X30R =01l 1-141~2+1=4+3
\_/\-3

o o

that is, the decimal point is just before the 1.
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When a power of 10, such as 10, 100, 1000, etc appears
alone, solve the problem as usual but neglect the power of 10
on the slide rule. After obtaining the proper answer without
the power of 10, move the decimal point to the right or left as-
many places as there are cyphers in the power of 10. Move to
the right if multiplying by a power-of 10 and to the left if divid-
ing by a power of 10. '

Example: 2 X 8.5 X 1,000 = 17,000 ) .
First, 2 % 8.5 = 17; then, 17t1me31000 = 17,000 )

AN

45 %3 oY’
L, v =295 : \ O

Exaplple. 006 X 1,000 . . &

4.5 X | R
First,(mez 2250

1 - - 2 + 1«
_ 1@2—1—1—‘4(span154)
then, 2250 divided by 1,000 equals 2;25

When a power of 10 does not appear alone, as in say, 37, 500
make the computations in the usual way.

5/X 3\
Example g < 375008 0002

<@+ T-5+1= 43
'\‘ v\—P -6
&/

O "—3 (3 cyphers after
.s\\ ' decimal point)



CHAPTER IV

Ci SCALE AND FOLDED SCALES CF AND DF

The CI scale is found on the slide between the B and C
scales: CI means “C inverted.”” The divisions on the CI scale
are the same size as those on the C scale but they are engraved.
on the slide to read in the opposite direction, that is, from(xight
to left instead of from left to right. ,\:\

The CI scale is used: O

1. To find the reciprocal of a number or the value of 1

divided by the number.

2. To speed up multiplication and lelSl@i’L

- THE CI SCALE USED TO FIND RECIPR’O\GALS

When the slide is pushed in unp’rl}tlie I’s on the slide match
the 1’s on the rule, any number énythe CI scale is the reciprocal
of the number directly belowit: on the C scale. For instance

-in Fig. 10, 0.5 on the CL 'st;ale is the reciprocal of 2 which is
below it on the C scale; 93333 on the CI scale is the reciprocal
of 3 Wh1ch is below iten the C scale.

o\
¢ \J
gl NN
! f19 f ?{I F \1|III|[LLITIII!|IIII¥191?71Li‘
o 17 r1 i =
[=] " ¥ \-_.-/_ ¥
,\ TO END . OVER E ON G FIND 0.5 OV CF
’\:“‘ -Fig: 10. The CI Scale Used to Find Reciprocals

2% The following method may be used to find the position of
“’the-decimal point in a reciprocal when the position is not easily
determined by inspection.

‘When the given number is an 1nteger that is, a whole number

. like 25 or 2600, or a mixed number which consists of a whole

number and fraction like 7.83 or 1.08, the reciprocal will be a

_.decimal fraction. The first significant figure of the decimal

fraction will stand as many places from the-decimal point as

22
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there are digits in the whole number, or to use the notation of
this book, the first significant figure of the reciprocal will stand
as many places from the decimal point as the span of the given
number. By significant figures is meant the figures remaining
" in a2 whole number or decimal after the zeros at the right or left
have been removed. Thus the significant figures in 25000 or
0.00025 are in each case 2b.

Examples:
F ¥
Recipracal of 368 = 0.00272; Span = 3, first figure
: : 3rd place\
12
52 = 0.01923; Span = 2, first, ﬁgure
. 2nd«place
5 =0.2 ; Span = ld\ﬁrst figure
' 1st place

When the given number is a decimal frac’u&g; the reciprocal
will be an integer or mixed number. The s Atvof the reciprocal
will be the same as the number of the plaéeithat the first signif-
icant figure of the given number stan:;ig {rom the decimal point.

Examples; . SN .
Reciprocal of 0.53%’2 1st place, span = 1
' 056 1.786 Ist place, span = 1
g ) )
00082 = 161.3  3rd place, span = 3
& : :
0.0000873 = 11450 5th place, span = 5
" Verify the followqmg
Reciprocal of\
123
956" = 0.00391  Span = 3, first figure 3rd place
292 = 0.0342 :
7.6 = 0132
Y 760 = 0.00132
\ ) 1075 = 0.00093
28000 =0.00003b7
0.51 = 1.96 1st place, span = 1
0872 = 1.147 :
0.0932 = 10.73
0.000183 = 5460
0.009500 = 105.3
0.000060 = 16670 -

Q.
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THE CI SCALE USED TO SPEED UP MULTIPLICATION AND DIVISION!

2D

A 2 o

N

Y
TNO DIE .Q‘mm.t. 1D NO f &FTND
ONO 12 szl o NO 5SS 276

s
FIPIS 1D MIR ONISH

cer g 72 Luuﬁ.\w}\ o
o,

sso

LHDI L7 .....J.NU. USTT7 hwn §UDT OMS FT/ 76

ssv

Fig. 11. The CI Scale Used for Multiplication
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Fig. 11 shows how to use the CI scale in multiplying 21 by
155. First bring the hairline of the runner to 21 on D and
then set 155 on CI over 21 on D. Under 1 on CI read 326 on
D. Since CI is an inverted scale this setting multiplies 21 by
155. The slide projects to the left and so we must call it “right.”

‘We then have
21 x 155% = 3260

———
5+3-1=5 \
4 . 2\

N\

Fig. 12 shows how to divide 270 by 5 using the Gl\scale.
First bring the hairline of the runner to 270 on D _arid'set left- -
hand 1 on CI over 270 on D. Under 5 on ClI read’54 on D.
Since Cl is an inverted scale this setting di(xd’es 270 by 5.
The slide projects to the right and so we must callit “left.”
We then have N '

-270 o W
5 R
3 —1=02"

Muitiplication and divisiefs can often be speeded up by
using the CI scale becauss\numbers needed on the C scale -
may require that the slide be moved nearly its whole length
to multiply or divide; Whereas if the CI scale is used the num- -
bers needed can jeftén be found on the CI scale by moving
the slide only @little. For instance, supposing during multi-
plication and{division we found 10 on C over 9 on D and the
next step i$_to multiply by 105. If we use the C scale we would
move .thé"’slide to the right its whole length so that 1on C
would stand over 9 on D. Then under 105 on C we would réad .
945'%h D. If we use the CI scale, 105 on CI is only about a
quarter of an inch.from 10 on C. So we move the slide to the
right until 105 on CI stands over @ on D and under 1 on C
read 945 on D. -

Summarizing: Because of the “inverted” scale, maultiplication:
on CI is like division on C, division on CI like multiplication
on C. Right projections are ‘“left.” Left .projections are
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Fig. 12. The CI Scale Used for Division
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“right.”” In continued multiplication and division watch the
CI scale and when a needed number comes up that requires
but little movement of the slide, and the same number using
the C scale requires a large movement of the slide, use the
CI scale.

Combined division and multiplication by the CI and C scales:

. Use as an example,

752 X 91

Divide 752 by 36 using the C scale in the ssual way, .éﬁd\
obtain 20.9. Note that the slide projects to the right and twark
a small “R" below and to the right of 36. Now moveﬁlé slide
slightly to the left until 91 on the CI1 scale stands\@ver 20.9.

‘Under 1 on CI vou will find 1902 on the D scalg which is the

product of 20.9 and 91. Note that the slldQ projects to the
right which is the equivalent of to the left on/E. Finally divide
1902 by 52 using the CI scale as youwould the C scale for”
multiplication and obtain 36.6. Note\that the slide projects
{0 the right and as you are using the €1 scale call it “left.”

The operations are. pictured | below

é;%%%ﬁ °

O D N R
;‘.\ 3—-24+2-24+1= 6
D e o4

\: \.“ 2

Pract;ce the followmg usmg the C and CI scales

ﬂxﬁ{?
2 % od= %68

,2—2+3—1

.|
m‘wm
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EOLDED SCALES CF AND DF

The folded scales along the upper edge of certain slide rules;§
such as the Keuffel and Esser Doric No. 4168 (shown in Fig:§
13), make it possible to perform computations with fewer set4
tings of the slide than is otherwise possible. Further, since the
folded scales start and end with 7 (3.1416), computations in-§
volving « can be made very quickly.

@ . PATPEND AhaDE W Lrie

IIIII]I'I]FH[I[ ||||||J||ﬁ|||||||| unlnnéuuiml |III|I|IIEIH|III£III||1] ||||||||1|||||1|1|f|:||i||||||u||m||||||||! 11 |1]|E|l|f!|r!|I
.‘3| AT A, S h’ Tt R I||lhltlllltlllulmdwl wblimatistn l-.\}u-!l?t
III ||||1|ii|||||1inllmllmlnull!lmﬂiJ Hrh lill Ill[lillll![lll |i|||l|l|!|[i||H|[m€||||ll|||1||ulr||i[||rmn€ulmw
o @ L,}l_pl,l_,l,|5l’;ij|,gr;""¢“‘l'””“,

Fig. 13.  Keuffel and Esser Doric No.4168. |

Thé 1etfering CF and DF on the 2s means “C folded”
and “D folded.” .The term “foldedt"\i:an be understood by the

.sketch Fig. 14. A section of thexiile is folded to the left until

its left-hand end is directly over the 1's (indexes) on the C and.
D scales CF and DF are t.hus ‘scales'C and D extended.

o W _'a"’oT;-r = ¥ 7 >
a2 Bt - ,ﬁ‘
C'% w' S rwray 2 J/ﬁ/‘
| - o h — . 1
!n - R { ‘\ - . 1|
I X Oy T~
1 \\""-.._ T :
| Tl o I
| - T é }
PN r -
e~ LI APPSR
‘% (N =z J/ o & & mes

F:g \. Sketch Showing How a Part of the C and D Scale Is Folded Back
\ to Make the CF a.nd DF Scales..

) If the ‘slide is removed from the rule and the scale CF laid
alongs1de scale I, it will be seen that the two are alike from 7
towards the right: the 4 on CF will be opposite the 4 on D,
the:9 on CF opposite the 9 on D, etc. From 10 on, the scale
on Cg is l_1ke the scale on D from the left-hand index of D to
- on S

Mulp:plication and division can be _p_erfmned on either scales
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C and D or scales CF and DF. For example, to multiply 5.5
by 6 on the C and D scales, set 1 on C opposite 5.5 on IJ; then
opposite 6 on C find the product 33 on D. To multiply 5.5
by 6 on the CF and DF scales, set 1 on CF opposite 5.5 on DF;
then opposite 6 on CF read 33 on DF. - In dividing 84 by 21

84onD) _, 84 (oi DF)
onC) — YnD) and 5 CF) T

Since the scales are identical but placed in different positions
on the rule, fewer settings are needed in making computations.)
For example, suppose that 3 is to be multiplied by 4, tha{ the
C and D scales are used and a right-hand extension is gried for
this product. When 1 on C is set opposite 3 on L), At will be
noticed at once that 4 is beyond the right-hand end of D and
that the slide must be pushed to the left until thel at the right-
hand end of C stands over 3 on D. The answer’12 will then be
- found on D opposite 4 on C. If, insteadvof moving the slide
to the left to find the product of 3 and 4)0ne looks to 4 on CF,
he will find 12 on DF without anothensetting. - : .

To find the position of the degimal point in multiplication -
when using the CF and DF scéles, notice whether the regular
C scale extends to the right ghthe left when reading the product
on DF. If it extends tothe 7ight and you have to use CF and
DF to get your answét,\call the CF extension leff. If scale C
extends to the l¢ft afid you have to-use CF and DF to get your
answer, call the ektension right.

Example: Using the preceding example of 3 X 4 = 12and
a right-ha extension of C, 4 on C extends beyond the end of
D, so Q.yvbuld have to be pushed to the left to get the right-
hand,indéx of C opposite 3 on D in order to obtain the answer
12.\s the CF and DF scales enable you to obtain this answer
without a left-hand extension of C, call the CF extension left.

Example: 2.5 X 2 =5. M weusetheC and D scalesand a .
' left-hand extension, 2.5 is beyond the lefi-hand end of D and

~we would need to push the slide to the right so that lon C
would stand opposite 2.5 on D to obtain the product 5. With
the left-hand extension on D we can read 5 directly on DF
opposite 2 on CF, so we call CF a right-hand extension.

4 (on DF)
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CHAPTER V

SLIDE RULE OPERATIONS INVOLVING
SQUARES AND SQUARE ROOTS

SQUARING A NUMBER g

The numbers on the A scale are the squares of the nismitbe 15
on the D scale. Hence to find the square of a numiser bring
the hairline of the runner to the number on the D seéle and ﬁn_
the square of the number under the halrhne on the A
‘Fig. 15 shows how {o find the square of 2 59

ovER 25N D)
FIND G.25 ONA.
THUS - A }O.28

olzs

Fig 15. Finding the Square of 2 Number

Examgles: .

o 3.5 = 12.25
§ 4.2 = 17.64
\ 10.42 = 108.2

“FINDING THE POSITION OF THE DECIMAL POINT IN SQUARING
NUMBERS .

'Examl_nation o_f the A scale will show it to be divided into
.two sections. The first or left section is divided from O to 1€
and the second or right section is divided from 10 to 100. Mark

- the first section of your rule 25 — 1 and the second section 25
as shown by Flg 16. '

30
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28-i

(=
A | ?i!??]‘ﬁl kf__j?)‘i‘?'ﬂ%‘il-

Fig. 16. How to Mark the First and Second Sections of Scale A

S stands for “Span which was explalned under “Multiplica-
tion and Division."”

In squaring, if the square of the number on the D scale is
found on the first section of the A scale, ifs span is 25 — 1. If )
the square of the number is found in the second sect10n of the -
A scale, its span 1s 25,

AN
Fa"
S\ - ‘:

The following examples will illustrate: R4
2.5 = 6.25 . y

1st section of Ascale, S =1, 28—-1 =2 XA~1 =1
25508 = 6,500,000 N

1st section of A scale, & =4, 25 1-2)(4—1—7_

0.00272 = 0.0000073
1st section of A scale, S = —2; 28 1=2%x(-2)—-1=-5

62 = 36
ansectlonofAscale Sa=t 1, 28 = 2 >< 1=2
410 = 1681 o

2ndsect10n0fA§{§aie §S=2 25=2x2=4

0.062: = 0. 0038’4
2nd sectlaQQfA scale, S = -1, 28 =2 X (- 1)

0.487 =4, 2304
2;1121 s‘ectlon of Ascale,S =0, 25=2X0=0

3

Explain the following:

26* = 676
0.0862 = 0.0074
56420 — 31,830,000
0.0028: = 0.00000784
28038 =

837,000,000



32 PRACTICAL USE OF THE SLIDE RULE

FINDING THE SQU'ARE ROOT OF A NUMBER

" The numbers on the A scale are the squares of the numbers
directly below them on the D scale; thus, the square root of a
number may be found by bringing the hairline of the runner:
1o the number on the A scale and finding the square root of the;
number under the hairline on the D scale. Fig, 17 shows howi

to find the square root of 9.3. n

70 FIND rHE@OUApf
ROOT OF83.. i
LINDER SR W # :

FIND FO8OND, }

o loas

Fig. 17, Finding thé’ Square. Root of a Number

FINDING THE POSITION OF THE DECIMAL POINT IN THE SQUARE
ROOT OF A WHO]SE OR MIXED NUMEBER

1t was explam‘e&m the squaring of numbers that the A scale
_is divided intd two sections: the section at the left-hand end
of the rulg\starting at 1 and going to 10 at the center of the
rule, and>the section at the right-hand end of the rule starting
at. 16\ ab the center of the rule and going to 100 at the right-
harid'end of the rule. It was further explained that the squares
_ofnumbers on the D scale are found on the A scale, Numbers
"N\ on the D scale are therefore the square roots of numbers on the
/ A scale. 1t only remains, then, to decide which section of the
A scale to use in finding the square roots of whole numbers

. like 2963 or 285 and mixed numbers like 378.635.
~ The method used in arithmetic can be used equally well

with the slide rule. That is: divide the number into “periods’

of two figures each, beginning at the decimal point. For
example in 2963 the decimal point though not written down is



-

SQUARES AND SQUARE ROOTS ' 33

understood to follow the 3, in 285 to follow the 5, etc. So
2963 would be divided thus: 2963 giving two whole “periods. i
285 would be divided 285 gwmg one whole period and one

part1a1 period. 378.635 would be divided thus: 378.6350,
giving one whole period and one partial period to the left of
the decimal point and two whole penods to the nght of the
decimal point.

From the above method of dividing the number into periods
we find the proper section of the A scale to use. The metho,d\ )

s as follows. 2963 means we use the part of the A scale thét

gives us 29, namely the right- hand section (10 to 1009 \285
means we use the section of the A scale that gives us\z which

e

is the left-hand section (1 to 10). 378.6350 means we use the

left-hand section that gives us 3 (1 to 10). Y
Summarizing: . ,\ :
‘/_ 5963 =544
= N
‘I' 285 = 16.88 i
_ &
V 378.6 19.4{3'{
Examples: \ '
Nty By 47560
.'s’\\” ’
Cas - [ @y e -

FINDING THE POSITION OF THE DECIMAL POINT IN THE SQUARE
"ROOT OF A DECIMAL FRACTION .

Divide the decimal fraction into periods of two figures each
beginning at the decimal point. If the last period to the right
contams but one figure, make it a complete period by annexing
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a zero. There will be as many zeros between the decimal point
and first digit in the square root as there are whole zero periods

" between the decimal point and the first period having digits ir
the original number. Thus:

—

Two whole zero periods in given numbe

.” <
=)
o =)

0.0 5 Two zeros in square root O
‘f 0.00 80 05 Two whole zero periods in giyf,ﬁ:@imbel
=0.0 0 224 Two zeros in square rogt‘}:\";
0.05 No whole zero pe;ig@ké,:iﬁ given numbe;
- =022 No zero period it étjilare root
‘/ 0.005 = 0 0050 One whole z‘e;f‘.:\ period in given numbex

=007l One zg:r,o n square root

Explain the following: «~3% N

VOO028 = o’oéég V04030 = 0.702

v/0.000395(> 0 01987 Vv0.08 = 0.283

/50080 0060\ = 0.0775 VODOTTS = 0.0846
b } }

e

."\Qo
\‘w;
O



CHAPTER VI

SLIDE RULE OPERATIONS INVOLVING CUBES
- AND CUBE ROOTS

CUBING A NUMBER ON SLIDE RULES HAVING- A K SCALE

The K scale contains the cubes of numbers found on the D
scale. It is easy to remember this scale, thus: “KUBE.” The
K scale is divided into three sections known as the first, seoond
. and third section. The first section goes from 0 to, 1(} the
second section 10 to 100, 4nd the third section 1(}0 to' 1000.
To find the cube of a number bring the hamrlm&bf‘the runner

to the number on the D scale and find the cuke of the number~

on the K scale. e\
Fig. 18 shows how to find the cube of 2'\1

- 7‘0/47/\/0 ?7‘7""_'_ CURE
A oF 2./
UNDER 2./ ON D7
AIND g3 OV A
A ‘,9‘3

Fig. 18 OEinding the Cube of a Number on the K Scale

“\'t\u
Example\é:’“ o
O 155 = 3.72
AN 35 = 429
O\ 6.9° =328
\ 3

. FINDING THE POSITION OF THE DECIMAL POINT IN CUBING -

NUMBERS

Q"

Mark the first section of the K scalé'38¥2, the second _

section 38 —1, and the third section 3S as shown in Fig. 19.
' ' 35 '
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N N N
T (fafj%)m?f ?(ﬁ it

- Fig. 19. How to Mark the Three Sections of the K Scale

With the rule marked as in Fig. 19 find the number to be |
cubed on the D scale and bring the hairline of the runneg to -
this number. The cube of the number will be on the K scale,
Note whether if is in the section marked 35 —2, 35 —1{ of 38. |

in the formula you have marked on the rule. For instance,
the figures for the cube of 3.2 are 33 and they are found in °
the second section of the K scale. The edb€ has therefore
35~1or3 X 1 —1 = 2 figures to the left}6f the decimal point

“and the number is 33. PN
The following examples will i_llugt‘rj&té' the method:
215 =926 .
 First section, S 1335 -2=3x1-2=1
13.5¢ = 2,460 Q
First section, A8 =2, 38 -2 =3x2-2=4

- 190° = 6,860,000

Firstsection, S =3, 33 -2 =3x3~2 =7
3.048 =280
' Secon}isectzon, S=1,38~-1=3x1-1=2
433279,500

(\Second section,” S =2, 35 ~1=3X2—1=5
-,'\:;3 4508 = 91,100,000
. Secondsection, S=3, 33—-1=3%X3—-1=28
5.13 = 132.7 o
Third section, S =1, 35 =3
7758 = 465,000 o
‘Third section, S =2, 38 = 6
952 = 863,000,000 '
~ Third section, . S =13, 38 =9



CUBES AND CUBE ROOTS 37

'FINDING THE CUBE ROOT OF A NUMBER USING THE K SCALE

The numbers on the K scale are the cubes of the numbers
on the D scale. The cube root of a number may be found by
‘bringing the hairline of the runner to the number on the K
scale and finding the cube root of the number under the hair-
"Yine on the D scale. '

Fig.20 shows how to find the cube root of 28.5.

OF 285,
OVER FAS OWHG
FIMD IOFONDS N\
7HUS p 205, \

. A lads\s
_ Fig. 20. Finding the Cube Root of 2 Number by Using the b’ éé&.le

\ S .
FINDING THE POSITION OF THE DECIMAL POINT IN' THE CUBE
ROOT OF A WHOLE OR MIXED NUMBER : .

The D and K scales are used in findi & the cube roots of
numbers. As explained, K stands for XKUBE,” and numbers
on the K scale are the cubes of numbers on the D scale.

The K scale is divided into three sections: The left-hand
section begins at 1 and ends at™10; the center section begins
at 10 and ends at 100; the Hght-hand section begins at 100
and ends at 1000. The précedure in selecting the proper section
of the K scale is sim'la@tb that in selecting the proper se’c:faion
of the A scale in -sqb&re root; but in cube root the whole or
mixed number. i divided into periods of three figures each

beginning at tQé decimal point. Thus: e R
o ube Reoot

A@}M Sectiofi of K Used B@;{

8000%s divided 8000 Left-hand (1 to 10) 20
B30 < 25350 Center (10to100) 294
650275 650275 Right-hand (100to 1000) 86.6
95 9500 Left-hand (1 to 10) 2.12
2%.005 ~ 26005 Center (10 to 100) 2.96

853.02 53020 Right-hand (100t01000) 9.48

TOFIND THE CUBE ROGT
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Examples:

) =R @ —

Vysmm- | Py - |

@ - e
Y - | Y 605 - g

ojm ] ot

Ny

FIKDING THE POSITION OF THE DECIMAL POIﬁ’i""IN THE CUBE
ROOT OF A DECIMAL FRACTION \\ :

Divide the decimal fraction into periods, of three figures each
beginning at the decimal point. If ﬂ@last period to the right
is not a whole three-figure period,’\'make it one by annexing
zeros. There will be as many zétos’ between the decimal point
and the first- digit in the cube foot as there are whole zero
periods between the decimal point and the ﬁrst period having
digits in the original number Thus:

{0_0002-53 L One whole zero period in
\‘ _ given number
=0.0 63 N One zero in cube root
3 p O 3 ) )
‘KIO.(MIS — ‘/ 0.000000180 ~ Two whole zero periods in
A given number
‘\\ = 0. 0 0564 Two zeros in cube root
m;“ \}000005 _ ‘/ 0.000050 One whole zero period in-
N/ ' . given number .
= 0.0 368 One zero in cube root .
s .
JO‘@ . No whole zero pertods 1r1_

given number
No zeros in cube root
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FINDING THE CUBE ROOT OF A NUMBER ON A RULE THAT DOES
NOT HAVE A K SCALE

Refer to Fig. 21. On the A scale find the given number whose
cube root is to be obtained. Slide the B scale along the A
scale and watch the numbers on the B scale as they pass under
the given number. At the same time watch the numbers on the
D scale that the 1 on the C scale passes over. When a number
on the B scale under the given number matches a number on
the D scale under 1 on the C scale, that number is the cube
root of the given number. For instance take 8 on the A scale)
Slide B past 8 until 2 on B comes under 8 on A. Then uiider
1onC, 2 will be found on D. 2 is the cube root of 8., Elg 16
shows the setting to obtain the cube root of 4. 1.59 oft B tunder
4 on A matches 1.59 on D under 1 on C, s0 1.59 js, the cube root
of 4.

(A

o
% 70 Ao 7HE
) CUBE ROOT OF < .
oNoERA onv A,
GLIOE B LWVIIL LG
ON B 15 UNDER
& onvA4”
/ONCTWILL B
OVER #58 ON'D;

. (D”EI"T TR o A4
i e Elrse
D

Fig. 21. 'Fi:hd’ing the Cuube Root of 2 Number on a Rule
/2 That Does Not Have a K Scale

- CUBING A(N \tﬁ\aBER ON A RULE THAT DOES NOT HAVE A K SCALE

Asg explamed under “Squarmg a Numbeér,” numbers on the
A(S&te are the squares of the numbers on the D scale. Further
exdfnination of the A scale shows that it could be used with
the B scale for multiplication just as the C and D scales can
be used, except that the numbers obtained by multiplying two
numbers logether on the A and B scales will be the squares
of the numbers on the C and D scales. Hence, if we multiply.

* a number by itself using the C, D, B, and A scales instead of
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the C and D scales we will obtain the cube of the number.
This is shown by Fig 22 where the rule is set up to obtain the
cube of 2.1.

17 I (=] | TOEING THE CUBRE
: l A oF 2.7,
SETSONT”
R 2.0 OV D}
ovER B oV E”
b By lP i 8 FIND Q8 ON 4T

T .l| ™1 y ::’LV‘“‘;?}’:'\ .
@
ﬁ' o 2 AN

\
Fig.22. Cubing a Number by Using the C and D and A a.nd\EScales




CHAPTER VIl

SLIDE RULE OPERATIONS INVOLVING THE
COMMON TRIGONOMETRIC FUNCTIONS

THE COMMON TRIGONOMETRIC FUNCTIONS

The slide rule may be used to obtain the trigonemetric
functions by which computations having to do with the lengths.

of lines and the areas of figures can be made. The “functjoh”

-of an angle, as for instance the sine of an angle, is simply a

ratio between certain sides of a right-angled triangle for the

particular angle of the triangle considered. Each{angle has
its own functions. The functions most commiehly used are
the sine, cosine, tangent, and cotangent. Values of these

functions for any angle may be found in tab ea}n an engineering -
or other handbook or they may be obtajfied quickly and with

a fair degree of accuracy by the stide rule.

In any right-angled triangle the functlons of exther -acuie

angle of the triangle are:

opposite side.”_ a

Sine A =
hypo@uﬁe c.
. _ adjdcent side
Cosine A = h¥potenuse
't\u

.“\‘. . ‘d .
T 2 opposne side
angem.;'\;% adiacent side

i

) adjacent side '
C@@ng’ent A= ]4__ b (long s_ide) C

opposite side

- The following examples will illustrate the meaning of the -

above functions. A right-angled triangle has the short side
equal to 1, the long side 1.73, and the hypotenuse 2. The
acute angles are 30 and 60 degrees.

41

a (short side)

N
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. no 1 . o __ .-.L _ :
Then sin 30° = 5 = 0.5 tan 30° = 173 = 0.577
sin 60° = 17 = 0.866 tan 60° = 170 = 1.73
cos 30° = 1_%_?3 = (.866 cot 30° = 1«—1’@ = 1.73
o 1 o 1 ,
COS60 ZT‘—OS C0t60 -—1'—73—0\571’
THE USE OF TI-IE S SCALE IN FINDING SINES s

In order to become familiar with the scale of smes on the
rule pull out the slide and turn it over so that it Ls‘m the posi-
tion shown by Fig. 23. \

The rule now becomes a table of sines, the degrees being or
the S scale and the value of the sine for any number of degrees
being directly over it on the A scale,iJt will be noticed that
the A scale has a middle division markeéd 10 on some rules anc
1 on other rules. The value of the'sine of an angle found at the
right of this middle division has #’decimal point before it. The
value of the sine of an angle ‘at the left of the middie divisiot
has a decimal paint andzero before it. It is a good plan te
mark yeur rule as in Fig: 23

OSIN U 0.SIN

+8IN

VLLUE OF A SINE | Vil OF & SIre
THAS SIOE OFL HAS | TS S10L OF & HAS
A DECALAL FOYNT ++ ONLY L LEC/AIAL

& maﬁmxz{ LOINT BEFORE 17,
TH IS SIN T2 O8F, | TEASS SV G° = 56

¥ig.23. Rule Marked for Locating Decimal Point in Reading Sines
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Examples: .
Left of Center ' Right of Center
sin  2° = (.0349 _ sin = 11° = 0.191
sin 8% = 0.139 ' sin = 25° = 423

sin 9.9° = 0.172 - sin = 75° = 0.966

The ordinary slide rule does not have markings below 34’
on the S scale. In order to find the sine of an angle below¢34”)
use the () gauge mark which is found on the S scaie ngzir\the
figure 2. To find the sine of 1/ set this gauge mark to/Non the
A scale. Over 90° on S you will find 291 on A. This number
should have three zeros hefore it 1n order to equ“a;\the sine of
one minute, Thus: .000291 = sin 1’. As thisigure is nearly
- .0003, for ordinary work it is sufficiently acchrate to say,

A
sin 1/ = (.0003 (“Three 2810¢ three')

To find the sine of 5’ set the gaugﬂe:fnark to 5-on A and over .

the lelt-hand division on S rea'giﬂf)-OOMS = 0.0015 approxi-
mately or 5 > 0.0003. N _ :

In order to find the sines of angles measured in seconds, use
the gauge mark nean (‘urharked (”).- Place this gauge mark
under 1 on the A scal\
number should haye-five zeros before it to equal the sine of 1*

~or 0.00000485, :;&fs this is approximately 0.000005 we say for
ordinary cal.ex;ti}tions, : N

. ~.j‘§;in 1" = 0.000005 ("‘Five zeros five”}. .

Bﬂhﬁr'l'only a few sines are to be looked up it is not necessary.

erand find 485 on A over 90° on 5. This-

“to'pull out the slide and turn it over. Turn the whote rule over

" and note a hairline that goes with the S scale. Pull the slide

-out until the desired number of degrees on the S scale is opposite

the hairline and then roll your rule over. If the S scale and

‘hairline are on the top of your rule you will find the value of the

 sine on the top when you roll the rule over. _
This method of reading sines is clearly-shown by Fig. 24.
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//A//Pé/”i

N\
BACH ' FRONT R
_ 70 FIND SYN 25° (\))
USE BACH OF PULE ROLL RULE QVER,
PULL OUTE UNTIL 28 FING OL220K 5"
AS UNDER AHAIR LINE, UNDERL QI A%

YOU WYLL USE THE UPPER SCALES
ON BACK” & FRONT. X

Fig.24. Rule Set for Finding the Sine of an Aﬂélff Measured in Degrees

In order to use the gauge mark fo;-}ninutes without remov-
ng the slide and turning it overaset the gauge mark to the
hairline on the back of the rulé and read sines on A over the
number of minutes on B as shown by Fig. 25(a) and (b).

i

SINES O ANCLES SRy 1 FLP P utef*

4), Rule Set for Finding Sines of Angles Measured in Minutes
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Use the same-procedure in finding the sines of angles measured'
in seconds, but use the (") gauge mark,

In using gauge marks always remember that sine of 1’ has
* 3 zeros before it; sine of 1” has 5 zeros before it; and place the
decimal point accordingly. : By

- COSINES

To find the cosine of an angle loock up the sine of the com- -
. plement of the angle: that is, the sine of 90 degrees mmus the

- given angle. _ e\
" .- . 4 .\ ~
~ Examples: >

cos 30 = sin (80° — 30",').; sin 60° = 0866‘ R
cos 44 = sin (90° — 44°) = sin'46° = 0.'7}9\
cos 65 = sin (90° — 65°) = sin 25° 00.423
cos 80 = sin (90° — 80°) = sin 1t)° 0.174

I

il

. USE OF THE T SCALE FOR FINDING ’IANGENTS

In finding the values of a Iarge number of tangents the shde _
‘may be turned over and used“in'the same manner as the sine
.or S seale. Usually, however) the slide is niot. turned over but
‘pulled out to the Propeg @ngle which is read under the hairline

, L li¢ o

. AL LINE (

BACH ARONT"
TO EING THAN Z0°
ON BACH O LS SET 0 oNT TV
AL LINE ON FRONT FLEAL ad’aacw‘o _

Fig, 26 . Use of T Scale for Fmdmg Tangents
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on the back of the rule and the value of the tangent read on the
front of the rule.

-1f the T scale on which the angle is found is on the lower
edge of the slide, the value of the tangent will be found on thef
lower edge of the rule when it is rolled over. This is clearly
shown by Fig.26. :

“Examples: \
: tan 40° = 0.839 L\
tan 22° = 0.404 O
tn15° = 0.268 o0 0
tan 6% = 0.105 N3

AY; :
To find the value of the tangent 9(3?1 angle less than 5° 40/, -
look up the sine of the angle.. Thudythe value of the tangent of
20" = 0.0058 approximately. : 2
To find the tangent of an angle above 45° read the reciprocal -_
of the tangent of the compléiﬁent of the angle.

tan 50202 s = 1192

O tan 40° ~ 0.839
Set rude to read\tan 40° on T scale and read -—1—~— on Cl scale.
_ tan 40°
P N4
Thus tan40° = 0.84 on C scale. _
R%@gbcal 084 = 1.192 on CI scale = tan 50°.

LCOTANGENTS

To find the cotangent of an angle, take i;he reciprocal of the

- tangent, thus: tan 30° on T scale = 1.732 on CI scale.

Examples: :
1.192 on CI

248 onCl

cot 4Q°
cot 22°




CHAPTER VIl

LOGARITHMS AND THEIR APPLICATION
TO THE SLIDE RULE

" A logarithm is an exponent or power of a number called the
- base. The logarithm of a given number is that number which',
' when used as an exponent of the base will raise or lower the,
base to the given number. In the common or Briggs system
of logarithms, the base is always 10. The number 2:is“the
logarithm of 100 because 102 = 100. Similarly 5 isthe’loga-
rithm of 100,000 because 105 = 100,000. 0.301 is tHe logarithm
of 2 because 1007 = 2, _ N
 Mathematicians have prepared tables by which the logarithm
of any number may be found. Ordinary'\fa fes go to 4 or 6
decimal places and are sufficiently accucate for ordinary work.
For extremely accurate work 12-place tables may be obtained.

MULTIPLICATION BY MEANS OF LOGARITHMS

If we take from a table of ibgaﬁthms the logarithm of 2 =
0.301 and of 3 = 0.477 g.vq\could write ' '

100301 % ,]Bo}m = 100800 + 0477 — 100.173-

If we look up the humber corresponding to 0.778 we find it to
be 6. Thus, b;y.\adding together the logarithms of two numbers
and looking™up the number corresponding to the sum of the
logarithds we find we have muttiplied the two numbers. The
numbser corresponding to a logarithm is called the antilogarithm.

11 the example just given 0.778 is the logarithm of 6 10 the
base 10. This is generally read ‘“The logatithm of 61s 0.778."

* The fact that it is to the base 10 is ordinarily not mentioned. .

If we had the logarithm 0.778 and wanted to know what

~ number had a logarithm of 0.778 we should find from a table -

Q.

. of logarithms that the number was 6. The numberwﬁ would E

be called the antilogarithm of 0.778.
47
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Taking the more difficult problem 2.751 X 8.594

Log. of 2.751 = 0.43949
8.504 = 0.93420

Sum = 1.37369
Antilog. = 23.642

- which is the same answer we should have obtained by multi- ;
plying 2.751 by 8.594 by arithmetic. The above problem:
- shows that it is much quicker to look up the logarithms,.add
them, and look up the antilogarithm than to multiply’ long "
numbers. From the above it also appears that four long num- '3
bers could-have been multiplied together with yery little work, |
whereas the work in multiplying four long nuimbers by arith-
metic is considerable with many chances {fof\grror. A
In the above examples when multiplyinig two numbers to-
- gether we added their logarithms and/looked up the number -
~ corrésponding to their sum, or thé antilogarithm. We could -
just as well have laid out one logatithm on a scale such as D
(Fig. 27) and the other on a siftifar scale C, moved C along D
" as shown by Fig. 27, and\Jet the scales do the adding. In
Fig. 22 the scales are setstd multiply 2 X 3. The logarithm of
2 13 0.30t and the logarithm of 3 is 0.477. The 1 of scale C is
set over the logarithin of 2 or 0.301 on scale I and on scale C
we find that 0,470\the logarithm of 3 is now over 0.778 which
is the logarithfyof 6. We can now go a step farther and letter |
the scales Cdand D with the numbers 2 and 3 instead of the-
- values ofthe logarithrns of these two numbers and letter 0.778
E w'{th\@é‘number 6.
N\ '

b amn s T
P IR R POy

1 o'{ i af |'0'.q 'O:-1 1 OP | L

\' meb;\ ¢t T 200.d= 07—

" \f‘”"‘;["» | i t1qsas B Bl j

|_L L 111547113 '21 oo B ool

A _ =50/ 20G. FrO TS

L 5.y o 4 ° T - ST A T § 11 Pe .y 1

. X 5 ) - o — Soars
- f—t06.2x 0900 — LOCI =0t 77 o ionien
2002 # L0908~ Q778 = L0GOF GOR 2x3

Fig. 27. Logarithms of 2 and 3 Laid Out on Similar Scales and
- Added by Sliding Scale C along D
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" DIVISION BY MEANS OF LOGARITEMS

Using the numbers 3 and 2 again:

3 100.47?
72 = o

The antilogarithm of 0.176 is 1.5 which is the same as % .

= 100.477__ 0.301 = 100,17#

Hence to divide, subtract the logarithm of the divisor from the

Jlogarithm of the dividend and look up the antﬂoganthm of
the difference. This number will be the quotient.

. The slide rule subtracts the logarithms and gives the quotleut x
~ The operation on the rule is the inverse of that used for mulu-
plication as shown by Fig. 27. . R > _

The following example will illustrate: RS

Divide 7 by 2. See Fig. 28.

The logarithm of 7 is 0.845 and the loga ifBm of 2 is 0.301.
. The difference as shown on the scales of, Fig. 28 is 0.544. The
~ quotient is 3.5 as shown on Scale D, smce as explained under

“Multiplication,” the scales are lettered as antxloganthms and.
. not logarithms, N

gl o, g
: PRy 2

_rmw' L\ REREINCLI AN
. Ui 14 ’H l!|||lnnﬁ||r |||||f_i|rl|1|[f|§|uhqnh?1dm£u_/'

L0 7= 0 845~
007 a\skzam T LG EE R FeBfmme iR B (A F O —rmmr ]

- Fig. 28 Settmg of Scales C and D to Subiract the Logarithm of 2 -
K \ from the Logarithm of 7 . .

Tﬁ L SCALE

' The L or logarithm scale which is engraved on the back of
- the slide gives the logarithms of the numbers on the C scale

found on the front of the slide. To use the L scale, pull it out
.until 2 number on the back of the slide is under thé hairline

- Oon the back of the rule. This number is the logarithm of the .

°L°.'.°L e e | or y ot YT
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‘number on the C scale that stands over the right-hand 1 on
_ the D scale. For example, in Fig. 29, 301 is under the hairline .

on the back of the rule; when the rule is rolled over, 2 on C
is found over the right-hand 1 on D, s0 301 is the lpgarithrr 2.

BACH"

70 FING LOGARITHMOE 2.
ON FRONT OF PULE, SET 2 OME OVER 1 ON' D
ON BACK OF RULE, UNDER, LAV LINE
FIND QIONGN 2.0

Fig.29. Finding the Logarithm “of a Number on the Slide Rule

"

Check the follbwing: . \
0.477s the logarithm of 3
0, 602 is the logarithm of 4
\S}L@)OS is the logarithm of 8.1
986 is the logarithm of 9.68

Check aiso 'the following:
Number or Antilogarithm Logarithm
§ .21 0.322
R N -5 0.748
O ' 8.7 0.940

B W

9.2. ' 0.964
TSING LOGARITHMS .

Logarithms can be used for multiplying and dividing num:
bers as explained on pages 47 and 49. But this is not necessary
on the slide rule because the C and D scales are divided ir
proportign to the logarithms of the numbers they represent.
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Thus, when C is used with D as explained tunder multiplica-
“tion and division, the rule mechanically performs the opera- -
tions of multiplying and dividing.

Logarithms must be used with the ordinary shde rule to find
fractional powers and roots of numbers, as for instance 293 or
25

~ 4/75. In order to find fractional powers and roots of numbers

~a knowledge of the following brief theory of lagarlthms is

. mecessary. ~
A logarithm consists ol two parts, the mantissa and the~

characteristic. The mantissa is the part found on the L scaley

- of the rule. The characteristic is a number used wijc}x:’the

mantissa whose value is determined from the number ofidigits

to the Ieft of the decimal point in a whole or mixed number

and from the number of zeros between the decintal pomt and

‘the first significant figure in a decimal fraction} :
Tn a whole or mixed number the charac‘oét’lstlc i5 one less .

than the number of digits to the left 01 the decimal pomt as

for instance: '

h{.[antxsaa Complete _
Number Characteristic  from 1. Scale Logarithm -
352. 2 N 47 2547
25.2 1 A 401 _ 1.401
2.08 (l \ ' 318 0.318

In a decimal fractmn\\the characteristic is one more than the
number of zeros between the decimal point and the first signifi- -
~ cant figure and ifdias a minus sign. Either the minus sign is
written directly ever the characteristic, meaning that it applies
only to the Characteristic, or the characteristic is written as a
number with —10 after it. The number is taken of such a
value th&t when —10 is used with it, it wiil gwe the desired
mings, Jalue of characteristic. :

“THe following will illustrate: ' '
Mantissa : Complete

Number Characteristic  from L Scale Logarithm
0.0075 3 875  3.8750r 7.875 —10
0.09 7 954 2.954 or 8.954 —10
0.92 T

964 1.9640r9.964 —10
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RATISIRG "A. ﬂUMBER TO A POWER BY LOGARITHMS

" Find the mantissa of the number on the L scale. Supply the
- proper characteristic. - Multiply the complete logarithm by .
the power: the product will be a 1ogar1thm whose mantissa wil] °
be on the L scale.
Find this mantissa on the L scale and the antilogarithm or
number ¢corresponding to the logarithm on the C scale. The
number on the C scale will be the given number raised to(the
desxred power. The following will illustrate: -

. (\A :
Number - .Char- .- : : Reguired No. ..
. ad 1\_/I=;l: acter- : \ 7 (AntiT
Power tissa - iit_ig . . Logarithm Times Power " N logarithm)
-4 . B2 0 - 0602 X 2 = 1.204 & 16.
1258 0792 1 1.0792 X 3.6 = 3885 7674.
" 0.062:1 778 2 8778 —101 2.1 = _
o 18.434 — 217434 — 10 0.00272 -
e 4% 602 O . 0802 X 0\5 = 0.301 2.
45%2 83 1 - 1.653 {03 = 0.496 3.133
Tp52e 716 1 (9.716 — 16)2.45 =

(99,716 ~4100) 2.45 = :
244.&042 — 245 = 9.3042 — 10 0.2015

FINDING THE ROOT OF A NUMBER BY LOGARITHMS

Find the mantlsg;abn the L scale. Supply the proper charac-

teristic. D1v1de\tgae complete logarithm by the root. Find the
antﬂoganthm '

PN\ Char- . Required No.

Numbery Man- acter- = Logarithm Divided {Anti-
3 Root’ txssa istic by Root ) logarithm)
.3‘& - : - i —_——
’V 64 . 806 1 1.806 - 3 = 0602 4,

NS :
O 950 978 2 2978 + 3.5 = 0.851 . 7.092
02
v 38 58D 1] =

0.580 + 0.2 = 2.90 792.
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SLIDE RULE CHARTS AND SAMPLE SETTINGS
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POLYPHASE DUPLEX TRIG SLIDE RULE

Note: The Polyphase Duplex Decitrig Slide Rule is the same
except that the divisions are decimal.

SAMPLE SETTINGS

'MULTIPLICATION, DIVISION, POWERS, ROOTS, AND : 7\
LOGARITHMS .

~Scales A, B, C, D, Cl, K, and L same as regular polyphas’e‘ >

slide rule. See pp. 3-52 and plate p. 55. :

MULTIPLICATION AND DIVISION OF NUMBERS conmmgm THE
FACTOR T

The DF scale known as the ‘‘folded” SCK contalns the

factor . v "
Multiply 2.62 by . AN L g
On front of rule set hairline of runnex fo 2.620on D.
On front of rule on DF, under halrhne read 8. 23
Divide 82 by =.
. On front of rule set hairline. of rinner to 82 on DF.
On front of rule on D, uader hairline read 26. 1.
Find the area of a circle zwk}ose diameter is 2147. Use formula
A=y r = 1125750
On front of rule multiply 1.125 by 1.125 and get 1.266 = 2.
On front of rhlg.éet hairline of runner to 1.266 on D.
' On front of 'ere on DF read 3.98 square inches.-

POLYPHASE DUPLEX TRIG SLIDE RULE
CONTINUED ON PAGE 5¢
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POLYPHASE DUPLEX TRIG SLIDE RULE—antinued

TANGENTS AND COTANGENTS

Find tangent of 10° 40,
On back of rule set hairline of runner to 10° 40/ (black

figures) on T.
On back of rule on D, under hairline read 0. 1883

Find tangent of 80° 20" ~
On back of rule set hairline of runner to 80° 20’ (red,
figures) on T. : )

On back of rule on DI {red figures) under halrlme read 5.87
Find cotangent of 10° 40'.

On back of rule set hairline of runner to- 10° AQ' (black

figures) on T.

On back of rule on DI (red figures) under ha1r11ne read 5.31.

Find cotangent of 80° 20, ¢ \ : -
On back of rule set hairline of rum}er to-80° 20’ (red *
figures) on T.

On back of rule on D, under hairhne read 0. 1703

SMALL ANGLES TANGENTS AND'COTANGENTS

- Find tangent of 2° 30/.
On back of rule set ha}}lme of runner to 2° 30 on ST.
On back of rute OND under hairline read 0.0437.
. Cotangent will bg on DI (red figures) = 22.9.
NS

SINES AND cosiNﬁzs

Find si 36° 30,

On, Back of rule set hairline of runmer to 36° 30’ (black
figiires) on S.

\FOn back of rule on D, under hairline read 0 595.
nd cosine of 66° 30,
On back of rule set hairline of runner to 66° 30’ (red
figures) on S. .
On back of rule on D, under hairline read 0 .399.

POLYPHASE DUPLEX TRIG SLIDE RULE
CONTINUED ON PAGE 61
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POLYPHASE DUPLEX TRIG SLIDE RULE—Continued

SMALL ANGLES SINES AND COSINES

Find sine of 2° 30°.
On back of rule set hairline of runner to 2° 30" on ST.
On back of rule on D, under hairline read 0. 0436.
Cosines of small angles on this scale are practically 1
(0.99995 for 35" and 0.99511 for B¢ 407,

RIGHT TRIANGLES AND COMPLEX QUANTITIES AS Z=R=iX ()

Find hypotenuse when base = 4,
altitude = 3.
Set right index of Sto 4 on D.
Over 3 on D read 36.9° (black) on
T (means 4 X tan 36.9° = 3 or

= ¢ \ : n
4 % .’_3’_ 3). R -
‘Next bring 36 9° (black) on S t0)" Use Black )
3 on D and under right index QhS . Black T

read 5 on D (means 3 + Sit36.9°
=50r3 + 35’ =5).’-'

Fmd hypotenuse whgn,\base = 3,
altitude = 4. \"
Set right index©®f S to 4 on D.
Over 3 on Dread 53.13° (red) on
T (meangy4/% cot 53.13° = 3 or

(4% 3 =3).
& S
Next bring 53.13° (red) onStoSon Use Red S = cos
D and under right index of Sread = Red T = cot

\5onD(means3—c0t5313° 5
orS—% b).
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LOG LOG DUPLEX TRIG SLIDE RULE
SAMPLE SETTINGS

MULTIPLICATION, DIVISION, POWERS, ROOTS, AND

~ LOGARITHMS

Seales A, B, C, D, CI, K, and L same as regular polyphase
" glide rule. See pp. 3-52 and plate p. 55.

MULTIPLICATION AND DIVISION OF NUMBERS CONTAINING THE "\~
FACTOR 7 : /
The DF scale known as the ‘“folded” scale contams the
factor . O
Multiply 2.62 by . ' o ~ \
On front of rule set hairline of runner to 2620 D. .
On front of rule on DF, under hairline rea.Q\S 23
Divide 82 by «.
~ On front of rule set hairline of runngs, tb 82 on DF
-+ .On front of rule on D, under halr,ll.ne read 26.1.
_ Fmd the area of a circle whose d1ameter is 2}/ Use formula
S A=t r o= 1.125%,
- On front of rule multiply X 125 by 1.125 and get 1. 266 =%
. On front of rule set ha.u:’hne of runner to 1.266 on D. '
_-: On front of rule on\E{F read 3.98 square inches.

LOG LOG DUPLEX TRIG SLiDE RULE
CONTINUED ON PAGE &5
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LOG LOG DUPLEX TRIG SLIDE RULE—Continued

TANGENTS AND COTANGENTS

Find tangent of 10° 40°,
On back of rule set hairline of runner to 10° 40’ (black
figures} on T.
On back of rule on D, under hairline read 0 1883
Find tangent of 80° 20'.
On back of rule set hairline of runner-to 80° 20' (red
figures) on T.
On back of rule on DI (red figures) under halrhne read 5 87
Find cotangent of 10° 40".
On back of rule set hairline of runner to 10" 40" (black
figures) on T. \‘
On back of rule on DI (red figures) under halrhne read 5 31,
~ Find cotangent of 80° 20"

On back of rule set hairline of rum{er to R0° - 20 (red :

figures) on T.
On back of rule on D, under ha,trlme read 0 1703

SMALL ANGLES TANGENTS AND, }'JOTANGENTS

.- Find tangent of 2° 30", o~
On back of rule set ha}rlme of runner to 2° 30’ on ST.-
On back of rule oi{D; under hairline read 0.0437.-
Cotangent w111 be on DI (red ﬁgures) = 229,

SINES AND COS\NES ' '_ o -
Find sine ©f 36° 30r. '

On Back of rule set hairline of runner to 36° 30’ (black'

figlires) on S.
- On back of rule on D, under harrhne read 0. 595
md cosine of 66° 30/,

On back of rule set hairline of runner to 66° 30 (red"

figures) on S.
On back of rule on D, under halrhne read 0 399

LOG LOG DUPLEX TRIG ‘-:LIDE RULE
CONTINUED ON PAGE &7
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LOG LOG DUPLEX TRIG SLIDE RULE—Continued

SMALL ANGLES SINES AND COSINES ’

Find sine of 2° 30, :
On back of rule set hairline of runner to 2° 30/ on S’I‘
On back of rule on D, under hairline read 0.0436.
Cosines of small angles on this scale are practlcally 1
(0.99995 for 35’ and 0.99511 for 5040, - L ~N
RIGHT TRIANGLES AND COMPLEX QUANTITIES 'AS Z=R iix\' \)
Find hypotenuse when base = 4, \
altitude = 3.
Set right index of S to 4 on D.
Over 3 on D read 36.9° (black) on
T (means 4 X tan 36.9° = 3 of
4 X 3 = 3.

Next bring 36 9° (black) on S, {o> Use “Black $

3 on D and under right index-8f S ‘Black T

read 5 on D (means 3 + s.1n36 9° o
=bord + 5 = 5).

Find hypotenuse when base = 3,
altitude = 4. B\
Set right index(of S to 4 on D.
Over 3 on BXfead 53.13% (red) on
T (meana'\é X cot 53.13° = 3 or

\ A % 3 = 3). _
I\Iext bring 53. 13° (red) onSto3on Use . Red S = cos
D and under right index of S read Red T cot
50nD(mean33—cot5313°-—-5 R
or3 =+ 3 = B). '

LOG LOG DUPLEX TRIG SLIDE RU'LE
CONTINUED ON PAGE 68
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SIIDE RULE CHARTS AND SAMPLE SETTINGS - 69

.LOG LOG DUPLEX TRIG SLIDE RULE—Continued

L0G LOG SCALES
©LE1 1.0t(e" ) TO 1.105(e"1)

Find log of 1.02 to base e.
Set indexes to zero.
Set runner to 1.02 on LIL1.

Under hairline of runner on C read loge 1.02 = 0.0198, ~

On LL1 the decimal point will be OL thus 0.0198 (see_

sketch p. 71). _ _ BRAY
Find 1.022, o O

Set 1on Cto 1.02 on LL1. _ o?g

Bring runner to power 2 on C.
Under hairline of runner read 1.0404 on LL1y "‘\

Find V 1,065, , '\\:
Set runner to 1.065 on LL1. (v
Bring root 3 on C to hairline of runner‘
Opposite Lon C read 1.0212 on ,LLI

112 1.105(¢%1) TO 2.718(¢) ..3‘4

Find log of 1.25 to base ¢._
Set indexes to zero.
Set runner to 1.25 ol Isz
Under hairline of funner on C, read loge 1 25 = 0.223.
On LL2 the décimal point will be O.L, t‘nus 0.223 (see
sketch p. 710 .
Find 1,164
Set 1 o0 to 1.16 on LL2.
Bringrunner to power 3.4 on C.’
quer hairline of runner read 1.656 on LL2

Fd v I |
- Set runner to 2.1 on LL2. :
Bring root 2.4 on C to hairline of runner.
Opposite 1 on C read 1.362 on LL2.

LOG LOG DUPLEX TRIG SLIDE RULE
CONTINUED ON PAGE 71
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SLIDE RULE CHARTS AND SAMPLE SETTINGS ™

LOG LOG DUPLEX TRIG SLIDE RULE—Continued

LL3 2.718(e) TO 22000+ (e'%)

Find log of 10 to base «.
Set indexes to zero..
Set runner to 10 on LL3. '
Under hairline of runner on C, read loge 10 = 2.3.

On LL3 the decimal point will be L , thus, 2.3 (see sketch).:
Find 15.3%. _ . \
Set 1 on C to 15.3 on LL3. A,
Bring runner to power 2 on C. T

Under hairline of runner read 234 on LL3 N

Find v/ G8. o \
Set runner to 68 on LL3. \
Bring root 3.2 on C to hairline of runneI\\
Opposite 1 on C, read 3.74 on LL3 \

- The LLO scale is used with the A, (or B) scale, Numbexs on -
- the LLO scale have their cologanthms to the ‘base e on the
Aor B scale.
Find log of 0.995 to the base €.
Set runner to .995 on\LLO
Under hairline o rinner read 0.005 on A
0.005 is the coleg. of 0.995 to the base .
Sologe0995~—~ (10 — 10) — 0.005 = 9.995 — 0.
On LLO , 9 to .99 the decimal point is .00 colog, thus
0.005 (s&e sketch) :

,\

Stot 1108 1105~ €. e 20000+
\LL1 ] Lee | LL3 |

C[«-0L0G>  C[«0.L0G-»>| €|« LOG—

.LOG LOG DUPLEX TRIG SLIDE RULE
CONTINUED ON PAGE 73
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SLIDE RULE CHARTS AND SAMPLE SETTINGS. .. _73 '

LOG LOG DUPLEX TRIG SLIDE RULE—-Contmued

( ) TO .000454 GN)

. LLbo 905

" The LLOO scale is used with the A (or B) scale. Numberson .
" the LLOO scale have their cologarithms to the base on the .

.- Aor B scale.

. Find log 0.8 to the base e. . _—
 Set runner to .8 on LLOO. L A
Under hairline of runner read 0.223 on A. A\
0.223 is the colog. of 0.8 to the base e, 4 W
So loge 0.8 = (10 — 10) — 0.223 = 9.777 — 10 N

On LLOO .905 to .37 the decimal point is colog, 'thuso 223

(see sketch).
Find loge 0.05. O
_ Set runner to 0.05 on L1.0O. \‘ D

Under hairline of runner read 3 on A
© - 3is the colog. of 0.05 to the base,e:
So loge 0.05 = (10—10)—3—-700—10 i
- On LLOO .37 to .000454 the decimal point is colog ,
. P tl(lius 3. (see sketch).
- Fmd 007514, p
Set 1 on A to 075 o BLOO.
Bring runner to pt}v%r l4onA..
Under ha1r1me of runner read 0.0266 on LLOO.

“ Find '\/ 0.14« \
Set ru&f‘r to .14 on LL.0O.

Bringeot 3.7 on B to hairline of runner.

Opposite 1 on B read 0.588 on LLOO. |
%9 99 905 905 37 000454
Lio | LLo| ]

A
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SLIDE RULE CHARTS AND SAMPLE SETTINGS - 75

LOG LOG DUPLEX VECTOR SLIDE RULE
SAMPLE SETTINGS

MULTIPLICATION, DIVISION, POWERS, ROOTS, ARD
" LOGARITHMS

seales A, B, C, D, CL K, andLsameasregularpolyphase :
glide rule. See pp. 3-52 and plate p. 55.

MOLTIPLICATION AND DIVISION OF NUMBERS CONTAINING THE®,
~ FACTOR T ; /

The DF scale known as the “folded” scale contams the
factor . N
- :Multiply 2.62 by . »,\-""
. 'On front of rule set hairline of runner to 2. 62on D. -
. On front of rule on DF, under hairline rea;dﬁ 23.
-~ Divide 82 by . \
“. On front of rule set hairfine of runnerto 82 on DF
. On front of rule on D, under haigliné read 26.1.-.
‘Find the area of a circle whose dlameter Is: 2147, Use formula
A=t r = 1.125".
On front of rule multiply . 125 by 1.125 and get 1 266 =
On front of rule set Qaﬁdme of runner to 1. 266 on D.
On front of rule ox\{)F read 3.98 square mches

A</

LoG 1L0G DUPLEX VECTOR SLIDE RULE
: CONTINUED ON PAGE 77
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SLIDE RULE CHARTS AND SAMPLE SETTINGS 77

LOG LOG DUPLEX VECTOR SLIDE RULE—Continued

TANGENTS AND COTANGENTS

Find tangent of 10° 40,
On back of rule set hairline of runner to 10° 40’ (black
figures) on T. .
On back of rule on D, under hairline read 0.1883.
Find tangent of 80° 20’ :
On back of rule set hairline of runner to 80° 20’ (red
figures) on T. S o ¢
' On back of rule on DI (red figures) under hairline read 5.87.
- Find cotangent of 10° 40'. R
" On back of rule set hairline of runner to 10° A% ‘(black
figures) on T. LV
On back of rule on DI (red figures) under haitline read 5.31.
Find cotangent of 80° 20’.

N .
On back of rule set hairline of rupQ’ea:\to 80° 20" (red -

figures) on T. PAN
On back of rule on D, under hairline read 0.1703.

© SMALL ANGLES TANGENTS AND COTANGENTS
Find tangent of 2° 30/. .

On back of rule set haitline of runner to 2° 30 on ST.
On back of rule ar(, under hairline read 0.0437.

Cotangent will’be on DI (red figures) = 22.9.

SINES AND COSINES
- Find sine(of*36° 30’. | o
On back of rule set hairline of runner to 36° 30 (black
. figures) on S, : o
~(On back of rule on D, under hairline read 0.595.
\Jind cosine of 66° 30'. : '

On back of rule set hairline of runner to 66° 30/ (féd

figures) on S. _
On back of rule on D, under hairline read 0.399-

LOG LOG, DUFLEX VECTOR SLIDE RULE
S CONTINUED ON PAGE 79
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SLIDE RULE CHARTS AND SAMPLE SETTINGS 79

e

LOG LOG DUPLEX VECTOR SLIDE RULE—Continued

SHALL ANGLES SINES AND COSINES

Find sine of 2° 30".
On back of rule set hairline of runner to 2° 30’ on ST
On back of rule on D, under hairline read 0.0436.
Cosines of small angles on this scale are practlcally 1
(0 99995 for 35 and 0.99511 for 5° 0’) '

RIGHT TRIANGLES AND COMPLEX QUANTITIES AS Z= nﬂx - LON

. Find hypotenuse when base = 4,
- altitude = 3.
-Set right index of Sto 4 on D.
- -'Over 3 on D read 36.9° (black) on
- T (means 4 X tan 36.9° = 3 or
: 4 x 3 = 3).

" Next bring 36 9° (black) on S to Use Black S -

-3 on D and under right index of S Black T

- read 5 on D {means 3 + sin 36 9° -
=50r3 + g = 5)

Fmd hypotenuse when base = 3,
altltude = 4,
+ Set right index of S\o 4onD.
Over 3on D read "53.13° (red) on
- T (means 4,\>§ »oot 53.13° = 3 or
4 sx 4 = 3). '

Next bnng 53.13° {red) on Sto 3on

~ D,and under right index of S read

\B’OH D (means 3 = cot 53.13° =5
or3 + 3 = b},

LOG LOG DUPLEX VECTOR SLIDE RULE )
CONTINUED ON PAGE 81
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SLIDE RULE CHARTS AND SAMPLE SETTINGS 81

LOG LOG DUPLEX VECTOR SLIDE RULE—Continued.

HYPERBOLIC FUNCTIONS

“Th = 6{0.1to3). Scale D gwesvalueoftanh g (0.1 to 1)
Thus, tanh 0.224, where ¢ = 0.224 radians on Th, gives
value of tanh 0.224 = 0.222 on D, Tanh 145 on Th
gives 0.895 on D. For values of # above 3, tanh § =
apprommately

= 8 (0.9 to 3). Scale D gives values of sinh # (1 to 10).
Thus sinh 1.465, where 8 = 1.465 radians on Sh2, gived.. )
value of sinh 1.465 = 2.05 on D. Sinh 2.95on Sh2 glyés

- 95300 D.

- Shl = 8(0.1t00.9). Scale D gives values of sinh 6((11 to 1).
Thus, sinh 0.645, where § = 0.645 radians onShl gives
" value of sinh 0.645 = 0.69 on D. Sinh 0. 273 ofl Shl gives
0.276 on D. K. \

10G LOG SCALES :
L1 1.01(e09) TO 1.105(e% ) N

- Find log of 1.02 to base e. oW
- 8et indexes to zero. N\
Set runner to 1.02 on LLY. -
Under hairline of rusiper on C read loge 1 02 0.0198.

On LL1 the demha} point will be .OL, thus 0.0198 (see

* sketch p. 83).,

Find 1.02:. NGO
Set lonQbo 1.02 on LL1.

Bring tnner to power 2 on C.
Under'\haxrlme of rynner read 1.0404 on LL1L.

End‘v 1.065.
\USet runner to 1.065 on LLI.
Bring root 3 on C to hairline of runner.
Opposite 1 on C read 1.0212 on LL1.

L] ULE
1LOG DUPLEX VECTOR SLIDE R
LoG CONTINUED ON PAGE 83
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SLIDE RULE CHARTS AND SAMPLE SETIINGS -83

LOG LOG DUPLEX VECTOR SLIDE RULE—Continued

LL2 1.105(e™}) TO 2.718(e")
Fmd log of 1.25 to base e.
Set indexes to zero.
Set runner to 1.25 on LL2.
Under hairline of runner on C, read loge 1.25 = 0.223.
On LL2 the decimal point will be 0. L thus 0.223 (see
sketch). o LA
Find 1.16%, SRR «
Set lon Cto 1.16 on LL2. : BT ¢
Bring runner to power 3.4 on C. e
Under hairline of runner read 1.656 on LLZ

Find V 2 1.

Set runner to 2.1 on LL2.

Bring root 2.4 on C to hairline of run

Opposite 1 on C read 1.362 on LL25)
~ LL3 2.718(¢) TO 220004 (e'?) R

Find log of 10 to base . R S

Set indexes to zero. R\

-Set runner to 10 on LL3 :

" Under hairline of rmmer on C, read loge 10 = 23

On LL3 the decu@[ point will be 1., thus 2.3 (see sketch) ..
Find 15.3¢, | -

SetlonCto 15.3 on LL3.
" Bring run,% B to power-2 on C.
Under haivtine of runner read 234 on LL3

Find ‘07%87

-~ Seb tunner to 68 on LL3
QO sBrlng root 3.2 on C to hairline of runner.
Opposite 1 on C, read 3.74 on LL3. L : ..
101 1105 L1065 e - e 200004

—_— . —_—

Cl0L0G>]| ¢ [<o. LOC+] C *—LOG“"
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SLIDE RULE CHARTS AND SAMPLE SETTINGS 85

LOG LOG DUPLEX VECTOR SLIDE RULE—Continued

5 1o a5 )

1L0 999 TO 905

| The LLO scale is used with the A (or B) scale. Numbers on

" the LLO scale have their cologarithms to the base ¢ on the-
"~ Aor Bscale. .

Find log of 0.995 to the base e,
Set runner to .995 on LLO. :
Under hairline of runner read 0.005 on A. N

- 0,005 is the colog. of 0,995 to the base ¢. : G\

" Sologe 0.995 = (10 — 10) — 0.005 = 9.995 — 10.
On LLO .999 to .99 the decimal point is OOColog, tk\usO 005
(sce sketch p. 87). \

Find log 0.94 to the base e. RN,

~ Set runner to .94 on LLO. :’\
Under hairline of runner read 0.062 on ﬁ
062 is the colog. of 0.94 to the base e
" Sologe 0.94 = (10 — 10) - 0062“—' 9.038 - 10.

- OnLLO .99 to .905 the demma} point is .0 colog, thusO 062 '

(see sketch p. 87).
Find 0,92t ¢,
SetlonBto 92 on LO
‘Bring runner to pom\re 1.6 on B.
Under ha1r11ne of wunner read Q. 8751 on LLO.

- Find \/ 0.95.
Set run r‘tb 96 on LLO.
Bring . r&t 3.2 on B to haitline of runner.
OI?QQslte 1 on B read 0.9873 on LLO.

/N

\":

LOG LOG DUPLEX VECTOR SLIDE RULE

CONTINUED ON PAGE 87 -

L\
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- ip————

© 'L0G LOG DUPLEX VECTOR SLIDE RULE—Continued

1 . 1
(e."_'l) (6 “‘)
305 TO 000454

The LLOO scale is used with the A (or B) scale. Numbers on
the LLOO scale have their cologarithms to the base €on the
A or B scale.

"Find log 0.8 to the base e.

© St runner to .8 on LLOO. T A

Under hairline of runner read 0.223on A. =~~~ \ N
0.223 is the colog. of 0.8 to the base e. L « \J
Sologe 0.8 = (10 — 10) — 0.223 = 9.777 ~ 10.
On LL0O 905 to .37 the decimal point is coIog, t@lso 223
(see sketch).

‘Find loge 0.05. O

" Set runner to 0.05 on LLOO. SO
Under hairline of runner read 3 on A \
3 is the colog. of 0.05 to the base ¢. O’ "
So loge 0.05 = (10 — 10) — 3 =7.00 — 10.

© On LLO0 37 to .000454 thé ‘decimal point is oblog,

thus 3. (see sketch),

" Find 0.0754.

. SetlonAto 075 onTL00.
" "Bring runner to poﬁ%r l.4onA.

Under ha1r1me of Jfunner read 0.0266 on LLOO

'*:.F’md V. TS

5

Set ei\to .14 on LLOO.
Bnng¢ t 3.7 on B to hairline of runner.
OPIJ081te 1 on B read 0.588 on LLOQ.

Qo 99 905 905 . .37 000454

] wl [ 1

' A..+'00°°10g+1|-<—.0colog—>- A |« ool_og;»imlog .—»\ o
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SLIDE RULE CHARTS AND SAMPLE SETTINGS 89

“HEMMI" LOG LOG VECTOR SLIDE RULE
SAMPLE SETTING

MIGONOMETRIC FUNCTIONS

Find tangent of 36°.

On back of rule set hairline of runner to 36 on 8.

On front of rule under hairline of runner read 0.727 on T.
Fmd tangent of 1.05 radians.

- On back of rule set hairline of runner to 1 .05 on Re

On front of rule under hatrline read 1.74 on T. \\ v

Find sine of 71°. N
On back of rule set hairline of runner to 71° on 8 N
On back of rule under hairline read 0.946 on E. W\

“Find cogine of 42°.

- On back of rule set haijrline of runner to 42;\911 g.

: Bring left index of Q@ to hairline. :

- Under right index of P read 0 743 on Q.

E
"HEMMI” LOG LOG VECTOR SLIDE RUL
: CONTINUED ON PAGE 41
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SLIDE RULE CHARTS AND SAMPLE SETTINGS o1

"HEMMI” LOG LOG VECTOR SLIDE RULE—Continued

LGHT TRIANGLES

- Find hypotenuse. Base = 3.5, alti- P 0 42
tude = 4.2 o
" 'On back of rule set 0 on P over

- 35onQ

.> Under 4.2 on P read 5.47 on Q.

ind hypotenuse. Base = 10, alti-
ude = 6.

On back of rule set 0 on P over
10 on Q°.

Under 6 on P read 11.66 on Q'.

On back of rule set 0 on P over , Q"
6on Q. o
Move hairline of runner to 10-0n
Q which will be at 8 on P. ~3
Move 0 on Q to hairline ofCanner.
Under 9 on P read 10.§20on Q.
L\

fqmnx QUANTITIES )

<Use the same procédure as for right triangles.

ind Z wher;,,@iFi 2 4 j3.5.

- On backof-rule set Oon Pover Zon Q.

--Unden8.5 on P find 4.03 on Q. So Z = 4.03.

:':'H?tf?:’\'.'lﬁ solving right triangles and complex -quantities - -

’\\ * use multiples or submultiples of the given quantities
"Y' . when it is not convenient to make good seitings
: with the quantities themselves. : '

For example: Z = 0.6 + j0.35.
Use 6 and 3.5 and obtain 6.95.
_ Divide 6.95 by 10 and get Z = 0.695. |

RULE
“HEMMI"® LOG LOG VECTOR SLIDE RULE
CONTINUED ON PAGE 93
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SLIDE RULE CHARTS AND SAMPLE SETHNGS 93

“HEMMI" LOG LOG VECTOR SLIDE RULE—Continued

REAL HYPERBOLIC FUNCTIONS
Find sinh 0.36.
On front of rule set hairline of runner to 0.36 on G 5.
On front of rule under hairline read 0.368 on T, so sinh
0.36 = 0.368.
Find tanh 0.83.
On front of rule set hairline of runner to 0.83 on G . \
On back of rule under hairline read 0.681 on P, so tanh \
0.83 = 0.681. o\
Find cosh 0.55. G\
. On front of rule set hairline of runner t0 0.55 ot Gy
- On front of rule, under hairline read 0.578 on. ’R,\so smh }
(.55 = 0,578,
Then on front, of rule set hairline of runnerto 0.55 on Gg o
. On back of rule under hairline read 0 QOZ on Q, so tanh
- 055 = 0.502.
' sinh0.56 0, 578
Thencosh 055 = 41 0.55 ~ 0802

COMPLEX HYPERBOLIC FUNC'HQNS

Find sinh (0.32 + j1.22). \Use formula sinh {6, + j ﬂa)
‘I sinh?8; + sin?#, \{an —i tanlﬁ-;l

Substituting, smh $0.32 + j 1.22) =
, tan 1.22

« sinh? 0. 32\-1.- sin? 1,22 tan — tanh tanh 0.32

' Sinh 0,35
On: front of rule set hairline of

Atnner to 0,32 on Gg. \
QO N\ On front of rule under hairline
of runner read 0.325 on T. So sinh 0.32-= 0.325
Sin 1,22, h

On back of rule set hairline of

runner to 1,22 on R 4.

On back of rute under hairline o '
read 0,939 on P. Sosin ' 1.22 = 0939 -

= 1.15.
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' "HEMMl" LOG LOG VECTOR SLIDE RULE—Continued

Tan 1.22.

On back of rule set hairline of

runner to 1.22 on R 4.

On front of rule under hairline

read 2.73on T. Sotan 1.22 = 2,73
Tanh 0.32.

On front of rule set haitline of

runner to 0.32 on G .

On back of rule under hairline N\

read 0.31 on P. So tanh 0.32 =031
Then, sinh (0.32 + j1.22) = . AN 3

J(o 325): + (0.939)2 ftan —1 gg’

To soIve‘/ (0.325)2 + (0.939)* \ -

muttiply 0.325 and (:939 by 10.
On back of rule set 0 on P to‘3 25 on Q.
Under 9.39 on P read 9.94 on Q.
Divide 9.94 by 10 and get 0.994.

z2 "\.'
,\

so J 0.325) + (0. 939)= - '0.994.

Sotan"l ggf _ 8.82.

'\ 3

Tan— EHEN L, N4 tan — ! 8.81 by division oﬁ B and C scales.

3‘10
Tan - 18,
On frent of rule set hairline of runner to 8.81 on T.

O back of rule under hairline of runner read 1.46 on R 9_ .

-\3051nh(032+3122) ~ 0.994 /1.46.

2\,
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LANGSNER INDUSTRIAL SLIDE RULE
SAMPLE SETTINGS

DIAMETER AND R.P.M. GIVEN. TO FIND CUTTING SPEED

%t RP.M. to diam. over diamond gauge mark. Read
CUTTING SPEED.

Ex. At what surface speed is a 20" grinding wheel running . A
if the spindle turns at 1150 R.P.M.?

N

Set 1150 (115) on R.P.M. under 20 on DIAM. o\..}
Over left diamond gauge mark on D read 6020 (602) b
PEr min. N

DIAMETER AND CUTTING SPEED GIVEN. TO FIND R"E'\ﬁ[

St CUTTING SPEED to diamond gaugg mark on D,
Under DIAM. read R.P.M.
- Ex. Find the R.P.M. of a cutter 2" m d\mmeter which has
-acutting speed of 62.6 ft. per min. _ QO
Set 62.6 on CUTTING SPEED 10 left diamond gauge
mark on D,
On R.P.M. scale under 2” DIAM read 120 R.P.M.

(TITING SPEED AND R.P. M*\GIVEN TO FIND DIAMETER

St CUTTING SPEED to diamond gauge mark on D.
- Above R.P.M. read DIAM.
Ez. Find the diafneter of a grinding wheel that is to make
- %100 R.P.M. @nd have a cutting speed of 6000 ft. per min.
Set 6000(800) on CUTTING SPEED to left diamond
gauge fuark on D.
Oyer'5100 (510) on R.P.M. read 4.5 on DIAM.

N N
h
\ /

LANGSNER INDUSTRIAL. SLIDE RULE
CONTINUED ON PAGE 9%
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Rttt

LANGSNER INDUSTRIAL SLIDE RULE—Continued

' [ENGTH OF CUT, FEED, AND TIME GIVEN. TO FIND R.P.M.

st TIME to LENGTH OF CUT. Under FEED find
. RPM.
. Ex. Length of cut 2", feed 0.016", time 1.25 minutes.
What speed of cutter is required?
~Set 1.25 on TIME to 2” on LENGTH OF CUT.
.. Move runner to 0.016” on FEED.
~ Under hairline of runner read 100 R.P.M. on R.P.M.

Nete: Other computations that can be made on the rule with

- the slide in the position shown by the drawing mvolve

cutting speed, feed, length of cut, and cubic, mches of
material removed. -\

- When the slide is turned over and inserted j in, the rule, the
“rtle becomes a regular slide rule with B, CL/G, and D scales.
~The DIAM. scale is used as an A scale, T‘n\e rule can then be
“wsed to compute costs, change gears, thorsepower, indexing,
'_:_'Iever arms, load on columns, load on%prings, machining time,
“pereentage, and volume. It can also be used for the regular
erations of multiplication, division, squares and square
Toots, cubes and cube roots. /Stales for sines, cosines, tangents,

?f.cotangents and logarithmg ate not on the Langsner Industriai
._ _Shde Rule, N\
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A. PROBLEMS FOR DRILL

MULTIPLICATION _ -

(1) 520 X 3.5 = T
3+1 =1 I

(2) 981 X 0.0043 = T
(3) 0.000166 X 0.705 = T A
4) 0.0196 X 0.20 = T A
(5) 2560 % 0.0026 T _“f\w}
6) 0.715 X 0.0137 = ] O
(7) 2.8 X 5.1 X 06 = N
8} 2.5 X 605 % 94 = 7,
(9) 2.55 X 3.1416 x 108 = | =k O

(10) 0.00195 % 195 x 350

BIVISION

&

(2)
(3)
{4




£
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J
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PRACTICAL USE OF THE SLIDE RULE

COMBINED MULTIPLICATION AND DIVISION

160X 75
4 285 % 22n
: e N e Y
4 i3 _-211-6
3
\ 156 X 3.36 _
@ —m5 X128 =
550 x 82
@) 30X 22 =
- 0.008 X 3
&) 0.012 X 6 =
1435 X 2.3 X 2 J
® x5 10
6 _0.0063 X 0.0495 20
| 0.000012 X 18, >
7y 160X 54 > 0082 _
928 X 45 X008
(8) 360 X 458 X 95 _
927 13X 0.00012
F75-% 0.065 X 980
O 0.000655
(i?f;\’ 41 X 80 x 35
z"\x.{’

N -

;.\\
Y
QA

<

N\
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* RECIPROCALS
Check by regular division using C and D scales.
0 —338 =

2 29 =

@ ——wmms— =

S T T T\,

&~ 0 Q
® - 0.0}452' 5 < [
1 O\
® 5008
| 1
®) 5500002 &N
1 AR
_ 10} 500000290 .
'BQUARING NUMBERS O L
. Check by regular mwﬁ}lication using Cand D scales.

I

%

W s o |
Right-hand seetioh, 28 = 2
(2) b2.2n%
@ 7=
(4).30.052:
~5y) 0.3192
g 27 -
- Left-hand section, 25 — 1 =1
7 215 = -
® 173 =
{9) 0.0135? =
(10) 0.208 =

r
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&"\) W 4

SQUARE ROOT

oy
(2)
(3)
@
(5
(6)
(7
(8)

)
(10)

V353

V1,188
+/0.00642
+v0.0054
+0.0005
+0.006
v/0.08176
V20,900

+v/10,026

CUBING RUMBERS
1) 6.15 =
Third section, 38 = 3™
(2) 0.75% =
3) 0. 0523\;
@ A<

Second sgeqtibn, 38-1=5

(§5X;\6:0313 =
Sz
x\\::’ (7) 4.5 =

(8

11.2¢ =

@) 0.205 =

(10)

1,98 =

\

First section, 38 — 2 = 4
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CUBE ROOT

W VBT
2) \/3252 T
3) v3989

3

@ vog
(6) oW
®) voog
() V0310
® ~osT
©) oo
10) /0000310

SINES

(1) 38 =

(2) 105° =

Q\"\

(3) 5 10 f“"

(4) 30: \
(5) \ 30"

S W®) 40
(T 15 =

8) 36 =

® 12’ =
(10) 30" =

'//s.
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COSINES

L 70°
@ 50°
@) 30°3 =
@) 20° QO
(5) 12.5° = ' \\
6) 80° \;

(T) 20020 =
® 95° = \\ 1

©) 150° - &

(10) 40° 10/ = D
TANGENTS Ny )
E; ::5o= Q‘Q
3) 233‘35\
(4),\@53'30' -
\(GT 10° =
A (6) 6° =
<>w @ % -
| ®) 106° =
© 135° =
(10) 170° =

I

[

/~
7 '~




(1)
2]
3
)
()
{6)
(7
®
)
(10)

(1)
(2}
3
G

COTANGENTS

37 =
33.5° =

4° 10 =

17° =
10° =
6° =
140
70° =
280o
190¢

i

~ LOGARITHMS
- Find the numbers whose logarithms are ttk Ioilomng
Logarithm

2.767 =
1.987 =
0.332 =
9.176 ~

10 = ".:""
(®) 7.462 - 10 =

PROBLEMS FOR DRIL|

111

&

S

* Find the logarithms of‘ t\he following:
Number

6)
(7)
(&)
9) 20

10y \000915 -

po’“@k‘s AND ROOTS
\‘alse the following to the powers indicated:

(1)
2
3
(4)
®)

202 =,
76.5¢(%
BQ'\

3.2 =
14 81 =
25218 =
0.080.5 =
0.7 =

¥ ‘~"
...\"
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Find the roots indicated helow:

© vIE -
M VTT -
® v9o = =

© v _ &
10) Vol - N
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— PR

B. PRACTICAL PROBLEMS
PROBLEMS IN AREAS

Right Triangle

¢ = va § b c
4= ViE b
b = C? __luéT! b
Area = A = ,ab Right Triangle \
Slide Rule Problem .1.,:\‘"‘«.
(1) a =35b=42 A\
¢ = Vv@EEY + @zp=_0F
1 —
A=35X 35 x 4.2 =" 0. |
\L/
Square _ "w - |
— N ’.“" I 4 5
d =svZ = 14148 % - |
A=g ¥y
o™
s\\ N )
N Square
\¢/Slide Rule Problem
2) \*“’*s = 3.45 B
\,d=1414><345 I
A =@ase=
_ §"\‘.N
Q Rectangle
= \/az'l'—bi o .a
Area = A = ab . _ :
&

Rectangle

\.
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116
. Slide Rule Problem
(9 d =64
c=31416><64-— ]
A = 0784 X (6.4 = | ]
Elli
1pse N\
Area = A = mab
= 3.1416ab

\/’

Approximate perimeter
=p =7 V3@ + bY

(10) a = 3.2, b =
A=31462<‘8\2><18—|“_ B
p = 3.1416™V2[(3.2)2 4- (1.8)] =
R Q)
A\
PROBLEMS IN AREAS AND VOLUMES
\/
i"\g'\ Right Prism

-

Lag\e\ral surface = perimeter X height =Ph <

g

4 Total surface = lateral surface

plus two bases

Volume = area of base X height

s —

Right Prism

o
i
Fl
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Slide Rule Problems
(1) Right hexagonal prism, where
§ = 1.1, h = 2.65, r = 0.498 _
Lateral surface =6 X 1.15 X 265 =}

Total surface = |~ 142 xX 6 X 1.15 X 0.498

(See prab. 8,
Areas) = | | A

(2) Volume = ”\\\
6 1.15x 0.498 )

Cylinder

Lateral surface = wdh ¢
Total surface = wdh plus two bases.\
Volume = wizh N
0.7854dh %
&

¢ N/

%\

ox
£ )
N/

i

?\” Slide Rule Problems
"\ v 4

@ = 2.1, h = 3.7 |
N Lateral surface = 3.1416 X 2.1 X 3.7

"“ —_—_——
O

O @ Volume 0.7854 X (2.1 X 3.7

|||
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Right Pyramid
P = perimeter of base
A = area of base
Lateral surface = %ps
Volume =% Ah
" ‘d*’c
) R\ight Pyramid
\\
X )

Slide Rute Problents\v

{9 Regular right hexagonal pyrgl)ﬁti
a=2,r = 1732, h = 22,s = 2.8

Lateralsurface—lx2><6><28 1
6)(2‘)(1732

(6) Volume—gx &5 X 22 =" |
(See Prob. & Areas)
{\‘,
\\ .
WO Cone

\/

Height ,s\h Ve

Latg%l surface = 2d X s = 1.5708ds

rdzh

T = 0.2618d%h

Cone
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Slide Rule Problems

M d = 2.125 s = 3.07
h = V307 = (2 AN =]

Il

Lateral surface
1.5708 x 2.125 x 3.07

= [_ " :
(8) Volume = 0.2618 x (2.125)? X | =1 1

I

Wedge
Yolume
_ (22 + c)bh _
6
Slide Rlﬂez?gbblem
% a=31b=286,¢c=38h=37
2% 31 4+ 38 ><26><37
Volume =\ 3 .
= > I
\)
:'{\ml . . -
\Y
“ Sph :
&
Surﬁaq‘e\,-_: wd2
— 4
= 0.5236d*

" Sphere
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Slide Rule Problems

(10) d = 2.04
Surface = 3.1416 X (2.04)

1
{11y Volume
0.6236 X (2.04)* = |_ B

ol

PROBLEMS IN TRIGONOMETRY

Right Triangles :\”5\
Sine G\ .
2 _sinA
i
a = csin A
. a
¢~ snA
Slide Rule Problem
(1) a = 46, ¢ = 8.1. Find angle A.
a N, , 46
E:{& sin A = &1 1
S\ A={____1
Cosine O
b > & 8
”é"\“"‘ cos A
.'S‘iﬁ = ccos A € a
\ b ',
) €= wsa A i c
b .

Slide Rule Problem

(2) ¢ =21,b = 1732. Find angle A.

b _ cos = L2
C 1

A=[_"""7
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Tangent =]
a
5= tan A c .
a =btan A
b o= - A
T tan A A b C
Slide Rule Problem O
(3) a = 33.3,b = 102. Find angle A and side C. ,{ \f
(\
"E:tanA=33'3=| | (9
b 102 RS}
A = | i 4
a 333 3;"3}
C = v = = - — = —
sim A osinf__ ! J
ﬂ:i&_____—._}
_ ‘X ¥ AE——
Oblique Trlangfes‘
\:"‘s
A acvte N c

8 obtuse |,
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@) a=

sinA _ sinB _ sinC
a b ¢
a _ sinA a = b sin A
b snB’ " snB
b _sinB . csnB
c sinC’ ~ sinC A
¢ _ sinC ¢ = asinC .
a sinA’ ~  sinA R\,
a = vb* 4 ¢ — 2bccos A
b = +a? + ¢ — 2ac cos B \
€ = va* b2 —2abcos C

b4t —at \
cos A = 2bc \\\
cos B = 2+ 28D

Zac,

cos C — a? + a2

’:."22'1]3

R Slide Rule Problems

36’ c =42 A =35°sin A = 0.574
Frncl angle C, angle B, and s1de b.

\ \a’ sin A

\ ¢ sinC

i g - 21'273 {Set up as a ratio.)
sinC =" | = ]

/B = 180° — /A — zc i ____|

b = /(36 + (4.2 — 2 X 3.6 X 4.2¢cos | |
When the included angle is greater than 90°, look up the
cosine of 180° minus the included angle and put a minus
sign before it. In this problem the included angle is
greater than 90° (Case I}, so

b = V{362 + (4.2 + 2 bt 3.6 X 4.2co8|__

t

——
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G) ¢c=61,b =057 A = 102, sin A = 0.978, cos A =
—~0.208. -

Find side a, angle B, and angle C.
a = /(672 4+ 6.1 F 2 x 57 x61 X0208

= [__ 1
SnB _ b O
Sin A a O
SinB 5.7 _ . e X
0978 = & (Set up as a proportion.) ”.}‘w
SnB=[___| B=___1 2
4C =180°— LA — 4B =" 10
D
A\

PROBLEMS IN MECHANICS
Formulas for Moments <O
Moments clockwise = moment$y

counterclockwise O\ -

AF1 = BFz o\\?’
A _F a0 -

T

¢ |
::\“' . F‘;
O\ :
7 Siide Rule Problems
M\sjﬁ.”" 1) A =55 F, = 3761b, B = 2.75”
N/ Find F; -
55 376 o _ ———i1p
o7 = 7 LT ——
@) F, =3001b, B = 6", A = 43"
Find F, |
QLU — )

300 6’
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i—-—~2.7" —i 4e —‘— £/ .?3—-1

ff.ﬁfb l & x
T itb 82/b
) N\
(3) Moments clockwise .
26 2.7 +42 +4.1) + 2.3x N
Moments counterclockwise 'S\

7.1 (4.2 4 4.1 + (R.2 x 4.1) \
So (2.6 x 11) + 2.3x = (7.1 ><83}+(82><41)
(7.1 X 8.3) + (8.2 X 41026 X 11)
23
= _____1b. I\
‘..‘\"
Formulas for Center of Gravity ;’;“’
K i “.":}‘
i

."L t

~O -
=

Since the center of gravity is the point at which the weight is

concentrated, the center of gravity of a plate of uniform thick-

ness and material may be found by taking moments about two
- axes at right angles to each other.

a¥,+ bY, = AY
= A

aX, + b X, X
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Slide Rule Problems
{4) Areas
a = 34" X 1B = 3§ sq.in.
b = 14" X 34" = 24 sq. in.
Moments about X - X,
(B4 X 136 4+ (U X 3%) = B+ 22 Y

Y =
(6) Moments about Y ~ Y, \\\\
B4 XY + @p X% = %+ X
N

X = | | O
\~"‘\\'
\J

Formulas for Gear Train O

.
f = force to lift weight W (friction sieglected)

_ d, X d: X ds D y
F = WX Db XD, ¥ D 2\

W= F XD XD, X ]:2::::':‘
d, X d: X ds N7

When n; = speed of Ry
Ity = § i‘@f Rs
py o B Du X Ds X Dy

\jvdx X dz X ds
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Slide Rule Problems
(6) Given D, = 1234, D, = 10%, D; = 614"
d: = 5,1/", dz = 3%”, da = 23/2”
W = 20001b. Find F.

F = 2000 X 55 x 3.5 x 25
125 X 10 X 6.5
= T Ibs.
(7)  If n,is to turn at 115 rpm, how fast will R, tufn?
n_115><125><10)-(65 ,‘w
3 55X 35 X 25 N
S — &

N

Formulas for Forces in a Plane Y,
@ less than 90° R

Fo= VFE T 7 1 2F: F{o0s 6

> Slide Rule Problem
@) 202 F; = 30.6, 6 = 62°
\Fﬁ*‘ V{20.2)* F (30.6)F + 2 X 20.2 X 30.6 % 0.469
\ .

N
e

e
<\ “ @ greater than 90°

Fo= v F2 + FZ — 2F; I, cos 0
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Slide Rul_e Problem
(9) F, =31,F; = 4.7, ¢ = 98°
Fa= vB12 + 4.7 — 2 x 31 X 4.7 x 0.139

Formulas for Centrifugal Force

F = '%_R! = 0.000341 WRn? .
W = weight of bedy in pounds '\“\
V = velocity of the revolving body in feet per secgnd
acceleration due to gravity = 32.16 R N
radius in feet of the circle in which the dey revolves

g
R
n revolutions per minute

oy

\
Slide Rule Problem ¢ \

(10) What is the centrifugal force in poturds in a ﬂywheel whose
weight is concentrated in a rin that weighs 200 pounds
and has a mean radius of 18 nches? The speed of the

wheel is 150 rpm. \
F = 0.000341 X 2oq>< ig %' (150)2

—_— ]—_‘___K\ W
PRvdBf.EMS IN CIVIL ENGINEERING

(1) Find the\mammum bending moment (M) at the mid span
of a be\am supported at each end and carrmg a umform
Ioad { Use the formula .

N { M = EI
\ ) T8
w total load = 4000 1b.

length of beam between supports = 8.5 ft,

,_.
|

M bending moment in 1b.-ft.
Substituting:
M = 4000 X 85 _ —

8



N
%
\ }

128 PRACTICAL USE OF THE SLIDE RULE

(2) Find the deflection in inches of the beam in Problem 1,
Use the formula
5 Wik
84 El
In the above formula lis in inches, E from a handbook is
29,000,000, and I = 6, so substituting:
A_._5><4000><(8.5><12)3 ~
N 384 x 29,000,000 X 6
B 5 X4 X (102 _ i.____| \)
T 384 % 29000 X 6. —N
{3) Find the maximum bond stress between regnforcmg steel
and concrete from the forrmuila,

A= —

w= O
u = bond in pounds per squgre 1nch
V = total shear = 10500
I, = total perimeter of ,steel bars = 7.068"
j = 0.875 (from a hahdbook)
d = effective depth of beam = 18”
Substituting:

u = 10500 o
7.068.0.875 X 18 e —
(4) Find the saféJoad in pounds for a pile driven with a drop-
hammer, b¥ using the following formula.

p.{ N\ 2wh
’\ S+1
\W = weight of hammer in pounds = 2500 Ib. for this
) problem
:\"“' h = height that hammer drops = 9 ft. for this problem
N S = average penetration per blow for the last few
. blows = 0.75 in. for this problem
Substituting:
P - 2 %X 2500 X 9 T
- 075 + 1 -l

(5) Compute the volume of earth between two parallel cross-
sections from the formuia
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V= L1+ AY

lisin ft. and A, and A, are in square ft.
For this problem ] = 28, A, = 14, A, = 21.8

Substituting: .
V=-l~><28(14+218)=] |
. A
{6) Find the allowable stress in a column using the followmg
formula. . ¢\ \
18000 O
f = 1 I\ = | — :"}’«.
L+ 15000 (‘) ON

[ isthe length of the column in inches ."’.\\’
r is the least radius of gyration (from ahandbook)

f is the stress in pounds per squareyieh
In this prolem ! = 288 inches, r, 9—\3 71

Substituting:
f =

18000 ¥ :
28N =]
1+ 18000 (3 >
(7) Find the effective depth of the reinforcing steel in a con-
crete beam, usmg t;héformula

d - &\
R’Q
M = 500000 inch pounds (calculated in a manner

7y similar to that in Problem 1}
R\*— 131 (from a handbook)
~.b\= width of beam in inches = 12* in this problem

&ubstltutlng

RS P U i o —
\ 131 x 12 J———I
(8) Find the value of the Kutter Coefficient from the formula
C = 1. ;-11-9 Ré .
. n = coefficient of roughness
R = hydraulic radius

In this problemn = 0.017, R = 3.28
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Substituting:
149 X (3.28)%
C =7 = —
(9 The Francis Formula for flow over a submerged wier is
Q = 3.33LH?
where Q = quantity of water in cubic f{. per sec. )
L = length of wier in ft. N
3 H = height of water above crest of wier, (usually
measured about 6 ft, upstream from\w1er
Inthisproblem L. = 85 ft., H = 0.5 fi;

Substituting:
Q = 3.33 X 85 X (0.53 = J“—_”éhl
(10) Find the flow of water through a tQang‘ular wier from the

formuta 4
Q = 2481t “\
Q = quantity of water ift, cublc ft. per sec.

h = height of water dbove bottom of triangular notch
In this problem h —.'1 5

Substituting:
Q = 2.48 ?gg(l.S)‘f* = | |

&
\ \PROBLEMS IN CHEMISTRY

(1) A 0.5007gm. sample of a certain dye was bombed with
Nago\g“and the S content thereby obtained as a sulfate.
Upen' the addition of an excess of BaCl,, 0.4850 gm. of
ﬁa . were obtained in a tared gooch. Find the per-
A centage of S in the original sample.
~ \ ) Solutz'tm. To find the weight of S in 0.4850 gm. of BaSO4:
\/ (1) Set up the relationship S ————— BaS0,
(2) Place corresponding atomic and molecular weights
under each individual chemical concerned, thus:

S — Bal0,
32 233.4

which means each 32 gm. of S yields 233.4 gm. of BaSO..
(3) Next place the known weight and unknown weight
over each individual chemical concerned, thus:
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X —» 0.4850

S BaS0,

32 2334

(4) Solve the proportion

X 04850 . _ 32 X 0.4850
3 = o334 X = T am@i

In solving the above proportion for X the slide
projects to the right, so the answer is 0.0665 gm. This
problem can be solved directly by setting 0.4850 on'C
over 233.4 on D and over 32 on D reading 0.0665 o0.C?
The first method makes the locating of the de‘mmal

point easier.

The percentage is, by regular shde xme division,
0.0665 —
o500 X0 =1__"1 O

O

(2) Find the number of liters of oxygen. tdbum 20 gm. of coal.
Selution. C + O, = CO, and sthee for all practical pur-
poses, the gram molecular weight-of any gas occupies 22.4
liters, write the atomic or the olecular weight under the
solid or liquid chemical individuals and 22.4 liters under
the gaseous chemical individual, thus:

C . 0, )

12 * 224 '\t

Place the kngwn weight and unknown weaght over the

chemical m.chvxdual concerned.

24 x
\"?“ 02 COz
123 224 -
24 X
S"l"e 2 = 524

\ Over 12 on D set 24 on C; over 22.4on D read the answer
onC.
(3) The percentage of oxygen in air by volume is 20.8. Find
the number of liters of air to supply 50 liters of oxygen.

Solution. I _
Liters of air X 0.208 = liters.of oxygen required.
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So liters of air x 0.208 = 50

: . 50 -
or liters of air = 5508 = | l

(4) 250 cc. of CO, were obtained at 15°C and 750 mm. of Hg.
Find the volume at standard conditions: that is, 0°C and
760 mm. of Hg.

PV, PV, ~

Solution. Use the equation T = T

where P, = pressure under which V, cc. of gas’ ex%t at
T, absolute temperature O
= degrees Centigrade 4 273 ™

In the problem P, = 7b0 mm. O P =760
V, = 250 cc. oV, =2
T, = 15° 4+ 273° < 288" T, = 273

Solve equation for the uraknown V;
P, Vo Ty o)

Vi = T, P A : '

750 X 250 X 273

N 288 X 760N

-y -

(5) Find the pressuré at which a liter of HOH will dissolve
0.4 gm. of Hy@t-0°C.
Solution. Alse Henry's Law, which states that if the
temperatiiye remains constant, the weight of gas dissolved
is di;’%’:tly proportional to the pressure of the gas.

As'dn equation P, _ P,

R W, = W,
..\3 “From a table the solubility of H, in HOH is 0.00193 gm.
“\M  per liter, so 1 Py
A 0.00193 ~ 04

Over 193 on D set 1 on C; over 4 on D read the value of
P, on C.

(6) Calculate the weight of Aq deposited from a solution of
Aq NO; by 0.2b amperes for 1 hour.

Sotution. 1 Faraday = 96500 coulombs = quantity of
electricity necessary 1o deposit 1 gm. equivalent of any ion.
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The gram equivalent is the atomic weight of the ion divided
by its charge. For example, 107.88 63.5
Ag = =y, Gu = 5=

The coulombs = amperes times seconds.
So coulombs = 0.25 X 60 X 60 = 900 and since 96500
coulombs deposit 107.88 gm. of Aqg, 900 coulombs will
deposit 107.88 X 900 _ —
— o500 T ———

A\
Solution. Normality may be defined as the gram équiva-
lents of a material in a liter of HOH. To standardize or
find the normality of a solution it is only, Gécessary to
titrate the material against a known \n"ré:l);ht of pure
material. For example, if NaCO; wergstaken as the pure
material and methyl orange as the dndicator, then since
the molecular weight of NaCO; =106 and since there are
2 J ionms, the equivalent weightyof NaCO; = 53. This
means a liter of NaCO, would-gontain 53 gm. and a cubic
centimeter, 0.053 gm. If 263X 0.053 = 1.325 gm. of pure
NaCO, be weighed out,11.325 gm. of NaCO; would react
with exactly 1 N of.ény kind of acid. .
Suppose it requiredy24.5 cc. of the HCL solution to react
with the 1.325'%m. of NaCO,. The normality could then
be found as (25 X 1 = 245 X N

A %

\ N = 2—4'5 =
s 4

8) F{u’ﬁi\f;he normality of the HCL solution, when 25 cc. of

N

\‘:

,\~1,:@2 N solution react with 24.6 cc. of HCL of unknown
~normality. -

Solution. cc. X N ce. X N
25 x 1.02 246 X N

X102
N = Tg ©—

[l

N

(9) Find the number of cubic centimeters of 1.022 N HCL to

make 500 ce. of 0.1 N HCL.,
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Solution. '
cc. X N =-ecc. XN
cc. X 1.022 = 500 x 0.1
cc=500><0'1= 50 | |
’ 1.022 1.022 -—
(10) Calculate the pH of a 0.1 N solution of acetic acid.
Solution. pH = logy C_I ~
H
0.1 N acetic acid is 1.3, ionized. )\
Therefore the Cy of 0.1 N acetic acid = 0.1 X013 =
0.013 moles per liter. )

1 R
pH = logm m = 10?-_','10 Za{g = | —|
or since 0.013 = 1.3 x 102

1,
pH = logy ]W_—z logy, 13

log 100 — Log 1.3

2 — 0 116 =
PROBLEMS IN ELECTRICAL ENGINEERING
(1) The resistance of,g copper wire is approximately R = 1% f 1

where R is i *ohms lis in feet, and d is the diameter of
the wire in'mils (thousandths of an inch).

What is(the diameter of a wire 528 feet long and 0.102
inch@gzin’ diameter?

Satiﬁién. 0.102 inches = 102 mils, so

O 108 x 528 ..
\. R = W _l |0hms .
\ 2) The reactance X, in ohms of a circuit is X, = 2«fL,
where 2r = 6.2832+, { is the frequency of the alternating
current, and L is the inductance of the circuit in henrys.
What is the reactance of a circuit to 60 cycle current if

the inductance of the circuit is 0.218 henrys?

Solution.
X = 2afl. = 6.2832 X 60 x 0.218 = | | ohms
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(3)

@

()

©)

The impedance Z in ohms of a circuit can be represented
by the hypotenuse of a right triangle when the base repre-
sents the resistance R in ohms, and the altitude the re-
actance X in ohms. _

What is the impedance of a circuit whose resistance is
20.8 ohms and whose reactance is 17.6 ohms?

Solution.

The inductive reactance XL of a c1rcu1t varies chrectlz
with the frequency.
What will he the reactance of a circuit on 55 cycles~ if 1ts
reactance on 60 cycles is 0.26 ohms? N
Solution. 55 R&Z

Kiss = Xoo X fes

o = 0.26 X &5 = | ohms
in a c1rcu1t containing only cap{t:ﬂy the reactance

Xe = 5t fC where C is the capacxfy in farads. As capaci-

tance is usually measured m mlcrofarads the formula
108 o

becomes X = 7 R )

What is the capacity(reactance of a circuit containing a

capacitor of 12 mf¢ +f used on a 1000 cycle cn'cuxt?

Solution. L\

X, = 100 - 108 S
InfC ~ 6.2832 X 1000 X 12
In calcqlétmg the temperature of a coil in degrees Centi-
gradeMrom measurements of resistance, the fo]lomng

fqrmula is used. -

| ohms

e) Rh 2345 + Ty

VR, T 2345+ T.

R, and R, are the resistances hot and cold and T, and
T. are the temperatures hot and cold,

A transformer has a cold resistance of 1.3 ohms, having
stood in a room whose temperature is 25°C. After being
in service for about two hours its res1stance is 1. 38 ohms.

What is its temperature?
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D

®)

®)

Selution.
138 2345+ T, 2345+ T,
13~ 345425 - o595 |l 1degC

The above proportion gives 234.5 - T,. Subtract
234.5 to get Ty.

The turns on a transformer are calculated from the formula
10°E
N =7 WYY
total magnetic flux, and f the frequency.
How many turns will be required for a transformer that is
to run on a 120 volt, 60 cycle circuit if the ﬁux is 40,000
lines? o
m\
Solution. )
108 x 1202 10, -

N = a1 2000 5 60 = é'gl—-m—“ums
It is customary to allow about 10,000 lines of magnetic
flux to every square centlmeter of cross section of the core
of a transformer and to assume that the net cross section
is about 0.9 the gross: ©ross section, since some space is
taken up by the insulating varnish on the laminations.
What would he {he flux in a core whose cross section
measures 1.57 X 1.75"?

Solution.

Flux~¢—15><175><254><254><09><10000
,==l | lines

1f theé primary of a transformer has 264 turns and the
fidary 187 turns, what is the secondary no-load voltage

where E is the effective voltage, ¢ the

N
\\

3 when the primary voltage is 55 volts?

Y Solution.
55 264 _—
"—X = ]ﬁ X = | ] volts

(10) What will be the resistance of a coil of #28 d.c.c. copper

wire, when wound on the spool shown by the sketch,
assuming that the wires are wound close together?

- Diam. of #28 d.c.c. over insulation = 0.0206".

Resistance per 1000 ft. = 64.9 ohms.
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Soluiton. From the sketch the me’ék length of a turn of
wire is shown by the dotted 1ine an'd is '

(2 +1/>><4 625»,

25"
The turns per layer 00067

(2" —1%" 0.5 X 0.875
The number of‘la\yers -k 00506 = 50506

25 _ 05 X 0.875
The numiefef turns N 0.0206 < ~ 0.0206

{ \ .
2.5 X 0.b X 0.875 6.25
The munber of feet of wire = 0.0206 < 0.0206 T

The resistance is

AN

~ \.’ _ 25%0.5x0.87 x6.25 X649 — =

OR = 510506 % 0.0206 x 12 x 1000 ~ —— ohms

{11) When a wave of EM.F contams harmonics, the effective
valve of the wave is

E =‘/E12+E32+E52+ .. .Ed

Using the above formula find the effective value of a wave
of EM.F. whose fundamental is E, = 110 volts, the
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third harmonic E; = 22 volts, and the fifth harmonic
E; = 5.8 volts.

Substituting:
E = J (110)2 + (22)* + (5.8)* = || voits

PROBLEMS IN THERMODYNAMICS Q!

(1) Horsepower. The indicated horsepower of an engms; from
_ PLAN &
33000 -
indicated horsepower O3
P = mean effective pressure in 1@» per square inch
L = length of stroke in feet &)
A = effective area of the piston in square inches
N = number of power trb%(es per minute
Calculate the indicated horségower of a 12” diameter by
13" stroke steam engine which operates at a speed of 265
rpm. The mean effectivedpressure of the head end is
27.51b. per sq. in. and8fthe crank end 27.8 1b. per sq. in,
The diameter of the.piston rod is 154".
Solution. Head efid.
Area piston 50.7854 X (12)? = 113 sq. in.
27\5><ll3><13><265 —
HE = 553500 % 12 =L 1np
Ci%ank end. Area piston = 113 sq. in.
AJ'ea piston rod .7854 X (134)? = 2.07

the indicator diagram is HP, =
where HP,

[ (O 1[

\” Effective area piston = 110.93
\HP = 27.8 X 110.93 X 13 X 266 _ R
N 33000 X 12 =

N Nd
:'\.‘

Total indicated HP = | |
(2) The brake horsepower from a Prony (friction) brake is

2r PLN
HPy = 3500
where HP, = brake horsepower
2r = 6.2832
P = net pull at end of brake arm in pounds
L = length of brake arm in feet
N = revolutions per minute
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Calculate the brake horsepower of an engine as measured
by a Prony brake, when the effective pull is 32 Ib. and the
speed 250 rpm. The length of the lever arm is 32 inches,

Solution. )
6.2832 X 32 X 32 x 250 -
HEP, = 33000 X 12 = IHP
(38) Gas Conslant.
PV = WRT
where P = absolute pressure in pounds per square bet
V = volume in cubic feet SN
W = weight of gas in pounds Ny
R = gas constant for 1 pound of gas in «fbot—pound

system of units (R = 53.3 for\mr)
T = temperature in degrees F abgelute
What is the weight of 2 cubic feet of, @' at 14.4 lbs. per
sq. in. absolute pressure and 70° F?‘ \
Solution. ¢
144 X 144 X 2 = W ><53;3>< (460 + 70}
W = T\
(4) Isothermal Energy Changé s'n'Gas.
W = wRTloger

where W = work winoot-pounds
W = t of gas in pounds
R = gas constant in foot-pound system of units
T ,% femperature in degrees F absolute

\_ o of final volume
(= ratio of expansion v’ -+ Initial volume

Thm}pounds of air at 32 degrees F and atmospheric pres-
sure are compressed to 4 atmospheres absclute. What is
o\ ﬂle work of compression if the compression is 1sotherma1? _

Sofuiwn

Here r = _ratio of compression =_% = 12: = %
“ loger = logelf = — loged = — 1.3863"
Then W =3X53 X (460-(—32) X (—1.3863)= —
T ]ft.-lbs.

Note: The minus sign indicates compression.
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(5) Adigbatic Energy Change in Gas.

W =

k-1

wR (T, — Ty)

= work in foot-pounds
= weight of gas in pounds

gas constant in foot-pound system of unjts
initial temperature in degrees F absoliite
final temperature in degrees F absoll.ﬂsc

= ¢ (1 .e., specific heat at constant pre%ure)

c. specific heat at constant volume

For air ¢, = 0.2375, ¢, = 0.169 andk = 1.405
Two pounds of air are expanded from a~t‘emperature of 300
degrees F to 200 degrees F adiabatically” How many foot-
pounds of work are developed? AN
Solution. Since T, and T, appedt in a difference, either
degrees F or degrees F absolite'may be used.

2% 53.3 X (300— ZOD) 2 X 53.3 X 100

W =

1.405~ 1~~’~ - 0.405
| ft-lbs.

Note: The plus slgn 1nd1cates expansion.

(6) Adiabatic Ex@nts‘wn (or Compresswn) of a Gas

P Te P2
Tz:w T1 ?; or Tl = Pl
whetg‘ ’fg = final temperature in degrees F absolute
~& T, = initial temperature in degrees F absolute
Q P; = final pressure in pounds per square inch ab-

solute

initial pressure in pounds per square inch
absolute

ratio of specific heats (as in 5)

Air at 15 pounds per square inch absolute and 100 degrees
F is compressed adiabatically in a non-flow process to 200
pounds per square inch absolute. What is the final tem-

perature?

Solution. Since Py and P, appear in a ratio, either pounds
per square inch or pounds per square foot may be used.
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1.405—1

= (460 + 100) X Cﬁ%o 1.405

560 x (13.33)0-288 | | = degrees F absolute
or = | ~460 | degrees. F
() Efficiency of the Ideal or Air Standard Oito Cycle

1 =t 1
-1- ()7 -

where ¢ efficiency
r = compression ratio
< . 1.e., volume before compressron
B’ volume after compresmon )
k = ratio of specific heats (asin 5) ,
In an Otto cycle, V, = 13.5and V, = 2. 134”\What is the

It

\\

efficiency of the cycle? S
. \'A 13.5 7o \d
Solution. r = ¥, ~ 3134 x\
2.1347\ 14081
e =1=(BEA" .
=1— (0.15?%,110.405 - |4_“——“"—| %
(8) Efficiency of the Diesel Cyle.
€ = 11— L" Trl - Ta
N {'k.\ Tc - Tb
where ¢ = effidieticy
k = satio of specific heats (as in &)
T,y £% témperature at end of expansion in degrees F
\ absolute
Ty = temperature at beginning of compression in
§ 3 degrees F absclute
" T, = temperature at beginning of expansmn in de-
O grees F absolute
V T, = temperature at end of compression in de-

grees ¥ absolute
In a Diesel cycle, the temperatures are as follows:
At beginning of compression, 70 degrees F
At end of compression, 985 degrees F
. At beginning of expansion, 2485 degrees F
At end of expansion, 975 degrees F
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What is the efficiency?
Solution. Since all temperatures appear as differences,
either degrees F or degrees F absolute may be used.

1 975 — 70

¢ = 1- 5% (oms — 85
1 905 —
- 1= (zis > w) - —
(&) Vapor Fiow from a Nozzle O\
V = 2238 vh, -, O
where V velocity in feet per second 3

h, = initial enthalpy in B.T.U. per'pound

h, = final enthalpy in B.T.U, pér pound
Steam at 300 pounds per square inchabsolute and 560 de-
grees F is supplied to a turbine ndzzle which discharges
against 60 pounds per square inéh‘absolute. What is the
discharge velocity? - AV
Solution. From steam tableswe find

hy = 12919 B.XU. per pound

By calculation we find

h; = 115258
V = 223812919 ~ 11525
%223.8 V1394 = | | feet per second

(10) Aér F. low through an Orifice
(By Fliegner's Empirical Formula)
oW = 0.53f AP, (whenP;is greater than 2 P

\O' Vo

. «.j\%i\here w = weight of gas in pounds per second
AN f = coefficient of discharge, determined by ex-

periment

A = areaof orifice in square feet

P: = initial pressure in pounds per square foot
absolute

P:; = final pressure in pounds per square foot
absolute

: T: = initial temperature in degrees F absolute
Air at 100 pounds per square inch ahsolute and at 70 de-
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grees F flows through an orifice whose area is 0.5 square inch
and against a discharge pressure of 35 pounds per square
inch absolute. The coefficient of discharge of the orifice
is 0.62.

What is the weight of gas discharged per second?
Solution. Here P, = 100, P, = 35, P; > 2P, so the for-
mula is applicable. A\

w =0530><062><-9'—5-)X 100 ~\
' ' T4 V60 + 70 ;O

= |7 "| pounds per second \"5»\ ’

~\
b
&
N
K7
R
NS
;s.l’
R\
N
R
L s
R Y
N
, N
&
g\&\./
~O
NG
(’ >
t:\ml
M
AN
\
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ANSWERS TO PROBLEMS IN PART |

ANSWERS—Page 9 ANSWERS—Pages 16 and 17
1. = 41 1, = 064
2. = 9.8 2. =178
3. = 9.8 3. = 0.0000324
4, = 189 4. = 174.2
5. = 450 5. = 27800
6. = 12.7 Oy
7. = 14.4 ANSWERS—Page 19 » \\ “
8. = 145 1. = 5500y
9. = 1048 2. = QM80°
10. = 10.35 3. 230184
48\ 0694
B= 0.0312
ANSWERS—Page 10 \5 = 582
1. = 32 :‘:u’ 7 = 164
2. = 960 o\ 8. = 0.00025
3. = 264 O 9. = 0.144
4, = 173 - ?};”“' 10. = 0.0255
5. = 0.14 2\ ANSWERS—Page 33
6. = 135
7‘. _ 50 \\; 1. = 53.4
8. = 03 2. = 194
PP v 3. = 213
§ 4, = 44
10. £0.043 :
\;\,} ANSWERS—Page 38
AN‘S%ERS—P 1. = 53.2
age 10 2. = 16.8
O 2. = 950 3. = 8.29
N/ 3. = 865 4, = 248
4. = 133.1 5, = 431
5. = 671 6. = 197
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ANSWERS TO PROBLEMS FOR DRILL

RECIPROCALS—Page 107

1. 1820 1. 0.357
2. 4.22 2. 0.0345
3. 0.000117 - 3. 0.00353
4. 0.00568 4. 0.0001044
5. 6.67 5. 0.000935
6. 0.009796 6. 16 . - .
7. 1370 7. 769 : Oy
8. 142,000 8. 3570 O
0. 865 _ 9. 10,870 N\
10. 133.1 10, 345,00({;;. :
DIVISION—Page 105 SQUARING NUMBERS — Page 107
1. 6.97 1. k&‘44
2. 0.0258 28 25
3. 8.14 N3 627000
4. 55,600 W 274, 0.00270
5. 0.00000939 oY 501018
6. 1.12 6. 7.29
7. 0.149 S 7. 462
8. 18840 Q 8. 30,600
9. 01083 (W 9. 0.0001823
10. 0.000254 b 10. 0.0432

COMBINED MUL’]ZIPLICATION

AND DIVIS{ON—Page 106

SQUARE ROOT—Page 108

1,494 1. 18.79
2N 565 2. 345
J3. 1025 3. 0.0801
J 4. 0333 4. 0.0736
5. 0.144 5. 0.0224
6. 1.444 6. 0.0775
7. 0.0221 7. 0.286
8. 109,100,000 8. 1446
9. 0.000837 9. 930

0. 0.00000000571 - 10. 1001
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o

CUBING NUMBERS—Page 108 COSINES—Page 110
1. 227 1. = 0.342
2. 0.4219 2. = 0.643
3. 0.0001406 3. = 0.866
4. 68,920 4. = 0.940
5. 0.00002979 5. = 0.976
6. 0.1065 6. = 0.174
7. 91.13 7. = 0.938
8. 1405 8. = —0.872
9. 0.008615 9. = —0866\
10. 6.859 10. = 0.764, =~
CUBE ROOT—Page 109 TANGENTS—-?&gE 110
1. = 5.325 1.0570.933
2. = 6318 A2nJ= 0.795
3. = 9.963 A8 = 044
4. = 4.61 04 - o277
5. = 0.2714 AT B = 0176
6. = 0.448] SN 6. = 0.105
7. = 0.6768 O 7. = 0.0524
8. = 0.3141 N 8. = —349
9. = 0.1458 "\ 9. = —1.00
10. = 006(( 10. = —-0.176
SINES—Page 109 COTANGENTS—Page 111
L = 616 1. = 1327
2-.& 0.182 2. = 1511
8= 0.09 3. = 223
M. = 0.0523 4. = 3.27
Y 5. = 0.0436 5. = 5.67
T 6. = 001164 6. = 9.51
7. = 0.00436 7. = —1.192
8. = 0.01047 8. = 0.364
9. = 0.0000582 9. = -0.176
10. = 0.000145 10. = 5.67
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LOGARITHMS —Page 111 POWERS AND ROOTS—Pages 111
1. = 585 1. = 183 w112
2. = 97.0 2, = 4240
3. = 2.15 3. =. 4000
4. = 0.15 4. = 0.283
5. = 0.0029 5. = 0.24
6. — 2.465 6. — 13.3 N
7. = 1.884 7. = 377 . ‘
8. = 0.944 8. = 59,000 O
9. = 9.813—10 9. = 0282 (-
10. = 7.961—10 10. = 0182\~

ANSWERS TO PRACTICAL PROBLEMS
AREAS-—Pages 113-116

1. ¢ =547 . A =735 \\\
2. d = 488 A =119
3.d = 654 A = 1824

4. A = 19.22 &

5. A = 21.06 A\

6. A = 5.39 \

7. A = 13.12

8 A =1123 ¢\

9. ¢ = 20.11 \\ A = 3217

10. A = 18.096) p = 1631

AREAS AND vqi,frﬂ[ES—Pages 116-120 _
1. Late{al‘surface 18.285  Total surface = 21.72

2. Volume = 4.55
3. Iateral surface = 24.41
A4\ Nolume = 12.81 _
Y Lateral surface = 16.8 -
6. Volume = 7.62 _
7. Height = 2.88 Lateral surface = 10.25
8. Volume = 3.40
9. Volume = 16.03
10. Surface = 13.07
11. Volume = 4,445
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TRIGONOMETRY—Pages 120-123

1. Sin A = 5679 Angle A = 34° 3¢/

2. Cos A = 8248 Angle A = 34° 26’ :

3. Tan A = 3260 Angle A = 18° % sidec = 107.3

4, SinC = 0.6697 Angle C = 42° Angle B = 103°
sideb = 6.12

5. Sidea = 917 SinB = 0,608 Angle B = 37° 30/
Angle C = 40° 30/

. A\
MECHANICS—Pages 123-127 ™)

18.8 1h. A
2150 ib. A0
278 Ib. clockwise AV

Y = 0.606

X = 0.466 N

118.5 Ib.

1941.6 rpm p\ '
43.87 0
5.26 »
2302 1b. &Y

»
O
s

CIVIL ENGINEERINGmPag}s 127-130

e i Rl s e

[

1. 4250 b-ft. , .

2. 0.3176 inchy "

3. 94.31b. per S in.
4, 25,714 b

5. 501 QT

6, Ib. per sq. n.
7~~N inches

B 2106.8

”

\\9' 9.99 cu. ft. per sec.
10. 6.84 cu. ft. per sec.
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CHEMISTRY—Pages 130-134

13.39}
44 .8 gm,
240 liters
234 cce.
207
-1.006 gm.
1.02

1.04

48.9
1.886
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ELECTRICAL ENGINEERIN G—Pages 134-138

0.548 ohms
82.18 ohms
27.25 ohms
0.2383 ohm O\Y
13.26 ohms N\
40.97 degrees C .«
1126 turns N
152,400 lines N\,
38.96 volts A\

87.12 ohms A d
112.3 volts X
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THERMODNKMICS—Pages 138-143

b

3\ 0.1468 Ib.
\}“ —109,200 ft.-1b.
26,300 ft.-ib,
721 degrees F
52.6%,
57,167
2643 ft. per sec.
0.00496 Ib. per sec.
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