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THE MANIPHASE SLIDE RULE

PREFACE

With the help of this book anyone, working alone, can learn the
uge of the Maniphase Slide Rule. It tells clearly and simply how to
use the rule in all kinds of work. "whe book is divided into four parts:

PART 1

FOR BEGINNERS
Ordinary Business Computing and Estimating

Part I teaches the use of the rule to. the beginner. A grammar
school education is all that is necessary to understand Part I,

PART 11

HIGH SCHOOL AND COLLEGE

Part IT teaches the use of the rule to those who are having or have
had High School or College work., In addition to teaching multiplication
and division Part II teaches POWERS and ROOTS, TRIGONOMETRY
and the SOLVING OF TRIANGLES, LOGARITHMS and some advanced
SPECIAL SETTINGS.

PART III

ENGINEERS AND ESTIMATORS

Part III teaches the special uses of the rule to TECHNICAL MEN,
ESTIMATORS and ENGINEERS. Particular attention is given to
questions of SPEED and ACCURACY and the use of the rule in
ENGINEERING WORK and DESIGN WORK. .

PART IV
TABLES AND CONVERSION RATIOS

Part IV contains tables of ratios, measures and settings uwsed for
the solution of problems and for practical work in ESTIMATING and
DESIGN,




THE MANIPHASE SLIDE RULE

PART 1
Ordinary Business Computing and Estimating

CHAPTER 1
INTRODUCTION

The object of PART 1 of this book is to teach the beginner the
use of the Maniphase Slide Rule.

ANYONE CAN LEARN TO USE THE RULE WHO HAS HAD A
GRAMMAR SCHOOL EDUCATION.

FOLLOW DIRECTIONS CAREFULLY AND WORK ALl BEXER-
CISES.

The directions and exercises must be followed just as they are
given, and in the order in which they are given. Above all no new
step should be taken until all the exercises coming before are under-
stood. DO NOT SKIP IN PART I if you are a heginner. Go slowly
and surely and much time will be saved. Do not hurry and do not
think you understand unless you really do the exercigses and examples
and get the right answer, If you cannot do them and get the right
answer, go over them AGAIN and AGAIN until you can got the right
answer every time. Then go on to the next step. Much time will be
saved if the work is dome this way.

Part I Is Divided Into 8 Chapters

Chapter I INTRODUCTION

Chapter II KINDS OF WORK THE RULE WILL DO

Chapter HI READING THE RULE

Chapter IV FIGURING SIMPLE COSTS

Chapter V CHANGING FROM ONE KIND OF MEASURE TO

ANOTHER
Chapter VI MULTIPLYING
Chapter VII DIVIDING
Chapter VIII SPECIAL USES

Chapters I and IT should be read very carefully and you should be
sure you understand them hefore you go on to Chapter III. Remember
that the KIND OF WORK THE RULE WILL DO must be clearly

understood before yvou try to DO any work. If you do not understand
what the rule will do, how close you need the answer and how close
you can get the answer you cannot use the rule properly. If you DO
understand WHAT KIND OF WORK THE RULE WILL DO you can
use It properly.

S

Chapter III should be followed very closely and every exercise
done;—even if you THINK you know how to do the examples, actually
WORK all of them, If you DO know them it will take very little
time, if you do NOT it will save you a great deal of time later.
Chapter III is the most important chapter in Part I. If you do not
know how to read the rule you cannot do even the simplest work.
The better you know how to read the rule the quicker and easier you
will be able to do the work that comes after. This Chapter III may
become tiresome and you may want to skip over and do something
more interesting. Remember you must be able to read the rule quickly
and surely before you can hope to use it in a REAL PRACTICAL WAY.

Stick to Chapter III until you really can do ALL the exercises
in it.

Chapters IV, V, VI, VII and VIII need not be explained here. These
chapters will be easily understood by anyone if Chapter [l is UNDBER-
S8TOOD and if all the examples and exercises in Chabter III are worked
out correctly,




PART I—CHAPTER 1l
KINDS OF WORK THE RULE WILL DO

Closeness or Accuracy of Measurements

All practical work of figuring or computation depends on meagure-
ments of some kind. We sell goods by the yard, the pound, {tne guart,
the ton, ete.,—all goods have to be measured. We cannot measure
any of these things EXACTLY. It is of no use then to try to get
results or answers exactly if the numbers used to get them are not
exactly right.

1t is of no use to get a result closer than the measurements whick
are used in getting it.

IF WE HAVE SEVERAL NUMBERS WHICH WE ARE MUVLTt«
PLYING OR DIVIDING THE EXACTNESS OR ACCURACY OF THER
RESULT WILL BE NC BETTER THAN THE ACCURACY OF THE
MOST INACCURATE OR INEXACT NUMBER WE USE.

You should understand JUST what this means. Put in another
way it means that you can't take careless measurements and get close
or accurate results by figuring,

It means that if you take measurements with a certain closeness
or accuracy you cannot get results which are closer or more accurate
than the numbers you use to get them.

MANIPHASE RULE CLOSEOEI;I{OUGH FOR PRACTICAL
WOR

1t you understand this first paragraph you will see that while the
Manipha.se Slide Rule is not exact to five or six places of decimals,
in practical work it may be and really can be used for most figuring,
THE MANIPHASE RULE WILL GIVE RESULTS TO 1/10 OF ONE
PER CENT. MOST PRACTICAL MEASUREMENTS ARE NOT MADE

AS CLOSE AS THIS.
SPEED

The Maniphase rule not only figures things out easily and quickly
but it cannot carry along figures which you must later throw away.
The Maniphase slide rule will give in a few seconds results which it
would take many minutes to get by the old methods.

DIAGRAM NO. 1

To give you some idea of how easily and simply the rule works,
suppose you want to figure the costs of various lots of bolts at three
centg each. Place 1 on left end of Scale B to the 3 on Scale A, that is,
Set the rule as shown in Diagram 1

. Over the arrow A at 2 Scale B you read 6 on A
Using Scales {

Over the arrow B at 3 Scale B you read 9
A and B

Over the arrow C at 5 Scale B you read 15
You can of course do these in your head and you know

2 bolts cost 6 cents

3 bolts cost 9 cents

5 bolts cost 15 cents

but the rule will figure out just as quickly as this and in the same
way, with one simple setting, any number of bolts at a fixed price, and
you can get the answers just as quickly as you can read them off.

You will be taught this in Chapter IIL

FOLLOWING ARE GIVEN SOME OF THE KINDS OF
WORK THE RULE WILL DO
ESTIMATING

Remember you cannot get results closer than the measurements
you use.

In estimating work or in figuring for hids 1/10 of one per cent ig
accurate enough. In estimating of all kinds the Maniphase rule will
save an immense amount of time over the pencil and paper method.

The rule may be used by Engineers, Architects, Carpenters and
Mechanics in all kinds of estimating work.

DIAGRAM NO. 2

Take a very simple example which you may know how to do and
gee how simply the rule does it

How many bricks in a 4” wall with 5 square ft. in the face?
Set the rule as in Diagram No. 2, 1 B to 8 A. Over the arrow A at b
you see 40 bricks.

Remember, with this same setting you ean get as fast as you can
read them, the bricks in ahy 4” wall for any area of face.

This example is given to SHOW YOU WHAT KIND OF WORK
THE RULE WILL DQ, not to teach you how to use the rule; that will be
done in foliowing Chapters.

—_




COMMERCIAL WORK

In commercial work the Maniphase rule solves easily and quickly
problems in costs, percentages, discounts, selling prices, etc.

DIAGRAM NO, 3

C
T

To show what the rule will do in this class of problems, suppose
we take the very simple problem.

What per cent of 6 is 3?7
Set the rule as in Diagram #3, 6 C to 3 D and read 60 under arrow

AonD

In addition the rule is of great help in checking payrolls, salary
schedules, and financial statements. This work is usually done on
listing or other machines in use in office work, but must be CHECKED
by a subordinate official of the company. In some cases you will not
be able to get the result to the nearest cemt in this class of work
but you can usually check the work closely enough. The following
table is extremely simple and shows how clese you can work in dollars
and cents with an asccuracy of 1/10 of one per cent using scales C and
D. A and B will give half this accuracy.

From 1 to 10 dollars, to the nearest cent

From 10 to 100 dollars, to the nearest 10 cents

From 100 to 1,000 dollars, to the nearest 1 dollar

From 1,000 to 10,000 dollars, to the nearest 10 dollars .

TEACHERS AND STUDENTS

Teachers and students in high schools and colleges will find the
rule a great time and labor saver. In many engineering schools students
are now required to use the slide rule and its use is spreading rapidly.

ENGINEERING WORK

In engineering work the rule has been used successfully for years
and in problemge in estimating and designing it is almost impossible
to-day to get along without the slide rule. Many problems of design
can hardly be done without its use.

—8—

PART I—CHAPTER HI
READING THE RULE

Before any real problems or exercises can be given the user MUSTP
learn to READ THE RULE.

THE MANIPHASE SLIDE RULE

DIAGRAM NO. 4
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Notice gix secales on the face of the rule—K, A, B, CI, C and D,

Notice that A and B are double and that CI is like C and D execept
that it reads backwards or from right to left
Arrow Aisat 1 D It is just as true that Arrow A is at 100 D.
Atrow Bis at 2 D It is just as true that Arrow B is at 200 D.
Arrow C is at 5 D. It is Just ag true that Arrow C is at 500 D,

-Atrow D is at 8 D. It is just as true that Arrow D is at 800 D,

In reading the rule at Arrow B 2 can bereadas 2
or 20
or 200
or 2000
or 20000

ete.

or.2
or.02

ete,
In Diagram #4 the runner is set on A at 300 or 3 or .03. If we
want to set the runner to 30 A on the rule it should be in the samse
place as shown in Diagram .

DIAGRAM NO. 5
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mm Diagram #5
Arrow A is at 200 D, B at 300 Dj;
Arrow C is at 250 D;
Runner is at 260 D;
Arrow D i3 at 5 on the geale CI; and
Arrow E is at 4 on scale A,

HOW DO WE READ BETWEEN 250 AND 260 D?

Between 250 and 260 we have four marks and they, of course, must
be as shown in Diagram j6.

DgGRAMNO.;
RERRRERRERR
Scale D Illllll]llll
25

Try thie exercise without a diagram,
Set Runner to 200 D, then to 210 D, then fo 212 D, then to 216 I\

Read the arrow A in Diagram J7.
DIAGRAM NO. 7

1F\’unner'
a4 S
A
ITTTTTTT] I—HI|IIII| D
N
L 5% %

It you have set 216 right, arrow A in Diagram §7 is on the next
mark to the right, which is 218, Remember, 216 is the same as 21.6
or 2.16 on the rule.

Care must be taken in readiug and setting such numbers as 202,
204, 206, etc.

In Diagram #7 Runner ia at 210 D so 208-206, etc., must le between
200 and 210.

Arrow B is at 204 Dy

Arrow C is at 208 D.

You have now seen how the marks are read on scales C and D
between 2 and 4 or 200 and 400,

On scales A and B you will see between 1 and 2 or 100 and 200
that the scales a2re marked in the same way.

On scale CI all the markings are the same ag on C and D except
that they read from right to left.

We will always caill the left hand scale on A, LA and right hand
scale on A, RA,

We will always call the left hand scale on B, LB and right hand
gcale on B, RB.

NOTICE: R stands for runner.

Exercise No, 1

‘Write down readings
in this ¢olumn, put-
ting decimal point to
make them between
& and 20.

R to 3 D Read under line on runner on scale A = 9

Rto4 D Read under line on runner on seale A =

R 10 3.26 D. Read under line on runner on scale A =

R {0 3.44 D. Read under line on runner on scale A =

These results should add to 47.4
Do this exercise over until you get 47.4.

Scales C, D and CI, 4 to 10, and scales A-B, 2 to 5, are marked
allke. Diagram }8 shows the marking of these secales on CI and B,
Notice that A, B, C and D read from left to right while CI reads from

right to left.
DIAGRAM NO. 8

/e
B
)y e

430 420
4935

11




Rto 344 D
R to 48 D.
R to 485 D.
R to 57D,

Exercise No. 2

READING THE RULE

Read under R on A —
Read under R on A —
Read under R on A —
Read under R on A —

These should add up to

Write down readings
in this column, put-
ting decimal point
g0 as to make each
reading between 100
and 1090.

908

Repeat this exercise until you get the right answer, 908.

Scales A-B bhetween 5 and 10 and scales C, D and CI between 1 and 2,
Diagram #9, are marked so that each mark means 1 and these scales
are easily read,

Look out for 101 and 103, etc.

DIAGRAM NO. 9

Remember CI reads from right to left.

rl!II|JIIlllllllllflﬂllllflllﬂ c B T| HERARRY
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R to 130 LA.
R to 125 D.
R to 102 D.
R to 103 T,

Exercise No. 3

READING THE RULE

Read under R on D
Read under R on A
Read ynder R on A
Read under R on A

These should add to

—_12—

7
|

:Betwéen 100 and 1000.
114

490

DIAGRAM NO. 10

Exercise No, 4

SETTING THE SLIDE

You will notice thé figure one (1) on both ends of scales C and
D and on both ends and the middle of A and B.

1 LC to 244 D is shown in Diagram #10. It means place the left

hand 1 on scale C to the number 244 on scals D,

Take this example. See Diagram §10.

1 LC to 244 D; Read under M I A; 168 on B.

You will see 168 on scale B under arrow A which is at M 1 A.

Set

410 C to 1 RD should be same setiing as ih Diagram #10.

To 4 D put 164 C should be samec setting as in Diagram #10.

To 610 D put 4 CI should be same setting as in Diagram #10.

In making the last two settings, set the runner first on the number
on D and then set the number on the siide to the line on the runner.

EXERCISES IN READING AND SETTING

Set 1 LC to 110 D,
Set 1 LC to 132 I,
Set 1 LC to 171 .

Exetcise No. 5

Read on D under %4 C —
Read on D under 318 C =—
Read on D under 38 ¢ —
These should add up to

—13—

Write down readings
in this column, put-
ting decimal point
50 as to make each
reading between 100
and 1000,

1334




Exercise No. 6

Write down readings
in this column, put-
! ting decimal point
g0 as to make each
reading between 100

and 1000.
Set 1 LB to 162 L.A. Read on A over 395 LB —
SetM 1 B to 91 LA. Read on A over 385 RB =
Set 1 RB to 64 RA. Read on A over 320 LB =
These should add up to 1155

Exercise No. 7

In getting off numbers in this exercise put the runner to the
number on A or D and move the slide until the number on the slide
is under the line on the runner. Thus:—

To 262 D put R, to R put 218 C, R to 362 C, under R read 435 on D,
or condensed:—

To 262 D put 218 C; Under 362 C read 435 D.

Write down readings
in this column, put-
ting decimal point
s0 as to make each
; reading between 100

and 1000.

To 304 D put 169 C. Under 306 C read on D =

To 510 LA put 205 RB. Over 450 RDE read on A =
To 104 RA put ‘59 RB. Over 84 LB read on A =
These should add up to 810

Exercise No. 8
Results between 100
and 1000.
*To 405 D put 205 CI. Under 1 C read on I 830

To 320 D put 160 CI. TUnder 41 C read on D
To 620 D put 3656 CI. Over 41 D read on C
To 29 RA put 950 CI. Over 83 D read on C

These should add up to 1383

i

*Special care should be taken, when setting on geale CI, to remember
that it reads backwards;—that is, from right to left,

' 14

READING BETWEEN MARKS

You have been shown how to read the marks or graduations on
the rule. As you can easily see the number you wish to set off or to
read off may not come exactly on a mark. As an example, suppose
you wish to sef R or the runner to 1255 C; by looking at Diagram 11
you see the arrow A at 1250 and the arrow B at 1260—1255 then
lies halfway between 1250 and 1260,

i
R
TTTTIT!

LcC

Scale D|

Arrow C is at 1310
Arrow D is at 1308

Set the runner to 2 on LA and read under it on D. The lme is
half way between 1410 and 1420 so call it 1415,

Do not get the idea that this is purely guess work. With a little
practice you can read between the marks as quickly and as accurately
&8 you can read the marks themselves.

DIAGRAM NO, 12
Rz Ay (R |Ry|Rs

||4r1m;|u|

(i

‘H Scale D

Rl, Diagram #12, lies between 1730 and 1740 but nearer. 1730 than
1740. You might read it 1732 or 1733—really it is mearer 1732, and
that ig the right reading.

R2 reads 1685, R2 reads 1764, R4 reade 1787 and RE reads 1805,
Set R to 72 D; Under R on A read 519.
Set R to 93 D; Under R on A read 865.
Where each apace counts 2 the method is the same. In Diagram 13

DIAGRAM NO. 13

Ry Rz

TN

Jéa/e A

T -




the runner R1 is halfway between 1140 and 1160 so it reads 1150,

The runner R2 is between 1240 and 1260, looking closer you see it is
between 1240 and 1250 and you read it 1245. Or you might say if

the distabce between marks is 20, R2 is 14 the distance or 14 of 20
or 5 and read 1245,
Exercise No. 9

DIAGRAM NO. 14

|||| ll‘lmlll‘ Mllh
L)

Read the arrows as shown in Diagram j14. Put down the answers
between 300 and 500 and add them,

Scale A

e

HEgaw e

Sum of readings should be *2639

Exercise No. 10

Read the answers on scale CI as shown in Diagram #15 putting
down the answers all between 100 and 200.

DIAGRAM NO. 15

A B c D

Scale 1

ook
|l

‘Sum of readings should be 701

*Note: In this and following exercises the sum of several separate
computations is given merely as a check., This summ does not indicate
the accuracy obtainable,
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ALL FRACTIONS MUST BE SET OFF AS DECIMALS

Remember 2ll readings and settings on the rule must be in decimals,

If you are setting off 73 you must set off 7.5 on the rule. 3 -
would be set off as .756. 3/8 would be set off .375. YOU ARE SUP-
POSED TO ENOW THE VALUES OF 14, 3 and 3 IN DECIMALS
AS .25, .50 and .75. If a number like 15/16 is given you can on the
rule change it to a decimal very guickly.

Set 16 C on 15 D; Result on D under 1 C; Read .938.

If you were setting off on the rule 15/16 you would find the value
of 15/16 in decimals and set off .938.

Exercise No. 11

Find value of these fractions in decimals:—14, 3/8, 5/16, 9/16, 11/16
and 13/16, If you have done this correctly the values will_ add uap te 3.

114 would be set off ag 1.25, 13{ as 1.75, etc.

SETTING OFF MORE THAN 3 FIGURES

You have seen that we can read 3 fizures always on the rule and
sometimes 4 when the first one to the left is a 1.

You can set 1224 but you cannot set 9386,

Suppose you are getting 9 15/16—you would find on the rule 15/16
is 938 and you might try to set 9.938. Call it 994 and set. 994 is the
nearest you can hope to set to 9.938.

How would you set 8753 or 8754 or %7527 As 875.
But you would set 8758 or 8759 or 8757. As 876.

When you drop a figure at the right end of a number If it is FIVE
or GREATER you INCREASE the number by 1;—if it is LESS THAN
FIVE the first three figures remain THE SAME,

Exer_cise No. 12

Set Rto1845 D Read on A under R
Set1LCto1845D. R to 1845 C. Read on D under R

These readings
should be the
same,

Exercise No. 13

Set Rto 207D, Read on A under R
SetlL.Cto 207D. R to 207. Read on D under R

I

These readings
should be the
same.

]




Exercise No. 14

Bet Rto 251D. Read on A under R
Set1LCto 261D. R to 251 C, Read on I? under R

I

These readings
should be the

same,
Exercise No. 15
Set Rto2515D, Read on A under R = "
SetlLCt02516D, R to 2515 C. Read on D under R =
These readings
should be the
8ame,
Exercise No. 16
Place 1LCto1LD, ({Place the scales together}
Set Rto 419 D. Read on CI under R - .
Set R to 419 CL Read on D under B = .
These readings
shonld be the
same,

Exercise No. 17
Write down readings
in this column, put-
ting decimal point go
as to make each read-
ing bewteen 100 and
300.
Set R to 1095 . Read under R on A =

Set R to 1430 D, Read under R on A =
Bet R to 109 D. Read under R on A —
Theze should add to 443

PART I—CHAPTER IV
FIGURING SIMPLE COSTS

Find the cost of 15 yards of cloth at 17 cents a yard.

DIAGRAM NO. 16
" Rz Rz

Scale C
Scale D

255 28] 306

Set 1 LC to 17 D; under 15 C on D read 255. See Rl, Diagram #16.

The rule does not set a decimal point. You know that 15 yards
of cloth at 20 cents is three dollars; so the cost of fifteen yards at 17
‘conts Is a little less than three dollars. The rule shows $2.5G5.

What iz the cost of 18 yards at 17 cents a yard?

Keeping the slide the same, under 18 C on D read 308, See R2,
Diagram #16.

Roughly (20 x 20) — 400 cents or $4.00—rule shows $3.06.

What {s the cost of 16% yards at 17 cents a yard?

Keeping the slide the game, under 16.5 read $2.81. See R 3, Diagram

You can do problems in costs in the following way:—
(a) Set 1 C to the cost per yard, per pound, per gallon, etc., on D.
All fractions must be set as decimals.

(d) Read the result on D under number of yards, pounds, ete., on C.
(¢) Fix the dollars and cents or the decimal point by a rough
estimate.

Take the following practical problems:—

Exercise No. 1
Figure the electri¢c light biils. TUse runner to read results.—

118 k.w. hrs. at 7% cents, 118 C Read on D — $8.85.
114 k.w, hrs, at 7% cents, ! 114 C Read on D = $8.55.
128 k.w. hrs, at Tl cents. 128 C Read on D — $9.60.
101 k.w. hrs. at 7% cents. 101 C Read on D — §7.58.

To fix the dollarg and cents. 100 k.w. hrs. @ 10 cents an hr. = $10.00.
All the bills therefore will be in the neighborhood of $10. 00.

D, that is, 7.5 D,

Set 1 LC to 7%
[ and under.

19—




If you have another bill for 78 k.w. hrs: at 7% cents, you will have
to use the 1 RC and the setting will be:—

1 RC to 7.5 D. TUnder 78 C read answer on D (less than $10.00)
we read $5.85.

If the number you want to find is off the rule put the other 1 on the
number on D.

Exercise No. 2

Figure the water bills as given below at $2.25 per thousand cubic
feet:—

' On D under 24 C Read
% = %283 ::: g, On D un(ciier i.g g llieag
s : C to 225 D, ; On D under £a,
lq.) = gggg gﬂ g Set 1L On D under 29 C Read
E = 4300 cu, ft. On D under 43 C Read
= . ft. On D under 83 C Read
a = 228 on . Y50t 1RC 10 225 D. { On D under 63 © Read
H = 510 cu. ft. On D under 51 C Read

These bills should add to $38.20

Notice that you have to change from the left 1 to the right 1
between 44 and 45.

In the first bill A 1,000 cubic feet cost $2.25—2% times.$2.25 will
be near $6.00. E will be almost twice that. F, G and H will be less

than $10.00.
You can work costs on A and B as well as C and D but
A and B will give results to 1 in 500 or 1 cent in $5.00;
¢ and D will give results to 1 in 1,000 or 1 cent in $10.00:
So A and B would not be close enough in B, D and H.

COSTS WITH ONE DISCOUNT *

What is the cost of a book listed at $1.60 with a 15 per cent discount?

‘With pencil and paper you would multiply 1.60 x .15 = 24 cents.
Subtract 24 cents from $1.60 and get the result, $1.36.

On the rule set 1 LB to 85 LA. Read on A over 160 B = $1.36.
85 is (100 — 15) — 85 per cent.

What is the cost of a globe-valve listed at $2.80 with a 42 per cent
discount?

(100 — 42) — 58. The price will evidentl.y be about %5 of $2.80.

Set 1 LB to 58 LA, Read on A over 280 B — $1.62.

Notice in both these examples you have used gcale A and B, because
ln“these examples you can read to the nearest cent on these scales, -

20—

Rule:—
Scales A and B will not give results to the nearest cent ‘with
amounts much over—1 in 500—8$5.00,
Scales C and D will not give results to the nearest cent with
amounts much over-—1 in 1,000—3$10.00,
What is the cost of a bushing listed at 14 cents at a 15 per cent
discount? ‘
Which scale would you use? A and B. Accuracy of 1 in 14. 12 cents.
What is the cost of a vailve listed at $18.40 at an 18 per cent
discount?

Which scale would you use? Cand D. Accuracy of 1 in 1800. $15.09,

EXAMPLES IN SIMPLE COSTS

In doing these exercises form the habit of doing the work in the
following order.
(a) Decide about what the resuit will be and put it down.

{(b) Decide what scales to use. (Remember A and B are good to
1 part in 500 or 1 cent in $5.00.)

(¢) Make the jsetting. (Always using decimals,)

(d) Read the result and put it down. Put the decimal point in
the right place.

What is the selling price of 13% yards of goods at 1744 cents
a yard?

(a) 10 x 20 cents — $2.00,

(b) Accuracy 1 in 200 or nearest cent in $2.00. Scales A and B.

(c}) Set1 LB to 1725 LA, R to 125 B,

(d) Read under R on A, 216, and as the answer is about $2.00,
put down $2.16.

Let us check by multiplication:—

17.25
12.5

8625
3450
1725

215.625 cents

Exercise No. 3

Figure the yardage given below at the prices stated:—

Quantity yards Price per yard Total Check
171, 23c 17% x 23 =
1834 379 L m 18Y x 37 =
21 484 - 21 x 4815 —
56 191 ¢ 66 x 1014 —
60 8%c - 60 x 83 —<

Total $31.96
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Exercise No. 4

Figure the cost price of the following with discount:—

List Discount Net
$4.02 289, -
6.76 399, e
10.14 219, T
b.74 32
5.25 84,

' Bills should add to  $23.72

Exercise No. 5

Check

2 x 402 =
B1 x 676 =

g9 x
68 x
S16 x

Figure the selling price of the following adding 18% to costi—

Cost Selling Price

$3.18
4.68
8.32
9.37
217
7.46
7.71

Total  $50.61

Check

118 x 318 =
118 x 4.68 ==
118 x 8.32 =
118 x 9.37 =
118 x 2.17
118 x 7.46
118 x 1.7t =

These results should be obtained with one setting of the

’

slide,

PART I—CHAPTER V
CHANGING MEASURE

The Maniphase slide rule easily changer from on kind of measure
to another, and as this is one of the most valuable uses or tne rule it
should be clearly understood.

By properly setting the slide you make a table of the rule so that
you can read measures directly without moving the slide again.

Ap an example:—Change decimals of an inch to fractions of an
inch, or fractions to decimals of an inch. Practically you wish to work
te the nearest 32nd off an inch,

(1) Set 15 LB to 48 LA. See diagram 17,
DIAGRAM NO. 17

Scale A
Scale B

158 298 28158 38 538 88

The numbers on A are 32nds of an inch, under each 32nd you will
find the decimal. See Diagram #17 arrows are at each reading.

(2) TUnder 16 A or 16/32 read .5 on B. Use the runner to read
with, slipping it along to each number you want.

(3) Under 8 A or 8/32 read .25 on B.
(4) Under 9 A or 9/32 read .281 on B.

(5) Under 17 A or 17/32 read .53 on B, ctc.,—under the line on
the runner.

(6) TUnder 27 A or 27/32 read .84.

Changing back from decimals to the NEAREST 32nd find decimals
on B and over the decimal find the number of 32nds on A.

‘Over 5 ine¢h find 16; that is 16/33. -
Over .25 inch find 8; that is 8/32.
*Over .91 inch find 29; that is 29/32.

Another very practical change is from inches and fractions te
decimals of a foot—

Set 12 RB to M T" A, Read feet on A and inches on B.
{Use the runner of course to read with.)

*Notice—29/32 iz not- exactly .91 inch. We are reading to the
nearest 32nd and 29 is the nearest whole 32nd on A over 91 B.
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Under 1 foot on A find 12 imches on B.

' Under .b feet on A find 6 inches on BE.
Under .35 feet on A find 4.2 inches on B.
Under .68 feet on A find 8.15 inches on B.

By reading from B to A you change inches to decimals of a foot.

Over 6 inches on B find .5 feet on A.
Over 51 inches on B find .458 feet on A, ete.

You will find on the back of the rule settings to usge in changing
from one measure to another, In Part IV you will find a more complete
set.

To change ounces to grams, You will see on the back of the rule
6 to 170 which means 6 ounces is 170 grams. If you set 170 B to 6 A
you read ounces on A and grams on B.

Set 170 RB to 6 L.A. Why is this better than (170 LB to 6 RA)?
You can now read 6 ounces (on A} equals 170 grams (on B).
You can now read 1 ounce (on A) equals 28.3 grams (on B):
(6 into 170 about 30,)

You can now read 214 ounces (on A) equals 71 grams {on B), etc,
Reading from B to A (that is, changing grams to ounces):
170 grams (on B) equals 6 ounces (on A).
1 gram (on B) equals .0353 ounces {on A):

6 divided by 200 = .03. .

6 divided by 170 — about the same.

Or you might say, “30 grams to the ounce—] gram is 1_/_30 of an
ounce ¢r about .03.”

41 grams (on B) equals 1.45 ounces on (A).
‘385 grams (on B) equals 13.6 oiimcesrnn (A), ete e
Any of the settings on the back of the rule may be used in thiz way

or any of the equivalent ratios givén in Part IV. Or you may make
your own table for your own work.

In estimating you may want to change cubic feet of masonry to
gumber of brick.

Usually 40 cubic feet of masonry contain 1,000 brick.

Set 40 RB to 1 RA and read thousands of brick on A and cublc
feet on B.

Read 40 cubic feet on B contain 1,000 brick on A.
Read 35 cubic feet on B contain 875 brick on A.

—94
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Read 290 cubic feet on B contain 714 thousand brick on A,
Read 1700 cubic feet on B contain 421 thousand brick on A, ete.

Notice how you fix the decimal point, if 40 cubic fect contain 1
thousand.

Notice how you fix the decimal point:—

35 cubic feet will contain a little less than 1 thousand.

290 cubic feet will contain 29/40 = about 7 thousand.

1700 cubic feet will contain 170/4 — about 40 thousand.

The decimal point is easily fixed in each case by common sense.

In figuring selling prices where the same profit is to be added to
the cost, the methods of this chapter can be used.

If you set 115 LB to 1 LA any number on B is 15 per eent greater
than the number over it on A. If you set 1 RB to 85 RA you see
that any number on A is 15 per cent less than the number under it on B.

So you have a table of discounts of 15 per cent, and profits of 15
ber cent.

With 1 LB to 85 LA:

Discount of 159,:—Over 85 B read 72.3 A.
Over 151 B read 128 A,
Over $7.69 B read $6.45 A.
Over $3.68 B read $3.13 A,

With 115 LB to 1 LA:

15 per cent added:—WUnder 73.7 A tead 85 B,

Under $9.45 A read $10.87 B—Acecuracy.
Under $1.13 A read $1.20 B.

Exercise No, 1

Change the following number of gallons to cubic feet of water: e
8900, 6300, 49300,

On back of rule see 300 gallons is 107 cubic feet.
Set 107 LB to £00 LA. Notice 1 on B is 7.5 gallons on A.
Gallons  Cubic Feet

Under 89 A find 119 B; result—as 7.5 gallons in 1 cubfe foot—
is 1190.

Under 63 A find 843 B; result—as 7.5 gallons in 1 cubic foot—
is 843. ’

Under 493 A find 659 B; result—as 7.5 gallons in 1 cubic foot—

is 6590,
Exercise No. 2

Give the following decimals of an inch to the nearest 64th of an
inch:—.351, 462, .187.
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Set 64 RB to 1 RA. No. of 64ths
Set R to 351 A, Read on B under R == ____ 64ths,
Set R to 462 A. Read on B under R — _______ 64ths.
Set R to 187 A. Read on B under R = 64ths.
Should add to 64  64ths.

Exercise No. 3
Give the following inches in decimals of a fooi —3%, 4%, 814¥, 934",
11%", 3%~ 8%

Set 12 RB to M1 A, '
Inches Decimals of Foot

Read decimals on A over inches on B, 3 = -

Read decimals on A over inches on B. 4 =

Read decimals on A over inches on B. 81 =

Read decimals on A over inches on B. 91 — e
Read decimals on A over inches on B. 11%% =

Read decimals on A over inches on B. 3 =

Read decimals on A over inches on B. 8Y =

Total 4.0

Exercise No. 4

How many thousand bricks to the following cubes of masonry, 40
cubic feet contain 1,000 bricks:—290 cu. ft., 483 cu. ft., 927 cu. ft., 1088
cu ft.?

Set 40 C to 1 RD.

Thousand
Bricks
Under 40 C read 1 thousand bricks on D =
Under 290 C read 1 thousand bricks on D == ___ Note change of
Under 1083 C read 1 thousand bricks op D= ___ %2 index here.
Under 483 C read 1 thousand bricks on D= ___ 4 C to 1 LD.

Under 927 C read 1 thousand brickson D = ____ ___
Total bricks 9.6 Thousands

PART I—CHAPTER VI

MULTIPLYING

Numbers may be multiplied on scales A and B or on scales C and

D. By using C and D you get an accuracy of 1 part in 1,000 and using
A and B, 1 part in 500.

To multiply 319 by 10.64: 10 % 300 = 3000, decimal point fixed—
1 LC to 10.64 D;
R to 319 C.

Under R see 339 D, and pointing off we have 3390.

Try the same problem on scales A and B.

1 LB to 1064 A (notice that you can hardly set to 1064 on A);

R to 319 B. |

Over R see 839 on A or decimal point in the right place, the result

is 3390.

To multiply 793 by 4.66: 800 X 5 — 4000, decimal point fixed—
1 LC to 793 Dy
R to 466 C,

You see 466 C falls outside scale D. You should have used 1 RC.
Trying this:—

1IRC to 793 D;

R to 466 C.

Under R see 37 on D—result is 3700.
Rule:—To multiply scale C and D.

(1) Fix decimal point.

(2) Put 1 C to one number on D.

(8) Put runner to other number on C.
(4) Read answer under runner on D.

'

You will find ag in the example above, the answer falls outside

the scale unless you are careful to use the proper 1 C.

Rule.—Multiply the first figures of the number. If their product

1s less than 10 use left 1 C—if greater than 10 use the right 1 C,

This rule, while not absolute, will give the proper index in most

CABOS, : '
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Take an example:—7.88 x 6.74—auu go through the work ot mul-
tiplying on scale C and D, See Diagram #18.
DIAGRAM NO. 18

788¢C IRC
® e
7 |
Scale C ;
Scale D

531D 6740
(1) 7 X 8 = 56 {mental). Fix decimal point and use 1 RC.

(2) 1 RC to 674 D. See (2) Diagram §18.
(3) R to 788 C. See (3) Diagram f18.

(4) Under R see 531 or 53.1 on D. See (4) Diagram f§18.

In any example in multiplication where scales C and Ir can be
used, vou can also do the problem using D and Scale CL

This has an advantage, for when you use D with CI you w111
NEVER have the result fall off the rule. You should become familiar

with using D with CL

Take this example:-—
3.38 ¢ 457,

(1) 4 x4 — 16; decimal point fixed.
(2) 3.38 CI to 457 D. (See Diagram #19.)

{3) Read answer on D under 1 CI or 1 C, 154; or, pointing off, 15.4.

DIAGRAM NO. 19
R

}1Mllllltll\!llI|I|?|r1||<|ll\|l|l|l|iﬁl1Ilﬂlll]llzll‘l!ﬂllLMI if I?:;luulnu?!thuﬂunl m|||||!|||||m|h3n| cr
| C
D

u

In doing this example notice:

(1) Put the runner to 4,57 D.
(2). " Put 3.38 CI to the runner,
(3) Take care in reading CI; it reads from right to left.

;S

Exercise No. 1

(1) 318 x 4.67. Usescales A-B. Ans.about15. Result—=

(2) 423 % 5.69. TUsescales D-CI. Ans. abouf 24. Result—=_ —

(3) 8.39:3¢ 513 TUsescales(C-D. Ans.about400. Result—_

(4) 10.14 ¢ 13.12. Usescales (-D. Ans.about30. Result—__ _

(5) 947 % 63. TUsescales D-CL Ans. about 60. Result = _
Results should total 661,62

MULTIPLYING THREE NUMBERS

In multiplying 3 numbers you should always use scales C-D and Cl
for by so doing you can get the result in one setting of the slide, If
you must use C-D alone it will require two settings of the slide.

Multiply 18.71 hy 4.23 by 1.931.

(1) Accuracy 1 in 423; scales C-D-CI; 20X4X2 = 160.

(2) 4.23 CI to 18.71 D.

(3) TRead answer on I under 1.931 C as 153 or, pointing off, 153.

If you do not understand how this is done, take this very simple
cxample and follow it through. Settings are given in detail, Notice
how the runner is used as a marker.

2 x 3 x 4, ;

(1) Accuracy and decimal fixed; scale C-D-CI; answer is 24,

(2) Rto2D; 3 CI to runner (3 CI te 2 D).

(3) R to 4 C (read under R on D), 24 Ans.

Take this same simple example on scales C-D.

(1) Accuracy and decimal point fixed; 24 equals answer,

(2) 1 LC to 2 D (move slide).

(3) Rto3d C.

(4) 1 RC to R (move slide).

(5) R to 4 C.

(6) Read answer on D under R as .24,

You should be very familiar with BOTH of these methods, tnew
are used much in practical work.-

Exercise No. 2

Scales Results
3.811 w693 % 1.731 4 X 7 X 2=256 C-D-CI 45,7
1,311 X 37.71 X 9.82 38 x 10 =380 C-D-CI
472 w 831X 6.01 4% 6 = 24 C-D-CI
1.011 »w 12,13 w 7.88 8§ X 12 =z 96 CD

9.66 X 872 w340

9X 8§x3=22 CD

578 Resultsaddte 6794




Exercise No. 3

Scales Results
9.98 }  .336 X 10.93 C-D
8.97 X 10.09 > 1119 c-D
3.8 X 414 x 2271 C-D-CI e
221 X 03813 10:21 C-D-CI -

Results add to 1086.457

Exercise No. 4

Discounts are often given as 60—60 or 30—15, which means, in the
1st case a deduction of 60 per cent from the list and a further deduction
of 60 from the price so obtained, and in the gecond case 30 percent from
Jhe list and 15 percent from price thus found. Find cost of followinz

ftema,
List Price Digcounts Cost

$18.20 60—30
{1) The problem is therefore 18.20 X .46 X .70 or approx. $6.00;
40 being (100%—60%)
0 belng (1009,—30%)
Use scales C-D-CI; 1820 X 40 X 70.
(2) 40 CI to 1820 D.
(3) Read result on D under 70 C = $5.10.

Exercise No. b
List Price Discounts Cost
$7.16 30—20 — ey
9.26 30—20
8.42 20—16 —
7.32 18—12 P

Should add to $20.18
Exzercise No. 6

" Uheck costs of the following using Scales C-D-CI:

Quantity Price Discount Net Cost
(a) 1414 yds. $1.19 309 $12.08
(b 1914 yds. 121 259 18,91
() 193, yds. 1.29 33% 17.10
(d) 4314 yds. 2.31 119, 80.95
$129.04

Correct cost should be $137 approx.
In (a) we have 145 X 119 X 70% (100—30) = scmewhers near
$14.00,

—30—

Exercise No. 7

Figure the cubie feet of concrete in the following walls: —
*20-67 ¢ 8117 X 43-8%"—2 % 9 X 50 = 1,600 approx.
2527 w8117 X 3461 —
287 3 8- 97 X 31743, "—
3737 3¢ 8- B X 273147 —

‘Total cubic feet hetween 3120 and 3128

*First change to feet and decimals and then multiply.




PART I—CHAPTER VII

DIVIDING

Te divide 3.34 by 6.18. Using scale C and D (see Diagram #20) i
DIAGRAM XNO. 20

Scale D

(1) 3 divided by 6 is i or .5

(2) Set runner to 334 D,

(3) Set 618 C to runner.

_ (4) Read answer on D under 1 C as 540 or placing decimal point

Rule:—Set the number you want to DIVIDE BY, to the number
you want to DIVIDE and find the answer on the fixed scale (A or D)
at 1 on the slide.

To divide 9.18 by 4.22. Using scale A and B—

(1) 9 divided by 4 or 9/4 is approx. 2.

(2) Set 422 B to 918 A,

(2) Answer on A over 1 B is 217, or placing the decimal point, 2.17.
If you do not see how to do this, take this VERY SIMPLE example:

8 divided by 4:—

(1) 8 divided by 4 iz 2. Accuracy and decimal point fixed.

(2) R to 8 A (move runner).

(3) 4 B to R (move slide).

(4) Answer to be read on A over 1 B is 2.

Notice that in division you do not have to pay any attention to
the index in setting. Simply set one number on the other and the
answer ALWAYS comes on the rule and can be read.

In all practical problems of division, do the work in the following
order:

(1) Decide which scales to use; (A and B), or (C and D).

(2) Fix the decimal point.

(3) Set tbe number you want to divide by to the number your
want divided.

(4) Read the answer and mark the decimal point.

—g8o—
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Divide $3.85 by
Divide 3.91 by
Divide 4.47 by

Divide 11.23 by
Divide 10.11 by

17 lbs.
19 Ibs.
15 1bs.

26 lbs,
21 1bs.

Exercise No. 1

to find price per pound —
to find price per pound
to find price per pound

to find price per pound
to find price per pound

These should total $1.65

A

Exercise No. 2

W.P.C
Divide 985 lbs, by 381 to find weight per carton ==
Divide 1103 ibz. by 383 to find weight per carton ==
Divide 1207 lbs. by 407 to find weight per carton —=
Divide 1105 ibs. by 390 to find weight per carton —
Should add to 11.27
Exercise No. 3
Price (Cost) Quantity Cost Per Piece
$12.35 144
9.30 8 doz.
8.30 5 doz.
. 7.26 2 doz. -
T 317 191 I
’1 Should add to  $0.539
Exercise No. 4
Tons of Cement Pounds
Required in Bag No. of Bags
Pier A 343 94
Fier B 47.2 94
Pier C 38.6 94
Pier D 33.7 94
!1 Pier B 245 94
Total bags 3794
L 178.3 X 2000 356600
Check = = 3795* (check),
:“ 94 94

*Notice:-—Using scale C and D you cannot be sure of this figure.
; Also notice that a difference of 2 or 3 bags of cement in a total ¢f
4,000 is commercially or.practically close enough.
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PART 1—CHAPTER VIl
SPECIAL USES

Combined Multiplication and Division

Sometimes you will wish to combine multiplication and division
Take for example the iollowing: To figure selling price from cost by
adding profit of 15¢—

Selling Price
Total Cost Quantity Per Yard
$19.17 181 yards
To solve this problem divide $19.17 by 181 yards to give the cost

price per yard and multiply this by 115 to give the selling price at a
profit of 15 per cent.

First divide 19.17 by 181 as in Chapter VII; then multiply by 1.15
as in Chapter VI; as follows:

(1) 19.17 divided by 181 = 20 divided by 200 or about 10¢, 2dd
15% == about 11 cents a yard.

(2) R to 1917 D (move runner).

*{3) 181 C to R (move slide).

(4) R to 115 C (mowe runner).

(5) "Answer on D under R, 122; or placing decimal, 1% cents.

Many problems in estimating can be done in this general way.

Exercise No. 1
Find the yardage of an excavation 8.5 X 217 X 19,5 ft. 1 cuble
yard equals 27 cubic feet. Result to nearest cubic yard.

(1) 8 X 2 x 20 == 320, 220 divided by 30 equals about 10 4+
cubic yds.

(2) 27 C to 8 D,

(3) R to 217 C.

(4) 195 CI to R.

(5) Read result en D under 1 C = 13.2 cubic yards.

Exercise No. 2
Tind the square feet of radiation necessary to heat a room 12' 67 X
10° 9" ¥ 7' 6 if 1 sq. ft. of radiation is provided for 63 cubic feet of air.

*There is no need to read the answer of 1917 divided by 181 unless
you want it. Notice it is 106 and in (4) and (5) you multiply 106 X
115. DO NOT in problems of this kind do your dividing first, read the
answer, then set it over again and multiply,

—3d—

The problem then is 12.6 w 10.75 X 7.5 divided by 63.
(1) 10 X 10 3 T == 700; 700 divided by 70 = 10.

(2) 63 C to 75 D.

(3) R to 125 C.

(4) 1075 CI to R.

(5) Result on D under 1 C, 160, or 16 square feet to the nearest
square foot,

Take another example of the same kind.

1483 pounds of castings are purchased for $71.32 and you wish to
find the selling price to give a profit of 18 per cent.

(1) The cost will be 7,000 cents divided by 1500 pounds or about
4 cents a pound -|- 18% or 5 cents a pound. TUse scales A and B.

(2) 1483 RB to 7132 LA.

(3) R to 118 B,

{4) Answer on A under R is 568 or 5.68 cents per pound.

If you want the price to the nearest cent, you would selt for 6
cents a lix

If you want the price to the nearest 14 cent, you would gell for 534
cents a !b.

NOTE:—In problems like this do the DIVISION FIRST.

Ezxercise No. 3
Selling Price Per
Wt. of Iron Cost Per Cent Profit Pound to 12 Cent
4963 $98.33 28
468 9.30 28
2324 47,10 28
7133 144,93 28

These should total 10 cents

$100 or 10,000 cents for 5,000 1lbs.; 2 cents fof 1 Ibh,; add 4 =
2 approx,

Accuracy required is 14 cent In 2 cents or 1 in 4, so scale A-B is
close enough.

This type of work iIs so important that you should he sure that
you can multiply three numbers and divide by one easily and quickly.

Exercise No. 4
Resuits to nearest
whole number

L 318 X 4.26 X 6.38 divided by 38
. 617 X 791 X 872 divided by 41

—85—
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3. 1013 X 1867 X .72 divided by 29 =
4. 191 X 1123 ¥ 1.002 divided by 27 =
These should total 71

CIRCLES

In computation or estimating work it is important that you lmow
how to figure the circumference and areas of circles.

On the back of the rule you will see Diam. Circle: Circumference
of circle = 113 : 355b.

Set 113C to 355D (R to 356 D) (113 C to R).

Under diameters on C you will read circumference on D.
Under 2 on C you will read 6.28 on D.

Under 2.5 on C you will read 7.85 on D.

Under any diameter on C read circumference on D.

You will notice that about 32 is the limit you can set on scale
C, for numbers with 4, 5, 6, 7, etc, change 1 RC for 1 LC (change
index).

In placing the decimal point you will remember that the circum-
ference is about 3 times the diameter.

To find the areag of circles set 1 RB to the long mark between 73
and 79 A, See Diagram §21.
DIAGRAM NO, 21

/<y R576

WT B\Sca/e A
g i BRI

oy R856
Set runner to diameters on C and read the numper or square inches
in the circle under the runner cn A.

Example
Find area of circle whose diameter is 8.56 inches,
(1) Set slide as in Diagram #21.

(2} Circle is little less than square 8.56 X 8.56—say 8 X 8 ap
prox. 64,

.7, .

00

.

-+
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{3) R to 856 C.
(4) Read on A under R, 576, or 57.6.

R 1, Diagram #21, shows how to find the area of a circle whose
diameter iz eight inches,

Be sure you understand setting on C and reading on A. There are
many settings of this kind in practical work.

Exercise No. 5

Diameter Circle Area Circle
4.37
3.42

*10.2

Total 1524

*Notice that you must change indices in this example,

N




PART 1l

FOR STUDENTS IN HIGH SCHOOLS AND COLLEGES
INTRODUCTION

In many SCHOOLS and COLLBEGES the students are reguired to
know how to use the Slide Rule. In all High Schools and Colleges
the use of the rule by both the student and the teacher will save
much time and labot.

Part II teaches the use of the Maniphase to students in High Schools
and Colleges. The examples and exercises in this part are such as
occur in High School and Cellege work.

The quick and accurate use of the Maniphase depends almost
entirely upon PRACTICE. All exercises should be faithfully done, and
in no case should you go ahead unless you understand the work that
has gone before.

Before you take up anything in this Part II you MUST KNOW
and UNDERSTAND two things:

(1) HOW CLOSE YOU WANT YOUR ANSWER.
(2) HOW TO READ THE RULE AND SET THE SLIDE.
In addition you MUST read the matter under (1), (2) and (3)—

{1) Read Part I—Chapter II, page 4, from the beginning of the
Chapter to the paragraph on SPEED.

(2) Read Part I—Chapter II, page 5, paragraph on Estimating.
Work,

(3) TRead Part I—Chapter II, page 6, paragraph on Commerclal
You will see from this reading that you can get results to 1 part

in 500 on A and B.

You will gsee from thiz reading that you can get results to 1 part
in 1,000 on C and D.

Always use A and B if the aceuracy required will allow it, and
above all understand that even if the rule is not guite accurate enough
te meet the requirements of a PARTICULAR textbook it is ALWAYS
very valuable in CHECKING RESULTS. And in practical work ALL
RESULTS MUST BE CHECKED.

After you have decided whether you work is to be done on A and
B or C and D you must know:

HOW TO READ THE RULE AND SET THE SLIDE.
Read and do all the exercises and examples in Part I, Chapter IIL

A A AT

PART II—CHAPTER I
MULTIPLICATION, DIVISION AND PROPORTION

Read carefully, and actually DO, all the exercises and examples in
PART I, CHAPTER VI

In all problems of multiplication, division, and proportion the work
should be done in the order shown:

(1) Determine the scales to use.

(2) Estimite the answer and fix the decimal point.
(3} Make the setting.

(4) Read the answer and point it off.

Take a simple example, multiplying two numbers:
Multiply 3.45 X 2.2,

(1) Accuracy 1 in 22. So use scale A and B.

(2) Estimate the answer about 2 3.5 or approximately"f.o. This
should be done in your head or on a scrap of paper.

(3) Set the left hand one on scale B to 22 on scale A, 1 LB to 22 A.
Set the runner te 345 on Scale B. R to 345 B.

(4) TUnder hair line on runner read, on scale A, 760; point off
as T7.60.

The method on C and D is exactly the same. Answer on CI =—
7659, Why?

Do these additional exercises:

Exercise No. 1

Add thege answers
Multiply 171 x 23 [
Multiply 18.25 x 37
Multiply 56 ¢ 10.25
Multiply 8.75 X 60
Multiply 21 x 485

These should total 3196

[ T

Exercise No. 2

Add these answers
Multiply 4.02 % 72

Multiply 6.1 ¥ 6.76
Multiply .79 X 10.14
Multiply .68 » 5.74
Multiply 5.25 3¢ 915

These should total 346.91

| I (AT
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Yon will find that the answer falls outside the scale D, when C
and D are used tnless you are careful to use the proper 1 C.

RULE:-—Multiply the first figures of the two numbers. If the re-
gult is less than 10, use 1 LC; if greater than 10 use 1 RC. This
will in most cases indicate the proper index to use.

MULTIPLICATION OF THREE NUMBERS.
See PART I, CHAPTER VI, PAGE 25.

Do ALL the exercises and examples in CHAPTER VI, PART I
before taking up the work under dividing.

DIVIDING.

Read carefully, and actually do all the exercises and examples in
PART I, CHAPTER VIL

Divide 2055 by 1735.

(1) Final accuracy 1 part in 1800. Use scales C and D,

(2) 20 divided by 17. Answer about 1.

(3) BSet 1735 C to 2065 D.

(4) Answer on D under 1 C is 1184, pointing off 1.184,

The method using scales A and B is exactly the same ag on C and D.
Notice—On A-B you would read 118. Why?

Do these additional exercises:

Exercise No. 3

Divide 4.38 by 842 —
Divide 5.31 by 6.22 =
Divide R.75 by 9.46 —
These should total 2.299

Exercise No. 4

Divide 9.75 by 10.83
Divide 10.91 by 11.01
Divide 40.9 by 23.23

These should total 14.551

COMBINED MULTIPLICATION AND DIVISION,
Read carefully and do all the exercises and examples in PART L

I

CHAPTER VIII, under the head of combined multiplication and division.

This kind of setting is most important and MUST be THOROUGHLY

UNDERSTOOD.
8.18 x 3.42

414

Take this example

40—

s R

A e o AT LN 5

.

3 st gt ey

(1) Accuracy 1 in 342; use scales A and BE.

8X3 24
(2)

4 4
*(3) 414 LB to 342 LA (342 divided by 414). R to 818 LE
(4) Answer on A utider R 676, pointing off 6.76.

Exercise No. 5

Solve the following:
8.33 ¢ 10.13

9.72
7.18 X 5.04

417
6.56 3¢ 8.31

6.28
Compare the answers to these problems.
3% 4
2%X6

Consider problems of this character:

(1) Use scales A and B.
(2) Answer is 1.

(3) 2 LB to 3 LA (move slide); R to 4 I.B (inove runtneri: o LB
to R (move slide).

(4) Answer on A over 1 Bis 1L

In this class of problems de first division, then multiplication,
ALTERNATELY; choosing always numbers as nearly alike as possible.

3.83 ¢ T.42

293 X 9.63

(1) TUse scales A and B,
47

(2) about 1.0.

3 X8
(3) 963 LB to 742 LA; R to 3.83 RB; 293 RB to R.
(4) Answer on A oyer 1B — 10054; pointing off, 1.005.
Check this problem by doing the same problem on C and D,

*Notice on the first division choose the two numbers nearest alike;
that is, divide 342 by 414, not 818 by 414, Why?
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The square root of .2 is .4-.; the square root of .02 is .14; the
square root of .002 is .04, etc.

Exercise No. 2

Find the square roots of:

419 = _ . and 131,000 =
601 = and ,989 =
793 = and .0321 =
Total 5.646 Total 363.174
CUBES

; You will notice on the top of the face of the rule a scale marked K.
This scale is a scale of cubes. Numbers on scale K are the cubes of
numhbers on D, If the runner is set to a number on D the cube of this
number is read on scale K.

numbers on D. If the runner is set to a number on D the cube of this

number is read on scale E at the mark on the metal bottom of the
runner.

R to 2D. Note § (the cube of 2) on the scale K under R.

To find the cube of a number then:

(1) Estimate the result.

(2) Set R to number on 1> reading the result under R on K.

Find ithe cube of 2.77.

(1) 4 wx 4 x 4 = 64,

(2) R tod.77 D

(3) Read answer 536 on K under R; pointing off, we have 53.6 a»
the result.

Exercise No. 3
Cube the following:

133 = 426 =
876 = 3.38 =
941 = ____ Al =_
Total 826.022 Total 115,90225
CUBE ROOTS

DIAGRAM NO. 22
To find the cube root of a
number eet runner to num-
R R LN ;" K ber on K. Read cube roct on
A D under R.
Notice scale K is divided in
B 3 parts.
ClI The left hand scale on K
C is used for finding cuhe roots
of numbers hetween 1 and 10.
The middle szcale on K is
used for finding cube roots of
numbers between 10 and 100,

T TR
e 9
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The right hand scale on K is used for finding cube roots of numbers
between 100 and 1,000;

The left hand scale on K is used for finding cube roots of numbers
between 1,000 and 10,000;

The quickest and surest method, however, is to estimate the cube
root and get on the scale which that estimate shows to be correct.

In estimating cube roots it is helpful to point off groups of three
figures from the decimal peint.

Example No. 1
391'381. has TWO groups, TWO figures to the left of the decimal
in the root,
First figure in the root is approx. ¥400;
7T X 7T X 7T = 342; approximate cube rcot is T0.

Example No. 2
'91. has ONE group, ONE figure to left of the decimal in the reot.
4 X 4 X 4 -= 64; approximate cube root is 4.

Example No. 3

.003741: first figure to right of the decimal point ¥.003. |

1 X .1 X .1 = .001; approximate cube root is .10.

In example (1) to find cube root of 391’381 we would set an ap-
proximate answer on scale D.

R to 7 D. This fixes the scale as RK,

50 now we sel

R to 391 RK;

Answer on D under R, 7T3.1.

In example (2) use middle K.

To find the cube root of 9.39:

In example (3) use LK.

2% 2 X 2 = 8; use LK (it is the only scale on E from which
¥you can get 24 as an answer).

R to 9.39 LK;

Answer on D under R is 211; and pointing off, 2.11.

Exercise No. 4

Find cube roots:

095 — 1.38 =

A3 = 23.60 =

87 = 1990 —

Totail 1.923 Total 9.82
RECIPROCALS

The numbers on CI are the reciprocals of numbers directly below
on ¢. To find the reciprocal of a number (1 divided by the number),

1
or —, set R to the number on C and read the reciprocal on CIL

n
Setting Rto 2C, 4 C, 6 C;
Read 14, %4, ' under R on CI as .5, .25, .2,
It may be easier to set the number on CI and find the reciprocal
on B.
Remember that CI reads from RIGHT to LEFT.
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PART II—CHAPTER IH
TRIGONOMETRY AND SOLVING TRIANGLES

In solving triangles it is necessary to find the sines, cosines and
angents of angles,

Remove the slide and put it back in the rule with the scales marked
S and T out. Be sure you can read the scales § and T. See Diagram
23.
# DIAGRAM NO. 23

15 1°49' 245 930

-~ q”'wl'r'l'u'y

bl il lral

Illlﬂlwlam\J-?.F!I!I\hlllmwh!lh[/

825 543 195y 2180 40°50"  44°
S is a scate of sines of angles between 0° 34’ and 90°.
T is a scale of tangents ot angles between 5° 43' and 45°

SINES

Find sine of 18° 35'; R to 18° 35' §; read under R on A, .319.

All sines on RA lie hetween .1 and 1 and on LA between .01 and .1.

Find sine of 7° 45’ — .135. See Diagram #23.

Find sine of 55° 30 — .824.

Be careful in reading the sines between 75° and 90°.

Sine 80° is .985. Notice 85° is the last mark to the left of the
end of the scale S at 90°.

SINES OF SMALL ANGLES
To find the SINE OF SMALL ANGLES expressed IN MINUTES.
Sin 0° 01' = .0003:
Find sine of 0° 18/;
Place long mark just to the left of 2° marked ' at 18 RA:
Read over 1 1.8—524 on A (pointing off since sin 1’ — .0003, sin
20" = .006);

Result is .00524 = sin of 0° 18-

Find itke SINE of SMALL ANGLES expressed IN SECONDS in the
same way. Use long mark just to the right of 1° 10’ marked °.

Find the sines of these angles:

Exercise No. 1

45° 0’ = —_ 0 15'=—-—---—iI
38 18 = 1°18 =

—46—

66° 14" — 10° 15*
Wl =_ 8° 16 I
Total 2.554 Total .24%06

COSINES
To find cosines subtract the aﬁgle from 89° 60’ and find the sine
of new angle—it will be the cosine desired,
Thus, to find the cosine of 36° %17 subtract from 86° 60*
36° 21
53® 3%
Then find the sine of 53° 39’ which will be the cosine of 3§° 21

TANGENTS

Find tangents on D opposite angles on T in the same way as with
8lnes. Notice T does not read beyond 45°., To find tangents of angles
from 45° to 90°; subiract the angle from 89°¢ 60’,—set the new angle
on T to 1 D and read the tangent on D under 1 LT.

Tangents between 0° and 45° are between 0 and 1 :

Tangents approx. 45° to 64° are between 1 and 2;

Tangents approx. 64° to 72° are between 2 and 3

Tangents approx. 72° {o 76° are between 3 and 4.

Find tangent 73° 27/ (89° 60*—73° 27) = 16° 33':

Set 16° 33 T to 1 RD;

Under 1 LT read 3.37.

TANGENTS OF ANGLES SMALLER THAN 6°

Find all tangents below 6° as if they were sines. Sines and tangents
of small angles are very nearly equal.

Exercise No. 2
Find the tangents of the following angles:
Tan. 38° 15'; read direct
Tan. 70° 48'; subtract from 89° GO
Tan. 2° 12'; same as sine
Tan. 0° 15'; same as sine

|

——

i

Total 3.70076

SOLUTION OF TRIANGLES

DIAGRAM NO. 24
[ 24

A - a

*(1) Given A SIDE and AglGLE OPPOSITE.

Let A = 41° 23'; B = 22° 43': a — 83.6. First find (b). BSee

*Notice—tw- solutions when 2 sides and angle opposite one of them
is given.
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Diagram #24.
Sin A Sin B
From trigonometry s
a b
41° 23’ S to 83.6 RA;
Over 22° 43' 8 read 48.8 on A = bh.
Sin (A 4+ B) Sin A A=— 41°2%

From trigonometry = :B= 22°43 179° 607

¢ a - 64° 067

41° 22" 8 to 83.6 LA, A+ B= 64°0¢' #

Over 64° 06’ S read 113.8 on A, Then C =115° 54’ 115° 54
¢ — 113.8*

This example will illustrate method of solving triangles when a
side and angle opposite are given. :
(2) QGiven 2 sides and angle between, See Diagram §24.
a = 83.6; b — 48.8; C — 1156° 54"
Tan. ¥ (A — B) Tan. 1% (A 4+ B)

From trigonometry = ; or
a—b a-b
Tan. % (A — B} Tan. 32° 03’
34.8 - 1324

Set 32° 03 T to 1324 D;

Over 248 D find 9° 19 T = 14 (A — B); note change of index
(1 LTtolRT);

% (A — B) == 9° 2I'; A — B == 18° 42; A == 41° 24; for
(A—B) -+ (A+B) .
= A,

2
(3) Given 2 sides, 8, b, ¢. See Diagram §24.
From trigonometry

(s—b) (s8—c)
Sin 4 A = ———-———b where 8 = % (a - b 4 ¢);
C
a — 836
b — 488
c = 1138
§==1231; 8 — b ="T43; 3 —c = 23;
T AT 935
8in 1% A = = v.124 = .353;
48.8 % 113.8

R to 353 RA; read under R on S, 20° 45; 3% A = 20° 45
A = 41° 30",

Having A we can solve by method of (1).

«Accuracy of 1in 1100 is too great to expect in this computation; but
occuracy of 1 in 110 is about 14 that obtainable.

vYou will see by this explanation that you must know your TRIGO-
NOMETRY in order to solve triangles.

Do not find functions—read and then multiply,—but multiply directly,
Thus: 30.1 x Tan, 40° 35

1 RT to 301 D; R to 40° 36’ T; ans.,, 25.8 on D under R.




PART II—-CHAPTER 1V
LOGARITHMS AND FRACTIONAL POWERS

Suppose you write 1 2 3 4 5 6 7 8 (A);
and (2) (4) (8) (16) (32) (64) (128) (256) (B).

The numbers in line (A) are the logarithms of numbers in line B.
You can do some important things with logarithms or logs as they are
usually called.

Multiply (2) X (4): add log (2), whichis 1
to log (4), which is 2
3 Under 3 find answer (8).
Divide (64) by (16):
Subtract from log (64), which ig 6
Iog (16), which is 4

2 TUnder 2 find answer (4),

Cube (4); multiply log (4), which is 2, by 3 — 6; under ¢ find
(64), answer.

Find the 4th root of (2568); divide log (258), which is 8, by 4 — 2;
under 2 find (4), answer,

You have then four rules.

(1) ‘To multiply numbers add their logs, and find number corre-
gponding to the sum.

(2) To divide numbers subtract log of one from log of the other,
and find number corresponding.

(3) 'To find powers (squares, cube, etc.) multiply log of number by
the power wanted and find number corresponding.

(4) To find roots (sauare, cube, ote.) divide log of number by the
root, and find number corresponding.

You can use these last two rules to find powers and roots.

Between the scales 8 and T on the slide there is a scale ot
logarithms. Notice all the spaces are equal and the scale reads from
right to left.

COMMON LOGARITHMS

In the cominon system of logarithms we have the following:
—3 -2 —1 0 i 2 3 4 A,
(.001y (.01) (1) (1) (10) {100y (1000) (10000) B.
Any number then hetween 10 and 100 has a log between 1 and 2.
Any pumber then between 100 and 1000 has a log between 2 and 3.
Instead of wrlting — 1. 132 ete,, you write — 1 as 9. decimal — 10.
you write — 2 as 8, decimal — iI0.

The Manniphase rule will give you the decimal of the logarithms.

—bB0—

You can determine the whele number by inspection.
Place the slide in the rule so § and T are out, but upside down
and indices on slide and rule are together.

LOGARITHMS OF NUMBERS

Find the log of 300. It is between 2 and 3,

1t will be therefore 2. plus a decimal which you will find on the
rule. R to 300 D,

Read answer on middle scale on this slide (see Diagram #25).

R
Ty b
Fhli:lllllllllilll T | I A
1 Lk
llllﬁlell[HI LIIHI IIHHHIHIHII\|IIH!III\[HI IIIH|I\II]FII!]‘HI[]HII'III'JHIH
S hlnl“il ?[m'llll‘ﬁlllljlill[llllll HlI?l Itll([mll}illlll!ll
i ; D
R

DIAGRAM NO. 25

Answer is 477. Tog 300 == 2.477.

Find log of .3; it is between 0 and — 1, It is 9.477-10.

Find log of 3; it is between 0 and 1. It ig 477.

I'ind log of 30; it is between 10 and I100. It is 1.477.

Romember the rule gives you the fraction;—you put down the
whole number.

ROOTS AND FRACTIONAL POWERS

(Numbers greater than 1)
Find the fifth root of 87.3: B
(1) (3)5 =3 X3 X3 X3 X3==243;
(2)5 =2 X 2 X 2 X2 X 2z=32;
Answer is little over 2.
Log of 87.2 is 1 4+ a decimal.
(2) R to 873 D; answer on log scale under R is .941; log of 87.3
= 1.941,
(3) By rule (4), page 48, divide 1.941 by 5 = .388.
(4) Set R to 388 log scale. Find answer on D under I — 245,
and as you have estimated answer is a little over 2, you have 2.45.
You often have to find the 34 power of a number. This is the
square root of its cube.
Find (4.37)35:
(1) (4)3 — 64; V64 — 8, approximate answer. Log 4.37 is 0. 4
a decimal. .
(2) R to 437 D; answer on log seale under R is .640,




1.920
{3) Log 437 is .640; 640 X 3§ — —= .980.

(1) Set R to 960 log scale. Find answer on D under R, 9.12.

An Alternate Methed:

Place slide in rule with B and C out.

Find the log of 300:

(1) Lies between 2 and 3.

(2) To find decimal 1 LC to 300 D,

(3) Read middie scale on back of the rule at etched mark as .477.

(4) Log 300 — 2.477.

Thiz method does not require changing the slide but it is not as
accurate as the one first given.

ROOTS AND FRACTIONAL POWERS (Fractions)

Find the bth root of .742:

(1) 15 = 1; (.9)5 = .b; answer is .% +.

(2) R to 742 D; read on log scale, 870; log is 9.870 — 10, See A
under COMMON LOGARITHMS,

(3) Divide 9.870 — 10 by 5 = 1.974 — 2; add 8 and subtract 8 —
9.974 — 10.

(4) R to 974 log scale; read answer on D under R — 942; pointing
off, .942.

Notice in (3) you add 8 and subtract 8. It is advisable to get the
log of a fraction in this form before you find the number corresponding.

Find the .405 power of .588:

(1) Square root of .6 == .7 +; cube root of .6 == .8 +; answer
is near .8.

(2) R to 588 D; read on log scale .769; log is 9.769 — 10, See A
under COMMON LOGARITHMS,

(3) (9.769 —10) X .405 = 3.956 — 4.05; add 5.95 and subtract 5.85.

5.95 5.95

9.906 — 10

(4) R to 906 log scale; read .805, answer,

In finding fractional powers or roots do the work in this order.

(1} Determine decimal point.

(2) Find log,

€3) DMultiply by power or divide by root, add and subtract in frac-
tions to get a decimal — 10. )

{4) Tind number corresponding to the log.

Exercise No. 1

Find the logarithms ot numbers given, to 3 decimal places.

8,39 = 83 = 9. — 10

4.76 = 476 = §. — 10

343. = 0343 = 9. — 10
— 59

271 =

Total

Find the 3, power
the cube.

00271 = 1. — 10

—_—— —

5.570 Total 38. 570 - 40
or 8570 — 10

Exercise No. 2
of .383. Check by finding the square root of

Find the %; power of .237. Check by finding the cube root of the

square.
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PART Ii—CHAPTER V

CONSTRUCTION AND SPECIAL SETTINGS

The construction of the slide rule is based on logarithms.

Placing the log scale out, read:

Log 1. — .000;

Log 2. = .301 on C and D; distance from 1 to 2 is log 2;

Log 3. — 477 on C and D; distance from 1 to 3 is log 3:

Log 4. — .602 on C snd D; distance from 1 to 4 is log 4.

(1) When you add two distances you add logs, therefore multiply.

(2) When you subtract two distances you subtract locs, therefore
divide.

Scales A and B are 1% as long as C and D, Therefore read on A
square roots of numbers on D.

Take the simple example 2 X 3 = 6:

1LCto2D; R to 3 C; ans, — 6.

Log 2 = .301; -} log 3 = A477; == 778 = log 6.

SPECIAL SETTINGS

The following settings will be easily understood if the last para.
graph is kept in mind.

MULTIPLYING SQUARES AND SQUARE ROOTS

(1) Type (K)2 X Q. Example (3)2 X 4:
M1Bto3 D '

R to 4 B;
Answer on A under R — 38,
(K)z (3)2
(2) Type . Example Approx, 3:
Q 4

4 B to 3 D (use runner to set);
Answer on A over 1 B — 2.25,

K B
(3) Type Example ——. Approx. 25;
Q)2 (4)z
4Cto5 A;
Answer on A over 1 B — .313.
(K)2 (7)2
{4) Type Example . Approx. 2:
(Q)z (5)2
5 C to 7 D;

Answer on A over 1 B — 1.96.

(5) Type VK X Q. Example V12 X 3 Approx. 9.
1 RC to 12 RA;
Answer on D under 3 C — 10.4.
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vK V15

{6) Type Example Approx. 12
4C to 15 RA;
Answer on D under 1 C — .968.
K 9
(7) Type Example Approx, 4:
vQ
5 LB to 9 D;

Answer on D under 1 C —= 4.02.

vK 13
(8) Type Bxample [ Approx, 1.5:
7

7T LB to 13 RA;
Answer on D under 1 C = 1.36.
The Maniphase rule allows one type of setting which is important
and should be understood.
{9) To find the square of the product of three numbers, in one
gefting:

Example

{3 X 4 x 5)2

(1) (60)2 ig 3600,

4 CI to 3 D;

Answer on A over 5 C is 36,

You should study these settings carefully. They are the bams of
special settings on the Maniphase Rule. If you understand the prin-
ciples of these settlngs you can make a great many special ones that
fit your own work.

Notice: (a) You can multiply or divide by the square, or square
root of any number as easily as you can multiply or divide by the
number itself.

(b) You can read the square or square root of the answer as
easily as you can read the answer itself.

Notice, however, that you must choose scales carefully. If a result
falls on A you can find its square root by reading on D. But if a
result falls on D you will have to read and reset in order to find the

square roof.

A8 X1,
Take the following example: / ; you must do the prob-
5.2

lem on A and B in order to read the square root on D,

(1) ,’ \/ == 1 approx.

52 LB fo 218 LA (udée runner to set).

(3) Angwer on D under 191 LB === 1.08 (use runner to read).
If 191 RB were used in (3) you would have answer 342.

55—




.

Before cxtiracting the square root be sure mumber falls on proper
scale of A.

Notice in this example v85 = v 1+, not v104. If you ESTIMATE

the answer you will have no trouble for you will use the scale on A -

which gives you the approx. answer.

Take the following example:
[ (L73)2X91 2
{———t
[ 2653 X791 |
In order to square the quantity you must do the problemon C — D
and read answer on A.
[3X9)]
1) | b = 14, approx. 12 = 1.
[3X8]
{2) Notice if 1.73 is squared answer will fall on A, so multiply
(173 X 1.73) = (1.73)2; 265 C to 173 D; R fo 173 C; 791 C to R;
over 9.1 C read answer on A — 1.69.

Exercise No, 1
v8.81

3.81

\,7.38 X 4.53
66.7 o

(4.18)2 X L9

5.32
Total 7.770

Exercise No. 2
€3.36)2 X 2.13

V8.8
V232 X V181
4.44
741 X v1.03
va.a1
Total 13.7¢

4 PART III
FOR ENGINEERS AND TECHNICAL MEN

CHAPTER I

SCOPE OF THE SLIDE RULE IN ENGINEERING WORK

The MANIPHASE SLIDE RULE can be used {or purposes of com-
putation in a wide variety of technical and engineering problems. The
10” rule, if properly used, will consistently give results correct to
within ¢y of one per cent, that is, to one part in one thousand, or to
three and sometimes four significant figures, if scales C and D are used.

A and B give cne-half this accuracy.

The rule ig founded upon the principle of logarithms and the 107
rule will give results comparable with those obtained by using a four
place table of logarithms.

It is perhaps safe to say that fully one-third the time spent in
engineering or technical computations is wasted. This is because of
a failure to understand and apply two simple propositions:

(1} Neo computation based on measurements can increase the ac-
curacy of the original measurement.

(2) No computation should be carried out with greater accuracy
than is desired in the result.

In engineering or technical work it is necessary to first decide
upon the accuracy desired, then to take the measurements with the
required degree of accuracy and then to compute using an accuracy
consistent with the requirements and the measurements or the observed
data.

It should be understood that great accuracy cam be obtained only
at great cost, and that from a practical or commercial standpoint it a
vital mistake fo ohtain results with more accuracy that can be used.

One of the reasons why the slide rule is not more widely used iz
because even technical men do not appreciate the fallacy of very precise
computations where the measurements or the data are inaccurate, and
where the results cannot therefore be closer than the data warrant.

Take a very simpls example as an illustration. Many problems
of the engineer are based upon the assumption that a cuble foot of
water weighs 62,5 pounds. As a matter of observation.

1 cubic foot of water at 45° Fahrenheit weighs 62.42; and

1 cubic foot of water at 60° Fahrenheit weighs 62.37.

If you have actually to do with water which weighs 62.37 and it
we assume it weighs 62.50 you have an original error of 13 parts in
6,000, which is a greater error than would be introduced by slide rule
computation.

Note:—The word “accuracy” is used in its popular sense and is
synonymous with precision.
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When you are computing for commercial rather than scientific pur-
poses the matter is of even greater importance, In general, for estimating
and design work the slide rule will give values as close as they can
be used.

In computations having to do with design of structural steel, ior
example, it should be remembered that steel specifications allow a
variation of 2% per cent from areas and weights given in handbooks.
It ig extremely doubtfu! if work in brick or concrete can consistently
be counted upon to approach an accuracy of one per cent.

Where measurements are taken with instruments of great precision,
and where gpecial care igs taken in the technique of measurement, you
may get an accuracy of one part in 10,000 and in some cases one part
in 100,000.

It would, of course, be utterly foolish to use the slide rule for
this class of computations although the slide rule is of great value in
checking computations made by means of logarithms, or in other ways.

Computations should in all cases be judged both as to accuracy
of results desired and accuracy of measurements taken, before rules
are laid down as to methods of computation, Needless to say the shortest
and cheapest method assuring proper results should be used.

Ag this question of accuracy is an important one, let us consider
another example.

What accuracy would you use in computing the survey of 60 acres
of land worth approximately $20 an acre? The owner desires to have
a survey made for the purpose of determining his acreage with the
objeet of selling his land.

It is probable that the owner would like an appraisal of his land
within say $5. This would call for an accuracy of $5 in $i200 or 1
in 240, or about onehalf of one per cent. If the land were worth $200
an acre, five dollars would mean $5 in $12,000 or 1 in 2400,

The operator of the rule, if he is a technical man or an engineer,
should see cleariy that the matter of accuracy or precision in computa-
tion is a PRACTICAL COMMON SENSE QUESTION OF COSTS, and
the matter should be con~idered and judged as such.

Note:—
(1) Aceuracy required.
{2} Accuracy of data must be consistent with (1).
. f{3) Adopt precision of computation so az to give you the results
wanted,

PART IlII--CHAPTER 11

ACCURACY AND SPEED IN COMPUTATION

If a problem is to be solved or a computation made using the slide
rule, there are a few simple rules which will help to secure ACCURACY
AND SPEED.

(1) DO NOT USE THE RULE FOR PRACTICAL WORK UNTIL
YOU HAVE LEARNED ITS USE THOROUGHLY.

You must have considerable practice in reading and setting before
vou canh hope to get results accurately and quickly. You must practice
until you are SURB of your results. If you have followed the exercises
fn this book you should be able to work accurately, but great speed
will come with more practice.

There are, however, several things which will help in both accuracy
and speed, and after you have become famillar with the rule you will
sea that accuracy and speed are very closely allied, and what helps
accuracy helps speed In many cases.

(2) FPORM THE HABIT OF ESTIMATING THE ANSWER AND
PUTTING IT DOWN.

This is the quickest and surest way to determine the decimal
point. In addition it gives you a rough check on your result; bui most
important of all it forces you to go through the problem mentally step
by step which will help you greatly when you come to set the problem
on the rule. Do not get the idea that by using the slide rule you do
not have to use your head, for you have to use it continually.

3 X 414
Take this example .

5.22

Let us follow the mental steps which you take to estimate the
answer,

(1) 414 divided by 5.22 is a little less than 1.

(2) Doing the division first you do not bother with the index.

(3) 3 times 1 is 3 or a little léss.

(4) Square root of 3 — is, say 1.15. i

' (5) To get square root, division and multiplication must be done

on A and B. ‘

(8) Put down 1.5.

Then solve the problem.

(1) 522B to 4.14A.

(2) R to 3 LB (set to 3 LB because you want answer on D to be
approximately 1.5). E ’

(3) Answer on D under R is 1.543.

(3) ALWAYS USE A AND B IN PREFERENCE TO C AND D
WHEN ACCURACY ALLOWS IT.

When you can, use scales A with B, These scales are double and
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if you are careful you will not have {o change indices when using these
scales.

(4) DECIDE WHICH INDEX TO USE BEFORE MULTIPLYING
ON C AND D,

Much time is lost in maltiplication when you find the number you
want on the slide falls off the rule. The following rule will help in
choosing the proper index. Multiply mentally the first figures of the
numbers you wish to multiply on the scales C and D. If the result
is less than 10 use the left hand index, if greater than 10 use the right
hand index. This rule will suffice in most cases.

818 X 1.161; 8 X 1 — 8. Use left index on C,.

818 X 413; 8 X 4 = 32. Use right index on C.

(5) IN CONTINUED MULTIPLICATION AND DIVISION TAKE
CARE OF THE ORDER IN WHICH YOQOU DO YOUR MULTIPLICA-
TION AND DIVISION.

8.33 X 2.781

—— . Using Scales C and D,

2.121 X 7.95
(a) Always divide first.

(b) In dividing choose numbers as nearly alike as possible,
(1) 'The right way is: (2) The wrong way is:
795 C to 833 D 2.121 C to 8.33 D;

R to 2.781C; R to 1 LC;
2121 C to R; 1 RC to R;
Read result on D under R to 2.781 C;
1 ¢, 1.375. 7.95 C to R;
Read result on D under 1 C,
1.375.

Notice the difference in speed betwzen the two methods. (1) is
not only more quickly done but is more accurate,

(6 MAKE AS FEW SETTINGS AS POSSIBLE.

In solving any particular problem, study the problem o ag to arrive
at ‘the result with as few settings of the slide and the runmer as
possible. An extra setting of the slide or the runner not only takes
time, but makes the answer less likely to be accurate.

Above all avoid reading and resetting on another scale, if it is
possible to do so. Almost all problems can be solved without readlug
and resetting If you are careful to arrange your procedure properly.

Do not arrange your work so that a change of index is necessary
if suech a change can possibly be avoided.

A change of index means loss in both speed and accuracy.

(7Y LEARN TO USE SCALE CL

If you are fo use the MANIPHASE rule with the greatest speed and
cfficiency, scale CI should be used consistently. You should learn to
set and read scale CI as quickly and as easily as C and D are used,

—f0—

Form the habit of using (whére accuracy will allow) sca’e D with
scale CI in

{1) Multiplication of two factors.

(2) Multiplication of three factors.

Notice that D with CI causes no trouble in choosing indices in
multiplying. ‘

In continued multiplication and division be ready to use CI ipstead
of C when a change of index is nécessary in usitvy C.

It is of the greatest importance that you understand the use of
CI if you wish to be both guick and aeccurate,




PART IN—CHAPTER 1l

APPLICATIONS TO ENGINEERING FORMULAE

The operator should experience no difficulty in using the rule to
obtain the numerical values resulting from substitutions in engineering
formulae, There are a few simple principles which in this clase of
computation will save much time and effort.

ONE FACTOR VARYING (Linear)

It frequently happens tbat in a formula involving several variables
one alone varfes in a particular set of problems,

Example

Find the volumes of cones whose bases contain 39.3 square feet
and of the following heights 3.87 feet, 4.93 feet and 8.64 feet.

Formula: V —= 1 (area of base) X (altitude).

You might multiply 3%9.3 X 38.87 and divide by 3;

And multiply 39.3 X 4.93 and divide by 3;

And multiply 39.3 X 8.64 and divide by 3.

It will be simpler to find the value of 39.3 divided by three and
by placing the runner successively on 3.87, 4.93, and 8.64, read directly
the volume. ]

You thus form a table so that you can read from volumes of
cones (393 square feet in base) on one scale to heights on another
scale,

(1) 14 (39.3 X 3.87) — approx. 10 X 4 — 40 cubic feet.

3 LB to 39.3 LA;

R to 3.87 B read on A under R 50.7; and

R to 493 B read on A under R, 64.6;

R to 8.64 R read on A under R, 113.4-.

This is much easier than doing the problems separately. This
principle should he used wherever one of the factors changes for a
set of computations, the other factors remaining constant, This prin-
ciple is of very wide application in practical work.

Consider an example in a slightly different form.

ONE FACTOR VARYING (Square)
Example:

Find the value of rivets in single shear, where allowable shearing -

stress is 7,500 pounds per square inch. Rivets have diameters of %.
%, %, % inches respectively. Value (in pounds per square inch) of one

dz
rvet — — —— fg,
4
s = 7,500.

'ﬂ'd2

(1) fs = 7185 % .25 X 7,500 == 1470 for 1" rivet.
4

3 C to 147 RA.

A table is now formed such that if the diameter of rivet is set on
C the value of the rivet in pounds per square inch is directly above
on A. Using the runner to read between C and A you have over 4
or .5 C 1470 pounds per square inch on A.

Over %" or .625 C—2,300 pounds per square inch, on A.

Over %" or .75 C—3,310 pounds per square inch, on A.

Over %" or .875 C—4,510 pounds per square inch, on A.

AREAS

In finding areas of several simiiar figures, bear in mind that areas
of pimilar figures vary as the square of any corresponding dimension.

It therefore the area of ome figure is found, a tahle may easily be
formed to read the areas of similar fizures.

Consider a simple example:

Area of a triangle Is 18.7 square inches—its base iz 4.26 inches.

Find the areas of similar triangles with bases of 3.82, 4.75, 5.27:

Set 4.26 C to 18.7 LA;

Over 382 C find 15.0 A;

Over 4.75 C find 23.3 A;

Over 6.27 C find 40.5 A.

This type of setting will be found useful in finding areas of circles,
ellipses, parabolic segments, ete.

VELOCITY HEIGHTS

This same principle can be .used in formulas where thel quantity
v
varying appears squared. A common type is h — —— and a table of
2g
velocity heights may hbe formed. Application to Hydraulic problems
are humerous.

STRUCTURAL (Moment Curves)

The curve of moment on a beam uniformaily loaded is a parabola
with vertical axis. In problems of structural design it is very important
to understand variation as the square and to solve proportions between
scales A and C easily and surely. Let us consider a very simple

example:
3 1)z 3 X
a)—=—=—jor (h) — = —.
x (2)2 S {1)2 (2)z
Set the proportion just as shown above in (b);
1 1L to 3 LA;

Over 2 C find 12 on A, Therefore x —= 12.
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Consider a beam as shown in Diagram §26.

%%

FEOO Ft lbs.

100 Ibs. per foot

N

.

2

DIAGRAM NO. 26
Bean: iz 12 feet long loaded with 100 pounds per linear foot.
Moment at face of wall is 7,200 foot-pounds.
Moment at free end is 0.
Moment x at middle of beam is:
720% x T200 X

E—— ; or

(2)2 (1)= (12)= (6)2

2 C to 7200 LA;

Pver 1 C find 1800 on A; which is moment 6 feet from the freeo
m6 ¢! the beam,

Find the moment at distances of 3, 5, 8, 9, 11 feet from the fres
end of beam,

12 C to 7200 LA;

R to 2 C; read on A, 450 foot-pounds. ;

R to 5 C (change index); read on A, 1,250 foo.-pounds,

R to 8 C; read on A, 3,200 foot-pounds.

R to 9 C; read on A, 4,050 foot-pounds.

R to 11 C; read on A, 6,050 foot-pounds,

This method should be mastered thoroughly and you should be
able to set for square variation as quickly as for linear,

You will encounter this same type of setting in finding areas of
circles having given diameters, in finding weight of round and sguare
bars, and in many other technical and engineering computations.

ONE FACTOR VARYING (Square Root)
In Hydraulic computations a type of formula of frequent occurrence
is @ = KA vh:
Where Q is the discharze under head h, and K is a constant, the

area of the orifice being A. For water, with clreular orifice, @ =
48 X A vh

s gl

In the usual case the area ot the orifice remains constant and h
varies.

Example:

Find the discharge from a circular orifice of area .785 sq. ft. =nder
livads of 2, 2.5, 2,75, 3 ft. @ — 4.8 X .785 v2. Result approx. 6.

1 RC to 2 T.A;

R to 785 C;

1 LC to &,

Read answer vxnder 48 € on D =—= 5.33.

For the rest of the values—

Set 2 RB to 533 D;

Under heads on B read discharge on D:

R to 2.5 RB; see 5.96 on D.

R to 2.75 RB; see 6.26 on D.

R to 3.0 RB; see 6.52 on D.
(2) This example may be done in another way,

Invert the =lide so that scales A and C are in contact.
Set 5.33 on CI under 2 RA;

Read answer 596 on CI under 2.5 RA;

Read answer 6.52 on CI under 3.0 RA.

(1) will prove the easiest method for the beginner; (2) has advan-
tages for the operator who is familiar with the rule.

YOU should understanda both methods.

VARIATION AS THE CUBE

The volume of similar solids vary as the cube of corresponding
dimensions. This furnishes a simple and practical way to determine
the volumes of spheres, ellipsoids, cones, ete.

Example
Find the volumes of spheres with diameters of 6.23 foet, 8.42 feet,
~ D8
and 9.37 feet. Volume of a sphere —
6
Let D = 1.
o
V= — = .524.
6
1 RC to 524 LK;
Under 6.23 C read 127 on K. V approx, == .5 X 6 X 6§ X 6t — 100,
TUnder 8.42 C read 313 on XK. V approx. = .0 X 8 X 8 X 8§ = 250;

Tnder 9.37 C read 431 on K.
A table of spheres has been formed so ithat by setting the runner
to diameters on scale |C the volumes can be read on scale K.
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: Example
A conical hopper depth 5.32 feet contains 37.1 cubic feet. How deep
must it be filled if it 13 to contain 5.3 cubic feet or one-seventh ag much?
(x)s (5.32)s 300
—_— ——— . Approx. ¥ = —— = 24,
5.3 371 40
532 C to 37.1 MK;

Answer on C over 523 LK = 2.78 feet.

PART IHI—CHAPTER IV

APPLICATIONS TO ENGINEERING DESIGN

In problems of engineering design the MANIPHASE RULE is of
the greatest value. For this reagson we will consider the problem at
some length.

The problem in design work is that of adapting commercial sizes
to computed results, these results having been computed on the basis
of the theory underlying the design.

In the design of a wooden, a steel or a concrete beam, for instance,
the beam musi be of a shape and size such as to offer suficient re-
sistance to the loads placed upon it and its shape and size must in
general be determined by commercial considerations.

The theory of the design is PRACTICALLY LIMITED by the ma- -
terial which is obtainable on the market. Wooden beams come in
commercial sizes and it is cheaper to use them than to have pieces
sawed to order. Steel is rolled in certain shapes, sizes and weights and
these must be used. Conecrete beams are limited in width by certain
pracilcal considerations. Design therefore is an attempt to practically
satisfy the theory.

This problem can in its simplest form be stated thus: Having given
a result, to determine what practical factors will give this result. "These
factors must in most cases conform to commerical standards of quality
and quantity,

The examples shown in this chapter are for the purposes of illus-
tration only and are chosen primarily for their simplicity. It is believed
that such examples will serve better than ones in more limited felds.

It is to be expected that the operator who reads this chapter has
had some experience in making computations in connection with design
work. He will readily recognize many ways in which the rule will be
of great value in particular cases.

No attempt has been made to cover the whole or any large part
of the field of design, but it is believed that this chapter will he
suggestive enough to make it worth while.

In work of this kind the Maniphase Rule finds its most general use.

For the purpose of explanation let us consider an extremely simple
case of design, in detail. Remember, in engineering design you bave
two fundamental conditions to meet.

You must

(1) Satisfy the theory. ) .
(2) You must do it economically. (That is, use commercial

material.)
Example
Design a cylindrical tank to hold 381 cubic feet of water. Owing

1
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to commercial conditions the diameter cannot be greater than 6 07
and the clearance availablte limits its height to 15,50 feet. Measure
ments to the nearest tenta of a foot.
=t
The volume of a cylinder is given by the formula V == —— xh:
4
where d — diameter of the cylinder;

bh = height of the cylinder,

2 — .78564 (nmotice mark on RA and RB);
4

V = .7854 dzh.

In the above example 381 = .785 d2h;

785 RB to 381 RA;

Result is 486, on RA over 1 B.

The formula is now in the form

486 — d2h approx. if d — 10; h = &.

You wish to find values for (d) and for (h) which satisty the
practical considerations of the problem as well as the theoretical con
giderations.

* d must be less than 6 feet.

h must be less than 16.5 fest.

Put RIB to 486 RA;

RIC is at 6.97 D. Notice 6.97 is the square root of 48.6.

You have on the rule so that you can plainly see it one solution
" of the equation 486 = dzh.

This solution is 486 == (6.97)2 X 10; d however is greater than
6 feet.

RIB is at 486 RA; R to RIB;

9 B to R;

See 735 under RIC on D. Another solution is therefore 486 —
(7.35)2 X 9.

Understand exaetly what you are doing; squaring 7.35 and mul-
tiplying the answer by 9.

This last solution is further from the desired result than the first
one obtained. So try

JILLBtoR; - T

Read d (on D under 1 C) — 6.65 (d is still too large).

14 LB to R; h == 14;

d = 589 on D. You might therefore make the tank 14* ¢ 5.9

Notice that this tank is larger than is required for the diametler
must be expressed in even tenths of a foot.

Try

15 LB to R; h = 15;

d in this case is almost exactly 5.7 feet.

So that all the conditions are met. The tank being 15.0 high and
5.7 feet in diameter.

Notice that R is at 486.
Set slide to number for (h) at runner, you find on D ihe correspona-
ing (d) under 1 C.

. (h) (d) 2h — 486
10 B at Runner 6.97 under 1 C
11 B 6.65 ¥
14 B 5.89 “
"15 B 5.70 &

Check this by substituting in the original formula.
a X (572X 15

Y=
4

4 LB to 5 A;

R to 5.7 C;

1 RB to R;

Answer on A over 15 B is .382 (check).

This method although given for an extremely simple case in tha
above example, is of very wide applieation and can be used constantly
in design work.

The engineer will appreciate its value as applied to struectural
design. It may be used for instance wherever an internal statical
moment of a rectangular section opposes an external moment.

Por wooden bheams M — 1j fbhe,

For concrete heams M — Kbh2

Sometimes the factors form a simple product and you wish to find
values for the factors so they may meet commercial conditions.

Example

In designing a truss, a compression member is made up of channels
and plates. 25.3 square inches of the sectional area are to be made
up of plates.

The plates may vary in thickness by sixteenths from 34 to % of
an inch and may be from 16 to 18 inches wide.

The formula is 268 = w x t; t — total thickness of plates:

RICI to 253 D W — width of plates;

Under 16 CI find 1.58 on D.

This means a width of 16 inches in plates calls for a total thickness
of 1.58 inches.

Riead widths on CI under R and total thickness on I} under R.

Set R to 17 CI; 1.49 is under R on D.

Instead of setting RCIL.to 25.3 D, set 16 CI to 253 D and read the
number of I6ths. required on D.

17 CI is under R; 23.8 is under R on D; use 24/16; waste .2,

18 CI is under R; 225 is under R on D; use 23/16; waste .5.

16 CI is under R; 25.3 iIs under R on I); use 26/16; waste .7.




All these show that with widths 16, 17, 18 inches you cannot get
plates to come out in even 16ths. .

R to 16.6 CI; see on D under R, 24.6; use 25/16; waste 4.

Try 1736 CI; 23.2 is below on D; use 24/16; waste .8

You see the best design is with a width of 17 inches.

Try 17% CI; 23.5 is below on I¥; use 24/18; waste .5.

A width of 17 inches is therefore best with total thickness of 24/16.

Use therefore 3 14 inch plates,

This method is applicable to structural design particularly to the
design of builf up members such as box and plate girders. It may
also be used in designing sewers of various seetions, and in the desizn
of piping.

a
Instead of a preduct the factors may be in the form -b—
Example

Find the diameter and thickness of a steel pipe to stand a pressure
of 500 pounds per square Inch.

23 d
The formula i — = —;
P t Where S is safe tensile strength
16000 d for steel = 8,000 pounds per
= — square inch.
500 t d — diameter of pipe, in inches.
d t — thickness of pipe, in inches.
32 — —. P — pressure in pipe, in Ibs. per
t gq. in.

Set M 1 B to 32 RA;

Numbers in contact on A and B have 32 for the guotient.

don A —ton B;

A 32" pipe would need to be an inch thick;

A 24" pipe would need to be .75 of an inch thick, ste.:

Set 16 RB to 32 RA;

Now instead of reading decimals of inches on B you may read
directly in 16ths of an inch.

A 24" pipe calls for a thickness of 12/16”, Sec under 24 A, 12 on B.

For a good design you want a thickness of from 3" to %7 and
the pipe of a commercial size, say 67, 87, 107, 12", 15", 18", 24#:

Over 9/16” on B find an 18" pipe on A;

An 18 inch pipe 9/16 inches thick will be safe against bursting
at a pressure of 500 pounds per square inch.

You have really formed a table for pipes under 500 poundy pressure.

On A you read the diameter of the pipe in inches.

On B you read the thickness of the pipe in 16ths of an inch.

You can tell by glancing at the rule whether any pipe in question
is safe.

The principles in this Chapter are of very wide and general appli-
cation. Every engineer and technical man should apprecigte the scope
of the rule in problems of design,
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PART IV
TABLES AND EQUIVALENT RATIOS
CONVERSION RATIOS ON BACK OF THE RULE

You will notice on the back of the rule proportions which can he
used to change from one kind of units to another kind.

To change U. 8. Gallons to pounds of water you find on the back
of the rule the proportion U. 8. Gallons : 1bs. water — 3 : 2.

This meang:— ’

(1) 3 Gallons equals 25 pounds of water.

(2) 1 Gallon therefore equals about 8 pounds.

If you get 3 C to 25 D you can read gallons on C and pounds on D.

Under any number of gallons on C you will find its equivalent in
pounds on D,

Set 3 C to 25 Dy

Under 3 C or under 3 gallons we find 25 pounds on D:

Under 4 C or under 4 galions we find 33.2 pounds on D;

Under 5 C or under 5 gallons we find 41.7 pounds on D.

The rativs on the back of the rule are the cnes in most common
use and are given in condensed form. Other setfings will be given in
this chapter. They will be stated in a little different form, but the
principles here stated apply just as directly to the ratios on the back
of the rule as they do to the settings given in this division of the book.

THE RULE USED AS A TABLE

You can by making the settings giver in this Part makes the rule
into a table 50 that you can directly read from it values desired. One
of the most practical uses of the rule is to convert one kind of units
into another. In finding areas, volumes and weights in most cases,
2 setting can be made and a table formed so that values may be read
directly, without setting the slide each time.

These settings are given in the simplest form, on the scales which
will secure the greatest accuracy.

Take for an example the changing of inches to decimals of a foot,
or the changing of decimals of a foot to inches.

By making the proper setting you form two tables at once and you
can read inches under decimals of a foot or decimals of a foot over
inches.

The settlng is given in this form:

1) 2y b @) (5
Inches C 12 300 1
Foot decimals D 1 25 0333

(1) Shows the units to be changed. )

(2) BShows the scales used to make the getting (this case, C and D).

(8) Shows the numbers to set (this case 300 C to 25 D).

(4) Shows number of inches in 1 foot.

\
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{5) Shows number of feet (decimals of a foot) in 1 inch,
To form the table—
Set 300 C to 25 D: :

Now all numbers on C mean inches, and all numbers on D mean
decimals of a foot.

You see 12 C over 1 D or (reading) 12 inches equals one foot,
You see 833 under 1 C or (reading} 1 inch equals 0833 feet.
Notice that (4) and (5) will show you where to place the decimal
poiat.
Change .438, .762, .156, .823 ft. to inches.
See setting:
Inches C 12 300 i
Foot decimals o 1 25 .0833.
(1) Set 300 Cto 25 D {using runner).
(2) Check by reading 12 C over 1 D.

(3) R to .438 D read on C, 5.26. See by setting 1 ft. = 12 in,,
R to 7.62 D read on C, 9.14. that is, .5 ft. == 6” so decimal
point is fixed.
R to .156 D; read on C, 1.87.
R to .823 D; read on C, 9.88.

If decimal of a foot is greater than .833 notice that you must
change index. You can tell this in advance, for setting shows 1 C
over 833 D and 1 D under 12 C.

It is just as easy to set runmer to numbers of inches on C and
read decimals of a foot on D, which changes inches to decimals of
a foot.

Sometimes a table is formed by setting C on A (using the ruaner
to set) and reading results on A over numbers on C.
As an example: Form a table of areas of circles for any diameter;
and together with it a table of diameters, having given the areas,
Setting is:
Area of circle........ A 1 38 .785
Diam. of ecircle....... C 1.13 22 1

Set 22 C to 38 LA (to utilize as much of slide as posgible);
Read areas on A and diameters on C.

Setting shows if area of circle is 1, diameter — 1,13 and if the
diameter is 1 the area is .785. Thig is, of course, snough to fix the
decimal point.

Example: Find the areas of circles whose diameters are 3.58”,
4.627, 983", 114.4", ‘

22 C to 38 LA:

R to 358 C; find under R on A, 10.07 square inches;

R to 462 C; find under R on A, 16.8 square inches:

R to 983 C; find under R on A, .759 square inches; -

R to 1144 C; find under B on A, 10300, square. inches.

—te

1

LENGTHS AND AREAS (Geometry)

Circumference of circle...... ......... C 1 22
Diameter of cirele..................... D 318 7
Side of SQUALE. e v i et is it C 1 212
Diagonal of square..........covovvn.n. D 1.41 300
Area of cirele......cover i, A 1 38
Diameter of circle.........covvevean.n C 1.13 22
Diameter of circle......oovveveveinnnan C 1.41 300
Side of inscribed square ...vvvvevvi B 1 212
2

214!,
707

.785

907

COMMON OR ENGLISH LENGTHS TO METRIC

(Meters, etc.)

, 0304 5
L b b O
Sy S (USRS AL W 3-23 :;
S o ITRIT SR SR W SR f s
D OR s RS S SSRGS e g0

3)

SQUARE MEASURES OR AREAS

Square inches .........0viviiivennans C 155 462.‘
Square centimeters .............. 00000 D 1 00
SOUATE Vards ouen cvmaass 55 s cowy C 1.166 61
SqUAaTre MEeLersS ..vveverrerarranrearneas D 1 51
Cireular mil§ sowenevvmes vemesis (o C 1.27 79
Square mils ..... B TR SRS D .1 62
Sguare feet oo sovawims i o C 10.76 140
Square meters ....ociene i fiiiiaiiienaa D 1 13
Square miles .....oeciiiiiiiiiiaiiann C 386 5{3‘
Square kilometers .........c0.c0ianin D i 145
ACTES s mnii s V0o St o0, 0 T ¢ 2,47 42
Hectares ...... T SRR B ¢ D 1 17
—3—




(4)
VOLUMES OR CUBIC MEASURE

Cubic feet .iv.iiiiiiinnniiinernnnnns C 1837 25
Y. S: Gallong v viens vsavmis aian D 1 187
Cubic inches ... ..iiviiniinninnnrnnnn. C 1 36
Cubic centimeters ...... 5 CEERNL A P D 16.39 590
Cubie vards .......cccivvvinnienninnn. C 1.308 400
Cubic METELS woweiavovoms s .ot aam D 1 306
U. 8. Gallons ......ooviiiinnnennnnnn. C 264 85
LHErs: cuvcorovmms dunaes sy e D 1 246
Cubic inches ...........ccooiiiinninn., C 231 6000
U 8:-GalloNs s oo semmem: 5y e D 1 26
U.S. Gallons ...oovviinviiivennnian.. C 1.201 8
Imp. Gallong: .oex cvvivevaasans v D 1 5
Cuble feet ........covvvveivnnennnnn,., C - .0353 6
LHErS s imvmmds FoeEmos D 1 170
QUATLE v svimanis VR G R W G 1.057 300
2 F | R T D 1 284
(5)
WEIGHTS
OUNCES AV, t.vivvivecennnnnaneenennnnn C 1.087 90
Ounces: Ty sueviivie wemsdiss vomin.g D 1 82
Tons (short) .............. SR O C 1120 65
TONE (LONF) ivniowemn swemiis srvisis s D 1 b8
Tons (lomg) .....cocviiviiinnnnnn.. C 1 187
Tons (Metric) usvaswras covin v D 1.016 190
QUNCEBAT, o v v s s G 0353 6
Grams .. coieeseseamcies A S D 1 170
Pounds ........ T C 2.205 97
Kilog v.vevnvninnnan R R T D 1 44
Totts (BROTLY: wanmmasssmmnns vowmuss soms c 1102 300
fvns (metric) .......... Gl SR § D 1 272

(6)
WEIGHT OF VOLUMES (Water)

Cubic feet of water .................. 6 0160 5
Weight in pounds .................... D 1 312
Cubic feet of water .................. ¢ .0353 6
Weight In kilog ... D 1 170
U. 8. Gallons of water ............... C 120 6
Weight in pounds ..... P SN D 1 50
U. 8. Gallons of water ............... C 264 28
‘Weight in kilos . 1 106
Feet per second 1.467 22
Miles per hour 1 15
Feet per minute ........covvoiinnn..., C 1 264
Miles per hour ........coivvvunnnen,.. D 0114 3
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SETTINGS FOR CONVERSION OF PRESSURES

Pressure conversion tables are of great importance

in technical

computations of all kinds. These settings will make it possible to

duplicate conversion tables involving pressures.

Pounds per sq. in, ............iiaun.. C 1 168
Inches of MErcury ......covcvvvuunvan. D 2.04 342
Pounds per sq. in. ... ...civvninnnnn.. C 14.70 485
Atmospheres .........cioivineiieinn. D 1 33
Pounds per sq, in. ....teeiienniinnn,. C 1 13
Feet of WAtEr .« isvcivvinaivaiis vowsis D 2.31 30
Pounds per sq. 0. ......ooveviniiiennn. e} 13.89 250
Tons per square foot ...........o..v- D 1 18
Atmospheres to Pounds per sg. in—see just above.

AtMOSPROIes +ueicivrerrnerirnnnannnns C 1 18
Feet of water .......cocvviiiiiiinnn.. D 33.9 610
Inches of mercury to pounds per sq. in. See above.

Inches Of MErcUry ....ovvvveinrinnnnn. C 1 30
Feet of water .....ovviriiiininioanan. D 1,132 34
Feet of water to inches of mercury, pounds per sq. in., and

see above,

AIMOIPHGIES cvwvmmmiaive s smwicsas caae C 1 274
Inches Of MErCUrY ......vcvierrnneanas D 25.9 8200
Atmospheres ........ S C 1 85
Tons per sq. foOoL ......ccivivniinnnas D 1.059 90

Inches of mercury to atmospheres. See above.

Tons per sq. foot to pounds per sq. in. and atmospheres.,
Feet of water .......ccvivvnnnnenns ..LC 1 1700
Tons per sq. foot .....ccivivriinranns D 0312 53

.491
1

1
068

434

072

0295

882
1

atmospheres;

0334
1

944
1

See above.
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METHOD OF COMPUTING A SETTING

Suppose a table is wanted, a setting for which is not given hers,

The setting is easy to find by combining given settings.
Suppose wou wish to change Tons per square foot
mercury.

to inches of

See from above, .072 tons per square foot == 1 pound per square inch.
See from above, 2.04 inches of merucry — 1 pound per square inch.
Therefore 072 Tong per sq. foot is equivalent to 2.04 inches of

mercury.
72C read tons per squate footon C
Set to and .
2040 D over inches of mercury on D
Note 1 inch of mercury =— .0358 tons per square ft.

1 ton per sq. fool — 28.3 inches of mercury.

Complete setting would be:—
Tons per sq. foot .............vvven. & 1 72
Inches of mercury ...........cuvvvunn.s D 283 2040

0353




DISCHARGE (Water)

Cubic feet per second ...... Ceresaae C 00223 4 1

Gallons per mMinUte ...oveverinnrarriane D 1 1795 449

Gallons per minute ................... C 15.85 840 1

Liters per second .................... D 1 - 53 0631
STRUCTURAL TABLES

The slide rule may be used for forming tables of areas, weights,

ete,, of round and square bars. Such tables are of use imn structural
and other estimating and design work,

SQUARE BARS

Use runner to set:

Areas of bars in square inches....... RA 0038 4 1
Thickness of bars in 16ths of inches...C 1 32 5.06
Weight of iron bars 1 ft. long in Ibs.. . RA 0131 135 1
Thickness of bars in 16ths of inches...C 1 32 8.75
ROUND BARS
Circumierence of bars in inches....... Cc 138 6.28 1
Diameters of bars in 16ths of inches...D 1 32 5.09
Areas of bars in square inches........ A 1 - 60307
Diameters of bars in 16ths of inches...C 18.1 32 1
Weight of iron bars 1 ft. long in Ibs.. .RA 0102 105 1
Diameter of bars in 16ths of an inch....C 1 32 9.9
Example

In explanation of the use of these settings, take the following
example: ' )

Find the areas, and weights per foot, of round iron bars of the
following diameters: ", %" and 14",

Use the two tables immediately preceding:

(1) Reduce diameters to 16ths of inches. 9, 10 and 19.

(2) To find areas set 32 C to  A. (Notice—18/16 gives an area
of 1 square inch.)

Set R to 9 C; R to 10 C; R to 19 C;

Read on A 249 sq. in., .307 sq. in., 1.11 sq. in,

(3) To find weights set 32 C to 10.5 RA. (Notice—9.9/16 gives
a weight of 1 pound.)

Set Rto 9 C; R to 10 C; R to 19 C:

Read on A .82 pounds, 1.02 pounds, 2.70 pounds.
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STEEL AND OTHER METALS

On the back of the rule will be found numbers giving the ratic of
the weights of other metals to iron.

If copper is the material, notice on the back of the rule that
copper weighs 550 pounds per cubic foot, and that to reduce to copper
it is necessary to multiply the results for iron by 1.15; for steel the
multiplication is 1.02.

TABLES

You should understand that when using the slide rule it is neces-
sary to use very few tables. You ¢an in nearly all cases use the rule
in place of a table.

It is of advantage, however, in many kinds of estimating and design
work to be able to change from numbers involving inches and common
fractions of an inch to decimal fractions of an inch, without using the
rule,

It is also convenient to change from inches and fractions to decimals
of a foot. An example will illustrate this,

Example
Find the number of cubic feet of material in a wall 10’ 812" high
X 23 11”7 jomg X 1' 17 thick.

(1) Reduce 814", 117, 1” to decimals of a foot (using the rule);
you then have

(2) 10,71 X 23.9 X 1.083.
{3) Reset and multiply the numbers.
It is EASIER to find the fractions from Table II and then rultiply.

TABLE 1
FRACTIONS OF INCHES TO DECIMALS OF INCHES

Fraction Decimal Fraction Decimal Fraction Decimal Fraction Decimal

& 0156 1 266 i 516 1 766
& 0313 & 281 i 531 81
& 0469 i3 297 i 54T 51 797
N 06265 & 318 & 563 1 813
& 0781 2 398 ik 578 4 828
& 0938 1 344 13 584 %3 844
k2 21094 2 .359 12 609 850
1% 125 % . 375 5% 625 % 875
& 1406 3 391 44 641 BT 891
£ 1563 1 406 3 856 23 906
# 1719 31 422 4 672 992
& 1875 & . 438 1 688 13 938
1 .203 22 453 1% 703 g 653
& 219 13 469 33 719 ) 969
M 234 11 484 41 734 ? 984
Y .25 % 5 % 5 1 1,000

Table I needs no explanation.

T




Notice in these tables that it is a very simple matter to find the
TABLE II value of 32nds and 64thsg of an inch if it is desir?ad to do so.
INCHES AND FRACTIONS TO DECIMALS OF A FOOT Notice the difference for 7y is .0052.
Therefore for o4 the difference is .0026.
o 1 z a & e Therefore for ; the difference is .0013,
0 0 0833 1667 250 333 AL7 ' Therefore for & the difference is .0039,
8 0052 0885 1719 255 .32 422
413 0104 0931 111 260 344 427 'Example
‘ 5 0156 0990 1823 .266 .349 432 _
| % 0208 .1042 1875 271 it .438 Find decimal of a foot corresponding to 1 3%,
& 0260 1094 1927 276 359 443 _ ~ Read on Table T, 1 22/32" or 1 $#" = .1406’; add .0026’ = .1432".
; % 0312 1148 1979 281 365 448
i % .0385 1198 .203 .287 370 453 Example
i % 0417 1250 208 .292 375 458
ﬁ T .0469 Ja302 214 297 .380 464 Find decimal of a foot corresponding to §§".
i % 0521 1354 219 302 385 469 Read on Table II, 36/64" or &" = .0469'; add for &", .u039’ = .050%".
i 1 0573 1406 224 307 39 474
: % ,0625 .1458 229 313 ,396 AT9
b 1 0677 1510 234 .318 401 484
% 0729 1562 240 223 406 450 | ‘
Y 0781 1615 245 328 A12 495
: 6" o 8 gr 107 117
| 0 500 583 867 750 833 917
: & 505 539 £72 765 .839 922 . '
h % 510 594 677 7680 844 927
i % 516 599 £82 .766 849 932
Y 521 504 688 a7 854 938
& 526 609 693 76 859 043
% 531 615 898 81 865 948
3 & 537 620 703 187 870 953
| % 542 625 .708 792 375. 958
; % 547 830 14 797 .880 964
3 5 552 635 718 302 385 969
3 H 557 641 24 807 831 - 974
¥ 3 563 846 129 813 .896 9798 )
H 568 651 734 £18 801 984
5 % 573 656 140 823 906 990
b # 578 662 245 828 912 995
—78 —79—
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