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PREFACE

The engineer’s slide rule is essential in the training of all students
of engineering and in many phases of professional engineering and
seientific work. As an efficient tool for calculation, it saves many
tedious hours which would otherwise be spent in routine multipli-
cations, divisions, and other computations. The modern Duplex
slide rule with its characteristic arrangement of scales on both sides
of the frame is the most versatile and efficient of the slide rules
which have been devised. This book presents a technique of opera-
tion for the Duplex slide rule which makes full use of its versatility
and efficiency.

The technique of operation presented is new. It is based on a new
approach to the study of the slide rule and on new concepts of slide
rule operation. The presentation has been carefully planned and
developed. It is, therefore, highly important that the student study
the subject matter in the order in which it is presented.

A chapter on the simpler type of slide rule used by engineers, the
Mannheim type, is also included. Chapter I has been written to
apply both to this type and to the Duplex slide rule.

The author is indebted to Keuffel and Esser Company for pro-
viding the photographic illustrations throughout the book. He also
acknowledges the following trade names of Keuffel and Esser Com-
pany which are used in the text: Log Log Duplex Trig, Log Log
Duplex Decitrig, Polyphase Duplex Trig, Polyphase Duplex Decitrig,
and Polyphase slide rules. He wishes especially to thank his secre-
tary, Mrs. Christine Reid, for valuable assistance in preparation of
the manuscript; and Mr. R. F. Bowen, a student in the School of
Engineering at the University of Mississippi, for a suggestion which
enabled the author to improve the technique for mixed operations.

I.ee H. Jouxnson
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INTRODUCTION

1. Order of Study. This book presents a particular technique of
slide rule operation in a particular manner. This technique applies
to the duplex type of slide rule used by engineers and might be
termed the ‘“center-drift method.” To learn this technique most
effectively, Chapters I through VI must be studied in proper order
without skipping. Techniques for other commonly used types are
given in Chapter VII.

2. Function of the Slide Rule. The engineer’s slide rule is used
primarily to perform certain numerical ealculations, such as multi-
plication, division, raising to powers, extracting roots, and various
combinations of these operations, and to perform them rapidly.
Addition and subtraction cannot be performed on the engineer’s
slide rule, nor can any operations involving them be done wholly
upon it.

3. Description. The slide rule commonly used by engineering
students consists of three parts: a fixed part called the “frame’” or
stock and two movable parts, the “slide” and the “runner” which
1s also called the indicator and the cursor. The words frame, slide,
and runner will be used in this book. The frame and slide are marked
in scales. The runner has a central line on it which is called the
“hairline” and which is used to make settings on the scales. In the
simpler rules made for beginners neither the frame nor the runner is
adjustable, but in the better rules both can be adjusted to correct
Improper alignments. There are two types of slide rules commonly
used by engineering students, the Mannheim type and the type
exemplified by the Keuffel & Essex Co. Duplex series of rules. The
Duplex rule has scales on both sides of the frame, and the Mannheim
type has scales only on one side. There are many other types of
slide rules, but this book will be confined to the study of the types

just mentioned with particular emphasis on the Duplex rule, which
1
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4 INTRODUCTION

READING THE SCALEDS

includes the Polyphase Duplex Trig, Polyphase Duplex Decitrig, Log
Log Duplex Trig, and Log Log Duplex Decitrig slide rules. The Log
Log Duplex Trig slide rule is illustrated in Fig. 1. The Polyphase
slide rule, one of the rules of the Mannheim type, is illustrated in
Fig. 2, which shows the chart of equivalents, usually placed on the
back of the frame, and also the scales on the back of the slide. The
Mannheim slide rule is similar to the Polyphase in construction but
does not have the CI scale or the K scale. The Mannheim slide
rule is the forerunner of the present engineer’s slide rules and is named
for its inventor, Amédée Mannheim, a French artillery officer who
devised it in 1859.

Mannheim and Duplex slide rules are currently manufactured
in three sizes which are designated according to the approximate
lengths of their scales, as 5”, 10”, and 20" sizes. Not all styles are
manufactured in all three sizes. The most popular slide rule appears
to be the 10” rule.

The prineipal use of the slide rule by students of engineering is to
multiply and divide numbers. The scales used in these operations
on the Duplex slide rules are the D, DF, C, CF, CI, and CIF scales.
The A and B scales are provided for squares and square roots, and
the K scale for cubes and cube roots. The 8, T, and ST scales are
trigonometric scales providing values of the sine, cosine, tangent,
and cotangent of an angle. The L scale is a scale of logarithms of
numbers. On the Log Log Duplex Trig and Deecitrig slide rules
there are also the log log, or LL, scales which are used in calculations
involving fractional powers or roots of numbers, such as, (2.1)%-17,
or ’A/51.6.

4. Reading the Scales. DBefore the student undertakes to perform
multiplication, division, and other operations on the slide rule, it is
necessary that he learn to read the scalecs correctly and rapidly.
Since the 10” slide rule is the most widely used, this section will
discuss the reading of the scales only on that rule. The scales on
the 5” and 20" rules are not subdivided in exactly the same manncer
as are those on the 10” rule, but can be read without difficulty after

one has learned to read the scales on the 10” rule.

The scales which will be used most frequently are the D, DF, C,
CF, CI, and CIF scales. All of them are subdivided in the same
manner, the only difference between these scales being that the
D, DF, C, and CF scales read from left to right, whereas the CI
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6 INTRODUCTION

and CIF scales read in the reverse direction from right to left. Also,
the D, DF, C, and CF scales are black, but the CI and CIF are red.
These scales are divided into nine major divisions which are num-
bered as shown on the scale in Fig. 3 and which correspond to the
nine integers, 1,2,3,4,5,6,7,8,9. Since all six scales are subdivided
in exactly the same manner, only the divisions of the D seale will
be used for purposes of illustration. The size of these major divisions
diminishes from 1 to 9 because the scale is logarithmie, as will be
explained in the next section on the fundamental principle of the
slide rule. It is important here that the student learn that in multi-
plication or division numbers are read or set on the scales without
regard for decimal point. The divisions as shown in Fig. 3 can repre-
sent numbers such as 2, 30, 500, 9000, or 0.007. The division, 2,
can represent 20, 200, 2000, 0.02, or 0.0002.

Each major division of the D scale is subdivided into ten minor
divisions which are not numbered themseclves except between the
major divisions 1 and 2, as shown in Fig. 4. Numbers such as 15,
33, and 92 are represented exactly by these minor divisions, and it
is again emphasized that the hairline setting on 13 in Fig. 4 can repre-
sent 13, 1300, 1.30, or 0.0013. In other words, the only consideration
in setting numbers on the scales is the succession of integers in the
number. The decimal point has no significance here.

The scale is subdivided still further but in a different manner for
different parts of the scale. Between 1 and 2 each of the ten minor
divisions is again subdivided into ten parts, so that numbers such
as 157, 183, 12.8, and 0.00167 are each represented by marks on the
scale. The hairline in Fig. 5 is set on 143 for example. Between 2
and 4, however, each of the ten minor divisions is subdivided into
only five parts, the reason being that the division lines would be
crowded too closely together if it were attempted to subdivide into
ten parts as between 1 and 2. 1In this portion of the scale, numbers
such as 242, 37.6, and 288 are represented by subdivision lines, but
numbers such as 237 and 345, ending in odd integers, have to be
estimated by eye by placing the hairline midway between two
division lines. For example, the hairline is set on 237 in Fig. 6.
Only numbers ending in even integers are represented by marks on
this portion of the scale. If subdivision into five parts were con-
tinued for the remainder of the scale from 4 on through 9, the division
lines would again crowd too closcly together, and so for this portion

READING THE SCALES 7

¢ the scale the minor divisions are subdivided into only two parts.
(I)—Iere only numbers ending in five, such as 465, 735, and 0.00925, are
represented by the subdivisions. Numbers such as 467 and 73.2
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are set on the scale by estimating the correct position of the hairline

as shown in Fig. 7. -
It should be noted that the zeros which are used to indicate the
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position of the decimal point in numbers less than 1 are not signifi-
cant in setting numbers on the scale, but that zeros which Jollow
integers are significant. For instance, such numbers as 102 and 40.6
are shown by hairline settings in Fig. 8, and the significance of the
zero in each number is apparent.

I'I‘l‘J"‘HI’I‘é:
uquuwilum |I||t||l|l]l|i|||||l|l‘l|v|1|\‘ ‘gmmy‘ulppl‘l

40.6.
Fra. 8.

The A and B scales each consists of two complete scales extending
from 1 through 9 and placed end to end. The space occupicd by
the nine major divisions on each scale is only half as long as on the
D scale, consequently it is not subdivided as closely as on the D
scale. The major divisions are subdivided into ten minor divisions
cach, but these in turn are not subdivided as closely as the minor
divisions on the D scale. Between 1 and 2 the minor divisions are
subdivided into five parts and between 2 and 5 into two parts. They
are not subdivided at all from 5 through 9.

The K scale is composed of three scales end to end, each extending
from 1 through 9, and there is correspondingly less space for sub-

FUNDAMENTAL PRINCIPLE OF SLIDE RULE 9

‘st n any of the scales previously mentioned. Between
dlwlslg)nélt}tl}?: fninorydivisions are subdivided into two parts, and
;roa;nr 4 through 9 there is no further subdivision. | 1

The trigonometric scales, 8, T, and ST, and the log log sca els,
LL scales, will be discussed in .later chapters. The L scale, a scale
of logarithms, is subdivided uniformly. . et "

5. Fundamental Principle of ‘fhe Slide R}lle. The fun aﬁeg a
principle of the slide rule is easily grasped if the ‘reader wi r}?t
forget the slide rule and then read carefully and w1thout‘ haste‘ lt e
following discussion. It is presumed that the reader is familiar

i ithms.
lelslicr)x%gfé seale such as a scale of inches and tenths on an engineer’s
scale is shown in Fig. 9a. Using this scale as a reference, plot the
logarithms of numbers. The following logarithms are chosen as
illustrations and are plotted in Fig. 9b.

log 1 = 0.000 log 10 = 1.000 log 100 = 2.000
log 2 = 0.301 log 20 = 1.301 log 200 = 2.301
log 3 = 0.477 log 30 = 1.477 log 300 = 2.477
log 4 = 0.602  logd0 = 1.602  log 400 = 2.602

log 1000 = 3.000

Fig. 9¢ shows the numbers plotted in the posi'.cion _Of their loga-
rithms, and the scale thus formed is called a logar.lthml.c .sc.ale. The
scale shown is, of course, incomplete, not containing division ma?ks
for 5, 6, 7, 8, 9, and other numbers. On this scale the relative
positions of 1, 2, 3, 4, and 10 are exactly the same as those.for 10,
20, 30, 40, and 100, and similarly for 100, 200, 300, 400, 1000, i.e., the
subdivision of one unit or cycle of the scale is the same as that of any
other cycle. By ‘“‘cycle” is meant the portion of the scale l?etwe.en
any two successive integral powers of 10. The cycles continue mn-
definitely, to the right for increasing powers of 10 and to the left
for decreasing powers of 10, as shown in Fig. 10. .

If the decimal point is neglected, one cycle is sufficient to re.present
all numbers. The D, CI, and C scales of the engincer’s .shdg rule
are examples of this one cycle. These scales arc shown in Figs. 1
and 2,

Turning now to the slide rule, how are these one-cyele sc@l(,b used
for multiplication and division? Any multiplication or division can
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be done with logarithms. For example,
the product of 2 X 3 is obtained with
logarithms as follows:

log (2 X 3) =log2 4+ log 3
= log (product) = log 6

Using the slide rule with its one-cycle
scales, the sum of log 2 and log 3 is ob-
tained in this instance by using the D and
CI scales as shown in Fig. 11. These two
logarithms could also be added using the
D and C scales but with less efficiency, as
will be shown in Chapter II.

The above operation could also represent
2 X 30 = 60,20 X 30 = 600, or 0.2 X 3 =
0.6 since the scales are typical cycles repre-
senting all numbers. The decimal points
are set by inspection. To illustrate this
clearly, suppose the student did not wish to
bother with setting the decimal point and
had an imaginary two-cycle slide rule for
numbers from 1 to 100. To multiply 2 X 30,
he would add the respective logarithms as
shown in Fig. 12. This would be fine for
products less than 100 and greater than 1,
but useless for all others. To use more
cycles and extend the range would result
either in a slide rule much too long to be
practical or in cycles so small that the
numbers could not be read with sufficient
accuracy. Accordingly, such slide rules
are seldom made and then only for special
use in some routine procedure.

The division of one factor by another
involves the difference of logarithms as
seen in the solution of ¢:

log (%) = log 6 — log 4
= log (quoticnt) = log 1.5

ACCURACY OF THE SLIDIE RULE 13

The difference of the logarithms in this instance is obtained by using
the D and C scales as shown in Fig. 13. The D and C scales are
more cfficient for such division than the D and CI scales, whereas
the reverse is true for multiplication.

6. Accuracyofthe Slide Rule. The term ‘“‘significant figures” must
pe defined and discussed before the student will understanfi the
Jimitations in accuracy of the slide rule. Most problems in engineer-
ing involve measurements, and these measurements are not exa.ct.
«Gignificant figures” are the digits in these measurements which
have been determined. A distance, say, is measured roughly to the
nearest foot to be 24 feet. This number, or measurement, contains
two significant figures which means that the distance is closer to
24 feet than 25 feet or 23 feet. A more accurate measurement to the
nearest tenth of a foot may yield 24.3 feet, a measurement to three
significant figures. A still more accurate measurement to four
significant figures, or in this case to the nearest hundredth of a foot,
may yield 24.28 fect. It is not possible to measure the distance
exactly because there will always be an undetermined quantity too
small to be measured. For example, if it should be possible to meas-
ure the above distance to the nearest millionth of a foot as 24.284379
feet, a number of eight significant figures, the decimals following the
last integer are still undetermined. It is obviously impossible to
measure any physical quantity exactly as this implies measurement
to an infinite number of decimal places.

Zeros are significant figures in measurements unless they are used
only to locate the decimal point.

The zeros are significant in the following numbers, each of which
contains four significant figures: 204.6, 20.02, 21.30, 300.0. The zero
in each place indicates that the measurement is closer to a zero divi-
sion mark than it is to the adjoining marks for 9 or 1. For example,
in 21.30, the zero indicates that the measurement is closer to 21.30
than to 21.29 or 21.31. In the case of 300.0, the measurement is
closer to that than to 299.9 or 300.1.

The zeros are not significant in the following numbers, each of
which contains three significant figures: 0.0124, 0.000467, 0.00217.
The reason for this can be easily explained by contrasting two such
humbers as 0.0034 which has two significant figures and 1.0034 which
has five significant figures. These numbers are stated in units of
ten-th()us:mdths, and the first number represents 34 of these units
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while the second represents 10,034 of them. In fractional form the
first number represents 34/10,000 or 34 ten-thousandths, and the
second 10,034/10,000 or 10,034 ten-thousandths. Obviously the
zeros in the first number are used only to place the decimal point
in indicating the magnitude of the unit.

Zeros may or may not be significant in numbers such as 14,300
and 2750. If the numbers are given with no qualifying phrase or
description, say as 14,300 feet or 2750 gallons, there is no way of
determining whether or not the zeros are significant. If the quan-
tities are specified as “about’” or ‘“‘roughly’” 14,300 feet or 2750
gallons, then the zeros are not significant and are used only to point
off the location of the decimal point. If the quantities are specified
as 14,300 feet or 2750 gallons to the nearest foot or gallon, then the
zeros are significant.

As previously stated, the term, “significant figures,” usually refers
to measured quantities, i.e., to inexact quantities. Integral numbers
which are used in mathematics and in counting are exact and there-
fore are correct to an infinite number of decimal places. For in-
stance, the number, 3, when used as a number in counting is exact
and means 3.00000- - - to an infinite number of places. Whenever
these numbers occur, e.g., 5 columns, 37 cars, or 16 generators, they
are exact numbers and the term “significant figures” has no meaning.
Although it is possible to specify exact quantities to be measured
such as 15 gallons, 25 pounds, or 100 yards, and to solve problems
using these as exact quantities, it is not possible actually to make an
exact measurement of them. A motorist buying 5 gallons of gasoline
rarely if ever receives exactly 5 gallons.

The term “‘accuracy’” as used in this discussion is a relative term.
For instance, suppose that in measuring a distance of 100 feet an
error of 1 foot is made. The measurement is said to be accurate to
one part in a hundred, or 1 in 100. Now if in measuring a distance of
800 feet, an error of 8 feet is made, the accuracy of this measurement
is the same as that of the preceding measurement, i.e., an error of
8 in 800 1s relatively the same as one of 1 in 100. Accuracy, then,
is a relative quantity and may be expressed as the ratio of the error
in a measurement to the measurement itself, and also in per cent.
In the measurements just discussed, the accuracy is 1 in 100 or 1
per cent.

Turning now to the slide rule, its accuracy depends upon how
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geeurately numbers can be set and read on the scales.. This,.in turn,
depends upon the error made by the average person in setting Wlt.,h
the naked eye. The D scale on a 10” slide rule is commonly said
to be accurate to one part in a thousand, 1 in 1000, or 0.1 per cenju.
How closely must the scale be read or the hairline be set to get this
accuracy? Look at the left end of the D scale, Fig. 14, and let the
first mark represent 1000. The next mark on the scale represents

5
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accordingly 1010. The interval between these marks corresponds
to 10 in a 1000. To read or set to about 1 in 1000, the reading or
setting must be made to about one-tenth of this interval. The
hairline has been set approximately on 1001 in Fig. 14, or approxi-
mately to one-tenth of the interval. The distance from 1000 to the
bosition for 1001 is slightly over four-thousandths of an inch.
Accordingly, in stating that the 10” slide rule is accurate to 1 in 1000,
it is assumed that the average person will be able to read or to set
the hairline to the nearest four-thousandths of an inch.

The accuracy of 1 in 1000 is constant at all points of the scale.
This can be casily demonstrated. Suppose an engineer has lost his
glasses and is attempting to use the slide rule. His eyesight is so
Poor that, in attempting to line up the C and D secales, he sets the
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first mark of the C scale opposite the second mark of the D scale as
shown in Fig. 15. He has set 1000 on the C scale opposite 1010 on
the D. His setting is off onc entire division and is only accurate
to 10 in 1000, or to 1 in 100. Looking at Fig. 15 or, better yet, at a
slide rule which has been set as explained, the reader will notice
that 2000 on the C scale is opposite 2020 on the D, an error of 2 in
200, or 1 in 100. Likewise 3000 on the C scale is opposite 3030 on
the D and 5000 on the C is opposite 5050 on the D, both errors of 1
in 100. This is true at every point along the scale. Now if the engi-
neer with better eyesight sets the C scale only one-tenth of a division
in error instead of one division, so that the end of the C seale is
opposite 1001, it will be found that 2000 on the C seale is opposite
2002 on the D, 3000 on the C scale opposite 3003 on the D, and so
on as in Fig. 16. The error in all cases is 1 in 1000. That this error
is constant can be proved mathematically with differential calculus.!

It is the author’s conviction that attempts to secure greater
accuracy with closer settings are not practical or efficient.

Reading or setting the slide rule to an accuracy of about 1 in 1000
means reading or setting to four significant figures in the 1’s near
the left end of the D scale. It also means reading or setting to only
three significant figures in the 9’s at the right end of the scale, since 1
in 997 or in 999 is very close to 1 in 1000. In between these ex-
tremes, however, reading to an accuracy of 1 in 1000 or to about
four-thousandths of an inch does not give either the fourth signifi-

! The equation for the D scale on the 107 slide rule is
r = 9.84 10g10 N
where z = distance from left end in inches
N = number on scale
Differentiating
dr = 9.84 d(logiy N)
dr = 9.84 logy e d(log, N)

dr = 4.27 —
i 7N

dN . . .
The accuracy, —X]— » 18 constant for an crror in setling of de.

On the D seale of the 107 slide rule, the distance from 1000 to 1001 is 0.00427”. If this
distance is taken as the error in sebfting, the error, de = 0.004277, corresponds Lo an
[ dr 0.00427 001 1 Lich i ant U hout, 11
accuraey ——- = ——— = ———— = (), = -, which is constant throug o the
Y N T a2 T i 1000 8 orghout the
scale for all numbers, N,
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INTRODUCTION

cant figure or the third. The interval of 0.00427” represents 3 in
the fourth place at the mark for 3, instead of 1 in the fourth place
as at the left end or 1 in the third place (10 in the fourth place) as
at the right end. (See Fig. 16 again.)

It is obviously not advisable to try to read to every third integer
in the fourth place near 3, or to every seventh integer in the fourth
place near 7. As a compromise, read cr set only three significant
figures on the scale from 2 through 9 and four significant figures on
the scale between 1 and 2. Although the fourth place cannot be
set accurately by most students near 2, such as in 1896 or 1927, the
average student will probably not be in error more than one in the
fourth place, and certainly not more than two, for careful setting
and reading.

The slide rule is primarily useful for computations where no more
than three significant figures are required. If the factors in a com-
putation are given to three significant figures and none of them
begins with 1, the answer on the slide rule may be read to four
significant figures between 1 and 2 and to three significant figures
from 2 through 9. If some of the factors do begin with 1, and if
these are given to four significant figures, the answer may again be
read to four significant figures between 1 and 2, and three significant
figures otherwise. If the factors beginning with 1 are given only to
three significant figures, then the answer should not be read to more
than three significant figures anywhere on the scale. These state-
ments are summarized in the following table:

RELATION BETWEEN THE SieNTFICANT TIGURES IN TIE FACTORS OF A
COMPUTATION AND IN THE ANSWER

Significant TFigures to Be Read on
I'actors Beginning | Significant Figures D Seale from
with in Factors
1to2 2 through 9

2,3,4, ---9only.. 3 4 3
2,3,4, -9 3

Lo 4 + s
1,234, -9 3 3 3
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st
Actually if & number close to 1,.such as 112, ig given only to three
significant figures in a computation and the‘ answer to th.e con_lputa-
tion falls in the 8’s and 9’s, the answer will not be reliable in the
third significant figure. The number 112 represents any num’per' of
three significant figures between 111.5’? anfl 112.5., This 1s)a variation
over a range of about 10 in 1000 W}'nch in the 8’s and 9’s w-ould be
respectively about 8 in 800 and 9 in 900. These are cop&derable
variations in the third significant figure. However, reading to the
third significant figure would be reading to a c!oser probable Valu.e
than would be obtained by reading to two significant figures and is
generally done by most engineers. .

Similar rules would apply where factors are given only to two
significant figures or to one significant figure. o

'If the factors in a computation have more than three significant
figures, such as 3.148 X 41.671, they would be set on the slide rule
to the nearest three significant figures, or as 3.15 X 41.7. The
exception to this procedure, of course, is that factors beginning with
1 which have more than three significant figures could be set approx-
imately to the nearest four significant figures. For numbers such
as 3.125 X 41.55, the student has the choice of reducing these to
3.12 or to 3.13, and to 41.5 or to 41.6. In general, the error in the
answer will be less if such numbers ending in 5 are reduced ecither
to the nearest even number or to the nearest odd number. If the
practice of reducing to the nearest even number is followed, the
preceding numbers would be used as 3.12 X 41.6. In reducing to
the nearest odd number, the factors would be 3.13 X 41.5. For
numbers of four significant figures beginning with 4, 5, 6, 7, 8, or 9,
and ending in 25 or 75, such as 51.75, no reduction is necessary.
The hairline position for such a number as 51.75 is midway in a sub-
division, a position which can be set more accurately than that for
the reduced number.

Exunrcise 1

Determine the number of significant figures in each of the following
numbers;

1. 423 5. 10.042
2. 173.6 6. 400.0
3. 9.02 7. 8.635
4. 6.00 8. 0.0917
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9. 0.00042 15. 0.900
10. 0.403 16. 4271
11. 0.05070 17. 6.2
12. 16,421.2 18. 0.071
13. 0.00008 19. About 43,400
14, 32.003 20. About 700,000

Reduce cach of the following expressions for setting on the slide rule,
Ezxample: 13.458 X 6.927. Answer: Sct as 13.46 X 6.93.

21. 2.163 X 41.71

0.06848 X 13.639
22. 63.87 X 3.446 7 —

5.0505

23. 107.32 X 8.428 . 4.875 X 83.83
293.87 76,421

. 64.89 " 11.555 X 20.05
1.0072 1,374,200

26. 2.182 X 4.008 X 0.9263 ©0.2927 X 21.38 X 986.7

7. The Decimal Point. As has been explained in the section on
the fundamental principle of the slide rule, numbers are set on the
scale without regard for decimal point. There are two general pro-
cedures which could be followed in setting the decimal point in the
answer. One is to carry along the position of the decimal point
from one factor to another during the computation. This is a rela-
tively difficult procedure because it involves doing two things at the
same time, following rules of operation and following rules for setting
the decimal point. Consequently, its use is not advised.

The other general procedure is to forget the decimal point com-
pletely until the end of the operation and then to set it independently
of the slide rule performance. This is done “by inspection” which
is easily explained by the following examples. Consider the product
227.7 X 8.43. DPerforming this on the slide rule gives the answer
in terms of integers without decimal point as 1 9 2. To sct the
decimal point by inspection, quickly approximate cach factor men-
tally to get, say, 200 X 10 = 2000. The answer, 1920, is obviously
much closer to 2000 than 192 or 19,200 and is the correet answer to
three significant figures.

Of course, the rougher the approximations of the factors, the
farther apart will be the estimated answer and the correet answer,

THE DECIMAL POINT
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but, unless t

In case of division,

he approximations are unreasonably inaccurate, there
: doubt as to the position of the decimal point.
will be 20 say 313/12.4, the integers in the answer arc

252 Approximating the factors by a quick mental inspection,

TaBLE 1

Integers in

Computation Answer without Tuspection Answer
Decimal Point
192.1 X 0.421 809 200 X 1 = 100 80.9
3.16 X 21.7 686 33X 20 = 60 68.6
132.1 X 62.1 820 100 X 60 = 6000 8200
57.2 X 0.0810 463 50 X £g = 5 4.63
417 620 200, _ 4 62.0
6.72
81.7 366 B0 — ¢4 3.66
22.3
10.42 330 0 _ . 33.0
0.316 i
6.17 X 8.62 X 4.16 221 (2) 6 X 8= 50 221
(b) 50 X 4 = 200
212 X 3.16 X 8.12 545 (a) 200 X 3 = 600 5450
(b) 600 X 10 = 6000
416 X 1.72 181 (a) 49° = 100 181
3.96 (h) 100 X 1.72 = 172
821 X314 605 (2) 3 X 8=20 0.605
‘ 426 h) 22 =1 =05

420 111 (1) 12 X 30 = 400 1.1
121 x 316 (b) 4000 — 10
1724 329 (a) 4 =2 0.329
6.21 x 843 (b) 2=1=03
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300/10 = 30, and the answer is obviously 25.2, which is closer to
30 than 2.52 or 252.

The examples in Table 1 provide additional illustrations of the
inspection method of setting the decimal point, especially for opera-
tions involving more than two factors.

In computations where division is involved, the setting of the

decimal point can sometimes be simplified by “cancellation.” For
131 X 4.42

3.87
These two factors can therefore be “cancelled,” and the answer at a
131 X 442 .
———————— . The slide

17.2 X 8.15
741 X 5.71°

3
FF2 X &5

AT X571
factors 8.15 and 7.41 cancel and 5 goes into 17 approximately 3
times. The slide rule gives 3.31 as the correct answer.

For very large or very small quantities, the procedure of setting
the decimal point by inspection frequently involves rather unwieldy
mental arithmetic. For example, 14,610 X 511 = ? This involves
multiplying say 10,000 X 500, which is beyond everyday mental
arithmetic. An easier procedure is to “‘reduce” each factor by mov-
ing the decimal point to the left, keeping in mind the number of
places moved, e.g., reduce 14,610 to 1.461 by moving four places
and reduce 500 to 5.11 by moving two places, or total of six places
altogether. Now 1.461 X 5.11 = 5, and restoring the six places as
six zeros gives the approximation to the answer as 5,000,000. The
slide rule gives the correct answer to be 7,470,000.

For a computation involving both very large and very small
factors, such as 21,462 X 0.000416, an easy procedure to follow is
to move the decimal point four places to the right in the small
factor, giving 4.16, and four places to the left in the large factor,
giving 2.15 (to three significant figures). The two shifts exactly
neutralize cach other, so that the answer is approximately 4 X 2 or 8.
The slide rule gives 8.95 as the correct answer.

Taking another example, 114,200 X 13.1 X 0.0000612, by moving
the decimal point an equal number of places, five to be specifie, to

4.
instance, consider The ratio, 397 is almost equal to 1.

glance is approximately 131 as is shown by

rule gives 150 for the correct answer. Again consider

Solving for decimal point by “cancellation,” = 3. The
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P
poth the right and left, the answer is approximately 1 X 10 X 6 =

g0. The correct answer is 91.6. . . . .

Summarizing the section on Settmg‘ the decimal I.)omt., the. inspec-
tion procedure using mental arithmetic and a_tpproxunatlons is easier
than using a set of rules. Where division is. involved, the “cancella-
tion” device should be used as m-uch as pqsmble. Fo.r very large.and
very small factors, the “reduction” device of moving the decimal
points in the factors should be used.

ExErcISE 2

Set the decimal points in the answers to the following computations by

inspection:
1. 6.14 X836 =513 832
2 122X971 =118 4 12. =088
3.207 X417=1238 .
4. 563X180=1025 13. 22 957
5. 146 X 4.37 =6 3 8 2.17
6. 207 X 118 =350 63.7
7.33.1X 0241 =79 7 4. o5 =332
8.403X472=1903 1463
9. 642 X346 =222 15, — =404
10. 7.32 X 0.816 = 5 9 7 362
43.7 7428
1. — =704 16. — =253
TR 2.93
17. 243 X 4.17 X 592 =6 0 0
18. 6.25 X 21.7 X 1.83 = 2 4 8
19. 41.7 X 0923 X 281 =1 0 8 1
20. 11.61 X 3.37 X 9.24 = 3 6 2
21. 832 X 0.017 X 4.24 =6 0 0
22. 261 X 162 X613 =259
23. 476 X 842 X 0331 X 13.1 =173 5
24. 642 X 513 X 1.37 X475 =2 1 1
26. 87.7 X 1.93 X 0.926 X 441 =6 9 |
26. 3.77 X 9.23 X 109.2 X 0.505 = 1 9 1 §
27. 837 X 416 X 228 X 3.14 =2 4 9
849
28— _ 1642 30. 12400 =512
4.16 X 12.42 61.7 X 39.2
7002
2. — " _972
21.7 X 33.6
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Set the decimal points in the answers to the following computations by
cancellation:

6.17 X 3.14 50.6 X 0.637
3. - 573 35, 2 _ 394
3.38 0819
133 X 82.4 8.77 X 4.23
32, - 2T 1579 3.~~~ _3409
69.7 10.06
29.6 607 X 421 X 0.592
33. - —-913 37. — 456
32.4 _ 517 X 0.643
0.0421 X 17.37 92.6 X 1.64 X 37.2
34 — 0 1955 38. ~130
0.0374 41.3 X 105.1
327 X 0.463 X 17,212
39, ~285
253 X 0.361
6.31 X 9.27 X 18.43 i
1516 x 1.72 '

Set the decimal points in the answers to the following computations
by reduction:

41. 1250 X 437 =54 6
42. 16,720 X 8320 =13 9 3
43. 425 X 1622 X 373 =2 5

44, 622 X 47.1 X 2460 =7 2
45. 0.0183 X 0.00417 =7 6 3
7 46. 0.000631 X 0.00283 =1 7

1

9

47. 0.0161 X 0.00246 X 0371 =14 7

48. 5540 X 0.00325 =1 8 0

49, 21,460 X 0.00132 = 2 8 4

50. 203 X 0.0000297 =59 5

51. 130 X 5270 X 0.0000065 = 4 4 5

52. 0.000084 X 4160 X 273 =9 54
Set the decimal points in the answers to the following computations

by combinations of inspection, cancellation, and reduction:

49.7 X 8.62 232 X 61.7
T 2362 54, — =475
6.43 X 18.4 11.41 X 26.4
14.71 X 7.24 X 9.36
=355
2.17 X 12.92
2 X 162,400

56. =440
0.875 X 0.375 X 10 X 225

[
o
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_ ADIUST
9910 X 0.00427
576,>,<,3§i‘3°.°=1727 88— — 154
© 313 X 37.2
18,300
618 X 267 X393 55 g - _=1344
59. =72 4 X 472 X 7.21

8. Adjustments of the Slide Rule
The Duplex Slide Rule

It is sometimes necessary to adjust the slide rule so that th.e scales
and hairline are in proper alignment and also so that the slide and

" unner move freely but not loosely. Before proceeding with adjust-

ments of the Duplex slide rule, it should b(.a noticed that the frame
consists of two parts, a “lower” part to which twc:’metal brajces are
permanently riveted at the ends, and an.“upper part which can
be adjusted by loosening the screws which hold 1t”at ea}f:h end,;
In describing the two portions of the frame as ‘‘upper and. lowe.r,
the slide rule is held in the position most frequently used, i.e., with
the side having the D, DF, C, CF, CI, and CIF sca’les uppermos:t.

The adjustments of the slide rule are now given in the order in
which they should be made.

(a) Alignment of slide and lower frame. Hold the lower frame at
each end between the thumb and middle finger of each hand
with the thumb on top. Place the forefinger of each hanq on the
ends of the slide and push it into position so that the divisions
of the C scale and of the D scale are in line at one end. If they
are not also in line at the other end, the alignment is faulty, no
adjustment is possible, and the rule should be returned to the
manufacturer.

It is important that the student master the technique of a‘pp%yillg
a push in opposite directions at each end of the slide, and pushing a
little harder at one end than at the other in making a sctting. It is
very difficult to set the slide quickly and accurately by pushing or
pulling from only one end.

(b) Alignment of upper and lower frames. Move the runner oufc of
the way toward the center of the rule. Set the slldp in align-
ment with the lower frame as in (a). Cheek the alignment of
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the CF scale divisions of the slide with the DF scale divisions
on the upper frame. If they are not in alignment (Fig. 17),
loosen the two screws which hold the upper frame at the ends
about half a turn and push the upper frame or tap it lightly
at one end to move it into alignment. Tighten the screws.
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(¢) Adjustment of upper frame for tighiness or looseness. Test the
slide for tightness or looseness by moving it back and forth.
The slide should move smoothly without binding at any position
and without effort on the part of the operator, but it should not
be so loose that it will slip under its own weight when the slidc
rule is held in a vertical position.

If the slide is generally too tight or too loose, loosen the screw
first at one end of the upper frame, moving that end a very slight
amount either to decrease or to increase the pressure of the upper
frame against the slide. Tighten the screw and repeat the perform-
ance at the other end. Several trials may be required.

Do not loosen both screws at the same time in any adjustments
for tightness or looseness as this may result in shifting the upper
frame out of alignment.

If the slide is too tight at one end of the rule, loosen the serew
holding the upper frame at that end and move the upper frame
slightly away from the slide until smooth action is obtained. This
may require several trials.

If the slide is too tight at the center of the rule, it is necessary to
pull the center of the upper frame away from the slide without
changing the adjustment of the ends of the upper frame. This con-
dition frequently oceurs as good slide rules are usually made with a
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dlight downward bow in the upper frame 130 insure al Sngi ﬁ(’; thz:g}il;
ut the length of the rule when the ends are snugly fitted. s0 1t
;)seasier to adjust for tightness at th;a ;entelr t%larz }forllcz(t)sinezs thefe.
iust for tightness, hold the slide rule in the left hand, palm
Eowaﬁldlfsvzith slic%e rule parallel to the left forearm. Move the runner
tf the inner end, lay the outer end on a rta.ble top, and- loosen the
serew at the outer egd Wiltlhti small sc;ewdrlvlejr.h tl(;rzi‘ii?gf rt(};; r:}ig
ith left hand, pu e upper frame slig
Slli'g;b;':v the center, about the wi‘dth of ordinary sewing thread, and
clamp firmly in that position with hgavy pressure from the thumb
and middle finger of the left hand (F ig. 18). Press_ the loose end of
the upper frame back against the slide by pushing with the forefinger
of the left hand without relinquishing finger pressure at the center.
This requires bracing the outer end of the rule against some heavy
object on the table top (Fig. 19). Tighten the serew and release .the
finger pressure, permitting the upper frame to spring back against
the slide. Repeat the same procedure with the other end of the
er frame.
upﬁ' the upper frame is bowed away from the slide at the center,
loosen the screw at one end of the upper frame, press the center of
the frame firmly against the slide without moving the 1005(? end, ?Lnd
tighten the screw. The loose end must not be pressed' in 'agal.nst
the slide along with the center of the upper frame as this will bl.nd
the slide. The loose end must be held slightly away from t}}e slide
as the center is pressed against it. This can be done by holding the
loose end firmly between thumb and forefinger of the left hand apd
pressing the slide rule against the heel of the left hand with the third
and little fingers. This is rather difficult and could be done more
easily by having a second person to wield the screwdriver, so that one
hand could be used on the loose end and the other on the center.
Repeat the procedure at the other end. If this does not close the gap
between the upper frame and the slide sufficiently, it will be neces-
Sary to repeat the procedure moving the slide almost entirely out
of the rule at the end which is loosened so that the upper frame may
be pressed further inward in making trial adjustments.

The preceding adjustments are all based on the assumption that
tightness or looseness at the center is due to curvature of the upper
frame. 1f the slide should be curved, no satisfactory adjustment
¢an be made, and such a rule can be used only with the slide moving
rather loosely.

—
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A
If either part of the frame or the slide should be warped at right

ngles to the face of the slide rule, no satisfactory adjustment can
;’;e made except straightening the member. In this event, the slide
rule should be returned to the manufacturer.

(d) Alignment of hairlines on runner. The alignment of the hairlines
is tested after the upper frame has been aligned with the slide
and lower frame. Move the hairline to the left end of the D
scale. If it also lies on the left end of the DF scale on the upper
frame, the hairline is in adjustment. If it does not (Fig. 20),
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loosen slightly the four screws holding the metal frame of the
runner and shift the glass plate until the hairline is in adjust-
ment. With the “front” hairline on the ends of the D and DF
scales, flip the rule over to the other side. If the “back’ hairline
on the other side is in alignment with the left ends of the D and
A scales on that side, the back hairline is in adjustment. If it
I3 not in alignment, adjust in the same manner as for the front
hairline, taking care that the front hairline is not moved from
1ts position at the ends of the D and DF scales on the front side.

The Mannheim Slide Rule

. ilt is sometimes necessary to adjust the slide rule so that the scales
d the hairline are in proper alignment and also so that the slide

Fia. 19.
28
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and runner move freely but not loosely. Before proceeding with
the adjustments of this type of slide rule, it should be noticed that
the frame consists of two parts, a ‘“lower’’ frame which comprises
the main body of the rule, and an “upper” frame which is attached
to the lower frame by three screws and is adjustable (Fig. 2). The
D scale is on the lower frame, and the A scale is on the upper frame.

The adjustments are now given in the order in which they should

be made.

(a) Alignment of slide and lower frame. Hold the lower frame at
each end between the thumb and middle finger of each hand
with the thumb on top. Place the forefinger of each hand on
the ends of the slide and push it into position so that the divi-
sions of the C scale and of the D scale are in line at one end. If
they are not also in line at the other end, the alignment is faulty,
no adjustment is possible, and the rule should be returned to the

manufacturer.

It is important that the student master the technique of applying
a push in opposite directions at each end of the slide, and pushing a
little harder at one end than at the other in making a setting. It is
very difficult to set the slide quickly and accurately by pushing or
pulling from only one end.

(b) Alignment of upper and lower frames. Move the runner out of
the way toward the center of the rule. Set the slide in alignment
with the lower frame as in (a). Check the alignment of the B
scale divisions of the slide with the A scale divisions on the
upper frame. If they are not in alignment, loosen the three
screws which hold the upper frame about half a turn each and
push the upper frame or tap it lightly at one end to move it
into alignment. Tighten the screws.

(c) Adjustment of upper frame for tightness or looseness. Test the
slide for tightness or looseness by moving it back and forth. The
slide should move smoothly without binding at any position
and without effort on the part of the operator, but it should not
be so loose that it will slip under its own weight when the slide
rule is held in a vertical position.

If the slide is generally too tight or too loose, loosen the screw
first at one end of the upper frame, moving that end a very slight
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e
amount either to de'zcrease or to increase the pressure of the upper
frame against the slide. Tighten the screw and repeat the perform-
ance at the other end, and at the center. Several trials may be re-
quired. Another procedure is to loosen two screws at a time, keeping
one screw tight.

Do not loosen all screws at the same time in any adjustments for
tightness or looseness as this may result in shifting the upper frame
out of alignment.

If the slide is too tight at one end of the rule, loosen the screw
holding the upper frame at that end and move the upper frame
glightly away from the slide until smooth action is obtained. This
may require several trials. If the slide is too tight at the center of
the rule, a similar procedure is followed.

(d) Algnment of hairlines on runner. The alignment of the hairline
is tested after the upper frame has been aligned with the slide
and lower frame. Move the hairline to the left end of the D
scale. If it also lies on the left end of the A scale on the upper
frame, the hairline is in adjustment. If it does not, loosen
slightly the four screws holding the metal frame of the runner
and shift the glass plate until the hairline is in adjustment.
Tighten the screws carefully.

9. Care and Manipulation. It has been the author’s experience
that no lubrication of a well-made slide rule is necessary. The use
Olf pO_wders, waxes, and other substances results sooner or later in
:Ogglng the grooves with foreign material. Graphite such as comes
rom the lead in a soft pencil has been suggested by some writers.
th‘;?i;’ler, la:ny foreign mat?rial seems undesirable in view of the fact
from ¢ }ib s }llde rule is manipulated Yvith the bare hands. Moisture
epositsq ta;lnds sooner or later will combine with dust to form
soom £ In 1e grooves, and the presence of any dry lubricant would

Cle 1:.adcce e{'ate this process.

ido ;I}ell.les's 1s the key to g(.)od care of the slide rule. Keep the
ability froln lfis case whep not in use. Protect it to the best of one’s
using 1 ? 1ust and dlI‘t: Alwa)‘rs try to have clean hands when
it Shoul.d . clean, vx{ell-adjusted slide rule needs no lubrication. If

DRuos of t(}elcor‘n.e dlr‘ty, clean the grooves of the frame and the

ide rop e slide with a soft, (.iry cloth and clean the faces of the
ule with a soft, dry, or slightly moist cloth. If particles of
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dust or dirt accumulate under the glasses of the runner, these may
be removed without removing the runner. Tear a narrow strip
from a sheet of paper, preferably a rougher paper such as mimeo-
graph paper, insert this under the glass from one side, and pull it
through to the other side, pressing the glass firmly against the strip
of paper. Dust and dirt will come out with the paper.?

Fia. 21.

Manipulation of the slide rule involves setting the runner and the
slide,

The runner may be set quickly either with one hand or with two.
To set the runner with one hand, hold the rule toward the right end
with the right hand and move the runner to the neighborhood of
the setting with the thumb and forefinger of the left hand, the thumb
at the bottom and the forefinger at the top. When close to the

*The runners of Mannheim slide rules may casily be slipped off of the rules for
cleaning,
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P i
setting clasp the rule lightly with the other fingers of the left hand

it. let the thumb rest lightly both against the runner and
to brace 1i, s .

the lower frame, and ease the runner to the exact se.ttlng with the
thumb and forefinger (Fig. 21). To set the runner with twp hands,
follow the same procedure through the approximate setting, but
then move the right hand over so that the thumb and forefinger of
each hand rest against the runner, tl.le other fingers on bqth hands
holding the rule. The final setting is made by pushing lightly on
the runner from both sides, resting both thumbs against the lower
frame and using slightly greater pressure from one side to move the
runner in the desired direction.

Some students will prefer to reverse the hands in the preceding
explanation, using the right hand to move the runner, and still
others may develop variations of their own to suit themselves.
There is nothing fixed about the procedure which has been explained,
and it has been intended to serve primarily as a guide to the develop-
ment of individual manipulation. The same is also true of the follow-
ing suggestions for setting the slide.

The slide can be set efficiently with two hands, but not with one.
The manipulation of the hands in setting the slide is subject to more
variations than in setting the runner and can differ greatly from one
individual to the other. In general, the slide is pulled or pushed
with either hand into the neighborhood of the desired setting. The
slide is then set on the desired factor using both hands to apply
counterpressures from each end. In this process, the slide rule rests
mainly upon the middle and third fingers of each hand. For setting
the slide close to the central position in the frame, counterpressures
are applied at each end with the forefingers of the hands (Fig. 22).
If. the slide projects to the right, the author finds it easiest to push
With the thumb of the left hand against the left end of the slide and
with the forefinger of the right hand against the right end, and vice
versa if the slide projects to the left (Fig. 23). If the slide projects
t0o far to the right for the right forefinger to reach the right end, he
Erasps the slide between the right thumb on top and right forefinger
‘lndel:neath. If the slide does not project far enough to the right to
Permit placing the left thumb against the left end because of inter-
tirence from the metal bracket, he grasps the slide between the left

umb on top and left forefinger underneath close to the bracket.

Mme operators find it more natural to use both forefingers, one at
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each end of the slide, in making the final setting. No rigid rules for
manipulation are suggested here, although it is possible that careful
study may point to one particular manipulation as being more

Fia. 22,

Fic. 23.

efficient than any other. The one thing which does seem to be cer-
tain is that a setting of the slide can be made more rapidly using
counterpressures applied simultaneously at each end rather than
by pushing or pulling only from one end.
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[t
10. Speed in Operation. The engineer’s slide rule is useful only
in certain types of computations mentioned on page 1 and is
accurate primarily to three significant figures as has been explained.
It has not been mentioned that the greatest usefulness of the slide
rule is in saving time in these approximate computations. The
reason it is so widely used by students of engineering is that it
reduces tremendously the time required for routine calculations in
solving problems and permits more time to be devoted to more
important phases of an engineer’s education. The method of slide
rule operation presented in this book emphasizes rapid operation.

.
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MULTIPLICATION AND
DIVISION

11. General Principles. The secret of efficient operation of the
slide rule lies in becoming familiar with all scales on the rule, par-
ticularly those used for multiplication and division, and with the
relation between these scales. To be efficient an operator must
feel equally at home on any group of scales on any part of the rule.
This familiarity cannot be acquired overnight but comes from a
gradual process of learning, beginning with the general principles
of operation and continuing with step-by-step explanations of simple
and then more complex multiplications and divisions. At the end
of the chapter the entire method is reviewed and summarized.

In multiplication and division there are two groups of scales to be
used concurrently, the lower group consisting of the D, C, and CI
scales, and the upper group consisting of the DF, CF, and CIF scales.
Factors may be set on either group of scales and neither group of
scales should be regarded as being more important or more fre-
quently used than the other group. It should be noted here that
the arrangement of the scales in each group is similar in this way: in
the lower group consisting of the D, C, and CI scales, the D scale
is on the frame and the other two are on the slide with the C scale
adjacent to the D scale; in the upper group consisting of the DF,
CF, and CIF scales, the DF scale is on the frame and the other two
are on the slide with the CF scale adjacent to the DF scale. The D
and DF scales correspond, i.e., have the same function in an opera-
tion, the C and CF scales correspond, and the CI and CIF scales
correspond. The upper scales are marked with the letter “F” to
signify that they have been “folded” in the same manner that a flat
12-inch ruler might be cut at the center and the right half placed

to the left of the other half. On most slide rules the folded secales
36
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ed in effect by cutting the normal logarithmic scale at the

arfiuf: rfr:)lr o or 3.1416. The reason for this is explained later in
va ) .

the chapter on special operations.
Multiplication and division are performed on these two groups of

cales by moving the runner and the slide to proper settings on them.
SQuestions arise as to the order in which these two parts are moved
and as to which scales are used. There is a standard technique of

operation which must be learned first in answer to these questions.

Standard Technique of Operation

(a) Always begin and end a computation with the runner. The first
movement or setting 1s always made with the runner and the final
movement or setting is likewise made with .

(b) Always begin a computation with a setling and end a computation
with a reading on one of the two D scales, either the lower D scale
or the upper DF scale.

This means that a computation is always begun by setting the
runner on a factor either on the lower D scale or the upper DF scale,
and a computation is always ended by setting the runner to read the
answer either on the lower D scale or the upper DF scale.

The D and DF scales are not used in a computation except for
setting the first factor and for reading the answer. Which of the
two scales to choose for beginning or ending a computation will be
explained later in this chapter.

(c) Concerning movement of the runner, there is a choice, implicitly,
of setting the runner either on a factor in the upper group of scales
or on the same factor in the lower group of scales. This is generally
true every time the hand is placed on the runner to set it.

Keeping in mind rules (a) and (b), this means that for the initial
Set‘qng the runner is set on one of the D scales. For subsequent
Settings it is set on one of the C scales or one of the CI scales, depend-
Ing upon the computations involved. When the final setting is
Made with the runner on the upper or lower C or CI scales, the

;’«nswer is read opposite the hairline on the corresponding upper or
ower D scale.
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(d) Concerning movement of the slide, the runner and slide are always
moved as a paiwr with the runner first and the slide next. The move.
ments of runner and slide constitule a game of “Follow the Leader”
with the runner as leader and the slide always following. If the
runner is set on the upper scales, the slide follows to the upper
scales; if the runner drops to the lower scales the slide follows
to the lower scales. Whichever group of scales the runner
chooses, the slide follows it to that group. The runner is never
moved twice in succession, nor is the slide, but they are moved
as a pair to the same group of scales, except for the final move-
ment or setting of the runner.

The student is reminded that the preceding standard technique
applies primarily to computations involving multiplication, division,
or a combination of the two.

12. Multiplication—Two Factors. It is presumed at the start of
any computation that the runner and slide are approximately
centered in the frame.

In multiplying two factors, they may be set either on the upper
group of scales or on the lower group. The DF and CIF scales are
used for multiplying two factors in the upper group. Correspond-
ingly, the D and CI scales are used in the lower group. The pro-
cedure for the upper group is to set one factor on the DF scale with
the runner, the other factor on the CIF scale with the slide, move
the runner to 1 on the same scale, and read the answer opposite the
hairline on the DF scale.

To explain the procedure in more detail, consider 11.1 X 8.00 as
an example. The procedure is given step by step along with an
abbreviated notation and is illustrated in Fig. 24.

Step 1: Move the runner to 11.1 on the DF scale, i.c., so that the
hairline is opposite 11.1 on that scale. Abbreviation: Runner to
11.1 on DF.

Step 2: Move the slide so that 8.00 on the CIF (red) seale 1s oppo-
site the hairline. Abbreviation: Slide to 8.00 on CIF.

Step 3: Move the runner to 1 on the CIF scale, which is also to 1
on the CF scale. These marks on the slide are called the “upper
index.” Abbreviation: Runner to upper index.
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4: Read the integers of the answer opposite the hairline on the
Steng .scale as 8 8 8. Setting the decimal point gives the answer
88.8. Abbreviation: Read 88.8 on DF.

In abbreviated notation, the entire operation is as follows:

Runner to 11.1 on DF
Slide to 8.00 on CIF

Runner to upper index
Read 88.8 on DF
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Fia. 24.

The question arises, “Can this same product of 11.1 X 8.00 be
found op the lower scales?”’” It can be found as outlined in the
f0110w1ng steps, and as shown in Fig. 25:

Step 1: Move the runner so that the hairline is opposite 11.1 on
the D scale,

Step 2: Move the slide so that 8.00 on the CI (red) scale is opposite
the hairline.
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il . .
‘H Steps 3 and 4: If the computation is completed on the lower scales, The difference between using the upper group and using the lower

move the runner to the lower right index (the marks for 1 at the of scales is in the distances required for the operations. To

right end of the slide) and read 88.8 opposite the hairline on the T ig:;m the distances, use the L scale on the slide rule which divides
‘ ‘ scale. However, notice that when the lower right index is opposite the length of the scales'on the rule Into tenths, hundredths, and
‘ j\h 88.8 on the D scale, the upper index is also opposite 88.8 on the five-hundredths. The dlstan(;es required on the upper scales and
N DF scale and that less movement is required to move the runner on the lower scales are determined as follows for the product 11.1 X
| “ to the upper index to read rather than to the lower right index. 8.00 in terms of the length of the scales:

Consequently, the more efficient operation on the lower scales is: .
L Multiplication 11.1 X 8.00 Runner and slide cenlered at start.

| Runner to 11.1 on D Distance Moved
”%} Slide to 8.00 on CI GT;}up 'Ln Terms Of
3 i Runner to upper index Scales Operation Scale Length
“ Read 88.8 on DF Upper Runner to 11.1 on DF .05
| Slide to 8.00 on CIF .05
M s ST I10) (EETANPCONN YT PR Runner to upper index .10
‘1‘ LLog g, 4 .30 I I
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‘i\‘: Runner to upper index .405
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i = another example:
i Fia. 25.
‘ It should also be noticed at this point that when 8.00 on the CI
It scale is opposite 11.1 on the D scale, 8.00 on the CIF scale is also
i opposite 11.1 on the DF scale. This is why operations in general
| may be performed on either group of scales and why it is possible
Il to shift with the runner from one group of scales to the other.
‘ ‘}
i
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| MULTIPLICATION—TWO FACTORS
j
“ . . » - .
| Multvplication 2.62 X 3.01 Runner and slide centered at start (Figs,
26‘ and 27). 50 58 5l ' 101 -0
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Slide to 3.01 on CI .12
Fie. 26.

Runner to upper index .02

Read 7.59 on DF
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The reasons for the preceding results are probably apparent to
the reader by this time. In 11.1 X 8.00, both factors are near the
center of the rule on the upper scales but are near the ends on the
lower scales. In 2.52 X 3.21, both factors are near the center of the
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8,9, or 1, use the upper scales. By most efficient operation is meant
operation requiring a minimum of settings and movement. For the Fia. 27.
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beginning student, it is sufficient that he
remember the two groups of factors as the
upper group composed of numbers begin-
ning with 6, 7, 8, 9, or 1 and the lower
group composed of numbers beginning
with 2, 3, 4, or 5, as shown in Fig. 28.
The preceding grouping of factors into
upper and lower groups does not fall pre-
cisely into the middle half of the rule. A
more accurate grouping would give an
upper group of numbers from 56 up
through 9 and to 18, and a lower group of
from 18 to 56. However, it is doubtful
that attempts to use the more accurate
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the factors quickly on the proper scales. Patience and persistence

more important at this point than at any other place in the book.
areFor «mixed” multiplications in which one factor belongs to the
upper group and the other t'o the loweI: group, a .sligh.t modifieation
of the standard technique will be explained later in this chapter. It
is not advisable to study this modification until the standard tech-
nique has been thoroughly mastered.

Other examples of the procedure are as follows:

Multiplication 7.28 X 16.9 (Fig. 29)
Runner to 7.28 on DF
Slide to 16.9 on CIF
Runner to upper index
Read 122.9 on DF

grouping would lead to much greater effi-

i ciency as the slight decrease in movement . . - .
| required on one hand would probably e T Sl A W T . ) v
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) - cal Lower-scale C .
Typchl Upper scale Typzcgl Lowe (’1‘ Multiplication 8.46 X 72.8 (Fig. 30)
Multiplications for  Multiplications for
Efficient Operation  Efficient Operation Runner to 8.46 on DF
13 % 12 31 X 42 Slide to 72.8 on CIF
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Multiplication 46.4 x 0.209 (Fig. 31)
Runner to 46.4 on D

Slide to 0.209 on CI
Runner to upper index

Read 9.70 on DF
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Fia. 31.

Multiplication 34.2 X 5.2b (Fig. 32)
' Runner to 34.2 on D
Slide to 5.25 on CI

Runner to upper index
Read 179.5 on DF
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Fia. 32.

Substitution of the Eye for the Runner in Reading the Answer.
In two-factor multiplication the last movement of the runner is to
an index, either upper or lower, opposite which the answer is read.
With practice the student can learn to read the answer opposite
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y eye without setting the hairline on it, thus substituting
t of the eye for the final movement of the runner. Al-
though this may not seem important‘, it can become a great time-
saver in performing many computatlor}s one after the .other, par-
ticularly where only two factors are 1.nvolve.d. Also 1t proYldes
excellent training for the student’s eyes in reading the scales quickly
and easily.

A word of caution should be added here. Not all of the answers
to computations are read by moving the runner or the eye to an
index. In fact, only those computations having an even number of
factors, two, four, and so on, end in this manner. Computations
with an odd number of factors end with the movement of the
runner to the last factor, and the answer must be read opposite
the hairline in that position and not at the indez.

Principle of Multiplication of Two Factors. The procedure for
using the so-called inverted scales or CI scales for multiplication
rather than the C scale has been thoroughly explained. Why it is
more advantageous to use these scales will not fully appear until
the next section. The principle of operation is based, of course, on
logarithms. As was explained on page 12 in the discussion of the
fundamental principle of the slide rule, two numbers can be multi-
plied by adding their logarithms. This is clearly demonstrated
in Fig. 33 which shows the product of 2 X 3 using the D and CI
scales and using the D and C scales. In using the D and CI scales,
the answer is read opposite an index, but in using the D and C
scales the answer is read opposite the second factor. That this
difference is significant will become apparent in the next section
on the multiplication of three factors.

The CI and CIF scales are called inverted scales because they
read in the opposite direction from the D and C scales and also
’b.ecause they represent reciprocals of the C and CF scales respec-
tively. Looking at the CI and C scales on the slide in Fig. 33, it is
observed that opposite 2 on the C scale is its reciprocal 3 = 0.5
on the CI scale. Opposite 5 on the C scale is its reciprocal 1 = 0.2
on the CI scale and opposite 4 on the C seale is its reciproeal 1+ =025
on the CI scale. The scales can be read in reverse if desired, e.g.,
9Pposite 2 on the CI scale is its reciprocal 1 = 0.5 on the C scale.

he.decimal point muxt be set by inspection in all cases, c.g.,

the index b
a movemen

OPPosite 250 on the CI scale is its reciprocal 0.004 on the C scale.
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5.z 8§ = =
I ' : Exerorse 3
j 8: : ;: Perform the following multiplications using the upper seales:
1 Nz =
; 8. = . 1. 91.7 X 0.826 11. 841 X 8.29
‘ ‘} £ 9. 7.51 X 12.20 12, 98.6 X 9.13
| 3. 6.41 X 7.8 13, 8.81 X 9.67
4. 8.52 X 14.60 14, 7.63 X 8.74
5. 9.61 X 69.7 15. 88.7 X 7.28
i £ 6. 16.15 X 12.2 16. 0.921 X 1.16
I 3 7. 1.08 X 13.9 17. 8.43 X 6.72
il o 8. 6.09 X 10.08 18. 0.135 X 0.160
if o2 9. 16.2 X 911 19. 90.6 X 7.72
1 ? = 10. 13.7 X 142 20. 8.19 X 0.1870
I 1
‘ —%:f' :— 'g ..E'é . Perform the following multiplications using the lower scales:
5 it O 21. 32.3 X 51.4 31. 43.2 X 32.4
g =l A R 22, 3.42 X 34.5 32, 54.7 X 46.8
A B A 23. 2.27 X 3.88 33. 2.96 X 21.2
&0 = = ¥ & 24. 2.19 X 3.19 34. 40.5 X 494
2 = | BE 25. 293 X 5.20 35. 0.311 X 0.423
vl El s k 2 26. 444 X 27.7 36. 0.0482 X 3.49
X ; =R 27. 55.1 X 3.33 37. 28.1 X 0.527
LT & F 28. 0.441 X 242 38. 0.319 X 0.0313
SiZ iy 29, 415 X 2.48 39. 4.15 X 0.245
EEEE EE 30. 52.6 X 4.07 40. 52.6 X 0.331
i %3
% EE —“-g . 41. A rectangular field is 87.6 feet wide and 1224 feet long. What is
R i) 18 area in square feet?
i“r :vg 42. A city street is to be paved. The length of the street is 3270 feet
E ) 23 and the width to be paved is 43.5 feet. How many square feet of pavement
Iy i < are required?
? EE = 43. A manufacturing company can produce an average of 22.5 electric
! E N motors per day. What is its yearly production rate if it operates 294 days
% = 4 year?
o 1 44. The unit cost of surfaci tretch of road is $4.12 per li rard
385 o ;; If this o, it cosr of sur fxcmg'a q1 etf: of roac ‘1s.$ per mea‘r vard.,
33 eteh 1s 5050 yards long, what is the approximate total cost?

b. Tt is estimated that 127 man-hours arc required for the production

o ; ) .
is :'hplece of machinery. If the average labor cost is $1.41 per hour, what

€ approximate total labor cost of producing the picce of machinery?
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46. Compute:

(a) 92.4 per cent of 117.5
(b) 37.6 per cent of 293
(c¢) 14.1 per cent of 69.2
(d) 0.43 per cent of 3540

47. An automobile is moving at a speed of 78.6 miles per hour. Hoyw
many miles will it go in 0.115 hours?

48. How far will an airplane go in 2.235 hours at a ground speed of
305 miles per hour.

49. Using the table of equivalents on page 226, compute the following
equivalents:

(a) 42.6 inches in centimeters

(b) 21.7 meters in inches

(c) 13.6 square inches in square centimeters
(d) 9.42 square miles in acres

(e) 124.5 cubic feet of water in pounds

(f) 72.4 gallons of water in pounds

(g) 3.69 kilograms in pounds

(h) 49.1 gallons in cubic inches

(i) 85.8 miles per hour in feet per second
() 9.50 horsepower in kilowatts

13. Multiplication—Three Factors. The multiplication of three
factors differs only in one movement from the multiplication of two
factors. Instead of moving the runner finally to an index to read
the answer, move the runner to the third factor on one of the C
scales, either the C or the CF scale, and read the answer opposite
the hairline. The procedure then is to set the first factor on a D
scale with the runner, the second factor on the CI scale in the same
group with the slide, the third factor on a C secale with the runner,
and to read. The number of movements either for two-factor multi-
plication or for three-factor multiplication is the same, two move-
ments of the runner and one of the slide.

For the most efficient operation, the same general principle which
was used for the multiplication of two factors applies to three factors
and, indeed, to any number of factors, namely, choose the factors as
near the center of the rule as possible. A number of examples are
given and the student, himself, should perform each of these, care-

, Wm iy
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ing the order of use of the seales, i.e., D, CI, and C, and

ot ’ .
fully © hoice of factors as near the center as possible when setting

lso the ¢ )
:he runner and slide.
9.21 x 12.1 X 0.816
Runner to 9.21 on DF
Slide to 12.1 on CIF
Runner to 0.816 on CF

Read 91.0 on DF

Multiplication (Fig. 34)
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Fiq. 34.
Multiplication 3.76 X 2.51 X 4.16 (Fig. 35)

Runner to 3.75 on D
Slide to 2.51 on CI

Runner to 4.16 on C
Read 39.2 on D
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‘ _ MULTIPR
Multiplication 12.6 X 4.21 X 8.72 (Fig. 36) Multiplication 343 X 7.61 X 9.11 (Fig. 38)

| 1‘ Runner to 12.6 on DF ' Runner to 9.11 on DF

| Slide to 8.72 on CIF | Slide to 7.61 on CIF

Runner to 4.21 on C Runner to 3.43 on C
Read 462 on D Read 238 on D

STITTTRON . TSN W L S - S S ey i 55 ey At T B S sl Bt f iR Tt
R :E""""'z'oﬁ" llxllllhlvllI'Acw%nhugmmml{l?ﬂ\s»||| ‘4'1'“”"'2!' |I»I‘I|l||||||lllll'| o oks ild® v b mlllulm'\hlul«lll||iﬁ?n|h|¥ﬁn ||||’|T?||||l|||é( mglu;}ﬁmlunln |I||nI|u',lP‘ b | .'°|5ulu,
4 6 7 4 e 87 g titd | ihd e o he sttt 8 il
Wl]mwghI\]ll;‘ml‘lw‘ ”“lllxlll'!"l”l """’”L'h'l"""]{f WI"""'“H"|’\""""l!“h“"" "\1)”““'!'!"‘"1“” I|‘||||1L”|m|'|‘|.|{:’,|m|‘fr:|;w||lhwf ”l‘w){m!ﬁwl,”[m WL ,lll!“.‘lm“ .lj,I:fl:%:lllllll}ifﬁ.l“lll’li:‘,!:llll‘iliflllf:{:: .?;I\lrlull::!#lf:“:nl;l:‘(' :“.l?:”!\.]:I.TIK.\.{@'.":hIfl‘,ﬁlf'lﬂl‘llh“ f '”"”‘Ié’l' '|'H‘}E’l\'fl\'l"ﬁ]w'{
B LR ?' 9 1! [ R A feoorragiegig 8 | u,*llllull'luuslllg|l7|u 2 il“:; g g ! i Ig 9é“al A s 3‘ - P| ?
i TS AT AT A ...|....|.“.|....%. b ohin i boebia i e teo i mll“ﬁm”“ﬁ" wglontontiuantaad et bogguicfunfun b oy ! ! ' : [rustacditfdinatint o
,,;lg,.‘,l,,,,”l.,ﬂ”,,},,, ,<I|I.I|,5[y,,“.;l.,;lﬁ’l %ﬂwﬂw; rll'ffln'l'n'l‘hlh w?\'u'.'wlvn‘mlvn’mwa'n-n-nfwfﬁl.l.llvl'lg"{!l nlﬂr’:h}"gh_h[ A rfg:.g;!.qg;)lwx‘.'u',.,',...:...'...:,.'.,,;m‘(,.'..).’ Al
|yél'|'|'|'|'|'|‘|'|§°" , g ’ol'l‘l‘l’['l'l'lg‘yo“'l‘ ;“'l'”ué'"l“" . 'l”"llllllllllllllal[l]i];llll[lil]l “”l”llllmllmﬁml |||‘|||||l|ngm|u|ilélu[ml]u|||||||m;|5l||||||||zu|||||||lllu| 4|:»’L;|n||||4|jém||u5| élIII(IIII|7|I|I|I|II-.||II]IIIVlllql!l{](l’u Imll”“'””'"‘i\_ ||||||||2u|||<|n
g Lo [RUDTTT l“‘IIII‘llIlllllhzwlmllllllillll ;l'l'l‘j‘l‘l'l'm“lﬁ R ¥ S O L T 6 1 ’ UL ORI _””“llis' gy
8 < —
Fic. 36. Fic. 38.
Note in this instance the two upper group factors are multiplied Reviewing the preceding examples, there are two things which the
first on the upper scales to keep the runner and slide centered as student should observe. First, if the runner is set finally on the C
much as possible, and the runner drops to the lower scales for the scale,. the answer must be read opposite the hairline on the D scale,
third factor. , and, if set finally on the CF scale, the answer must be read on the
DF scale. The runner cannot be set finally on the C scale and the
Multiplication 4.07 X 2.19 X 1.03 (Fig. 37) answer read on the DF scale. The second observation is that runner

Runner o 4.07 on D and sli.de stay closer to the center when factors are used in pairs
. : be.longlng to the same group. For instance, in the last example,
Slide to 2.19 on CI using .the two upper group factors, 7.61 and 9.11, for the first pair,
Runner to 1.03 on CF - the distance required is 0.28 scale lengths. If the multiplication
Read 9.20 on DF were performed in the original order,

Runner to 3.43 on D
A Slide to 7.61 on CI
VBt i Runner to 9.11 on CF
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S‘; general then, it may be said that the runner and slide are kept
I to the center by choosing the factors in pairs belonging to the
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same group, upper or lower, rather than by choosing the factors at
random. At this point, some students might conclude that if g
three factors belong to the same group, such as in a previous ex-
ample, 9.21 X 12.1 X 0.816, the operation should be performeq
entirely on the same group of scales, in this case, the upper scaley,
Although this is true for certain factors, it is not always true for
factors which are far from the center of the rule. For instance, the
following product of lower scale factors is performed most efficiently
as shown:

Multiplication

2.63 x 22.1 X 2.07 (Fig. 39)
Runner to 2.53 on D

Slide to 22.1 on CI
Runner to 2.07 on CF

Read 116 on DF
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In performing this multiplication himsclf, the student will notc
after setting the first two factors that 2.07 on the C seale is almost

MULTIPLICATION—THREE FACTORS 55

d of the rule, but that on the CF scale it is very close to

enter and also closer to the runner than on the other scale.
the Ce uently, the better and simpler rule to follow is to choose the
Coi',l(s)r;:1 always as near to the center as possible regardless of every
fi;er consideration. Of course, at the beginning of an operation, a
Oair of upper group factors would naturally be placed on the upper
:cales, or similarly for a pair of lower group factorsf but, once into
an operation, this does not always result in moving toward the

ot the left en

center. .
Principle of Multiplication of Three Factors. As in the case of

two factors, three factors are multiplied by adding their logarithms
on the slide rule. Consider the simple example, 3 X 4 X 2. Fig. 40
shows the multiplication performed most efficiently using the D, CI,
and C scales and beginning with the factor 3. Fig. 41 shows it
performed inefficiently using only the D and C scales. These figures
show how the logarithms are added in each case, but they do not
show clearly the great advantage of one method over the other.
This advantage is shown by the following procedures which contrast
the two methods:

IX4X2
With D, CI, C Scales (Fig. 40) With D and C Scales (Fig. 41)

Multiplication

Runner to3 on D

Slide to right index

Runner to 3 on D
Slide to 4 on CI
Runner to 2 on C

Read 24 on D

Runner to 4 on C
Slide to left index

Runner to 2 on C
Read 24 on D

Distance: 0.2 scale length Distance: 1.85 scale lengths

The inefficiency of the method using only the D and C scales is
fully revealed as it requires two more settings and over nine times

as ;IIUCh movement in this case as the method which uses three
8cales,
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IExuerersy 4

Perform the following multiplications:

1. 992 X 873 X 7.96 21. 8.13 X 12.1 X 0.471
2. 88.1 X 7.47 X 0.763 22, 9.31 X 6.48 X 0.333
3. 8.86 X 16.1 X 0.680 23. 482 X 0.0359 X 9.99
4. 8.20 X 9.61 X 15.9 24. 289 X 3.98 X 8.87
5. 106 X 0.0142 X 7.05 25. 11.25 X 22.3 X 3.34
6. 1.01 X 1.17 X 0.108 26. 10.93 X 38.8 X 0.775
7. 11.1 X 1.36 X 6.84 27, 9.09 X 8.08 X 3.03
8. 9.55 X 0.932 X 8.18 28. 3.41 X 43.2 X 8.76
9. 126.5 X 6.24 X 0.752 29. 2.39 X 2.15 X 0.0612
10. 1.202 X 6.91 X 0.801 30. 7.71 X 8.00 X 0.426
11. 3.06 X 3.14 X 3.21 31. 800 X 0.707 X 0.0667
12. 291 X 0.336 X 2.06 32, 381 X 4.01 X 0.909
13. 3.91 X 3.09 X 2.52 33. 4.39 X 57.1 X 0.0871
14. 0.329 X 5.10 X 1.870 34. 0.083 X 0.93 X 34
15. 4.46 X 2.24 X 5.46 35. 43.1 X 7.83 X 0.0522
16. 50.1 X 4.91 X 2.01 36. 70.9 X 9.07 X 0.201
17. 34.6 X 4.25 X 2.45 37. 0.222 X 1.11 X 0.0833
18. 5.24 X 32.4 X 0.489 38. 8.93 X 3.37 X 99.4
19, 265 X 0.560 X 0.141 39. 39.2 X 421 X 0.357
20. 460 X 0.351 X 0.137 40. 43.1 X 777 X 0.0827

41. What is the volume of a rectangular box whose dimensions in fect
are 2.53 X 3.82 X 8.66?

42. In making a highway fill, what volumec of earth is used if the borrow-
pit from which the earth was removed is 4.50 feet deep, 212 feet wide,
and 1380 feet long?

43. If a man works 7.5 hours per day for 5 days per week, and works
47 wecks in a certain year, how many hours does he work in that year?
If his wage rate is $1.50 per hour, approximately how much does he carn
in the year?

44. The cost of manufacturing an clectric refrigerator is $110.40. What
is the approximate cost of a month’s output of such refrigerators if the
factory operates 22 days a month and produces 76 refrigerators per day.

45. The channel of the Mississippi River near Vicksburg is 3120 feet
wide and has an average depth of 70.7 feet during a flood.  If the average
velocity of flow of the flood waters is 10.6 fect per second, what is the rate
of flow in cubic feet per second?
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e
14. Multiplication—Any Number of Factors. Thg mgltiplication
four factors adds two movements to the multiplication of three
the slide is moved to set the fourth factor and the runner
(or the eye) is moved to an index to read. Again the controlling
rinciple of operation is to choose the factors as near the center of t}.ze
fule as possible, which results in most cases 1n ‘takmg the factors in
pairs belonging to the same group. The following products serve as

{lustrations:

of
factors,

Multiplication 1.43 X 2.71 X 3.91 X 9.12 (Fig. 42)
Runner to 1.43 on DF
Slide to 9.12 on CIF
Runner to 2.71 on C
Slide to 3.91 on CI
Runner to upper index

Read 138 on DF
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or beginning with the lower group factors,

Runner to 2.71 on D
Slide to 3.91 on CI
Runner to 9.12 on CF

Slide to 1.43 on CIF
Runner to upper index

Read 138 on DF

3.21 X 0.462 X 2.22 X 4.03
Runner to 3.21 on D
Slide to 2.22 on CI
Runner to 0.462 on C
Slide to 4.03 on CI

Multiplication

Runner to upper index

Read 13.3 on DF

The significant fact which the student should recognize at this
time is that after setting the first factor on one of the D scales, the
remaining factors are set alternately on a CI scale and on a C scale.
This is true regardless of the number of factors, the settings being
first on a D scale, then a CI scale, a C scale, CI, C, CI, C, and so on
until the last factor has been set either on a CI scale with the slide
or on a C scale with the runner. Why this is so can be understood
by the student from the preceding explanations of the theory of
two- and three-factor multiplications; it is simply the successive
addition of logarithms using the scales in such a way as to reduce
the amount of movement required to a minimum or near-minimum.
There are two principles, then, which the student must keep in mind for
most efficient multiplication: keeping close to the center, and alternating
scales between the CI and the C scales in that order after setting the first
Jactor. 'The following multiplications illustrate these principles:

i®
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_ wuLTIPhl
aultiplication 3:81 X 0.407 X 8.16 X 0.917 X 2.75

Runner to 3.61 on D
Slide to 2.75 on CI
Runner to 0.917 on CI®

Slide to 8.16 on CIF
Runner to 0.407 on C
Read 30.3 on D

Multiplication  1.09 X 3.66 X 2.71 X 8.16 X 4.39
Runner to 1.09 on DF
Slide to 8.16 on CIT
Runner to 3.55 on C
Slide to 2.71 on CI
Runner to 4.39 on C
Read 376 on D

Multiplication 31.6 X 2.02 X 1.008 X 12.17 X 5.26
Runner to 31.6 on D
Slide to 2.02 on CI
Runner to 12.17 on CI
Slide to 1.008 on CIT
Runner to 5.26 on C
Read 4120 on D

Setting the decimal point, the product of the first two factors is
foughly 60, the produet of the last two factors is roughly 60, and
60 X 60 = 3600.

EXERrRCISE 5

Perform the following multiplications:

1973 X 11.7 X 4.02 X 3.08
2. 20.5 X 0.439 X 8.05 X 9.03
3. 114 X 2.03 X 12.8 X 4.09
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4. 304 X 9.06 X 2.48 X 8.01

5. 8.18 X 0.919 X 3.03 X 3.11

6. 0.376 X 16.57 X 0.851 X 4.07
7. 2.28 X 0.0371 X 98.1 X 1.50
8. 3380 X 0.0103 X 0.0490 X 8.01
9. 89 X 7.6 X9.03 X 1.12

10. 0.443 X 0.0561 X 3.92 X 2.15

11, 1.70 X 1.80 X 1.90 X 2.00 X 0.961

12. 6.5 X 7.6 X 8.7 X 9.8 X 1.53

13. 12.1 X 2.02 X 4.12 X 0.0983

14, 7.27 X 0.828 X 9.39 X 1.50

15. 3.47 X 3.19 X 4.08 X 2.23

16. 7.52 X 8.54 X 9.57 X 3.51 X 0.465

17. 6.24 X 3.97 X 0.0716 X 4.27 X 9.45

18. 3.06 X 9.12 X 2.21 X 7.75 X 2.60

19. 6.65 X 1.93 X 0.717 X 3.62 X 8.22

20. 11.0 X 9.88 X 1.26 X 8.93 X 0.133

21. Water weighs 62.4 pounds per cubic foot. What is the total weight
of water in a tank with inside dimensions in feet 2.44 X 3.63 X 8.02?

22. Mercury is approximately 13.6 times as heavy as water. What
weight of mercury is required to fill a rectangular container 0.426 feet
deep, 1.24 feet wide, and 1.463 feet long?

23. What is the approximate cost of paving an airport runway with a
concrete slab 1.05 feet thick, 242 feet wide, and 5460 feet long if the con-
crete in place costs $0.612 per cubic foot?

24. In measuring the power of an electric motor using an electric dyna-
mometer, horsepower is determined from the relation HP = 0.000191
LNW. What is the horsepower of a motor for which L, the length of the
brake arm, is 2.16 fect, N, the speed of the shaft, is 3060 revolutions per
minute, and W, the load on the scale, is 72.2 pounds?

25. Suppose that the average use of electricity in a 7-room house is
0.550 kilowatts per room, and that the average time of use is 2.92 hours.
What is the approximate monthly (31-day) cost of electricity in the house
if the rate is $0.0225 per kilowatt-hour?

15. Division—Any Number of Factors. The same general prin-
ciples as outlined at the beginning of this chapter apply to division
as well as to multiplication. Also as in multiplication, the most
efficient operation in division is obtained by choosing the factors
as near the center of the rule as possible. In fact, the rules for multi-
plication as expressed on page 60 also apply to division with but
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two small modifications. One is that division must begin by placing
the numerator on a D scale. The other is that factors after the first
factor are set alternately on the C and CI scales in that order instead
of alternately on the CI and C scales as for multiplication. In other
words, the use of the CI and C scales is just reversed from multi-
plication to division.

It is desirable at this point to illustrate what is meant by two-
factor division, three-factor division, and so on.

17.2

Two-factor division: o1

132.6
8.71 X 4.23
4743
6.21 X 3.43 X 7.29

2170
5.07 X 7.12 X 3.23 X 1.09

Three-factor division:

Four-factor division:

Five-factor division:

In multiplying four factors, the product of the first two is multiplied
by the third, and that product multiplied in turn by the fourth
factor. In a four-factor division, the quotient of the first two factors
is divided by the third, and that quotient in turn divided by the
fourth factor.

It should be emphasized that, although the multiplication of a
series of factors may be begun with any one of the factors, the divi-
sion of one factor by a series of others must begin by placing that
factor first on a D scale. In the preceding examples of divisions
with different numbers of factors, the operation in each instance
must commence with the numerator: in the first example, place 17.2
on the DF scale; in the second, place 132.6 on the DF scale; in the
third, place 4743 as 4740 on the D scale; in the last, place 2170 on
the D scale. As in multiplication the factors should be taken in
pairs belonging to the same group. This is illustrated in the follow-
ing solutions for the preceding examples. Note the use of the scales
on the slide in the order C, CI, C, CI, and so on.
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. 17.2
Division - = Fic. 43 e 4743
(Fig ) Dimsion 6.21 % 3.43 % 7.29

12.1
Runner to 17.2 on DF Runner to 4740 on D

Slide to 12.1 on CF ‘ :
Runner to upper index Slide to 3.43 on C
Runner to 7.29 on CIT"

Read 1.42 on DF
Slide to 6.21 on CF
Runner to lower left index
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F1c. 43.
Slide to 1.09 on CF
Division 385
ey ‘ Runner to 5.07 on CI
: : Read 17.1 on D
Runner to 385 on D ‘
" Slide tto 47.2 on C | Attention is called again to the almost identical methods applying
lﬁme(li‘ 8ollépper index | to multiplication and division. Also, as in the multiplication of two
cad 8.16 on DF i factors in different groups, the division of two factors in different
Divist 132.6 groups, “mixed divisions,” is most efficient with the same slight
wision m (Fig. 44) modification of the standard technique. “Mixed divisions’” include

Runner to 132.6 on DF all cases where the numerator is of one group and all factors in the
Slide to 8.71 ) %lF denominator are of another group. All of these cases will be ex-
eoon plained later after the standard technique has been mastered.

Runner to 4.23 on CI . . : )
Read 3.60 on D ’ Principle of Division with Two and Three Factors. When two

o . e ] a
. quantities are divided by the use of logarithms, such as p - @ the
mnnmamn 'P nu nub{nhmbimhn \1lmﬁ?mlnnlnuhmll m.lmf'ﬁn. mm I SOlutiOIl iS as fOHOWS:
"l‘ljl}mmll ulL 1y ||i|°FI(I|I|i.| “hl’lI%"'"ﬁlm““jgﬁﬁﬁl"lI”I!'l ||‘|I||l||1\||||l!||]?F ‘I I I“lﬁl h '! | a
LA a,,su,u' w guhuf. f. ,g;.u.w,um gl W]W.F;J ]"l]'l“l"hI"l'}\'fl'h'{' "I 4 5.‘.:,‘ e - -
A S i o pi i U 4"'f“’t!3‘f!'{.:.f.' log b loga —log b = log ¢
' [ 'l.l.g.m.m.‘r?u nannnr N I T
;rff,:.'.l;.:?,I"wl*:m.n{'-m.l:vt'z"'iJw'.'l'pﬂ'v'r' (D :mwIww.'n'ﬁunﬁlg s gty e Consequently in dividing one factor by another on the slide rule, a
AV eegsen g oamun e pasuop e e m o Ly |q||H|H B
Jillllllllllllllllyl{ll‘l|l|l||[ |'|'I'E'l”'l'l |||||||||\1;?\0;||Iv ‘:l:lllw||||I\[Iv:ly;\.,u||[|l|1lw|\=qlq' :llv}|3r1:|4|:|||l||||I1ﬁ';u:||‘In '{I:I;JIO' |”,I |‘| |II|;I| | |II|“‘“[”I|I;I1‘t|)|::".““II | Slmple SubtrdCtlon Of logarlt}Mb lb performed Oll the Sllde rUIe
| B i 5 ! v|||||||m|4| sy gy QUL
A iy the division of 6 by 3 to give 2 is done as log 6 — log 3 = log 2, as

Fro. 44 can be readily seen in Fig. 45.




DIVISION—ANY NUMBER OF FACTORS 67

66 MULTIPLICATION AND DIVISION
RN In dividing one factor by two factors on the slide rule, such as
24 .
13 = 2, the operation is done as log 24 — log4 — log 3 = log 2,
as is shown in Fig. 46.
Exgreise 6
Perform the following divisions:
g 75.1 4970
g 1. — 14, ———
= & 9.16 39.3 X 2.64
=
] | 6.71 32.8
° 2. — 15, ————
o u 114 4.03 X 3.04
c * 131.2 37.2
- 3 - 16, ————
el 7.93 6.91 X 4.32
&0 47.8 121.7
B 4, — 7. ————
8 3.77 3.75 X 8.23
-}
' & 5 212.4 18 8750
oe) ; . — s
p E § 40.9 91.1 X 24.2
& i g 37.1 52.6
E = 6. - 19, 00
g 20.3 4.17 X 1285
g 7.92 4375
g 7 — 20.
E 6.17 27.1 %X 3.18 X 5.05
; - . A 38.2 11,210
=% = = 5| et e 8. — 21,
B 2 TEH; " 434 846 X 16.2 X 91.4
% s 760 291.2
i 3 9, — 2, —
i 2 \ 82.4 571 X 234 X 3.97
B °
CE Z ’ 49.6 879
i S | 10, — — 23.
8o ! | 3250 9.79 X 6.21 X 1.76
33 ! 1463 3730
11, — 24, —
. 7.12 X 11.5 1.24 X 41.6 X 7.74
824.7 9250
12, — 25,
12.22 X 13.6 4,83 X 3.71 X 8.68
97.6 2,750,000,
| 13— — 26. - ,
w5 j 7.23 X 1.09 0.875 X 0.375 X 18.2 X 576
) h
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o7 87,400 29 91.7
" 1200 X 2.43 X 1.005 X 0.812 " 1.43 X 2.34 X 0.30 X 6.51
4440 3110

28. 30.
8.22 X 236 X 1.73 X 31.1 4.27 X 1.72 X 2.04 X 9.70

31. A rectangular plot has an area of 2620 square feet. What is the
length of the long side if the short side is 38.6 feet?

32. How many miles of highway can be surfaced for $840,000 if the sur-
facing costs $0.523 per square foot and the roadway is 18 feet wide?

33. What is the density of the steel in a block which weighs 1925 pounds
and has the following dimensions in feet: 1.37 X 0.785 X 3.69?

34. If mercury is 13.6 times as heavy as water and water weighs 62.4
pounds per cubic foot, what is the volume of 13.24 pounds of mercury?

3b. A highway fill of 46,200 cubic yards is to be obtained from a rec-
tangular borrow pit 121 yards wide and 202 yards long. What is the depth
of the borrow pit in yards to yield this volume of fill?

36. The list price of a milling machine for metal working in a machine
shop is $4750.00. How much discount is allowed the purchaser if it is sold
for $3820.00?

37. A state institution asks the state legislature for an annual appro-
priation of $3,420,000. If the institution is granted $2,710,000, what
per cent of its original request does it receive?

38. The revolution counter on a Diesel engine in a power plant shows
that the engine has made 347,000 revolutions during a 24-hour run. What
has been its average speed in revolutions per minute?

39. What is the average speed of a modern streamline train in traveling
a distance of 281 miles in 3 hours and 57 minutes?

40. Find the time in minutes for one complete hauling cycle for a ma-
chine which hauls earth from a borrow pit to a fill under the following
conditions:

Average Speed

Haul Road Length in Miles

Section in Feet per Hour
Borrow pit. .. ...... 400 6.0
LOADED HAUL Haul road.......... 2200 17.0
Till-packed......... 300 8.0
Fill-packed . . ....... 400 7.0
RETURN EMPTY Haul road.... ... .. 2200 20.0
Borrow pit. .. ...... 400 8.0

The total time for loading, turning, and dumping is 2.37 minutes.

- —————
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16. Multiplication-division Combinations. By a multiplication-
division combination is meant a fractional expression of at least
three factors in which two are in the numerator. The following
expressions are examples:

13.6 X 8.17

127

3.37 X 71.6
2.68 X 81.7

14.1 X 6.21 X 0.82
12.8

The procedures used in solving such expressions follow the basic
principles as set forth at the beginning of this chapter and also the
rule of choosing the factors as close to the center as possible and in
pairs belonging to the same group. The student has already learx-le.d
how to perform a series of multiplications and also a series of divi-
sions, but he has not learned how to proceed in changing from multi-
plication to division, or vice versa, during an operation. The-z rule
is quite simple and is more easily grasped when stated immediately
following the rule for a series of multiplications or divisions. In
performing a series of multiplications or a series of divisions, the
first factor is set on the D scales and the remaining factors are set
alternately on the C and CI scales; in performing a multiplication-
division combination in which the operations are alternately multi-
plication and division, the first factor is set on the D scales and the
remaining factors are all set on the same scales, either the C scz%les
if the first operation is a division, or the CI scales if the first operation
is a multiplication. This rule is illustrated by the following ex-

amples:
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Division

Multiplication

Division
Multeplication

Division

Multiplication
Division

Multiplication

13.6 X 8.17
127

Runner to 13.6 on DF
Slide to 127 on CF
Runner to 8.17 on CF
Read 0.875 on DF

3.37 X 71.6
2.68 x 81.7

Runner to 3.37 on D
Slide to 2.68 on C
Runner to 71.6 on CF
Slide to 81.7 on CF
Runner to upper index

Read 1.10 on DF

14.1 X 6.21 X 0.82
12.8

Runner to 14.1 on DF
Slide to 6.21 on CIF

Runner to 12.8 on CIF
Slide to 0.820 on CIF

Runner to upper index

Read 5.61 on DF

(Fig. 47)

(Fig. 48)

(Fig. 49)
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72 MULTIPLICATION AND DIVISION

In the first two examples all factors after the first factor are set
on the C scales because the operations alternate between multipli-
cation and division. Similarly in the third example, all factors after
the first factor are set on the CI scales.

Diagrams of the procedures for multiplication, division, and com-
binations are useful in learning the procedures. Visualize the com-
putations as proceeding horizontally or vertically. For example,
the multiplication of a series of factors is a horizontal procedure,
a X b X ¢ X d, whereas the alternating division and multiplication

of a combination of factors is a vertical procedure, %, in

which factors are taken alternately in numerator, denominator,
numerator, and denominator. For horizontal or repeating opera-
tion, alternate slide scales, and for vertical or alternating operation,
repeat slide scales. These rules are illustrated in the following
diagrams:

Multiplication D—CI—C—CI—C—-...

D

Division

C—CI—C—CI—. ..

b. 6 C
~C C

Alternating Combination

D-—CIL CL.
CI <C1

Alternating Combination

It is understood that D, CI, and C in the preceding diagrams also
represent the DF, CIF, and CF scales.

Keep in mind the general principle which states that an operation
is always begun by setting the first factor on a D scale. Then refer-
ring to the remaining factors which are all placed on the C or the CI
scales on the slide, for repeating operations, alternate scales, and for
alternating operations, repeat scales. A series of multiplications is an
example of repeating operations, therefore alternate between the
CI and C scales. For a multiplication-division combination per-
formed by alternating operations, repeat scales, either the C scales
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or the CI scales. A study of the following comparative illustrations
will assist the student in grasping the ideas:

Multiplication 31X 42X 27X 49

Runner to 3.1 on D
Slide to 2.7 on CI

Runner to 4.2 on C
Slide to 4.9 on CI

Runner to upper index

Read 172 on DF

3.1 X 4.2
2.7 X 4.9

Runner to 3.1 on D
Slide to 2.7 on C
Runner to 4.2 on C
Slide to 4.9 on C

Combination

Runner to upper index

Read 0.98 on DF

420
3.1 X 27 X 49

Runner to 420 on D
Slide to 4.9 on C
6Runner to 2.7 on CI
Slide to 3.1 on C
Runner to upper index

Read 10.2 on DF

Division
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31X 49X 2.7
4.2

Runner to 3.1 on D
Slide to 2.7 on CI

Runner to 4.2 on CI
Slide to 4.9 on CI

Runner to upper index

Read 9.8 on DF

Combination

Note in the multiplication and division that factors are placed
alternately on the C and CI scales as the operation of multiplication
or division is repeated. Note that the two combinations are per-
formed with alternating multiplication and division and that factors
are set on the same scale, either the C scale or the CI scale.

This completes the presentation of rules for multiplication and
division. The principle of the use of the scales in multiplication-
division combinations is again the simple addition and subtraction
of logarithms as has been explained for a series of multiplications or
divisions and it does not seem necessary or desirable to give addi-
tional explanations of this type. It is urged that the student, him-
self, work out the application of the principle to multiplication-
division combinations as an exercise.

It is not always advisable to solve multiplication-division com-
binations with alternating operation. The rule of choosing factors as
near the center as possible for most efficient operation should dictate
the order of operation. In all of the illustrations of combinations
which have been used so far in this section, the factors are paired in
such a way that most efficient operation is obtained by alternating
multiplication and division. However, the following examples illus-
trate the general application of the rules in keeping as close to the
center as possible and in performing whatevegprder of operation is
indicated in order to stay close to the center:
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binali 8.16 X 11.4
Combination 2.85 % 3.29

. DF—CIF. Fig. 50

Diagram CI—C (Fig. 50)

Solve by taking the two upper group factors first and then the
two lower group factors.

Runner to 8.16 on DF

Multiplication Slide to 11.4 on CIF
Division Runner to 3.29 on CI
Division Slide to 2.85 on C

Runner to upper index

Read 9.94 on DF
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MULTIPLICATION-DIVISION COMBINATIONS iré

Combination

Diagram

Multiplication
Multiplication

Division

Combnation

Diagram

Division

Multiplication

Combination

Diagram

Multiplication
Division
Division

Division

4,34 X°47.2 X 1.95
13.77
D—CI—C
~C
Runner to 4.34 on D
Slide to 47.2 on CI
Runner to 1.95 on C
Slide to 13.77 on C
Runner to lower left index
Read 29.0 on D

7.67 X 4.23
0.931
DF—CF. =
Runner to 7.67 on DF
Slide to 0.931 on CF
Runner to 4.23 on C
Read 34.8 on D

32.8 X 46.4
6.12 X 8.89 X 0.122
D—CI,

CIF—CF—CI

Runner to 32.8 on D
Slide to 46.4 on CI
Runner to 0.122 on CIF
Slide to 8.89 on CF
Runner to 6.12 on CI

Read 229 on D

Setting the decimal point in the last example, 6 X 8 in the denom-
inator equals 48 which cancels 46 in the numerator, and 32 divided
by 0.1 is approximately 300, hence the answer 229.

Exrremsy 7

Perform the following ecomputations:

10.

11.

12.

13.

14,

15.

12.3 X 8.16
1.42
32.7 X 4.21
273
89.7 X 6.24
7.37
132.4 X 9.09

1571
50.6 X 2.18
4.72
32.6 X 3.81
272
8.97 X 4.27

11.6 X 3.58
36.3 X 15.2

" 109 X 4.73

7.17 X 1.25

" 83.6 X 0.972

47.2 X 7.31

3.66 X 8.08

247 X 7.24

3.94 X 8.62

13.6 X 3.97 X 9.03
15.8 X 2.62

33.6 X 6.18 X 20.2
4.17 X 4.55

1.06 X 3.37 X 8.16
0.881 X 2.51

7.50 X 8.62 X 3.21
9.73 X 5.05

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27

28.

29.

30.

2.47 X 4.16
7.76
1320 X 8.02

324
9.16 X 7.23
5.16
3.42 X 49.7
1.07
11.2 X 8.63
291 X 3.17
4.63 X 3.27
8.99 X 12.62
6.31 X 7.29
42,6 X 0.373
25.6 X 54.7
1130 X 1.88
2.27 X 5.29
2.05
47.6 X 6.21
28.3 X 0.731
3.26 X 1.05
1.21 X 8.93
9.69 X 22.43

T 7.27 X 3.25

13.6 X 8.21 X 9.72
327 X 2.16
43.6 X 8.27

3.07 X 5.16 X 7.71
9.07 X 7.92

4.55 X 2.64 X 147
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31. The area of a triangle is } X base X altitude. Compute the areas
of triangles with the following dimensions:

base altitude
(a)  6.25 inches 2.69 inches
(b) 13.27 inches 36.3 inches
(¢) 4.33 feet 11.68 feet
(d) 5.04 yards 7.37 yards

32. The volume of a pyramid is 4 X area of base X height. Compute
the volumes of pyramids with rectangular bases with the following dimen-
sions:

base width base length height
(a) 2.63 feet 7.13 feet 12.27 feet
(b) 0.885 feet 1.462 feet 3.81 feet
(¢) 4.27 inches 9.08 inches 1.46 inches

33. A pyramid with a triangular base is called a tetrahedron. Compute
the volumes of the following tetrahedrons:

base of tetrahedron

base of altitude of height of

triangle triangle tetrahedron
(a) 1.64 feet 2.83 feet 4.08 feet
(b) 7.63 inches 32.5 inches 27.7 inches
(c) 3.31 feet 5.06 feet 8.28 fect

34. The indicated power of a steam cngine is given by the relation:

PLAN
HP = ——

33,000
where HP = horsepower
P = average cylinder pressure in pounds per square inch
L = length of stroke in feet
A = area of piston in square inches
N = strokes per minute (2 X r.p.m. per cvlinder for a donble-
acting steam engine)

(a) What piston area is required in a double-acting steam engine to
develop 1100 horsepower with an average steam pressure of 120

MIXED OPERATIONS 79

pounds per square inch? The speed is 220 revolutions per minute
(440 strokes) and the length of stroke is 3 feet. ‘

(b) What average pressure P is required in the steam engme.of part
(a) if it is to develop only 775 horsepower at 185 revolutions per
minute?

35. Assuming that steel weighs 490 pounds per cubic foot, what is the
height in feet of a pyramid of solid steel with a rectangular base
7.94 inches X 13.6 inches which weighs 418 pounds?

17. Mixed Operations. Mixed operations include the following:

(1) Multiplications of two factors of different groups.
(2) Divisions in which the factor in the numerator 1s of one group
and all of the factors in the denominator are of the other group.

Mixed multiplications are solved by setting the lower scale factor
first on the D scale and the upper scale factor next on the CI]?‘ scale.
The runner is moved to the upper index and the answer is read
back down on the lower D scale. For example:

Multiplication 2.50 X 1.40
Runner to 2.50 on D
Slide to 1.40 on CIF
Runner to upper index

Read 3.50 on D

Fig. 51 shows how this modification of the standard technique stl_ll
adds the logarithms properly to obtain the correct answer. In this
modification the runner must follow the slide to the upper scales.
There is no choice between scales for the runner as in the standard
technique. Also, the answer must be read back down on the D sgale
although the runner is set finally on the upper scales on the slide.
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Another example:

Multiplication 4.31 X 7.22 (Fig. 52)
Runner to 4.31 on D
Slide to 7.22 on CIF
Runner to upper index
Read 31.1 on D
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F1a. 51.

Mixed multiplications ean occur in general in multiplications of an
even number of factors where the last two factors are in different
groups. For example, consider 1.24 X 7.27 X 5.29 X 8.12. Solve,
beginning with the first pair of factors on the upper scales and with
the last two as a mixed operation:

i
Tus Y

Runner to 1.24 on DF
Slide to 7.27 on CIF

Runner to 5.29 on C
Slide to 8.12 on CIF

Runner to upper index
Read 387 on D

gt

gy

[ SR
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tea My

It is not usually efficient to solve for such products beginning with
the upper group factor on the DY scale because in such cases the
runner would have to be moved to a lower index to read and the
lower index would be near the end of the rule. Mixed multiplica-
tions should ordinarily be solved by setting the lower group factor
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first on the D scale and then the upper group factor on the CIF
scale. Occasionally, however, the operation would be performed
using the standard technique. For example: 4.80 X 1.70.

Runner to 4.80 on D
Slide to 1.70 on CI

Runner to upper index (or lower right index)

Read 8.16 on DF (or D)

In this example the slide is moved less than if the factor 1.70 had
been set on the CIF scale and, correspondingly, is closer to the center
position. Again it is emphasized that the “center-drift” idea should
control the operation.

Mixed divisions are solved similarly. If the numerator is a lower
group factor and the denominator consists of upper group factors,
the numerator is set on the D scale and the other factors are set
alternately on the CF and CIF scales. The answer is read back
down on the D scale. For example:

Di 343 (Fig. 53)
) — . e
1ison 917 1€

Runner to 3.43 on D
Slide to 9.17 on CF
Runner to upper index

Read 0.374 on D
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Divisiart 7.512269.42
Runner to 286 on D
Slide to 9.42 on CF
Runner to 7.51 on CIF
Read 4.04 on D

If the numerator is an upper group factor, begin on the upper
scales. For example:

Diviston 334772—61 (Fig. 54)
Runner to 142.1 on DF

Slide to 37.6 on C
Runner to lower left index

Read 3.78 on DF
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86.7
3.46 X 2.49
Runner to 85.7 on DF
Slide to 2.49 on C
Runner to 3.46 on CI
Read 9.95 on DF

Division

In the first of these two divisions where the numerator is an upper
group factor and where the number of factors is even, the lower
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index must be read. This is not very efficient since the runner is
moved close to the end of the rule. However, if the practice of
reading the index by eye is followed instead of using the hairline,
efficiency may be maintained. Note in such cases that the mark
for = opposite the lower index is used. In the second division where
the number of factors is odd and the runner is set on the last factor,
all settings are confined to the central portion of the rule.

Mixed multiplications and mixed divisions may also occur in
combination operations with an even number of factors where the
last two factors are in different groups. They would be solved by
the modified technique just discussed or by the standard procedure,
whichever kept the runner and slide closer to the center. Usually
the modified technique would result in less movement. An example
of such a combination is the following:

27.6 X 3.84
4.17 X 9.26
Runner to 27.6 on D
Slide to 3.84 on CI
Runner to 4.17 on CI
Slide to 9.25 on CF
Runner to upper index
Read 2.75 on D

ExERCISE 8

Perform the following computations:

1. 4.36 X 7.82 10 429
2. 28.8 X 8.15 " 1195
3. 13.62 X 314 ‘
4. 5.28 X 6.75 " 36.3
5. 2.07 X 124.8 75.2
6. 79.6 X 2.41 5 88
7. 18.25 X 21.3 19, o2
8. 9.61 X 4.16 12.02
27.3 84.6
9 — 13. ——
8.46 3.97

SUMMARY 85
_sud
113.5 3.57 X 4.25
14— 22. —— ——~
29.9 2.66 X 1.37
15 445 93. 3.73 X 3.14 X 4.45 X 6.07
1.76 X 9.29 24. 2.63 X 0.333 X 9.09 X 4.12
6 20 95. 8.16 X 1.44 X 3.64 X 1.04
72.3 X 8.48
87.7 2470
17 : 2. —
136.4 9.63 X 7.24
18. ——— 97, ——
2.88 X 20.3 11.69 X 2.33
1q, 1305 X 286 g, 208 X 1208
027 29. 10.08 X 36.3
20, — —————— . 10. :
4.63 X 3.47 X 2.82
35.5
o1, o 460 30. =
8.26 X 13.09 X 7.71 8.59

18. Summary. The chapter on multiplication and division is
summarized as follows:

1. On the duplex type of slide rule, two groups of scales are used,
the upper group consisting of the DF, CF, and CIF scales and the
lower group consisting of the D, C, and CI scales. The “‘upper
group”’ numbers beginning with 6, 7, 8,9, or 1 fall approximately
within the middle one-half of the upper group scales. The “lower
group”’ numbers beginning with 2, 3, 4, and 5 fall approximately
within the middle one-half of the lower group scales.

2. In general, always choose the factors as near the cente.zr of ?he
rule as possible. This usually requires taking the factors in pairs,
either two upper group factors or two lower group factors.

3. Always begin and end a computation with the runner.

Always begin a computation with a setting and end with a
reading on one of the two D scales.

There is always a choice, implicitly, of setting the runner either
on the upper group or the lower group every time it is moved,
except in mixed operations. .

The runner and slide are always moved alternately beginning
and ending with the runner. The slide follows the runner to
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that group of scales to which the runner is moved except in
mixed multiplications and mixed divisions.
4. After setting the first factor on a D scale, the remaining factors
are all set on the slide scales as follows:

(a) To start with multiplication, use D and CI scales.

(b) To start with division, use D and C scales.

(¢) For repeating operations, alternate scales (between C and
CI).

(d) For alternating operations, repeat scales (either C or CI).

In the above rules, D, C, and CI are understood to mean D or DF,
C or CF, and CI or CIF.

5. For mechanical ease of operation a color system for following
multiplication or division in proper sequence may be preferred by
some students. Visualize the computation in fractional form. If
the operation proceeds horizontally, there is a change in the color
of scales used; if the operation proceeds vertically, there is no change
in color, speaking of the black C and CF scales and the red CI and
CIF scales. The first factor is always set on one of the black D
scales, hence an operation always begins with black. Examples of
this rule are shown in general without regard to whether the factors
are upper scale factors or lower scale factors. Beside each example
is shown the corresponding operation in terms of the lower group
of scales only so that the comparison may be seen at a glance.

Multiplication  Black—Red—DBlack—Red—- - -

D—CI—C—CI—--.
L. Black,
Division Black—Red—Black—Red— - --
Dy
C—CI—C—CI—: - -
. S Black\ BlaCk D\ C\
Combinations Black” Black 7 NC
Black—Red _Red\
“Red” Red
D—CI CI
Cr” I

SUMMARY 87

Black Red D CI
Black—Red C—CI”

Black—Red\ D—CI
“Red—Black NCI—C

As the operation repeats, as is shown by horizontal operation,

X X X , change from black to red, or vice
versa.

As the operation changes, as is shown by vertical operation,

SATATA, repeat the same color, either black or red.

ExErcIsE 9

Perform the following review computations:

9.63 X 4.17 12. 23.6 X 0.721 X 5.03
1234 14.1 X 9.37
2. 5.06 X 6.72 18 e
g 528 10, 13200
1320 308
g 21X303 15. 1.766 X 16.25 X 1.880
7940 235
5. 243 X 417 X 3.24 X 6.92 16. 1.084 X 12.35 X 2.05
¢, 116 X 8.08 17. 7.07 X 0.771 X 76.7
118 X 231 2.17 X 0.0983
g 22X27 18 21 x 0870
343 X 7.92
4240 19, 1923
1755 X 11.2 X 27.4 8.53
9. 17.63 X 61.7 oo, 1733 X 316
38.7 . 111.5
10. = 21. 0.535 X 1.47 X 3.44
1p, 372X 1334 X 407 0y 27
1.005 8.11 X 2.02
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23. 6.72 X 2.76 X 0.885 X 3.47 X 11.23
o 28,300 32. 16.27 X 7.24
42.1 X 3.72 X 5.05 33. 3.72 X 3.14 X 28.2
25. 57.6 X 1.845 57.6
34.
2. 17.6 X 2.84 2.12 X 4.37 X 1.84
27.3
4.95 X 6.84
8.37 X 6.04 3., ———
o7, 7~ T 9.73
273 6.87
08 7.98 X 53.6 X 1.377 36, — ——
) 22.2 X 0.882 1.92 %553
0o, 421 X 1170 gy, 1566 X 7.16
" 8.08 X 0.312 4.29 X 3.78
2 97 9 38. 19.92 X 0.383
T 67.5
4.73 39, 210
a1 14.55 X 9.04 892
" 31.6 X 2.33 40. 423 X 6.18 X 2.44

111

SQUARES, SQUARE ROOTS,
CUBES, AND GUBE ROOTS

19. Numbers Greater than One—Squares and Square Roots.
Obtaining the squares and square roots of numbers is a much simpler
process than that of multiplication and division and makes no use
of the rules developed in the preceding chapter. The A and B
scales are the square and square root scales and are usually on the
reverse side of the duplex type slide rule from the side used for
multiplication and division. Simple squares and square roots are
obtained using only the A and D scales. The B scale is seldom used
except in operations involving multiplication or division along with
squares or square roots. The A and B scales are ‘“two-cycle”
scales, each having two portions with each portion extending from 1
through 9.2 The left portion or ecycle is designated as ‘“‘cycle 1”
and the right portion as “cycle 2,” as is shown in Fig. 55.

The mechanics of operation in squaring a number or in extracting
the square root are very simple. To square a number, set the num-
ber on the D scale with the runner and without further movement
read its square on the A scale opposite the hairline. The reverse
process is followed for square roots; set the number on the A scale
and read its square root on the D scale. For example:

2?2 =4 (Fig. 56) (6)2 = 36 (Fig. 57)
Runner to 6 on D
Read 36 on A

Runner to 2 on D
Read 4 on A
V4 =2 V36 = 6

Runner to 36 on A (cycle 2)
Read 6 on D

Runner to 4 on A (eycle 1)
‘Read 2 on D

3 The term “cycle’ has been defined and explained in Scction 5, p. 9.
89
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Briefly then, for squares, go from D to A; for square roots, go from
A to D. Obviously the only matter requiring attention in so simple
an operating procedure is the question of setting the decimal point,
which also involves whether to use eycle 1 or cycle 2 of the A scale
in extracting a square root.

The key to setting the decimal point in squares or square roots
is in the idea of “two for one’ or, vice versa, ‘“‘one for two.” In
squaring a number there are always two places in the answer for
each place in the number with but one exception. In extracting
the square root of a number there is always one place in the answer
for each fwo places in the number with but one exception.

Decimal Point Rules: Squares and Square Roots

These rules have to do with determining the number of places
to the left of the decimal point in the square or square root of
a number greater than one.

Squares: To locate the decimal point in the square of a number
greater than one, count the places to the left of the decimal point
in the number. There are two places in the answer for each place
counted in the number except the last. If the answer falls on
cycle 1, count one place for the last; if on cycle 2, count two places.

Square Roots: Count the places to the left of the decimal point in
the number in groups of two. If the last group has only one
place, set the number on cycle 1; if it has two places, set on cycle
2. There is one place to the left of the decimal point in the square
root for every complete or partial group just counted.

These rules are illustrated in the following examples:

SQUARES

Operation Decimal Point Count

(23.4)> Runner to 23.4 on D (2 3. 4)?
Read 5 4 8on A, cycle1 17273 Answer: 548

Count two for the first place to the left of the decimal
point and one for the second place since the answer falls
on cycle 1 (Fig. 58).
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(473.6)% Runner to 473.6 on D
Read 2 2 4 on A, cycle 2

47 3. 6)2
2H2H2 =6 Answer: 224,000

Count two for each place to the left of the decimal point
since the answer falls on cycle 2 (Fig. 59).
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Fia. 58. Fra. 59.
(174)2 Runner to 174 on D (17 4)°

Read 3 0 3on A, eycle1l 1+2+2 =5 Answer: 30,300

Count two each for the first two places to the left of the
decimal point and one for the third since the answer falls

on cycle 1.
(79.2)> Runner to 79.2 on D (79.2)*

Read 6 2 8 on A, cycle2  2+2 =4 Answer: 6280

Count two for each place to the left of the decimal point
since the answer falls on eycle 2

(2.46)> Runner to 2.46 on D 2. 4 6)?

Read 6 0 5 on A, cycle 1 ! Answer: 6.05

Count one for the place to the left of the decimal point
since the answer falls on cycle 1.
(4.93)> Runner to 4.93 on D (4. 9 3)?

Read 2 4 3on A, cycle2 2 Answer: 24.3

Count two for the place to the left of the decimal point
since the answer falls on cycle 2.
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/1440

SQUARE ROOTS

Cycle and .
Decimal Point Operation
14 40 Runner to 1440 on A, cycle 2
2~ oycle 2 Read 3 8. 0on D

There are two groups to the left of the decimal point,
giving two places in the answer (Fig. 60).

/793.2 7 93. 2 Runner to 793.2 on A, cycle 1
1 eyeled Read 2 8. 20on D
There are two groups to the left of the decimal point,
giving two places in the answer (Fig. 61).
I st ] ) ] 13 1 ] I 1 1 Iﬁl i Ill
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Fia. 60. Fia. 61.
\/376,000 37 5,0 00 Runner to 375,000 on A, eycle 2
2 = eycle 2 Read 6 1 2on D

V'7.63

Vv b67.4

There are three groups to the left of the decimal point,
giving three places in the answer.

7. 63 Runner to 7.63 on A, cycle 1
1o oyl Read 2. 7 6 on D

There is one group to the left of the decimal point,
giving one place in the answer.

57. 4 Runner to 57.4 on A, cycle 2
2= oyle Read 7. 5 8on D

There is one group to the left of the decimal point,
giving one place in the answer.
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ExERCISE 10

Evaluate the following squares and square
roots:

1. (17.3)2 17. V'36.6

2. (8.42)? —

3, (213" 18. V449

& (192 19. V1680
6. (63.1)2 21. V'13.48
7. (2.02) 22. V'5.89

8. (41.6)° 23. V/'83.7

9. (12.8)* 24, V1072
10. (123)?

11. (759) :5‘ v 23,600
12. (17102 6. V8480
13. (4440)2 27. V432,000
14. (6.83) 28. V6,250,000
15. (33.9)° 29. /303

16. V' 8.13 30. V57.6

20. Numbers Greater than One—
Cubes and Cube Roots. The K scale is
the cube scale of the engineer’s slide rule
and is usually on the same side of the
duplex rule as the A and B scales. The
mechanics of operation are the same as
for the A scale. The K scale differs, how-
ever, from the A scale in having three
cycles instead of two. These are desig-
nated from left to right as cycle 1, eycle 2
and cycle 3, as shown in Fig. 62. The
decimal point rules are obtained simply
by transposing the two-cycle rules for the
A scale to rules for three cycles, using the
ideas of three for one and one for three.

-
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Decimal Point Rules: Cubes and Cube Roots

These rules are for obtaining the cubes and cube roots of numbers
greater than one.

Cubes: To locate the decimal point in the cube of a number greater
than one, count the places to the left of the decimal point in the
number. There are three places in the answer for each place
counted in the number except the last. If the answer falls on
cycle 1, count one place for the last; if on cycle 2, count two places;

if on eycle 3, count three places. - o
Cube Roots: Count the places to the left of the decimal point in the

number in groups of three. If the last group has only one place,
set the number on cycle 1; if two places, on cycle 2; if three places,
on cycle 3. There is one place in the cube root for every complete

or partial group just counted.
These rules are illustrated in the following examples:

CUBES
Operation Decimal Point Count
(14.62)% Runner to 14.62 on D (1 4.6 2)*
Read 3 1 2on K, cycle 1 **3=¢ Answer: 3120

Count three for the first place to the left of the decimal
point and one for the second place since the answer falls

on cycle 1 (Fig. 63).
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(72.6)> Runner to 72.6 on D (7 2. 6)°

Read 3 8 3on K, cycle 3  3+3 =6 Answer: 383,000
Cqunt three for each place to the left of the decimal
point since the answer falls on cycle 3 (Fig. 64).
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(37.1)> Runner to 37.1 on D 317 1)

Read 5 1 0 on K, cycle 2  2+3 =5 Answer: 51,000
Cqunt three for the first place to the left of the decimal
point and two for the second since the answer falls on
cycle 2 (Fig. 65).
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(1.67)* Runner to 1.67 on D

(1. 6 7)°
Read 4 6 5 ou K, cycle 1. !

Answer: 4.65

(?ount one for the place to the left of the deeimal point
sinee the answer falls on eyele 1.
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(3.69)®> Runner to 3.59 on D 3.59)°

Read 4 6 3on K, cycle2 ° Answer: 46.3

Count two for the place to the left of the decimal point
since the answer falls on cycle 2

(6.564)> Runner to 5.54 on D 5. 5 4)°

Read1 7 0on K, cycle3 ° Answer: 170

Count three for the place to the left of the decimal point
since the answer falls on cycle 3.

CUBE ROOTS

Cycle and
Decimal Point

/16,400 16 400

2 — cycle 2

Operation
Runner to 16,400 on K, cycle 2
Read 2 5. 4on D

There are two groups to the left of the decimal point,
giving two places in the answer (Fig. 66).

Vo131 273. 1

3 — cycle 3

Runner to 273.1 on K, cycle 3
Read 6. 4 9 on D

There is one group to the left of the decimal point,
giving one place in the answer (Fig. 67).
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V1752 1752 Runner to 1752 on K, cycle 1 21. Numbers Less than One—Squares and Square Roots. The
1 oydle1 Read1 2. 03on D same rules which are used for numbers greater than one can also be
used for numbers less than one by using a decimal point shift. Here,

There are two groups to the left of the decimal point, as before, the ideas of two for one and one for two are still useful.

iving t laces i . . . .

giving two places in the answer. Squares: Move the decimal point to the right to obtain a number

598 between 1 and 10. Square this, using the rules for numbers
8.96 8. 96 Runner to 8.96 on K, cycle 1 greater than one. Move the decimal point in the square back

1o eveled Read 2. 0 Son D to the left fwice as many places as it was moved to the right.

) ; f Square Roots: Move the decimal point to the right two places at a

’Ijh(?re 18 one group to the left of the decimal point, time to obtain a number between 1 and 100. Obtain the square
giving one place in the answer. : root of this number using the rules for numbers greater than one.
Move the decimal point in the square root back to the left one

V/46.23 46. 23 Runner to 46.23 on K, cycle 2 place for every group of two places it was moved to the right.

2 — cycle 2
Read 3. 5 9on D i These rules are illustrated in the following examples:
There is one group to the left of the decimal point, i SQUARES
giving one place in the answer.
nswer (0.168)* Move the decimal point one place
to right
1.68)% = 2.82
Exk ( -
XERCISE 11 L Move decimal point {two places to
. left

Evaluate the following cubes and cube roots:

Answer: 0.0_2_82 t

3 —_—
;‘ 825"13;3 17. /327
3 (1:84)3 18. V'9.29 (0.503)? Move decimal point one place to
4. (303)3 19. @ ) right
5. (4.29) 20. V/3680 (5.03)* = 25.3
6. (54.7)3 21. V248 : Move decimal point two places to
7. (2.37)° 29. m : left
8. (46.1)" 93. /707 ‘ Answer: 0.253
9. (10.08)" 18300 \! . . .
10. (196)* 24. v 18,300 , " (0.0172)* Move decimal point fwo places to
11, (748)° 26. V6440 right
12. (1330)? 26. V/278,000 : (1.72)% = 2.96
13. (50.7)3 27. V1,728,000 Move decimal point four places
14. (9.59)° 28. V/49,900 . left
16. (62.4)° 29. V29,800,000 Answer: 0.000296

3 b
16. '\/46.9 30. \/—lv066 - . 4The number of places moved to the left are underlined.
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(0.00797)?

(0.000066)>

V/0.432

V0.0643

Vv 0.00141

Move decimal point three places
to right
(7.97)2 = 63.5
Move decimal point siz places to
left

Answer: 0.0000635

Move decimal point five places to
right
(5.6)% = 31.4
Move decimal point fen places to
left

Answer: 0.00000000314

SQUARE ROOTS

Move decimal point fwo places to

right
V43.2 = 6.57
Move decimal point one place to
left

Answer: 0.§57

Move decimal point two places to
right
V6.43 = 2.54

Move decimal point one place to
left

Answer: 0.254

Move decimal point four places
to right
V4.1 = 3.75
Move decimal point two places to
left
Answer: 0,0375

NUMBERS LESS THAN ONE

4/0.000383

4/0.00000942

4/0.0000765

Move decimal point four places
to right
1/3.83 = 1.96
Move decimal point two places to
left

Answer: 0.0_196

Move decimal point siz places to
right
V9.42 = 3.07

Move decimal point three places
to left

Answer: 0.99§07

Move decimal point stz places to
right

V76.5 = 8.75
Move decimal point three places
to left

Answer: 0.9%7 5

Exuremse 12

Evaluate the following squares and square roots:

/0. 700 03 83

V0. 06 43

CRNP G WP

(0.828)2 14. (0.0107)2
(0.309)2 15. (0.669)2
0.165)2
EO 023;)2 16. V0.417
007162 17. V0.863
o2 18. V/0.0870
(0.528)
(0.00122)2 19. V/0.0205
(0.000923)> 20. V0.195
0100382)22 21. V/0.000637
- (0.000222) 22. V0.0493
. (0.0463) 0.0495
2 23. V0.00165
. (0.911) 0.
. (0.262)2 24. V0.0773
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26. V/0.000884
26. V/0.000111
27. V/0.00000607

28. 1/0.0000929
29. V/0.000000235

30. 'V 0.000807

22. Numbers Less than One—Cubes and Cube Roots. The dec-
imal point rules are similar to those for squares and square roots.

Cubes: Move the decimal point to the right to obtain a number
between 1 and 10. Cube this using the rules for numbers greater
than one. Move the decimal point in the cube back to the left
three times as many places as it was moved to the right.

Cube Roots: Move the decimal point to the right three places at a
time to obtain a number between 1 and 1000. Obtain the cube
root of this number using the rules for numbers greater than one.
Move the decimal point in the cube root back to the left one place
for every group of three places it was moved to the right.

These rules are illustrated in the following examples:

CUBES

(0.426)3 Move decimal point
one place to right
(4.26)® = 77.5
Move decimal point
three places to left
Answer: 0.0775

(0.187)° Move decimal point
one place to right
(1.87)% = 6.55
Move decimal point
three places to left
Answer: 0.00655

(0.668)* Move decimal point
one place to right “
(6.58)3 = 285
Move decimal point
three places to left
Answer: 0.285

NUMBERS LESS THAN ONE
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(0.0132)*

(0.00619)°

(0.0327)?

Move decimal point
two places to right
(1.32)% = 2.30
Move decimal point
stz places to left
Answer: 0.00000230

Move decimal point
three places to
right

(5.19)3 = 140

Move decimal point

nine places to left
Answer: 0.000000140

Move decimal point
{two places to right
(3.27)% = 35.0
Move decimal point
stz places to left
Answer: 0.0000350

CUBE ROOTS

Move decimal point
three places to

right V0. 084 2

V/84.2 = 4.38
Move decimal point
one place to left

Answer: 0.438

Move decimal point
three places to

right V0. 760
V760 = 9.13

Move decimal point
one place to left
Answer: 0.913
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v/0.0043 Move deeimal point
three places to
right

Va3 = 1.627

Move decimal point

one place to left

Answer: 0. }_627

v/0.0000442 Move decimal point

siz places to right V0.
V44.2 = 3.53
Move decimal point
two places to left
Answer: 0.0353

+/0.0001232 Move decimal point

siz places to right V0.
V123.2 = 4.97
Move decimal point
two places to left
Answer: 0.0497

v/0.00000000666 Move decimal point

nine places to

V0. 004 3

o

000 044 2

000 123 2

right V0.

V6.65 = 1.88

Move decimal point
three places to left
Answer: 0.00188

ExXERCISE 13

Evaluate the following ecubes and cube roots:

1. (0.183)* 4. (0.0763)
2. (0.426)° 5. (0.255)3
3. (0.817) 6. (0.00684)°

000 000 006 65
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7. (0.01205)3 19. v/0.168
8. (0.000831)* 20. V/0.01375
9. (0.00444)3 21. v/0.00493
10. (0.000241)3 292. v/0.0000328
11. (0.0717) 23. v/0.000187
12. (0.357)° 24. +/0.00000561
13. (0.0909)° 26. v/0.00719
14. (0.116)° 26. v/0.000000143
15. (0.00267)3 27. v/0.0000562
16. v/0.0456 28. Vv/0.000456
17. V/0.693 29. v/0.01083
18. v/0.00155 30. V/0.00697

23. Accuracy of Square and Cube Scales. The A and B scales
which are used for squares are two-cycle scales, each cycle being one
half as long as the cycle on the D scale. The accuracy of the D scale
was found in Section 6 to be about 1 in 1000. The corresponding
accuracy of the A and B scales is then about 2 in 1000 or 1 in 500.
This means that the A and B scales can be read at the left end of a
cyele to about 2 in the fourth significant figure and at the right end
of a cycle to about 2 in the third significant figure. Numbers can
be read to three significant figures on the A and B scales up to the
5's, where the accuracy is about 1 in the third significant figure.
From the 5’s through the 9’s, it is very difficult to read closer than
to 2 in the third significant figure.

The K scale, being a three-cycle scale, is correspondingly less
accurate, having an accuracy of about 3 in 1000 or 1 in 333. Num-
bers on the K scale can be read to three significant figures up to
the 3’s where the accuracy is about 1 in the third significant figure.
Readings to three significant figures in the 4’s through the 9’s on this
scale will be inaccurate.

If the square or the cube of a number is desired more accurately
than ean be obtained on the A or K seales, the number should be
multiplied two or threc times in succession using the D, C, CI, DF,

- CF, and CIF scales.

24. Principle of the Square and Cube Scales. The square and
cube seales are logarithmie seales, as are the scales which are used



106 SQUARES, CUBES, ROOTS

for multiplication and division. In solving for the square of a
number by logarithms, we have

D)*=A
log (D)2 =2log D = log A

Hence a distance on the A scale must represent twice as much as
the corresponding distance on the D scale, which means that the A
scale must have two cycles to the D scale’s one.

In solving for the cube of a number by logarithms we have

(D)) =K
log (D)? =3logD = log K

Here a distance on the K scale must represent three times as much

as the corresponding distance on the D scale; hence the three cycles
on the K scale.

v

THE LOG LOG SCALES

26. Introduction. The log log scales are used for obtaining powers
and roots of numbers. They serve a purpose similar to that of the
square and cube scales but are not limited to just one power or root
as are these scales. The log log scales are used to obtain powers

1

and roots of numbers in general, such as (4)72, (1.07)%%4, (75.3)875

1
(0.092)%-37, and (0.846)%425, Of course, they could also be used to
obtain the square or cube of a number or its square root or cube
root. For numbers close to one, the log log scales can be read more
accurately than the A and K scales and are sometimes used in their
stead. Their principal use, however, is for finding fractional powers
and exponents. The log log scales on the modern duplex slide rules

~ are arranged in two groups, the LL1, LL2, and LL3 scales for obtain-

ing powers and roots of numbers greater than one and the LLO1,
LL02, and LLO3 scales for obtaining powers and roots of numbers
less than one.

The LL1, LL2, and LL3 scales will be called the LL scales.

The LLO01, LL02, and LLO03 scales will be called the LLO scales.

The log log scales differ distinctly from the scales previously
studied in that the decimal point is already fixed for numbers on
the scale. The number 2 is in one place, 20 is in another, 200 is in
another, and they cannot be interchanged. It also follows that the
log log scales are not ‘“‘cyclic” like the scales previously studied.
Methods of operation will be presented for numbers greater than
one with positive exponents, for numbers less than one with positive
exponents, and for numbers in general with negative exponents.
These methods apply respectively to the LL scales, the LLO scales,
and both groups of scales.

26. The LL1, LL2, and LL3 Scales. The LLI1, LL2, and LL3

scales, or the LL scales, represent a single scale of numbers reading
107
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from left to right from 1.01 to approximately 22,000 which has been
split into three parts, i.e., the L2 scale begins at the left where the
LL1 scale ends at the right, and similarly for the LL3 and LI.2
scales. The LL2 and LL3 scales are on the front of the slide rule,
but the LL1 scale is on the back. However, settings are made with
the back hairline on the LL1 scale as if it were on the front of the
rule, and operations are then continued on the front. These three
scales are so arranged that the LL2 scale gives the tenth power of a
number on the LL1 scale, and the LL3 scale gives the tenth power
of a number on the LL2 scale. Tt follows that the LL3 scale gives
the hundredth power of a number on the LI1 scale, the LL1 scale
the tenth root of a number on the LL2 scale, and so on. For ex-
ample:

Runner to 1.02 on LL1 (Fig. 68)
Read (1.02)!° on LL2 as 1.219
Read (1.02)1% on LL3 as 7.25
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Runner to 1.36 on I.I.2 (Fig. 69)
Read (1.36)!° on LL3 as 21.6

Read 1&/1% on LL1 as 1.0312
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Runner to 5.50 on LL3
Read 1\0/5—‘3—0 on LI.2 as 1.186
Read 'V/5.50 on LL1 as 1.0172

The subdivision of the LI scales varies over an extremely wide range
and the student must be very careful in reading these scales. I'n
places the LL1 scale ean be read to five significant figures and in
other places the 113 scale can be read only to two'. The student
must continually check the subdividing of that portion of. t}.le seale
where he is reading by looking to both sides of the hairline and
checking against the numbered divisions nearby on the seale.
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In general, the LL scales are used for such computations as the 1.27>% Runner to 1.27 on LL2 (Fig. 70)
following: Slide to 2.57 on CI
5.78 . .
(1.27)57 (11 2) 0.52 (1.018)297 Solve as Runner to right index
1 3.00 1.27 X 2.57 Read 1.848 on LL2
(2.14)0-043 (1.04)372 (53)7®

Note that in all cases the numbers are greater than one although TSR A 8 (i SUITY RUTTFIIIIEE (o T et totSt Bttt
the eXponentS may be elther greater or leSS than one. The fr%lctlonal l|lIII|IIII|I|IIFI|I|IIllh |||||||Tu'fuulm||m|I|n|'|m|u|||m|! m'uulm?ﬁmhx'i)nmllII (%"Im”l”"h"”m'Iu""hI“l”Il:l::ﬁl::::;l:?l :l:'lml:ll:lxll:ll:l
notation for exponents will be used in this Chapter because it is il l\h\Mlﬁt.{l\"H lﬁ'}) \‘.'M]" H"Jh“ll&‘;)l\' i h\n‘eh&hhﬁll !q.w.h mls,zl\.fhhhv.'m ||m||wnymrr
||'llll|l " I i I _}I e I [DUGUULLL gy 4 ‘ | ‘
better adapted to the method of operation which is presented than ot — .|9.|.8. 1 Kt .?i ‘ '”“Th' g B K*E
the root notation. To refresh the reader’s mind, if need be, the gu.ula,.u?fmguw ny‘x“/ .'”f‘.’.'::.'.'.l.'u“.".'. ::|‘|i!ln::‘|l|::lxl1l:u! lﬂniglmiufuim)q}:r Ij‘} :"l"i::::‘[I:;%:I:l":ii I"|l::I-ILII::I:“:%“'"L“ﬁ':"|:||l::fl:£ }lln::;:;;!!:x:%::
fOHOWing equiva/lents are given: !::::::::;é;;z:::I'I|I|'l.ll|l:::xlIII| :I‘III|KI%{£'I;‘IIIO L) 1!3 ‘ | 'fllg.sl ! ']‘:4‘] ||11|“Xsllllllllll|l]lllqllI]I|I|I|Il|[||lqlé||| ““1“9””””2 ll]lllllllll]lllllllll]ll
(1.04)37 g = "V1.04 Fia. 70.
1 .
(11.2)0% — "¥/173 (11.2)04 Runner to 11.2 on LL3 (Fig. 71)
309 L slide to 0.42 on C
78 — A/ 3.09 . .
(53)7% = (53) Solve as Runner to right index
General Rules of Operation. The rules developed for multiplica- 11.2 Read 315 on LL3

tion and division in Chapter II can be readily applied to the opera- 0.42
tion of the LL scales. One modification of the standard technique
must be observed. Either the upper slide scales CIF and CF ean

‘ PN e
be used or the lower slide scales CI and C can be used, but not both BTt ".f.mi....ﬁ..'.'.,.u......'. - d:ﬁ,,ﬁél,,,'m',. f'f.'f".]}'.".‘T]“.':'.':‘{..m'mm.'x G\PHFT. i) MR
groups. In other words, it is not possible to change from one group .|,u|1w'ﬂnwlnh"m@'.lamw}i T S n.‘.'m!?r: ainlm(!w'm“ xhwhmlaglu\" s st
of scales to the other with the runner or slide. Once the operation — e .T“. "::”;‘L"T"I”l e |u< =
has been started on one group of scales, it must be continued on W " n\wq\mmT..n, tphidatal lla?;m.'én il il 'J"‘T?"\’jﬂlll .W.l‘?l.l;ivfy.,:“}:l:,‘.v\.f.',\'..?’}.'}.'p'..:".':'.':'.'::‘.”?::l:lllll:!;:
that group. Other than this modification, the standard technique F’*‘i‘l‘;:l‘"“"";’ i ',;,25,? L -mlg '|.~.ulli,:lml'nqlmlun"l f’l,|sllll“;'l'l'$'f;s'l'l'l' :,f‘:iwmw‘ 'x;!"!"'&'?‘.!é' ot

for multiplication and division can be applied to exponential expres-
sions by placing the number on the LL (or LI0) scales instead of the
D scales, and the exponents on the CI and C scales. The operations ; Fie. 71.
are then performed as regular multiplications, divisions, or combina-

tions. For example, (1.27)**7 is performed as 1.27 X 2.57 by

placing 1.27 on the LL2 scale instead of the D scale. This and two

other preceding computations are solved as follows:
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5.78

(1.018)247 Runner to 1.018 on LL1 | (Fig. 72)
Slide to 2.97 on C
Solve as Runner to 5.78 on C

1-012_:;7%5-78 Read 1.0353 on LLL1
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Note that the operation must begin and end on the LL scales, sim-
ilar to beginning and ending on the D scales in multiplication or
division. Also, the operation must begin by setting the number, and
not the exponent, on the LL scales. The exponents are always set
on the C and CI scales or on the CF and CIF scales on the slide.
Exponents between 1 and 10. Where the exponent of a number is
greater than 1, the result of the computation is always greater than
the number and is obtained by reading up the LL scales, or to the
right. Such was the casc for the three previous computations which
were just solved where the right index was read further up the seale.
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These computations should be reviewed at this time. Sometimes
the right index will be found to be off of the rule when a scale is
followed to the right or upward to read the answer. In such cases,
begin at the left end of the next higher seale and follow it to the
right until the left index is reached. Read the answer on this higher
seale under the left index. The following examples illustrate these

cases.
(1.03)%-%7 Runner to 1.03 on LL1 (Fig. 73)
Slide to 8.27 on CI

Solve as Runner to left index
1.03 X 8.27 Read 1.277 on LL2
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(1.61)*-63

Solve as
1.61 X 4.63

1

(1.42)021

Solve as
142
0.21

Runner to 1.61 on LL2 (Fig. 74)
Slide to 4.63 on CI
Runner to left index

Read 9.1 on LL3

66 lunl 8P T A

O 4 at 005 Q02
laohiea oo il Ulllllll|ﬁllllll\lllllllhllllllIﬁlI livcbnny il

Lﬂtmlﬁ'ﬂm! ﬁu".'mlﬁu\'.'fdl nﬁ;a!ﬁn\vreﬁuhgﬁu|,W{.

nigrnna e

-||In||'|7 unlordbuetioaguidie

A L A N
;.hl.l-énﬁ.n_,\.l.\.é.l. .sl.nsluhl.l.nl.m-ln Badntdaoduntoghie
ml!|uf!.nuu(uplnw!uuliu*]' Llwllw I (Iug.','um',' }l||5'4'|'|’Hé|\'.'|’l'lli\]‘4‘ il
]\QL;IIIUIIA%IIIHIII s n|u||]|u|u|l|| :,"l'I‘“l"”"%g"l"“l""l“"l”"‘g% e

CAEUEUNIRHT

L il

LRLSEARUY: .‘,,,“Alllpln\llslllpv

! ( 7
T KA I TR TR, ORRTTRRTE IS TRRTORS N

ln'nllmluulnhlﬁuhmlnnlun |||‘|’ﬁnluulmllm I\I’Illll“llhul'lvll|ll.]$lll|ll

wtatlitiiint hhlmIL_Ianu1.’1;5;”,},11“||”J|.M ,‘ll.lm,,ﬁl,\hmﬂql.lupjlMuﬂr[
CIF 3 ) '||"HI|IIIl|l||]IIII|II||
[4} - ) St

c i
mlwnumlglqunlv Wy |'|'|'|HIH"|||'|'|1 ’”"'l*'lﬁ\”'{h\'ﬁ\\ilgh"ﬁl

l'l'|‘|‘|’l'l2"“|“+ i 'l'ol (LY {1 .ﬂs'l'l'l'l'zulll'l'
' Tes Y L TR T U L

e

Fia. 74.

Runner to 1.42 on 1.1.2
Slide to 0.21 on C
Runner to left index

Read 5.31 on LL3

The three preceding solutions were done on the lower scales to illus-
trate clearly the procedure in reading the answer on the next higher
scale. However, the first two solutions can be done more efficiently
using the upper scales after the procedure in transferring scales has

been learned.
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amp——

Ezxponents between 1 and 0.1. Where the exponent of a number is
less than 1, the result of the computation is always less than the
pumber and is obtained by reading down the LL scales, or to the
left. The following examples are for exponents less than 1 but greater
than 0.1:

Ruuner to 2.14 on LL2 (Fig. 75)
Slide to 0.643 on CIF

(2.14:)0.643

Solve as Runner to upper index

Read 1.631 on LL2

2.14 X 0.643
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(1.04)3.72
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104
3.72

Fic. 75.

Runner to 1.04 on LI

Slide to 3.72 on C

Runner to left index

Read 1.0106 on LI
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3.09
7.89 :
(56) RUIlller to 56 on LL3 (Flg. 76) 7Ill+!|lll|llll|ll|l'l xﬁmlnnl#;ll ml i ) I ;r e Al Tentoglonteidi '4: o | "* Junl
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In those cases where the left index is off of the scale, begin at the right
end of the next lower scale and go to the left until the right index is Fia. 76.
reached. Read the answer on this lower scale under the right index.
(21.5)°-19 Runner to 21.5 on LL3 (Fig. 77) " . . . m -
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Slide to 3.41 on C
Solve as Runner to right index 0. 77
1157 Read 1.0437 ou LL1 m
3.41 bl 1ottt b ooy oo
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Ezxponents between 10 and 1000. Where the exponent of a number IIIll@llllllliltllhh@uIln@mluu oo o o ooy
is between 10 and 1000, the answer can be readily obtained by the "b;f’lﬁ,""":':f"“ff iR ! “’”l",
fOllOWlng procedure . ‘l\\ll..llf]’%\’j’\hﬂlnltm‘, d;.\|f.lf.\'..um! .r
1. Move the decimal point mentally one or two places to the left ...:,.l*...'..'...'.l'...'.,:..'...'...',.‘.'...'...' SR B S LA s

~ to reduce the exponent to a number between 1 and 10.
2. Perform the operation for this exponent as previously explained.
3. Read the answer one or two scales higher, corresponding to the
number of places the decimal point was moved.

These rules are illustrated in the following exampleS: wititdunn P uhatas gﬁmhmhmh|u|niﬁ5|m|u.nlluuh vl ,,.-Pﬁ,,....“] ..,,.‘.’f".., [ P...u vl
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e g gy g g 1
Runner to left index

Read LL3 instead of 1.I.2 to get 4.07 e, 78,
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(1.24)*° Perform as (1.24)2-°
Runner to 1.24 on LL2
Slide to 2.0 on CIF

Runner to upper index

Read LL3 instead of LL2 to get 74

(1.132)6-,377 Perform as (1.132)61‘133 ‘ (Fig. 79)
Runner to 1.132 on LL2
Slide to 0.37 on C
Runner to right index

Read LL3 instead of LL2 to get 28.5
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Fie. 79.

(1.0164)33°  Perform as (1.0164)3-3%
Runner to 1.0164 on LL1
Slide to 3.35 on CI
Runner to right index
Read LL3 instead of L1 to get 232
Ezxponents between 0.1 and 0.001. For exponents between 0.1 and
0.001, the answer is obtained by procedures similar to those used for
exponents between 10 and 1000.

1. Move the decimal point one or two places to the right to ob-
tain an exponent between 0.1 and 1.
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2. Perform the operation for this exponent as previously ex-
plained.

3. Read the answer one or two scales lower depending upon the
number of places the decimal point was moved.

These rules are illustrated by the following examples:

(47.5)°-°4!  Perform as (47.5)%-4! (Fig. 80)
Runner to 47.5 on LL3
Slide to 0.41 on CI
Runner to left index

Read LL2 instead of LL3 to get 1.1715
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1

(3200)Hlo Perform as (3200)8-10
Runner to 3200 on LL3

Skde to 6.10 on C

Runner to left index

Read LL1 instead of LL3 to get 1.0133

Ezxpressions of the Type, 3.12* = 7.68. This is an expression in
which the exponent is unknown. Expressions of this type are solved
by placing the slide rule in the same ‘“‘set-up” as for computations
where the number and exponent are known and the result is un-
known, such as 4.02*-%% = z. The solution is obtained by working
backwards from the result, 7.68.
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3.12* = 7.68 Runner to 7.68 on LL3 (Fig. 81)
x=7? Upper index to hairline

Runner to 3.12 on .13

Read z as 1.79 on CIF
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1.87* = 1.24 Runner to 1.24 on LL2

z="7? Left index to hairline
Runner to 1.87 on LL2

Read z as 0.344 on CI

1
220- = 4.47 Runner to 4.47 on LL3

z="7? Left index to hairline
Runner to 220 on LI.3

Read z as 3.60 on C

/ l‘2||| s
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1
42.5° = 1.072
z="7

Runner to 1.072 on LL1
Right index to hairline

Runner to 42.5 on LL3
Read x as 53.9 on C

In this last example, the fact that the operation jumped a scale from
LL3 to LL1 indicated in this instance that 1/x was less than 0.1,

or that  was greater than 10.

Ezxpressions of the Type, x*-°7 = 3800. The solution of expressions
of this type is similar to solutions in the preceding paragraph

7 = 3800 Runner to 3800 on LL3 (Fig. 82)
z =7 Right index to hairline
Runner to 2.07 on CI
Read z as 54 on LL3
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Runner to 1.85 on LL2
Right index to hairline

Runner to 4.23 on C
Read x as 13.5 on LL3

Runner to 4.2 on LL3
Left index to hairline

Runner to 72.5 on Cl
Read 1.02 on LI
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Expressions for Which the Result Is Greater than 22,000. Such
expressions can be solved in steps using such methods as are most
advantageous. Where the exponent is integral, a useful method is
to factor 10 from the number as in the following examples:

(23.7)7 = ? The answer is much greater than 22,000, but can be
obtained by factoring 10 from the expression,

23.7)7 = (2.37 X 10)7 = (2.37)7 X (10)7
Using the LL secales, (2.37)7 = 420, hence
(23.7)7 = 420 X 107 = 4,200,000,000
Another example is
(12.1)5 = (1.21)% X (10)° = 2.59 X (10)® = 259,000

Another useful method is to split the exponent into two or more
smaller parts, compute each part separately using the LL scales,
and make a final computation using the regular multiplication-divi-
sion scales, or square scales.

(1.85)24-3 = (1.85)!% X (1.85)!*3 = 470 X 6600 = 3,100,000
Another solution would be to halve the exponent:
(1.85)24:3 = (1.85)!%:15 X (1.85)'2:1° = 1760 X 1760 = 3,100,000

There may be a slight difference in the answers because the operator
is unable to read the LL scales throughout with the same degree of
aceuracy.

(17.3)+7 = (17.3)235 X (17.3)235 = (810)> = 655,000

(1.26)% = (1.26)2* X (1.26)2* = (256)% = 65,500

or
(1.26)*% = (1.26)'¢ X (1.26)'¢ X (1.26)'% = (40.3)® = 65,600
A third useful method is to factor the number itself.
(12)52 = (3 X 4)52 = (3)52 X (4)>2 = 303 X 1350 = 408,000

This method is gencrally less efficient than the method of splitting
the exponent into parts.
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ExEercise 14

Evaluate the following expressions:

1
(1.0342) ¢ 17. (1.11)7%

L. 3.
2. (1.063)1" o
3. (1400)°! 18. (99.9)5.013
0.01 0.86
4. (32.5) o 19. (3.03)7%
5. (1.3721).42 20, (1.28)%
g' g'g;{f,% 21. (1.027)451
8. (1:072)“'17 22. (1.151)2?:’9
9. (1.024)* 7 23. (1.033)521
566 126
10. (1.26)2.6(; 24, (1.002)11
817 0.052
11. (2.163)047 25. (43.7)1
1 L
12. (10.6)0363 26. (4.63)341
13. (57.5)"7 27. (1.67)13
0.198 8_1_@
14. (3.08)L I
15. (8400)5+7 29. (1.0216)3%7
! L
16. (1.046)251 30. (11,200)722

- Determine the value of z in the following expressions:

2 _ 1
31, (5.47)° = 213 35. (1.346)c = 5.04
32. (1073)I = 3.24 36. (l‘)17'4 = 209

r _ 1
33. (37.3)" = 1.95 37, ()75 = 1.64

1 29 .
34, (247)r = 1.243 38. ()% = 1.039
Fvaluate the following expressions:

5 1
39. (134)° 43. (34.5)077
40. (6.8)" 44. (2.064)%
41. (1.76)25-2 N
42. (157)3 45. (1.455)00

46. (62.0)*

27. The LLO1, LL02, and LLO3 Scales. The LLO1, LL02, and
LLO03 scales, or the LLO scales, represent a single scale of numbers
reading ffom right to left from approximately 0.00005 to 0.99 which
has been split into three parts. The LLO scales have also been
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arranged like the LL scales so that the LLO2 scale gives the tenth
power of a number on the LLOI scale, and the LLO03 scale gives the
tenth power of a number on the I.LL02 scale. Furthermore, the
arrangement for operation of the IO scales is such that the same
directions of movement for positive exponents apply both to the
LL scales and to the LLO scales. This is obtained by reversing the
direction of the LLO scales to show increasing magnitude from right
to left instead of from left to right. Thus, raising a number on each
group of scales to the same power, say to the 4.2 power, is done by
reading in the same direction. The procedure is outlined for each
group as follows:

(1.19)*2? LL scales (0.861)*-2 LLO scales

Runner to 1.19 on LL2 Runner to 0.861 on L1.02
Slide to 4.2 on CI Slide to 4.2 on CI

Runner to right index Runner to right index
Read 2.08 on LL2 Read 0.533 on LL02

In each case, the answer is read to the right along each scale (Fig. 83).
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For both groups of scales, then, for powers greater than one, the
answer is read to the right, and, for powers less than one, the answer
is read to the left. The reason for this is obvious. Raising a number
greater than one to a power greater than one increases the number,

., (2)» = 8. On the other hand, raising a number less than one
to a power greater than one decreases the number, e.g. (0.2)* =
0.008. By reversing the direction of the LLO scales with respect
to the LL scales, a movement to the right corresponds to an increase
on the LL scales but a decrease on the LLO scales, or corresponds
in each case to raising a number to a power greater than one. A
movement to the left similarly corresponds in each case to raising a
number to a power less than one.

The following examples are grouped according to exponents as
was done in the preceding section and illustrate the application of
the rules of procedure to the LLO scales.

Exponents between 1 and 10

(0.224)3! Runner to 0.224 on LL0O3 (Fig. 84)
Slide to 3.1 on CI
Solve as Runner to right index
0.224 X 3.1 Read 0.0096 on LLO03
Loz * ml[nulmﬁ‘. |||.|.|. |'\‘ I & I | I|ln|l7PlI||||lnl||||| taim o] e, ot
LLO3 s 30 . 20 II‘&’YIII'III;%N |15||||I|In‘lﬁmln:gnulnulLIim5|I|1|||n|
rgrony ...,T l\w,r!u\'.'m|l\wl|\wg||\vu||\%|.u§,1,hhw.|.|. h'.‘ﬂﬁi\\}lll .-.'u,'.mhlﬁr bkt '|”W**;L“*I‘,‘ R
gty ”1'“'""'1 gt ey I
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LL2 ""l" TS P Sy (Il U R UG U
Fiag. 84.
(0.953)°-42 Runner to 0.953 on LLO1
Slide to 5.62 on CIF
Solve as Runner to upper index
0.953 X 5.62 Read 0.763 on LL02
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(0-825)6%':’7 Runner to 0.825 on 1102 Ezponents between 10 and 1000
) (0.815)3 Perform as (0.815)2:3% (Fig. 85)
Slide to 0.627 o.n CF Runner to 0.815 on LL02
?)(;IQV; " ftunner to uppor index Slide to 2.35 on CI
0.627 Read 0.736 on LLOZ Runner to right index
Read LL03 instead of LL02 to get
(0.209)367%g Runner to 0.209 on 1102 0.0082
Slide to 2.17 on C m
Solve as Runner to 6.23 on C T (A S ottt "‘ﬁ;"”'l'm“m .‘:..:|ﬂl.‘..n..un...lt..:a‘.’.‘?ﬁ. ....l..?i'??.z.‘.
o Read 0.0112 on 1103 A v e e R T S SR B
e o A, LT AL 7 R
Exponents between 1 and 0.1 ':l;l“l“'l':' h“:”“"“: o J,;;.L', o "ﬂallL' ] Sy
(0.944)°-462 Runner to 0.944 on 1101
Slide to 0.462 on CIF Fio. 85.
Solve as Runner to upper index (0.9796)34¢ Perform as (0.9795)3-4¢

0.944 X 0.462

1
(0.00036)7

Solve as
0.00035
4.03

(0.883)°-254

Solve as
0.883 X 0.254

Read 0.9737 on LI.O1

Runner to 0.00035 on 1.1.03
Slide to 4.03 on C

Runner to left index

Read 0.139 on 1.1.03

Runner to 0.883 on 1.1.02
Slide to 0.254 on CIF
Runner to upper index

Read 0.9689 on 1101

Runner to 0.9795 on LLO1
Slide to 3.46 on CI
Ru‘nner to right index
Read L103 instead of LLO1 to get
0.00078

1

(0.94:2)'071ﬁ Perform as (0.942)035
Runner to 0.942 on LLO1
Slide to 0.35 on C
Runner to left index
Read LI03 instead of LLO2 to get
0.182
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Ezxponents between 0.1 and 0.001 | Ezxpressions of the Type, (0.846)* = 0.0632
(0.0028)0-046 Perform as (0.0028)°-46 (0.846)* = 0.0632 Runner to 0.0632 on LLO03
Runner to 0.0028 on LL03 x=7 Upper index to hairline
Slide to 0.46 on CIF Runner to 0.846 on L102
Runner to upper index : Read z as 16.5 on CIF
‘( Read LL02 instead of LLO03 to get .
0.763. (0.037)= = 0.241  Runner to 0.241 on LL03
M z="7 Left index to hairline

Runner to 0.037 on LL03

Runner to 0.062 on LLO0O3 Read z as 2.32 on C

!

\

} (0.062)0-019 Perform as (0.062)°-'?
\

‘ Slide to 0.19 on CIF

‘ Runner to upper index Expressions of the Type, z°'% = 0.431
| Read LLO1 instead of LLO2 to get 612 _ 0,431 Runner to 0431 on LLO2
| 09485 | z=7? Right index to hairline
| ‘ 1 1
(0.707)213 Perform as (0.707)213 (Fig. 86) Runner to 6.12 on CI
Runner to 0.707 on LL02 ) Read z as 0.8715 on LLO02

Slide to 2.13 on C
Runner to left index
Read LLO1 instead of LL02 to get
0.98385

x0-022 = 0,964 Runner to 0.964 on LLO1
rx=7 Upper index to hairline
Runner to 0.022 on CIF
Read x as 0.189 on LL03

andadfo, AR (S A [T 5o+ AN RRRIARN I, SR Ezxpressions for Which the Result Is Less than 0.000046
nllnlhm‘unllln'lml||ﬂ T ||||I|||D|3||n|||||* tlhh |I|I|I|lﬂ| IlV n }'l‘l"‘hl"""“?'"'l""T' 1l "T“"h'"f' 'Il"'?““m”'l VL
'1'?\'4'.'|'J\'l'r|‘l'.'ﬁ\'l'}s"’I'Jé'l'ﬁul'.\lf..\ lw’h.w.,up, m,.ixl,,m 1‘]':4'@1”5% """“""“"““‘“'"""" R ! B (0.172)%:2 = (0.172)*1 X (0.172)*1 = (0.00074)2
RPAYE SHRYRY e o e . A = 0.000000548
; L iyl ooy s 1 0475 0.023
| i S, A IE . A ARV M A RS o A - 0.047)° = i = s = 000000023
| —

Fia. 86.
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ExXERCISE 15

Evaluate the following expressions:

1. (0.9811)'° 12. (0.9884)7
2. (0.984):)(’? 13, (0.847)2;"
3. (0.515)" 1
4. 20.02730-01 14. (0.028)'7
6. (0.9072)77 15. (0.927)63
6. (0.816)*4 16. (0.024)0-21_
7. (0.958)7-2% 17. (0.707)0-996

1 1
8. (0.935)039 18. (0.101)55

1 19. (0.00064)0-0'8
9. (0.582)75 (0.00064)
10. (0.752)%-5 20. (0.937)

23_.6
11. (0.933)32

Determine the value of = in the following expressions:

21. (0.842)" = 0.507 é N

1 =
23. (0.157)= = 0.667 26. 1 0.9295

24. 54 = 0.00026
Evaluate the following expressions:

27. (0.054)*2
28.- (0.0082)3-*

29. (0.825)7
30. (0.306)!5

28. Negative Exponents. In solving for numbers with negative

1
exponents, such as (10.43)~21% (0.875)~7-2, and (7.43) %2, both the
LL scales and the LLO scales are used. These two groups of scales
are arranged so that the numbers on any scale in one group are the
reciprocals of numbers on the corresponding scale in the other group.
When the runner is set to 10 on the LL3 scale, it is also on 0.1 on the
LLO03 scale; when it is set to 2 on the LL2 scale, it is also on 0.5 on
the LLO2 scale. See Fig. 87. The significance of this relationship
becomes apparent upon recalling the relationship between positive

and negative exponents. A number raised to a negative power is

1

the reciprocal of the number to the positive power, e.g. (5)7* = 3
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Consequently, in solving for 5* on the LL3 scale to obtain 625, the

1 . . .
value of its reciprocal i OF of (5)™*, is also obtained by reading the

hairline on the corresponding LLO03 scale to get 0.00160 (Fié. 88).
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Therefore to evaluate a number raised to a negative power, simply
evaluate the number raised to the positive power but read the answer
on the corresponding scale in the other group of scales. The follow-
ing examples illustrate the procedure in various cases:

Solve as (10.16)2'¢ on LL scales, read LLO
scales
Runner to 10.16 on L1L3
Slide to 2.16 on CI

(10.16)—2-1¢

Runner to right index

Read 0.0067 on 1.1.03



132

THE LOG LOG SCALES

(0.875)~ 72

1
(7.43) 62

(1.027)—0-49

247

(0.933) +2

(1.0182) ™ = 0.661

Solve as (0.875)7-2 on LIO scales, read LL
scales
Runner to 0.875 on LI1.02
Slide to 7.2 on CI
Runner to right index
Read 2.62 on LL2

Solve as (7.413)‘?16—2 on LL scales, read LLO
scales
Runner to 7.43 on LL3
Slide to 4.62 on C
Runner to right index
Read 0.648 on LI02

Solve as (1.027)%*% on LL scales, read LLO
scales
Runner to 1.027 on LL1
Slide to 0.49 on CI
Runner to left index

Read 0.9870 on L1O1

2.47

Solve as (0.933)%2 on LILO scales, read LL
scales
Runner to 0.933 on L1.0O1
Slide to 4.92 on C
Runner to 2.47 on C
Read 1.0354 on LLL1

Runner to 0.661 on LI02
Upper index to hairline
Runner to 1.0182 on LL1
Read x as 22.9 on CIF
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1

(0.0037) = = 4.26

x~242 = 0.763

Runner to 4.26 on LL3
Left index to hairline
Runner to 0.0037 on 1103

Read x as 3.86 on C

Runner to 0.763 on L102
Upper index to hairline

Runner to 2.42 on CIF
Read x as 1.1183 on L1.2

IEXERcISE 16

Evaluate the following expressions:

1.

(1.25)~4-3

2. (4.23)7379

—
C® PN & pW®

29

simple logarithmic scales such as the D, CI, and C scales.
example, the product 4.27 X 3.21 = 13.7 is solved as:

log 4.27 + log 3.21 = log 13.7

(1.0375) 464
(293)—0.1 62
1

(15.75) 783
1

(1.567) 122
(2.55)—0.287
(2400)—0.0059

.62
(6.93) 456
(1.273)72:33

. Principle of the Log Log Scales.

11,
12.
13.

14.

15.
16.
17.

18.
19.
20.

(0.888) 219

(0.0165)0-333

(0.9875)~11-7
1

(0.556) 247
6.27

(0.202) " 194
(0.939)—0-567

(0.9476) 822
1

(0.00017) 69
(0.353)—0.441
(0.9892)57:6

Regular multiplication is
solved on the slide rule by the simple addition of logarithms using

For

where the log 4.27 and the log 3.21 are added by using the D and
the CI scales.

For exponential expressions, this simple taking of logarithms is
not sufficient to transform the computation into the sum of two
quantitics; for example:

(4.27)%-21 = 106
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Taking logarithms once gives
log (4.27)%2! = 3.21 X (log 4.27) = log 106

At this stage of the computation, there is no addition of quantities,
but only the product of one number by the logarithm of another
number. In order to transform the expression into an addition or
subtraction of logarithms of one sort or another, it is necessary to
take logarithms a second time:

log [3.21 X (log 4.27)] = log 3.21 + log log 4.27 = log log 106

Now the expression is in the general form in which two quantities
are added to give a third quantity, and the computation can be
solved by placing log log scales on the slide rule in addition to the
regular log scales. Basically, the solution is obtained by adding the
log log of 4.27 on the LL3 scale and the log of 3.21 on the CI scale,
the result being read on the log log scale. And so exponential ex-
pressions in general can be solved in combination with the log scales.
The student must remember that by log scales are meant such scales
as the D, CI, and C scales which are logarithmically subdivided,
and not the so-called “Log Scale” or L scale which is actually an
arithmetic scale used in obtaining the numerical value of the common
logarithm of a number in case such should be desired. For expo-
nents in fractional form, the computation would be solved as a
division:

1

Computation (54)*>7 = 445
. L 1 log 54
Solut 1) log (34)27 = __log 54 = —22% _ |00 4.45
olution (1) log (54) 575 0g 5 579 og 4.45

(2) loglog 54 — log 2.72 = log log 4.45

In the first step of the solution, the log 54 is divided by 2.72; hence
the next step using the log log scales is the solution of this quotient
which gives the difference rather than the sum of two quantities.
This is performed by setting log log 54 on the LL3 scale, subtracting
log 2.72 from it using the C scale, and reading the answer on the log
log scales.

Actually the log log scales are not constructed by taking common
logarithms, logarithms to the base 10, twice in suecession.  Tf this
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had been done, the mark for 10 on the LL3 scale would be opposite
the left index of the D scale, since log log 10 = log 1 = 0. The first
logarithm is a natural logarithm, i.e., to the base e, so that e is
opposite the left index of the D scale. This is shown by logi,
log. e = log;o 1 = 0. The log log scales, then, are actually log,, log,
scales. The result of this construction is to bring both limits of the
ranges of the LL. and LLO scales closer to 1 than they would be if
common logarithms had been used entirely. The present ranges
are for the LL scales from 1.01 to 22,000 and for the LLO scales from
0.99 to 0.000045. If common logarithms had been used entirely,
the ranges would have been for the LI scales from 1.023 to
10,000,000,000 and for the LLO secales from 0.977 to 0.0000000001.
In this event, the scales would have been much too inaccurate near
the outer limits of the ranges to have been of any practical value.
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TRIGONOMETRIC SCALES

30. Introduction. The trigonometric scales are the S, T, and ST
scales, which are all graduated in degrees of an angle. On some
rules the scales are divided into degrees, minutes, and seconds; on
other rules they are divided into degrees, tenths, and hundredths.
The S scale is for sines and related functions, the T scale is for
tangents and cotangents, and the ST scale for both sines and tan-
gents of small angles.

The numerical value of functions of an angle can be quickly
determined with the trigonometric scales. The functions most fre-
quently used are the sine, cosine, and tangent. The relations be-
tween these and the cotangent, secant, and cosecant are given for
reference purposes. /

. 1
sin r =
ese x
1
cosxr =
sec
1
tanx = ———
cot x

cosz = sin (90° — x)
tan (90° — )

1l

cot =

31. The S and ST Scales—Sines, Cosines, Secants, and Cose-
cants. The S and ST scales are used to obtain the numerical values
of the sines, cosines, secants, and cosecants of angles. The black
numbers on the S and ST scales are for sines of angles which range
from 0°34/(0.57°) to 5°44’(5.73°) on the ST scale and from
5°44’(5.73°) to 90° on the S scale. The values of the sines of these

angles vary from 0.01 to 0.1 for the ST scale and from 0.1 to 1.0
136
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for the S scale, and are shown by the legends at the right ends of
the scales. The ST scale is so designated because it is used for both
sines and tangents of angles less than 5°44’(5.73°) for which the
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numerical values of the tangent do not differ by more than 1 in 200
from the numerical values of the sine. The value of the sine of an
angle is read on the C seale, or the D seale if the slide is lined up
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with the D scale. The runner is set to the angle on the S or ST
scale and the value of the sine is read on the D or C scale. The
following examples are illustrated in Fig. 89.

sin 9°307(9.56°) Runner to 9°30'(9.5°) on S black
Read 0.165 on D or C

sin 48°18'(48.3°) Runner to 48°18'(48.3°) on S black
Read 0.746 on D or C

sin 1°30'(1.6°) Runner to 1°30’(1.5°) on ST
Read 0.0262 on D or C

The red numbers on the S scale are for cosines of angles, it being
observed that, for example, the sin 25° = cos (90° — 25%) = cos 65°.
There are no red numbers on the ST scale, but it can be used for
cosines of angles between (90° — 5°44’) and (90° — 0°34'), ie.,
between 84°16/(84.27°) and 89°25'(89.43°). The following examples
are illustrated in Fig. 90:

cos 18°30'(18.6°) Runner to 18°30/(18.5°) on S red
Read 0.948 on D or C

cos 87°36'(87.6°) Runner to 2°24'(2.4°) on ST
Read 0.0418 on D or C

Since the cosecant and secant are reciprocals of the sine and cosine
respectively, the values of the cosecant or secant of an angle can
be read directly on the CI scale by setting the runner on the respec-
tive sine or cosine values. The CI and C scales are reciprocal scales
as explained on page 47. Accordingly, the numerical values of the
cosecant and secant are from 10 to 100 for angles on the ST scale
and from 1 to 10 for angles on the S scale.

csc 26° Rununer to 25° on S black
Read 2.36 on CI
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Cos 87°36". Cos 87.6°,

Fia. 90,
csc 76° Runner to 76° on S black

Read 1.03 on CI

sec 22° Runner to 22° on S red
Read 1.08 on CI

sec 83° Runner to 83° on S red

Read 8.20 on CI

csc 1° Runner to 1° on ST
Read 57.3 on CI

sec 87° Runner to 3° on ST
Read 19.1 on CI

The S and ST scales are also used in reverse to find the magnitudes
of angles when the values of their functions are given,
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sin x = 0.436 Runner to 0.436 on D or C (Fig. 91)
Read z as 25°51'(25.85°) on S black
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Fic. 91.

sin x = 0.0121 Runner to 0.0121 on D or C

Read z as 0°41’30”(0.692°) on ST

cos x = 0.812 Runner to 0.812 on D or C (Fig. 92)

Read z as 35°42'(35.7°) on S red
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cos x = 0.066 Runner to 0.055 on D or C
Read z as (90° — 3°9’) on ST
or as 86°517(86.85°)
sec x = 1.24 Runner to 1.24 on CI
Read x as 36°12/(36.2°) on S red
csc x = 28.2 Runner to 28.2 on CI

Read x as 2°1748"(2.03°) on ST
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FExercise 17

FEvaluate the following sines and cosines:

1. sin 14°18'(14.30°) 11, sin 10°10/(10.17°)
2. sin 57°24/(57.40°) 12, cos 47°50/(47.83°)
3. sin 0°44/(0.733°) 13. cos 87°15'(87.25°)
4. cos 17°40'(17.67°) 14. cos 89°

5. cos 82°12/(82.20°) 15. sin 6°45'(6.75°)
6. sin 2°33/(2.55°) 16. sin 40°30/(40.50°)
7. cos 5°30'(5.50°) 17. cos 32°16/(32.27°)
8. sin 18°23'(18.38°) 18. sin 5°5'(5.083°)
9. sin 81°30/(81.50°) 19. cos 72°12(72.20°)
10. sin 22°45(22.75°) 20. sin 1°46/(1.767°)

Evaluate the following secants and cosecants:

21, sec 17° 26. ese 2°
22. csec 49° 27. sec 89°
23. csc4° 28. csc 76°
24. sec 83° 29, esc 7°
25. cse 13° 30. sec 65°

Determine z in the following equations:

31. sinz = 0.629 36. cosz = 0.185
32. sin z = 0.0166 37. sinz = 0.970
33. cosz = 0.848 38. sin x = 0.0862
34. sinz = 0413 39. cosz = 0.945
35. cosz = 0.0772 40. cosz = 0.533

32. The T and ST Scales—Tangents and Cotangents. The T and
ST scales are used to obtain the numerical values of tangents and
cotangents of angles. The black numbers on the ST and T scales
are for tangents of angles from 0°34'(0.57°) to 5°44'(5.73°) on the
ST scale and from 5°43(5.71°) to 45° on the T scale. The numerical
values for the tangents of these angles are read on the D or C scales.
The black legends at the right ends give the ranges of values for the
two scales. The red numbers on the T scale are for tangents of
angles from 45° to 84°17/(84.29°). The numerical values are read
on the CI scale and range from 1 to 10 as indicated by the red legend
at the right end. The following examples are illustrated in Fig. 93:
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tan 34° Runner to 34° on T
Read 0.675 on D or C

tan 4° Runner to 4° on ST
Read 0.0698 on D or C

tan 81° Runner to 81° on T
Read 6.31 on CI
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Tan 81°.

Fic. 93.

The cotangent of an angle is the reciprocal of the tangent and is
also obtained on the T and ST scales. The cotangents of angles
between 0°347(0.57°) and 45° would be read on the CI scale and of
angles between 45° and 84°177(84.29°) on the D or C scale.

cot b° Runner to 5° on ST
Read 11.48 on CI
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cot 33° Runner to 33° on T
Read 1.54 on CI1

cot 73° Runner to 73°on T
Read 0.306 on D or C

The tangent and cotangent of angles between 84°16'(84.27°) and
89°267(89.43°) can also be found from the ST scale as follows:

|
cot 88° cot 88° = tan 2° |
Runner to 2° on ST
Read 0.0349 on D or C

tan 87° tan 87° = cot 3°
Runner to 3° on ST
Read 19.1 on CI

|
The T scale is used in reverse as are the S and ST scales to find
angles from given values of their functions.

tan x = 4.62 Runner to 4.62 on CI
Read z as 77°48(77.8°) on T red

tan x = 0.762 Runner to 0.752 on D or C
Read z as 36°54/(36.9°) on T black

tan x = 0.0231 Runner to 0.0231 on D or C
Read z as 1°19'24”(1.32°) on ST

cot x = 0.307 Runner to 0.307 on D or C
Read z as 72°557(72.92°) on T red

cot x = 6.42 Runner to 6.42 on CI
Read z as 8°517(8.85°) on T black

cot x = 47.3 Runner to 47.3 on CI
Read z as 1°13’(1.21°) on ST
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ExERrcist 18

Lvaluate the following tangents and cotangents:

1. tan 16°15(16.25°) 11. cot 0°54(0.90°)

"2. tan 36°30'(36.50°) 12. tan 87°30/(87.50°)
3. tan 2°40'(2.67°) 13. tan 89°18/(89.30°)
4. tan 49°45'(49.75°) 14. cot 86°42/(86.70°)
[6. cot 6°307(6.50°) 16. tan 1°28/(1.467°)
6. tan 81°20/(81.33°) 16. cot 19°15(19.25°)
7. cot 22°30'(22.50°) 17. cot 69°20'(69.33°)
8. cot 83°12/(83.20°) 18. tan 6°6'(6.10°)

9. cot 38°24'(38.40°) 19. tan 66°12’(66.20°)
10. tan 67°48/(67.80°) 20. cot 47°24'(47.40°)

Determine z in the following equations:

21. tan z = 1.63 26. tanx = 7.79
22. cot xz = 0.192 27. tanzx = 234
23. tan x = 0.0427 28. cot z = 0.0320
24. cotx = 4.79 29. tan z = 0.938
25. tan z = 0.667 30. tan z = 0.0122

33. Functions of Angles of Less than 0°34'(0.67°). The functions
of angles smaller than those on the ST scale can be obtained
readily by using the relation that for small angles, sin z = tanz =
(in radians), approximately. There are two gauge points on the
ST scale which correspond to the numerical values in radians of an
angle of one minute and an angle of one second on the CI scale. One
gauge mark is called the minutes () gauge, and the other is called
the seconds (") gauge. Since sin 4’ = 4’ (in radians) approximately,
or 4 X radian measure of 1/, the sin 4’ is obtained by the correspond-
ing procedure:

Runner to 4 on D (Fig. 94)
Slide to minutes gauge on ST
Runner to left index

Read 0.001164 on D
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Fic. 94.

This is actually the multiplication of a number on the D scale by a
number on the CI secale since the minutes gauge is the mark corre-
sponding to the radian measure of 1’ on the CI scale. The decimal
points for functions of small angles can be determined from the
following data:

0.1° = 0.002 (2 zeros, 2) radians approximately
= 0.0003 (3 zeros, 3) radians approximately
1”7 = 0.000005 (5 zeros, 5) radians approximately

The following examples illustrate the procedure:

sin 2’ Answer = 2 X 0.0003 = 0.0006 approx. (Fig. 95)
Runner to 2 on D
Slide to minutes gauge

Runner to right index
Read 0.000582 on D
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sin 33"
or = 0.5 X 0.0003
Runner to 33 on D
Slide to seconds gauge

Runner to left index

Read 0.0001602 on D

97 .96
| l||\||| NN anNnn

Answer = 33 X 0.000005 = 0.000165 approx.

(Fig. 96)

= (.00015 approx.
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F1a. 96.

tan 7"
Runner to 7 on D
Slide to seconds gauge

Runner to left index

Read 0.0000339 on D

sin 0.082° 0.082° — 60 X 0.082 = 4.0/

Answer = 5 X 0.0003 = 0.0015 approx.

Runner to 4.92 on D
Slide to minutes gauge
Runner to left index

Read 0.001433 on D

Answer = 7 X 0.000005 = 0.000035 approx.
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The reverse process of finding the magnitude of the angle from its
function is also illustrated as follows:

tan x = 0.00082 z = 8 ((—)O—OO§> = 2 (Fig. 97)

3 0.0003
Runner to 0.00082 on D
Right index to hairline

Runner to minutes gauge
Read z as 2'49"(2.82") on D
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Fia. 97.

sin x = 0.0000149 =z = 15 (O 000015) = 3"

0.000005
Runner to 0.0000149 on D
Left index to hairline
Runner to seconds gauge
Read z as 3.07" on D

Sinee the cos z = sin (90° — 2) and cot z = tan (90° — 2), the
cosines and cotangents of angles greater than 89°26/(89.43°) can be
found by computing the sines and tangents respectively of the com-
plementary angles.

cos 89°42" = sin 18 = 0.00524
Also, since
1 1 1

— tan 89°42" = ———— = - —— =191
tan (90° — tan 18 sin 18/

tanx =
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Values of secants of angles close to 90° and of cosecants of angles
close to 0° can be easily found from the corresponding values of the
sine function.

1
)8’ = — - = 191
esc 0 sin 0°18

1
0497 — 018" = = 191
sec 89742 csc 0 i 0°187

ExercisE 19

Evaluate the following functions:

1. sin 17 7. cos 89°46’
i 2. tan 4'30” 8. cot 89°59'10”
1 3. sin 43" 9. csc 24’45”
il 4. tan 22’ 10. sec 89°53’
H 5. sin 615" 11. csc 6”
I 6. tan 8.5” 12. sin 31/
Determine z in the following equations:
13. sin z = 0.000872 17. cos z = 0.00207
i 14. tan z = 0.0000436 18. cot x = 0.000919
i 16. sin z = 0.00369 19, tan z = 0.0000864
| 16. sin z = 0.0000133 20, cot z = 0.000371

_A__U

VI

SPECGIAL OPERATIONS

34. Reciprocals. The CI scale and the C scale arc reciprocals,
Le., if the runner is placed on a number on the C scale, such as 2,
its reciprocal, 3 = 0.5, is read on the CI scale (Fig. 98). The scales
can be used in two ways, either in setting a number on the C scale
to read the reciprocal on the CI scale, or in setting a number on the
CI scale to read the reciprocal on the C scale. The CF and CIF
scales are also reciprocal scales. Thus, the reciprocal of any number
can be found with these scales.

1 Runner to 13.7 on C sty sttt Yot g 11030100
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1 Runner to 423 on C
423 Read 0.00236 on CI Fic. 98.

(Note that 35 = +&o = 0.002)

1 Runner to 0.37 on C
0.37 Read 2.70 on CI

The LL scales and the corresponding LLLO scales are also recipro-
cals as was mentioned in section 28. They cannot be uscd generally
since the range of numbers over which they extend is limited. Also,
the number of significant figures which can be read on each group
of scales varies greatly. The LL scales cannot be read as accurately

above e as can the C and CI scales. The number ¢is2.718- - -, the
base of natural logarithms.! Likewise, the LLO scales cannot be
149
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1
read as accurately below —, or 0.368, as can the C and CI scales.
e

This means that the LL3 and LLI03 scales are less accurate than the
C and CI scales. However, the LLL3 and 1.1.03 scales can be read to
three significant figures in many places. The LL1, LL2, LLO1, and
LL02 scales are more accurate than the C and CI scales, especially
for values close to 1 where as many as six significant figures can be
read. The LL and LILO scales have the very obvious advantage of
having the decimal point already placed. Although it may be desir-
able to use the C and CI scales instead of the LL3 and LI03 scales
for the reciprocals of numbers between, say, 6 and 22,000 and be-
tween 0.10 and 0.000045, the log log scales do provide a ready means
of setting the decimal point in such reciprocals. The following
examples are for numbers on the LL1, LL2, LI01, and LL02 scales:

1 Runner to 1.372 on L1L2 (Fig. 99)
1.372 Read 0.729 on LL02
1 Runner to 0.563 on LI1.02 (Fig. 100)
0.663 Read 1.776 on L12
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Fia. 99. Fig. 100.
1 Runner to 0.9864 on I.1.01
0.9864 Read 1.01378 on LI.1
1 Runner to 1.0347 on L1.1
1.0347 Read 0.9664 on LLO1

——
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Exercise 20

Determine the reciprocals of the following quantities using the C and
CI scales, or the CF and CIF scales:

1. 5.75 6. 4220
2. 186 7. 8.67
3. 23.6 8. 0.211
4. 0.0247 9. 0.0875
5. 0.00886 10. 152

Determine the reciprocals of the following quantities using the LL and
L.LO scales:

11. 1.0165 16. 1.0859
12. 2.037 17. 0.853
13. 1.468 18. 0.9862
14. 0.97675 19. 1.898
15. 0.7168 20. 0.583

35. Proportions. The ratio of two numbers, say 2 and 5, is ex-
pressed as 2 divided by 5 or as 2. A proportion is a statement of the

equality of two ratios, for example £ = 4. If one of the quantities
. 3. x .
in a proportion is unknown, such as 2" 19 the proportion can

3.7 X 19

be changed to give z = , and z can be determined by the

standard procedure for multiplication and division. However, the
solution can also be obtained as quickly by the device of setting the
factors on the C and D scales in similar positions to those in the
proportion. The procedure to determine z is as follows:

Runner to 12 on D

Slide to 3.7 on C

Runner to 19 on D

Read z as 5.86 on C

(Fig. 101)
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In this solution 3.7 is set directly over 12 and z is read directly
3.7 (on C) @ (onC)

over 19 on the C secale, = .
12 (on D) 19 (on D)

In a proportion in which z is in the denominator, z would be read
on the D scale. To determine z in the following proportion, the
factors would be set on the scales as indicated:

6.12 (on C) B 21.7 (on ©)
843 (on D)  z (on D)
whence z = 29.9 on D

The disadvantage of the proportion device is that frequently
when the slide is set to the known ratio, the unknown ratio is off of

the rule. For example in }-§ - v

8.43 29.2
set opposite 8.43 on the D scale, the slide is shifted far to the right
and nothing is opposite 29.2 on the D scale. To reset the slide is to
lose the efficiency of the device of setting the factors like they are

" in the proportion. Using the folded scales is not always an alterna-

, when 1.26 on the C scale is

PROPORTIONS 153

tive because in this particular case, the same situation occurs on
the upper scales. Using the upper scales for one ratio and the lower
scales for the other will solve this type of problem easily, but has
the disadvantage that the ratio set on the upper scales must be
inverted with respect to the ratio set on the lower scales.

1.26 z

843 292
to use a combination of upper and lower scales, such as the DF and C
scales. The procedure is as follows:

Runner to 1.26 on DF
Slide to 8.43 on C

Runner to 29.2 on C
Read 4.36 on DF

Another method of solving such proportions as

The D and CF scales could also be used.

Iixercise 21

Evaluate z in the following proportions:

2B 2% _ 2

327 677 728 243

c 1249 109z
YT 6 103~ Tas
216 893 324 472
3. == e
842 213 648 19.5
T & ooz = 4

9. A pole 12.5 feet tall casts a shadow 6.84 feet long. How tall is a
monument which casts a shadow 47.2 feet long?

10. A man 6 feet 3 inches tall casts a shadow 15.40 feet long.  1low long
a shadow will be cast at the same time by a man 5 feet 3 inches tall?

11. The ratio of height to width of a window to make the best appear-
ance in a certain type of house is 17:11. If a window is to be 3 feet 2 inches
wide, how high should it be?

12. A contractor has found that under certain conditions 5 bottom-
dump earth hauling units can move 3350 cubic yards of earth per shift.
How many units will he need if he is to haul 8650 cubic yards per shift
under similar conditions?
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13. If 14,300 cubic yards of fill cost $4292
in place, what is the approximate cost of 9320
cubie yards of fill in place under similar con-
ditions?

36. A Series of Numbers Multiplied or
Divided by, or Divided into, One Factor.
1. Multiplication of a Series of Numbers
by One Factor. Set the upper index on the
single factor on the DF scale. Set the run-
ner in turn on each number in the series
either on the CF or the C scale, and read
the answer either on the DF or the D scale
respectively. For example: multiply the
series of numbers 4.11, 6.83, 8.64, 13.07,
16.81 by 0.746.
Runner to 0.746 on DF (Fig. 102)

Upper index to hairline

Runner to 4.11 on C
Read 3.07 on D

Runner to 6.83 on C
Read 5.09 on D

Runner to 8.64 on CF
Read 6.44 on DF

Runner to 13.07 on CF
Read 9.75 on DI

Runner to 16.81 on CF
Read 12.54 on DF

The change from C to CF could also
have been made with 6.83 or with 13.07.

SERIES OF NUMBERS AND ONE FACTOR

155

2. Division of a Series of Numbers by One
Factor. Set the single factor on the CF scale
opposite the upper index. Set the rununer
in turn on each number on the CF or the C
scale, and read the answer on the DF or the
D seale respectively. For example: divide
the series of 32.2, 24.15, 16.6, 11.9 by 8.05.

Runner to upper index (Fig. 103)
Slide to 8.05 on CF

Runner to 32.2 on C
Read 4.00 on D

Runner to 24.15 on C
Read 3.00 on D

Runner to 16.6 on C
Read 2.06 on D

Y Runner to 11.9 on C
Read 1.48 on D

PSS TIN PR INY AT Y
30 o

i
36

LLO3 1y 36 .

LLo2 |,

\
p g

Fia. 103.
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; EXERCISE 22
d
= 1. Multiply the series of numbers, 1.635, 2.08, 3.77, 5.15, 8.69, 12.06,
. by each of the following numbers;
3 (a) 3.72
2 (b) 7.63
(¢) 11.15
- 3. Division of One Factor by a Series of
Numbers. Set the factor on the CIF to the ! 2. Divide the series of numbers, 26.7, 49.9, 61.4, 97.3, 145.5, 316. by
A upper index. Set the runner in turn on each of the following numbers:
=i f each number on the CIF or the CT scale,
j;:_ *‘?‘ and read the answer on the DF or the D (a) 6.98
=== . . . (b) 13.25
£E5 scale respectively. For example: divide l
iy 138.3 by the series 17.8, 29.6, 42.4, and (c) 278
e ;5_1_; 66.1. 3. Divide each of the following numbers by the series of numbers,

. 367, 0.724, 1.063, 2.88, 5.57, 8.81:
Runner to upper index (Fig. 104) 0307, 0

The product of = times a number, say =N, is solved by logarithms as

pd Slide to 138.3 on CIF (a) 85.7

% o (b) 40.4
£ =) Runner to 17.8 on CIF (c) 14.64
I Read 7.77 on DF )
i : 37. Multiplication and Division Involving w. The upper scales,
E Runner to 29.6 on CI ' DF, CIF, and CF, begin with 7 as previously explained in section 11.
e Read 4.67 on D If the runner is set on a number on the D scale, it is also set on «
E ad bron times that number on the DF scale. The proof of this is simple.
¥

16

R to 42. .
unner to 42.4 on C1 log N =log = +log N. By placing = on the DF scale opposite the left

? Read 3.26 on D index of the D scale, log = is correspondingly added to the logarithm
: - of any number, N, on the D scale. The sum of the logarithms, i.e.,
% 3 Runner to 66.1 on C1 the product of = and the number, is on the DF scale opposite the
E 4 Read 2.09 on D ‘ number on the D scale (Fig. 105). This arrangement permits the
& 3 : following rules to be stated:

iy
1 lz

3 To multiply a number, N, by w, set the number on D and read =N
on DF (or on C and CF respectively).

[

iy

Wi

LLoz |,
LLo3 | %
tead

v N
To divide a number, N, by =, sel the number on DF and read — on
y Oy, T

D (or on CF and C respectively).
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To divide = by a number N, set N on CF and read % on CI.
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Pic. 105.
Examples:
15.4w Runner to 154 on D
Read 48.4 on DF
or Runner to 15.4 on C
Read 48.4 on CF
24,? Runner to 24.7 on DF
w Read 7.86 on D
o Runner to 0.832 on CF
0.832 Read 3.78 on CI

For circles, the circumference is = times the diameter. Obviously,
the DF and D seales, or the CF and C secales, are related to each
other respectively as the circumference and diameter of a ecircle.
To obtain the circumference, set the diameter on D and read on DF;
to obtain the diameter, set the circumference on DF and read on D.

2
The area of a cirele is #r? or - EZ -, where 7 is the radius and d is

the diameter. The D scale can be used with the A and B scales to
obtain areas from diameters and vice versa with a single setting of
the runner. Toward the right end of the A and B scales is placed a

special mark representing Z or 0.7854. When this mark on the B
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scale is placed opposite the right index of the A scale, then the rela-
tion of B to D is as area to diameter. For example: sef % on B o
right index of A.

(Fig. 106)

Diameter 6.2  Runner to 6.2 on D
Read area as 30.2 on B cycle 2
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Diameter 2.6  Runner to 2.5 on D
Read area as 4.91 on B cycle 1

Diameter 16.6 Runner to 16.5 on D
Read area as 214 on B cycle 1

Area 57.6 Runner to 57.6 on B cycle 2
Read diameter as 8.56 on D
Area 143.1 Runner to 143.1 on B cycle 1

Read diameter as 13.5 on D
For diameters between the integers 1000 and 1130, and the
™
corresponding areas between 7854 and 1000, the mark for 1 on the

B scale must be set opposite the center index of the A scale. As
the B scale was originally set, it did not extend over the interval

from 1000 to 1130 on the D scale, as can be seen in Fig. 106. In

setting Z opposite the center index of A, the eycles of the B scale
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are thus shifted with regard to their normal designation. The left
cycle now corresponds to cycle 2 and the right cycle to cyele 1 for
setting the decimal point. This shift is illustrated in the following
example:

Diameter 10.65 Runner to 10.65 on D
Read area as 89.1 on B cycle 2

There are 27 radians in a circle, ie., in 360°. Radians may be

27T T
converted mto degrees by setting the ratio —— , or —— , on the upper
grees by setime 360"~ 180 PP

scales, and vice versa. For setting the decimal point the relationship
that 1 radian is approximately 60° can be used. Examples of con-
version are as follows: set 180 on CF opposite = right on DF.

1.5 radians Runner to 1.5 on DF
Read 85.9° on CF

0.243 radians Runner to 0.243 on DF
Read 13.92° on CF

0.468 radians Runner to 0.468 on D
Read 26.8° on C

173° Runner to 173 on CF
Read 3.02 radians on DF

Many multiplications, divisions, and combinations involving three
factors of which one is 7 can be easily computed using the value of =
on the folded scales, and also the relationship between the regular
and the folded scales. For example:

Multiplication 4.68 X 2w
Runner to 4.68 on D
Slide to 2 on CI
Runner to = on CF
Read 29.4 on DF

MULTIPLICATION, DIVISION INVOLVING 7 161

Multiplication 2.27 X 1.23w
Runner to 2.27 on D
Slide to 1.23 on CIF
Runner to upper index
Read 8.78 on DF

When 2.27 is set on the D scale, 2.277 is also set on the DF scale.

937
3.TTw

Runner to 9.37 on DF
Slide to 3.77 on C
Runner to lower right index
Read 0.791 on D

Duvision

is also set

In this example, when 9.37 is set on the DF scale, -

on the D seale.
144w
6.27
Runner to 14.4 on DF
Slide to 6.27 on CF
Runner to = on CF
Read 7.21 on DF

Combination

8.16 X 2.59

™
Runner to 8.16 on DF
Slide to 2.59 on CI
Runner to upper index

. Read 6.73 on DF

Combination

is also set on the D scale.

When 8.16 is set on the DF scale,

s
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Reciprocal

1
b

Runner to 5 on C

Read 0.0636 on CIF

ExEroIsE 23

Evaluate the following expressions:

8.
9.
10.
11,

12,

BN

47

. 0.735%
. 15.72#n
. 3.27

8.75

™

19.27

™

0.523

™

6.08

™

342 X 27
6.27 X 4.12x

1.65 X 0.5927

2
14.75

13.

14.

15.

16.

17.

18.

19.

20.

Convert the following angles to radians:

21. 86°
22. 42°
23. 265°

Convert the following angles expressed in radians into degrees:

27.

1.49

28. 0.37
29. 2.06

24,
25.
26.

30.

31.
32.

8.02x
3.62
17.67
4.95
16.2 X 7.16

™

22.8 X 4.97

497°
17°
366°

5.93
12.62
1.11

Compute the areas of circles which have the following diameters:

33. 249 36. 7.92
34. 61.8 37. 0.0186
35. 0.374 38. 10.4

Compute the diameters of circles which have the following areas:

39. 12.7 42, 37.3
40, 149 43. 8.46
41. 0.925 44. 529

45. What is the area of a circular garden plot inscribed in a plot of
ground which is 27.5 feet square? What percentage of the area of the

square is covered by the circle?

46. The lateral area of a cone of revolution is given by A = =rl, where
A = lateral area, 7 = radius of circular base, I = slant height. Find the
slant height of a cone whose base diameter is 17.6 inches and whose lateral

area is 2450 square inches.

38. Multiplication and Division Involving the A, B, and K Scales.

Many computations of the types 14.6(8.1)%, (6.1)3(2.3)%, 13V 124,

o V187 V14.6
0.875V/42.6, _1—85;71—21;“'9

continuous operation by using the A, B, and K scales along with the
D, CI, and C scales. There are too many possible combinations
like those above to try to include all of them in this book. A few
selected examples will illustrate the procedures to be followed. The
decimal point is set by inspection. Where the cyele on A, B, or K
is not specified, it is not significant in the operation. In some
operations of this type, it is necessary to re-set the slide since the
operation “runs off the rule.”

, and so0 on can be solved directly in one

14.6(8.1)° Runner to 8.1 on D [(8.1)% is on
Al
Right index of B to hairline
Runner to 14.6 on B
Read 958 on A
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(17.6)* Runner to 17.6 on D
42.3 on Al

Slide to 42.3 on B

[(17.6)? is
(Fig. 107)

Runner to center index of B

Read 7.32 on A
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1680 Runner to 5.23 on D [(5.23)? is
(6.23)* on Al (Fig. 108)

Slide to 1680 on B
Runner to center index of A

Read 615 0on B
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32.1V/14.05

197.2
V576

V 6280
124

21.7V8.23
3.24

V' 529
4.21 X 6.40

8.02 X 13.43
© \/1056

Runner to 14.05 on A cycle 2
[V'14.05 is on D]
Slide to 32.1 on CI

Runner to upper index of CF
Read 120.3 on DF

Runner to 197.2 on D
Slide to 576 on B cycle 1 [\/5?6
is on (]
Runner to upper index of CF
Read 8.22 on DF

Runner to 6280 on A cycle 2
Slide to 12.4 on C

Runner to left index of C
Read 6.39 on D

Runner to 21.7 on D
Slide to 3.24 on C
Runner to 8.23 on B cycle 1
Read 19.2 on D

Runner to 529 on A cycle 1
Slide to 4.21 on C

Runner to 6.40 on CIF
Read 0.854 on DF

Runner to 8.02 on D

Slide to 1056 on B cycle 2 ,
Runner to 13.43 on C

Read 3.32 on D
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61.2 X 0.238V'47.7 Runner to 47.7 on A cycle 2

1.82V'37.9V'1.37

3.13(7.43)?
(14.6)?

776

(4.12)%(1.33)?

0.875V/42.6

v 6720
4.22

Slide to 0.238 on CI
Runner to 61.2 on CF
Read 100.7 on DF

Runner to 37.9 on A cycle 2
Slide to 1.82 on CI

Runner to 1.37 on B cyele 1
Read 13.12 on D

Runner to 7.43 on D
Slide to 14.6 on C

Runner to 3.13 on B
Read 0.810 on A

Runner to 776 on A cycle 1
Slide to 4.12 on C

Runner to 1.33 on CI
Read 25.8 on A

Runner to 426 on K ecycle 2
[\V 42.6 is on D]
Slide to 0.875 on CIF

Runner to upper index

Read 3.06 on D

Runner to 6720 on K cyecle 1
Slide to 4.22 on CF
Runner to upper index

Read 4.47 on D

1.76(4.23)

484
(0.816)?

Fig. 109.

Runner to 1.76 on K cycle 1
[\3/1—76 on D] '
Slide to 4.23 on CI
Runner to right index of C
Read 134 on K cycle 3

Runner to 48.4 on K cycle 2
Slide to 0.816 on C

Runner to right index of C
Read 89 on K cycle 2
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272 Runner to 437 on K cycle 3 (Fig. 109)
yr._: )
437 Slide to 272 on C
Runner to right index of D
Read 35.8 on C
]
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\_/18.7 V'14.6 Runner to 14.6 on K cycle 2
8.12 Slide to 8.12 on C
Runner to 18.7 on B cycle 2
Read 1.30 on D
5.09V/100.7 Runner to 100.7 on K cycle 3
V412 Slide to 41.2 on B cycle 2
Runner to 5.09 on C
Read 3.76 on D
(14.6)3 Solve taking (14.6) as (14.6V/14.6)2
2
(3.96) Runner to 14.6 on A cycle 2
Slide to 3.96 on C
Runner to 14.6 on C
Read 198 on A cycle 1
(1.95)3(6.27)2 Solve taking (1.95)% as (1.95V/1.95)2
Runner to 1.95 on A cycle 1
Slide to 6.27 on CI
Runner to 1.95 on C
Read 292 on A cycle 1
4.61(8.07)2 Solve using 4.61 as (V/4.61)2
(2.44)3

Runner to 4.61 on A cycle 1
Slide to 2.44 on B eycle 1
Runner to 8.07 on CF
Slide to 2.44 on CF
Runner to right index of C
Read 20.7 on A cycle 2
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141 Runner to 141 on A cycle 2
6.23(3.74)’ Slide to 6.23 on B cycle 1
Runner to 3.74 on CI
Read 1.62 on A

L

In this problem, 141 is divided by 6.23 on the square scales. The
cycles in this quotient are not significant and are selected so as to
keep the slide close to the center.

643 Runner to 643 on A eycle 1
(4.62)*(11.6)” Slide to 4.62 on C

Runner to 11.6 on CI
Read 0.224 on A

6.17V/3.73 Runner to 3.73 on A cycle 1
Slide to 6.1 on CI
Runner to left index of C
Read 37.0 on DF

297w Runner to 297 on D
/1220 Slide to 1220 on B cycle 2
Runner to right index of C

Read 26.7 on DF

Vb Runner to = on A cycle 1
Left index of B to hairline
Runner to 5 on B cycle 1
Read 3.96 on D

V/81.3xw Runner to = on A cycle 1
Center index of B to hairline ~
Runner to 81.3 on B cycle 1
Read 1598 on D
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Normally the right index of B should be set opposite = and 81.3
should be set on cycle 2. Actually, cycle 1 is used in place of cycle 2
and less movement is involved.

19.3V'76.2 Runner to 76.2 on A cycle 2
L Slide to 19.3 on CI
Runner to upper index of CF
Read 53.6 on D

741 Runner to 741 on D
mV'13.5 Slide to 13.5 on B cycle 2
Runner to upper index on CF
Read 64.2 on D

5.26V/8.72
vV

Runner to 8.72 on A cycle 1
Slide to = on B cycle 1
Runner to 5.26 on CF
Read 8.75 on DF

The C and D scales could also have been used in the last step, but
with more movement.

224 Runner to 224 on D
Slide to 37.3 on B cycle 2
Runner to right index of C
Slide to = on B cycle 1
Runner to left index of C
Read 20.7 on D

Iixercise 24

Iivaluate the following expressions:

1. 16.1V/47.3 3. 8.42V'10.6
2. 479V 1.46 4. 2.17 X 8.63V0.562
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10.

11.

12,

13.

14,

16.

16.

17.

18.

19.

20.

21.
22.

. 5.62 X 41.7V 0.000975

V'6.45
8.27
V'22.25

1.86
67.3

V1234
8.47V 637
14.64

2.21V/4.62

3.79
15.7 X 6.37

V27
3.19 X 126.2
V1440
V1836
6.23 X 10.05
V336
2.08 X 5.63
6240
5.15V 347
1
42.7V/2.63
2.46V/6.23 X 4.97
8.98V/5.62
V481
122
V/3.19 X 20.6
V673
4.22V'51.5
5.75V/69.8
17.52V/8.63

23.

24,

25.

26.

217.

28.

29,

30.
31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

V499
4.22
6720

V1920

V259

3.17V13.6V97.5

22.4V/ 649
V1750

V/86.8V9.70

4,02V 12.25V/106
4.1(6.1)*
13.7(0.187)2
(26.4)2
46.2
(1.93)2
8.64
529
(7.76)?
11.75
(0.165)*
4.27(3.66)%
1.69
55.3
8.17(2.59)2
6.25(21.63)2
4.27)*
1340
(5.92)%(2.17)2
(2.29)*
(4.37)%
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42. (6.77)%(0.591)° 52. 4.717V/9.78
2.57\2
a3 (225 53, ——
1.69 . V'6.36
" (6_4_2_) 43.7x
9.60 04, ——=

(17.8)2
45. Z2—O43§ 55. V 17.37r
46. 4.92(7.09)3 5.46V183
77.8 5. ——
a7, ——
(4.37)° 5 328
2 T
45, 220672 651
(3.73) —
o, OS2, ss, SV AT
T (7.65)2 T
12.25\3 59. 4.63V 2r
50. 16.3 (—)
7.37 V 6
51. 2=V 37.7 60. 5.99

The equations of motion for a freely falling body which starts from
rest are
v =gt
s = gt

v =V2s

where g = 32.2 feet per second per second, the acceleration of gravity
v = velocity in feet per second
s = distance from starting point in feet
t = time in seconds

61. How far will a body fall from rest in 3.5 seconds?

62. What is the velocity of a body after falling for 1.37 seconds?

63. How long will it require for a body to fall 127 feet?

64. What is the velocity of a body after falling 384 fect?

65. How far has a body fallen when its velocity is 204 feet per second?

66. How long will it take a package thrown from an airplane at a height
of 2720 feet to reach the ground? Neglect air resistance.

67. How hard must a baseball be thrown, i.e., with what velocity, from
the ground to reach the top of a building 141 feet above the thrower?
Convert this velocity to miles per hour.
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68. The volume of a cubical packing box is 448 cubic inches. If 31 of
such boxes are placed together in a single line, how long is this line in feet?

69. Find the weight of a cubical block of wood measuring 0.865 feet on
a side. The density of the wood is 46.6 pounds per cubic foot.

70. The weight of a cubical block of wood is 108 pounds. If the density
of the wood is 38.4 pounds per cubic foot, what is the dimension of the
cube in feet? (Hint: work this problem by rewversing the procedure of
problem 69.)

71. The volume of a cone of revolution with a circular base is expressed
by

wd®h
12
where V = volume
d = diameter of base
= height

Find the volume of a cone of height 13.2 inches and base diameter 7.25inches.

72. The surface area of a sphere of radius r is 4772, and the volume is
4773, Find the surface area of a sphere of diameter 15.8 inches.

73. A spherical water tank is 22 feet in diameter. What is its capacity
in gallons? (Note: solve this problem in two steps, cubing 22 first.)

74. What is the diameter in feet of a spherical water tank which will
hold 63,000 gallons? (Note: s8lve this problem in two steps, finding e

first.)
75. If the cost of aluminum paint is $0.075 per square foot, what is the
approximate cost of painting a spherical water tank 33.5 feet in diameter?

39. Multiplication and Division Involving Trigonometric Func-
tions. The trigonometric scales, S, ST, and T, can be used with
the D and C scales to obtain the answers to multiplications and
divisions involving trigonometric functions. Most of the trigono-
metric scales are used in the same way as C scales or cycles in such
computations, the S scale and the T black scale representing numbers
from 0.1 to 1 and the ST seale representing numbers from 0.01 to 0.1.
However, the T red scale, which is used with the CI scale, 1s used
in the same way as the CI scale in multiplication and division. In
multiplication, the method using the D and C scales as shown in
Fig. 33 must be used most of the time. The decimal point in such
computations is set with the aid of the legends at the end of the
trigonometric scales. The following computations are given as
examples:
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Operation Decimal Point
12 sin 26° Runner to 12 on D (Fig. 110)

il

Teft index to hairline

Runner to 25° on S black

Read 50 7on D

985
Bongsdad it b

sin 25° = 0.4 on C
12 x04 =5
Answer: 5.07
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81.7 cos 76°

6.93
cos 23°

I|1|[5|I|III|I| Lt ||rhlx|'l|’|l| |I|i?ﬁl|l|l|l| Wl |I|9f||“|l|l||'lll

Fia. 110.

Runner to 81.7 on D

Right index to hairline

Runner to 76° on 8 red
Read1 97 6onD

Runner to 6.93 on D
Shide to 23° on S red

Runner to right index

Read 7 53 0onD
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cos 76° = 0.2 on C
80 X 0.2 = 16
Answer: 19.76

(Fig. 111)
cos 23° = 0.9 on C
7,
0.9

Answer: 7.53
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18.7
tan 3°

4.62 tan 78°

17 sec 27°

18.64 sin 32°

tan 16°

Runner to 18.7 on D
Slide to 3° on ST

Runner to right index

Read 3 5 8on D

Runner to 4.62 on D
Slide to 78° on T red
Runner to left index

Read 2 1 8 on D

Solve as 17 /cos 27°
Runner to 17 on D
Slide to 27° on S red

Runner to right index

Read1 9 1onD

Runner to 18.64 on D*

Slide to 16° on T

Runner to 32° on S black

Read 3 4 50on D

tan 3° = 0.05 on C

20 400
05

Answer: 358

tan 78° = 5
4 X5 =20
Answer: 21.8

cos 27° = 0.9
7
0.9

Answer: 19.1

= 17

20 X 0.5 20
0.3

Answer: 34.5
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0.621 sin 21‘?
cos 37°

sin x =

Runner to 0.621 on D
Slide to 37° on S red
Runner to 21° on S black
Center the slide ?
Read 2z as 16°12/(16.2°) on S black

(Fig. 112)
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437 ta}l_z" Runner to 437 on D
62.4 Slide to 62.4 on C
Runner to 2° on 8T

CoS X =

Center the slide
Read x as 75°517(75.85°) on S red

#8et T on the Cseale opposite Lon the D seale.
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Certain problems lead to the set’_cing up of an equat.ion in the form
of a proportion. Problems in trlgorlometry .1nvolv1ng the law of
sines are of this type. The law of sines stz.xted.m te‘rms of the angles
of a triangle and the corresponding oppostte sides s

sin4d sinB sinC

a b ¢

Computations in this form can be solved as a proportion by setting
the angles on the S scale and the corresponding sides on the D scale

as shown in the following examples:

Runner to 71.7 on D (Fig. 113)

Slide to 62° on S black

sin 37° _ sin 62°
a  TLT

Runner to 37° on S black

Read a as 48.9 on D
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sin 4 _ sin 42° Runner to 57.9 on D (Fig. 114)
33.2 67.9 Slide to 42° on S black

Runner to 33.2 on D
Read A as 22°33'(22.55°) on S black
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Note that- the ratios are set on the slide rule just as they oceur in
the equ.atlon, for example, with 42° above 57.9 and A above 33.2.

In triangles which can be solved with the law of sines, the above
procedure affords a very quick solution for unknown sides and
angles. If two sides and the angle opposite one side are given, such
as sides a and b and angle A4, angle B is found from gn‘A _ B .

: . a b
The third angle C is found by subtracting A + B from 180°, and
side ¢ is tound from the third term of the proportion sin 4 = sin B =
a b

sin C

If two angles and any side are given, such as A4, B, and ¢,

c
the third angle C is found by subtracting A + B from 180°, and
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. o sinC  sind
the other two sides are found from the proportion = =
sin B _

b For example, solve for the unknown sides and angles of a

triangle for which a = 44.6, b = 34.3, A = 29°30".

sin 29°30' sin B _ sin C
44.6 34.3 c
Runner to 44.6 on D

Slide to 20°30" on S black

Runner to 34.3 on D
Read B as 22°15" on S black
C = 180° — 29°30" — 22°15
— 180° — 51°45’ = 128°15’
sin 128°15’ = sin 51°45’
Runner to 51°45’ on S black
Read ¢ as 71.1 on D

As another example, solve for the unknown sides and angles of a
triangle for which @ = 10.8, 4 = 53°, B &« 42°. Since 10.8 is close
to the end of the D scale, use the DF scale in place of the D scale.

C = 180° — 53° — 42° = 85°

10.8 b c

sin 63° sin 42°  sin 86°
Runner to 10.8 on DF

Slide to 53° on S black
Runner to 42° on § black
Read b as 9.05 on DF
Runner to 85° on S black

Read ¢ as 13.48 on DI
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The following examples are computations involving trigonometric
functions with = and the A, B, and K scales:

w tan 79°

w tan 31°

w sin 1°

sin 17°

w

sin? 27°

w cos? 32°

tan® 18°

w tan® 25°

Runner to 79° on T
Read 16.4 on CIF

Runner to 31°on T

Read 1.89 on CF

Runner to 1° on ST
Read 0.0549 on CF

Runner to upper index on DF
Left index of C to hairline

Runner to 17° on S black
Read 0.0931 on D

Runner to 27° on S black
Read 0.206 on B cycle 2

Runner to = on A cycle 1
Right index (end) of S to hairline
Runner to 32° on S red

Read 2.26 on A cycle 1

Center the slide
Runner to 18° on T
Slide to = on B cycle 1
Runner to left index of B
Read 0.0335 on A cyele 1

Runner to = on K cycle 1

Left index (end) of T to hairline
Runner to 25° on T

Read 0.319 on K cycle 3
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V'w cos 63°

tan 4°

Left index to hairline

Runner to 63° on S red

Center the slide

Vi

Evaluate the following expressions:

[
e

11.

12.

13.

14.

© 00T W

Runner to 4° on ST

Runner to left index

Read 0.0396 on D

. 36.3 8in47°
. 4.12 X 2.70 sin 16°

. 1.29 cos 62°15'(62.25°)
. 6.09 sin 2°42'(2.70°)
387 tan 4°45'(4.75°)

8.69 cot 25°

. 0.652 sec 87°
. 1.37 esc 12°24(12.40°)

8.63
sin 19°
10.63 sin 42°
3.64
438 X 2.77
sin 3°
18.64
fan 70°
72.6 tan 36°

cos 57°
5.46 sin 69°

sin 12°

Read 0.804 on D

Slide to = on B ¢ycle 1

Exgrcise 25

15.
16.
17.

18.

19,
20.
21.
22.
23.
24,
25.
26.

27.
28.

29,
30.

Runner to 7 on A eycle 1

0.059 tan 87°
6.87

cos 27°

3.43 tan 63° s'in 15°

4.46 sin 26°

cos 12°
287 sin 6/
1130 tan 21”7
cos? 42°
sin® 4°30/(4.50°)
tan? 29°
7 cos? 21°
7 tan 2°157(2.25°)
7 sin® 37°
V7 tan 49°
sip? 67°

™
6.83 tan® 4°
12.2 cos® 25°
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Solve for the unknown sides and angles of the following triangles using
the law of sines:

31. Given: a = 37.5 Find:¢, 4, C

b =495
B = 46°

32. Given: b = 76.2 Find: a, ¢, B
A = 32°
C =179°

33. Given: ¢ = 112 Find:a, b, C
A = 107°
B =33°

34. Given: b = 5.63 Find: ¢, 4, B
c = 649
C =176°

36. The length of a kite string is 940 feet and the angle of elevation of
the kite (angle between the line of sight up to the kite and the horizontal)
is 36°20’. Assume the string to be straight. How high is the kite?

36. What is the angle of elevation of the sun when it casts a shadow
493 feet long for a tower 379 feet high?

37. If the angle of elevation of the sun is 25°42’, how long a shadow will
be cast by a man 5 feet 7% inches tall?

The grade of a slope is the tangent of the angle of clevation, or the ratio
of the vertical rise in the slope for a corresponding horizontal run. The
grade is usually expressed in per cent.

38. What is the length of a city street which has a 9.2 per cent grade if
the upper end is 57.3 feet higher than the lower end?

39. The sloping face of a dam 84.6 feet high is 192 feet long on the slope.
What is the grade of the slope?

40. If the maximum grade on a railroad is 2.25 per cent, what is the
maximum angle of elevation of the track? (Note: Do not confuse this
angle of elevation with the elevation of the outer rail on a curve.)

40. Powers of e; Hyperbolic Functions. Powers of e. In con-
structing the log log scales, the first logarithm was taken to the
base e, as explained in section 29. As a result, e is in line with the
index of the D scale and the numbers on the D scale represent
powers of e. To obtain %, therefore, set the runner to z on the D
scale and read ¢® on an LL or an LLO scale. The legend at the right
end of each log log scale gives the range of values for the powers
of e corresponding to the numbers on that seale. For instance, the
legend for the LL3 scale is 1.0 to 10.0. The first mark on the seale
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is ¢!, or ¢, and the last mark on the scale is '°%, or about 22,000.
Thus 1t is possible to read the powers of e from 0. 01 to 10.0 and from
—0.01 to —10.0 directly by setting the runner to the power on the
D scale. Actually, six powers of e can be obtained with one setting.
If the runner is set to 5 on the D scale, the following values of e are

obtained:

e’ = 149 on LL3 (Fig. 115)

®?  =1.649 on LL2

e %%  =1.0512 on LL1

e 00 =0.9512 on LLO1

e~ %% = 0.6065 on LL0O2

e~® = 0.00675 on LL0O3
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Fig. 115.

This is made possible by construdting the LLO1, LL02, and LL03
scales as the reciprocals of the LL1, LI2, and LL3 scales respec-
tively. Other examples are:

e? = 12.2 on LL3
e 2 = 0.084 on LLO3
e° = 2.25 on LL2
e 081 = (.445 on LLO02

Fractional powers of e can be read directly by setting on the CI
scale with the slide centered. For example:

1
e39 Center the slide

Runner to 3.69 on CI
Read 13]1 on IJIJQ
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Powers of ¢ involving roots, trigonometric functions, or = will be
explained in the next section.

Hyperbolic Functions. The arrangement of the LL and T.I0 scales
as reciprocals on the modern slide rule makes possible rapid evalua-
tion of hyperbolic functions. The hyperbolic sine and cosine are
designated respectively as sinh and cosh and are defined by

e — e " e+ e "

sinh z = 5 cosh z = To determine sinh 1.23 and

cosh 1.23, for example, use the following procedure:

Runner to 1.23 on D
Read e = 3.42 on LL3
Read e = 0.293 on 1.1.03
3.42 — 0.293  3.127

sinh 1.23 = = = 1.5
5 5 63
3.42 4+ 0.293 7
cosh 1.23 = z = 3 ;13 = 1.856

A variation in the computing of the values of sinh and cosh after
the values of ¢ and ¢~ have been found is to halve the values of
e” and e first, and then subtract and add them. For example,
compute sinh 2.16 and cosh 2.16:

Runner to 2.16 on D
Read e = 8.68 on LL3
Read e = 0.116 on LL03

sinh 2.16 = 4.34 — 0.058 = 4.286

cosh 2.16 = 4.34 -+ 0.058 = 4.398
sinh z

Since tanh x = = wosh 2’ it ean be computed from these two fune-
sh z

tions, or it can be computed independently by

2:::_1
¢ + 1

tanh ¢ =

EXPONENTS INVOLVING ROOTS 185

EXERCISE 26

Evaluate the following expressions:

1. ¢85 7. ¢ 0015 11, sinh 2.02
2. 042 8. 09 12. cosh 0.88
3, g0 1 13. sinh 1.37
4, 8 9. b2t 14. cosh 2.68
5. ¢0-0%6 L 15. tanh 0.46
6. ¢ 222 10. ¢ 71 16. tanh 1.13

41. Exponents Involving Roots, m, or Trigonometric Functions.
The log log scales are constructed with reference to the D scale
and also with reference to its companion scales, the C and CI scales.
They can be used with the other scales of the rule only if their use
implicitly involves the transfer of a number from them to one of
the three scales just mentioned. When the runner is set to 41 on
the A scale, for example, it is also set to V41 on the D scale. Thus
eV can be found by this setting on the A scale without actually
evaluating 7\/ 41 on the D scale. The same reasoning applies for
cube roots, trigonometric functions, and =. Such expressions as
e and ¢©*° cannot be evaluated in one operation since squaring
or cubing the exponent transfers them from the D scale to the A or K
scale, neither of which can be used directly with the log log scales.
A number of selected examples of powers of e and powers of numbers
in general are given.

evil Runner to 41 on A eycle 2 (Fig. 116)
Read 600 on LL3
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e— Vo192 Runner to 0.192 on A cycle 2
Read 0.645 on L1.02

e— V% Runner to 426 on K cycle 3
Read 0.00054 on LLO03

o
=
b

e Runner to 21.7 on DF (Fig. 117)
Read 1000 on LL3
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Pia. 117.

x

el33 Runner to left index of D ¢
Slide to upper index of CF
Runner to 13.3 on CI
Read 1.266 on LL2

8

Runner to 39 on A cycle 2
Slide to = on B eycle 1

Runner to left index of B
Read 34.0 on LLL3

eVir Runner to = on A cyecle 1
Left index of B to hairline
Runner to 2 on B cycle 1
Read 12.3 on LL3
& Although this procedure utilizes the value of = as marked on the folded scales, it is

duup(,ful that it is superior to the straightforward procedure using only the C scale and
sctting = as 3.14+.

EXPONENTS I

sin 21°

e

tan 4°

ecos 47°

(1.34)V7H

(1.092) Vo0

2.17
(654)\/;—(;3

6.42

(0.9871)\/ :

Center the slide
Runner to 21° on 8 black

Read 1.432 on LI2

Center the slide
Runner to 4° on ST
Read 1.0722 on LL1

Runner to right index
Slide to 47 on S red

Runner to left index
Read 4.34 on LL3

Runner to 1.34 on LL2
Left index to hairline

Runner to 7.59 on B cycle 1
Read 1.0838 on LL2

Runner to 1.092 on LL1
Right index to hairline

Runner to 0.043 on B eycle 1
Read 0.9819 on LLO1

Runner to 654 on LL3
Slide to 56.3 on B cycle 2
Runner to 2.17 on B cycle 1
Read 3.57 on LL3

Runner to 0.9871 on LLO1
Slide to = on B cycle 1
Runner to 6.42 on B cycle 1

Read 0.9816 on LIO1
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(1.14) -V

(0.473)"" 12°

1
(2.98)tn 5

(0'632)tan 71°

1
(91.2)i &

cos 87°
(1.029) v 0063 Runner to 1.029 on ILL1
Slide to 0.063 on B eycle 1
Runner to 3° on ST
Read 1.0615 on LI.1
" Note that tangents of angles greater than 45° are read on the CI seale instead of
the C seale.

Runner to 1.14 on LI.2
Slide to left index of B

Runner to = on B eyele 1
Slide to left index of B

Runner to 13 on B eycle 2
Read 0.433 on L102

Runner to 0.473 on LL02
Slide to right index

Runner to 12° on S black
Read 0.8558 on L1.02

Runner to 2.98 on LL3
Slide to 32° on T
Runner to right index
Read 5.75 on LL3

Runner to 0.632 on L1027
Slide to 71° on T
Runner to left index
Read 0.264 on L1.03

Runner to 91.2 on L1.3 7
Slide to left index

Runner to 82° on T
Read 1.885 on LL2
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FxrrcIsE 27

Evaluate the following expressions:

1. Vo2 4.22 57
12. eVw 21. (245)\/0.(;1
2' e\/20.8 13 sin 43° 7.27
3. ¢—/00% ¢ 22. (0.968)
) 710 1
4. e-VIW 14. gton 23. (1.415)2
5. evia2 15, il 24. (20.2)8%
6. c— V00042 e /T
*\l/l’ﬁ 16. esin i[" 25. (09844)1“0 4
7. ¢ 312 26. (3.85)"" 17
861 17. (2.81)Vv1587 1
8. V298 e 27. (1.69) cos41:
5.97 18. (47.7)V/638 28. (1.595)%n %
9. ¢r - V1182
1 19. (1.029)-V475 99, 1.023 sin3°
10. e~ Wiax: < cos 49°
11, 5 20. (0.757) ~ 9% 30. 3.06V08%

42. Logarithms of Numbers; the L Scale. Common Logarithms;
the L Scale. Common logarithms or logarithms to the base 10 can
be determined directly with the aid of the L scale, which is a scale
of the mantissas of common logarithms. To obtain the mantissa
of the logarithm of a number, set the runner to the number on the D
scale on the back of the frame and read the mantissa on the L scale.
The characteristic is determined as usual. For numbers greater
than one, it is positive and is one less than the number 6f places to
the left of the decimal point. For numbers less than one, it is nega-
tive and is one more than the number of zeros to the right of the
decimal point. The following table gives a number of evaluations:

Number Mantissa
on D on L Characteristic Logarithm
2 eee.... 0,301 0 0.301
30 cee. 0477 +1 1.477
/£ T, 0.875 +1 1.875
423 cee.... 0,626 +2 2.626
0.164......... 0.215 -1 9.215—10

0.026......... 0.415 -2 8.415—10
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Natural Logarithms. Natural logarithms or logarithms to the base
e can be read directly on the D scale for numbers which are set on
the LL and LLO scales. The numbers on the D scale represent
powers of e as was explained in section 40. Accordingly, they also
represent the natural logarithms for numbers on the LL and LL0
scales. TFor example, e is obtained by setting the runner to 4 on D
and reading 54.5 on LL3 (Fig. 118). Since e* = 54.5, then log,
54.5 = In 54.5 = 4. The legends at the right end of the LL and
LI0 scales give the ranges of values for the natural logarithms of
the numbers on the respective secales.
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Fic. 118.

Ln 1000 Runner to 1000 on LL3
Read 6.91 on D

Ln 1.562 Runner to 1.52 on L1.2
Read 0.419 on D

Ln 0.031 Runner to 0.031 on LL03
Read —3.48 on D

Ln 1.0292 Runner to 1.0292 on LL1
Read 0.0288 on D

Logarithms to Any Base. The log log scales not only are arranged
to read directly the natural logarithms of numbers within the limits
of the scales, but also can be used to read the logarithm of a number
to any base. For instance, logarithms to the base 10 can be obtained
completely, both characteristic and mantissa, by setting either
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index of the C scale to 10 on the L13 scale and reading the logarithms
on the C scale. As an example:

Log 100 Runner to 10 on LL3
Left index to hairline
Runner to 100 on LL3
Read 2 on C

This setting leaves almost half of the slide out of the rule and
requires re-setting with the right index for numbers from 4.3 through
9. By setting the upper index on the CF scale opposite 10 on the
LL3 and reading the common logarithm on the CF scale, a much
more efficient arrangement is obtained.

The initial setting for the following logs is—runner to 10 on LL3
upper index to hairline:

Log 6.1 Runner to 6.1 on LLB (Fig. 119)
Read 0.785 on CF
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Log 20 . Runner to 20 on LL3
Read 1.301 on CF

Log 0.026 Runner to 0.026 on LLO3
Read —1.585 on CF
(or 8.415—10)

Log 423 Runner to 423 on LL3
Read 2.63 on CF
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In setting the decimal point in logarithms to the base 10, logarithms
for numbers to the right of 10 on the same scale are in the range

Exereoise 28

from 1.0 to 10.0 and to the left of 10 on the same scale are in the FEvaluate the common logarithms of the following numbers, using the
range from 0.1 to 1.0. A similar relation is true for each of the other ‘ L scale to determine the mantissas:
scales: . 1. 4.93 6. 0.00693
A similar procedure can be used for any base of logarithms and is 2, 637 7. 7320
illustrated in the following examples: 3. 15,900 8. 3.79
4, 29.7 9. 56.3
Logs 4200 Runner to 8 on LL3 (Fig. 120) 5. 0.551 10. 825

Left index to hairline
Runner to 4200 on LL3

Evaluate the natural logarithms of the following numbers:

Read 4.01 on C 11. 8.65 16. 1.258
: 12. 530 17. 1.0156
(ie., (8)*°" = 4200) 13. 72.2 18. 0.9885
14. 1.49 19. 0.624
‘ 15. 12,500 20. 0.0013
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Log, 1.037 Runner to 4 on LL3
Left index to hairline
Runner to 1.037 on LL1

Read 0.0262 on C

Log; . 4.6 Runner to 1.02 on LI.1
Upper index to hairline
Runner to 4.6 on L3
Read 77.0 on CF

Log,.¢34.97 Runner to 0.63 on 1.1.02
Upper index to hairline
Runner to 4.97 on LL3
Read —3.47 on CT*
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THE POLYPHASE AND
MANNHEIM SLIDE RULES

43. Introduction. This chapter on the Polyphase and Mannheim
slide rules along with Chapters I, III, and VI provides complete
instruction in their use for those who prefer these slide rules rather
than the Duplex rule. The following order of study is recommended
as a guide: Chapter I, Chapter VII, Chapter 111, and Chapter VI,
Sections 34-39, insofar as they apply to these slide rules.

44, Multiplication and Division. Multiplication and division are
performed on the D and C scales by moving the runner and slide to
proper settings on them. Questions arise as to the order in which
these parts are moved and as to which scales are used. The follow-
ing general principles of operation answer some of these questions,
and the explanations of multiplication and division answer the
others.

(a) Always begin and end a computation with the runner. The first
movement or setting is always made with the runner and the final
movement or setting s likewise made with 1t.

(b) Always begin and end a compultation on the I scale.

This means that a computation is always begun by setting the
runner on a factor on the D scale and is always ended by setting the
runner to read the answer on the D scale.

(¢) The runner and slide are always moved alternately with the runner
first and the slide following. The movements of runner and slide
constitute a game of “Follow the Leader” with the runner as leader
and the slide always following. The runner is never moved twice
in suceession, nor is the slide.

194

MULTIPLICATION AND DIVISION 195

Multiplication. The procedure of multiplying two factors, say
2 X 4, is explained in the following steps, along with an abbreviated
notation.

Step 1: Move the runner to 2 on the D scale, i.e., so that the hair-
line is on 2 on that scale. Abbreviation: Runner to 2 on D.

Step 2: Move the left end of the C scale, called the left index,
opposite the hairline. Abbreviation: left index to hairline.

Step 3: Move the runner to 4 on the C scale. Abbreviation: Runner
to 4 on C.

Step 4: Read the integers of the answer opposite the hairline on the
D scale as 8 0 0. Setting the decimal point gives 8.00. Abbrevi-
ation: Read 8.00 on D.

In abbreviated notation, the entire operation is as follows:

2 X4 Runner to 2 on D (Fig. 121)
Left index to hairline
Runnerto4on C »
Read 8.00 on D

Other examples are given as follows:

17.1 X 5.03 Runner to 17.1 on D
Left index to hairline
Runner to 5.03 on C
Read 86.0 on D

421 X 6.37 Runner to 4.21 on D (Fig. 1227
Right index to hairline
Runner to 6.37 on C
Read 26.8 on D

The right index, or the right end of the C scale, is used in the last
example since 6.37 on the C scale would be “off the rule” if the left
index were used. Use whichever index places the factor on the C
scale on the rule. The principle of the multiplication of two factors
has been explained in Section 5, Chapter 1.
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For three or more factors in multiplication, the same procedure is
repeated until the last factor is reached. For example:

""Ilumm

Runner to 1.23 on D

1.23 X 6.42 X< 3.97 (Fig. 123)

m Left index to hairline
:. _;i_ = Runner to 6.42 on C

Right index to hairline

<

: Runner to 3.97 on C

i

3 Read 31.4 on D
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Runner to 4.17 on D
Right index to hairline

4.17x2.72X3.19 x 0.1556

§ g g Runner to 2.72 on C
é 3 é i Left index to hairline
! ) X | Runner to 3.19 on C
i Left index to hairline
s Runner to 0.155 on C
! Read 5.61 on D
“ 1= Although the factors in the examples are taken in the order in which

they are stated in the problems, this is not required. The factors
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may be taken in any order since the answer will be the same, i.e.,
2X3X4=3X2X4=4X2X3=24.

Exurcise 29

Perform the following multiplications:

1. 436 X 7.82 14. 5.14 X 32.3

2. 7.51 X 12.20 156. 415 X 2.48

3. 2.19 X 3.19 16. 3.49 X 0.0482

4. 13.62 X 314 17. 0.319 X 0.0313

6. 242 X 0.441 18. 3.09 X 3.91 X 2.52
6. 8.15 X 28.8 19. 16.1 X 0.680 X 8.86
7. 9.61 X 4.16 20. 8.08 X 3.03 X 9.09
8. 6.75 X 5.28 21. 471 X 8.13 X 1.21
9. 13.9 X 1.08 22. 0.141 X 265 X 0.560
10. 34.5 X 3.42 23. 5.01 X 4.91 X 0.201
11. 1.16 X 0.921 24. 3.37 X 8.93 X 994
12. 241 X 79.6 26. 22.3 X 11.25 X 3.34
13. 2.96 X 21.2 26. 2.03 X 12.8 X 1.14 X 4.09

27. 2.28 X 98.1 X 0.0371 X 1.50

28. 8.05 X 0.439 X 9.03 X 20.5

29. 8.7 X 7.6 X 6.5 X 1.53 X 9.8

30. 9.12 X 7.75 X 2.21 X 3.06 X 2.60

31. A rectangular field is 87.6 feet wide and 122.4 feet long. What is
its area in square feet?

32. A city street is to be paved. The length of the street is 3270 fect
and the width to be paved is 43.5 feet. How many square feet of pave-
ment are required?

33. The unit cost of surfacing a streteh of road is $4.12 per lincar yard.
If this stretch is 5050 yards long, what is the approximate total cost?

34. Compute:

(a) 92.4 per cent of 117.5
(b) 37.6 per cent of 293
(c) 14.1 per cent of 69.2
(d) 0.43 per cent of 3540

35. How far will an airplanc go in 2.235 hours at a ground speed of
306 miles per hour?
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36. Using the table of equivalents on page 226, compute the following
equivalents:

(a) 42.6 inches in centimeters

(b) 21.7 meters in inches

(c) 13.6 square inches in square centimeters
(d) 9.42 square miles in acres

(e) 124.5 cubic feet of water in pounds

(f) 72.4 gallons of water in pounds

(g) 3.69 kilograms in pounds

(h) 49.1 gallons in cubic inches

(i) 85.8 miles per hour in feet per second
() 9.50 horsepower in kilowatts

37. What is the volume of a rectangular box whose dimensions in feet
are 2.53 X 3.82 X 8.667

38. In making a highway fill, what volume of earth is used if the borrow-
pit from which the earth was removed is 4.50 feet deep, 212 feet wide, and
1380 feet long? *

39. If a man works 7.5 hours per day for 5 days per week, and works
47 weeks in a certain year, how many hours does he work in that year?
If his wage rate is $1.50 per hour, approximately how much does he earn
in the year?

40. Water weighs 62.4 pounds per cubic foot. What is the total weight
of water in a tank with inside dimensions in feet 2.44 X 3.63 X 8.02?

41, Mercury is approximately 13.6 times as heavy as water. What
weight of mercury is required to fill a rectangular container 0.426 feet
deep, 1.24 feet wide, and 1.463 feet long?

42. What is the approximate cost of paving an airport runway with a
concrete slab 1.05 feet thick, 242 feet wide, and 5460 feet long if the con-
crete in place costs $0.612 per cubic foot?

Division. Division differs from multiplication in that the numer-
ator or dividend must always be set first on the D séale. This is
obvious when it is observed that, although in multiplication
3 X 2 =2 X 3,indivision § # §. Also, the denominator or divisor
is set on the C scale opposite the numerator on the D scale, instead
of an index as was the case in multiplication. In this respect,
division is the reverse procedure from multiplication. The procedure

for obtaining the quotient of is shown as follows:
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42.5 Runner to 42.5 on D (Fig. 124)
8.36 Slide to 8.36 on C
Runner to right index

Read 5.08 on D
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The abbreviation, slide to 8.36 on C, means to move the slide until
8.36 on the C scale is beneath the hairline. Other examples are
given as follows:

6.97 Runner to 6.97 on D

1.83 Slide to 1.83 on C
Runner to left index

Read 2.81 on D

243 Runner to 247 on D
4.21 Slide to 4.21 on C
Runner to right index

Read 58.7 on D

The answer is read opposite whichever index is on the rule. The
principle of division of two factors has been explained in Section 5,
Chapter L.

The procedure for the division of onc factor by another is repeated
for the division of one factor by two or more factors as is shown by
the following examples:
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293 Runner to 293 on D (Fig. 125)
4.16 X 6.07 Slide to 4.16 on C

Runner to right index
Slide to 6.07 on C

Runner to left index
Read 11.6 on D
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416 Runner to 416 on D
2.63 X 11.4 X 8-95 Shde to 2.63 on C

Runner to left index
Slide to 11.4 on C

Runner to left index
Slide to 8.95 on C

Runner to right index
Read 1.55 on D

The decimal point in the last example was estimated as follows: in
the denominator, 10 X 10 = 100, 100 X 2 = 200, and 400 divided
by 200 gives the answer as 2, or 1.55.
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ExERrcise 30

7.92 5.88
1. — 1. ——
4.17 12.02
27.3 37.1
p— 12.
8.46 20.3
38.2 131.2
3. — 13, ——
13.4 7.93
429 32.8
4, —— 14, —————
11.95 4.03 X 3.04
84.6 2460
5. — 15, — ——
3.97 72.3 X 8.48
6.71 37.2
6. — 16, — 5
11.4 6.91 X 4.32
75.1 87.7
7. — 7. —
9.16 3.74 X 22.5
113.5 879
8. — — 18.
29.9 9.79 X 6.21 X 1.76
49.6 4375
9, — 19.
1250 27.1 X 3.18 X 5.05
2124 % 3110
40.9 T 2.04 X 4.27 X 1.72 X 9.70

21. A rectangular plot has an area of 2620 square feet. What is the
length of the long side if the short side is 38.6 feet?

22. How many miles of highway can be surfaced for $840,000 if the
surfacing costs $0.523 per square foot and the roadway is 18 feet wide?

23. What is the density of the steel in a block which weighs 1925 pounds
and has the following dimensions in feet: 1.37 X 0.785 X 3.69?

24. If mercury is 13.6 times as heavy as water and water weighs 62.4
pounds per cubie foot, what is the volume of 13.24 pounds of mercury?

26. A highway fill of 46,200 cubic yards is to be obtained from a rec-
tangular borrow-pit 121 yards wide and 202 yards long. What is the
depth of the borrow-pit in yards to yield this volume of fill?

26. What is the average speed of a modern streamline train in traveling
a distance of 281 miles in 3 hours and 57 minutes?

Combinations of Multiplication and Division. By combinations of
631 X 1.52

463

multiplication and division are imcant such expressions as

e R
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8.49 X 3.27

2.05 X 1.72°
in the order of division, multiplication, division, and so on, rather
than to multiply first all factors in the numerator, or to divide a
factor by all factors in the denominator. When one factor is divided
by a second, the answer is indicated at the index on the rule. To
multiply by a third factor is now a simple matter since the index is
already on the quotient of the first two. This quotient, of course,

is not read because only the final answer is desired. Consider the
6.31 X 1.52

4.63

an Such expressions can be solved most efficiently

example Begin the solution as —— .
4.63

Runner to 6.31 on D
Slide to 4.63 on C

(Fig. 126)

The left index is now opposite the quotient (1.363) of these factors
and the slide is set for the multiplication of this quotient by 1.52.
The next movement, then, is nof to the left index to read this quo-
tient but to 1.52 on the C scale.

Runner to 1.52 on C
Read 2.07 on D
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3
The following examples further illustrate the procedure:

29.7 X 6.63 Runner to 29.7 on D
5.22 Slide to 5.22 on C
Runner to 6.63 on C

Read 37.7 on D
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76.2 X 3.4b Runner to 76.2 on D
8.99 Slide to 8.99 on C
Runner to 3.45 on C

Read 29.3 on D

In some instances the third factor is off of the rule and the slide
must be reset. To reset the slide, move the runner to the index on
the rule and then change indices, moving the other index to the

C . . ) 8.27 X 9.43 .
hairline. This is illustrated in the computation of ————— (Fig.

5.62
127).
Runner to 8.27 on D

Slide to 5.62 on C

The factor 9.43 on the C scale is off of the rule. Therefore reset the
slide and continue the operation.

Runner to left index
Right index to hairline

Runner to 9.43 on C
Read 13.9 on D
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Another example of this type is given:

1.67 X 2_.2
6.46

Runner to 1.57 on D
Slide to 6.46 on C

Runner to right index
Left index to hairline

Runner to 2.11 on C
Read 0.513 on D

Other examples in general:

6.49 X 3.27
2.85 X 1.72

2.18 X 49.7
3.72 X 0.643

7.06 X 16.3 X 2.85
5.88 X 3.12

Runner to 3.27 on D
Slide to 2.85 on C

Runner to 6.49 on C
Slide to 1.72 on C

Runner to left index
Read 4.33 on D

Runner to 2.18 on D

Slide to 3.72 on C
Runner to 49.7 on C

Slide to 0.643 on C >
Runner to right index

Read 45.4 on D

Runner to 7.06 on D
Slide to 5.88 on C

Runner to 16.3 on C
Slide to 3.12 on C

Runner to 2.85 on C
Read 179 on D
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ExErcIsE 31

Perform the following computations:

. 12.3 X 8.16 i 247 X 7.24
) 1.42 " 3.94 X 8.62
0 32.7 X 4.21 1 2.86 X 135.5
) 273 " 1.462 X 0.848
89.7 X 6.24 9.63 X 7.24
3, 0 X024 13, 2 X 02
7.37 11.69 X 2.33
132.4 X 9.09 2.63 X 12.08
4 —————— 14, 2T
15.71 3.45 X 3.68
50.6 X 2.18 247 X 4.16
5, ———— 15, T
4.72 7.76
32.6 X 3.81 3.42 X 49.7
6, — — 16, — "
272 1.07
. 8.97 X 4.27 . 13.6 X 3.97 X 9.03
" 11.6 X 3.58 ) 15.8 X 2.62
o 36.3 X 15.2 8 33.6 X 6.18 X 20.2
©10.9 X 4.73 ) 4.17 X 4.55
o 7.17 X 1.25 1 1.06 X 3.37 X 8.16
" 83.6 X 0.972 " 0.881 X 251
" 47.2 X 7.31 7.50 X 8.62 X 3.21
" 3.66 X 8.08 9.73 X 5.05

s

21. The area of a triangle is + X base X altitude. Compute tne arcas
of triangles with the following dimensions:

base altitude

(a) 6.25 inches 2.69 inches
(b) 13.27 inches 36.3 inches
(¢) 4.33 feet 11.68 fect
(@) 5.04 yards 7.37 yards

THE CI SCALE 207

22. The volume of a pyramid is 4 X area of base X height. Compute
the volumes of pyramids with rectangular bases with the following dimen-
sions:

base width base length height
(a) 2.63 feet 7.13 feet 12.27 feet
(b) 0.885 feet 1.462 feet 3.81 feet

(c) 4.27 inches 9.08 inches 1.46 inches

23. A pyramid with a triangular base is called a tetrahedron. Computc
the volumes of the following tetrahedrons:

base of tetrahedron

base of altitude of height of

triangle triangle tetrahedron
(a) 1.64 feet 2.83 feet 4.08 feet
(b) 7.63 inches 32.5 inches 27.7 inches
(¢) 3.31 feet 536 feet 8.28 feet

24, Assuming that steel weighs 490 pounds per cubic foot, what is the
height in feet of a pyramid of solid steel with a rectangular base
7.24 inches X 13.6 inches which weighs 418 pounds?

45. The CI Scale. The CI scale on the Polyphase slide rule can
be used to advantage frequently in multiplication and division.
The principle of its use has been explained in Section 5, Chapter 1.
It is also a scale of reciprocals as is explained in Section 34 of Chapter
VI, Special Operations. Two factors can be multiplied using the CI
scale in the same way that two factors can be divided using the
C scale. For example, 2 X 4 using the CI scale is performed as
follows:

2 x4 Runner to 2 on D (Fig. 128)
Slide to 4 on CI

Runuer to right index
Read 8.00 on D

In this particular case, this procedure involves less movement of
the slide than the standard procedure using the D and C seales. The
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advantage of using the CI scale in certain cases 1s even more apparent
in the following example:

Runner to 14.1 on D (Fig. 129)
Slide to 8.16 on CI
Runner to left index

Read 115 0on D

141 X 8.16
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If this had been done using the ® and C scales, the slide would have
been moved to the left almost out of the frame. Note that 14.1 on
the D scale and 8.16 on the C scale are at opposite ends of the rule,
but that 14.1 on the D scale and 8.16 on the CI scale are at the same
end of the rule. However, the CI scale would not be particularly
useful for a product such as 11.7 X 12.4, since 11.7 on the D scale
and 12.4 on the CI scale are at opposite ends of the rule. The C1
seale can also be used to advantage in the division of two factors
which are at opposite ends of the rule on the D and C scales. For

example:

91.0 Runner to 91.0 on D ¢ (Fig. 130)
11.6 Right index to hairline

Runner to 11.6 on CI
Read 7.850n D
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The CI scale does make possible a more efficient technique of
operation in multiplications and also divisions which involve more
than two factors. It eliminates the resetting of the slide for each
factor and permits the setting of two factors for each setting of the
slide. Consider the multiplications and divisions involving more
than two factors in Section 44. The multiplication 1.23 X 6.42 X
3.97 required five movements, three of the runner and two of the
slide. Using the CI scale as previously explained, the procedure

will be
1.23 X 6.42 X 3.97 Runner to 1.23 on D (Fig. 131)
Slide to 6.42 on CI
Runner to 3.97 on C
Read 314 on D
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In contrast to the previous method, this requires only three move-
mfents., two of the runner and one of the slide. The following multi-
plication which is performed using the CI scale as well as the C
- scale required seven movements in the previous solution, four of
the runner and three of the slide:
417 X 2.72 X 3.19 X 0.166 Runner to 4.17 on D

Slide to 2.72 on CI

Runner to 3.19 on C
Slide to 0.155 on CI

Runner to right index

Read 5.61 on D
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This requires five movements, three of the runner and two of the
slide. The procedures for the divisions of more than two factors
in Section 44 are as follows:

293 Runner to 293 on D (Fig. 132)
4.16 X 6.07 Slide to 4.16 on C

Runner to 6.07 on CI
Read 11.6 on D
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416 Runner to 416 on D
2.63 X 11.4 X 8.9 Slide to 2.63 on C
Runner to 8.95 on CI
Slide to 11.4 on C
Runner to left index
Read 1.55 on D

In all cases like the preceding where the CI scale is used, if.the
operation runs off the rule, the advantage of using the CI seale i
lost. Frequently, it is possible to avoid running off the rule by choos-
ing factors in the proper order. The last example given was onc
in which the factor 8.95 was taken out of order to avoid running off
the rule.

Simple rules of procedure for the use of the CI scale with the C
and D scales can be stated.

To start with multiplication, use D and CI scales.

To start with division, use D and C scales.

For repeating operations, alternate slide scales between C and CI.
For alternating operations, repeat slide seales, cither C or CL.
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Repeating operations are a multiplication of three or more factors
and a division in which one factor is divided by two or more factors,
Alternating operations occur in combinations of multiplication and

. X . ..
division, such as <7’ which may be solved by alternately dividing
and multiplying. Thisis shown schematically in the form %\—\37A¢7

signifying a division by 3, a multiplication by 4, and a division by 7,
or an alternating operation. In previous solutions of combinations
of multiplication and division, the C scale was repeated. An example
of an operation in which the CI scale is repeated is as follows:

7.64 X 13.9 Runner to 7.64 on D
2.62 Slide to 13.9 on CI
Runner to 2.52 on CI

Read 42.1 on D

This requires but slight movement of the slide. To do this operation
using the C scale would require considerably more movement.

Exrrcise 32

1. 6.09 X 10.08 12. 1.202 X 0.801 X 6.91
2. 1.16 X 0.921 13. 291 X 0.336 X 2.06
3. 16.2 X 91.1 14. 28.9 X 3.98 X 8.87
4. 7.51 X 12.20 15. 34.6 X 2.45 X 4.25
5. 8.19 X 0.1870 16. 3.47 X 2.23 X 3.19 X 4.08
6. 14.60 X 8.52 17. 12.1 X 2.02 X 4.12 X 0.0983
, 1312 o 0
7.93 " 30.3 X 2.64
5 671
i 146;
11.4 19. __Es*_
s 115 X 7.12
" 1320 20. o286
152.3 4.17 X 1285
10, =2
8.53 879
a1.

11. 8.86 X 16.1 X 0.680 9.79 X 6.21 X 1.76

THE 8§ AND T SCALES 213

9. 4375 94 9.05 X 1.325
27.1 X 3.18 X 5.05 2.62

3 12.3 X 8.24 5. 11.6 X 8.15

3.42 2.84 X 3.26

46. The S and T Scales. The S and T scales which are on the
back of the slide of the Polyphase and Mannheim slide rules are
trigonometric scales for obtaining respectively the sines and tangents

of angles. Before explaining the use of these scales, the following
trigonometric relations are given for reference purposes:
) 1
sinz =
csC X
1
cosxr =
sec
1
tan x =
cotx

cos z = sin (90° — x)
cot z = tan (90° — x)

The S Scale. The S scale is a scale for obtaining the sines of angles
from about 0°34’ to 90°. The angles are marked on the S scale
and the corresponding sines are read on the A scale. Reversing the
slide so that the S scale is on top, sines of angles can be read on the
A scale directly opposite the angle on the S scale when the slide is
centered in the frame. The sine of 16° for example, is obtained
using the following procedure:

sin 16° Center the slide (Fig. 133)
Runner to 16° on S
Read 0.276 on A
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The decimal point is set from the knowledge that the numerical
values of the sine of an angle are always less than one or equal to one
The sine of 5°44” is 0.1, or the mid-point of the two-cycle A Scale:
The sines of angles adjacent to the left eycle of the A scale vary
from 0.01 to 0.1 and the sines of angles adjacent to the right cyele
of the A scale vary from 0.1 to 1.0. Consequently, the decimal
point is definitely known for values of the sines of angles on the S
scale. Other examples are given, assuming that the slide has been
centered:

sin 30° Runner to 30° on S
Read 0.500 on A right
sin 62° Runner to 62° on S
Read 0.883 on A right
sin 0°50’ Runner to 0°50” on S
Read 0.0147 on A left
sin 2°36’ Runner to 2°36" on S

Read 0.0453 on A left

The cosines of angles can be obtained by using the relation,
cos £ = sin (90° — x).

cos 17° cos 17° = sin 73°
Runner to 73° on S

Read 0.955 on A right

cos 79° cos 79° = sin 11°
Runner to 11° on S

Read 0.191 on A right

cos 87°20’ cos 87°20" = sin 2°40’
Runner to 2°40’ on 8

Read 0.0465 on A left

Rl i AR R A
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The Polyphase and Mannheim slide rules are arranged with a hair-
line on the back of the frame so that sines and cosines can be evalu-
ated without reversing the slide. The hairline is placed on a plastic
insert so that it is in line with the right ends of the scales on the front
of the frame. It will be called the back index in this book. When an
angle on the S scale is set opposite the back index, the sine of the
angle is read on the B scale opposite the right index of the A scale.
The general principles of operation do not apply to this procedure
because the slide is moved first. For example:

(Fig. 134)

sin 23° Slide to 23° on S opposite back index

Runner to right index of A
Read 0.390 on B right
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sin 3°36’ Slide to 3°35’ on S opposite back index
Runner to right index of A
Read 0.0624 on B left
One difficulty of this procedure lies in setting the runner so close

to the end of the rule. A variation in the procedure would be to
read the sine on the B scale opposite the right index of the A scale
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by eye, i.e., without setting the runner. This can be done quite well
with a little practice. .
Secants and cosccants can be evaluated directly using the back

. . . . 1
index and the trigonometric relations, secx = —— ;esex = ——
cos x sin z

For example, find ese 27°. Set 27° on the S scale opposite the back
index. The sine of 27° is now on the B scale opposite the right
index of the A scale. In this position, it is automatically divided
into one on the A scale, and the result of this division is read on the

A scale opposite the left index of the B scale. Since 5

sin 27°
esc 27°, the cosecant is read directly on the A scale. The procedure
is outlined as follows:

csc 27° Slide to 27° on S opposite back index (Fig. 135)
Read 2.20 on A opposite left index of B
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csc 4° Slide to 4° on S opposite back index
Read 14.3 on A opposite left index of B
In these two examples, the decimal points are set by inspection from

the approximate values of the functions, sin 27° and sin 4°. Since
the sine of 27° is between 0.1 and 1.0, the cosccant of 27° will be
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between 10 and 1. Since the sine of 4° is between 0.01 and 0.1, the
cosecant of 4° will be between 100 and 10.
Secants are determined from the sines by converting the reciprocal
1 1

cosz  sin (90° — )

cosines to sines. Secx =

sec 48° Slide to 42° on S opposite back index
Read 1.49 on A opposite left index of B

sec 17° Slide to 73° on S opposite back index
Read 1.042 on A opposite left index of B

In the preceding examples where the left index of the B scale is
read each time, the values of the secant and cosecant will vary from 1
to 10 on the left cycle and from 10 to 100 on the right cycle of the A
scale. The center index of the B scale could be read in many cases
but this simple decimal point rule would not then apply.

The T Scale. The T scale is a scale for obtaining the tangents of
angles from about 5°43’ to 45°. The angles are marked on the T
scale and the corresponding tangents are read on the D scale. Re-
versing the slide so that the T scale is on top, tangents of angles can
be read on the D scale directly opposite the angle on the T scale
when the slide is centered in the frame. The numerical values of
the tangents of angles between 5°43’ and 45° vary from 0sl1 to 1.0.
The following examples are given with the slide being centered in
each case:

tan 43° Runner to 43° on T
Read 0.933 on D

tan 19°45’ Runner to 19°45’ on T
Read 0.359 on D

tan 8°25’ Runner to 8°25 on T
Read 0.148 on D

The sines and tangents of small angles are very ncarly equal. The
tangent of 5°45 differs from the sine of 5°45” by about 1 in 200.
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The smaller the angle, the less is the difference. Consequently, the
tangents of angles between 0°34” and about 5°45’ can be read to
sufficient accuracy using the S scale and the left cycle of the A scale.
This makes it possible to read directly the tangents of angles from
0°34’ to 45°. The cotangents of angles can be determined from the
tangent scale using the relationship cot # = tan (90° — z) and a
procedure similar to that for evaluating cosines.

Tangents of angles less than 45° may also be evaluated directly
using the back index and the right index as was done for sines. For
example:

tan 37° Slide to 37° on T opposite back index
Read 0.754 opposite right index of D
tan 12°40"  Slide to 12°40’ on T opposite back index

Read 0.225 opposite right index of D

Tangents of angles greater than 45° may be evaluated directly
by using the back index and a procedure similar to that for secants
and cosecants, as is illustrated by the following examples.

tan 656° Slide to 25° on T opposite back index
Read 2.14 on D opposite left index of C

tan 79° Runner to 11° on T opposite back index
Read 5.15 on D opposite left index of C

tan 87°  Runner to 3° on S opposite back index

Read 19.1 on A opposite left index of B

Note that the procedure uses the left portion of the S scale for angles
less than 5°45’ where the values of the tangent and sine are approxi-
mately equal.

The CI scale on the Polyphase slide rule also may be used for

cvaluating tangents of angles greater than 45°. The procedure is
as follows:
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tan 66° Slide to 25° on T opposite back index

Runner to right index of D
Read 2.14 on CI

The disadvantage of this procedure lies in the difficulty of manipula-
tion in setting the runner on the right index.

Functions of Angles Smaller than 0°34’. The functions of angles
smaller than those on the S scale can be obtained readily by using
the relation that for small angles, sin = tan x = z (in radians),
approximately. There are two gauge points on the S scale which
correspond to the numerical values in radians of an angle of one
minute and an angle of one second. One gauge mark is called the
minutes () gauge, and the other is called the seconds (") gauge.
Since sin 4’ = 4’ (in radians) approximately, or 4 X radian measure
of 1/, the sin 4’ is obtained by the corresponding procedure:

Runner to 4 on A left (Fig. 136)

Slide to minutes gauge on S
Runner to left index
Read 0.001164 on A
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The cycles of A are of no significance in obtaining the functions of
small angles. The left cycle is used because it is closer to the gauge
marks. The decimal points for functions of small angles can be
determined from the following data:

0.1° = 0.002 (2 zeros, 2) radians approximately
1’ = 0.0003 (3 zcros, 3) radians approximately

1”7 = 0.000005 (5 zeros, 5) radians approximately
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The following examples illustrate the procedure:

sin 2’ Answer = 2 X 0.0003 = 0.0006 approx.
Runner to 2 on A left
Slide to minutes gauge

Runner to right index
Read 0.000582 on A

sin 33"  Answer = 33 X 0.000005 = 0.000165 approx. (Fig. 137)
or = 0.5 X 0.0003 = 0.00015 approx.
Runner to 33 on A left
Slide to seconds gauge
Runner to left index

Read 0.000160 on A
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tan 7" Answer = 7 X 0.000005 = 0.000035 approx.
Runner to 7 on A left
) Slide to seconds gauge
Runner to left index
Read 0.0000340 on A

sin 0.082° 0.082° = 60 X 0.082 = 4.92’
Answer = 5 X 0.0003 = 0.0015 approx.
Runner to 4.92 on A left
Slide to minutes gauge
Runner to left index
Read 0.001433 on A
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A A B RN

The reverse process of finding the magnitude of the angle from its
function is also illustrated as follows:

8 /0.0008
. 2 O (QOO00N . o
0.00082 ==, (0.0003)

Runner to 0.00082 on A right

tan x

Right index to hairline
Runner to minutes gauge

Read z as 2/49”(2.82) on A

0.0000149

st = 5 ’\0.000005)
Runner to 0.0000149 on A left

Left index to hairline

15 (0.000015) g

Runner to seconds gauge

Read z as 3.07” on A

Since the cos z = sin (90° — z) and cot z = tan (90° — z), the
cosines and cotangents of angles greater than 89°26’ can be found
by computing the sines and tangents respectively of ¢he comple-
mentary angles.

cos 89°42’ = sin 18" = 0.00524
1
tan (90° — z)

tan 89°42" =

Also, since tan z = ,

1

= — = 191.
tan 18’  sin 18’

Values of secants of angles close to 90° and of cosecants of angles
close to 0° can be easily found from the corresponding values of the
sine function.

1
esc 0°18 = ———— = 191
sin 0°18’

1
sec 89°42’ = ¢ese 0°18/ = ————— = 101
sin 0°18’
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ExERcISE 33

Evaluate the following sines and cosines:

1. sin 14°18’ 6. cos 47°50’
2. sin 0°44’/ 7. cos 89°

3. cos 82°12’ 8. sin 40°3(/
4. cos 5°30’ 9. cos 72°12’
b. sin 22°45’ 10. sin 1°46'

Evaluate the following secants and cosecants:

11, sec 17° 14. sec 83°
12. csec 49° 15. csc 2°
13. csc 4° 16. sec 89°

Determine x in the following equations:

17, sinz = 0.629 19. sin z = 0.0862
18. cosz = 0.848 20 cosz = 0.0772

Evaluate the following tangents and cotangents:

21. tan 16°15’ 26. cot 83°12/
22. tan 36°30/ 26. tan 89°18’
23. tan 2°40’ 27. cot 0°54’

24. cot 6°30/ 28, tan 66°12’

Determine z in the following equations:

29. tanz = 1.63 31. cotz = 4.79
30. tan z = 0.938 32. tan xz = 0.0427

Evaluate the following functions:

33. sin 17’ 36. cos 89°46/
34. tan 4'30” 37. cot 89°59'10”
356. sin 43” 38. sin 31’

Determine z in the following equations:

39. sin z = 0.000872 41. sin z = 0.00369
40. tan z = 0.0000436 42. cosz = 0.00207
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47. The L Scale. The L scale, called the log scale, is a scale of the
mantissas of the common logarithms of numbers, i.e., logarithms to
the base 10. The mantissas are read directly on the L scale and the
characteristics of the logarithms of numbers are evaluated as usual,
by counting places to the left or the right of the decimal point.
For a number greater than one, the characteristic is positive and is
one less than the number of places to the left of the decimal point.
For numbers less than one, the characteristic is negative and is one
more than the number of zeros to the right of the decimal point.

The mantissa can be determined either by reversing the slide so
that the L scale is on top, or by using the back index. Reversing the
slide and centering it, the mantissa of the logarithm of a number is
read directly on the L scale by setting the runner on the number on
the D scale.

log 20 Mantissa: Runner to 20 on D (Fig. 138)
Read 0.301 on L
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log 76 Mantissa: Runner to 75 on D

Read 0.875 on L
Using the back index, the procedure is as follows:

log 20 Mantissa: Slide to 20 opposite right index of D
Read 0.301 on L opposite back index

log 76 Mantissa: Slide to 75 opposite right index of D
Read 0.875 on L opposite back index
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The following table gives a number of complete evaluations of
logarithms:

Number Mantissa
on D on L Characteristic Logarithm
2 veeea.... 0301 0 0.301
30 ... 0.477 +1 1.477
453U 0.875 +1 1.875
423 ... 0.626 +2 2.626
0.164......... 0.215 -1 9.215—10
0.026......... 0.415 -2 8.415—10

The L scale can be used in the evaluation of such expressions as

1
(1.92)*-32 and (18.47)53, as shown by the following procedures.

x = (1.92)*32 log z = 4.32 log 1.92
log 1.92 = 0.283 using L scale
4.32 X 0.283 = 1.222 wusing D and C scales
Runner to 0.222 on L
Read 1 6 7on D
Characteristic 1 means 2 places to left of
decimal point
r = 16.7

_log 18.47
6.23
log 18.47 = 1.266 using L scale

1.266 = 0.203 using D and C scales

6.23
Runner to 0.203 on L
Read1 59 50nD

Characteristic 0 means 1 place to left of

1
x = (18.47)8% log x

decimal point
z = 1.595
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For numbers less than one raised to powers, negative logarithms
must be used as shown in the following example.

x = (0.463)347 log x = 3.47 log 0.463
log 0.463 = 9.666—10 using L scale
= —0.334
—0.334 X 3.47 = —1.158 using D and
C scales
= 8.842—10
Runner to 0.842 on L
Read 6 9 50on D

Characteristic —2 means 1 zero to the
right of the decimal point
z = 0.0695

ExErcisE 34

Evaluate the common logarithms of the following numbers using the L
scale to determine the mantissas:

1. 493 6. 0.00693
2. 637 7. 7320

3. 15,900 8. 3.79

4, 29.7 9. 56.3

5. 0.551 10. 825
Evaluate the following expressions:

11, (1.083)'73 14. (0.868)%12

12, (4.63)3-3¢
1

13. (46.5)4.37
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Multiply
board feet
board feet
centimeters
cubic feet
cubic feet
cubic feet
cubic inches
degrees, angular
feet
gallons, U. S.
gallons, U. 8.
gallons, U. S.
horse-power
inches
kilograms
kilometers
liters
meters
miles
miles
miles per how
pounds
radians
square feet
square inches
square miles
yards

by
144
.0833
.3937
7.481

28.32
62.4
16.39

.01745
30.48

8.337 (at 15°C)

L1337
231
.746
2.540
2.205
.6214
. 2642
39.37
5280
1.609
1.467
453.6
57.30
.09290
6.452
640
.9144
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to obtain

cubic inches
cubic feet
inches

gallons, U. S,
liters

pounds, water
cubic centimeters
radians
centimeters
pounds, water
cubic feet

cubic inches
kilowatts
centimeters
pounds

miles

gallons, U, 8.
inches

feet

kilometers

feet per second
grams

degrees, angular
square meters
square centimeters
acres

meters

Ezercise 1

. Three
. Four
. Three
. Three
Five
Four
Four
. Three
Two
. Three
. Four

[y
RO OPRG o LPR

[

76,400

&
[1-]

Ezercise 2

51.3
. 1184
. 123.8
10.25
638
350
7.97
1903
. 222
10. 5.97
11, 7.04
12. 0.568
13. 257
14. 3.32
156. 4.04
16. 2530
17. 60.0
18. 248
19. 108.1
20. 362

L O

* 11.56 X 20.0 or 20.1
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

21.
22.
23.
24,
2b.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
317.
38.
39.
. 6.07

Six

One

Five

Three

Four

Two

Two

Three

One

2.16 X 41.7
63.9 X 345

30

60.0
259
173.5
2140
691
1918
2490
16.42
9.72
5.12
5.73
157.2
0.913
19.55
394
3.69
456
1.30
28,500
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23.
24,

26.
26.
27.

107.3 X 8.43

5720

01

649

1.007

2.18 X 4.01 X 0.926

0.0685 X 13.64
5.05

4.875 X 83.8

8 —————
36.1 or 36.2

1,374,000

41.
42,
43.
44,
45.
46.
47,
48.
49,
50.
b1.
b2.
63.
b4.
b6.
b6.
b7.
8.
69.
60.

' 0.293 X 21.4 X 987

546,000
139,300,000
25,700,000
72,100,000
0.0000763
0.00000179
0.0000147
18.0

28.4
0.00595
445

9.54

3.62

47.5

35.5

440

17,270
0.154

113.3

13.44
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Exercise 3

1, 75.7 22. 118.0 43. 6620 per yr.
2. 91.6 23. 8.81 44. $20,800

3. 50.3 24. 6.99 45. $179

4, 1244 26. 1524 46. (a) 108.5

b. 670 26. 12,300 (b) 110.2

6. 197 27. 183.5 (c) 9.76

7. 150 28. 106.7 (d) 15.22

8. 614 29. 1029 47. 9.04 mi.

9. 1476 30. 214 48, 682 mi.

10. 1945 31. 1400 49. (a) 108.2 cm.
11, 69.7 32. 2560 (b) 854 in.
12. 900 33. 62.8 (¢) 87.7 cm.?
13. 85.2 34. 2000 (d) 6030 acres
14, 66.7 36. 0.1316 (e) 7770 lbs.
15. 646 36. 0.1682 (f) 604 lbs.
16. 1.068 37. 14.81 (z) 8.14 Ibs.
17. 56.6 38. 0.00998 (h) 11,340 in.3
18. 0.0216 39. 1.017 (1) 125.9ft. persec.
19. 699 40. 17.41 G) 7.09 kw.
20. 1.532 41, 10,720 ft.2

21, 1660 42. 142,200 ft.2

Exercise 4

1. 689 17. 360 33. 21.8

2. 502 18. 83.0 34. 26

3. 97.0 19. 20.9 3b. 17.62

4. 1253 20. 22.1 36. 129.3

5. 10.61 21. 46.3 37. 0.0205

6. 0.1277 22. 20.1 38. 2990

7. 103.2 23. 172.8 39. 5890

8. 72.8 24. 1020 40, 2770

9. 594 25. 838 41, 83.7 ft.3
10. 6.65 26. 329 42. 1,317,000 ft.2
11. 30.8 27. 223 43. (a) 1762 hrs.
12. 201 28. 1290 (b) %2640
13. 304 29. 0.314 44, $184,600
14. 3.14 30. 26.3 45. 2,340,000 cfs.
15. 54.5 31. 37.7
16. 494 32. 1389
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Ezxercise 6

CENPO R WPOR

1410
654
121
5470
70.8

. 21.6
. 1245
. 13.7
. 684

Ezxercise 6

8.20
0.588
16.54
12.68
5.19

. 1.828

. 1.284

. 0.880

. 922

. 0.01526
. 179

. 4.96

. 12.38

. 47.9

Ezxercise 7

70.7
0.504
75.9

. 76.6

234

. 0.457
. 0.922
. 10.7
. 0.110
. 11.67
. 0.526
. 11.8
. 221

. 13.2
. 4.23

10.
11,
12.
13.
14,
16.
16.
17.
18.

16.
16.
17.
18.
19.
20.
21.
22.
23.
24.
26.
26.
217.
28.

16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
217.
28.
29.
30.

0.210
11.2
6400
9.90
84.8
100.7
1003
71.6
1243

2.68
1.246
3.94
3.97
0.0982
10.05
0.895
549
8.21
9.35
59.5
800
36.7
4.25

1.324
32.7
12.83
159
10.5
0.1334
2.89
0.659
5.86
14.29
0.0910
9.20
15.4
2.95
4.07

19.

20,

21.
22.

23.
24,
25.

29.

30.
31.

32,

33.
34.
35.
36.

317.

38.
39.
40.

31.

32.

33.

34,

35.

274

163
4430 Ibs.
656 lbs.
$849,000
91.1 hp
$7.84

14.0
21.4
67.9 ft.
16.9 mi.

485 Ibs. per ft.3

0.0156 ft.2
1.89 yd.
19.69,
79.29,
241 rpm.
71.1 mph.
7.50 min.

(a) 8.41in.2

(b) 241 in.2

(c) 25.3 ft.2

(d) 18.6 yd.2
(a) 76.7 ft.3

(b) 1.643 ft.3
(¢c) 18.9 in.?
(a) 3.16 ft.3

(b) 1144 in?
(©) 23.1 it

(a) 229 in.?

(b) 100.6 psi.
3.74 ft.
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Exercise 8

1. 34.1 11. 0.483 21, 4.87
2. 235 12. 0.489 22. 4.16
3. 428 13. 21.3 23. 316
4. 35.6 14. 3.80 24. 32.8
b. 258 16. 27.2 25. 44.5
6. 191.8 16. 4.01 26. 237
7. 389 17. 1.042 27. 2.56
8. 40.0 18. 2.33 28. 2.50
9. 3.23 19, 313 29. 366
10. 35.9 20. 20.5 30. 4.13
Ezercise 8

1. 325 156. 54.0 29. 1.955
2. 34.0 16. 12.14 30. 5.75
3. 0.0627 17. 418 31. 1.785
4. 16.06 18. 0.00340 32. 117.8
6. 227 19. 17.85 33. 329
6. 1.29 20. 4.91 34. 3.38
7. 0.162 21, 2.71 3b. 348
8. 1.83 22. 1.508 36. 0.647
9. 1088 23. 640 37. 7.00
10. 7.77 24. 35.8 38. 7.63
11. 201 25. 106.3 39. 0.0757
12. 85.6 26. 1.83 40. 6380
13. 11.0 27. 18.52

14, 333 28. 27.4

Ezercise 10

1. 300 11. 576,000 21, 3.68
2. 71.0 12. 2,930,000 22. 2.42
3. 45,400 13. 19,700,000 23. 9.15
4. 3.69 14. 46.6 24. 10.35
6. 34.6 16. 1150 25. 153.8
6. 3980 16. 2.85 26. 92.0
7. 4.08 17. 6.05 27. 657
8. 1730 18. 21.2 28. 2500
9. 164 19, 41.0 29. 29.9
10. 15,150 20. 1.44 30. 7.59
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Ezercise 11

SAR R o

=

2000
423
6.23

. 27,900,000

79
164,000
13.3
98,000
1025
7,550,000

Exercise 12

1
2
3
4
]
6.
7
8
9
0

1

0.685

. 0.0955

. 0.0272

. 0.000542
. 0.00512

0.279

. 0.00000149
. 0.000000851
. 0.0000146

0.0000000493

Ezercise 13

1
2
3.
4,
]
6
7.
8
9
10

0.00615

. 0.077

0.545
0.000445

. 0.0166
. 0.000000320

0.00000175

. 0.000000000575
. 0.000000088

0.000000000014

Ezxercise 14

1.
2.
3.

1.400
450
2.063

11.
12,
13.
14,
16.
16.
17.
18.
19.
20.

11.
12.
13.
14,
16.
16.
17.
18.
19.
20.

11,
12,
13.
14,
15.
16.
17.
18.
19.
20.

oo e

419,000,000
2,360,000,000
130,000

880

243,000

3.60

6.88

210

1.393
15.42

0.00215
0.830
0.0688
0.0001145
0.448
0.646
0.929
0.295
0.143
0.442

0.000369
0.0455
0.000750
0.00156
0.000000019
0.357

0.885
0.1157

0.551

0.240

. 1.0354

23.6
2.56

21.
22,
23.
24.
2b.
26.
27.
28.
29.
30.

21.
22.
23.
24.
26.
26.
27.
28.
29.
30.

21.
22.
23.
24.
26.
26.
27.
28.
29.
30.

2.92
1.86
4.14
26.4
18.6
65.2
120
36.8
310
10.22

0.0252
0.222
0.0406
0.278
0.0297
0.01053
0.00246
0.00963
0.000485
0.0284

0.1702
0.0320
0.0572
0.01777
0.193
0.00523
0.0383
0.0769
0.221
0.191

. 86300
. 1.536

1.0925
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10. 2.19 23. 3.46 36. 1.191
11. 5.16 24. 5.64 37. 3.33
12, 665 25. 1.217 38. 1.190
13. 15.1 26. 1.0460 39. 432,000
14. 1.25 27. 1.0284 40. 54,700,000
15. 4.22 28. 1.161 41, 8,400,000
16. 1.0181 29. 1340 42, 29,500,000
17. 1.0277 30. 1.0130 43. 1,100,000,000
18. 9.05 31. 3.16 44, 17,600,000
19. 1.495 32. 16.7 45, 140,000,000
20. 293 33. 0.1845 46. 14,800,000
21, 3.32 34. 4.16
22. 128 35. 0.1840

FEzxercise 15

1. 0.8263 11. 0.600 21. 3.95

2. 0.199 12, 0.427 22. 137.2

3. 0.9358 13. 0.0113 23. 4.57

4. 0.9645 14. 0.9688 24, 0.276

b. 0.472 15. 0.9889 25. 0.544

6. 0.408 16. 0.457 26. 0.9750

7. 0.733 17. 0.9673 27. 0.00000475
8. 0.842 18. 0.659 28. 0.0000000072
9. 0.360 19, 0.876 29. 0.00000142
10. 0.067 20. 0.9542 30. 0.000000019
Exercise 16

1. 0.382 8. 0.9551 15. 176

2. 0.0042 9. 0.215 16. 1.0364

3. 0.182 10. 0.542 17. 1.556

4. 0.398 11. 1.297 18. 3.46

6. 0.703 12. 3.92 19. 1.582

6. 0.9638 13. 1.1585 20. 1.868

7. 0.764 14. 1.268

Exercise 17

1. 0.247 b. 0.1357 9. 0.989

2. 0.842 6. 0.0445 10. 0.387

3. 0.0128 7. 0.995 11, 0.1766

4. 0.953 8. 0.315 12. 0.671
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13. 0.0480 23. 14.33 33. 32°

14. 0.01745 24. 8.20 34. 24°24/(24.4°)
15. 0.1176 25. 4.44 35. 85°34/(85.57°)
16. 0.649 26. 28.6 36. 79°2(0/(79.33°)
17. 0.846 27. 57.3 37. 76°

18. 0.0886 28. 1.030 38. 4°57/(4.95°)
19. 0.306 29, 8.21 39. 19°

20. 0.0308 30. 2.37 40. 57°48’(57.8°)
21. 1.046 31. 39°

22. 1.325 32. 57/(0.95°)

Exercise 18

1. 0.291 11. 63.7 21. 58°30/(58.5°)
2. 0.740 12, 229 22. 79°08'(79.13°)
3. 0.0466 13. 81.8 23. 2°27(2.45°)
4. 1.181 14. 0.0577 24. 11°48'(11.8°)
6. 8.78 15. 0.0256 25. 33°42/(33.7°)
6. 6.56 16. 2.86 26. 82°41/(82.68°)
7. 241 17. 0.377 27, 87°33/(87.55°)
8. 0.1192 18. 0.1069 28. 88°10/(88.17°)
9. 1.262 19. 2.27 29, 43°10/(43.17°)
10. 245 20. 0.920 30. 0°42'(0.70°)
Exercise 19

1. 0.00495 8. 0.000242 15. 1242”7(12.7")
2. 0.00131 9. 139 16. 2.74”

3. 0.000209 10. 491 17. 89°52'53”(89.882°)
4. 0.00640 11. 34,400 18. 89°57/20” (89.955°)
5. 0.00182 12. 0.00902 19. 17.8”

6. 0.0000412 13, 3/ 20. 89°58'43.5”

7. 0.00407 14. 97 (89.979°)
Ezxercise 20

1. 0.174 8. 4.74 16. 1.394

2. 0.00538 9. 11.43 16. 0.9210

3. 0.0424 10. 0.00659 17. 1.172

4. 40.5 11. 0.98380 18. 1.0140

5. 112.9 12. 0.491 19. 0.527

6. 0.000237 13. 0.681 20. 1.714

7. 0.1153 14. 1.0238
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Ezxercise 21

1. 204

2. 2.93
3. 1154
4. 147
6. 32.2

Ezxercise 22

6. 4.02
7. 70.9
8. 2.79
9. 86.2 ft.

10. 12.93 ft.

1. (a) 6.08,7.74, 14.02, 19.15, 32.3, 44.8
(b) 12.47, 15.87, 28.8, 39.3, 66.3, 92.0
(c) 18.22, 23.2, 42.0, 57.4, 96.8, 134.3

2. (2) 3.82, 7.15, 8.80, 13.93, 20.8, 45.3
(b) 2.02, 3.76, 4.64, 7.34, 10.99, 23.9
(c) 0.960, 1.795, 2.21, 3.50, 5.23, 11.38

3. (a) 234, 118.3, 80.6, 29.8, 15.4, 9.73
(b) 110, 55.8, 38.0, 14.02, 7.25, 4.58
(c) 39.9, 20.2, 13.77, 5.09, 2.63, 1.662

Ezxercise 23

1. 12.57
2. 2.31
3. 494
4. 10.06
b. 2.78
6. 6.13
7. 0.1665
8. 1.935
9. 21.5
10. 81.2
11. 3.07
12, 0.426
13. 6.96
14, 11.17
16. 36.9
16. 36.1

Ezxercise 24

1. 111
2. 58.0

17.
18.
19.
20.
21.
22.
23.

24,

26.

26.
27.
28.
29.
30.
31.
32.

o o

0.159
0.455
1.395

5.25

1.502 radians
0.734 rad.
4.63 rad.
8.68 rad.
0.297 rad.
6.39 rad.
85.4°
21.2°
118.1°
340°

724°
63.6°

274

. 14.05

11. 4 ft. 10% in.
12. 13 units
13. $2,800

33. 4.86
34. 3000
36. 0.110
36. 49.3
37. 0.000272
38. 85.0
39. 4.02
40. 13.78
41, 1.085
42. 6.89
43. 3.28
44. 26.0
46. 592 ft.?

0 I)
78.54% (4
46. 88.6 in.

(=]

. 7.32
6. 0.307
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7. 2.54 31. 153 66. 7.36

8. 6.05 32. 0.480 66. 23.5

9. 14.6 33. 15.1 67. 1.29

10. 1.255 34. 0431 68. 11.1

11, 8.87 36. 8.80 59. 11.6

12, 10.6 36. 432 60. 0.832

13. 0.685 37. 33.8 61. 197 ft.

14, 1.782 38. 1.01 62. 44.1 ft. per sec.
16. 65.0 39. 161 63. 2.81 sec.

16. 0.01445 40. 8.12 64. 157.2 ft. per sec.
17. 13.7 41, 0.630 66. 646 ft.

18. 3.07 42. 108.5 66. 13.0 sec.

19. 212 43. 2.32 67. 95.4 ft. per sec.
20. 0.858 44, 0.291 65.1 miles per hr.
21. 23.7 4b. 37.3 68. 19.8 ft.

22. 36.0 46. 1750 69. 30.0 lbs.

23. 1.88 47, 0.93 70. 141 ft.

24, 597 48. 1.45 71. 182 cu. in.

26. 15.1 49, 2.65 72. 785 sq. in.

26. 0.773 60. 75 73. 41,600 gal,
27. 53.9 b1. 38.6 74. 25.3 ft.
28. 4.64 b2. 46.3 76. $264
29, 0.941 53. 1.247
30. 66.6 54. 154

Exercise 26

1. 26.5 17. 1.742 C = 101°

2, 3.07 18. 2.00 32. a = 43.3

3. 0.601 19. 0.502 c = 80.2

4, 0.287 20. 0.115 B = 69°

b. 32.2 21. 0.552 33. a = 166.6

6. 18.6 22. 0.000482 b =949

7. 12.46 23. 0.307 C = 40°

8. 6.38 24. 2.74 34. a = 4.86

9. 26.5 26. 0.1233 A = 46°36'(46.6°)
10. 1.95 26. 0.68 B = 57°24'(57.4°)
11, 232 27. 2.04 36. 557 ft.

12. 3.62 28. 0.270 36. 37°33'(37.55°)
13. 96.8 29. 0.0333 37. 11.69 ft.
14. 245 30. 9.1 38. 623 ft.
15. 1.126 3l. ¢ = 67.6 39. 499,
16. 7.71 A4 =33° 40, 1°17'24"(1.29°)
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Ezxercise 26

1. 660 7. 0.9851 13. 1.84
2. 1.522 8. 2.585 14, 7.33
3. 0.8692 9. 1.174 15. 0.430
4. 3.26 10. 0.8085 16. 0.812
5. 1.0366 11, 3.70

6. 0.1085 12, 1.412

Exercise 27

1. 12.6 11. 5.30 21, 28.8
2. 96 12, 10.8 22. 0.9284
3. 0.736 13. 1.977 23. 1.0568
4. 0.298 14. 1.468 24, 3.11
5. 101 15. 2150 25. 1.0290
6. 0.849 16. 2080 26. 1.483
7. 14.9 17. 61.5 27. 0.499
8. 1.650 18. 1.622 28. 810
9. 6.69 19. 0.536 29. 4.46
10. 1.375 20. 0.499 30. 2.20
Ezxercise 28

1. 0.693 11. 2.16 21. 4.61
2. 2.804 12, 6.27 22, 11.85
3. 4.201 13. 4.28 23. 3.06
4. 1473 14. 0.399 24, 3.32
5. 9.741—-10 15. 9.44 25. 0.0203
6. 7.841—10 16. 0.230 26. 0.414
7. 3.865 17. 0.0155 27. 62.7
8. 0.579 18. —0.01158 28. 18.32
9. 1.750 19. —0471 29. 0.0750
10. 2.916 20. —6.65 30. —-5.75
Exercise 29

1. 34.1 6. 235 11, 1.068
2. 91.6 7. 40.0 12, 191.8
3. 6.99 8. 35.6 13. 62.8
4. 428 9. 15.0 14. 166.0
b. 106.7 10. 118.0 16. 1029
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16. 0.1682 30. 1243 (f) 604 Ibs.
17. 0.00998 31. 10,720 ft.2 (g) 8.14 lIbs.
18. 30.4 32. 142,200 ft.” (h) 11,340 in.?
19. 97.0 33. $20,800 (1) 125.9ft. persec.
20. 223 34. (a) 108.6 G) 7.09 kw.
21, 46.3 (b) 110.2 37. 83.7 ft.3

22. 20.9 (¢) 9.76 38. 1,317,000 ft.?
23. 4.94 (d) 15.22 39. (a) 1762 hrs.
24, 2990 35. 682 mi. (b) $2640
2b. 838 36. (a) 108.2 em, 40. 4430 lbs.
26. 121.1 (b) 854 in. 41. 656 Ibs.

27. 12.45 (¢) 87.7 cm.? 42, $849,000
28. 654 (d) 6030 acres

29. 6400 (e) 7770 lbs.

Exercise 30

1. 1.899 10. 5.19 19, 10.05

2. 3.23 11. 0.489 20. 21.4

3. 2.85 12, 1.828 21. 67.9 ft.

4, 359 13. 16.54 22. 16.9 mi.

5. 21.3 14, 2.68 23. 485 Ibs. per ft.3
6. 0.589 15. 4.01 24. 0.0156 ft.?

7. 820 16. 1.246 25. 1.89 yd.

8. 3.80 17. 1.042 26. 71.1 mph.

9. 0.0397 18. 8.21

Ezxercise 31

1. 70.7 12, 313 (c) 25.3 ft.2
2. 0.504 13. 2.56 (d) 18.6 yd.2
3. 759 14. 2.50 22. (a) 76.7 ft.3
4. 76.6 15. 1.324 (b) 1.643 ft.?
5. 23.4 16. 159 (c) 189 in.3
6. 0.457 17. 11.8 23. (a) 3.16 ft.2
7. 0.922 18. 221 (b) 1144 in.®
8. 10.7 19. 13.2 (¢) 23.11t3
9. 0.110 20. 4.23 24. 3.74 ft.

10. 11.67 21. (a) 8.41 in2

11. 0.526 (b) 241 in.?
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Exercise 32

1. 614 10. 17.85 19. 17.9

2. 1.068 11. 97.0 20. 0.0982
3. 1476 12. 6.65 21. 8.21

4, 91.6 13. 201 22. 10.05

6. 1.532 14. 1020 23. 29.6

6. 1244 156. 360 24, 4.58

7. 16.54 16. 100.7 2b. 10.21

8. 0.589 17. 9.90

9. 0.0627 18. 479

Ezxercise 33

1. 0.247 15. 28.6 29. 58°30’
2. 0.0128 16. 57.3 30. 43°10’
3. 0.1358 17. 39° 31. 11°48’
4. 0.995 18. 32° 32. 2°27'

6. 0.387 19. 4°57’ 33. 0.00495
6. 0.671 20, 85°34’ 34. 0.00131
7. 0.01745 21. 0.291 35. 0.000209
8. 0.650 22. 0.740 36. 0.00407
9. 0.306 23. 0.0466 37. 0.000242
10. 0.0308 24, 8.78 38. 0.00902
11, 1.046 2b. 0.1192 39. 3/

12. 1.325 26. 81.8 40. 97

13. 14.33 27. 63.7 41, 12/42”
14. 8.20 28. 2.27 42. 89°52'53"
Exercise 34

1. 0.693 6. 7.841—10 11. 3.98

2. 2.804 7. 3.865 12. 173

3. 4.201 8. 0.579 13. 241

4, 1.473 9. 1.750 14. 0.484

6. 9.741—10 10. 2916

INDEX

A

A scale, 4

accuracy of, 105

cycles of, 89

principle of, 105

reading of, 8, 89

squares and square roots, 89, 99

use in special operations, 163, 180, 181
Accuracy,

of cube scale, 105

of D scale, 13

of log log scales, 135

of reciprocal scales, 150

of slide rule, 13

of square scales, 105
Addition, 1
Adjustment, 1

of runner, 29, 31

of upper frame, 27, 30
Alignment,

of hairline, 29, 31

of slide and lower frame, 25, 30

of upper and lower frames, 25, 30
Alternating operations, 72, 86
Alternating scales, 60, 86
Angles, functions of, 136, 147, 213, 221
Area, of circle, 158

B

B scale (see A scale)
Black scales, 6, 86

C

> seale, 4

accuracy of, 13

reading of, 4
Cancellation in setting decimal point, 22
Care of slide rule, 30

Center-drift method, 1, 42, 82
CF scale (see C scale or folded scales)
Characteristic of logarithm, 189, 222
Choice of factors, 37

in combinations, 74

in division, 63

in mixed operations, 81

in multiplication, 42, 50, 59
CI scale, 4

accuracy of, 13

on Polyphase slide rule, 4, 207

reading of, 4
CIF scale (see CI scale or folded scales)
Circle, 158
Circumference, 158
Cleaning of slide rule, 30
Combinations, 69, 202

summary,

Duplex type, 85
Mannheim type, 211

Common logarithms, 9, 189, 223
Construction of slide rule, 1
Conversion factors, 226
Cosecant, 138, 148, 216, 221
Cosine, 138, 147, 214, 221
Cotangent, 141, 147, 218, 221
Cube roots, 94, 102
Cubes, 94, 102
Cursor, 1
Cycles, 9

of A scale, 89

of K scale, 94

D seale, 4
accuracy of, 13
reading of, 4
D and DF scales, relation between, 157

239
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INDEX

Diameter, 158
Decimal point, 6, 20
cancellation, 22
cubes and cube roots, 95, 102
inspection, 20
reduction, 22
squares and square roots, 91, 99
trigonometric functions, 136, 145, 214,
219
Degrees to radians, 160
Denominator, 62, 199
Description of slide rules, 1
DF scale (see D scale or folded scales)
Division, 1, 62, 199
principle of, 64
summary,
Duplex type, 85
Mannheim type, 211
Divisions of scales, 4
Duplex slide rule, 1

E

e, 135, 182
Efficient operation, 42, 74
summary, 85
Equivalents,
markings on scales, 6
table of, 226
Error, relative, 14
Exponents,
involving roots, 7, trigonometric func-
tions, 185
negative, 130
positive, 107, 123
Eye, reading by, 46, 84, 216

F

Factors, choice of (see Choice of Fac-
tors)
Factors, conversion, 226
Figures, significant, 13
Folded scales, 36
operations with , 157, 170, 180,
186
Fractional exponents, 107, 123, 130
Frame, 1
adjustments of, 27, 30
Tfunction of slide rule, 1
Trundamental principle of slide rule, 9

G

Gauge points,

for w/4, 158

for small angles, 144, 219
Graduation of scales, 4
Groups,

of numbers, 44

of scales, 36

H

Hairline, 1

adjustment of, 29, 31
Hands, use of, 30
Hyperbolic functions, 182

I

Index,
right or left, 40
upper, 38
Indicator, 1
Inspection in sctting decimal point, 20
Inverted scales, 47

K

K scale, 4

aceuracy of, 105

cubes and cube roots, 94, 102

cycles of, 94

prineiple of, 105

reading of, 8, 94

use in special operations, 163, 180
Keuffel and Esser Co., 1

L

L scale, 4, 189, 223
LL scales, 4
for numbers greater than one, 107
for numbers less than one, 123
principle of, 133
reading of, 108, 123
Law of sines, 177
Legends, 137, 182
Logarithms,
common, 9, 189, 223
natural, 190
to any base, 192
Looseness of slide, 26, 30
Lower group nubers, 44
Lower scales, 36
Lubrication of slide rule, 30

INDEX
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M

Manipulation, 30
Mannheim, Amédée, 1
Mannheim slide rule, 1, 4, 194
Mantissa, 189, 223
Measurements, 13
Minutes gauge, 144, 219
Mixed operations, 79, 85
Movement of runner and slide, 37, 38, 85
Multiplication, 1, 38, 195
principle of, 12, 47, 55
summary,
Duplex type, 85
Mannheim type, 211

N

Natural logarithms, 190
Negative exponents, 130
Numbers,
logarithm of, 189, 190, 192
lower group, 44
powers of, 107, 123, 130
upper group, 44
Numerator, 62, 199

o

Operations,
alternating, 72, 86
efficient, 42, 74, 85
involving A, B, K scales, 163, 180,
181
involving , 157, 170, 180, 186
involving S, ST, T scales, 173, 185
wmixed, 79, 85
of Duplex slide rule, 37
of Mannheim slide rute, 194
of Polyphase slide rule, 194, 207
repeating, 72, 86
serics, 154
speed in, 35
standard, 37, 85

P

Polyphase slide rule, 194
Positive exponents, 107, 123
Powers,
of ¢, 182
of numbers in general, 107, 123, 130
’recision, 13, 105

Principle,
of division, 64
of log log scales, 133
of multiplication, 12, 47, 55
of square and cube scales, 105
Proportion, 151

R

Radians to degrees, 160
Ratios, 151
Reading,
by eye, 46, 84, 216
scales, 4
Reciprocals, 47, 149
Red scales, 6, 86
Reduction,
in setting decimal point, 22
of significant figures, 19
Repeating operation, 72, 86
Re-setting, 163
Roots,
cube, 94, 102
in general, 107, 123, 130
square, 89, 99
Runner, 1
adjustment of, 29, 31
movement of, 37, 38, 85

S

S scale, 4, 136, 213
ST scale, 4, 136, 141
Scales, 4
alternating, 60, 86
black, 6, 86
cube, 94, 102
folded, 36
inverted, 47
log log, 107, 123
logarithm, 189, 223
lower, 36
reciprocal, 47, 149
red, 6, 86
square, 89, 99
trigonometric, 136, 141, 213
upper, 36
Secant, 138, 148, 216, 221
Sceonds gauge, 144, 219
Serics operations, 154
Significant figures, 13
Sine, 136, 144, 213, 219
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INDEX

Sines, law of, 177
Sizes of slide rules, 4
Slide, 1
movement of, 37, 38, 85
Small angles, 144, 219
Speed in operation, 35
Squares and square roots, 91, 99
Standard operation, 37, 85
Subdivision of scales, 4
Subtraction, 1
Summary of multiplication and division,
Duplex type, 85
Mannheim type, 211

T

T scale, 4, 141, 213
Tangent, 141, 144, 213, 216, 219
Technique of operation,

mixed, 79, 85

Technique of operation, standard, 37, 85

Tightness of slide, 26, 30

Time for operation, 35

Triangles, 177

Trigonometric functions, 136, 147, 213,
221

Trigonometric scales, 136, 141, 213

Types of slide rules, 1

U

Upper group numbers, 44
Upper scales, 36
Use,
of the eye, 46, 84, 216
of the hands, 30
of the slide rule, 1

YA
Zero, 7, 8, 13
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HERE IS a new method of operation

for the Duplex type of slide rule
which makes full use of its versatility
and etficiency.

The author has applied to the opera-
tion of the modern Duplex rule the kind
of technique now familiar in time-and-
motion studies for efficiency in pro-
duction. The result has been to make
available—tfor the first time since the in-
vention of the Duplex slide rule — an
integrated technique of operation for all
of the scales on the rule. It is a time- and
motion-saving technique in which move-
ment is reduced by one-third to one-
twentieth, and time reduced by one-half.

In addition to a full treatment of the
Duplex series, including slide rules with
the log log scales, a chapter has been
devoted to the Mannheim rule.

No effort has been spared to make
this text thoroughly self-teaching. The
presentation is progressive, to ensure
step-by-step comprehension of the prin-
ciples and to promote facility in the
skills of operation. The text is written in
clear and direct terms, easy to follow.
Many illustrative examples are included
for each progressive step in manipula-
tion and for each type of problem con-
sidered. Complete illustrations and
specially designed notations are given
for each of the operations and adjust-
ments. Answers to all problems and ex-
ercises are included as a self-check of
comprehension of the principles and
adjustments essential to the expert use

of this indispensable technical tool.



