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PREFACE

A computer who must make many difficulc calculations usuaily has a book
of tables of the elementary mathematical functions, or a slide rule, close at hand,
In many cases the slide rule is a very convenient substitute for a book of tables,
It is, however, much more than thac, because by means of a few simple adjust-
ments the actual calculations can be carried through and the resule obtained.
One has only to learn to read the scales, how to move the slide and indicator.
and how to set them accurately, in order to be able to perform long and other-
wise difficule calculations.

When people have difficulty in learning to use a slide rule, usually it is not
because the instrument is difficule to use. The reason is likely to be that they
do not understand the mathemarics on which the instrument is based, or the
formulas they are trying to evaluate. Some slide rule manuals contain relatively
extensive explanations of the theory underlying the operations. Some explain
in derail how to solve many different types of problems — for example, various
cases which arise in solving triangles by trigonometry. In this manual such
theary has deliberately been kept to a minimum. It is assumed that the theory
of exponents, of logarithms of trigonometry, and of the slide rule is known to
the reader, or will be recalled or studied by reference to formal textbooks on
these subjects. This is a brief manual on operational technique and is not in-
tended to be a textbook or workbook. Relatively few exercises are included,
and the answers of these (1o slide rule accuracy) are given immediately so that
tearning may proceed rapidly, by self-correction if necessary. Any textbook on
mathemarics which contains problems suitable for slide rule calculation, and
their answers, will provide additional practice.

Some of the special scales described in this manual may not be available
on your slide rule. All of the illustrations and problems shown can be worked
on the slide rule you purchased. However, the special scales simplify the calcu-
lations. Pickett 8 Eckel Slide Rules are available with all of the special scales
shown in this manual.
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PART 1. SLIDE RULE OPERATION
INTRODUCTION

The slide rule is a fairly simple tool by means of which answers to involved
mathematical problems can be easily obtained. To solve problems easily and
with confidence it is accessary o have a clear understanding of the operation
of your slide rule. Speed and accuracy will soon reward the user who makes
a careful study of the scale arrangements and the manual.
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The slide rule consises of three parts: (1) the stator (upper and lower
bars); (2) the slide; (3) the cursor or indicator. The scales on the bars and
slide are arranged to work together in solving problems, The hairline on the
indicaror is used to help the eyes in reading the scales and in adjusting the slide.
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Each scale is named by a letter (A, B, C, D, L, 5, T) or other symbol at
the left end.

The table below shows some of the mathematical operations which can be
done easily and quickly with an ordinary slide rule.

QPERATIONS INVERSE OPERATIONS

For Mathematics, Science and Engineering.
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Model NSOOES LOG LOG SPEED RULE Loyt

Multiplying two or more numbers
Squaring a number
Cubing a number

Finding the logarichm of a number|

Finding the sine, cosine, or tangent
of an angle

Dividing one number by another
Finding the square root of a number
Finding the cube root of a number

Finding a number whose logarichm is
known

Finding an angle whose sine, cosine, or
tangent is known

Front

For Mathematics, Science and Engineering.
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Various combinations of these operations {such as multiplying two numbers
and then finding the square root of the result] are also easily done. Numbers
can be added or subtracted with an ordinary slide rule, but 1t is usually easier
to do these operations by arithmetic.*

In otder to use a slide rule, a computer must know: (1} how to read the
scales; (2) how to “‘set” the slide and indicaror for each operation to be
done; and (3) how to determine the decimal point in the result,

*By putting special scales on a slide rule, these and certain ather operations much more dificult

than those shown in the mble above can be done easily.

[3]




HOW TO READ THE SCALES

The scaie labeled C (on the slide) and the scale D (on the stator bar) are
used most frequently. These two scales are exactly alike. The total length of
these scales has been separated into many smaller parts by fine lines called
“*graduations.”

Some of these lines on the D scale have large numerals (1, 2, 3, etc.)
printed just below them. These lines are called primary graduations. On the C
scale the numerals are printed above the corresponding Eraduations. A ling
labeled 1 at the left end is called the fefz index. A line labeled 1 at the right
end is called the r7ght index.
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PRIMARY GRADUATIONS

Fig. 2

Next notice that the distance between 1 and 2 on the D scale has been
separated into 10 parts by shorter m%raduation lines. These are the fecondary
graduations. (On 10 inch slide rules these lines are labeled with smaller
numerals 1, 2, 3, etc. On 6 inch rules these lines are not labeled.) Each of the
spaces berween the larger numerals 2 and 3, between 3 and 4, and between
the other primary graduations is also sub-divided into 10 pares. Numerals are
not printed beside these smaller secondary graduations because it would
crowd the numerals too much.
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SECONDARY GRADUATIONS
Fig. 3.

When a number is to be located on the D scale, the firr digit is located by
use of the primary graduations, The recond digir is Jocated by use of the
secondary graduations. Thus when the number 17 is located, the 1 ar the left
index represents the 1in 17. The 7th secondary graduarion represents the 7.
When 54 is to be located, look first for primary graduation 5, and chen for
secondary graduation 4 tn the space immediately to the right.

There are further sub-divisions, or fertiary graduations, on all slide rules.
The meaning of these graduations s slightly different ac different pares of the

scale. I is also different on a 6 inch slide rule than on a 10 inch rule, For this |

reason @ separate €xplanarion must be given for zach.

[4]
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Tertiary graduations an 10 inch rales.

The space between each secondary graduation at the left end of the rule
(over to primary graduation 2) is separated into ten parts, but these shertesc
graduation marks are not numbered. In the middle parr of the rule. berween
the primary graduations 2 and 4, the smaller spaces berween the secondary
graduations are separated into hve parts, Finally, the sull smaller spaces be-
tween the secondary graduations at the nght of 4 are separated nto only
[WO parts.

To find 173 on the D scale. look for poimary division 1 {che lefr index),
then for secondary division 7 (numbered) then for smalier subdivision 3 (not
numbered, but found as the 3rd very short graduaton o the nght of the
longer graduation for 7).

14¥ 173 246 247
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Fig. 4

Similarly, 149 is found as the 9th small graduacion mark to the right of
the 4rh secondary graduation mark to the right of primary graduation 1.

To find 246, leok for primary graduation 2, then for the th secondary
graduation after it {the 4th Jong Line), then for the 3rd smul! graduanon afrer
it. The smallest spaces in this part of the scale are ffths. Since 2 = 5. then
the third graduation. marking three fifthr, is at the same pownr ps i fenths
would be.

Tertiary graduations on 6 inch rules.

The space between each secondary graduation at the left end of the rule
(over to primary graduation 2) is separated into five parts. In the middle of
the rule, getween the primary graduations 2 and 5, the smaller spaces between
the secondary graduations are separated intc two parts. Finally, the still
smaller spaces between the seconaary graduations at the right of 5 are not
subdivided.

To find 170 on the D scale, look for the primary division 1 (the left index),
then for the secondary division 7 which is the 7th secondary graduation.
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To hnd 146, look for the primary graduarion 1, then for the 4th secondary
graduauon after it (the 4th secondary line), then for the 3rd smali graduation
after it. The smallest spaces in chus part of the scale are fifths. Since 3/5 = 6/10

then the third graduavon, matking three Sifths, is ar the same puint as J'r};
tenthi would be.

The number 147 would be halt of a small space beyond 146, With the aid
of the hairline on the runner the position of this number can be located
approximarely by the eye. The small space s mentally “splic™ in half_

The number 385 is found hy locating primary graduation 3 and then
secondary graduation 8 {the Sth long graduation aRer 3). Following this, one
observes that between secondary graduauons 8 and 9 there is one shorr mark,
Think of this as the "'S tenths' mark, which represents 385. The location of
383 can be found approximately by menully “splitting” the space between
380 and 385 into fifths, and estimating where the 3rd "“fifths”" mark would be
placed. It would be juse a little to the right of halfway berween 380 and 385.

On the scale below are some sample readings.
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Fig. 6
Ar 195 F: 206
B: 119 G: 165
C: 110 H: 102
D: 1 I 694
E: 223 J: 487

_The: symbols 0, 1, 2, 3, 4, 5, 6, 7. 8, 9, used in writtng numbers are called
digits. One way 1o describe a number is to tell how many digits are used in
wating it. Thus 54 is a “two-digit number”, and 1,348,256 is a "'seven-digit
number.” In many computations only the firse two or three digits of a number
need to be used to get an approximate result which is accurate enough for
practical purposes. Usually nor more than rhe first three digits of 4 aumber
can be "set’” on 4 six inch slide rule scale. In many practical problems this de-
gree of accuracy is sufficient. When greater accuracy 1s desired, a ten inch
shide rule is generally used.
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MULTIPLICATION

Numbers that are 10 be multiplied are called factors. The result is cailed
the product. Thus, in che statement 6 X 7 = 42, the numbers 6 and 7 are
factors, and 42 is the product.

ExampLE: Multiply 2 X 3

Setting the Scales: Set the left index of the C scale on 2 of the D scale. Find
3 on the C scale, and below it read the product, 6 on the D scale.

Think: The length for 2 plus the length for 3 will be the length for the product.
This lenzth, measured by the D scale, is 6.

LEFT IMDEX
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ExaMmpLE: Multiply 4 X 2 Fig. 7

Setting the Scales: Set the lefr index of the C scale on 4 of the D scaie. Find
2 on the C scale, and below it read the produce, 8, on the D scale.

Think: The length for 4 plus the longth for 2 will be the length for the product.
This length, measured by the D scale, 15 8.

Rule for Multiplication: Over one of the factors on the D scale, set
the index of the C scale. Locate the other factor on the C scale, and
directly below it read the product on the D scale.

ExampLE Mulriply 2.34 X 368

Estimate the reswlt: Figst note that the resulc will be roughly the same as
2 X 40, or 80; that is, there will be two digits to the left of the decimal
point. Hence, we can ignore the decimal points for the present and muluply
as though the problem was 234 X 368.

Set the Scales: Set the left index of the C scale on 234 of the D scale. Find
368 on the C scale and read product 861 on the D scale.

Think: The length for 234 plus the length for 368 will ke the length far the
product. This length is measured on the D scale. Since we already knew the
result was somewhere near 80, the product must be 861, approximarely.

ExampLE: Multiply 28.3 X 5.46

Note first that the resule will be about the same as 30 X 3, or 150. Note
also that if the left index of the C scale is set over 283 on the D scale, and
546 is then found on the C scale, the slide projects so far to the righe of the
rule that the D scale 1s no Jonger below the 546. When this happens, the
other index of the C scale must be used. That is, set the right index on the C
scale over 283 on the D scale. Find 546 on the C scale and below 1t read
the product on the D scale. The product is 154.5.

These examples illustrate bow in simple problems the decimal point can be

placed by use of an esumate.

{71
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PROBLEMS ANSWERS

L. 15X 37 55.3

2. 280 X 0.34 95.2

3. 753 X 89.1 67,100

4. 9534 X 167 159.3

5. 0.0215 X 3.79 : 0.0815
DIVISION

In mathematics, division is the opposite ot jnverse operation of mulciplica-
tion. In using a slide rule this means that the process for mulriplication is
reversed. To help in understanding this statement, set the rule to multiply
2 X 4 (see page 7). Notice the result 8 is found on the D scale under 4
of the C scale. Now to divide 8 by 4 these steps are reversed. Firsc find 8
on the D scale, set 4 on the C scale over ir, and read the result 2 on the D
scale under the index of the C scale.

Think: From che length for 8 (on the D scale) swbtract the length for 4
{on the C scale). The length for the difference, read on the D scale, is the
result, or quotient.

With chis same setting you can read the quotient of 6 = 3, or 9 + 4.3,
and in fact all divisions of one number by another in which the result s 2.

Rule for Division: Set the divisor (on the C scale) opposite the number

to be divided (on the D scale). Read the result, or quotient, on the D scale
under the index of the C scale,

EXAMPLES:

(a} Find 63.4 + 3.29. The quotient must be near 20, since 60 = 3 = 20.
Set indicator on 63.4 of the D scale. Move the slide until 3.29 of the C scale is
under the hairline, Read the result 19.27 on the D scale at the C index.

(b} Find 26.4 + 47.7. Since 26.4 is near 25, and 47.7 is near 50, the quotient
must be roughly 25/50 = 34 = 0.5. Set 47.7 of C opposite 26.4 of D, using
the indicator to aid the eyes. Read 0.553 on the ID scale ar the C index.

PROBLEMS ANSWERS

1. 83 + 7 11.86

2. 7592 0.815

3. 137 + 513 0.267

1 173 = 231 0.0749

5. B370 + 0219 39,000
{81

DECIMAL POINT LOCATION

In the discussion which follows, it will occasionally be necessary to refer
to the number of “digits" and number of “zeros” in some given numbers.

When numbers aze greater than 1 the number of digits to the left of the
decimal point will be counted. Thus 734.05 will be said to have 3 digits.
Although as written the number indicates accuracy to fire digits, only three
of these are at the Jeft of the decimal point.

Numbers that are less than 1 may be written as decimal fractions.* Thus
673, or six-hundred-seventy-three thousandths, is a decimal fraction. An-
other example is .000465. In this number three zeros are written 1o show
where the decimal point is located. One way to describe such a number is
to tell how many zeros are written to the right of the decimal point before
the furst non-zero digit occurs.

In scientific work a zero is often written to the left of the decimal point,
a5 in 0.00541. This shows that the number in the units’ place is definitely 0,
and that no digits have been carelessly omitted in writing or printing. The
zetos will nof be counted unless they are (a) at the right of the decimal point,
(b) before or at the Jfs of the first non-zero digit, and (c) are not between
other digits. The number 0.000408 will be said to have 3 zeros (that is, the
number of zeros between the decimal poinr and the ).

In many, perhaps a majority, of the problems met in genuine applications of
mathematics to practical affairs, the position of the decimal point in the resuir
can he determined by what {s sometimes called “common sense.” There is
usually only one place for the decimal point in which the answer is "'reason-
able” for the problem. Thus, if the calculated speed in miles per hour of a
powerful new airplane comes out to be 4833, the decimal point clearly be-
longs between the 3's, since 48 m.p.h. is too small, and 4833 m.p.h. is too
large for such a plane. In some cases, however, the data are such thar the
position of the point in the final result is not easy to get by inspection.

Another commonly used method of locating the decimal point is by estima-
tion or approximation. For example, when the slide rule is used to find
133.4 X 12.4, the scale reading for the result is 1653, and the decimal point
is to be determined. By rounding off the factors to 133.0 X 10.0, one ob-
tains 1330 by mental arichmeric. The result would be somewhat greater t{han
this bur certainly contains four digits on the left of the decimal point, The
answer, therefore, must be 1655.

In scientific work numbers are often expressed in standurd form. For exam-
ple, 428 can be written 4.28 X 107, and 0.00395 can be written as 3.95 X 102
When a number is written in standard form it always has two factors, The
first factor has one digit (not a zero) on the left of the decimal point, and
usually other digits on the right of the decimal point. The other factor is a
power of 10 which places the decimal poiat in its true position if the indicated
multiplication is carried our. In many types of problems this method of
writing numbers simplifies the calculation and the location of the decimal
point,

*Only positive real numbers are being considered tn this discussion,
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When a number is written in standard form, the exponent of 10 may be
called “the charagreristic.”” It is the characteristic of the logarichm of the
number to base 10. The characteristic may be either 2 positive or a negative
number, Although the rule below appears long, in actual practice it may be
used with grear case.

Rule. To express a number in standard form: )

(a) place a gecimal point at the right of the first non-zere digit*

(b) start at the right of the first non-zero digit 1n the original number
ind count the digits and zeros passed over ip reaching the decimal point.
The result of the count is the numerical value of the characteristic, or ex-
ponent of 10. If the original decimal point is toward the righ, the char-
acteristic is positive (+). If the original decimal point is toward the left,
the characteristic is negative (—). Indicate that the result of (a) is to be
multiplied by 10 with the exponent thus determined in (b).

EXAMPLES:
Number 10
Number standard form. Characreristic
{2) 5,790,000 9.79 X 108 6
[b) 0.000283 285 X 1074 —4
{E] 44 4.4 X 10 1
{d) 0.623 6.23 X 107t -1
(e) 8.15 8.15 X 10" 0
(f) 461,328 4.61328 X 10° 5
(g) 0.0000005%71  5.371 X 1077 —¥
(h) 0.0306 3.06 X 1072 —2
(1) 80.07 8.007 X 10! 1

If a aumber given in standard form is to be written in "ordinary” form, the
digits should be copied, and then starting ar the night of rthe first digit the
number of places indicated by the exponent should be counted, supplying
zeros as necessary, and the point put down. If the exponent is positive, the
count is toward the right; if negative, the count is toward the lefc. This con-
verse application of the rule may be verified by studying the examples given
ahove.

Consider now the calculation of 5,790,000 X 0.000283. From examples
{a) and (b} above, this can be written 5.79 X 10% X 283 X 10~ or by
changing order and combining the exponents of 10, as 5.79 X 2.83 X 10%
Then since 5.79 is near 6, and 2.83 is near 3, the product of these twao factors
is known to be near 18. The multiplication by use of the C and D scales
shows it to be abour 16.39, or 1.639 X 1. Hence, 3.79 X 2.83 X 10?
= 1.639 X 10! X 10* = 1.639 X 10® = 1639, If, however, one has

3,790,000 + 0.000283, the use of standard form yields

= 6
%‘—g—i;—gﬂ = 204 X 10509 = 204 X 10,20

In scientific work the result would be left in this form, but for popular con-
sumption it would be written as 20,400,000,0(K). The general rule 1s as follows.

*In using this rule, “Arst” is to be counted from the left; thus, in 3246, the digit 3 is "fust.”

[10}]

Rule. To determine the decimal point, firsc express the numbers in
standard form. Carry curt the indicated operations of multiplication or
division, using the laws of exponents” - to combine the exponents until a
single powerof 10 is indicated. If desired, write out the resulting number,
using the final exponent of 10 to determine how far, and in what direc-
tion, the decimal point in the coefficient should be moved.

CONTINUED PRODUCTS

Sometimes the product of three or more numbers must be found. These
“continued’ products are easy to get on the slide rule.

ExampLe: Mulnply 38.2 X 1.65 X &9,

Fstimare the result as follows: 40 X 1 X 10 = 400. The resule should be,
very roughly, 400

Setting the Scales: Set lefe index of the C scale over 382 on the D scale. Find
143 on the C scale, and se the hairline on the indicator on it.** Move the index
on the slide under the hairline. In this example if the Jeff index is placed under
the hairline, then X9 on the C scale falls ourside the D scale. Therefore move
the right index under the hauline. Move the hairline to 89 on the C scale and
read the resule (361) under it on the D scale.
Below is a gemeral rule for continued products: @ X & X c X d X e

Set hairline of indicator at 4 on D scale,
Move index of C scate under bairline.
Move hairline over b on the C scale,
Move index of C scale under hairline.
Move hairline over ¢ on the C scale.
Move index of C scale under hairline.

Continue moving hairline and index alternarely until all numbers have
been ser.

Read resulr under the hairline on the D scale.

PROBLEMS 4 ANSWERS
L 29 X34 X735 73.9
2. 173X 43X 92 6.840
3. 343 X 91.5 X 0.00532 167
4. 19 X 407 X 0.0021 16.24
3. 13.5 X 709 X 0.567 X 0.97 5260

COMBINED MULT!PL_ICATION AND DIVISION
Many problems call for both multiplication and division.
) 42 x> A7
ExAMPLE: o

*See any textbook on elementary algebra. he theory of exponents and the rules of operation
with signed numbers are both involved in a compiete trearment of this topic. In this manual ut
is assumed thar the reader is familiar with this theory.

**The product of 382 X 165 could now be read under the hairline on the D scale, but this is
0L NECEsSary.
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First, set the division of 42 by 63; thar is, set 65 on the C scale opposite 42
on the D scale.* Move the hairline on indicaror to 37 on the C scale. Read

42
the result 239 con the D scale under the hairhine. Since the fraction & is about
equal to 3, the result is about two-thirds of 37, or 23.9.
213 % 548

EXAMPLE: (165 343

Ser 692 on the C scale opposite 273 on the D scale. Move the haitline to
54% on the C scale. Move the slide to ser 344 on the C scale under the hairline.
Read the result .628 on the D scale under the C index.

; daXcXeXg -

In general, to do computations of the type ;= XL set the rule
to divide the first factor in the numerator @ by the first factor in the de-
nominator b, move the hairline to cthe next factor in the numeraror ¢; move
the slide to set next factor in denominator, 4, under che hairline. Continue
moving hairline and slide alternately for other factors (¢, f, £, &, etc.). Read
the result on the D scale. If there is one more factor in the numerator than
in the denominator, the result is under the haitine. If the number of factors
in numerator and denominator is the same, the result is under the C index.
Sometimes the slide must be moved so that one index replaces the other.”*

22X 24
EXAMPLE: 84

If the rule is set to divide 2.2 by 8.4, the hairdine cannot be set over 2.4 of
the C scale and ar the same time remain on the rule. Therefore the hairline is
moved 1o the € index (opposite 262 on the D scale) and the slide is moved
end for end to the right (so that the /ft index falls under the hairline and
over 262 on the D scale). Then the haitline is moved to 2.4 on the C scale
and the result 63 is read on the D scale.

If the number of factors in the numerator excecds the number in the de-
nominator by more than one, the numbers may be grouped, as shown below.
After the value of the group is worked out, it may be multiplied by the other
factors in the usual manner.

aXb¥Xc
FETE L
PROBLEMS ANSWERS
T 22 48 61.1
19
2 517 X 1.25 X 9.33 207
4.3 X 6.77
567 X 11.52
4 1590 X 3.64 X 0.763 1081
4.39 X 930

*The quornient, £id6, need not be read,

*+This statement assumes that up to this point only the C and D scales are being used. Later
sections will describe how this operation may be avoided by che use of other scales.

| (123

L

5. 0.0237 X 3970 X 32 X 6.28

0.00029 x 186000 351
6. 231 X 58.6 X 4930
182.5 X 3770 97.0
7 875 X 1414 X 2.01
661 % 35.9 104.8
g 558 X 1145 X 633 X 809
417 X 757 X 354 2030
91,500 or 147 X 10~
10. 19.45 X 7.86 X 361 X 64.4
32.6 X 9.74 11,190
PROPORTION

~ Problems in proportion are very easy to solve. First notice that when the
index of the C scale is opposite 2 on the D scale, the ratio 1 : 2 or 4 is at the
same time set for all other opposite graduations; that is, 2:4, or 3:6, or
25:5,0r32:64, erc. Itis true in general thar for any setring the numbers
for all pairs of opposite graduntions have the same ratio. Suppose one of the
" s e , g a

terms of a proporrion is unknown. The proportion can be written as e <

X
where «, b, and ¢, are known numbers and x is to be found,

Rule: Set a on the C scale opposite b on the D scale. Under ¢ on the C
scale read x on the D scale.

3 b
ExampLE: Find x if;i = ;(-'

Set 3 on C opposite 4 on D. Under 5 on C read 6.67 on D,

. ; X \ 5
The proportion above could also be written - = =, or “inverted,” and
a [4

exactly the same rule could be used. Moreover, if C and D are interchanged
in the above rule, it will stili hold if "under” is replaced by “over.” It then
reads as follows:

Set @ on the D scale opposite & on the C scale. Over ¢ on the ID scale
read x on the C scale.

Rule: In solving proportions, keep in mind thar the position of the
numbers as set on the scales is the same as itis inthe proportion written

in the form z ;

{13]




) ! a_ ¢ be
Proportions can also be solved algebraically. Then J = ; becomes x = 5

and this may be computed as combined multiplication and division,

PROBLEMS ANSWERS

Lox _ 132 300,
425 187

a9 .'1512 40.7

h 3

3. 438 _ x 1247,
892 ~ 2550

4 0008 941 276.
a1 x

5£=E 657

X

SPECIAL GRADUATIONS — CIRCULAR MEASURE

A special graduation on the C scale at #/4=0.7854 is especially convenient
in finding the area or the diameter of a circle, and in similar problems. Since
A= (n/4)d*, where d is the diameter, the following rule applies.

Rule: To find the area (A) of a circle whose diameter d is known, ser the
right index of the C scale over d on the D scale, Move the hairline over .7854
mark on righthand section of B scale. Read area under hairline on A scale.

Rule: To find the diameter of a circle whose area A is known, set hairline
over area  on A scale (See page 19 for rule regarding section of A scale
to use ). Move slide until .7834 mark on righthand section of B scale is under
hairline. Read diameter on D scale below righe index of C scale.

A special graduation on the C and D scales ar 57.3 is indicated by a small R.
Since one radian=57.3 (approximately}, this R graduation is useful in
changing radian measure to degree measure, and conversely.

Rule: "To convert radians to degrees, set an index of rthe C scale to the num-
ber of radians on D. Under R on C read the number of degrees on D. To
convere degrees to radians, set R on C over the number of degrees on D. At
the index of C read the number of radians on D.

EXAMPLES:

{2} Convert =/? radians to degrees. Set 2 on C aover 7 on D. At the lefi-
index of C read #/2, or 1.57, on D.

(b) Convert 30° to radians. Set R on C over 30 on I). At the index of C
read 0.524 radians on D.

Note that this method puts the result on the D scale in convenient form
for continued computation. In similar fashion, by interchanging C and B and
the words “under” and “over; in the above rules, the result can be put on the
C scale.

[14)

PART 2. USE OF CERTAIN SPECIAL SCALES

THE CI AND DI SCALES

It should be understoed that the use of the CI and DI scales does not increase
the power of the instrument to solve problems. In the hands of an experienced
computer, however, these scales are used to reduce the number of sertings or to
avoid the awkwardness of certain sertings. In this way the speed can be increased
and errors minimized.

The CI scale on the slide 15 a C scale which increases Jrom right 1o lefe. Tt
may be used for finding reciprocals. When any number is set under the hair-
line on the C scale its reciprocal is found under the hairline on the CI scale,
and conversely.

ExampLES:
(a) Find 1/2.4. Set 2.4 on C. Read .417 directly above on CI.

{b) Find 1/60.5. Sex 60.5 on C. Read .0165 directty above on Cl. Or, set
60.5 on CI, read 0165 directly below on C.

The CI scale is useful replacing a division by a multiplication. Since
a& ; - L)
5 = @ X 1/b, any division may be done by multiplying the numerator (or

dividend) by the reciprocal of the denominaror (or divisor), This process
may often be used ro avoid settings in which the slide projects far outside the
rule,

EXAMPLES:

(a) Find 13.8 =+ 87.5. Consider this as 13.6 X 1/87.5. Set left index of the
C scale on 13.6 of the D scale. Move hairline to 87.5 on the CI scale. Read
the result, .155, on the D scale,

(b)‘ Find 72.4 + 1.15. Consider chis as 72.4 X 1/1.15. Ser righr index of
the C scale on 72.4 of the D scale. Move hairline to 1.15 on the CI scale.
Read 63.0 under the hairline on the D scale.

An important use of the CI scale occurs in problems of the following type,

ExAmpLE: Find 13.6 This is the same as 13.6 X (1:2.79).
113 X 2.79 [EE R

Set 4.13 on the C scale opposite 13.6 on the D scale. Move hairline to 2.79
on the CI scale, and read the result, 11RO, on the [ scale.

By use of the CI scale, factors may be transferred from the numerator to the
denominator of a fraction (or vice-versa) in order to make the settings more
readily, Also, it is sometimes easier to gt a X & by setting the hairline on &,
pulling & on the CI scale under the hairline, and reading the result on the D
scale under the index.

The DI scale (inverted D scale) below the D scale corresponds to the Cl
scale on the siide. Thus the D and DI scales together represent reciprocals.
The DI scale has several important uses, of which the following is representa-
tive.
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Expressions of the type 1/X, where X is some complicated expressioln
ot formula, may be computed by first ﬁndilng the value of X. If the result
for X falls on D, then 1/X may be read under the hairline on DL

EXAMPLE:

(2) Find N T Mulciply 0.265 X 138 using the C and D scales.
s irhi -ale. Or set the hairline
Read the reciprocal .0273 under the hairline on the D1 scale. Or s s
on 265 of the DI scale, pull 138 of the C sc:a_.]e under the halr_hn_e, and rei o
resule on the D scale under the left index of the C scale. This is equivaient to
, (1/.265)
writing the expression as = Jqg=—

PROBLEMS ANSWERS

1. 1 143
7

2. 1 0284
352

3. 1 5.57
1795

4 1 0001555
6430

51 318
-

6. 1 240
00417

[161

THE CF/x AND DF/~ SCALES

It should be understood that the use of the CF and DF scales does not
increase the power of the instrument to solve problems. In the hands of an
experienced computer, howe ver, these scales are used to reduce the number of
certain settings. In this way the speed can be increased and errors minimized.
When = on the C scale is opposite the right index of the D scale, about half
the slide projects beyond che rule. If this part were cut off and used to fll
in the opening ar the left end, the result would be a “folded™ C scale, or CF
scale. Such a scale is printed at the top of the slide. It begins ac 7 and the
index is near the middle of the rule. The DF scale is similarly placed. Any
setting of C on D is automatically set on CF and DF. Thus if 3 on C is
opposite 2 on D, then 3 on CF is also opposite 2 on DF. The CF and DF
scales can be used for multiplication and division in exactly the same way as
the C and D scales.

The most important use of the CF and DF scales is to avoid reserting the
slide. If a secting of the indicator cannot be made on the C or D scale, it can
be made on the CF or DF scale.

EXAMPLES:

(a) Find 19.2 X 6.38. Ser lefr index of C on 19.2 of D. Note that 6.38 on
C falls outside the I> scale, Hence, move the indicator to 6.38 on the CE
scale, and read the resuit 122.5 on the DF scale. Or set the index of CF on
19.2 of DF. Move indicator to 6.38 on CF and read 122.5 on DF.

(b) Find %ﬂﬁ Set 5.72 on C opposite 8.39 on D. The indicator

cannot be moved to 9.65 of C, bur it can be moved to this setting on CF and
the result, 14.15, read on DE. Or the eatire calculation may be done on the
CF and DF scales.

These scales are also helpful in calculations involving v and 1/r. When the
indicator is set on any number N on D, the reading on DF is Nr. This can
be symbolized as (DF) = #(D). Then (D) = °5). This leads to the fol-

™

lowing simple rule.

Raule: 1f the diameter of a circle is set on D, the circumference may be
read immediately on DF, and conversely.

EXAMPLES:
(a) Find 5.87. Setindicator over 5.6 on D. Read 17.6 under hairline on DF,

{(b) Find 8/w. Set indicator over 8 on DF. Read 2.5 under haitline on D.

(c) Find the circumference of a circle whose diameter is 7.2. Ser indicator on
7.2 of D. Read 22.6 on DF.

(d) Find the diameter of a circle whose circumference is 121. Set indicacor
on 121 of DF. Read 38.50a D.
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Finally, these scales are useful in changing radians to degrees gnd con-

versely. Since 7 radians = 180 degrees, the relationship may be written as &
6 P o B oL
proportion 7= 180" or — = oh

Rule: Set 180 of C opposite v on D. To convert radians ta degrees, move
indicator to r (the number of radians) on DF, read & (the number of de-
grees) on CF; to convert degrees o radians, move indicator 10 & on CF,
read r on DF,

Thete are also other convenient serungs as suggested by the proportion.
Thus one can set the ratio 7/180 on the CF and DF scales and find the result
from the C and D sciles.

EXAMPLES:

{a) The numbers 1, 2, and 7.64 ate the measures of three angles in rafiians.
Convert to degrees, Set 180 of Con m of D. Move indicator to 1 on DF, read
57.3° on CF. Move indicator over 2 of DF, read 114.6°. Move indicator to
7.64 of DF. Read 437° on CF.

(b) Convert 36° and 83.2° to radians. Use the same setting as in {a) above.
Locate 36 on CF. Read 0.628 radians on DF. Locate 83.2 on CF. Read 1.45
radians on DF.

PROBLEMS ANSWERS
1. 1414 X 7.79 i1.02
2 214 X 576 123.3
3. 845 X 7.59 17.43
36.8
1. 266 X 7w : 833
5 .1955 x 23.7 0201
NI Xr '

THE CIF SCALE

Like the other special scales the CIF scale does nor increase the power of
the instrument to solve problems. [t is used to reduce the number of sertmgs
or 10 avoid the awkwardness of certain sewings. In this way the speed can be
increased and errors minimized,

The CIF scale is a folded CI scale. Its relationship to the CF and DF scales
is the same as the refation of the CI scale to the C and D scales.

EXAMPLES: .
{a) Find 68.2 X 1.43. Set the indicator on 68.2 of the D scale. Observe

that if the left index is moved to the hairline the slide will project far to the
tight. Hence merely mave 14.3 on CI under the hairline and regd the result
g7.5 on D ac the C index.

(b} Find 2.07 X 8.4 X 16.1. Set indicator on 2.07 on C. Move slide until
8 £ on CI is under hairline. Maove hairline to 16.1 on C. Read 280 on D under
haitline. Or. set the index of CF on 8.4 of DF. Move indicator to 16.1 on CF,
then move slide uneil 2.07 on CIF is under hairline. Read 280 on DF above the
index of CF. Or ser 16.1 on Cl opposire 8.4 on D. Move indicator_to 2.07 on e
and read 280 on D. Although several othet methods are possible, the Lrst
method given is preferable.

[18]

THE A AND B SCALES: Square Roots and Squares

When a number is multiplied by itself the resule is called the sguare of the
number. Thus 25 or 5 X 5 is the square of 5. The factor 5 is called the sguare
root of 25. Simularly, since 12.25 = 3.5 X 3.5, the number 12.25 is called the
square of 3.5, also 3.5 is called the square roor of 12.25. Squares and square
roats are easily found on a siide rule.

Square Roots: To find square roots the A and D scales or the B and C scales
are used.

Rule: The square root of any number located on the A scale is found
below it on the D scale,

_ Also, the square root of any number located on the B scale (on the slide)
is found on the C scale (on the reverse side of the slide).

Exampies: Find the\/4. Place the hairline of the indicator over 4 on the left
end of the A scale. The square root, 2, is read below on the D scale. Similacly

the square root of 9 (or\/ﬁ is 3, found on the D scale below the 9 on the left
end of the A scale.

Reading the Scales: The A scale is a contraction of the D scale itself. The
D scale has been shrunk to half its former length and printed twice on the
same line. To find the square root of a number between 0 and 10 the left half
of the A scale is used {as in the examples above). To find the square root of
a number berween 10 and 100 the sight half of the A scale is used. For
exarnple, if the hairline is set over 16 on the right half of che A scale (near the

middle of the rule), the square root of 16, or 4, is found below it on the
D scale.

In general, to find the square root of any number with an odd number of
digits or zeros (1, 3, 5, 7, .. ), the left half of the A scale is vsed. If the
anumber has an even number of digits or zeros (2, 4, 6, 8, .. ), the right half
of the A scale i§ used. In these statements it is assumed thar the number is
nor written in standard form.

~ The table below shows the number of digits or zeros in the number N and
its square roor, and also whether right or left half of the A scale should be used.

ZEROS or DIGITS

L R/L R[L R][L|/R| L RIL R[L R‘L R
i N_?orﬁ Sordl3or2 lor2 |3ord |50 [7or8|etc.
| VN[ 3 2 1 |o]|o | 2 3 4 ete.

,_.
e

This shows that numbers from 1 up to 100 have one digit in the square
root; numbers from 100 up to 10.000 have two digits in the square roat, etc.
Numbers which are less than 1 and have, for example, either two or three
zeros, have only one zeto in the square root, Thus V0.004 = 0.0632. and
V0.0001 = 0.02.
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EXAMPLES:

(a) Find\/218. This number has 3 (an odd number) digits. Set the hairline
on 248 of the left A scale. Therefore the result on D has 2 digits, and is 15.75
approximately.

(b) Findy/563000. The number has 6 (an even number) digits. Set the hair-
line on 563 of the right A scale. Read the figures of the square root on the D
scale as 75, The square root has 3 digits and is 750 approximately.

{c) Find 4/ 00001362, The number of zeror is 4 (an eren number.) Set the
hairline on 1362 of the right half of the A scale. Read the figures 369 on the
D Scale. The result has 2 zeros, and is .00369.

If the number is written in standard form, the folowing rule may be used.
If the exponent of 10 is an even number, use the left half of the A scale and
multiply the reading on the D scale by 10 to an exponent which is 12 the
original. If the exponent of 10 is an odd number, move the decimal point
one place to the right and decrease the exponent of 10 by one, then use the
right half of the A scale and mulriply the reading on the D scale by 10 to an
exponent which is % the reduced exponent. This rule applics to either
positive or negative exponents of 10.

EXAMPLES!

(1) Find the squace root of 3.56 X 10%, Place haitline of indicator on 3.56
on the left half of the A scale and read 1.887 on the D scale. Then the square
roor is 1.887 X 10? = 188.7,

(2) Find the square root of 7.43 X 107° Express the number as 74.3 X 10~
Now place the hairline of the indicator over 74.3 on the right half of the A scale
and read 8.62 on the D scale. Thep the desired square root is 8.62° X 1073,

All the 2bove rules and discussion can be applied to the B and C scales if
it is more convenient to have the square root on the slide rather than on the
body of the rule.

Squares: To find the square of a number, reverse the process for finding the
square root. Set the indicator over the number on the D scale and read
the square of that number on the A scale; or set the indicator over the num-
ber on the C scale and read the square on the B scale.

EXAMPLES!

(a) Find (1.73)7 or 1.73 X 1.73. Locate 1.73 on the D scale. On the A scale
find the approximare square 3.

(b) Find ((62%00}?. Locate 628 on the I scale. Find 394 above ic on the A
scale. The number has 5 digits. Hence the square has cither 4 or 10 digics.
Since, however, 304 was located on the nghe half of the A scale, the square has
the ezen number of digits, or 10, The result is 3,040,000.000,

{c) Find {.000254)% On the A scale read £4) above the 254 ol the D scale,
The numbeéc has 3 zeros. Since 645 was located on the side of the A scale fof
“odd zero’” numbers, the result has 7 zeros, and is 0.0000000645.

[20}

PROBLEMS ANSWERS

1. V73 27
2.V/73 8.54
3. V811 29
4.4/0.062 0.249
5. 4/0.00000094 0.00097
6. (3.95)2 15.6
7. (48.2)? 2320
8. (0.087) 0.00757
9. (0.00284) 0.00000807
10. (635000)? 4.03 X 101

THE K SCALE: Cube Roots and Cubes

Just belovy the D scale on the back of the rule is a scale marked with the
letter K; this scale may be used in finding the cube or cube roor of an
number. !

J?#k- 'I he CHbe root Of a }‘ num OCa T
n ber l tEd th 5
on € K Cale 15 fouﬂd dlleCt

ExampLE: Find the \’/8_ Place the hairline of the indicator over the £ ar the
lefr end of the K scale. The cube root, 2, is read directly above on the D scale.

Reading the scales: The cube root scale is dicectly below the D scale and is a
contraction of the D scale itself. The D scale has been shrunk to one third
its former length and printed three times on the same line. To find the cube
root of any number between () and 10 the left third of the K scale is used
To find the cube root of a number between 10 and 100 the middle third is:
usgd. To find the cube root of a number berween 100 and 1000 the righe
third of the K scale is used to locare the number. 4

In general ro decide which part of the K scale to use in locaring a number
mark off the digits in groups of three starting from the decimal point. If the
lef group contains one digie, the left third of the K scale is used; if there are
two digits in the left group, the middle third of the K scale is used: if there
are three digits, the right third of the K scale is used. In other words, ;mmbers
containing |, ;,_7, +- - digits are Jocated on the left third; numbers contarung
2, 5,8, - digits are located on the middle third; and numbers containing
3, 6, 9, - -- digits are located on the right third of the K scale. The corre-
sponding number of digits or zetos in the cube roots are shown in the table

bek;w and whether the left, center or right section of the K scale should be
used.
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ZEROS or DIGITS

L CRLCR|LCR|LC |R LCRLCR‘LCRL C R

N 111,10,9/8,7,6 |5,4,3 |2,1 |0 |1, 2,3 4,5%,67,8, 910,11, 12
VN 3 2 1 o |o 1 2 \ 3 4
EXAMPLES:

(a) Find /G4, Set haitline over 64 on the left most third of the K scale.
Read 1.857 on the D scale.

(b) Find </64. Set hairline aver 64 on the middle third of the K scale.
Read 4 on the D scale.

(¢) Find /640. Set haitline over 64 on the right most third of the K scale.
Read 8.62 on the D scale.

(d) Find ~Y6,400. Set hatrline over 64 on the left third of the K scale.
Read 18.57 on the D scale.

(¢} Find 64,000, Ser hairline over 64 on the middle third of the K. scale.
Read 40 on the D scale.

{f) Find A/0.0064. Use the left third of the K scale, since the first group of
three, or 0.006, has only one non-zero digit. The D scale reading is then 0. 1857.

(g) Find ~/0.064. Use the middle third of the K scale, reading 0.4 on D.

If the number is expressed in standard form it can either be written in
ordinary form or the cube root can be found by the following rule.

Rule: Make the exponent of 10 a multiple of three, and locate the number
on the proper third of the K scale. Read the result on the D scale and multi-
ply this result by 10 to an exponent which is 14 the former exponent of 10.

Examples: Find the cube root of 6.9 X 10°. Place the hairline over 6.9 on
the left third of the K scale and read 1.904 on the D scale. Thus the desired
cube root is 1.904 X 10'. Find the cube root of 4.85 X 107, Express the
number as 48.5 X 10° and place the hairline of the indicator over 48.5 on the
middle third of the K scale. Read 3.65 on the D scale. Thus the desired cube
oot is 3,65 X 10% or 365. Find the cube root of 1.33 X 10-* Express the
number as 133 X 107%and place the hairline over 133 on the right tturd of the
K scale. Read 5.10 on the D scale. The required cube root is 5.10 X 107%

Cubes: To find the cube of a number, reverse the process for finding cube
root. Locate the number on the D scale and read the cube of that number

on the K scale.

EXAMPLES:
{a) Find (1.37)% Set the indicator on 1.37 of the D scale. Read 2.57 on

the K scale.

(b Find (13.7)% The setting is the same a5 in example (a}, but the K scale
reading is 2570, or 1000 times the former reading.

{¢) Find (2.9} and (29)%. When che indicator is on 29 of D, the K scale
reading is 24.4, The result for 297 is therefore 24,400.

{d) Find (6.3)%. When the indicator is on 6.3 of I, the K scale reading is 250.

[22]

PROBLEMS: ANSWERS:

L 245" 14.7
2. 36.1° 176,600
3738 i
4. 164.5° 4,451,000
5. s 000812
6. ¥3.3 1,744
7o W71 4.14
8. V8IS %M
9. ¥.0315 316
10. /525,000 80.7
11. ¥.156 538

COMBINED OPERATIONS

. Many problems involve expressions like V/a_éa, or (a sin )% etc. With a
little care, many such problems involving combined operatioris may be easily
computed, The list of possibilities is extenstve, and it is no real substitute
for the thinking needed,  tosolve them. Consequently, only a few
examples will be given.

The A and B scales may be used for multiplication or division in exactly
the same way as the Cand DD scales. Since the scales are shorrer, there is some
loss in accuracy. Nevertheless, most computers employ the A and B scales
{in conjunction with the C and D scales) to avoud extra steps which would
also lead o lass of accuracy.

EXAMPLE!

{a) Find /325 X 4.18. First find the product 3.25 X 4.18 using the left A
and B scales, Set left index of B on 3.25 of A. Move indicator to 4.18 of B,
Read the square root of this product under the hairline on D. The resulr is
3.69 approximarely.

. (b) Find 1.63 X 5.41% Set the left index on B under 1.63 of A. Move the
indicator to 3.41 on C. Read the result 47.7 under the haitline on A.

(¢) Find 5¢ or 5%, This is che same as {(v/5F. Hence set the indicator on
5 of rhg lefe A scale, Read 11.2 on the middle K scale under the hairline.

(d} Find 24% o \/24)". Set the indicator on 24 of the middle K scale.
Read the resuit after squaring as 8.3 on the A scale under the hairline.
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The L Scale: LOGARITHMS

The L scale represents logarichms (o the base 10, or common logarithms.
The loganthm of a number is the exponent to which a given base must be
raised to produce the number. For example, Log 10¢ = 2.00; Log 10° = 3.00,
etc. A logarithm consises of two parts. The characteristic is the part on the left
of the decimal point, The mantisiz 1s the decimal fraction part on the right
of the decimal point. The L scale is used for finding the mantissa of the log-
arithm (to the lEase 10} of any number. The mantissa of the logarithm is the
same for any series of digits regardless of the location of the decimal point.

The position of the decimal point in the given number determines the
characreristic of the logarichm, and conversely. The following rules apply in
determining the characteristic.

1. For 1, and all numbers greater than 1, the characteristic is one less than

the number of places to the Jeft of the decimal potnt in the given number.

2. For numbers smaller than 1, that is for decimal fractions, the character-

ist¢ is negative, Irs numerical value is ong more than che number of zeros
between the decimal point and the first significanc figure in the given
number.

The applicarion of these rules is illustrated by the following chart:

Digits to Left of Decimal Point Zeros to Right of Decimal Point*

Digits in Number 1 2345678 Zeros in Number012345678
Characreristic 01234567 Characteristic -1-2-3-4-5-6-7-8-9

The Merhod described on page 10 is also easy to use. .
*Note; Count only zeros between decimal point and fuse significant

higure.
Rule: Locate the number on the D scale (when L scale is on wp or

bottom stator), and read the manrissa of its logarithm (to the base 10)
on the L scale. Determine the characteristic. If the L scale is on the

slide, use the C scale instead of the I scale.

ExampLE: Find the logarithm of 425.

Ser the hairline over 425 on the D scale. Read the mancissa of the log-
arithm (.628) cn the L scale. Since the number 425 has 3 digits, the char-
acteristic is 2 and the logarithm is 2.628.

If the logarithm of a number is known, the number may be found by
reversing the above process. The characrensic is ignored until the decimal
point is to be placed in the number.

ExampLE: Find x, if log x = 3.248.

Ser the hairline over 248 on the L scale. Above it read the number 177
on the D scale. Since the characteristic is 3, there are 4"digits in the number,
x = 1770,

ExampLE: Find the logarichm of 000627

Opposite 627 on the D scale find .797 on the L scale. Since the number has
3 zeros, the characteristic is —4 and the logarithm is —4 4 .797 and is usually
written 6.797—10.
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_ Note that the mantissa of a logarithm is always positive but the character-
istic may be either positive or negarive. In computations, negative character-
1stics are troublesome and frequendy are a source of error. It is customary
to handle the difficulty by not actually combining the negative characteristic
and posirive mantissa. For example, if the characteristic is ~—4 and the man-
tssa 1s 797, the logarithm may be written 0.797— 4. This same number
may also be writren 6.797— 10, or 5.797—9. and in other ways as convenient.
In each of these forms if the integral parts are combined, the result is —4.
Thus 0—4 = —4;6, —10 = —4; 5. =9 = —4 The form which shows that
the number 10 is to be subtracted is the most common.

EXAMPLES:

Log 1 = 10.000— 10

Log 4 = 9.602—10

Log .0004 = 6.602—- 10

PROBLEMS: ANSWERS:
Log 3.26 513
Log 735 2.866
Log .0194 8.288 — 10
Log 54800 4.739
Log X = 2.052 X = 1127
Log X = 9.831—10 X = .78
Log X = .357 X = 2.28
Log X = 1.598 X = 396
Log X = 7.154—10 X = 001426

The 8, T, and ST Scales: TRIGONOMETRY

‘The branch of mathematics called frigonomesryacose historically in connection
with the measurement of triangles. However, it now has many other uses in
various scientific fields.

Some important formulas from trigonometry are listed here for ready
reference.

fl

The trigonometric ratios may be defined in terms of a right triangle as
follows:

; id i
Sine of angle A = :_1!}'_:0%:!;1?%@ {written Sin A = —g—);
Cosinc of angle A = E;—i;o—ati%? (written Cos A = -TE_);
T £ - %ide opposice . o Moy
angent of angle A Scubiucent (written Tan A = b 3
Cotangent of angle A = ’»“,‘1"%25 (written Cot A = _b_)
side opposite a’’
h
sonctingen = D s =
Cosecant of angle A = %‘glo-tﬂlyf;- - {written Cosec A = —h-}.
e opposite a
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These ratios are functions of the angle. The definitions may be extended to
cover cases in which the angle A is not an intetior angle of a right trizngle, and
hence may be greater than 90 degrees. Note thar the sine and cosecant are re-
ciprocals, as are the cosine and secant, and the angent and cotangent.
Therefore,

1
| T e 1 C = —_—r—
Sin A et R and Cosec A Su A"
1
2 _ B e L
Tan A tor A 2 Cot A Ton A’
il 1
Cos A = 'm. and Sec A = EOS A
When the sum of two angles equals 90°, the angles are complementary.
Sin A = cos (90°—A)
Cos A = sin (90°— A}
Tan A = cot {90°—A)
Cot A = tan (90°—A)

When the sum of two angles equals 180%, the angles are spplemeniary.

sin (180°—A) = Sin A
cos (180°—A) = —Cos A
ran (180°—A) = —Tan A

The follawing laws are applicable to any triangle.
A+ B+ C=180°

i SnA SnB  SinC
Law of sines: = =
a b C

Law of cosines; a* = b? 4+ ¢ — 2bc cos A

THE S SCALE: Sines and Cosines

The scale marked S is used in finding the approximate sine or cosing of
any angle between 5.7 degrees and 90 degrees, Since sin x = cos (90— x),
the same graduations serve for bath sines and cosines. Thus sin 67 = cos
(90°—6°) = cos 84°. The numbers printed at the right of the longer gradu-
ations are read when sines are to be found. Those printed ac the left are
used when cosines are to be found, On the slide rule, angles are divided
decimally instead of intw minutes and seconds. Thus sin 12.7° 1s represented
by the 7th small graduation to the right of the graduation marked 7812.

Sines {or cosines) of all angles on the 5 scale have no digies or zeros—
the decimal point is at the lefc of hgures read from the C {or D) scale,

Rule: To find the sine of an angle on the § scale, set the hairline on
the graduation which represents the angle. (Remember to read sincs
from lefr to right and the numbers to the right of the graduation
are for sines). Read the sine on the C scale under the hairline. If
the slide is placed so the C and D scales are exactly together, the sine
can also be read on the D scale, and the mantissa of the logarithm of
the sine (log sin) may be read on the L scale.

{261

EXAMPLE:

_ (11 Fu_ul sin 15 30" and log sin 1530 Set lefr index of C scale over lefr
mde{,? of D scale. Set hairline on 15.5% (1., 15°30") on 5 scale. Read sin
Ii‘.lﬁ = 267 on C or D saale. Read mananssa of log sin 15.5° = 427 (m I
;(f;é&;io]rg-;ng to the rule for characreristics of logarithms, this would

Raule: To find the cosine of an angle on the S scule, set the hairline
on _the graduation which represents the angle. (Remember to read
cosines from right to left and the numbers (o the left of the graduation
are for cosines). Read the cosine on the C scale under the hairline.
If t!w slide is placed so the C and D scales are exactly together, the
cosine can also be read on the D scale, and the mantissa of the cosine
(lJog cos) may be read on the L scale.

ExampiE:

(1) Find cos 427 157 and log cos 42° 15 Set left index of C scale over
left index of D scale. Set hairline on 42.25° (t.e._ 42” 15") on § scale. Read
cos 42.25% = 740 on Cor D scale. Read mantissa of log cos 42.29% = 869
on L scale, According to rule for characrenstics of logarithms, this would
be 9.869—10.

Fending the Angle

If theov‘alue of tngonometric ratio 1s known, and the size of the angle less
Fhm 907 13 to _be found, the above rules are reversed, The value of the o
is set on the C scale, and the angle itself read on the § scle.

EXAMPLES:

{a) Given sin x = .465, find . Set indicaror on 165 of Cscale. read v = 27.77
on the S scale.

{(b) Given cos x = .289, find x. Ser indicaror on 289 on C scule. Read

x = 73.2%on the § scale.

PROBLEMS: ANSWERS:
1. Sin 9.6° 1
2. Sin 37.2° g
3. Sia 79.0° s
4. Cos 12,2° -E}Rf
5. Cos 28.6° 48
6. Cos 37.2° Y
7. Cosec 15.8° %-(J’;z!!

Note: Cosec ) = — ]

sin )

8. Sec. 1937 1.060

Note: Sec ) =
9 Sin O 1737 e
10. Sin 1 = 98 ([; -_" l"téjic
11. Sin () = 472 3] ; ; 2
2 Cos O = 982 b = 10.8°
13. Cos & = 317 6 = 71'L5"'
14. Cos ) = 242 O = 76°
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1
15. Sec® = 1.054 (sec® = —) 0 = 18.7°

cos €
1 <
3 = = =) = 345

16. Cosec 8 = 1.765 (cosec 8 Fait 6=3
17. log sin 10.4° ?.256— 10
18, log sin 24.2° 9.613— 1(()'
19, log cos 14.3° 9,986— 10
20, log cos 39.7° 9.8.86;)—4100
21, log sin ® = 9.773—10 9=° 36.
22. log sin ©® = 9.985—10 6= 75. .
23. log cos 8 = 9.321—10 0= ?7.90
24. log cos © = 9.643—10 0 = 639

THE T SCALE: Tangents and Cotangents

The T scale, together with the C or CI scales, is used © find the value of
the tangenr or cotangent of angles between 5.7° and 84.3%. Since tan x = cot
{90—x), the same graduations serve for both rangents and cotngents. For
example, if the indicator is set on the graduation mz;rked Gglaq, _thc cor-
responding reading on the C scale is .577, the value of tan 30°. This is also
the value of cot 60°, since tan 30° = cot (90° — 30°) = cot 60°. Morcover,
tan x = 1/cot x; in other words, the tangent and cotangent of thcz> same ;:mgle
are reciprocals. Thus for the same setting, the reciprocal of cot 607, or 1/.577,
may be read on the CI scale as 1.732. This is the value of tan GO. These relations
lead ta the following rule.

Rule: Set the angle value on the T scale apd read
(i) tangents of angles from 5.7° to 45“:)11 C,\
(ii) tangents of angles from 45° 1o 84.3 on CI,
(iii) cotangents of angles from 45° 10 84.3" on C
(iv) cotangents of angles from 5.7° to 45° on CL.

If che slide is set so that the Cand D scales coincide, these values may also
be read on the D scale. Care must be taken to note that the T scale readings
for angles between 45° and 84.3° increase from right to left. -

In case {i) above, the tangent ratios are all between 0.1 and 1.0; that is, the
decimal point is at che left of the number as read from the C scal.e. |

In case (ii), the tangents are greater than 1.0, and the decimal poiat is placed
to the right of the first digit as read from the Cl scale. For the cotangent ratios
in cases (jii) and (iv) the situation is reversed. Cotangents for angles berween
45° and 84.3° have the decimal point at the left of the number read from the
C scale. For angles between 5.7° and 45° the cotangent 15 greater than 1 and
the decimal point is to the right of the first digit read on the CI scale. These
facts may be summarized as follows.

10 1 le, the
Rule: If the tangent or cotangent ratio is read from the C scale,
deci“meal point is a.rgthe Ieft of the first digit read. If the value is read from
the CI scale, it is at the »ight of the first digit read.
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EXAMPLES:

() Find tan x and cot x when x = 0°50°, First note that 50° = g—g of 1 de-

gree = .83° approximartely, Hence 9° 50’ = 9.83°. Locate x = 9.83° on the

T scale. Read tan x = 173 on the C scale, and read cot x = 577 on the
CI scale.

(b} Find tan x and cot x when x = 68.6°. Locate x = 68.6° on the T scale
reading from right to left. Read 255 on the CI scale. Since all angles greater

than 45° have tangents greater than 1 (that is, have one digit as defined above),
tan x = 2.55. Read cot 68.6° = 392 on the C scale.

Finding the Angle

If the value of the trigonometric ratio is known, and the size of the angle
less than 90° is to be found, the above rules are reversed. The value of the
ratio is set on the C or CI scale, and the angle itself read on the T scale.

EXAMPLES:

(8) Given tan x = 324, find x. Set 324 on the C scale, read 17.9° on the
T scale.

1

{b) Given tan x = 2.66, ind x, Set 266 on the CI scale, read x = 69.4°
on the T scale.

() Given cot x = 630, ind x. Set .630 on the C scale, read x = 57.8° on

the T scale.
(d) Given cot x = 1.865, Aind x. Ser 1865 on the CI scale, read 28.2° on
the T scale.
PROBLEMS: ANSWERS:
1. tan 18.6° 337
2. tan 66.4° 2.29
3. cot 31.7° 1.619
4. cor R3.85° 1078
5 wn® = 1173 €6 = 49.55°
6. cot & = 387 0 = 68.84°

THE ST SCALE: 8Small Angles

The sine and the tangent of angles of less than about 5.7° are so nearly
equal that a single scale, marked ST, may be used for both. The graduation
for 1% 1s marked with the degree symbol (°). To the left of it the primary
graduations represent tenths of a degree. The graduarion for 2° is just about
in the center of the slide. The graduations for 1.5° and 2.5° are also numbered.

Rule: For small angles, set the indicator over the graduation for the
angle on the ST scale, then read the value of the sine or tangent on the
C scale. Sines or tangents of angles on the ST scale have one zero.

EXAMPLES:

{a) Find sin 2° and tan 2°. Set the indicator on the graduation for 2° on
the ST scale. Read sin 2° = 0349 on the C scale. This is also the valee of
tan 2° correct to three digits.

(b) Find sin 0.94° and tan 0.94°. Set the indicator on 0.94 of ST. Read sin
0.94° = tan 0.94° = 0164 on the C scale.
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Since cot x = 1/tan x, the cotangeats of small angles may be read on thz
Cl scale. Moreover, tangents of angles berween §4.3° and 89.42° canube fc;énﬁ
by use of the relation tan x = cot (a0 — x). Thuscot 2° = 1/tan E = 288,
and tan 88° = cot 2° = 28.6. Finally, it may be n_oted that csc x = 1/sin x{
and sec x = 1/cos x. Hence the value of these ratios may be readily four:jd i
they are necded. Functions of angles grearer than 90° may be converted to
equivalent {except for sign) functions 1n the first quadraat.

MPLES! _ N
Ex?a) Find cot 1.41° and tan 88.5¢°. Ser indicator ar 1.41° on ST. Read

1.41° = tan 88.59° = 40.7 on CL s N
COl(b) Find csc¢ 21.8° and sec 21.8°. Set indicator on 91.8° of the § scale.
Read csc 21.8° = 1/sin 21.8° = 2.69 on CL. Set indicamroon 68.2° of the
$ scale (or 21.8 reading from right to left), and read sec 21.8% = 1.077 on the

CI scale.

i i lue of the sine or
When the angle is less than §.57° the approximate value ¢ .
tangent can be ogbra'med directly from the C scale by the following procedure.

i i he left of the numbers
Read the ST scale as though the decimal point were at the ,
p;itcd, and read the C scale (or D, CI, etc.) with the c._lec:m:tl point one place
t6 the left of where it would normally be. Thus sin 0.2° = 0.00349; wan
0.16° = 0.00278, read on the C scale.

dom used special graduations are also placed on the ST scale. One
1s E‘Ei?c:te:d by a Iongf:gradﬁation found just 1o the left of the gra.duan?n for
90 a1 about 1.97°. When this graduation is set opposite any number of min-
utes on the D scale, the sine (or the tangent) of an angle of that many minutes
may be read on the D scale under the C index.

Sin 0° = 0, and sin 1’ = ,00029, and for small angles the sine increases b):
00020 for each increase of 1’ in the angle. Thus sin 2’ = ;(]3058; sin 3.44
= 00100, and the sines of all angles between 3.44° and 34.4" have two zeros.
Sin;es of angles between 34.4" and 344’ (or 5.73°) have one zero. The rangents
of these small angles are very nearly equal to the sines.

i i i irli he “‘mi duation”
ampLe: Find sin 6. With the hairline ser the “munute gradua
op}::(()s::e § located on the D scale. Read 175 on the D scale under the C index.

Then sin 6 = .00175.

The second special graduation is also indicated by 2 longer grajuatfon
located at about 1.18°. It is used in exactly the same way as the graduation
for minutes. Sin 17 = 0000048, approximately, and the sine increases Fby
this amount for each increase of 17 in the angle, reaching 00029 for
sin 607 or sin 17 = .00029.

Trigonometric Computations
Maay formulas involye both trigonometsic ratios and other factors. By

; : : : )
using several different scales such compurations are easily don

EXAMPLES: _ .
(a) Find the length of the legs of a right miangle in which the hypotenuse
is 48.3 fr. and one acute angle is 25° 20",
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The side opposite the given acute angle is
equal to 48.3 sin 25° 20°. Hence we com-
pute +8.3 X sin 25.3°. Ser the index (right-
hand index in this example) of the C scale
on 48.3 of the D scale. Move the haijrline
over 25.3% on the § scale. Read 20.7 under
the hairline on the D scale. Anather method
is to ser the left index of the C scale and
D scale opposite each other. Set the hairline
over 25.3° on the § scale. Move the slide
so that {right) index of the C scale is under
the hairline. Read 20.7 on the D scale under 48.3 of the C scale. The length
of the other leg is equal to 48.3 cos 25.3° or 48.3 sin 64.7° = 43.7.

(b) Cne angle of a right triangle is 68.3°, and the adjacenc side is 18.6 ft.

long. Find the other side and the hypotenuse.

B a2 = 18.6 tan 68.3° or 18.6/cor G8.3
¢ = 18 6/cos 68.3°.
To find &, set the indicator on 18.6 of the
D scale, pull the slide unul 68.3 of the T
scale (read from right to left) is under the

a hairline, and read @ = 46.7 on the D scale
under the right index of the C scale. To find
¢, pull the slide until 68.3° of the § scale
{read from right to teft) is under the hairline
{which remains over 186}, and read the re-

AN RE T sult 50.3 on the D scale at the right index,
This problem may also be solved by the law of sines, namely,
sinA _sinB sin C - sin 83 sin 217 1
% B % TTa T TI8G T ¢

Set 21.7° on § opposite 18.6 on D. Read ¢ = 50.3 on D under 1 of C. Move
indicaror to 68.3° on S, read 46.7 under the hairline on D,

{c} Find one side and two angles of an obruse triangie when two sides
and an included angle are known.

Given: ¢ = 428; b = §37: A = 3267
Find: a, B, and C.

Construct: Line h from the vertex of
B perpendicular to AC.
This divides A ABC inro
b = 537 2 night triangles.

Then h = ¢ Sin A, from the formula for sine of an angle.
Set right index of C over 428 on D and read h = 231 on D scale opposice
32.6° on § scale. Also,

m = —— ,, from formula for tangent of an angle.
{an A g &
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Opposite b {231) on D scale set 32 6° on T scale, and read m = 361 on
D scale opposite right index on C scale. Since # 1s now koown
n=b-m= 176

h
Tan C = o from formula for rangenc of an angle.

Opposite 231 on D scale set 176 on C scale and read 1.312, or tan ConD
opposite left index of C scale. Set 1.312 on CI (see rule page 28), and read

= 52.7° on T, Finally,

h ; ;

A= & from formula for sine of an angle.

Set index of C over index of D and move hairline to 52.7° on 5. Move
right index of C under hairline. Move haitline to 231 on CI. Read a = 290
on DL

Since A+ B + C = 180°%,

then B = 180° — (A4C) = 180° — 326" — 52.7° = 94.7°

PART 3 -ELEMENTARY VECTOR METHODS

COMPLEX NUMBERS AND VECTORS

A vector quantity is one which has both magnitude and direction. For exam-
ple, force and velocity are vecror quantities. A quanticy which has magnitude
only is called a scalar. For example, mass is a scalar. Vector quantities are
often represented by directed straight line segments. The length of the seg-
ment represents the magnitude in terms of 4 selecred scale unit. The segment
has an 1nitial point A and a terminal point B, and direction is usually indicated
by an arrowhead at B pointing in the same direction as the motion of a point
which travels from A to B. In Fig. 11, three vectots are represented; namely

B AB of magnitude 5, AC of magnitude 4,

and CB of magpitude 3. Vectors AB and

AC have the same initial point, A, and

form an angle, CAB, of 36.9°. The initial

3 point of vector CB is at the terminal point

of AC, Vecrors CBand AB have the same
terminal point.

Operations with vectors (for example,

A C
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4 addition and multiplication) are per-
formed according ro special rules. Thus in Fig, 11, AB may be regarded as the' "oy ine e
vector sum of AC and CB. AB is called the rejultant of AC and CB, the lattdr

are componenss of AB, and in this case are at right angles to each ather. Itis
frequently desirable to express a given vector in terms of two such components
at right angles to each other. Conversely, when the components are given,
it may be desirable to replace them with the single resultant vector.
Y P, 1) In algebra, the complex number x + 7y,
where ;= +/— 1, is represented by a
point P (x, y) in the complex plane, using
a coordinate system in which an axis of
“pute imaginary’ numbers, OY, is at
righe angles to an axis of "real” numbers,
Qle— —- X OX.

The same point can be expressed in terms of polar coordinates (p, §) in
which the radius vector OP from the origin of coordinates has length p and
makes an angle 6 with the X-axis. The two systems of representation are
refated to each other by the following formulas:

(1) x = pcos 8§, (3) tan 8 = Y or 0 = arcran ¥
x x
@y = psin o, @p=vat+y
Finally, the complex number x + #y may be regarded as a vector given in
terms of its components x and y and the complex operator 7 = v/ — L In

practical work the symbol f is pteferred to 1, to avoid confusion with the
symbol often used for the current in electriaity.

The “Euler identity” ¢/ = cos 8 + j sin 8 can be proved by use of the series
expansions of the functions involved. Then pe’ is an exponential representa-
tion of the complex number x + fy, since pe” = p cos 8+ josin @ =x+ jy
The notation is often simplified by wiiting p /@ in place of pe/.

If two or more complex numbers are to be added or subtracted, ic is con-
venient to have cthem expressed in the form x + 7y, since if Ny = x + Fioe
and N, = x2 4 sy, then Ny+ No = (%1 + x2) + j(pn + 32). If, however,
two or more complex numbers are to be multiplied, it is convenient to have
them expressed in the exponendal form. Then if Ny = pe™® and N, =
pae™® then NN = p1pe® T or (p1 /61 ) (p2 [6) =pwi/bi+ 0

It is therefore necessary to be able to change readily from either of these
representations of a complex number to the other. :

Changing from Componenis io Exponential Form

If a complex number x + sy (or vec
tor in terms of perpendicular compon-
ents) is given, the problem of chang-
ing to the form p/# is equivalent to
finding the hypotenuse and one acute
angle of = nght triangle. The formulas
tan §=Zandp= y/sin 6, or p= x/cos b,
A

are the basis of the solution, Thus if N = 4 + 73, when 4 of C is set oppo-

site 3 of D, the value of the ratio =}—I, or% — 75is read on D under the C index.
o
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If the indicator is set at the index, and the slide moved so that .75 is under
the hairline, the value of 8 = 36.9° may be read on the T scale. Then p =
3/5|_n 36.9 may be compured by moving the indicator to 3 on the D scale
pulling 36.9 on the S scale under the haidine, and reading p = 5 on the
D scale opposite the right index of C. However, this method involves several
unnecessaty setings and is thus more subject to error than the method
grven in the general rule below.

Observe that if x and y are both positive and x = ¥ then tan 6 = 1 and
§= 45“: If y < x, then 8 < 45°; if y > xthen # > 45°, Thus if y < x, the
T scale is read from kefi to right. 1f y > x, the T scale is read from right 0 lefs,

Rule: (i) To the larger of the two numbers (x, ) on D set an index of
the slide. Set the indicator over the smaller value on D and read 8 on the
T scale. If y < x,then 9 < 45. If y > x, then § > 45, and is read from
right to left (or on the left of the graduation mark).

(ii) Move the slide until ¢ on scale S is under tl?ne indicaror, reading §
:)h“e rg?s::;:e side of the graduation as in (i). Read p on D at the index of

Observe that the reading both begins and ends at an index of the slide,
By this method the value of the ratio ¥/x occurs on the C (or CI) scale of the
slide over the smaller of the two numbers, and the angle may be read imme-
f:h'zfrely on the T scale without moving the slide. In using any method or rule

1t is wise to keep & mental picture of the right triangle in mind in order t(;
know whether to read § on the T or on the ST scale. Thus if the ratio y/xisa
small number, the angle & isa small angle, and must be read on the ST scale.
To be precise, if y/x < 0.1, the ST scale must be used. Similarly, if the ratio

¥/x > 10, the angle & will be larger than 81.3% and cannor be read on the T
scale. The complementary angle ¢ = (90 — #) will, however, then be on the
ST scale, and then # may be found by subtracting the reading on the ST scale
from 90°, since § = K — e

ExAMPLES:

{2) Change 2 + 73.46 to exponential or “vector” form, Note 8 > 45 since
> % (0r3.46 > 2). Set righ index of S opposite 3.46 on D, Move indicater
r_002 on D. Read § = 60° on T ar the lff of the hairline. Move slide until
60% on scale S is under the hairline (numerals on the lefr), and read p = 4 on
the D scale at the C-index. Then 2 + ;346 = 4pe/™ — 4 /§(°,

_(b) Change 3 + 72 o exponential or vector form. Note that § < 45°
since y < x (second component less than first) . Ser right index of § over
3on D Move indicator to 2 on D, read §=33.7° on T (use numerals on
the right-hand side of graduations). Move slide until 33.7° on Scale S
is under the hzirline { aumerals on right}, and read 3.60 on the D scale at
the C index. Hence 3+72=3.60 /33.7.

(c) Change 2.34 + ;.14 to exponential form. Since ¥ < x, then 8 < 45°
Moreover, the ratio y/x is 2 small number (actually about .06). Since the
tangent hag one zero, the angle may be read on the ST scale. Set right index
of 8 opposite 2.34 of D. Move indicator to .14 o8 D. Read @ = 3.43% on ST
The slide need not be moved. The value of p is approximately 2.34. In other
words, the angle is so small thar the hypotenuse is approximarely equal to the
longer side. Then 2.34 + 414 = 234 /343,

IRULE Fig. 14

{(d) Change 1.08 + 726.5 to exponential form. Herey > &, so that # > 45°,

¢ 2605 : . ) .
Butﬁ = ﬁ; > 1. Set night index of 8§ on 26.5 of D, Move indicator to
1.08 of D. Read ¢ = 234" on ST. The shde nced not be moved, The value
of p is appraximately 2.5, # = 90 — 2.34° = 87.06°  Hence 26.5 /87.66°

is the required form.

The following method of changing x + jy o the form ¢ /8 using the
DI scale is sometimes easier co use than methods based on the D scale.

Rule: (i) To the smaller of the twa numbers (x, y) on DI set an index
of the stide. Set the indicator aver the larger value on DI and read § on
the T scale. If y < x, then # < 45" lfy > x, tben # > 45° and is read
from right to left (or on the left of the g’radm_i.tlan mark). )

(iiy Move the indicator over § on scale § (or 8T), reading S on the
same side of the graduation as in (i), Read p on DI under the hairline.

EXAMPLES:

(a) Change 2 + 7346 to exponential form. Note that y > x since
346 > 2, and hence 8 > 45°. Set right index of C over 2 on DI. Move
indicator to 3.46 on DI Read # = B0° on T. Move indicator to 60° on 8.
Read p = 4 on DI. Hence 2 ++ 7 3.46 = 4/60°.

(b) Change 114 + ;20 to exponential form. Here 3 < x, so & < 457
Set left index of C over 20 on DI. Move indicator to 114 on DI. Read

8 = 905 on T. Move hairline to 9.95° on 5. Read p = {16 on DI. Hence
114 + 720 = 116 /3.95°,

It will be observed that this rule is, in general, easy to use. In step (i) the

value of tan @ for # < 45° may be observed under the hairine on the
C scale, and the value of tan # for 8 > 45" under the hairline on CI.
It may be noted thac the rule given first {using the D scale) obtains the
result in example (b} above without having the slide project far 1w the
tight. Thus, it appears that the relative advantages of the two methods
depend in part upon the problem.

If x and y are both positive, § < 90° 1f x and y are not both positive, the
resuleant vector does not lie in the first quadrant, and # is not 2n acute angle,
In using the slide rule, however, x and y must be treated as hoth positive, Iris
therefore necessary to correct 8 as is done in rigonometry when an angle s
not in the first quadrant,

ExAMPLES:

(a) Find che angle between the X-axis and the radius vector for the complex
nurnber — 4 + 3. Firse solve the problem as though both components were
positive. The angle f obtained is 36.9°. In this case the required angle is
—4443

180¢ — § = 180° — 36.9° = 143.1°.
Hence -4 +43 =15 /14317,
Similarly for —4 — 73, the required
angle is 180 + 8 = 180 + 36.9° =
6P, s0 — 4 — /3 = 5 /216.9°
For 4 — 73 the required angle is
360° — 6 = 323.1°, s0o 4 — f3 =
5 /323.1°, which may also be ex-
pressed in terms of 2 negative angle as
57— 3697

—4+3 Y
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(b) Change 17.2 — 76.54 to exponential form. Here the ratio y/x is negative
so 6 can be expressed as a negative angle. In numerical value y < x, so the
numerical or absolute value of § < 45°.  Set left index of § opposite 17.2 on D,
Move indicaror over 6.54 of D, read 8 = 20.8° on T. Pull 20.8 of § under
hairline, read 18.4 on D at left index. Hence 17.2 — j6.54 = 184 /— 20.8°,
or 184 /339.9°,

Changing from Exponential Form to Components

The precess of changing a complex number or vector from the form
pe’ = p /8 to the form x + jy depends upon the formulas x = p cos 6,

¥ = psin 8. These are simple multiplications using the C, D, and S (or ST)
scales,

Rule: Set an index of the S scale opposite p on the D scale. Move in-
dicator to # on the § (or ST) scale, reading from left to right (sines).
Read y an the D scale. Moving indicator 1o § on the § {or ST) scale,
reading from right to left (cosines), read x on the D scale.

If § > 90° or 8 < 0, it should first be converted to the first quadrant,and the
proper negative signs must later be associated with x or y.

ExampLEs:
(a) Change 4 /60° to component form. Set right index of § on 4 of I,

Move indicator to 60° on § (reading scale from left to nght). Read 346 on D
under hairline.. Move indicator to 60° on 8, reading scale from right to left
{cosines). Read 2 on D under hairline. Hence 4 /60° = 2 + /346

(b) Change 16.3 /15.4° to the x + jy form. Set left index of § on 16.3 of
D. Move indicator o 15.4 of §, read 4.33 on D. Since 15.4° reading from
right to left is off the D scale, exchange indices 5o the right index of C is
opposite 16.3 of D. Move indicator to 154 of §, and read 15.7 on D. Hence
16.3 /154° = 15.7 + 74.33.

{c} Change 7.91 _/3.25"' to component form. Set right index of S on 7.91 of

D. Moveindicatorto 3.250nST. Read 0.448 0nD. To determine the decima)
point, observe thar the angle is small, and heace the y component will also be
small. Obviously, when the hypotenuse is near 8, 4,48 would be too large,
and 0.0448 too small, to produce an angle of 3.25°. The cosine cannort be set
on ST, bur the angle is so small that the x-component is practically equal to
the radius vector or hypotenuse. Hence 7.90 is a close approximation; and
7.91 /3.25° = 7.90 + f0.448.

(d) Converc 263 /160° to che x + fy form. Since 160° > 90°, compute
180° — 160° = 20°. Ser left index of the § scale on 263 of D,  Move indicator
to 20° on 5. Read 90.0 on D. Move the slide so that the right index of S is
on 263 of . Move indicator to 20 (reading frem right to left} on S, Read
247 on D, Since the angle is in the second quadrant, 263 /160° = — 247 +

790.
[36]

JLLUSTRATIVE APPLIED PROBLEMS

39 unirs act on the same body but

f itude 28 untes and
wrbiuici Sy 0 gnitude and angle of the resulrant

at right angles to each other. Find the ma

- # In complex number notation, the resultant is
4 i tial form.
Fig. 13 2 39 + s28. Change cthis to exponen

of S on 39 of D. Move indicator to 28 o‘!' D.
,a Read & = 35.6° on T. Move slide so 35.6° on
_’J S is under the hairline. Read p = 4830 on D
H under the S-index. Hence the resu}tant ha;
i | i irecti ° from the larger torce an
rude 48 units, and acts in a direction 35‘6
rQnOa%‘lBg.G" or 54.4° from the smaller force. This angle can be read on the

' - -

-7 : Since 28 < 39, then § < 45°. Set the rightindex
|
\

$ scale under the haitline. o _ "
9. A certain alternating generator has three windings on its armarure,

each winding the induced voltige is 266.4 volts effective. The winfd:lrllgs are
connected in such a way that the voltages in each are given by the following

vector expressions.
E, = 266.4 (cos 0° — 7 sin 0%)

E, = 266.4 (cos 120° — jsin 1207)
— 966.4 cos 120° — 7 266.4 sin 120

E; = 266.4 (cos 240° — j sin 24{_)")
’ — 966.4 cos 240° — j 266.4 sin 240°

Express these numericaily.

E, = 266.4 (1 — 70) = 266.4 — 70 -
i 0° — 120° = 60°.
d E, reduce the angles to first quadrant by taking 18 ‘
g; fhne rig!htrmdcx of § ong%6.4 of D. Move the indicator to 60° of S (reading
right to left). Read 133.2 on D. Move indicator to 60° on 8, read 230.7 on D.

Th 3
- E, = — 1332 ~ j230.7

To find Es. reduce 240° to the first quadrant by noting 240° = 180° -+ 60°.
Hence, except for a negative sigh, Es is the same as Lz, and
E; = — 133.2 +,7230.7

Suppose the first and second windings are so connected that their volrages

. hat is, ‘ |
SUBgaz-’;,lai ', = @266.4 — j0) — ( — 1332 — /2307) = 399.6 + /2307

This may be changed to the p /6 form. Set the right index of § on 399.6 of

D. Move the indicator to 230.7 of D. Read # = 30° on T. Move sli:_.ig 50
that 30° on S is under indicator, and read 461 on D at the S-index. Then
E, = 461 /30°, and hence the voltage is 461 volts and leads the voltage

E1 by 300.__._—
[371]




All Types:

There is nodifficulty in reading the principal graduations since they are labeled
and the decimal point is shown. Between the principal graduations the intervals
are subdivided in several different ways, Thus the graduations between the
numbers shown do net have the same meaning on all sections of the scale.
Also, the graduations are not the same on 6 inch slide rules as they are on 10
inch slide rules. To the beginner, this variation in the meaning of the scale
divisions is often confusing. However, as one gains familiarity with the instru-
ment, the proper reading usually may be obtained at a glance. The basic scheme
is the same as that used in sub-dividing ordinary logarithmic scales, such as
Cand D.

(1) To locate a number, look first for the nearest smaller number that
appears on the scale.

(2) Second, observe the major subdivisions between the nearest smaller
number and the one following it. Sometimes there are 10, at ocher times 5
and ar still other times only 2 or 3 major parts of the interval.

The general idea used in reading the scales may be stated informally as
follows: Starting with the smaller princed number, decide how you must
“count” the major graduation marks to come out cotrectly ac the larger
printed number,

(3) Third, in mast cases there are still other or minor subdivisions between
the major ones. These minor subdivisions divide the major intervals into 10
sub-parts, 5 sub-parts, or 2 sub-parts. Use the slide rule and check the location
of the numbers in the rable below.

SCALE
NUMBER
Standard and Traditional Type
1.01278 is between 1.01 and 1.015 on LL1+4
1.173  is between 1.15 and 1.2 on L1124
478 is between 4 and § on LL3 4
1.054  is between 1.05 and 1.06 on LL1
1.862 is berween 1.8 and 1.9 on LL24
256  is between 20 and 30 on L1134
Examples: Count by “ones” (thousandths)
(a) Then by "twos” (tenths of thowtandths)

|1uig

G inch rule
95 major sub-parts
5 minor sub-parts

In this example there are only 5 minor sub-parts. Each represents one-fifth
of the interval. The graduations are read in order as follows: 1.01, 1.0102,
1.0104, 1.0106, 1.0108, 1.0110, 1.0112, etc.

{401

(b) Connt by “twos” (tenths)

+ 5
|

tlae

6 inch rule
5 major sub-parts
No minor sub-parts

i i ivisi digit
In this example there are no minor subdivisions. However, one more
ma;rrl l:u-‘:1 read bypesﬁmation. Thus rhe number 4.65 may be set by placing the
hairline about one-fourth of the distance from 4.6 to 4.8.

Connt by “hundreds” (hundred)
(c) Then by “twos” {twenty}

|20

afg

6 inch rule
2 major sub-parts
5 minor sub-parts

In this example the minor subdivisions represent fifths. The numbers repre-
sented are 100, 120, 140, 160, 180, 200, 220, etc.

Connt by "tens” (ten)
(d) Then by "twos™ (twe)

a0 ton
uu.i.J_l_".].L,'.u_L.' ',,»L.,‘.L..‘T- ‘JT‘

<0

10 inch rule
5 major sub-parts
5 minor sub-parts

In this example each of the five minor subdivisions represents a fifth of the
major interval. Hence, starting at 50 the gradua_nons represent 52, 54, 56, 38,
60, 62, etc. The odd numbers may be set by estimation.

Count by “ones” {thoutandths)

(e) Then by “twos” (tenths of thousandths)
i (Y 7 o N |I'm' |
L"_ralT T
10 inch rule

10 major sub-parts
5 minor sub-parts

i i ivisi : 1 he major interval.
In this example the minar subdivisions represent fiftbs of t
Herr:ce, the nurl:r’lbcrs represented are 1.0302, 1.0304, 1.0306, 1.0308, 1.0310,

1.0312, etc.
[41]




3. Analternating voltage of 104 + 760 is impressed on a circuit such that the
resulting current is 24 — 732, Find the power and power factor. First convert
each vector to exponential form,

E = 104 + /60 = 120 /30° volts, approximately

1= 24 — ;32 = 40 /— 53.1 amperes, approximately,
Hence the volrage leads the current by 30° — ( — 53.1) = 83.1°.
The power factor cos 83.1° = 0.120.

The powe'r(P = EI cos B. = (1200(40)(0.120) = 576 wares, approximately.
4. The “characreristic impedance” of a section of a certain type of line is

. a2
given by the formula Z, = \/2122 +- 2_41, where in each case, the symbol

Z represents a vector quantity. Compute Zp when
‘ Zy = 40 + 7120, Z, = 220 ~ 7110.
First convert to exponential form.
Z, =40+ ;120 = 126 /71.6°
Zy =220~ 7110 = 246 /— 26.6°

Hence Z:Zy = (126)(246) /71.6 — 26.6
= 31,000 /45.0°
.212 - 126"’ 4
- = 2 218)
15 i
= -%00 /143.2

3975 /1432
Z = /31,000 /45.0° + 3,975 /143.2

Sin;e vectors ate to be added before the square root is found, it is now con-
venient to convert them to component form.
31,000 /45.0° = 21,900 + 721,900
3.975 /143° = —3,180 + ;2,390
To compute the latcer, rake 180° — 143° = 37°, compute the components

: ek
using 37°, and observe that the x or real component must be negative since
143° is an angle in the second quadrant. Then

Z = /(21,900 — 3180) + 721,900 + 2300)
= /18,720 £ 724,290

In ogder to find the square root, it is convenient to change back to ex-
ponential form,

Z = /18,720 + 724,290 = /30,600 /52.4°
= 175 /26.2° ohms.
The final result is obtained by setring 30,600 on A and reading 175 on D;

the angle 52.4° is merely divided by 2. This problem shows the value of being
able to change readily from one form of vector representation to che other.

1

[38]

PART 4. USE OF LOG LOG SCALES

5

To find the value of 137, 5.6**", /38, 1784, and many other types of
expressions, Log Log scales are used. The methed of computing such expressions
will be explained in later sections. First the Log Log scales will be described.

The Log Log scale has two main parts. One part 1s used for numbers greater
than 1. The ocher part is used for numbers between 0 and 1; that is, for proper
fractions expressed in decimal form. On some models of the slide rule these
two parts are arranged “back to back!’ One part, indicated by LL1+, is above
the line. The other part, indicated by LL1—, is under the line. (See Fig. 16).
On other models the two parts are separated or bave different designacions.

Gl 2
DSBSV FUP BT
s alh ' EO s

Fig. 16

Slide rules differ as to the range of the Log Log scales provided, and in the
arrangement or position of the scales on the body of the rule. The discussion

that follows will therefore have separate sections that apply to differenc slide
rule models. There are two types of scale arrangements to be considered ;

Standard Type — found on Models 501, 600 and 800.
Traditional Type — found on Models 300 and 500.

The owner of any parricular model may omir the discussions that do not
apply o his rule.

READING THE SCALES

Numbers greater than 1:

On an ordinary logarithmic scale, such as the D scale, any particular gradua-
tion represents many different numbers. Thus the gradustion labeled 2
reptesents not only 2, but also 20, 200, .2, .02, etc. In contrast, any graduation
on a Log Log scale reptesents only one number. The principal graduations are
labeled with a number in which the decimal point is shown.

Standard Type: (Models 301, 600, 800)

The scales marked LL1-+, LL2+, and LL3-}- are the first, second, and third
parts of one continuous scale. It begins at the left end of the scale marked LL1+-.
The index graduation is marked 1.01, Set the indicator on this mark and move
the hairline slowly to the right, noting the graduations marked 1.02, 1.03, etc.
to 1.10. The scale now continues on LL2-}- through 111, 1.15, etc., and ends
with e=2.718, the base of the Napierian system of logarithms. The LL3-+
scale begins at e, continues through 3, 4,5, etc,, up to about 22026.

Traditional Type: (Models 300 and 500)

For numbers greater than 1, the scales of Traditional Type rules are identical
in arrangement with these of Standard Type. Hence no specific discussion of
this type is needed until numbers less than 1 are to be considered. The discussion
for Standard Type should be read

[39]




Count by "tens” (ten)
(f) Then by "fvas” (five)

10 inch rule
10 major sub-parts
2 minor sub-parts

In this example the minor subdivisions represent halves of the major sub-

interval. The readings in order are 100, 103, 110, 115, etc.

Count by “bundredr” (hundred)
(g) Then by "tens” (ten)

M gt
<3

10 inch rule
3 major sub-parts
10 minor sub-patts

In this example the minor subdivisions represent tenths of the major sub-
intervals. The graduations read in order represent 200, 210, 220, 230, etc.

The general idea is the same in all cases. It is necessary to decide how the
marks muse be “counted” to come out right. Thar is, if the “counting” is
properly done, it "comes out right” when the next principal graduation (labelled
with a number) is reached.

Numbers from 0 to 1
Standard Tipe: (Models 501, 600, and 800.)
The scales marked LL1—, LL2—, and LL3— are the first, second, and third

sections of one continuous scale. Note that these scales decrease from left to

right and hence increare from right to left, The ranges of these scales are
approximarely as follows:

SCALE LEFT INDEX RIGHT INDEX
LL1- 990 .905
LL2- 905 370
LL3— 370 00003

Traditional Type: (Model 500)

The scales labeled LLO and LL0Q are parcs of a continuous Log Log scale.
The ranges are approximately as follows:

SCALE LEFT INDEX RIGHT INDEX
LLO 999 905
LLOO 905 00005

[42]

All Types:

The methods of subdividing these scales are the same as those used for
numbers greater than 1. The methods of reading the scales are also the same.
Use the slide rule o check the location of the numbers in the table below. _ts
before, look firse for the nearest smaller number at a principal graduation mark.

SCALE
NUMBER Standard Traditional

Type Type
984 between .98 and .99 on LLO
984 berween .98 and 985 on LL1-
813 berween .80 and .85 on L1100
813 between .80 and .82 on LL2-
231 between .20 and .25 on LL3- LLOO
026 between .01 and .05 on LL3 - LLOO

The examples below show how the scales may be read.

Cosunt by "ones” (thousandthi) )
(h) Then by "fives” (tenths of thousandths)

l_:,,_ll v i ,,|..|..|..[;i.__
. i | A [T

cagd s

10 inch rule—standard type
5 majot sub-parts
2 minor sub-parts
i -half
In chis example there are only 2 minor sub-parts. Each represents onc
of trl:e interval. 'E‘he graduations read in order from right to left represent 9800,
9805, 9810, 9815, 9820, 9825, etc.

{i) Count by “ones” (thousandths)

<.24

10 inch rule
10 major sub-parts
No minor sub-parts

In this example there are na minor sub-parts. The graduations read in order
from right to left represent 931, 932, 933, 934, 939, 936, etc.,
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. Connt by “ones” (hundredihs)
(5 Then by "omes” again (thousandths)

168 Lo tos Vi

das ' Je!

6 inch rule
4 mazjor sub-parts
10 minor sub-parts

In chis example there are 10 minor sub-parts. Fach represents one-tenth of
the interval. The graduations read in order from right to left represent 910,
911, 912, 913,.914, 915, 916, erc.

Count by "oner” (hundredib:)
(k) Then by "twor” (thousandihs)

<85, <80
||-|!|l||!|!||||||||||||l||:||

10 inch rule—traditional type
5 major sub-parts
5 minor sub-parts
In this example there are 5 minor sub-parts. Ezch represents one-fifth of the

mterval. The graduations read in order from right to left represent .800, 802,
.806, 808, .810, .812, ewc.

Coznt by "ones” (hundredths)
) Then by “fiver” (thonsandths)

10 inch rule
5 major sub-parts
2 minor sub-parts

In this example there are 2 minor sub-parts. Each represents one-half of the
interval. The graduations read in otder from righe to left represent 400, .405,
410, 415, 420, 425, etc.

{447

Count by “ones” (bundredihs)
imp Then by fres” (thousandihs)

..AL.Ill ‘l"""“"""'_'_'_' B

i

G and 10 inch rules
5 major sub-parts
2 minor sub-parts

In this example there are 2 minor sub-parts. Each represents one-half of the
interval. The graduations read in order from right to left represent .050, 055,

060, 063, 070, 075, ewc.

Count by Yones” (thousandths)
(n) Then by “hves” (tenths of thomsandihs}

Lg{ﬁ%.rﬁ P-,LFMWIW

6 inch rule
10 mazjor sub-parts
2 minor sub-parts

In this example there are 2 minor sub-parts. Each represents one-half of the
interval. The graduations read in order from righe co left represent 0010, 0015,

20020, 0025, 0030, etc.

FUNDAMENTAL RELATIONSHIPS

On slide rules which have scale arrangements of Standard ‘Type, there is a

reciprocal relationship between numbers set on the Log Log scales. This rel'a-
tionship plays an importane role in the use of these models of the slide ruje.

L a ; i i
W b gt
* cah ot .y

Fig. 17

Check the readings in the table below on the slide rule. Observe that the
symbols for the scales have been chosen to emphasize this relationship.
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Scale Scale
Ex, Number On Standard Reciprocal On Standard

Type Type
(a) 2 LL2+ 5 LL2—
(by 5 13} 20 LL3—
(¢} 125 LL2-+ 80 L2
(d) 10131 LL14 9871 IL1—
(e) 52 LL3 |- 0192 LL3—

This relationship does not exist for Log Log scales on Traditional Type slide
rules.

It should be recalled that, in general, 2 number N may be represenced by the
form b*. In this form the number & is called the sase and the number m is called
the exponent. The number N is called the pawer. In this discussion the number
& will always be greater than 0 and not equal to 1, (ie, b>o and b=£1).

By definition, the logarithm of a number N to the base & is the exponenc

that must be given to & to produce N, The number m in the expression above
is also the logarithm.

Exponential Form Logarithmic Form
N=b" logh, N=m
Although the Log Log scales of a slide rule have imporrant uses in connection

with the exponential form, it will be convenienc to consider first their use in
finding logarithms.

In general, if N represents a number under the indicator hairline on a Log
Log scale, the logarithm of N will be under the hairline of an ordinary
logarichmic scale, such as the D scale. The choice of the base 4 and the appro-

priate ordinary logarithmic scale is, however, affected by the type of scale
arrangement available on the slide rule.

In scientific work the most convenient base is often the aumber ¢ (approxi-
mately 2.718 ;. Slide rule scales are therefore arranged to favor this base. When
the base is ¢ the logarithms are called narural, hyperbolic, or Napierian. Common
logarithms have the number 10 as the base.

FINDING LOGARITHMS, BASE e,

Standard Type: (Models 501, 600, 800.) When logarithms to base ¢ are
to be found the following rule applies.

Rule (aj: Position. When the indicator is set over any number N on a Log

Log scale, the numerical vaiue of the natural Jogarithm may be read under the
hairline on the D scale, and converscly.

(b) Sign. If the number is grearer than 1 (set on LL14, LL2 4, or LL3}+)
the logarithm is positive.

If the number is less than 1 (set on LL1—, LL2—, L13—) the logarithm is
negative.

[46]
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(¢ ) Decimal Point. The following cases must be carefully noted.

(i) If the number is on LL3=, the decimal poinr of the logarithm is at the
right of the first digit read on D.

(i) 1f the number is on LL2 =+, the decimal point of the logarithm is moved
one place to the lefe (ie., is ar the left) of the first digir read on D.

(iii) If the number is on LL1 =+, the decimal point of the logarithm is mp\};ed
two places to the left of the first digit read on D: ot in other words, the logarit ;n
has one zero to the left of the first digit. In each case the logarithm of the right
index figure is governed by the rule for the scale on which it also appears}:;.s
the left index. For example, ¢ appears as the left index of LL3-}- and also as the
right index of LL2}. It is governed by the rule for LL3+. 1

: alues the relation log. (14+X) = X is approximately true.
Thll‘::s)rl:)rgfli .S?IUS (.?]f![.xnlppmximarely. ?f this fact is remembered the rule for
the L1~ scale may be recalled. As one p;oceeds ro L12+4 the_demmal pmgc
in the logarithm moves one place to the .nghr, and s'lmxlarly as one pr;?c_tz_e $
from LL2-- to LL34 the decimal point in the logarithm moves one place 10
the right,

it Tipe: (Models 300 and 500) The scale arrangement for this
rvpzmi:o?i?;fs syﬁfles (LL], LL2, and LL3 like the scales LL14-, LL2—|—,dan§
L34, of Standard Type For numbers grearer than 1, the rule for Standar
Type applies. (See Above.)
Numbers less than 1 are set on the scales LLO and LL0O and the _m;mefilcal
value of the natural logarithm is read on the A scale. To place the decimal point
in the logarithm observe the following:
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Rude: The logarithm of any number set on the LLOO or the LLO scale 1s a
negative number. The numerical value of the natural Jogarithm may be read
on the A scale using che rale below to obtain the decimal point in the logarithm.

(i) If the number is on LLO and above the left half of the A scale, the
decimal poinc is three places to the left (0051) of the first digir read.

{ii} If the number is on LLO and above the right half of the A scale, the
decimal point is two places to the lefe (.0304) of the first digit read.

{(iii} If the number is on LLOO and above the left half of the A scale, the
decimal poinr in rhe logarithm is at the lefc { $11) of the first digit read on
the A scale.

(iv) If the pumber is on LLOO and above the right half of the A scale, the
decimal poinr in the logarithm is at the right (2.99) of the first digir read
on the A scale.

The logarithm of 999 s —0.001, and the decimal point m the logarithm
moves one place to the right each time an index of the A scale is crossed from
lefe 1o right.

Check on the slide rule the readings shown in the table below:

Scale

Ex. Number — Log. N

Standard Tradicional
{a) 4 LL3+4 LL3 1.386
(b) L.15 112 LL2 0.1398
(c) 1.02 LL1+ LL1 0.0198
(o 30 LL34 LL3 34
(e) 1.405 LL2 LL2 0.34
(f) 1.0346 LL14- LL1 0.034
(g) 0.05 LL3— LLOD —3.00
(h) 0.63 LL2— LLOO —~0.462
(i) 0.946 LL1- LLO —0.0555
(1 0.9964 Use .9964-1 LLO -—0.0036

FINDING LOGARITHMS, ANY BASE

Logarithms to any base # may be found by the formula log, N= (log. N )+
(log. a}.For common logarithms a=10, and log. 10=2.303. Since 1/2.303 =
4343, the formula becomes

logy N = 4343 log. N.

Standard Typer: On rules with the Standard Type scale arrangement, log, N
may be locared on the D scale and multiplied by 4343 by the use of the C scale.

Traditional Type : On slide rules of this type logarithms to any base are found
by the method described above for rules of the Standard Type excepr that for
numbers less than 1 the A and B scales must be used instead of the C and D
scales,
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FINDING POWERS OF e

Powers of ¢ are easily found by using the Log Log scales. Since if m=log. N,
then by definition e® =N, the process is the reverse of finding the logarithm.

Standard Type: To find a power of e, set the indicator over the exponent
on the D scale, and read the cotresponding value of the Log Log scale.
The appropriate scale is found by using the rules for the decimal point in the
logarithm.

Traditional Type: Use the rule for Standard Type above, but for negative
exponents, the exponent must be set on the A scale and the result read on
LLO or LLOO.

Verify the following examples by use of the slide rule.

Scale for Exponent Scale for Power
Ex. Problem Srandard ‘Traditional Power  Srandard Tradirional

Type Type Type Type
(a) e D D 201  LL3+ 1L3
{b) et D D 1.284 LL24- 1r2
(c) oo D D 10844 IL14 1L1
(d) g—e D A (Right) 0.135 LL3— LLOO
(e} g 0% D A (Left) 0819 ILL2— LLOO
(f) g ~0.rn D A (Right) 0.9802 LL1— 110
(g) e-tom A (Left) 0998 1.+1.002 LLO
(h) e* D D 148. L3+ 113
(i)  osw D D 4230, LL3- 113
() e-3 D A (Right) 00334 LL3— LLOD

FINDING POWERS OF ANY BASE

The Log Log scales may be used to find any power of any base. Since roots
may be expressed by exponents that are fractions in decimal form, the Log Log
scales may also be used to find any root of a positive nurnber. These statements
are, of course, subject to cerrain restrictions which are of minor importance
in practical worlk.

The problem is to compute N=b™ when % and # are known numbers. The
general method is given by the following rule.

Rule: To find &™, when m >0 set the index of an ordinary logarichmic scale
on the slide (C, CF,) opposite 4 on a Log Log scale. Move the indicator to m
of the ordinary logarithmic scale, and read 4™ under the hairline on the Log
Log scale. (On slide rules of Traditional Type, the B scale must be used with
numbers set on LLO and LL0O.)
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Scale
Ex. Numbet Standard  ‘Traditional
Type Type

1.015' =1.015 LL14+ LLI

(a) (1.015)°=1.1605 1.2+ 112
(1.015)°°=(1.1603)**= 4.43 134 LL3
443 =4.43 LLa4 113

(a')  (443)°'=(1015)""=1.1605 LL2+ LL2
(443)°% = (10153)'=1015 IL1+4+ LL1
0995:=0.995 i 110 (Left)

(b) (0.995)'" = 0951 LL1— LLO (Right)
(0.995) = (0.951) **=0.60% LL2— LLOO (Left)
(0.995)1%9%== (0.951)'*=0.0066 LL3-  LLOO (Right)
0.0066' =0.0066 LL3—  LLOO (Right)

b (0.0066)% =0.605 LL?—  TLOO (Left)
(0.0066)%% = (0.605)°'=0951 1L1—  LLO (Right)
(0.00663°%°" = (0951)*'=0.993 — LLO (Left)

Examples:

Number of Sections from Scale of b

0 il

Ex. ng'cieN Dfiroeglgn Srandard Traditional Answer N
Type Type

(a) 1.5** Right 0 0 2.646
(b) 15°° Left 0 0 1.225
(¢) 10267°*  Right 1 1 232
(d) 22°° Left 0 0 1.267
(e) 22'° Right 1 1 226
(fy 05" Right 0 0 0.435
(g} 04° Right 1 0 0.16
{h) 0.88>* Left 1 1 0.9685
(i) 05" Left 1 1 09639
(j) o0.20°° Left 2 1 0.9872

Now (b")'®=b™ For example, (4.”%) 10— 4 ™5 =4* Moving the
decimal point in the exponent one place to the right 1s equivalent to raising the
number ro the 10th power, so that the power is on the adjacent scale to the right
(or below). Moving the decimal point two places moves the number on the
Log Log scale two sections, etc.

Moving the decimal point in the exponent one place to the left has the effect
of moving the number on the Log Log scale one section to the left, {or above),
etc.

Rule: Imagine the decimal poine is at the righe of the first significant digit
of the exponent, and decide on which scale £ would then be found. Then look
to the "right” or “left” as many sections as are needed 1o adjust the decimal
point to its true position.

Examples; (a) Find (1.03)%°°. Set the left index of the C scale opposite
(1.03) of the Log Log scale. Move the indicator over 2 on the C scale. Observe
that (1.03)%=1.0609 is on the same section, and that (1.03)°°= 1.806 is on
the adjacent or next section of the Log Log scale. Finally, (1.03 )2 =370 is
on the second secrion beyond (1.03}% .

(b) Find 4>, Sct the index of the C scale opposite 4 of the Log Log scale.
Move the indicator over 5 on the C scale. Observe that 4° would be to the right
of 4 at 1024, and 4°° is to the left of 4. In fact, 4% = 4% = /4 = 2.Then
499 js one scale length farther to the left, and is 10718 on the next scale.
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4) When the exponent is a negative number {m <o), the procedure depends
upon the type of scale arrangement that is available.

STANDARD TYPE

Rule. When the exponent is negative, use the same procedure as for positive
exponents, but read the final resulr on the reciprocal scale.

Examples: (Compare with examples (a) to (j) above)

(a') Find 1.5~ **. Compute 1.5**, but instead of reading the tesult as 2.646
on LL2 L, read .378 on LL2— the reciprocal scale.

(b*) 1.5-°" Compute 1.5°% burt instead of reading the resulc as 1.225
on LL2-4-, read 0.8165 on LL2— the reciprocal scale. Fig. 253

(f') Find 0.5~ **. Compure 0.5" as in example (f) above, but instead of
reading (1439 on LL2—, read the result 2.3 on LL2+4 the reciprocal scale.
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TRADITIONAL TYPE

Rule. When the exponent is negative, as indicated by b=™, either of two
procedures may be used to convert the problem to one with a positive expon-
ent. Since b—"= (b-")™ = (1/b) ™, the reciprocal of b may be found by using
the C and CI scales, and the #2th power of the number may then be found. Of
course 1/b may be divided by use of the C and D scales if this method is
preferred.

Since b~m= (b") =" =1/b™, the value of b™ may be found first, and then
the recipracal of this number computed by either method suggested above.

The choice between these two procedures depends upon the value of b.
If b<1, then (1/b) 2> 1, and the first method will employ the scales LL1, LL2,
or L13, which provide greater accuracy but less range than the LLO and LLOO
scales. If b1, then (1/b)< 1. In this case the second method is preferable.
In short, by proper choice of method-the use of the LLO and LLOD scales with
. negative exponents may be avoided.

PROBLEMS ANSWERS
1, 4350 2000

2. 163> 1.348

5 233748 1.660

4, .325%* 0.0018

5. .734%"% 0.9822

6. 1.075-*° 0.7223

7. 850 0.795
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ROOTS, AND COMMON FRACTIONAL EXPONENTS
There are two methods of finding roots

——
Rale: To find /b or b™ set the index of C scale on b on the Log Log
scale, move indicator to m on CI, read result on Log Log scale under hairline.

This method uses the theory of exponents to express a 100t by using a
fractional exponent {e.g.=1/m). This fraction can be divided out and the
result used as an exponent as described under finding powers. Thus \/3=
(3)% =3, However, the CI scale does the division automartically, since
it gives reciprocals of numbers on the C scale.

Moreover, in some applied problems the formulas being used express the
exponent as a common {raction, and it is then more convenient to use the
CI scale.

On rules of the Traditional ‘Type, if the base b is less than 1, the CI scale
cannot be used. The exponent may, however, be found by ordinary division
and then set on the B scale.

Examples:

e &
{a) Find :}8.5 or (85)"% Set left index of C scale over 8.5 on the
Log Log scale. Move hairline to 4.2 on CI scale, read 1.664 on the Log Log
scale under hairline.

1

(b) Find /0964 or (0.964). ® =(0.964)"". On slide rules of the
Standard Type, set the index of the C scale opposite 0.964 of the Log Log scale.
Move the indicator over 3 on CL Siace 1/.03 =33, approximately, the result is
one scale section to the right of the one on which 0.964 is set. Read the result
as 0.295. On rules of the Traditional Type, set the right index of B scale on
0964 on LLO. Move hairline to 33.3 on B. The result in this problem
is under che hairline on LLOO, and js 0.295, approximately.

A second procedure treats roots as the inverse of powers.

Rule: To find \/b, or b m set hairline over & on a Log Log scale, pull m
on the C scale under the hairline, read the result on the Log Log scale at the
index. On rules of the Traditional Type, the B scale must be used when b <1

Examples:

1

(2) Find¥/630r (6.3) © .Set hairline over 6.3 on the Log Log scale, move
slide so 5 of the C scale is under haitline, read 1.445 under righe index on the
Log Log scale. 1

(b} Find /056 or (056} ¥ Set haicline over 0.56 on the Log Log
scale, move slide so 4 of C (or B for Traditional Type rules) scale is under
hairline, read 0.865 at left index of C or B on the Log Log scale.

The proper scale on which to read the root may be determined by reversing
the methods used earlier for finding powers. By definition, /b is a number
which raised to the m power produces &, that is({’/b)‘“'-—-b. Suppose b>>1,
and m>1; then \/b<band §/b would be to the lefc of &, if the Log Log
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scales were on one continuous line. In example (a) above, /6.3 or 1.445 is
less than 6.3, and 1.445°=6.3. Although the reading on the Log Log scale, or
1.0379, is also less than 6.3, it is rhe 50th roor of 6.3, or \/0.3. On the other
hand, the value of ﬂ\?’ﬁ_? is to the right of 6.3 at about 40; observe that
d{'\S/Hor 6.3'45=6.3" is abour 40.

Examples.

(a) Find y= \/T00. Set 4 of the C scale on 100 of the Log Log scale
and move indicator to the C index. Note that the 4th root would be about 3,
the 40th root about 1.12 and the 400th rogr must be 1.0116.

il 1
(b) Find 170,05 or 0.05 & . On slide rules of the Standard Types, pull
5 on the C scale over 0.05 on the Log Log scale. At the index of the C scale
read 0.9418 two scale sections to the left (above). On rules of the Traditional
Type, set 5 on the B scale opposite 0.05 on LL0O. Above the right index of B
read 0.9418, which would be two sections (or cycles) of the B scale to the
left if che LLO and LLOG scales were end-to-end.

PROBLEMS ANSWERS
1
1. 6.5 345
2. 34007° 1.114
3, 1.606°™° 10223
586
4 747 47
A2l
5. 1.3577% 1.191
E
6. 1.0411°° 1.381

SOLVING EXPONENTIAL EQUATIONS

The method of solving equations of the type b™ =N, where b and N are
known and m is unknown, is very similar to the process of finding b"=N
when m is known and N unknown. (See Finding Powers, above. )

The rule below holds for the Standard Type, and also for the Traditional
Type when b>1.

Riule: Set the index of the C scale (or CF scale} on b. Move the hairline
to N on 2 Log Log scale. Read m under the hairline on the C scale (or CF
scale, if ir was used ).

Examples:

(a} Solve 137™=843. Ser the index of the C scale opposite 1.37 of the
Log Log scale. Move the hairline to 843 on the Log Log scale. Read 6.77 on
the C scale under the hairline. Ir should be observed that 8.43 is greater than
1.37 and is to the right of 1.37 on the Log Log scale. Hence the exponent m
must be larger than 1. The exponent 67.7 would obviously be too large, and
it follows that the decimal point must be to the right of the 6 as in 6.77
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(b} Solve (0.75)*=0.872. On Standard Type, set the index of the C scale
opposite 0.75 of the Log Log scale. Move the hairline t0 .872 on the Log Log
scale. Read 476 on the C scale under the hairline. Observe that 0872 is to
the left of 0.75, so the exponent is less chan 1. On standard type rules, 0.872
is on the same scale as 0.75, but the right index of C must be used. Hence the
decimal point must be at che left of the 4.

On Traditional Type slide rules, the 1.L0O and B scales are used. Set the
middle index of B opposite 0.75 on LL00. At 0.872 on LLOO rezd 0.476 on B.
Here the middle index of B is used as a right index, so the decimal point must
be o the left of the 4.

(c) Solve for y if (094)r=237,

Lgs 198 ;

O 3 4 5 6, 1@
bt BBttt

| I Lo £+
| [rlifett _LLE

<50 45 <40

Fig. 24

Standard Types: Set the left index of the C scale opposite 0.94 on the Log
Log scale. Move the indicator to 237 on the Log Log scale. Read 13.9 on the
C scale. { The use of a folded C scale, such as CF, is convenient in this example }.
Observe that in this example 0.94 is less than 1 and 2.37 is greater than 1.
Hence the exponent y must be a negative number. The reciprocal of 0.94 is
about 1.064, and 2.37 is one scale section to the right. Hence 3 = —13.9,

Traditional Type: Use the C and CI scales to find 1/0.94=1.064. Solve
(1.064)*=2.37 as described above.

(d) Solve for ¢ if (5.27)7=0.818.

Standard ‘Types: Set che index of the C scale at 5.27 of the Log Log scale.
Move the indicator to 0.818 on the Log Log scale. Read 1209 on the C scale.
Note that 527> 1 and 0.818< 1, so the exponent is a negative number. The
reciprocal of 0.818 is about 1.222, and since this is less than 5.27 the numerical
value of the exponent must be less than 1. Hence p = —0.1209.

Traditional Type: Use C and CI to change 0.818 to 1.222 and proceed as
above.

PROBLEMS ANSWERS
1.  4°=375 x=0953
2. 965%=0823 x=5.17
3. 525%=10141 x=0.00844
4, z.ui:u.ooo x=12.46
5. 3.04"=0.85 x=—.146
6 1475°=0015 x=-108&
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LOGARITHMS OF COMPLEX NUMBERS

The logarithm of a complex number z=x -}~ jy is a complex number. Let
log, (x + 73) = # - jv. Then _ ]
xie— jy = gv*t it =g olt = ¢* (cosv - jsinz) = €' oSV ] e¥ sin ¢.
Equating the real and then the imaginary parts gives TWo equations

x = e cos ¥

= e*sinv
which may be solved for # and v. By division, tan v = y/x, and bence # =
arctan (y/x). Squaring and adding, * +- y* = €™ and hence # = log,

\/%* F ¥ Then .
log. (x 4 jy) = Jog, Vx* I ¥* + jarctan (3/x) = logep +- 46,

Rude: To find log, (x + jy), first convert x + jy to polar form p/8.
Find log. p and write the results in the form log. » -+ 70.

ExsMPLE: Find log. (2.6 -+ j3.4). To convert 2.6 + 3.4 to polar form, eeg
right C — index over 3.4 on D. Move indicator to 2.6 0n D. Read ¢ “——a52.6
on T (read right to left} under hairline. Move slide to bring cos ?2.6 ~on S
(read right to left) under hairline, and read 4.28 on D under right index.
Ser indicaror on 4.28 of the LL34 (or LL3) scale. Rt'ead 1:454 on the D :u_:al_e.
Then loge (2.6 4 j34) =1454 4 j 52:6°, op 1454 - 0.92, when 9 is 1;;
radians. This complex number may then be expressed in exponential form
desired,
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READINGS BEYOND THE SCALES

Occasionally there is need to compure an expression which involves values
not on the scales. To compute &™ for b less than 1.01, note that by the binomial
expansion (1+xy) = =14mx—+ .., and if xy is sufficiently small, these first
two terms will give a good approximation.

Examples:

(a) Find (1.0004)"7. Since 1.0004 cannot be set on the scales, compute
14-(2.7) (.0004) =1.00108, approximately.

{b) Find 53. "™ _Alchough 53 can be set, the result cannot be read on the

scales. Wrige the expression in the equivalent form 53% ooz
(53%% 479 The expression in brackets is found in the usial manner to be
1.016. Then (1.016)°°* =1-10.02X0.016= 1.0003, approximately.

To compure ™ when this value exceeds 22,026 (the Jargest value on 1L3),
several merhods may be used. One method consists in writing & as the
product of two or more factors, say & = xy, Then b™ = {xy)™ = x™, 47,
Then if x™ and y™ can each be found on the scales, the final step consists in
finding their product. This method breaks up the base by using the given
exponent, Another method separates the exponent #z into two or more
terms whose sum is #z. ‘Thus, if m = r + 5+ ¢ the expression & b* &' may
be used to find &™

Examiples:

(a) Find x = 19.3% Let 5 y = 19.3. Then y = 3.86. Hence x = 5° X 3.86°
= 19.3% Then 5° = 15,600, approximately, or 1.56 X 10°, and 3.86° — 3300
or 3.3 X 10°, Then x = 1.56 < 3.3 X 10" or 5.15 X 107 or 51,500,000. It is,
however, easier to get this result by logarithms directly.

(b) Find x == 19.3% Consider thisas (19.3)° (19.3)° Then 19.3* = 7200,
approximately, and 7200 > 7200 is about 5.18 X 10",
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ILLUSTRATIVE APPLIED PROBLEMS

1. A volume of 1.2 cu. ft. of air at 60° F {or 520° absolure) and atmospheric
pressure (14.7 Ibs./sq. in.), is compressed adiabatically 10 a pressure of
70 Ibs./sq. in. What is the final volume and final temperature?

N U\ L
(a) Compute: V' = 1.2\ = e Ans. 0.394 cu. fr.

Standard Type: Set 70 of C over 147 on D. At the right index of C read
0.21 on D. Set right index of C over 21 on LL3— using hairline. Under 1.4
on CI read 0.328 on LL3—. Set 0.328 on D and multiply by 1.2 using the CI
or C scale. Read final answer 0.594 on D.

Traditional Tipe: Set 70 of C over 14.7 on D. At the right index of C read
0.21 on D. Ser middle index of B under 0.21 on LLOO using hairline. Over
0.714 (reciprocal of ) on B read 0.328 on LLOO. Set 0.328 on D and muleiply
by 1.2 using the CI or C scale. Read final answer 0.394 on .

[y 1= i
147 Ans. 812° Absolute or 352°F.

70\ 04
(b} Compute: T = .'320('—)"‘t

Standard and Traditional Type: Set right index of ClI apposite 70 on D.
Move hairline to 14.7 on CI and read 70+ 14,7 —4.76 under hairline on D. Set
result 4.76 under hairline on LL3 |-. Move left index of € under hairline and
move hairline 10 0.4 on C. Set right index of C under hairline and read 1.562
on LL2 |- directly opposite 1.4 on the CI scale. Multiply 1.562 by 520 on
the C.D scales and obtain fina} temperature of 812 degrees absolute or
812°— 460 = 352°F

2. Find the compound amount on an investment of $1200 at 3145 com-
pounded annually for 20 years. The formula is A = P (1 4i)", or, in this
example, A = 1200 (1.035)*. Set index of the C scale on 1.035 on the
LL1 scale. Move hairline over 20 on the C scale, read 1.99 on the LL2 scale.
Multiply this by 1200, obtaining $2390, approximately.

3 In how many years does money double itself at 4.2% compounded
annually? This problem requires finding # in the expression (1.042)"=2.
Set the index of the C scale over 1.042 on LL1 scale, move the hairline over
2 on the LL? scale, read 17 years, approximately, on the C scale under the
hairline.
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10.

13.

16.

19,
22.
25.
28.
3L
34.

37.
40,

43,
. (.693)%
49,
52,
55.
58.
Bl
. log 99652
67.

EXERCISES FOR PRACTICE
{Answers by slide rule on page 02).

. 143 X 0.387
. 189 X 132. X 0481
. 832641

643 X 8.12
591

3.2

X

Fes
9
1+343
V834
(1.81)°
V248
(1.63)°
sin 22.5°
cos 66°

VIB3sm 263

sin 13.5  sin 32.4°

14.

17.
20.
23.
26.
. (3.825)°
32,
35.
38.

. 5in214° sin6°

. 29.8 X 487
. 791 X 362 X 555
. 1635+8.02
1195 X 9.2

3.40 X 0202

281 x
602 B11

1/9.07
/0344
(60.7)*
W248

1.57 X sin 3.48°
tan 19.2¢

V/sin 36.1°/37.6

3. 0642 X 80.6

G. 0.0427 X 91.4 X 169

N

. 407133

12, 7.75 X 0414
1.91 X 6.83

15. 132 65

x 18
18. 1/.055
21. /54800
24, (5.9)* X 13.
27. /248
30. (58.3)°
33, 96.2 sin 72°
36. tan 69.7°

39. ¥tan 16.1°
42, 24.7 sin 28.2°

18 - x
(1.352)°
91.2
2.2 -3.8
e_a,o
(1.084) 2L
log 1.00291

log, 1.00291

44,
47.
50.
53.
56.
59.
62.
. log 863
68.

980 = x
(2.81)3,81.
(237)%
eo,a
(1.054) -7

e 418

a4

(42.2 )7
log 1.0448

log, 1.06

(611

sin 42.7°
45, (1.031)°
48. (9943 )"
51. ¢%®
54. (.523)-°"°
57, g-oe2
60. (1.009)3%
63. log 1.414
606. log 0042
69, log. 2.5




13.
17.
21,
25.
29,
33.
37
41.
45,
49,
53.
57.
61,
65.
69.

. 353 2

. 1589. 6.

. 305 10,
4.12 14,
1102 18.
234. 22,
1.354 26.
56.0 30.
914 34,
2.844 38.
280 42,
1.00612 46.
3.51 50.
9637 54,
0.921 58.
0.00126 62.
9.9361-10 66,
916

ANSWERS

145.0
659.
883.
3.79

18.

328
2,920
198,000.
407
1252
17.2
0416
1.35
11.4
1.146
0.0191
7.62-10

3.

7
11,
15.
19.
23,
27.
31.
35,
39.
43.
47.
51.
55.
59.
63.
67,

{621

517
129.8
1585.
36.55
2.888
3690.
6.280
384
348
664
3.34
9576
1.003
0.0275
5.26
13505
0029

16.
20.
24,
28.
32,
36.
40.
44,
48,
52.

60.

64.
68.

. 120
. 2038
12.

0.0246
0.0292
1856
453,
4.325
0.0954
2.70-+
41.3
50.8
158
063

. 0.639

1.0216

9.99849—10.

0.0584
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Each rule is accurately adjusted before
it leaves the factory. However, handling
during shipment, dropping the rule, or
a series of jars may loosen the adjusting
screws and throw the scales out of align-
ment. Follow these simple directions for
slide rule adjustment.

CURSOR WINDOW HAIRLINE ADJUSTMENT

Line up the hairline on one side of the

rule at a time.

1. Lay rule on flat surface and loosen
adjusting screws in end plates.

2. Line up C index with D index. Then
align DF (or A) index with CF (or
B) index.

3. Tighten screws in end plates.

4. Loosen cursor window screws. Slip
a narrow strip of thin cardboard (or
3 ar 4 narrow strips of paper) under
center of window.

5. Align hairline with D and DF {or D
and A) indices, and tighten cursor
window screws. Check to see that
window surfaces do not touch or
rub against rule surfaces.

Note: The narrow sirip of cardboard

under the window will prevent pos-

sible distortion or “bowing in” of the
window when screws are tightened.

“Bowing in" may cause rubbing of

window against rule surface with re-

sultant wear or scratches.

Line up hairline on reverse side of rule.
1. Loosen all 4 curser window screws.
2. Place narrow strip of thin cardboard

under window to prevent “Bowing
in" when screws are tightened.

OPERATION ¢+ Always hold your rule be-
tween thumb and forefinger at the ENDS
of the rule. This will insure free, smooth
movement of the slider. Holding your
rule at the center tends to bind the slider
and hinder its free movement.
CLEANING * Wash surface of the rule
with a non-abrasive soap and water
when cleaning the scales, If the Cursor
Window becomes dulled clean and
brighten the surfaces with a small rag
and tooth powder.

LUBRICATION * The metal edges of your
slide rule will require lubrication from
time to time. To lubrieate, put a little
white petroleum jelly (White Vaseline)

For advanced Mathematics, Science, Electronics and Engi-
neering.
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HOW TO ADJUST YOUR SLIDE RULE

3. Align hairline and indices on first
side of rule, then turn rule over
carefully to avoid moving cursor.

4. Align hairline with indices and
tighten cursor screws.

5. Check to see that window surfaces
do not touch surfaces of rule dur-
ing operation.

SLIDER TENSION ADIUSTMENT * Loosen
adjustment screws on end brackets; reg-
ulate tension of slider, tighten the screws
using care not to misalign the scales. The
adjustment needed may be a fraction of
a thousandth of an inch, and several tries
may be necessary to get perfect slider
action,

SCALE LINE-UP ADJUSTMENTS * (1) Move
slider until indices of C and D scales
coincide. {2) Move cursor to one end.
(3)Place rule on flat surface with face
uppermost. (4) Loosen end plate adjust-
ing screw slightly. (5) Adjust upper por-
tion of rule until graduations on DF
scale coincide with corresponding grad-
uations on CF scale. (§) Tighten screws
in end plates,

REPLACEABLE ADJUSTING SCREWS » All
Pickett All-Metal rules are equipped
with Telescopic Adjusting Screws, In ad-
justing your rule, if you should strip the
threads on one of the Adjusting Screws,
simply “push out” the female portion of
the screw and replace with a new screw
obtainable from your dealer, or from the
factory. We do not recommend replacing
only the male or female portion of the
screw.

HOW TO KEEP YOUR SLIDE RULE IN CONDITION

on the edges and move the slider back
and forth several times. Wipe off any
excess lubricant, Do not use ordinary
pil as it mey eventually discolor rule
surfaces.
LEATHER CASE CARE * Your Leather Slide
Rule Case is made of the finest top-grain,
genuine California Saddle Leather. This
leather is slow-tanned using the natural
tanbark from the rare Lithocarpus Qak
which grows only in California. It pol-
ishes more and more with use and age.
To clean your case and to keep the
leather pliable and in perfect condition,
rub in a good harness soap such as
Propert's Harness Soap.

Sickell & Eckoel, Irnec.
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THE EXTRA SECTIONS OF THE LOG LOG SCALE

Model 803 provides an extra section of Log Log scales. This section is used in
exactly the same way as the rest of the LL scales (LL1, LL2, LL3) and requires
no additional explanation. Note that it is possible to set numbers near 1 to great
accuracy; thus 1.00333, which is a six figure number, is easily set. An example
which illustrates the added convenience of having this scale is given below.

Example 1. Find 1.0261"*4%, Set the left index of the C scale opposite
1.0261 of LL1+4. Move the hairline over 342 of C, and read
the result on the LLO-+ scale as 1.00886.

Note that if the LLO+ scale were not on the slide rule, the answer could not
be read directly. In that case (that is, with slide rules in which the lower bound
of the range of the LL scales is 1.01 instead of 1.001), the result may be com-
puted by using logarithms, bur with less accuracy.

Thus, set the hairline over 1.0261 of the LL1 + scale, and the left index of the
C scale under the hairline. The reading on the D scale gives log. 1.0261, which
is 0.0258. Move the hairline over 0.342 of C (which multiplies 0.0258 by
0.342), and read 0.0088 on the D scale. This is log. 1.261"%**2. Now log,.
(1 + X) = X, approximately, if X is sufficiently small. In this example, let
X = 0.0088 (which is small), and then the number, or 1 + X, is 1.0088.

With Model 803 it is unnecessary to resort to this longer procedure. More-
over, by using the DF scale and base 10, it is possible to observe how the work
described above is automatically done. Thus, when the hairline is over 1.0261
of LL1+, then log,, 1.0261 = 0.0 1119 is on the DFyy scale under the hair-
line. If this is multiplied by 0.342 using the C or Cl scales, the result is 0.00383
on DFy. In other words, log,, 1.0261%%42=0.342 log,, 1.0261. The number
corresponding to this logarithm is, of course, 1.00886, read on LLO+.

The readings on the LLO— scale are reciprocals of the readings on the LLO+
scale. This scale extends the LL1— scale from 0.99 to 0.999 which is, of course,
much closer to 1. This scale is used in the same way that the LL1—, LL2—, and
LL3 scales are used. No addirional explanation beyond that given in the manual
for these scales should be needed.

i
PRINTED IN USA FORM M- 145 J.f
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Since Model 803 has bosk an A scale and a v,/ scale, it is possible to read fourth
roots and fourth powers direcly.

Rule: 1f a number is located on the A scale its fourth root is opposite
it on \/. Conversely, if a number is located on v/, its fourth
power is opposite it on the A scale.

Example 1. Find ¥ 13.6. Set hairline over 13.6 on A. Read answer 1.92
on /.
Example 2. Find 2.43". Set hairline over 243 on v/, Read answer 34.9 on A.

-

Example 3. Find the moment of inertia of the quarter circle (shown in the
figure) about the line OX when the radius r

¥ is 3.5 in. The formula in this case is [, =#r'.
16
Set the hairline of the indicator over 3.5 on
\/. Move the slide so 16 on B is under the
hairline. Move the indicaror over = on B. Read
e X

the resulr [, =295 in* on the A scale.

Example 4. The quarter circle shown in the figure for Example 3 is to have
a moment of inertia abour the line OX of 24.3 in.”. Whar length must the radius

be? Solving the formula given in Example 3 for r, we obtain r = 16 I,.

w
Hence r—/16X24.3 Set + on B under 16 on the A scale. Move the indicator

w
over 24.3 on the B scale. Read » = 1.875 in. on the v/ scale under the hairline.

In computing with Model 803, the +/ scale not only permits greater accuracy,
but also greater convenience.

Example: Suppose you need to draw a graph of p*=8 cos § in polar coor-
b6 p dinates. It is necessary to compute p = +£/8 cos. #. Set the
——1— right index of the C scale over 8 of the D scale. Move hair-
0| £2.828 line over # on the S scale, reading from right to left. Read p
10 | +-2.807 directly on'the \/ scale. Thus a rable like the one at the left

can be quickly and accufarely computed with only one sei-
20 | 2742 4ing of the slide,

30 | =2.632 The example above is much more difficult to do using the
40 | £2.475 A scale on a modern slide rule in which rhe § scale is based

on the D scale. Also, less accuracy is possible. With a rule of
50 [ £2267 e design in which the S scale is based on the A scale, the
work is done by the same method (using the A, S, and D
scales) but with less accuracy.

G0 | £2.000

[6])

THE DFy SCALE

The Log Log scales on Model 803 are arranged so that logarithms to base e
can be read from the D scale. Thus, if the indicator is set over 15 on LL3 4,
then log. 15 = 2.708 can be read on the D scale.

Often it is convenient or necessary to find the logarithm to base 10. This
can, of course, be done by using the L scale. Thus if 135 is set on C, the mantissa
of log,, 15, or 0.176 is on L. The characteristic of log,, 15, determined by _tuie,
is 1, 50 log,, 15 = 1.176. It is more convenienr to read the entire logarithm
(both characteristic and mantissa) directly, and this can be done on the DF y
scale, With the hairline ser on 15 of LL3+, log |, 15 can be read directly on
DFy as 1.176. The DFy is a standard D scale which is folded at 0.43429,
which is log,, e. It automatically converts logarithms to base e, when located
on D, w logarithms base 10 on DFy, and conversely.

EXAMPLES:

(a) Find log,, 4.7. Set hairline over 4.7 of LL3 +. Read 0.672 on DFy.

(b) Find log,, 0.213. Let hairline over 0.213 of LL3—. (Nore 0.213 is the
reciprocal of 4.7, so the setting is the same as for example (a), above). Read
0.672 on DFy. Since 0.213 1s less than 1, the logarithm is negative. Then
log,, 0.213 = —.672 or 9.328—10. -

(c) Find log,, 1.36"*. Set indicator haitline over 1.36 on LL2+. Set the left
index of C under the hairline. Move hairline over 2.4 of C. Read answer on
DFyy as 0.3205.

(d) Find X if log,, X = 1.673. Set haitline over 1.673 on DFy. Read
47.1 on LL3+.

PROBLEMS ANSWERS
ta) log,,4 0.602
(b) log,, L.15 0.0607
(c) log,,1.02 0.00860

(d) log,, 30 1477
(e) log,, 1.405 0.1477
(f) log,, 1.0346 001477

(g) log,,0.035 —1.301 0r 8.699 =10
(h) log,, 0.63 —0.201 0r 9.799—10
(i) log,, 0946 —0.0241 0r 9.9759—10

]

(71




Now observe that the \/scale is twice as long as the D scale. On a "10 inch”
slide rule, it is abour 20 inches long. The righe hand half of the \/scalc is placed
under the left hand half. This is not a “new” scale — it is also old historicatly.

To find square roors or squares, when a slide rule has a \/scale, the D scale
can be used instead of the A scale, and then the \/scale is used instead of the
D) scale. Because these scales are longer than the A scale, greater accuracy is
possible.

Rule: The square root of any number located on the D scale is found
directly opposite it on the \/ scale.

Reading the Scales. The square root scale on the top of the stator is an en-
largement of the D scale itself. The D scale has been “stzerched” to double its
former length. Because of this the square root scale seems to be cut off or to
end with the square root of 10, which is about 3.16. To find the square root of
numbers greater than 10 the lower \/scale is used. This is really the rest of
the stretched D scale. The small figure 2 near the left end is placed beside the
mark for 3.2, and the number 4 is found nearly two inches farther to the right.
In face, if 16 is locared on the D scale, the square root of 16, or 4, is directly
above it on the lower \/scale.

In general, the square root of a number berween 1 and 10 is found on the
upper square root scale. The square root of a number between 10 and 100
is found on the lower square root scale. If the number has an odd number of
digits or zeros (1, 3, 5, 7,...), the upper \/ scale is used. If the number has
an even number of digits or zeros (2, 4, 6, 8,... ), the lower \/ scale is used.
The first three (or in some cases even four) figures of 2 number may be set on
the D scale, and che first three (or four) figures of the square root are read
directly from the proper square roor scale.

The table below shows the number of digits or zeros in the number N and
Its square root.

ZEROS or DIGITS
U L|jU L|U L|U|L}U LU L|U L|U L
N [7or6|50ord|30r2| 1] 0| lor2|30r4d| 50r6 | 7or8| etc
VN | 3 21 1 ool 1 2 ‘ 3 4 | e

The above table is reproduced on some models of Pickett Slide Rules.

This shows that numbers from 1 up to 100 have one digit in rhe square root;
numbers from 100 up to 10,000 have two digifs in the square root, etc. Numbers
which are less than 1 and have, for example, either two or three zeros, have only

one zero in the square root, Thus \/0.004 = 0.0632, and \/0.0004 = 0.02.

[4]

F

EXAMPLES :

(a) Find \/248. Set the hairline on 248 of the D scale. This number has 3
(an odd number) digits. Therefore the figures in the square roor are read from -
the upper \/ scale as 1575. The resule has 2 digies, and is 15.75 approximately.

{b) Find /563000. Sec the hairline on 563 of the D scale. The number has
6 (an even number) digits. Read the figures of the square root on the lower
scale as 73. The square root has 3 digirs and is 730 approximately.

(c) Find \/.00001362. Set the hairline on 1362 of the D scale. The number
of zeros is 4 (an even number). Read the figures 369 on the lower scale. The
result has 2 zeros, and is .(0369.

Squaring is the opposite of finding the square root. Locate the number
on the proper \/ scale and with the aid of the hairline read the square
on the D scale.

EXAMPLES :

(a) Find (1.73) or 1.73 X 1.73. Locate 1.73 on the \/ scale. On the D scale
find the approximate square 3.

(b) Find {62800)* Locate 628 on the \/ scale. Find 394 above it on the
D scale. The number has 5 digits. Hence the square has either 9 or 10 digits.
Since, however, 628 was located on the lower of the \/ scales, the square has
the even number of digits, or 10. The resulc is 3,940,000,000.

(¢} Find (.000254)* On the D scale read 645 above the 254 of the v/ scale.
The number has 3 zeros. Since 254 was located on the upper of the \/ scales,
the square has the odd number of digits, or 7. The result is 0.0000000645.

PROBLEMS ANSWERS
1. /73 27
2. /73 8.54
3. /841 29
4. /0062 0.249
5. \/0.00000094 0.00097
6. (3.95) 15.6
7. (48.2)* 2320
8. (0.087)* 0.00757
9. (0.00284)* 0.00000807
10 (635000)* 4.03 X 101

[5]




CHICAGD
w

PICRETT A ECK

£
1
14
£

ol
B pee

s
} '*"Hﬁiiﬁm*

o~
Ikéfll.

IIH"'H

1 | I !?
VN AP NPT N (A
1

et daiadiann

| im}ﬂ-wﬂ%n

Il_‘.Q'.‘Eﬁl.I_-1.g.LJI.|.'FIML'J.II.|.|.1.I_‘|.’1§?._, o

I

v
—_ —
T o DRI Twe S o

(5}
ol

ameyigo on 104

PATENTS

cF

4

lw\dﬁlﬁ

|
W&Hﬁhﬂﬂw}rﬁ
L3N T it

it

T

L]

L
Cl <
C
D

. —_—
o khd
. ] o~
ol =]
4 x ::
ol s X
ox o
== So
o o
22 28
3 H
= =

@

{2]

F

SUPPLEMENT FOR MODEL 803

The Pickett Model 803 siide rule has four scales not discussed in the manual
for Model 800, Model 500 and similar slide rules. These four scales are the
following :

1. A "double length,” or 20 inch scale for squares and square roots. This scale
is labelled \/, and is placed on the top of the staror on the “trig” side of
the slide ruie. The “righe-hand portion” of this scale is placed under and
“back-to-back™ with the left-hand portion.

2. A special D scale which is “folded” ar 0.43429 (rhar is, at M = log,,, €).
This scale is labelled DFpand is placed on the bortom of the stator on
the “trig” side of the rule.

5. An extra 10 inch length of Log Log scale for which the range is 1.001 10
1.01. This scale is labelled LLO+, and it is placed on the top of Log Log
side of the slide rule.

4, An extra 10 inch length of Log Log scale, for which the range is 0.999
to 0.99. This scale is labelled LLO—, and it is placed under and “back-to-
back"” with the LLO+ scale.

These scales provide an increase in the range, accuracy and convenience of
the Model 803 in comparison wich ocher slide rules which do not have these
scales. The secrions that follow tell why this is so and explain how to use
these scales.

THE \/SCALE; SQUARE ROOTS AND SQUARES

The relation between the D scale and the square roor (or \/ scale) is the same
as the relarion between the A scale and the D scale. For example, if the haitline
is set on a number (say 4) on the A scale, the square root of 4 (or 2) is under
the hairline on the D scale. Similarly, if the hairline is set on a number (say 4)
on the D scale, the square root of 4 is under the hairline on the v/ scale.
(See higure).

I | ;

Number on A
‘1 10 109 Square root on D
i [ S S Number on D
D| 2 4 10 20 40 100 ]
) - quare root
V1jl414 2 3.16 447+ 632- 10 on/

Slide rules have had A and B scales for hundreds of years. On a “10 inch”
slide rule the A scale is about 5 inches long, It ends in the middle of the rule.
There is room to put another section, just like the first, on the right. In finding
square roots, if the left index of the A scale is read as 1, the middle index is
read as 10 and the right index is read as 100. The D scale is twice as long as

e muLethe A scale On a "10 inch” slide rule, it is about 10 inches long.

. 4 " { 3 ]




