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PREFACE

To the beginner, even the simplest slide rule may appear very com-
plex and difficult of mastery. Such a viewpoint should be avoided
because it is incorrect and because it is a real handicap in learning to
use a slide rule. The mistaken notion that a good slide rule is complex
is due to the fact that it is equipped with a multiplicity of scales so
that it may be used to solve a wide range of problems,

Actually, a slide rule would be a good investment as a timesaver
if it had nothing more than the two scales “C” and “D” for the
processes of multiplication and division. And this is exactly the
proper starting point for learning how to use a slide rule. Until the
“C” and “D” scales are mastered, all other scales are completely
ighored. Anyone, with nothing more than a background of simple
arithmetic, can learn to multiply and divide by the use of the *“C”
and “I)”’ scales in short order.

One step at a time this self-instruction manual makes clear the
purposes of all other scales on the rule and the manner in which prob-
lems involving powers, roots, proportions, trigonometrical functions,
logarithmical functions and combinations of these various mathe-
matical considerations may be solved.

It is important to note oll slide rules from the simplest to the most
expensive are based on the same fundamentals—that any problem
which can be solved on a simple rule is solved in the same manner or
even more simply on a better rule. The more expensive rules merely
provide more scales for solving problems the less expensive rules
cannot handle. This is an important consideration in selecting a slide
rule . . . because a rule should be purchased with its ultimate use in
mind, rather than the extent of the buyer’s mathematical training at
the time the purchase is made. As slide rules are normally purchased
for a lifetime of use, the more expensive rules are usually the best
investments as they not only provide the finest in materials and pre-
cision construction, but a range of usefulness always adequate for the
needs of their owners,

Eugene Dietzgen Co.
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CHAPTER I
GENERAL THEORY AND CONSTRUCTION

1. The Slide Rule is a tool for rapidly making calculations, It is
an indispensable aid to the engineer and the scientist as well as to
the accountant, statistician, manufacturer, teacher, and student or
to ANYONE who has calculations to solve.

The theory of the SLIDE RULE is quite simple and with a little
practice proficiency in its operation may rapidly be developed. A
knowledge of the few principles which underlie the workings of the
Slide Rule will reduce the time required to learn its use as well as
give you a feeling of security in the operation—a feeling that makes
you know you are doing the right operation for the information you
want to obtain.

The beginner should have no difficulty in mastering the use of
the Slide Rule if he will study the instructions carefully and practice
the various exercises given. GO SLOWLY AND SURELY, and
much time will be saved and your errors will be few.

INDICATOR
HAIRLINE

//% / i

- Oy I /.
Z-LEFT INDEX OF "D” siiE

LEFT INDEX CF 'C
Fig. 1

BODY OF RULE =y

Z-RIGHT INOEX OF C”

2. General Description.

The slide rule consists of three main parts, see Figure 1; the BODY
which is the fixed part of the rule, the SLIDE which can be moved
left or right between the BODY, and the INDICATOR which slides
either left or right on the face of the BODY and SLIDE. The IN-
DICATOR has a fine hairline etched on the glass which is used for
accuracy of settings and for marking results,



GENERAL THEORY AND CONSTRUCTION

The mark on the scales associated with the primary number “1”
is called the index of the scale. An examination of the “C” and
“D” scales shows that they have two indices -one at the left end
and one at the right end of the scale. Later when the “A” and “B”
scales are used you will find three indices on each—Ileft, middle,
and right.

The Stide Rule has many scales which are for various operations.
These scales will be identified as they are used. Pay attention only to
those scales used in the particular instruction being given— all scales
are explained. Study them one af a time as given in the following.

3. Theory of the Slide Rule.

In MULTIPLICATION by logarithms one adds the logarithms
of the numbers to be multiplied. This sum is the logarithm of the
answer. For instance, to multiply 2 x 4 by logarithms do the following:

Log 2+ Log 4 = Log 8 Log 2 = 0.301
+ Log 4 = 0.602
Log 8 = 0.903

To DIVIDE by logarithms one subtracts the logarithm of the
devisor of the numbers from the logarithm of the dividend. There-
fore, to divide 4 by 2 using logarithms- do the following:

Logd4 -—TLog2-TLog2 Log 4 = 0.602
' — Log 2 = 0.301
Log 2 = 0.301

The Slide Rule does these operations for you MECHANICALLY.
Thus, you are saved the time and labor of looking up the logarithms of

numbers in a table of logarithms and then subtracting or adding these
logarithms.

4. Construction of the **C”’ and “D** Scales.

The logarithms of numbers from I to 10 are

Log 1 = 0.0000 Log 6= 0.7782
Log 2 = 0.3010 Log 7=0.8451
Log 3 = 04771 Log 8=0.9031
Log 4 = 0.6021 Log 9=10.9542
Log 5 = 0.6990 Log 10 = 1.0000

These logarithms are to the base “10” and may be found in any
table of logarithms.

{_ '

s

CONSTRUCTION OF ‘‘¢’’ AND "°D’’ SCALES

Take these logarithms and a ruler or scale that is divided into
inches and tenths of inches and actually lay the numerical values off
as indicated in Figure 2a. Here a standard scale divided into tenths
is shown and marks are drawn opposite the value of the logarithm

THE NUMBER OPPOSITE THE LOGARITHM BEING THE
NUMBER REPRESENTED BY THE LOGARITHM.

_Log 30=1.477

Log4=0.6802 ,

Leg 3=0.477

SSTandc rd Scale Divided Into Tenths i

| Log2:0.301 [ o i

o | 2 3 45 6 7 8 8 10 1 12 13 1415

[Hf'nhmm|[hmlnuh]nln1||||nh|I[|l‘zm'nnlufllnl|'|-‘||||n l |\_I|A|J 1ht‘ll!'lgliili‘I]I|II|II|I|I!H|I’!‘|I|]|
3 4 5 6 7891 2 3

(2 2
“—LEFT INDEX
F

L Numbers Corresponding to the Numerical
Value of she Logarithms as Measured from
the Left Index.

“~—Repeating Scale

Fig. 2a

The distance from the “0” to 4.771 on the scale represents the
logarithm of 3 which is 0.4771. Instead of calling this 0.4771 the
number ‘3" is shown. Thus, only the numbers you are dealing with
appear on any scale of the slide rule.

[ | [ 1 |
Q—LEFT mosxz 2% B S7E
Fig. 2b

After constructing this you have a crude slide rule scale as shown
in Figure 2b. Every 10 inches* the scale repeats itself- see Figure 2a.

*The so called 10-inch slide rule is actually 25 centimeters in length and
not 10 inches.



GENERAL THEORY AND CONSTRUCTION

Figure 3 shows the “C” scale. This is just the “plot” of the
logarithms of numbers from 1 to 10.

LEFT INDEX o
/— RIGHT INDEX 7

c 1 L 2 3 4 5 6 7 B 9 |
Ereeeeereet oo dobedhodboblod)
—Logl.3
Log 2.20
L Log470
- Log 7.02
Log 9.21
Fig. 3

For numbers above ten or below one the decimal part of the logarithm
does not change—only the number to the LEFT of the decimal. The
number to the left of the decimal is called the “Characteristic’’ while
the numbers to the right are called the “Mantissa’ of the logarithm.

) THEREFORE, the ‘*C”" scale in Figure 3 is a “plot” of the “Man-
tlssas_” f’f all numbers—the “characteristic’’ not shown. The “char-
acteristic”” can be obtained by inspection— being defined as follows:

For numbers greater than “1”, it is positive
and is one less than the number of digits to the
left of the decimal point.

For numbers less than “1”, it is negative and
is numerically one greater than the number of
zeros immediately following the decimal point.

Thus, the logarithm of 2 is 0.3010, while the logarithm of 20 is
1.3010—or the logarithm of 200 is 2.3010. Since in 200 there are
3 digits to the LEFT of the decimal—the characteristicis 3 — 1 = 2.
The characteristic of the logarithm of 0.002 is — 3. Since in 0.002
there are two zeros IMMEDIATELY FOLLOWING the decimal
point, the characteristic is — (2 + 1) = — 3, but the mantissa is still
+0.3010. Therefore, the actual logarithm is ( — 3 + 0.3010) which
equals — 2.6990. This last figure is not in the most convenient form
with which to work so (for convenience) we write it as (+ 7.3010 — 10).
Since the (+ 7 — 10) is — 3 we still have the actual logarithm. Thus
when the number ig less than one its characteristic is written as indi-
cated here—as Log 0.002 = + 7.3010 — 10.

R N

HOW TO READ THE SCALE

In Figure 3 the distance from the left “1” (called the LEFT IN-
DEX) to the number 4.70 represents the mantissa of 4.70, 0.470,
470, or 4700 or any decimal multiple of 4.70 —the proper charac-
teristic being used in each case.

5. How to Read the Scale.

First, notice that the scale constructed in Article 4 is divided into
numbers from 1 to 10—the right 1 (RIGHT INDEX) can be read as
10. Each space is divided into ten parts. These divisions are there-
fore approximately 1/10th of the space between the large division
numbers. These subdivisions are further divided into decimal parts.

There are three sections of the scale where the subdivisions are differ-
ent— between prime numbers 1 and 2; 2 and 4; and 4 to 10.

The number 14 would be located at the fourth long mark (4th
tenth mark) after the prime number “1” (left index). The first short
mark after the number 14 would be 141—the second short mark
would be 142—the third short mark would be 143, etc. Therefore,
each short mark between the first subdivisions represents the third
digit of the number.

If the hairline of the indicator is placed as shown below, the read-
ing would be 143,

143

| .
Cc lmllHHHm[m[ﬁulmdﬁ]Im1Iﬁ‘illuzsl?uiInnlﬁu]nuh’luhlﬁmmlfmhmhmm

Fig. 4

The fourth digit of a number must be located by estimation. Thus,
the number 1567 is estimated as
1367
6 7 8

]
C It fud

Fig. 5

In locating the fourth digit of any number falling between the
prime numbers 1 and 2, the interval between the small divisions can
be imagined divided into ten parts and the fourth digit estimated.
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From the above, it appears that we may read four figures of a result
in this section of the scale. T'his means an attainable accuracy of, roughly,
1 part ir 1000, or one tenth of one percent.

In the second section of the scale, between the prime numbers
2 and 4 (Figure 6), the first subdivision marks (tenths) are not
numbered. However, the halfway marks (five tenths); namely, 2.5
and 3.5, are, for convenience, longer than the other tenths’ marks.
There are ten subdivisions between the prime numbers and each of
the subdivisions are divided inte five parts each part being 2/10ths
of the first subdivision, or 2/100ths of the main division.

2

3 a
et et b el 1y

Fig. 6

The number 23 would be located at the third long subdivision
mark after the prime number 2. The first short mark after the
number 23 would be 232—the second short mark would be 234
the third short mark would be 236, ete. Therefore, each short mark
between the first subdivisions represents the third digit of the num-
bers—and only the ever ones. To obtain the location of the number
when the third digit is an odd number, as 236, estimate halfway
between the short divisions.

FIRST
Lecote 347 Between 344 347
1 2 3 ] 8 7T 8B 91
Lol doe ool DL
SEGOND THIRD

Locate 347 Between 344 3.5 Locate 347 Betwesn 3464 348

3 =X 4 3 ut 4 |
INEERNERE A |
3.40 Log 3.47 '
350 Reod as 347
Fig. 7

‘Lo locate the number 347, determine the first digit—3 in this
case. This indicates the number is between the prime numbers
3 and 4. Therefore, FIRST bring indicator hairline to prime number 3.

HOW TO READ THE SCALE

SECOND, locate the second digit—4- by bringing the indicator
hairline to the fourth long subdivision mark following the prime
number 3.

THIRD, locate the third digit—7—by moving the hairline half-
way between the third and fourth short mark following this, 346
and 348, which therefore gives you the number 347 as shown in
Figure 7. '

In locating the fourth digit of any number falling between the
prime numbers 2 and 4, the interval between the small divisions
{two tenths) can be imagined divided in half, and each of these
halves (one tenth each) imagined divided into ten parts, and the
fourth digit estimated.

In the third section of the scale, between the prime numbers 4
and 10, the first subdivisions (tenths) are not numbered, see Figure
8. However, the halfway marks (five tenths}; namely, 4.5, 5.5, 6.5,
etc., are, for convenience, longer than the other tenths’ marks. There
are ten subdivisions between the prime numbers and each of the
subdivisions are divided into two parts—each part being 5/10ths of
the first subdivision, or 5/100ths of the main division.

4 ) 6 7 9 1
e ettt et e
Fig. 8

The number 67 would be located at the seventh long subdivision
mark after the prime number 6. The short mark after this would
be 676.

To obtain the location of a third digit of any number falling be-
tween prime numbers 4 and 10, the interval between the first sub-
divisions (tenths) can be imagined divided into ten parts (the fifth
part being already indicated by a short line}, and the third digit
estimated.

When there are more digits in a number than can be accurately read,
“round off” the number to either four digits {if between prime numbers
1 and 4 on the scale), or three digits (if between prime numbers 4 and 10
on the scale). The number 12346 should be “rounded off " as 12350; the
number 56783 should be “‘rounded off’ as 56800.
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Exercises

MAKE ALL SETTINGS ON YOUR SLIDE RULE

indicator Hairline

i g2 20,8
|z P r [ |miamhlm\| I T M.‘nh‘|‘|:u€-m\:‘-||"“|h=]hml_

| L
‘°4° @148 © 1130 @® 6.3 @ 932
®395 ©® 1950 ® 0313 @ 52800
Fig. 9

]:n Figure 9, the hairline is first placed at 1040. Place the indicator
hairline of your slide rule to this and the other placed as shown, Do
you read the values given?

EXERCISE 1.

REArEARAS

Pogrgegs I‘IBIGW“J\II1|J_LJIIIIII!IH M'nmhm'[ e

| ! I I

1. REcorDp THE READINGS FOR THE HAIRLINES INDICATED.

A C — B G I
B. D F. H J
EXERCISE 2.

2 ?
C }jum&jjmﬁiumﬂu g °MFMTM@MZHML

2. Recorp THE LerrER OPPoSITE THE CORRESPONDING NUMBER.

1230 1.612 0.01112 1.78 1696 .
1494 . 1.030 193.2 13.42 1.147
10

e

R

EXERCISE IN READING SCALES

EXERCISE 3.

3. REcorD THE LETTER OPpPOSITE THE CORRESPONDING NUMBER,

2978 . 2350 251 0.368 2.07
3.035____ _ 2.20.. 389 . 316 336
EXERCISE 4.

;

ﬂuhlh tIIlTI]ilHI il hl\hhihlmhl IIuMII gL HmH MIII IIJII\I\JM |

4. RECORD THE ScALE READING OPPOSITE THE HAIRLINE INDICATED.

A C - E. SR © T (R
B D. N (R & AU P —

1

ANSWERS TO EXERCISES ABOVE

1. A, 17 cC. 13 E. 36 G. 88 I. T3

B. 24 D 41 F. 31 H 6 J. 515

2. 1230 D 1612 G 001112 B 178 1 1696 H
1494 F 1.030 A 193.2 J 1342 E 1147 C

C 251 D 0368 1 2.07 A

3. 278 E 2350
3.085 F 220 B 389 J 316 G 336 H

4, A. 470 C. 79% B, 506 G. 447 I. 963
B. 553 D. 421 F. 597 H. 652 J. 848

11



CHAPTER 11

MULTIPLICATION AND DIVISION

6. Multiplication.

In the discussion on the theory of the Slide Rule it was stated that
in order to multiply by the use of logarithms one added the loga-
rithms of the numbers you intended to multiply.

G Scale Log 3

C !
FV_" ' | A T
&I 2 3 4. 5 8 7
DScale |, Log2 . s,3.g f
Log 2 + Log 3= Log 6

Fig. 10

In Figure 10 is indicated the multiplication of 2 X 8. Set the left
index of the *C” scale opposite the “2" on the “D” scale. Move the
INDICATOR to “3” on the “C” scale and opposite this on the “D”
scale read the answer as 8.

Note what you have actually done. In Figure 10 a distance equal
to the logarithm of 2 has been added to a distance equal to the
logarithm of 3. The sum of these logarithms is the logarithm of 6
which is the answer. Since the logarithms are not shown but only
the numbers they represent, one can read the answer directly.

12

MULTIPLICATION

In Figure 11 the mechanical operation for multiplying 19.30 x 5 is
indicated. What is actually done is the addition of the logarithm of
19.30 to the logarithm of 5 which gives you the logarithm of 96.5.
This is read directly on the “D” scale.

Bring Left Index of C
\ Opposite 930 onD.
] 2 3 4 5

C
iD ' ll zlalalr,!sl?}s}lsl 1 l[ l I I i

| 2 3 4 6 9 [
Read Answer as 96
On D Opposite 5 on

Fig. 11

The mechanical operation is performed as follows: First, sef the left
index of ““C” opposite the number 1930 on “I)”’; second, move the indi-
cator until it is at 5 on the “C” scale; and third, read the answer 965
on the “I)’ scale opposite the 5 on the “C” scale. This does not give
you the decimal point. However, 19.30 is about 20 and 5 % 20 is 100.
Therefore, the answer is approximately 100. It is obvious then that the
answer must be 96.5.

7. Accuracy of the Slide Rule.

The “C”" and “D’" scales of the “10-inch” Slide Rule can be read
to three significant figures throughout their length. Between the
left index and the primary number “2” one can estimate quite
accurately to four significant figures. It is recommended that one
not attempt to estimate beyond the third significant figure if the
answer 1s to the right of the primary number “2” and beyond four
significant figures when the setting is between the left index and the
primary number “2”. However, it is possible to make a rough esti-
mate of the fourth significant figure hetween ““2” and “4”’ but this
last place should not be considered as too accurate.

13



MULTIPLICATION AND DIVISION

8. Decimal Point.

The decimal point is best obtained by a quick mental calculation.
For instance in Figure 12, the number 0.215 is multiplied by 0.229.
The Slide Rule gives the answer as 492 which would be the same
as if you multiplied any of the other decimal combinations as indi-
cated in the Figure. Obwviously the answer for all the possible decimal
arrangements could not be 492. Therefore, the decimal point must
be located.

229
| 2

| S oE el
R L S
2 [ 3 4 Ts
215 0.215 « 0.225 = 0.0492 ! 492
215 x 2294920

2.16x 229=2492 Answer
215+ 229:=492

Fig. 12

Since 0.215 is approximately 0.2 and 0.229 is approximately 0.23,
you can make the quick mental calculation of 0.2 x 0.23 = 0.046.
This indicates you should read the slide rule answer as 0.0492,

Likewise, in more complicated problems you can locate the deci-
mal by quick calculatione. If you had the following to evaluate
145 X 205 x 68 you might write this as 18 X 200-X 70

89 x 125 ’ 100 % 10
mental calculation of this would give 2,100,000 -+ 1000 or 2100.
Your answer would be approximately 2100 or four figures to the left
of the decimal. The actual answer in this case is 1817. Such quick
mental calculations are quite simple and the decimal point can be

located accurately by this means.

A guick

14

USE OF RIGHT INDEX IN MULTIFLICATION

9. Use of the Right Index in Multiplication.

In using the “C” and “D” scales to multiply numbers, such as
8 X 5- where one or both of the numbers are on the right end of the
scales, the right index can be used.

In Figure 13 is indicated the multiplication of 8 X 5. Set the right
index of the “C” over 8 on the “D” scale. Move the indicator to 5 on
the “C” scale and under the hairline read the answer—40—on the

“D” scale.

NOTE: If you had used the left index of *C” over 8 on the “D”
scale, the answer which is read under the 5 on the “C”
scale would have been off the rule.

Bring Right Index of

. Log & | c Oppnslusosy

t . 2 3 q 5 6 7 8 9 |
S [ ] e

1 T

D ‘
e & 2 b 4 5 6 760
it ~ a0

Log 8 Log 8+ Log 6= Log 40 E:cg Answer as

Cr 8<x5=40
Fig. 13

Therefore, the right index and the left index of any of the scales
can be used interchangeably, whichever will place the answer op

the rule.

The reason for the above statement is that the “C” and “D”
scales can be thought of as being continuous—or that they repeat
themselves. In Figure 13 to the left of the LEFT INDEX of “D”
is shown in “dotted” the numbers 7, 8, and 9. These are the same
numbers and are placed identically as those on the right end of the
actual “D” scale. Therefore, you can think of an imaginary scale
to the left of the LEFT INDEX of the “D” scale.

In Figure 13, the right index of “C” is brought to 8 on “D”.
Notice that when this i§ done the left index of “C” is at 8 on the
imaginary or ‘‘dotted” portion of “D”. Now, the multiplication
can be made as with any other numbers using the LEFT INDEX
of “C”. The answer is on “D" opposite § on “C”.

15



MULTIPLICATION AND DIVISION

Fill in the following table, first, with the slide rule reading, and
second, with the decimal point located correctly.

Exercise
No.

Exercises

Multiplication

Answer as Read Corrected
on Slide Rule

Answer

W 0 -1 O oA W e

—
o

2.45 % 31
345 X 3.46
972X 0.45
1.035 x 0.081
23.1 x 1.03
758 X 123.46
4051 x 7.854
45.78 X 32.98
2.3x0.119
3.7Xx6.75

Multiply the following:

760

76.0

16. 45.03 x 77.7
17, 21 X 72.3
18. 0.00891 x 0.246
19, 0.0452 x 10089
20. 1.9099 x103.4

ANSWERS TO EXERCISES ABOVE

11. 3.5 x 798
12, 3.891 x 9243
13. 1.067 x 2.3486
14. 78.9 x 2.453
15. 6.57 x 8.77
Exercise Answer

No.

2 1194

3 437

4 0.0838

5 23.8

6 93600.

7 31800.

8 1510

9 0.274
10 25.0
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Exercise

No.

11
12
13
14
15
i6
17
18
19
20

Answer

2790
36000
2.50
193.56
57.6
3500,
151.8
0.00219
466
197.5

DIVISION

10. Division.

In dividing by logarithms one subtracts the logarithm of the
divisor from the logarithm of the dividend in order to obtain the
logarithm of the quotient or answer. This can be done hy simple
mechanical manipulation on the slide rule.

Bring 4onC

Opposite 8on D —
Log8-LogdsLog?2 Log 4 /-’/

1 |/
2 3 4 5
' B | L]
D | | ‘ T T

| 42 3 4 5 € T 8 9|
L i Log 8 I

Read Answer as 2 on D
Opposite Left Index of C.

Fig. 14

In Figure 14 is indicated the division of 8 by 4. This is performed
mechanically on the slide rule by the subtraction of the logarithm of
4 from the logarithm of 8.

Set the indicator at 8 on the “1Y’ scale. Bring 4 on the “C” scale
over 8 on the “D™" scale and read the answer opposite the left index of
the ““C” scale as 2 on the D" scale.

Note what you have actually done. In Figure 14 a distance equal
to the logarithm of 8 (dividend) is located on the “D” scale, from
which is subtracted a distance equal to the logarithm of 4 (divisor)
on the “C" scale, leaving a distance equal to the logarithm of 2

(the quotient, or answer) on the “I’ scale.
614

J5 : 4] '|r 8 ‘ 9 |
IR 01 Y N N RO N ]
i ﬂl‘:ii’ [ 1 TEa] T |
5 ’ 6 7 8 Te |
546 889
Fig. 15

The division of 546 by'614 is indicated in Figure 15. First, bring the
indicator to the dividend, 546, on “D” and, second, bring to the hairline
of the indicator 614 on the “C”. You can then read your answer as
889 on “I’" opposite the right index on “C”. The left index would
also be opposite the answer but no scale of “D” exists at this point.

17



MULTIPLICATION AND DIVISION

You will find that if both the “C” and “D” scales repeated them-
selves an infinite number of times, the numbers opposite the indices
of one would be the same. That is, if in Figure 15 the “C”’ and “D”
scales were continuous and repeated themselves, the number oppo-
site the indices on the “C” scale for this setting would always be
889 on “D’’ and that opposite the indices on the “D” scale would
always be 1125 on “C”.

In determining the location of the decimal when dividing 546 by
614, you can again make a quick mental calculation as 500 divided
by 600 gives an answer a little less than 1. Therefore, the answer
should read as 0.889. Likewise, if the number 546 is to be divided
by 6.14, you can make the quick mental calculation as 540 divided
by 6 gives 90. Your answer would then be 88.9 in this second case.

Fill in the following table, first, with the slide rule reading, and
second, with the decimal point located correctly.

Exercise
Exercise Division to Answer as Read Corrected
No. be made on Slide Rule Decimal Point
9.866 =2 493 4.93
10.34=-31.4
44.56+1.239
33.78 +98.7
1245 +1.23
3.46:-6.25
3.3378 +22.89 o -
0.00033 +36.7 e -
0.0376 - 0.0057 - . -
10. 1.34573 +6.784 . .

Divide the following:
11. 87.5+35.9 14. 0.0566+5.47 17. 0.0348-7.43
12. 3.45+0.032 15. 3.42+3.27 18. 3.142+78.0
13. 1025+9.711 16. 286-3.45 19. 8.96+44.5
20. 1.773+0.667

9400 I O O 00 B B

Answers to the above exercises:

2. 0.329 8. 0.00000899 14. 0.01035

3. 36.0 9. 6.60 15. 1.046

4. 0.342 10. 0.1984 16. 82.9

5. 1012 11. 2.44 17. 0.00468

6. 0.554 12. 107.8 18. 0.0403

7. 0.1458 13. 105.6 19. 0.201
20. 2.66

i8
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USE OF RECIPROCALS IN DIVISION

11. Use of Reciprocals in Division.

The method of dividing 9 by 2 as explained above would be to
bring the 2 on “C” opposite the 9 on “I)”’. This could be done, but
it requires that you bring the slide over to the right until it is almost
out of the body of the rule. This division can be done in an easier
manner by using the reciprocal of one of the numbers,

¢ |, »
5 xm;w”% L \stm g t“ﬂW Wu’%
1

1046

956

L Read Answer as 0.342 on D
Opposite 327 on G.

Fig. 16

Z(F!eq.'.inrm':ul of 856

In figure 16, the number 327 is divided by 956. This division is the

91 & Therefore, divide 1 by 956
first and then multiply the answer you obtain by 327.

same as if you multiplied 327 by

In the figure, the 956 on ““C” is brought opposite the right index
%@ is read on “I’’ opposite the lefi
index on “C”’. Move the indicator until it is at 327 on ““C”’. Opposite
this, read the answer as 342 on “ID”. Determine the decimal by
mentally dividing 300 by 1000 giving 0.3. Therefore, the correct
answer is 0.342. This manipulation saves the large movement of
the glide. Now try the regular method of dividing 327 by 956. You
will obtain the same answer. Next, try again the method just ex-
plained and notice the saving in time and labor.

on “D”. The reciprocal or

AGAIN, THE SLIDE RULE IS A TOOL. Only when you are
fully familiar with what it can do for you, can you reduce the amount
of effort required in your calculations.
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MULTIPLICATION AND DIVISION

When dividing 277 by 11.24 as in Figure 17, you can use the same
scheme as above. First divide 1 by 11.24. This is done by bringing
the 1124 opposite the left index on “D”. The reciprocal could be
read at the right index of “C” on “D” but instead move the indi-
cator to 277 on “C”. Opposite this, read 246 on the® D" scale,
which is 277 = 11.24.

' lfj4 2 3 2 2"77 , . .
l II) M':[ullt! III || IIEI)}IUI |9|||2l il ||HﬂJHHTWE—’T

Z Reod Answeras 24.6on D
Opposite 277o0n G.

Fig. 17

12. The Folded Scales—**CF’* and *“DF’’.

The folded scales “CF” and “DF”, in reality, are “C” and “D"’
scales cut in half at x(=38.1416) and the two halves switched, bringing
the left and right indices to the middle as one index and 7 to each
end in alignment with the left and right indices of the “C’" and “D”
scales. The “CF” and “DF”’ scales and their location with respect

to the “C” and “D” scales are shown in Figure 18.

DF Index
Y I260

7 4 5 6 T 8 9 1
J°F|||IIHH | | | Ill||||||J|F||"'H‘F|If
“’l”” NEEEEE J HHz
/3 8 ] 7
I 4\
S BB E AR ﬂ{ \
J ||||\2| U |4| \;.'1317' L‘LJIJ 3I‘I""T ‘L" T\ \5
i260 CF Indax;\“

Fig. 18

This arrangement of scales has two distinet advantages:—Any
number on the “C”” and “D” scales is easily multiplied by = directly
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THE FOLDED SCALES CF’’ AND “‘DF”’

above on the “CF” and “DF” scales. Thus, to multiply any number
by a, bring the indicator hairline to the number on “D” and read
the answer under the hairiine on the “DF” scale. Likewise, one
can divide a number by 7 by bringing the hairline to the number
on the “DF” geale and reading the answer under the hairline on
the “D}"" scale. For instance, to multiply = (=3.1416) by 2, bring the
indicator hairline to 2 on “D”, and above on “DF” read the answer

6.28. To divide 9.42 by =, bring the hairline of the indicator to
9.42 on “DF” and below read the answer 3 on “D”.

The other advantage of the folded scales enables factors to be
read without resetting the slide, which factors might be beyond the
end of the rule when using only the “C’” and “D” scales. [In effect,
the use of the “CF” and “DF" folded scales is like extending a half
scale length to each end of the “C” and “D" scales.

Looking again to the “DF” and “CF” scales in Figure 18, you
will notice that no matter what number the left index of “C” is
placed opposite on “D”, the middle index (the only index) of “CF”
is opposite the same number on “DF”’. Likewise, wherever the “I”
indices are with respect to the ““C’” scale, the “DF" index is opposite
the same number on the “CF” scale. In Figure 18, the left index of
“C” is opposite 1260 on “D”, Also, the index of “CF” is opposite
1260 on “DF”. Set your slide rule as in Figure 18, Notice the
numbers opposite the right index of “D” and the index of “DF",
These should be the same.

- Read Answer as 70 on
OF Opposite 35 on GF

| P 4 5 6 ; 8 9 |
1°F 1 | | f\HUIHIHJ 2‘31”
CFI_ I\ l | L JTM
_ L PR P ‘
i ° ‘ | ||‘ “ Ia‘ l4‘ i5| |s I'”Hs | i \ ‘BJ —J_”
l \_35 5
Fig. 19



MULTIPLICATION AND DIVISION

In order to multiply by using the “CF’’ and “DF” scales, see the
illustrated problem in Figure 19. Here 2 is multiplied by 35. First
set the left index of “C” opposite 2 on “D’’. The answer can be read
on “D” opposite 35 on “C”’ as in the regular manner. Also, you can
read the answer on “DF" opposite the 35 on “CF”, Again, the answer
is 70.

Using this same figure multiply 2 X 9. The left index of “C” is
Pplaced opposite 2 on “D’’. Since 9 on “C” is off the scale on “D” you
must read the answer as 18 on “DF” opposite 9 on “CF”. This per-
mits you to obtain the answer when it would otherwise be off the regular

“D”
scale,
BIETTGEN

@ oF |, Lot h.ﬂi PRI A T A @
cE gy liall[\[\lllé h la i y
e & [T . 3
Clcr 1.\,|.\.|‘l.m‘|.\. / ‘zu?mlxlunhw \|I|=é //)/

‘ o A
O o 3 1 i HI"PHHI".'IAI'HJ‘I'IQ‘ |\.I\|\l O"/
o “ LB b il v £ }.."u-|.u'..w\.-h--“-l-ulm'-m-.?.n|.u\-.‘h-..‘u.|~u-..‘r..m..‘|° o)

Fig. 20

To multiply 7 X 12 place the right index of “C” opposite 7 on “D”,
see Figure 20. Opposite the 12 on “CF” read 84 on “DF”, which is
the answer.

13. The Reciprocal Scales—‘CI"’, *DI’’ and “CIF”.
The reciprocal of a number is 1 divided by the number. Thus, the

reciprocal of 8§ is—; or 0.125.

The “CI”, “DI"” and “CIF” scales are reciprocal scales. They are
constructed in a similar manner as the “C" ,“D” and “CF”’ scales—
except, they are subdivided in the opposite direction. The “CI” and
“DI” (or inverted “C” and “D” scales start with “1” at the right
end and are subdivided from 1 to 10 from right to left. The numbers
on the inverted “CI”, “DI” and “CIF"” scalesare in red to help
identify them and to make it easier for one to be sure the correct

scale is being used.
Index of GF and
E=00657 Index of CIF

Folded Reclprocal 8
Secale

RN AL P R RN i L Y
'i‘”'"éa e T '\ i

c?;/ﬁ"l“.‘lw Iiml"‘"‘” e 7 BN RN ENTRERY S P‘| i \‘ Ii HI\“I‘I”" ‘I‘|j|‘:'
;éwf't.“ﬁ?h”Tﬂ.;.'f'"””$Tﬂh"ﬁﬁ{'m.ad..”u”;
§

= 0125
Fig. 21

Reciprocal Scals |

22

i et i 0

e B,

bhl £

THE RECIPROCAL SCALES—‘‘CI”’, “DI

s 4

AND “‘cIF”

Since the scales are inverted the indicator hairline can be brought
to any number on the “C” gcale and the reciprocal of that number
can be read on the “CI” scale. Likewise, the reciprocal of any num-
ber shown on the “D” and “CF” scales can be found directly
opposite the number on the “DI’” or “CIF” scale,

For instance, determine the reciprocal of 15. Bring the indicator
hairline to 15 on the “C” scale and read directly above on the “CI”
scale 0.0667, see Figure 21. Also, for the reciprocal of 8, bring the
hairiine to 8 on the “CF” scale and directly below this read 0.125 on
the “CIF” scale.

These scales are used in connection with the “C”, “D”, “CF”,
and “DF” gcales in multiplication and division. To multiply 12 x
2 x 15, one must add the logarithms of the three numbers together.
This sum will be the logarithm of the answer. To do this on your
slide rule, the indicator is first brought to 12 on the “D” scale.
Second, the slide is moved until the “2” on the “CIF” is at the
indicator. Third, the indicator is moved to the 15 on the “CF”
scale, Fourth, read the answer as 360 on “DD’ directly under the
hairline.

What has actually been done? A distance equal to the logarithm
of 12 has been added to a distance equal to the logarithm of 2, which
would bring you to the index on “CIF”. Since the index on the
“CF" scale is at the same point, you can then add a distance equal
to the logarithm of 15 by sliding the indicator to the right until it
is at 15 on the “CF’’ scale. The answer is then read on the “D”
scale under the hairline of the indicator.,

Using the same setting of your rule multiply 12 x 2 and divide the
result by 6. Set the indicator at 12 on the “DD” scale as before. To
this, bring the “2” on the “CIF” scale. Slide the indicator to 6 on
the “CIF” scale and read the answer 4 on the “D” scale under
the hairline.

Note what you have actually done is to multiply 12 X 2 by adding
a distance equal to the logarithm of 12 to a distance equal to the
logarithm of 2 giving you a distance equal to the logarithm of 24
(the product of 12 X 2) on the “D” scale. From the distance equal
to the logarithm of 24 is subtracted a distance equal to the logarithm
of 6. This last step ordinarily would be done by moving the indi-
cator to the left from the index of “CIF”. However, since our
answer would be off the rule on the left and since we are dealing
with folded scales, where the right section of the “CIF’’ scale is a
continuation of the left section of the “CIF” scale, we can effect
this subtraction mechanically by moving the indicator to the right
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MULTIPLICATION AND DIVISION

to 6 on the “CIF”" scale. Under the hairline at this point read the
answer as 4 on the “D” scale.

The “DI” scale is particularly useful in the following types of
numerical problems:

XY Z
TyrE I. AAA
variables. Suppose it is desired to find the individual quoti-
ents of a series of fractions; all having the same denominator
but different numerators. Without the “DI” scale, it would
be necessary to move the slide and indicator to solve for
each fraction. However, with the “DI” scale, the slide need
only be set one time and successive quotients can be ob-
tained by merely moving the indicator.

Where “A” is constant, and “X”, “Y"’, and “Z” are

14 15 16
5’67 57

Set the Right Index of “C” over the common denominator,
5, on “DI”.

Set the Indicator Hairline over 14 on ““C”’.

ExawmpLE: Evaluate the following series of fractions:

Under the Hairline read the quotient of 15~4, namely 2.8
on “I”’,

Next, move the Hairline to 15 on “C”.

Under the Hairline read the quotient of —155) . hamely Jon*“D}"’.
Next move the Hairline to 16 on “C”.

Under the Hairline read the quotient of 1—56, namely 3.2
on “D”,

1
X xY

Without the “DI” scale, the solution to a problem of this
type would require 2 settings of the slide, and 2 settings of
the Indicater. If the problem were one of conventional
multiplication, that is, simply X x Y, the answer would
be read on the “D” scale. However, since the reciprocal of
the product is required, the answer may be read directly
on the “DI” scale—which is the reciprocal of the “D”
scale. By means of the “DI” scale, problems of this type
can be solved directly with only one setting of the slide and
one setting of the Indicator,

Tyree IIL
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ExaMpLE: Evaluate L

2 xX3-

Set Left Index of “C” over 2 on *“D”,
Move Indicator Hairline to 3 on “C”;
Under the Hairline, read .1666 on “DI”.

EXERCISES

6. 23.4 X1.467 %5.34 + (1.67 %6.78)
7. 0.034 +(1.007 X 3.46)

3. 77.5 x45.7 + (3.3 X3.6) 8. 0.965 x0.1045 +0.00884

4. 12.78 x23.4 +-301.5 9. 3.36 +(2.33 x4.05)

5. 145 x36.5 x347.0 +(23.1 x44.7) 10. 56.78 +((.008 x12.01)

Repeat the above calculations using not more than TWO settings
of the slide. Use the “C”, “D”, “CF”, “DF”, “CI”, “DI”, and
“CIF” scales in combination to help you solve the problems.

11. Find {a) 7.67 per cent of 19.45 {c) 19.4 per cent of 524.8
(b) 56.4 per cent of 356.9 (d) 35.2 per cent of 1235.85
14 685 142
8.6° 8.6° 8.6
by 143 65.9 848
6.28" 6.28° 6.28
1
© ez

1
s 3.14x.6

13. What per cent of
(a) 57 is 18.3?

1. 3.45 x54.7 x106.8
2. 90.8 %35 +55.8

12. Evaluate (a)

Use “CF” and “DF”’ Scales

14. Using the “D"” and “DF"’ scales,
do the following:

(b) 33.6 is 30.4? (a) 3456 X 7
(c) 78.4 is 89.67 (b) 248 X =
(d) 445 is 65.87 {c) 99.24 +
(d) 445 -«
ANSWERS to the Exercises above.
Exercise Exercise Exercise
No. Answer No. Answer No. Answer
1 20200 10 591 13 (a) 32.1%
2 56.9 11 (a) 1.492 (b} 90.5¢
3 298 {(b) 201 (¢) 114.3%;
4 0.992 (c) 101.8 (d) 14.799
5 1779 . (d) 435 14 (a) 1086
6 16.19 12 (a) 1.629, 7.96, 16.5 (h) 7.79
7 0.00976 {b)y 2.28, 10.5, 13.5 (¢)y 31.6
8 11.41 {c) .1562 (d) 14.16
9 0.356 d) .531
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CHAFPTER 111
PROPORTIONS

14. Proportion.
The ratio of two numbers X and Y is the quotient of X divided

by Y written as-;—}S The ratio of 4 to 12 is ior i A proportion is

Y’ 12 3
an equation stating that two ratios are equal. Thus,
4 1 X 3.7 X C

12°% 7 40 YD
are all proportions. These are often read as “4 isto i2as I is fo 37,
or “X isto 7as5 3.7 is to 45.07, or again “X isfo Y as Cisto D",

Many problems are solved by means of proportions.
Generally only one of the four quantities is unknown as in the case
with the second proportion above “X is to 7 as 3.7 is to 45.0".

ILLUSTRATION:

If a 60 miles per hour speed is eguivalent to 88 feet per
second, how many feet per second is a car traveling that
is moving at a speed of 75 miles per hour?

Set the proportion up as follows with “X” as the unknown.
88 feet per second is to 60 miles per hour as “X" is to 75
88 “X”
60~ 75
The proportion can often be made ag in the above illustration and
the equation solved for “X".

15. Use of Proportion.

Proportions can easily be solved on the slide rule because of the
following property of the “C”" and “D” scales {also “A’ and “B”,
as well as the “CF”’ and “DF*’ scales):

With the slide in any position, the ratio of any number on “C” to
its opposite number on “D” is the same as the ratio of any other num-
ber on ““C” to its opposite on “D’.

This means that any two numbers on “C” together with their
opposites on “‘D” form a proportion. Thus if 8 on “C” is set opposite
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6 on “D”, we also have 4 on “C” opposite 3 on “D”, and 2 on “C”
opposite 1.5 on “D”. This is illustrated in Figure 22. The propor-
tions can be read as “8 is to 6 as 4 is to 3 as 2 is to 1.57.

| 2 3 567?
\

4 8 1
3 1 [ } L 1
3

l ] ! T |
lDI 2 4 3 6 7 8 9 i

Fig. 22

The above is true of the “A’ and “B” scales and the “CF" and
“DF” scales as well. These additional scales will be found to be
handy in the solution of proportions.

To illustrate the use of the rule for the solution of proportion
problems, let us return to the illustration of article 14. Here we
wanted to know the number of feet per second to which 75 miles per
hour is equivalent, Write the proportion as

X _s8
75 60
and make the following setting of your rule:
To 88 on “D” set 60 on “C”
Opposite 75 on “CF”’, read 110 on “DF”.

In the above illustration, you have divided 88 by 60 and then
multiplied this result by 75. You may always resort to straight
multiplication and division for the solution of proportion problems
if you wish.

It will be noted that in this illustration, the “CF”’ and “DF"’ scales
were used. This is due to the fact that 75 on “C” is “off” the scale
on “D”—thus we must use the folded scales.

ILLUSTRATION: A man receives $65.00 for a 40 hour week. How
much should he receive for 33.5 hours of work

at this rate?
Set the proportion up as “X"” is to 33.5 hours
as $65.00 is to 40 hours. Write this as
X 65
33.5. 40
To 65 on ““1}’, set 40 on *°C”’
Opposite 33.5 on ““C” read the amount $54.40
On ‘iD”
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Sometimes it may become necessary to solve a series of unknowns
that can be set up as proportions. For example, let us determine the
numerical values of the lettered quantities in the following pro-
portion:

34.2 X _547.0 2.312

465 345 Y 7

This proportion can be solved for the unknowns by one setting of
the rule as follows:

To 34.2 on ““D”’, set 4.65 on **C”’

In this, note that the numerator of the ratio is on the “D” scale
while the denominator is read on *“C”. Likewise, the numerators
and denominators of the other ratios in the proportion will be read
respectively on the “D” and “C”’ scales.

Thus, to obtain the unknowns with this setting of the rule
Read X = 254 on “D” opposite 34.5 on “C”’
Read Y = 74.4 on “C” opposite 547 on “D”
Read Z = 0.3145 on “C” opposite 2.312 on “D”

The decimal point in each case was determined by approximating
the known ratio. Thus, approximately 35 is to 5 as 7 is to 1. There-
fore, in each case the ratio is a little less than 7 to 1.

IrLustration: If there are 16 ounces in 1 pound, how many ounces
in 3.45 pounds?

First, set this up into a proportion that reads as
follows:

“16” ig to 1 as “X” is to 3.45.

To 16 on “D”, set 1 on “C” .
Opposite 3.45 on “C” read 55.2 on “D”

This illustrates the possibility of using the number “1” in a pro-
portion. Often this is of considerable value in making proportion
calculations. :

Percentage problems can be solved quickly by the use of the pro-
portion principle.
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IrLusTrATION: Find 379 of 1352,

37¢, of 1352 is the same as of 1352, or

31
100
0.37 x 1352

To 1352 on “D”, set left index of “C”
Opposite 0.37 on “C” read 500 on “D”’

Write the above in a proportion form.
37 100
X 1352
The setting is the same but in this form we can easily see that if

one wanted any other definite percentage of the whole (1352), it
could easily be obtained with this one setting.

ILLUSTRATION: A company’s total sales in the four states of Illinois,
Indiana, Michigan, and Ohio were $186,500. What
percentage of the total sales were the sales in the
respective states if these were: Illinois, $51,200;
Indiana, $35,700; Michigan, $63,100; and Ohio

$36,500.
Write the following proportion:
100 X Y W Z

186,500 51,200 35,700 _ 63,100 36,500

To 186500 on “D”, set left index of “C”
Opposite the sales figures for the four states on “D”,
read the percentages on “C”,

You should read X = 27.48%,, Y = 19.149,
W = 33.8379, and Z = 19.57%, respectively.

To check these percentages—their sum must be 1009, which is
the case in this illustration.

Exercises

In each of the following exercises, determine the value of the un-
known quantities. If the, exercise is not set up in proportion form,
get it up first in this form before solving the exercise.

Y 81 14 x 0.787

= 2. Y=
L 6.73 109 3.45
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X 392 432 Y 33 Z
e == =
281 541 Z  8.92 % 4.58 5.4
17 X 1 8.71 x 4.3
g 28 i i x, ST X232
8 9 Z B ¥ = 3.21
5 407~ 12X o 792 _0.695 X
48.3 84.32 3925
1 i/ 0.281 % 7
6. _Z 0.281x745 Z
428 9.39 10: %8 ¥= 3.81 91

11. A heafi ?f a family receives $360 per month for his services and
he uses this in the following manner: Clothes 159, rent 259, savings
129, church 5%, recreation 5%, food 237, car 5%, and miscel-

laneous 109;. Determine the amount this head of the family spent
on each item.

12. A distributing organization had the choice of four railroads to
ship their merchandise on and they shipped in one year a total of
2,345,000 tons of merchandise. Railroad A received 540,000 tons,
railroad B received 302,000 tons, railroad C received 756,000 tons,

and railroad D received 747,000 tons. What percentage did each
railroad receive?

Answers to the above exercises.

I. Y=501 6. Z=219
2. Y =319 7. Z=1.356
3. X=2.04,Z=5.96, Y = 6.46 8. Y=11.73
4, X =4.02, Z = 22.35 9. X =531

5. X =277 10. Y =0.1142, Z = 5.00

11. 54, 90, 43.25, 18, 18, 82.75, 18, and 36 dollars,
12, 23.05, 12.87, 32.24, and 31.84 per cent.
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CHAPTER IV

SQUARES AND SQUARE ROOTS
Using “A” and “B” Scales

16. Squares.

In solving problems, there are many occasions when a number
must be muliiplied by itself. Thus, the area of a square 4 ft. on
each side is 4 X 4 (or 4?) which equals 16 sq. ft. This operation is
called squaring.

Instead of writing 4 x 4, or 356 X 35, or any other number multi-
plied by itself, the operation is indicated by writing 42, or (35)%
This is read 4 squared, or 35 squared—sometimes read as 4 or 35
to the second power.

You will find that it is always possible to square a number by
using the “C” and “D” scales. A shorter method is to use the “A”
and “D" scales, or the “B”" and “C” scales.

THE “A” AND “B” SCALES, which are exactly alike, are what
are called two-unit logarithmic scales; that is, two complete loga-
rithmic scales which, when placed end to end, equal the length of
the single logarithmic scale “D’’ or “C”, in connection with which
they are usually used. You will note by the fact that these two-
unit logarithmic scales “A” and “B” are directly above the single-
unit logarithmic scale “T)”’ that when the hairline of the indicator
ig set to a number on the “I)*’ scale, the square of the number is found
directly above under the hairline on the “A” scale. Likewise, if the
hairline is set to a number on the “C’ scale, the square of that
number is found under the hairline on the “B" scale.

Note that dual faced rules, having graduations on both sides, have
an encircling indicator permitting any one of the scales on one side
to be read in connection with any of the scales on the opposite side.
Thus, if the hairline of the indicator is set to 2 on ““C”, the square
of 2, namely, 4, will be found under the hairline on the opposite
side of the rule on scale “B”,

31



SQUARES AND SQUARE ROOTS

Note also that since the “A” and “B” scales are each two com-
plete logarithmic scales, they can be used for multiplication and
division the same as the “C’* and “D’’ scales; as, for example, to
multiply £ x 3, set either the left or the middle index of *“B” under
either the 2 on the first unit of “A” or under 2 on the second unit
of “A” and above 3 on “B”, read the answer 6 on “A” in either the

first or the second unit.
(35.8)%0n"A" ——-\

Ai 2 3 4 5 € 7891 z 2 3 !
| ] ] R N A I B B AR R R R RN 1 ll
T T IRLAREN AN | |
. |
] 2 3 A 4q 5
\—35.8 on"D”
Fig. 23
ILLusTrRATION: What is the square of 35.8 or what is (35.8)2?
See Figure 23.

Set indicator at 35.8 on the “D" scale

Read answer on the ‘A’ scale under the hairline as 1282,
(The fourth digit being estimated)

Obtain the decimal by estimation as 40°x 40 is 1600
Therefore read the answer as 1282.

w.zas)zon'A'j

Al 2 3 4 86 789 25
f | | | N !J
—l— | LI II|JII| T

D, 2 \ .l' 4 }

\—ozason'o'

Fig. 24

InLusTrATION: What is 0.235 squared? See Figure 24.
Bring indicator to 235 on “D”’
Read answer as 562 on “A” under hairline
Estimate decimal point by 0.2 X 0.2 which equals 0.04
Read answer as 0.06562.
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17. Applications of Squares.

.. D . .
The area of a circle is given as z 4 This involves.the square of

the dismeter,

Determine the area of a circle of 12" diameter. Bring the indicator
to 12 on “D”, the square of which iz 144 and is read immediately
above under the hairline on “A”. This is then multiplied by = by
moving the left index of “B” under the hairline and shiding the
indicator to 7 on “B”, the product of which is immediately under
the hairline on “A”. - Hold this product under the hairline on “A”
and divide same by 4 which is done by moving 4 on the “B” scale
under the hairline and reading the answer 113.0 on “A” immediately
above the left index “B”.

This operation could have been performed using the “A”, “C”,
“D”, and “DF"” scales as follows: Use the “D’ and “A’ scales as
above to obtain the square of 12. Since our calculation involves
dividing by 4, we can effect this division by multiplying by the
reciprocal of 4. Therefore, using the “C” and ‘“D” scales, set 4 on
“C*” over the right index of “D” and read the reciprocal of 4 under
the left index of “C”. This reciprocal is then multiplied by (12)2
or 144, by moving the indicator hairline to 144 on “C”. This product
can then be immediately multiplied by = by reading the answer
113.1 directly above under the hairline on “DF”,

In this second method, you will be able to read to four significant
figures (since you are between the prime numbers 1 and 2 of the
rule), while in the first method, only three significant figures can be
read on the “A” scale. It might be well that you do both of these
operations again to familiarize yourself with the advantage of one
method over the other,

In solving problems involving both multiplication and division,
it is not necessary to read intermediate answers of each step in the
calculation for all we are interested in is the final result. The best
way to approach problems of this kind is to perform alternately—
first, division; then multiplication; then division; then multiplication,
and continue in this manner until the problem is solved. This mini-
mizes the number of settings of the slide and the movement of the
indicator.
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ILrustraTiON: Do the following indicated operation:

45.8 % 31._53] 1
5.6

Set the indicator af 45.8 on D
Bring 5.6 on “‘C" to hairline
Move indicator to 31.9 on “C”’
Under hairline on. ““A” read 681

Estimate decimal by 50 X 30 + 5 egquals 300
300 squared is 90,000
Therefore, answer should be 68,100

The area of a circle was given above as E times the diameter

squared. = is 3.14 and g is 0.785. Therefore, the area of a circle

is the constant (0.785) times the diameter squared. Toward the
right end of both the “A” and “B” scales is a long mark at 0.785
or 7,/4.

To obtain the area of a 12 circle, bring the 0.785 mark on “B”
to the right index of “A”. Move the indicator to 12 on “D” and
read the answer on “B”’ under the hairline as 113.0. In this operation,
you are multiplying ¢.785 by the square of 12. Thus, fo oblain the
area of any circle, bring 0.785 mark on “B” to right index of “A”.
Bring indicator to the diameter on D and read answer on “B” under
the hairline.

Exercises

1. Use the slide rule to find the squares of each of the following
numbers: 23, 33, 0.31, 87, 3358, 1.334, 6.78, 2.09, 31.9, 0.978,
31 x 103, 0.0065.

2. Determine the area of the circles (perform the operation in at
least two ways) having the following diameters: (a) 3.45 ft., (b)
35 in., {¢) 2.45, and (d) 12.5 in.

3. Do the following operations and square the answers:

a. 3.67x7.34 c. 0.89 x34.24
15.89 1434.1x3.0
b. 674 4.5 d. 79.67 x3.45
2.1 x 34.5 5.35
34
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e. 3967 + 5280 f. 5.81 x9.89
12300 689.7

ANSWERS TO THE ABOVE EXERCISES.

1. 529, 1089, 0.0961, 7570, 11,270,000, 1.78, 46.0, 4.37, 1018, 0.956,
961 x 106, 42.3 x 10-°.

2. (a) 9.34 sq. ft. {(b) 962 sq. in. (c) 4.71 sq. ff. (d) 122.7 sq. in.

3. (a) 2.87 (d) 2640
(b) 0.974 (e) 0.566
(c) 0.874 (f) 0.00694

18. Square Roots.

The square root of any number is another number whose square
is the first number. Five squared is 25 and the square root of 25 is 5.
The symbol for the square root is v . Thus to indicate the
square root of 25 the symbol is used as /' 25.

ILLUSTRATION:
v 9 =3 /100 = 10
V16 =4 V121 =11
V49 =17 £/169 = 13

The square root of a number is found on the slide rule by reversing
the process used in finding the sguare of a number; namely, locating
the number whose square root is desired on the “A” scale and read-
ing the square root of same under the indicator on the “D” scale.

The “A” scale has two parts that are identical. This scale is
divided into divisions from 1 to 10 in one-half the length of the rule
and again into divisions from 1 to 10 in the second half of the rule.
The “B’’ scale is identical with the “A” scale. The first half of the
“A” and “B” scales will be referred to as A-LEFT or B-LEFT and
the other half as either A-RIGHT or B-RIGHT.

In order to find the square root of numbers with an odd number

of digits to the left of the decimal point, use the A-LEFT scale in
conjunction with the “D” scale.
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ILLusTrATION: What is the square root of 9 or 9007
Bring the indicator to 9 on A-LEFT
Under the hairline on “D” read the square root as 3.

For 900 make the same setting
Read the answer as 30.

To find the square root of any number with an even number of
digits to the left of the decimal point, use the A-RIGHT scale in
conjunction with the “D” scale.

ILLUSTRATION: What is the square root of 16 or 16007

Bring the indicator to 16 on the A-RIGHT scale
Under the hairline, read 4 on the “D’’ scale

Or if the number is 1600, the setting is the same.
In this case, read the answer as 40,

A study of the above two illustrations indicates that your answer
should have one place to the left of the decimal for each two digits
left of the decimal of the original number if it was an even number.
When the original number is odd, add 1 to the number of digits and
divide by 2.

To find the decimal point for the /7854, add the number of digits
and divide by 2. Thus there are four digits and, therefore, the
answer should have two digits to the left of the decimal.

To find the decimal point for A/ 785.4, add 1 to the number of
digits and divide by 2 again. Since there is an odd number of digits,
add 1 giving 4 and divide by 2 giving 2 places to the left of the
decimal point.

ILLUSTRATION: What is the square root of 78547

The number has an even number of digits, Therefore;
Bring the indicator to 7850 on the A-RIGHT scale
Read the answer 88.6 on “D”" under the hairline.
What is the square root of 785.47

This number has an odd number of digits. Therefore:
Bring the indicator to 785.0 on the A-LEFT scale,
Read the answer as 28.0 on I} under the hairline.

In both of the above cases the number was “‘rounded off” to three
significant figures, to be within the accuracy of the rule.
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SQUARE ROOTS OF NUMBERS LESS THAN UNITY

19. Square Roots of Numbers Less Than Unity.

If the square root of a number less than unity is desired, move the
decimal point to the RIGHT an even number of places until you
have a number greater than 1. Thus to obtain 4/0.000347, change
the number to read the +/ 3.47. Obtain the /3.47 as before which
is 1.864. BSince the decimal point was moved 4 places to the right
in the first operation, move it back to the left haif of this amount.
You would then read the answer as 0.01864.

ILtustrAaTION: What is the square root of 0.09567
Move the decimal 2 places to the right to obtain 9.56
Set the indicator af 9.56 on A-LEFT

Under the huirline read 3.09 on “D”,
Finally, move the decimal é of 2 places to the left

Read the answer as 0.309
ILLustrATION: What is the square root of 0.0000158?
Move the decimal 6 places to the right to obtain 15.8
Set indicator at 15.8 on A-RIGHT
Under the hairline read 3.97
; 1
Move the decimal 2 of 6 places to the left

Finally the answer should be read as 0.00397

Exercises

1. Find the square roots of each of the foliowing numbers: 3, 30,
785, 78.5, 9.8, 98, 0.81, 0.081, 0.000152, 0.0000152, 35580, 1210.

2
2. The area of a circle is zri;_. If Z is 0.785, determine the diam-

eter of the circles having the following areas: (a) 345 sq. ft., (b)
144 sq. in., (c) 0.724 sq. ft., (d) 192,000 sq. ft.

3. Determine the length of the sides of squares having the following
areas: (a) 23.56 sq. ft., (b) 324.5 sq. in., (c) 3,458 sq. in., (d) 1.3786
sq. ft.

ANSWERS TO THE ABOVE EXERCISES.

1. 1.732, 5.48, 28.0, 8.86, 3.13, 9.90, 0.9, 0.285, 0.01233, 0.0039, 188.7,
34.8.

2. (a) 20.95 ft., (b) 13.54 in., {c) 0.96 ft., (d) 494 ft.
3. (a) 4.86 ft., (b) 18.0 in., (c) 58.8 in., (d) 1.175 ft.
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20. Combined Operations Involving Squares and
Square Roots. .

The “B” and ““C’’ scales can be used in the same manner as the “A”
and “D”’ scales to obtain the square roots of numbers, This makes
various combined operations easy with the slide rule.

For example, to obtain the result of 4 x +/ 354, set the left index of
“C” at 4 on “D” and move the indicator to 354 on “B-LEFT”.
Read the answer as 76.2 on “DD’”’ under the hairline. Likewise, to
obtain the result of 8.6 x \/ 34.8, set the right index of “C” at 8.6
on “D” and move indicator to 34.8 on “B-RIGHT”'. Read the an-
swer as 50.7 on *“ID’’ under the hairline,

For simplicity the following general form will be used for all slide
rule settings:

What is the value of 23.4+/ 7.867
To 23.4 on D", set 1 on ““C”
Opposite 7.86 on B-LEFT read 65.6 on “D”
The same plan is used below for evaluating 94 ++/ 34.9.
To 94 on “D”, set 34.9 on B-RIGHT
Opposite 1 on “C” read 15.92 on “D”’

To find the value of 8.78+/ 2.35 perform the operation as follows:
67.4

To 8.78 on “D”, set 67.4 on “C”
Opposite 2.35 on B-LEFT read 0.200 on “D”’
4.561

The reciprocal scale, “CI”, can be used forevaluatingx = —————
21.2+/32.8

as follows:
To 4.51 on “D’, set 32.8 on B-RIGHT
Opposite 21.2 on ““CI” read 0.0371 on “D”’

SPECIAL EXAMPLES: Make all indicated operations with your

own rule.
Example 1. Evaluate 0.356+/ 0.078 x 54.3
\/ 46.8

To 0.356 on “D”’, set 46.8 on B-RIGHT

Move indicator to 0.078 on B-LEFT

Set 54.3 on “CI"” to hairline

Read answer as 0.789 on “D’ opposite 1 on “C”
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Reviewing these operations you have done the following: First,
0.356 has been divided by \/ 46.8 and, second, this result has been
multiplied by v/ 0.078. In the third step, you have multiplied by
54.3 by using your “CI” scale. Your slide rule in this third operation
adds the logarithm of 54.3 to the logarithm of the result of step 2.

V895 (43.2)°
31.6 x 903

Example 2. Evaluate

()

To 89.5 on A-RIGHT, set 903 on “C”
Move indicator lo 31.6 on ““CI”

Bring 43.2 on “CI” to hairline

Opposite 43.2 on “C” read 1.94 on “DF”

Reviewing these operations, you have done the following: First,
4/ 89.5 has been divided by 903 and, second, this result has been
divided by 31.6. Third, the second result has been multiplied by
43.2 by using the “CI" scale and, fourth, this result has been again
multiplied by 43.2 using the “C” scale. Finally, you have multi-
plied by = when the answer is read on the “DF” scale.

£ 4.35 X/ 542 (2.3)?
(8.4)2+/ 34.9

To 54.2 on A-RIGHT set 8.4 on “C”

Move indicator to 4.35 on B-LEFT

Bring 2.3 on “CIF” to hairline

Move indicator to 2.3 on “CF”

Bring 8.4 on “C” to hairline

Move indicator to left “C” index

Bring 34.9 on B-RIGHT fo hairline

Read answer as 0.01947 opposite right index of “D”.

Example 3. Evaluate

Reviewing these operations, you have done the following: First,
v/ 54.2 has been divided by 8.4; second, this result has been multi-
plied by / 4.35; third, the second result has been multiplied by 2.3
by using the “CIF” scale (dividing a product by the reciprocal of a
number gives the same result as multiplying by the number); fourth,
this result has been again multiplied by 2.3 using the “CF” scale;
fifth, this result has again been divided by 8.4 using the “C” scale.

" Sixth, or finally, this result has been divided by v/ 34.9 using the

“B-RIGHT” scale and the answer 0.01947 is read on the “D”’ scale.
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In each of the following exercises perform the indicated operation.

]

1 s DolBORES

Exercises

/ 0.932 6. 384/ 792 (0.945)
l/ 0.012 AV T2+ 8345
/ 326 x 281 7. 21.7 (7.72) (6.7)
l 0.821 A 4.67 x /81
3.83 v/ 81.3 8. 2.39 \/@
0.65 (5.1)24/4.7
(3.18)2 () 9, +/89.3 (7.81)2

v/ 391 75 | 84121

37.8 (2.31)2 |/ 4.2 % 9 10. 75 (3.81)% v/ 972
7.31 x 4.20 6x 7.1 4/ 0.0079

ANSWERS TO THE ABOVE EXERCISES.

8.82 6. 481

33.4 7. 2980

53.1 8. 0.1063

16.10 9. 5.96

6.18 10. 382,000
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CHAPTER V

CUBES AND CUBE ROOTS
Using “K*" Scale

21. Cubes.

Just as 42 means 4 X 4, so 4% (read four-cubed) means 4 x 4 x4.
The small number, 3, to the upper right indicates how many 4’s (or
whatever the number is) must be multiplied together. This small
number is called the exponent or power of the number. To illustrate:

10% = 10 X 10 X 10
(4.7)% = 4.7 X 4.7 x 4.7

It is always possible to multiply these numbers out on the “C”
and “D" scales—and in combined operations for complicated calcu-
lations, it is sometimes more convenient. However, the “K” scale
on the slide rule is designed to give you the cubes of all numbers
directly.

The “K”’ scale is what is called a three-unit logarithmic scale; that
is, three complete logarithmic scales of a length which, when placed
end to end, equal the length of the single logarithmic scale “I)” with
which it is usually used. You will note that this “K” scale is so
arranged that when the indicator is set to a number on the “D”
scale, the cube of that number is given under the hairline on the
“K’" scale.

ILLUSTRATION: What is the cube of 34.57

Set indicator to 34.5 on “D”’
Under hairline on “K”’ read 41,100

To carry out this calculation on the full length scales, do the
following:

To 34.5 on “D"” set 34.5 on “CI”
Move indicator to 34.5 on “C”
Read 41,100 under the hairline on “D”

The reciprocal and folded scales are invaluable in shortening various
calculations and one who expects to become proficient in the opera-
tion of the slide rule should use these scales as often as possible; as,
for instance, dividing a product by the reciprocal of a number as
iHlustrated in the above example gives the same result as multiplying
by the number. A tool is of value only when it is used.
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22, Cube Roots.

The cube root of a number is a number which when multiplied by
itself three times gives the original number. Thus, the cube root of 27
is 3, because 3 X 3 x 3 is 27. The symbol of cube root is\“/% and
the cube root of 8000 is written as \3/80700

) The “K’’ scale is a triple scale, consisting of three identical sec-
tions, one following the other. In finding the cube roots of numbers,
the “K” scale is considered as a single scale,

The first division of the “K" scale will be referred to as K-LEFT;
the second division as K-MIDDLE; and the third division as
K-RIGHT. To obtain cube roots of numbers, set the hairline on the
number on the “K’’ scale {see unit below) and read the cube root at
the hairline on I’ scale, using:

K-LEFT for numbers between 1 and 10
K-MIDDLE “ “ “ 10 and 100
K-RIGHT * & “ 100 and 1000

For numbers greater than 1,000 or less than 1 (unity), proceed as
follows:
FirsT: Move the decimal point to the left or right three
places at a time until a number between 1 and
1000 is obtained.

SecoNp: Take the cube root of this number using K-
LEFT, K-MIDDLE, or K-RIGHT as explained
above. Place the decimal point after the first
figure of this reading.

Tuirp: Now move the decimal point in the opposite
direction one-third as many places as it was
moved in (First) above.

ITLLusTrATION: What is the cube root of 345607

Move the decimal point to the left three places
{one group of three), thus obtaining 34.560,
Since the part to the left of the decimal point is
between numbers 10 and 100, use the K-
MIDDLE scale.

Set indicator fo 346 on K-MIDDLE and
Read 3.26 under hairline on “I)”’ scale.

Set decimal point one place [§ 3) =1 ] to the

right to obtain the answer, 32.6.
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TLLUSTRATION:

[LL.USTRATION:

After a little practice, the steps in determining the location of the
decimal point, as well as the correct section of the “K” scale to be

What is the cube root of 4,567,0007

Move the decimal point te the lefi six places
(two groups of three), thus obtaining 4.567.
Since the part to the left of the decimal point is
between 1 and 10, use the K-LEFT scale.

Set indicator to 4567 on K-LEFT and
Read 1.658 under the hairline on “D” scale.
1
Set decimal point two places [§ B8) = 2] to the
right to obtain the answer, 165.8.

What is the cube root of 0.0000315?

Move the decimal point to the right six places
{two groups of three), thus obtaining 31.5.
Since the part to the left of the decimal point
is between numbers 10 and 100, use the K-
MIDDLE scale.

Set indicator to 31.5 on K-MIDDLE and
Read 3.16 under.the hairline on “D” scale,

Set decimal point two places [% (6) = 2] to the
left to obtain the answer, 0.0316.

used, can be easily determined mentally.

ILLUSTRATION:

What is the cube root of 0.00315?

Set indicator to 3.15 on K-LEFT and
Read 0.1466 under the hairline on D" scale.

23. Combined Operations.

The “K* scale can be used to advantage with the other scales to
obtain results for various combined operations.

Example 1. Evaluate 23.3 X /87.9

To 87.9 on K-MIDDLE set 23.3 on “CI”
Opposite “1"” on “C” read 103.6 on “D”

Example 2. Evaluate 2.45 X \7 7.8

T 567
To 7.8 on K-LEFT set 2.45 on “CIF”
Move indicator to 5.67 on “CIF”
Under hairline on D"’ read 0.866.
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Reviewing this last example, the cube root of 7.8 is first multiplied
by 2.45 using the “CIF” scale (dividing a product by the reciprocal

of a number gives

the same result as multiplying by the number),

and then this result is divided by 5.67 using the “CIF” scale,

Example 3.

Example 4.

1. = (63.2)
9. /632 (r)
3. 7.81 (2.31)3
4. +/0.0785
5. /92756
6. (0.00312)

(81.2) v/8.1
72

245 X \/72.8

163

Evaluate 34.5 X 7.93 /895
(2.38)3
To 895 on K-RIGHT set 2.38 on “CF”’
Move indicator to 2.38 on ““CIF”
Bring 7.93 on “CI” to hairline
Move indicator to *1” on “C” , l
Bring 2.38 on ““C” to hairline "
Move indicator to 34.5 on “C”
Read answer as 195.5 under hairline on “D”

Evaluate v/ 0.78 x 8.97 % \3/ 54.8
4.58 x 82.1
To 54.8 on K-MIDDLE set 4.58 on “C™
Move indicator fo 0.78 on. B-RIGHT
Bring 8.97 on “CiF” to hairline
Move indicator to 82.1 on “CIF”’
Read answer as 0.0799 under hairline on “D”

Exercises
7.81 + v/9.71
o 81 }/T ANSWERS
34.2~/752 1. 794,000
9.45 X 1/96.1 2. 12.52
10. $8371 3. 96.3
51 iy
11. \j/m X \V/BLO 6: 30:4 x 10-%
™ (3.87)* 7. 92.6
/ S 8. 4.07
12. 2. 78)2 — /5. o
I/( 8): - V/5.92 9. 0.6320 :
13 (281 ~ /B 10. 16.95 i
YT 11. 0.0835
o 9% 249
14. (0.431) (0.003)2 ~/87.2 13, 4.7
{(r)? (1.815)2 14, 1.715 x 105
15, S ERr)
1+ 4.18 15. 12.03

44

CHAPTER VI
PLANE TRIGONOMETRY
Use of the “8”, “T”, and “8T” Scales

24. Fundamental Ideas and Formulas of Plane
Trigonometry.

A review of a few of the fundamental ideas and formulas of plane
trigonometry is given here to help in understanding the explanation
of the use of the “S”, “T”’, and “ST"’ scales on your slide rule.

In the rfght triangle, Figure 25, the cor- B
ners or angles are labeled A, B, and C. The
triangle is referred to as triangle ABC. The ¢
sides are labeled a, b, and ¢, with a opposite

angle A, b opposite angle B, and ¢ opposite " 807
angle C. For right triangles the 90° angle b &
is labeled C. Fig. 25

Referring to this figure, the following definitions and relationships
can be written.*

Definitions of the sine, cosine, and tangent:

Sine A (written sin A) 2 (M

¢ hypotenuse
adjacent side

- hypotenuse
opposite side

Cosine A (written cos A) =g
4
b adjacent side

Tangent A {(written tan A) =-

Reciprocal relations:

1
Cosecant A (written csc A) S
a sinA
; c 1
Secant A‘(wrltten sec A) = el
Cot t A {writte cotA)fhu !
otangen written = g

*See any standard text on Plane Trigonometry.
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RELATION BETWEEN FUNCTIONS OF ANGLES LESS
THAN 390°:
cos A =sin (90° — A)
cot A = tan (90° — A)
Likewise,
sin A = cos (90° — A)
tan A = cot (80°— A)

From a table of functions of angles, the cosine of 35° is given as
0.819152. Looking up the sine of (90° — 35°) or the sine of 55°, we
find that it is again 0.819152. You can check these relationships
given above In a similar manner.

Complementary angles have their sum equal to 90°. Thus, in
the above example, 35° and 55° are complementary angles since their

sum is 90°.

RELATION BETWEEN FUNCTIONS OF ANGLES BE-
TWEEN 90° AND 180

The definitions of the trigonometric functions given at the be-
ginning of this article apply only to angles between 0° and 90°,
More general definitions applying to angles of any size are given in
texts on trigonometry. Since we will have to deal with functions
of angles between 90° and 180°, a summary of these relationships
only will be given here, and one is referred to any text on trigo-
nometry for a complete statement of these definitions:

If A is an angle between 90°, and 180° then the following relation-
ships hold between the functions of these angles:

sin A =sin (180° — A)
cos A = —cos {180° — A)
tan A = — tan (180° — A)

Thus, if the angle A is 123°, we may write:

gin 123° = sin (180° — 123°) = sin 57°
cos 123° = —cos {1807 -- 123°) = — cos 57°
tan 123° = — tan (180° — 123°) = — tan 57°

From these relationships, the value of the functions of any angle

- between 90° and 180° can be obtained. These will be used later for
the solution of obligue triangles.
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RELATION BETWEEN ANGLES OF TRIANGLES

In a right triangle, the sum of the other two angles is 96°. Re-
ferring to Figure 25, the sum of A and B equals 90° and the sum of
A, B, and C equals 180°.

In eguation form:

For a right triangle:
A+ B = 90° (where angle C is 90°)

For any triangles:
A+ B+ C=180°

In any triangle as Figure 26, the relation between the sides and
the angles can be expressed as shown below:

Law of sines:

sin A = sin B = sin C

a b c

Law of cosines:
a’=b?+ c?-— 2be (cos A) A b
Orbz=a?+4 c2— 2ac (cos B)
Or c2= a?-+ b? — 2ab (cos C)

(o]

Fig. 26

25. The “*8”’ (Sine) and “ST** (Sine-Tangent) Scales,

The “8” and “ST” scales are two sections of one long scale which,
operating with “C”, gives the sines of the angles between 0.57° and
90°. The “S” scale represents the scale of sines of angles from 5.74°
to 90° {and for cosines of angles from 0° to 84.26°). The “ST” scale
represents the scale of sines and tangents of angles from 0.57° to
5.74° and for cosines of angles from 84.26° to 89.43°. Since the
value of the sine and tangent of angles below 5.74° is for all prac-
tical purposes identical, we can use the same scale for finding either
the sine or the tangent for angles below 5.74° and above 0.57°. Thus,
the reason for the “ST" scale.

The black numbers on “S” are used for sines and the red numbers
for cosines.

The “S” and “ST" scales are so designed and arranged that when
the indicator is set to a black number (angle) on the “S” or “ST”
scales, the sine of the angle is given under the hairline on the “C”
scale, or if the indices of the “C”" and “D” scales coincide, the
sine of the angle can be read on the “I}’ scale.
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When using the “S” scale to read the value of sines of any angle,
read the left index of “C” as 0.1 and the right index as 1.0. When
using the “ST”’ scale to read the value of the sine of any angle, read
the left index of “C” as 0.01 and the right index as 0.1. This is
illugtrated in Figure 27,

a5e 2.68°
ST 0]85 |
| ]
T l 50°
S L ! I
! b | :
| | 1
c| L | ; i
3 . 2 ©
+ o <+ w0
(=] @ Q ~
ol & o -]
Fig. 27

The “S” scale between the left index (5.74°) and 10° has each
degree numbered and the interval between each degree is first
divided into ten parts representing 0.1° and each of these ten parts
are then divided into two parts—each part representing 0.05°. From
10° to 20°, each degree is numbered and the interval between each
degree is divided into ten parts representing 0.1°. Therefore, be-
tween the left index (5.74°) and 20° of the “S” scale, you can easily
estimate the angles to the nearest 0.01°. From 20° to 30°, the degrees
are not numbered except the 25°, but are indicated by a long mark.
The interval between the degrees is divided into five parts—each
part representing 0.2°. Thersfore, between 20° and 30°, you can
read to the nearest 0.1°. From 30° to 60°, each ten degrees are
numbered and the primary interval between each ten degrees rep-
resents 1.0°. Each degree is again divided into two parts by a short
mark representing 0.5°. Here you can still estimate to the nearest
0.1°. From 60° to 80° each ten degrees is marked and numbered
and the primary interval between each ten degrees represents 1.0°.
With reasonable accuracy, you can estimate to the nearest 0.1°
From 80° to 90°, one can only estimate to the nearest degree,

Example 1. What is the sin 6.75°7
Bring indicator to 6.75 on 8"
Under the hairline read 0.1176 on “C”
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Example 2. What is the sin 27.584°? ;
Round this off to either 27.6 or 27.58
The last digit may be estimated fairly well
Set indicator to 27.58 on “S”
Under hairline read 0.463 on “C”’

Example 3. What is the sin 75.4°?
Set the indicator to 75.4 on *“S”’
Under the hairline read 0.987 on “C”’

Example 4. What is the sin 3.45°?
Set indicator to 3.45 on ST
Under hairline read 0.0602 on ““C”

Example 5. What is the sin 0.785
Set indicator to 0.785 on “ST”
Under hairline read 0.0137 on “C”

In the above examples the result may be read on the “D” scale
if the indices of “C” and “D"’ coincide (if the rule is closed). This
will permit the reading of the sine without turning the rule over.

EXERCISES
1. Obtain the sine of each of the following angles:
(a) 23.7° (cy 13.578° (e) 54.8° (g) 75.8° (i) 37.8°
(b) 30° (d) 23.45° (f) 87.0° (h) 45.7356° (j) 20.59°

2, If the cos A = sin (90° — A), determine the cosine of the angles
in exercise 1.

3. The sine of various angles are given below. Obtain the angle
represented by each.

(a) 0.776 {d) 0.0652 (g) 0.01125
(b) 0.1235 (e) 0.443 {h) 0.678
{c¢) 0.985 (£) 0.500 (i) 0.563
(i) 0.0866
Answers to the above exercises.
1. a. 0.402 c. 0.2348 e. 0.817 g. 0.969 i. 0.613
b. 0.500 d. 0.398 f. 0.999 h, 0.716 j. 0.352
2. a.0.916 c. 0.972 e, 0.576 g. 0.245 i. 0.790
b. 0.866 d. 0.917 f. 0.0523 h. 0.698 j. 0.936
3. a. 50.9° c. 81° e. 26.3° g. 0.644° i. 34.3°
b. 7.09° d. 3.74° f. 30° h. 42.7° 1. 4.97°
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26. The “T”’ (Tangent) Scale.

The “T"* scale is designed to give directly the tangents and cotan-
gents of angles between 5.72° and 84.28". When the indicator is set
to any black number (angle) on the “T"” scale, the tangent of that
angle is given on the “C” scale. Also, if the indices of the “C”’ and
“])” geales coincide, the tangent may be read on the “D" scale.

When the indicator is set to any black number (angle) on the b e
scale, the cotangent of that angle can be read under the hairline on
the “CI” scale.

For angles between 0.57° and 5.72°, the tangent and the sine are
for all practical purposes almost the same. We can therefore use
the “ST” (Sine-Tangent) scale in conjunction with the “C” scale
to obtain the tangents and cotangents of angles between 0.57° and
5.72°.

Thus, to determine the tangent of the angle 35.2°, set the indicator
to 35.2 on ‘I and under the hairline on “C”, read 0.705 for the
tangent. Under the hairline on “CI”, read 1.418 as the cotangent.

You will note that the black numbers (angles) on the ‘“T"” scale
go from 5.72° to 45° and the values of their tangents are read di-
rectly on the “C” scale (or “D” with rule closed). For angles
greater than 45°, use the relation of cotangent A = tan (90°—A).
Therefore, in order to obtain the tangent of 62.5°, determine the co-
tangent of (90°—62.5°) or the cotangent of 27.5°, Set the indicator
to 27.5 on “I"’ and under the hairline read 1.921 on “CI”. This
is the cotangent of 27.5° as well as the tangent of 62.5°. You will
observe that the red numbers (angles) on the “T” scale read from
right to left (45° to 84.29°) and you could have set the indicator to
62.5 in red on the “T” scale and thus avoided the necessity of sub-
tracting 62.50 from 90°.

Exercises
1. Determine the tangent of each of the following angles:
(a) 34.5° (c) 6.905° (e) 67° (g) 55.5° (i) 25.9°
(b) 5.85° (d) 45° (f) 7.35° (h) 37.45° (j) 80°

2. For each of the angles given in Exercise 1, obtain the cotangent.

3. Determine the angle for which the following numbers are their

tangents:
(a) 0.1168 (¢} 0.652 (e) 1.567 {g) 0.528 (i) 2.1345
(b) 0.978 (d) 0.500 (f) 4.672 (h) 0.120 (3) 0.5438
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4. For each of the numbers given in Exercise 3, obtain the angle for
which they are the cotangents.

Answers to the above exercises.

1. a. 0.687 c. 0.1211 e. 2.366 g. 1.455 i. 0.486
b. 0.1025 d. 1.000 f. 0.1290 h. 0.766 j. 5.67
2. a. 1.457 c. 8.26 e. 0.425 g. 0.687 1. 2.059
b. 9.76 d. 1.000 f. 7.76 h. 1.307 J- 0.1763
3. a. 6.66° c. 33.1° e. 57.44° g. 27.87° 1. 64.87°
b. 44.44° d. 26.6° f. 77.9° h. 6.85° j- 28.56°
4. a. 83.34° c. 56.9° e. 32.56° g. 62.13° i 25.13°
b. 45.56° d. 63.4° f, 12.1° h. 83.15° j. 61.44°

27. The Red Numbers on the “S* and **T** Scales.

The red numbers on the “S” and “T"’ scales represent the comple-
ments of the angles as shown by the corresponding black numbers
on these scales. The sum of complementary angles is 90°. Thus, if
you set the indicator to the black number 25 (25°) on the “S’ or
“T” scales, you will also be able to read under the hairline the red
number 65 (65°). The sum of these numbers is 90.

From this and the fact that sin (90° —A) = cos A, you can read
the functions cosine {and cotangent) directly on the “C” scale by
using the red numbers. Thus, to obtain the cosine of 65° do the
following:

Set indicator to the red 65 on *°S”
Under hairline read 0.423 on “C”’

Therefore, cos 65° = 0.423
Also, determine the cot. 65°

Set indicator to the red 65 on T’
Under hairline read 0.466 on “C”

Cot. 65° = 0.466

The reciprocal function secant (equal to 1/cosA) can be obtained
by using the red numbers on “S” and the “CI” scale, since the
reciprocal of any number on “C”’ is given at the hairline on *“CI”.

ILLUSTRATION: Determine. the sec 65°.

Set indicator to the red 65 on “S”
Under hairline read 2.362 on “CI”

Sec 65° = 2.362
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The reciprocal scale, “CI”, can be used to obtain the tangent «
angles greater than 45° by using the red numbers on the “T” scale.
Since the tangent is the reciprocal of the cotangent, it is always
possible to convert from one to the other by using the “C” and
“CI" scales.

ILLUSTRATION: Again determine the cot 65°.
Set indicator to the red 65 on “T”
Read the cotangent as 0.466 on “C”
Read the tangent as 2.145 on “CI”

28, Summary of Settings on 8", ¢“T* and “QT** Scales

As an aid in reviewing the individual settings for the various
trigonometric functions, the following summary is given here:

FOR SINES:
0.57° to 5.74° -—Read black numbers {angles) on “ST” scale to
“(” geale (black numbers) giving a value be-
tween 0.01, and 0.1. Black to Black.

5.74° to 90° — Read black numbers (angles) on “S” scale to
“C* geale (black numbers) giving a value be-
tween 0.1 and 1.0. Black to Black

FOR COSINES:
0° to 84.26° —Read red numbers (angles) on “S” scale to “C”
scale (black numbers} giving a value between
0.1 and 1.0. Red to Black
84.26° to 89.43° Use the relationship cos A = sin (90° —A).
Read (90° —A) on “ST” scale to “C” scale
giving values between 0.01 and 0.1.

FOR TANGENTS:
0.57° to 5.71° —Read bleck numbers (angles) on “ST™ scale to
“(* geale (black numbers) giving a value be-
tween 0.01 and 0.1. Black to Black.

5.791° to 45° — Read black numbers (angles) on “T” scale to
“C” scale (black numbers} giving a value be-
tween 0.1 and 1.0. Black to Black. '

45° to 84.29° —Read red numbers (angles) on *“T"” gcale to “CI”
scale (red mumbers) giving a value between 1.0
and 10.0. Red to Red
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84.29° to 89.43°—Use the relationship tan A = cot (90°—A), Set
(90° —A) on “ST” and read answer on *““CI”
scale (red numbers) giving a value between
10.0 and 100.0.

FOR COTANGENTS:

0.67° to 5,71° -—Read black numbers (angles) on “ST* scale to
. “CI"” scale (red numbers) giving a value between
10.0 and 100.0. Black to Red.

5.71° to 4b° —Read black numbers (angles) on “T” scale to
“CI” scale (red numbers) giving a value be-
tween 1.0 and 70.0. Black to Red.

45° to B4.29° —Read red numbers (angles) on “T"" scale to ““C”
scale (black numbers) giving a value between
0.1 and 1.0. Red to Black.

84 29° to 89.43°—Use the relationship cot A = tan (90° —A).
Read (90° —A) on “ST" scale to “C’” scale giv-
ing a value between 0.01 and 0.1.

FOR SECANTS:

0° to 84.26° —Read red numbers (angles) on ‘S seale to “CI”
scale (red numbers) giving a value between 1.0
and [0.0. Red to Red,

84.26° to 89.43°—Use the relationship sec A = 1
) cos A
= sin (90° —A). Read (90° —A) on “ST” scale
to “CI” scale giving a value between 10.0 and
100.0.

and cos A

FOR COSECANTS:

0.57° to 5.74° —Use the relationship csc A =ﬁ. Read black

numbers (angles) on “ST" scale to “CI” scale

{red numbers) giving a value between 10.0 and
100.0. -Black to Red.

5.74° to 90° —Read black numbers (angles) on “S” scale to
“CI” scale {red numbers) giving a value be-
tween 10.0 and 1.0. Black to Red.

a2
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For angles smaller than 0.57° or larger than are shown in the. above
summary, see article 37 in this chapter covering the functions of
small angles.

You will notice that for sine, tangent, and secant {the direct func-
tions), one always reads. on like colors, BLACK to BLACK or RED
to RED numbers (except when you use the relationship of comple-
mentary angles). Also, in the same manner for cosine, cotangent,
and cosecant (the co-functions), one always reads on opposite colors,
BLACK to RED or RED to BLACK numbers on the respective
scales.

By using the reciprocal relations and the relations between com-
plementary angles as cos A = sin {90° — A), any of the six trigo-
nometric functions of an angle can be replaced by a sine or tangent
of an angle. Hence, by using these relations, the red scales may be
avoided. It is recommended that the student always use the red
numbers to avoid subtracting an angle from 90° where possible.

However, if one uses the trigonometric scales infrequently, it is
advisable that one employ mainly the sine and tangent.

29. Combined Operations.

Since the “S”, “T”, and “ST” scales are placed on the “slide™
part of the rule, these scales can be used quite conveniently with the
other scales of the rule to solve combined multiplication and division,
etc., involving trigonometric functions.

The examples given below illustrate the various types of problems
that can be solved using the “8”, “T”, and “ST" scales.

Example 1. Evaluate 4.53 sin 12.5°

This indicates the multiplication of 4.53
times the sine of 12.5°.

Set left end of ““S” to 4.53 on “D”
Bring indicator to 12.5 on ©'S”
Under hairline read 0.982 on “D”

Exampie 2. Evaluate 23.5 sin 34.7°,
tan 15.3°

To 22.5 on D" set 15.3 on *T”
Bring indicator to 34.7 on 8"
Under hairline read 48.8 on ““D’*
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Example 3. Evaluate 8.34 /34 sin 63.0°,
4.23 tan 42.4°

To 34 on “A-RIGHT” set 4.23 on “C”’
Bring indicator to 8.34 on *‘CF”

Move slide so 42.4 on =T’ is at hairline
Bring indicator to 63.0 on *'S”

Under hairline read 11.20 on “DF”’

What you have done in the above operations for the solution of
Example 3 is this: First, you have divided 1/34 by 4.23 and mul-
tiplied this by 8.34 (this result would be at the index on “DF”});
second, you have divided by tan 42.4° and third, you have mul-
tiplied by sin 63.0°. The answer must, of course, be read on “DF”
gince the last two operations are done with respect to this scale.

Example 4. Evaluate 67.3 csc 25° cos 56°
+/5.78 tan 34.6°

Bring 5.78 on “B-LEFT" to left index of “A”

Move indicator to 67.3 on “C”’

Bring sin 26° (this equals 1/csc 25°) on “S”
to hairline

Move indicator to 56 red on ““S” (this is to
cos 66° on “S™)

Bring 34.6 on “T” to hairline

Read 63.7T on “D” opposite right index

When you have combinations of trigonometric functions involving
the reciprocal functions {(cosecant, cotangent, and secant), it may
help in their solution to write them as 1/sine, 1/tangent, and
1/cosine. For the cosecant of 25° in Example 4, the csc 25° was
used on the slide rule as 1/sin 25°.

Example 5. Evaluate 3.42 x 2.67 x+/38.9
sin 80° X tan 28° x 4.08

To 3.42 on ““D”’ bring 28 on ““T”
Move indicator to 38.9 on “B-RIGHT”
Bring 80 on’*S” to hairline

Move indicator to 2.67 on “C”

Bring 4.08 on “C” to hairline

Read 26.7 on “D”’ at the right index
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The preceding example may be solved in a number of ways using dif-
ferent scales. T'o illustrate, make the following settings on your rule;

To 88.9 on “A-RIGHT” set 4.08 on **C”'
Move indicator to left index of *'C”
Bring 2.67 on “CIF” to hairline

Move indicator to 3.42 on “CF”

Bring 28 on “T" fo hairline

Move indicator to 80 on “S”

Bring 80 on ““S” to hairline

Opposite 90 on *‘S” read 26.7 on “*D”’

This last method is not necessarily shorter. In all of these illus-
trations, try on your own part to do them in more than one way.
This wili give you more familiarity with your rule.

Exercises

Evaluate the following problems:

2.45 cos 36° M
* “sin 61.5° " 4/8.31 (tan 5°)
3.17 tan 60° ~/95 sin 45°
sin 27° 8. A/30.3 tan 19.75°
5 452 781 1.015 cos 31.8° sin 31.8°
" tan 21.5° +/4.93 tan 40.9°
4 7.31 (7)) /458 10 8.5 csc 21° cot 42°
© 319 cot 45° " 4/95.8 sin 31° tan 30°

{0.0121) sin 67°
8.01 tan 2.0°

13.12 sin 12.2°

(8.5 x 107%) sin 12.75°
(3 107% sin 16.5° (tan 60°)

(0.92) (\/45) cot 27°

il

6. csc 38.1°4/45.3 12, 5 tan 18.5°
Answers to the above exercises:

1. 2.26 5. 0.0399 9, 0.236

2. 12.09 6. 0.254 10, 9.056

3. 321. : 7. 22.7 11. 12.71

4. 4.87 8. 1.634 12, 7.24
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30. Solution of Right Triangles.

In many engineering and scientific calculations, it is necessary to
determine certain parts of a right triangle having given sufficient
information to define the triangle.

CASE 1. Given one side “a™ and the hypotenuse “c” of a right
triangle, determine the side ““b” and the angles A and
B. (Side “a” is always opposite angle A, sgide “b” is
always opposite angle B, and side “‘¢”’ is always opposﬂ:e
the angle C, which in this manual is considered as the
90° angle of the right triangle).

Example 1. Find side “b”* and angles A and B in a right triangle
for which a=3 and ¢=5. See

Figure 28. o
Solution: 3 4
a/c=sin A = cos B. c
[13 " ] . 0 4 4
To 5 on “D" set right index of slide. Fig. 28

Set hairline to 3 on “D”.
Under hairline on black “‘S” scale read A = 36.9°,
Under hairline on red *“S’' scale read B = 53.1°

b=c¢sin B

Keep right index of slide still set to 5 on “D".
Opposite 53.1° on black “S” scale read b = 4 on D™,

CASE II. Given the hypotenuse ‘“c” and one acute angle B,
determine “a”, “b”, and A.

Example 2. In a right triangle with ¢ = 7.81 and B = 40°, ﬁnd
“a”, “b”, and A. See Figure 29.

Solution:
a=ccosBandb=c¢sinB

To 7.81 on . “D” set right index of
slide.

Opposite 40° on red “S” scale read A
a= 5.98 on “D”, Fig. 29
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Opposite 40° on black “S” scale read b = 6.02 on “D".
By mental calculotion A = 90° — B = 50°.

CASE III. Given one side “a’’ and one acute angle A, determine

“h*” and ‘“‘¢’’ and the angle B.

Example 3. In a right triangle with a = 17.21 and A = 32.4°,

find “b”, “c’, and B, See

Solution:

Figure 30.
B
By mental calculation < a= 178!
=90° — A = 57.6°
B . a) - A
c=sinAandb=csmB Fig. 30

To 17.21 on “D” set 32.4° on

black ‘S scale. _
Opposite right index of slide read ¢ = 32.1.
Opposite 57.6° on black “S” scale read b = 27.15.

CASE IV. Given the two sides “a’ and *‘b”, determine *¢” and

the acute angles A and B.

Example 4. Givena = 4 and b = 7, find “¢” and A and B.

Solution:

B
See Figure 31.
g 4
a/b=tan A A = c
Set right index of slide to 7 on “D”. Fig. 31
Opposite 4 on “D” read A = 29.8° on dlack “T".
Scale and read B = 60.2° on red *“T"" scale.
__ a

== gin A
Keep hairline set to 4 on “D” as above.
Bring 29.8° on black 8" scale under the hairline.
Opposite right index of slide read ¢ = 8.05 on “D”.
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31. Solution of Right Triangles by the “Law of Sines.’’

The law of sines applies to all triangles and is given as
a b c
. SnA SinB SinC
SinA 8inB SinC
a b ¢

0

The law of sines makes it possible to solve right triangles by pro-
portion on the slide rule. See Chapter 3 on PROPORTION.

Example 1.- Given side “a” and angle A as 456 and 34° respectively,
determine the hypotenuse and the other leg of the

triangle. 8
See Figure 32.
Write this in the form ¢ 456
456 c b
Sin 34° ~ Sin 90° ~ Sin (90-A) A ) z <
To 456 on “D" set 34 on “8” Fig. 32

Opposite 90 on *“S” read ¢ = 816 on “D”
Opposite 56 (90 — 34) on “S” read b = 6717 on “D”"

Example 2. Given a right triangle in which B = 40.8°and ¢ = 78.5
. ft., find a, b and A, See Figure 33.

Solution:
A= (90° — B) = 49.2°
To 78.5 on “D” bring 90 on “‘S”

Opposite 40.8 on ‘S read
b =51.3 on “D”

Opposite 49.2 on “°S”’ read
a =59.6 on “D”

Fig. 33

Reviewing the above two examples—what you have actually done
is to divide one number, which is a side of the triangle, by the sine
of the angle opposite this side and then multiply this result by the
sine of another angle. For instance, the law of sines could be written
as follows:

a .
c=———r ®sin C
sin A
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or any combination of these sides and angles in a similar manner.
In words, this means the ratio of one side to the sine of the angle
opposite, times the sine of the second, gives the side opposite the
second angle. This holds for any triangle.

Sometimes only iwo of the sides are given and you are to find the

other properties of the triangle.
Example 3. Given a = 34.5 and b = 47.2, find ¢, A, and B. See
Figure 34.

Solution:
345

TanA=m

To 47.2 0n “D" set 34.50n “C” 8
Move indicator to right index
of “D” 0345
Under hairline read A = 36.2° 5 '
on l‘T’l
Under hairline read B = 53.8° A b-472
on red “T” Fig. 34
To 34.5 on <D’ set 36.2 on ‘S”
Opposite C = 90° on *‘S” read ¢ = 58.4 on “D”
In the first operation, you have actually obtained the reciprocal of
the tangent which could be read opposite the left index of “C” on
“D”. ‘This would have been the cotangent. However, the reciprocal
of the cotangent is the tangent and this would be on “C” opposite
the right index of “D”. Thus, you can look directly under the hair-
line at this point to obtain the angle corresponding to this tangent,
as was done in case IV Art. 30 to obtain the angle.

EXERCISES
In the following exercises for the solution of right triangles C = 80°,
Determine the missing parts of the triangle. The law of sines and the
proportion principle will be of value in solving these triangles.
1. a=627 8 b=200 5. c=423 T. b=407 9. a=512
A = 30°. A = 68° A =30° c=59.4 b=24.8
2. b=2317 4. ¢c=398 B=60° 8. a=1234 10. A=3.27°
c=49.8 a=123 6. a=428 b=1197 c=175.8
b=123

Answers to the above exercises.

1. B=60° 3 B=22°5. a=2115 T. A=48.7° 9. A=641°
b= 108.5 a = 496 b = 367 B =43.3° B =25.9°
c=125.4 c=5346. A="T3.97° a=43.2 ¢ = 56.8

2, A=504°4, A=18° B =16.03° 8. A =45.85°10. B= 86.73°
B = 39.6° B =172 c=44.6 B = 44.15° a = 10.05
a=388.4 b=2379 c=17.18 b = 175.6

THE LAW OF SINES APPLIED TO OBLIQUE TRIANGLES

32. The Law of Sines Applied to Oblique Triangles.

The same .procedure as used for the solution of right triangles by
t!le la.w of sines can be used for oblique triangles, since the law of
sines is applicable to any triangle.

Example 1. Given the oblique triangle in Figure 35 in which
¢ =43.7 ft., a = 589 ft.,, and A = 35°, Find b, B,

and C.
Solution: B
C a b ’)
_ _ ; =589
SinC SnA SinB €m0 )
To 58.9 on “D” set 35 on® b G
“gr Fig. 35

Opposite 43.7 on “D”" read
C = 26.2° on “8”
Since A+ B+ C = 180°
B = 180° — (85° 4 25.2°) = 119.8°
sin 119.8° = sin (180° — 119.8°) = sin 60.2°,
With vour slide rule set as above again
Move indicator to 60.2 on “8”
Read b = 89.1 ft. on D" under hairline

Results: B = 119.8°, C = 25.2°, and b = 89.1 ft.

Example 2. Given the oblique triangle in Figure 36 in which
k = 50.0 ft., a = 4 ft., and B = 68.5°, determine A,
C, and c.

Solution:
To 50.0 orr “D”* set 68.5 on “8”
Move indicator to 4 on “°D”’
Under hairline read A = 4.27° on
“ST’,
Move indicator to 72.77 on “‘S”
Read ¢ = b61.3 ft. on “D” under the

hairline,
To obtain C = 107.23 we use the re- .
lation. C — 180° - (A + B) but Fig. 36

sin 107.23° = sin (180° — 107.23°) = sin 72.77°
72.77° was used above on S’ ’

Results: A = 4.27°, C = 107.23°, and ¢ = 51.3 ft.
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33. Law of Sines Applied to Oblique Triangles
(Continued).

When the given parts of a triangle are two sides and an angle
opposite one of them, and when the side opposite the given angle is
less than the other given side, there may be fwo triangles which have
the given parts. In both the cases solved in the previous article, the
side opposite the given angle has been greater than the other given
side.

Example 1. Given the oblique triangle in Figure 37 in which
a=43.7ft.,c=58.91ft,
and A = 35° find b,
B, and C. The Figure
37 shows the two pos-
sible solutions.

Solution: (First}
To 43.7 on “D” set 35 on 8"
Opposite 58.9 on “D” read C = 50.5° on 87
Then B = 180° — (35° 4 50.5°) = 94.b°
With rule set as before
Mouve indicator to (180° — 84.5%) 85.5 on 8"’
Under hairline read b = 76.0 ft.

Results of first solution: B = 94.5°, C = 50.5°, and b = 76.0 ft.

Solution: (Second)
The second solution comes in since the sin 50.5°
is the same as the sin (180° — 50.5°).
Therefore, in the second solution C = 129.5°.
To 43.7 on “D” set 35 on *S” '
Opposite 58.9 on “DF’ read C = {180° — 50.5%) = 129.56°.
Now B = 180° — (35° + 129.5°) = 1B.5°
Opposite 15.5 on ©“S” read b = 20.36 ft. on “D”.

Results of second solution: B = 15.5°, C = 129.5%, and b = 20.35 ft.

The dotted line in Figure 37 shows the position of the leg “a” for
the second solution and for this second solution, the angle C is
marked C’.

In this Example 1, it should be noticed that both solutions were
made with the same setting of the slide rule. This is possible since
from trigonometry, we know that sin A = sin (180° — A).
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34. Law of Sines Applied to an Oblique Triangle in
Which Two Sides and the Included Angle Are Given.

To solve an oblique triangle when two sides and the included
angle are given, it is convenient to think of the triangle made up of
two right triangles. This is illustrated as follows: B

Example 1. Given the oblique tri-

Solution:

Results:

If the given angle is greater than 90°,
the perpendicular will fall outside the
given triangle, but the solution is essen-
tially the same. See Figure 39.

32

Iq
angle in Figure 38 in Fant i
which ¢ - 456, b = , /{36.8° G905 65180 .
67.8, and A = 36.8°, v b
solve the triangle. b= b'+ b= 67.8¢1.
Fig. 38

The dotted line is drawn from B perpendicular to the
base. This forms two right triangles. Call the per-

[T 5]

pendicular “q”.

g _ 456 678
sin A sin 90° sin B’
To 45.6 on “D” set 90 on “8”
Move indicator to 36.8 on “S”’
Under hairline read q = 27.3 on “D”
Move indicator to 53.2 on “S”
Under hairline read b’ — 36.6 on “D}”*

From the right triangle B*, C, and C*

b” = 67.8 — 36.5 = 31.3 and
; q 27.3

tan C = = = —

an b’ ~ 31.3

Set to 31.3 on “D" 27.3 on “C”
Oppostte right index of “D” read C = 41.1° on “T<45”
Setto g = 27.3 on “D” 41.1 on “S”

Opposite b = 31.3 on D" read B* = 48.9 on *“S”
Opposite 90 on “‘S” read ¢ = 41.5 on “D”’

B=PB+ B"=532°"+489° = 102.1°
c'=a=41.5B=102.1°,and C = 41.1° B

{where B’ = 53.2°)
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Exercises

Solve the following oblique triangles.

used in Exercises 6, 7 and 10.
1.

Boe Qe
|
—
[}
o

= 7.8°
(Hint): Two solutions
= 7.81
19.775
=97
= 0.7758
0.721
= 65°

>
OB Qe o
I

cn
o

= 00.7
= 82.1
B = 49.7°

[¢]

Answers to the above problems.

1. a =456
b = 48.9
A = 36°

2. First Solution Second Solution 7.

c = 48.6 c =269

B = 25.5° B = 154.5°

C =146.7° C=17.7°

= 17.24
59.9°
= 23.1°

==l
I

= 0.722
= 57.4°
= H7.6°
= 118.6
= 86.6°
= 43.7°

o
Qpe Qwe

6. a
A=
C =
7. a =
b =
B
8 a-=
b =
A=
9 a =
b
B =
(Hint):
10. b =
B =
=
6. b
C=
B =
o =
A=
C =
8. ¢ =
B =
C =

The “ST’ scale must be

= 4.27

120
91

= 5H8°

12,02

=721

32.7°

Two solutions
3.21

2.39°

103.7°

= 63.4

64.3
76.25°

= 123.8

3.31°
116.69°

140.2
40.0°
82.0°

9. First Solution Second Solution

10.

B0 R Qo
|

G4

13.24 c = 697

= 64.2° A = 115.8°
= 83.1° C = 315°

73.8
74.8
73.91°

3¢

LAW OF COSINES APPLIED TO OBLIQUE TRIANGLES

35. Law of Cosines Applied to Oblique Triangles in
Which Three Sides Are Given.

When the three sides of a triangle are given, we may find the
value of one angle by the use of the law of cosines first, and then hav-
ing one angle known, solve the other angles by means of the law of
sines which is easier to use.

Example 1. Given a triangle in which the sides are a = 34.5,

b = 52.3, and ¢ = 46.3. Solve the triangle.
Solution:

The law of cosines is
a? = b? + ¢? — 2be(cos A)
From this we get

b?f + C2 _— 3_2
A o e T B
COS 2 bc
e . _(52.3)t + (46.3)2 — (34.5)
Cos A = sin (90° — A) = 2% 52.3 X 46.3
. . 3690
gin (90° — A) = 1350

Set to 4850 on D"’ 3690 on “C”

Opposzte right index of D"’ read 49.8 on “S”
This is (90° — A)

Therefore, A = 40.4°

To 34.5 on “D"” set 40.4 on ““S”

Opposite ¢ = 46.3 on D" read C = 60.6 on “S”
Opposite b = 52.83 on “D’ read B = 79 on S

Results: A = 40.4°, B = 79.0°, and C = 60.6°.
Check: A4+ B C=180° Thus, 40.4% +79.0°+60.6° = 180°,
Exercises
Solve the triangles in the following exercises:

L. a=20 3. a=0499 5 a=297 7. a=219 9. a=469
» = 36.3 b= 0.751 b = 61.0 b= 3.62 b =925
c=2399 c = 0.704 c=2614 c=3.85 ¢ =633

2.a=384 4. a=975 6. a=382 8 a=875 10. a=151.0
b = 9.06 b = 6.49 b =458 b = 46.4 b = 1568.0
c =854 c=5.71 c=T728 c=62.6 c~ 1238

Answers to the above exercises.

1. A=30° 3. A=40° 5 A=2.75° 7. A=33.7° . A=278°
B = 65° B="75" B =80.9° B =69.2° B=113.2°
C = 85° C =65° C =96.3° C="17.1° C =39.0°

2. A=25" 4, A=105° 6. A =27° 8. A=105.7° 10. A =63.5°
B - 85° B = 40° B =233 B =30.7° B = 69.3°
C=70° C=35" C = 120° C = 43.6° C =472
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36. Conversions Between Degrees and Radians.

If an angle is made a central angle of a circle, the number of radians
in the angle equals the ratio of the length of the intercepted arc to
the length of the radius of the circle. Hence, since an angle of 180°
intercepts an arc equal to a semi-circle,

180° = %r — 7 radians.

Therefore, the following relation can be set up:
_m__ R (number of radians)
180 D (number of degrees)’

Based on this proportion we have the following GENERAL RULE
for conversions between degrees and radians:
Set 180 cn ““CF” to w right on “DF”.
Opposite a given number of degrees on “CF” (or “C”) read the equiva-
lent number of radians on “DF” (or *“D".)
Opposite a given number of radians on “DF” (or “D”) read the
equivalent number of degrees on “CF” {or “C"").
The decimal point is located from a mental estimate.

180°_ 5739,

(1 radian =

Example 1. How many radians are equivalent to 125.5°?
Set 180 on “CF” to 7 right on “DF”,
Opposite 125.5 on “CF” (or ““C”") read 2.19 radigns on
“DF” (O?" “D’!)-

Example 2. How many degrees are equivalent to 5.46 radians?

Set 180 on “CF” to w right on “DF”.
Opposite 5.46 or *D” read 313° on “C".

If, in conversions between radians and degrees, an accuracy of
1% of 19 is sufficient, then the conversion can be made more simply.
For small angles sin A = A (in radians) to a close approximation.
Therefore, opposite an angle marked on the “ST” scale, we can read
its radian measure A = sin A on the “C” scale. For A = 1° the error
in the approximation is 1 part in 200,000. For A = 5.74°, the maxi-
mum angle on the “ST”" scale, the error is 1 part in 600, or *6 of 1%.
To this accuracy, then, angles marked in degrees on the “ST” scale
have their radian values indicated on the “C”’ scale, or on the “D"”
scale if the rule is closed. Decimal multiples of angles on the “ST”
scale will have radian values which are decimal multiples of the values
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SINES AND TANGENTS OF SMALL ANGLES

read on the “C”” scale. Hence the following GENERAL RULE:
To convert between degrees and radians, to an accuracy of 6 of 19,
or better, read radians on *°C” opposite degrees on “ST, or vice versa.
Example 3. How many radians are equivalent to 125.5°7
Set hairline to 125.5° (or 1.255°) on “ST”.
Under hairline on “C” read 2.19 radians.
Example 4. How many degrees are equivalent to 5.46 radians?

Close rule and set hairline to 5.46 on “D”,
Under hairline on “ST” read 313°.

Exercises

1. Express the following angles in radians: 3.45°, 76.5°, 45.6°, 0.8°,
48.2°, 346°, 320°, 201°, 308°, and 57.3".

2. Express the following angles in degrees: 0.089, 2.345, 6.28, 6.34,
5.24, 0.896, 1.0894, 2.34, and 4.72. All given values are in radians.
Answers to the above exercises. :

1. 0.0603, 1.336, 0.7927, 0.01396, 0.842, 6.04, 5.58, 3.51, 5.38, and
1.00.

2. 5.1°, 134.3°, 360°, 363°, 300°, 51.3°, 62.3°, 134°, and 270°.

37. Sines and Tangents of Small Angles.

The sines and tangents of angles smaller than those given on the
“ST"” scale can be found by the foliowing approximation:

sin A = tan A = A (in radians).

The error in the above approximations is less than 1 part in 10,000
for angles less than 1°.

Therefore, to find the sine or tangent of an angle less than I°, find
the value of the angle in radians. Methods for converting an angle
from degrees to radians have been given in Section 36. To locate

decimal points recall that 1° = & = 0.01745 radians.
Example 1. Find sin 0.2°.
Set hairline to 0.2° (or 2°) on “ST7.
Under hairline on “C” read sin 0.2° = 0.00349 on “D”,

If the small angles whose sines or tangents are to be found are
given in terms of minutes or seconds, their values in radians may be
found by means of the ‘“minute” and ‘“‘second” marks on the “ST"
scale.
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1= ElT(j = 0.01667° = 0.0003 radians (approximately).
1= 3&)0 = 0.0002778° = 0.000005 radians {approximately).

The “minute” mark is placed on the “ST" scale at 1.667° (or 0.01667°)
and the “second’ mark on the same scale at 2.778° (or 0.0002778°).
Below the marks one can read on the “C” scale the values of 1’ and
1" in radiang— 0.000291 and 0.00000485 respectively. To obtain the
radian value for any given angle expressed in minutes or seconds
one needs merely to multiply the given number of minutes or seconds
times the number of radians in one minute or one second by using
the gauge marks. The decimal point is placed by making an approxi-
mate mental calculation.

Exampie 2. Express 16’ in radians.
Set left index of slide opposite 16 on “D".
Opposite “‘minute’” mark on “ST” read
16" = 0.00466 radians on “D”.

Example 3. Find tan 23",
Set right index of slide opposite 23 on ““D”.
Opposite “second”” mark on “ST" read tan
23" = 0.0001114 on “D".

Trigonometric functions for angles very mear 90° can also be
determined by finding the co-named function of the small comple-
mentary angies.

Example 4. Find tan 89.75°.
1
tan 0.25°
Set hairline to 0.25° (or 2.5%) on “8T".
Under hairline on “CI” read tan 89.75° = 229,

Tan 89.75° = cof 0.25° =

Exercises

Find the values of the following:
1. sin 3’ 3. cot 0.05° 5. sec 18" 7. sin 8.6 9. cot 0.2’

2. csc 27" 4. tan 36" 6. sin 9.8' 8. tan 0.8’ tan 0.34°
’ [0.0001237J
Answers to the above exercises.
1. 0.000873 3. 1146 5. 1.000 7. 0.0025 9. 17180
2. 7640 4. 0.0001747 6. 0.0000475 8. 0.000233 10. 48.0
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PROBLEMS INVOLVING VECTORS

38. Trigonometric Applications.

Applications Involving Vectors: In engineering and scientific cal-
culations, there are an infinite number of problems whose solution
involves the application of vectors.

A vector is a segment of a straight line
with an arrowhead on one end. A vector
specifies the magnitude and direction of
some quantity. In Figure 40 a wvector

“R” is shown, and a set of X- and Y-axes &
has been added. The projection of the Ry R
vector on the X-axis is called the X-com- A

ponent of the vector. It is denoted by

R, and may be calculated from the 1 '

formula L S S X
R, = R cos A, Fig. 40

where R is the magnitude of the vector

and A is the angle which the line of the

vector would make with the X-axis. Similarly, R, isthe Y-component
of the vector, and it may be calculated from the formula

R, = R sin A.

Complex numbers X + jY have two components along perpen-
dicular axes just as do vectors. The magnitude X is the horizontal
component of the complex number, and the magnitude Y is the
vertical component. The j indicates that the magnitude Y is to be
laid off along the vertical axis. (Mathematically, j = +/-1 is the
unit imaginary number, and the x- and y-axes are called the real
and imaginary axes respectively.)

Example 1. Find the magnitude R and the angle A of the complex
number X + jY = 4.3 + j56.7. See Figure 41.

Solution: Y

X X

Y =cotAand R = m N

Set right index of slide to 5.7 & y:57
On “D‘ll.

Bring hairline to 4.3 on “D”,

Under hairline read A = 53.0° s — X

(13 *3 oo - g

on red “T” scale (A>45° be- Fig. 41

cause Y > X}
Note the acute angle 90° — A = 37.0° on black “T”’ scale
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under hairline.
Bring 37.0° on black “S” scale under the hairline..
Opposite right index of slide read R = 7.15 on “D”.

Hence, X +jY = R/A = 7.15/53.0°.

The process of finding R and A when X and Y are given is called
converting from component to polar form for the complex number,
or vector. The process occurs so frequently in problems involving
vectors that the following general method will be helpful.

GENERAL METHOD. To find the magnitude and angle of a
vector whose components are known:

1. Set index of slide to the larger component (X or Y) on “D”.
Use whichever index will bring the smaller component (Y or X)
on “D” opposite some point on the slide scales.

2. Set the hairline to the smaller component (Y or X) on “D”,

3. Under hairline on the black “T" (or “ST"") scale read the value
of the acute angle of the triangle in Figure 41. Write it down.

4. Bring the acute angle on the black “S” scale under the hairline.

Opposite the index of the rule read the magnitude of the vector
R on “D™,
6.” Take the angle A of the vector as the acute angle found above

or as its complementary angle according to whether Y< X
or Y >X.

Example 2. An electric circuit has resistance R = 4.3 ohms and
reactance X = 3.1 ohms in series. Find the magnitude
7Z and angle A of the impe-
dance: Z/A = R + jX. See

Figure 41a. Z
Solution: X
Set right index of slide to 4.3 A 902
on-“D”. R
Bring hairline to 3.1 on “D™. Fig. 4la
Under hairline read A = 35.8° )
on “T7.
Bring 35.8° on black “‘S” scale under hairline.
Opposite right index of slide read Z = 5.30 on “D”,
Hence, R +jX = Z/A = 5.30/35.8° ohms.
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APPLICATIONS TO RECTILINEAR FIGURES

APPLICATIONS TO RECTILINEAR FIGURES: The solution
of many practical problems is made by working with rectilinear
figures, A few typical problems are given below as examples of
what can be solved by means of the slide rule.

Example 1. Determine the length of the side CD in the Figure 42.

Solution:

. 24.7 BD BD CD
Wirite sin 80°  sin 60° and sin 85°  sin 45°

To 24,7 on “D” set 80

On “S!’ B
Opposite 60 on “S” read == ¢

Corron AN

. \ 100°

To 21.7 on “D” set 35 800 407

on “S” 747 D
Opposite 45 on “S” read Fig. 42

CD = 26.8

Or To 24.7 on “D” set 80 on **S”’
Bring indicator to 60 on “S”
To hairline bring 35 on “‘S”
Opposite 45 on “S” read CD = 26.8

In the second method for the solution of
Example 1, the intermediate vatue of BD was
not read. This is the only difference in the
two methods.

Example 2. A surveyor wants to determine
the distance between two inaccessible points
A and B and the direction of the line between
them, He runs the line CD and finds it 375 ft.
in length and bears South 15° East. The
angles he measures are as indicated in the
Figure 43a.
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Solution: Using the relation between angles in a triangle, deter-
mine the various angles of the figure. Next, determine
DE and then EB. Next, solve for CE and then EA.
Angle AEB is equal to angle CED and thus you can
determine two sides (AE and EB) and the included
angle.

Z CED = 180° — {40° + 30°) = 110°
Sin 110° is the same as sin (180° — 110°) = sin 70°
L AEB = £ CED = 110°
£ DEB = 180° — 110° = 70° which equals Z CEA
Z EBD — 180° — (70° + 80°) = 30°
£ CAE = 180° — (70° + 60°) = 50°

Write:
375 DE d DE  EB
sin 110°  sin 40° "°C §in 30° _ sin 80°
To 8375 on “D” set 70 (180° — 110°) on 8§~
Move indicator to 40 on 8"
To hairline bring 30 on “S”
Opposite 80 on “°S” read EB = 506 on “D”

Likewise:
To 375 on “D” set 70 on **S”’
Move indicator te 30 on “S”
To hairline bring 50 on “S”
Opposite 60 on ‘S’ read AE = 225.5 on “D”

Drop a perpendicular to CB from A giving AF,

. R AF
£ AEF = 70° and sin AEF = 255
From this AF = 2712 ft.
T0° = E— f hich
cos = %955 rom whic
EF = 77.2 ft.
BF = 77.2 + 506 — 583.2
FA 212

NOW tan FBA = ﬁB = m

Fig. 43b

L FBA = 19.95°

To 212 on “D” set 19.95° on “S”
Opposite 90 on “S” read AB = 622 on “D”

To determine the direction, add 15° + 40° and subtract 19.95°
This gives 35.05° off of North. Therefore, AB is South 35.05° East.

Results: AB = 622 ft., and AB is 835.05°E. See Figure 43b.
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Example 3. The diameter of a circle is the
base of a triangle having a 7.23 ft. leg. If
the diameter of the circle is 14.34 ft., de-
termine the angles of the triangle and the
other side,

Solution: The triangle and the inscrib-
ing circle are shown in Figure
44,

The side AB is the diameter
and angle C is 90°.
Use the law of sines to solve Fig. 44
this triangle,
To _14:34 on “D” set left index of “C”
This is the same as placing 90 on “S” opposite 14.34
On “D!) T
Opposrgte 7.23 read B = 30.3°
Opposite (90° — 30.3°) = 59.7° on “S” read
¢ =12.37 on “D”

qu the last step 59.7 is off the rule with the setting given. To
obtain the reading, you must bring the right index of “C” {90 on
“S”) to 14.34 on “D”. Now opposite 59.7° on *8’", you can read
a = 12,37 on “D”,

Exercises
1. Determine the unknown angles and the unknown magnitudes
of the vectors of (a) Fig. 45, (b) Fig. 46. (¢) Fig. 47, and (d) Fig. 48,

ITA3
Fig. 45

% <
T.81
393 a3 4
Fig. 47 Fig_ 48

2. The rectangular components of a vector are + 13.45 foet hori-
zontally and + 7.45 feet vertically. Deterinine the magnitude of the
vector and the angle it makes with the horizontal.
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3. Find the horizontal and vertical components of a vector having
a magnitude of 56.7 pound, and making an angle of 19.5° with the
horizontal. 8

4. A 34.5 pound vector and an unknown
vector “r’ have as a resultant a 67.5
pound vector which makes a 32° angle with
the 34.5 pound vector. Determine the un- ‘
known vector “r”’. See Figure 49, A543 ¢ "o

Fig. 49

5. Determine the magnitude and the angle of the vector (measured
counter-clockwise from the positive X-axis) representing the complex
numbers—3.57 + J 5.67.

6. Determine the length of the unknown side (marked_ with a
letter) in the rectilinear figures shown in (a) Figure 50, (b) Figure 51,
and (c) Figure 52.

A

€0 359
CTxX"p 17es B

Fig. 50

7. AB is vertical in Figure 53 and A
represents a tower on a hill. The ’

line CD was measured and found to

be 1248’ in length. The angles were 7,
measured and are as given in the R TTT e
figure. Determine the height of the Fig. 53
tower AB.

Answers to the above exercises:
1. (a) A=2415° (b) Y=393 (c) X=4.27 (d) B= 25.65

R=19.14 X=738 R =6.52 C=117.35°

R = 11.54

2. R=1539 3. Y=18861b. 4 R=4231b. & A=1222°
A=29° X =53.4 1b. R =6.70

6. (a) X =12.08 (b) 4=40.1 (c) Y =248
1. Y =191 ft.
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CHAPTER VII

EXPONENTS, LOGARITHMS, AND
THE 7L+ SCALE

39. Exponents.

In Chapter 4, the squares of numbers were obtained by the use of

the following scales: “C”, “D”, “A”, and “B”. The notation used
was

42=4x 4 or 16

This small number to the upper right of the 4 is called the exponent.
If 4 is to be cubed, it is written as 4% and in this case, the exponent
is 3. Another term used for “exponent’ is the “power’” of the number.

Four raised to the second power is 42, or four raised to any power

a” is 4". The “4” in this case is called by definition the “bage”.
Thus, any number can be a so called “base”.

A short table using 10 as a base follows:

10 = 10 =10
10% = 10 x 10 = 100
10° =10 x 10 x 10 = 1,000

10F = 10 X 10 x 10 X 10 x 10 = 100,000
From this we see that 100 % 1,000 = 100,000

Since 100 is 10 and 1000 is 10°, we may write
102 x 10% = 10243 < 105

In this manner, we are using the addition of the exponents to obtain
our results. Thus, in the multiplication of exponential terms TO
THE SAME BASE, add the exponents for the result.
100,000 + 100 = 1,000 or 1—82 =10 = 10°
From this and the above table, it is seen that in order to divide
exponential terms TO THE SAME BASE, it is only necessary to
subtract their exponents.

7
IteusTRATION: What is the value g{?

g_’_2><2><2><2><2><2><2_23
2 T2 x 2 x 2 x 2

7
or g; = 2" = 2° (the same as before)

In this illustration, the number “2’ is used as the base,

6



EXPONENTS AND LOGARITHMS

40. Negative Exponents. ‘ ; .

If 10* is divided by 10%, the result would be 10° or 107% This
indicates that the result is %(_) Thus, using 10 as a base and for any
negative exponent, the result can be indicated by 1 + 1012, where

“a” was the negative exponent.

ILLUSTRATION: What is 10* - 107?
10277 = 10-% or this may be written as
1

2T _ 10-5 = —
1047 =107 = 7

41. Notation Using the Base “10,

It is often convenient to change a number by either multiplying or
dividing it by 10 to some exponent.
IrLusTRATION: Change the number 30,000,000 to a more convenient

form.
Divide this by 10° and write the number as 30 X 10°

Or divide by 107 and write the number as 3 X 107
Change the number 0.000065 to a more convenient

form.
Multiply this number by 10% and write the number as
6.5 x 105
In the first illustration, the exponent of 10 is pqsitive; and this indi-
cates that the actual number of digits to the rlght_of the flumber
is the same as the exponent of 10. In the set_:ond 11111‘str;.it10n, the
actual number of places to the left of the decimal as indicated by
1079 ig .
In each case, the number of places through which the decimal point
moves is equal to the exponent of ten.

ILLusTRATION: Evaluate 3450 x 732 x 0.032

First, this can be changed to )

3.45 % 10% % 7.32 x 10> x 3.2 X 107
Again, wrife it as .

3.45 X 7.32 % 3.2 x 103+
To 7.32 on “D” set 3.2 on “CI”
Bring the indicator to 3.45 on ““C” and o
Read the answer as 80.8 on “D’" under hairline.
Correct answer is then 80.8 X 10° or 80,800
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LOGARITHMS

42. Logarithms.

Logarithms are exponents. A base is selected, and the logarithm of
a given number to this base is simply the exponent of the base that
will yield the given number. Tables of common logarithms refer to
the base 10.

Since log 25 = 1.398, therefore 10'%% —~ 95.

Since log 4 = 0.602, therefore 10> = 4,

When multiplying or dividing numbers, one adds or subtracts their
logarithms to find the logarithm of the result. This is true because
the logarithms are simply exponents and obey the laws of exponents.

Thus, 4 3 95 — 10()_(502 > 101 398 _ 100,6!]2 + lLaws 10‘.2 = 100,
Orlog (4 x 25) = log 4 + log 25 = G.602 + 1.398 = 9.

Since 1 = 10° and 10 = 10!, therefore numbers between 1 and 10
will have logarithms between 0 and 1. Numbers less than 1 will have
logarithms less than 0, ie. negative logarithms. Numbers greater
than 10 will have logarithms greater than 1. In general, the loga-
rithm of a given number consists of 2 whole number, the characteristic,
plus a decimal portion, the mantissa. These two portions are the two
exponents obtained when the given number is expressed as the prod-
uct of a number between 1 and 10 multiplied times an integral power
of 10. Thus,

2,500 = 2.5 X 10% = 108 3 10° = 10° + "* op

log 2,500 = 3 + 0.398 = 3.398.

The characteristic is the integral power of 10 and the mantissa is the
decimal portion. Similarly,

0.025 - 2.5 X 10*! = 100,398 e 10 ES = 10‘.‘ -} (),JQQH, or

log 0.025 = —2 + 0.398 = 8.398 — 10.

Since the integral power of 10 is always equal to the number of places
through which the decimal point must be shifted to change the given
number to a number between 1 and 10, therefore the characteristic
of the logarithm may be read off by counting this number of places
the decimal point shifts.

43. The **L*’ (Logarithmic) Scale.

The “L” scale is a simple scale of equal parts marked with values
ranging from 0 to 1 over a scale length of 25 centimeters. It is the
top scale pictured in Figure 2a of this MANUAL. Consequently,
values read on the “L”" scale are the mantissas of the opposed num-
bers on the “D” scale.



EXPONENTS AND LOGARITHMS

[LLusTRATION: What is the logarithm of 4567
456 = 4.56 % 10°, Characteristic is 2.
Set hairline to 4.56 on “D".
Under hairline on “L” read 0.659, the mantissa.
Therefore, log 456 = 2.669.

ILLUSTRATION: What is the logarithm of 0.07527
0.0752 = 7.52 % 107%, Characteristic is —2.
Set hairline to 7.52 on “D”.
Under hairline on “L” read 0.8761, the mantissa.
Therefore, log 0.0752 = —2 + 0.8761 = 8.8T61 — 10.

44. Calculations by Logarithms.

The logarithm of a number to the base 10 is defined as the exponent
of 10 that will give the number. Thus,
10* = 100
Therefore, the logarithm of 100 is 2 because 10 raised to the second
power gives 100.
Likewise, Log 34.5 = 1.5378. This means
101.5378 — 34.5

Since the logarithms as given on the “L’" scale are all to the base
ten, one can multiply and divide by obtaining the logarithms of the
numbers and then either adding or subtracting the logarithms de-
pending upon whether you want to multiply or divide. The addition
and subtraction of the logarithms is the same as the addition or
subtraction of exponents as explained in article 39 —the base being
10 in this case.

ILLUSTRATION: Evaluate g’%ﬁ

Obtain the log 34.5 = 1.5378
Obtain the log 9716 = 3.9875
Their sum is  5.5253
Obtain the log 3.24 = 0.5106
Their difference is  5.0147
Set the indicator to 0.0147 on “L” scale
Under hairiine read 1.034
Characteristic is 5; therefore, the answer is
1.034 x 10° = 103,400.

This indicates a method of calculating problems as above, but as
this can be done easier with the “C”, “D”, etc., scales, the “L” scale
is used primarily when numbers with exponents are to be either

multiplied or divided.
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CALCULATIONS BY LOGARITHMS

ILLUSTRATION: Evaluate ‘522"~ (45.6)
(345) 1.3

Analyzing this computation: The log (3.24)25 is equal to 2.5 X lo
3.24 and the log (34.5)'% is 1.35 X log 34.5. Therefore obt':ain thg
log of these numbers and multiply them by their respectiv:a exponents.

SOLUTION: Log 3.24 as read on “L” scale is 0.511
Log 34.5 as read on “L” scale is 1.538
Log 45.6 as read on “L’ scale is 1.659
Set 0.511 on “CI" to 2.5 on “D”’
FRead 1.278 on “D” opposite 1 on “C”
Set I on “C” to 1.35 on “D”
Opposite 1.538 on ““C” read 2.075 on D"

2.6 X log 8.24 = 2.5 x 0.511 = 1.278

Log 45.6 = 1.659
Their sum is 2.937
Subtract 1.35 x log 34.5 2.075

This difference is 0.862
Set hairline to 0.862 on “L” scale
Under hairline read 7.27 on “D”,

. The “L* a?cale, can be used in the same manner as a table of loga-
rithms. This was done in the above illustration.

Exercises
1. By use of the L’ scale, determine the logarithms of the following

numbers: 3.45, 34.5, 34500, 52.9, 0.00845, 0.95638, 4.56
5.6638, 0.056638, 78.48 x 1072 , B SR

2. Evaluate the following problems:

(a) 4213 e) 34.5 31 3.2 —4,2 6. 25
(b) 3.45 x (8.4)"°% “ (3?;;5/'"%1 ES}(;;; X1100—5 ) 170 :
(c) (23.5)%1 x/3.78  (f) 10% o ans i » m) 02,100 107
@) (7.39)% Ao (g) 1008 qors () 3TTX XN
T 10;’),25 "
Answers to the above exercises
1. 0.538, 1.538, 4.538, 1.724, 7.927-10, 9.981-10, 0.659, 1.543, 0.753
8.753-10, 9.895-10. '

2. (a) 19.2 (d) 9.37 (g) 10" = 1 (j) 8%2 = 1.246
(b) 18.92 (e) 29.8 (h) 10°% = 178,000
(c) 1480 (f) 316 (i) 1.28
79



CHAPTER VIII

MATHEMATICAL FORMULAE

50. Plane Trigonometry.

sin A =2
¢
a
tan A ==
an 5
e
A=
sec b

Right Triangle

cosA:é
¢
cotAzg
a
coaecA:E
a

MATHEMATICAL FORMULAE AND
CONVERSION TABLES

The following pages are added to this manual for your
convenience in working slide rule problems relating to:
Plane Trigonometry, Solid Geometry, and Spherical
Trigonometry. Also added are six pages of conversion
factors which are commonly needed for many types of
mathematical computation.

R0 44

tan A = cot(g — A) = e cot(‘Ir )
cot A = tan(lzr — A= — tan(g + A)

sec A = (303(—?:(:(7"2I — A) = cosec 12r+ A)

cosec A = sec(g — A) = — sec(lzr + A)

sin {—A)= —sinAd
tan (— A)= —tan A

sec (— A} =-sec A cosec (— A) =

NUMERICAL VALUES

Angle. ... ... . .. . .. 0° ‘ 30°
sin ‘ 0o | 1
cos. 1 \/—3
i} | 2
tafi; cvmmrnpn . . 4] }5/?
CO i 5 503 500 n we - ] \/3
13 81

450 |

|y

cos (— A)=cos A




MATHEMATICAL FORMULAE

MATHEMATICAL FORMULAE

Plane Geometrical Figures

Right Triangle

¢ =/a? + b?
a=‘\/C2—b2
b=/ a?

area = % ab

Any Triangle

area = } bh
area =v\/s{s —a) (s — b) (s —c)
=4 (a+b+c)

Parallelogram
area = ab

Trapezoid

area = h {a + b}

Regular Polygon
area = } abn \a
n = number of sides \
Parabola
d2 -
length of arc = gh[x/c 1+e)+
2.3026 logi(V/¢ + \/ﬂ_c)]
in which .
_(4rY l
“T\d

area = : dh  —  ——
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MATHEMATICAL FORMULAE

Plane Geometrical Figures.

Cirele
circumference = 2 rr L
= rd
44—
area = wr?
d2
-_—
Sector of Circle =3
(=]
arc =l=ar——
180° (3

]

2]
= = grl—
area = 4 ¥l = #r 360°

Segment of Cirele ‘/" { \

chord = ¢ = 2/ 2 hr — k2

V—"—‘ & —,
area=4rl—4c(r—h) N K
\ #
Ellipse ‘\\ A
. #
circumference = K%

64 — 3(2*")4 T
64—16(1)_-—0)
b+ea \/‘]
area = w ab -k

{cloge approximation)

Solid Geometrical Figures.

Right Prism

lateral surface = perimeter of base X &
volume = area of base x h

_——— T ——i

Pyramid ' b

lateral area = 4 perimeter of base x I

volume = area of base X ‘;i
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MATHEMATICAL FORMULAE

Solid Geometrical Figures.

Frustum of Pyramid

lateral surface = 3 I (P + p)
P = perimeter of lower base
p = perimeter of upper base
volume = A [A +a +_\/Aa]
A = area of lower base
a = area of upper base

Right Circular Cylinder

lateral surface = 2 wrh
r = radius of base

volume = wrh

Right Circular Cone

lateral surface = wr!
r = radius of base

volume = % 7rth

Frustum of Right Circular Cone

lateral surface = «l (R +7)
R = radius of lower base
r = radius of upper base
volume = 3 nh [R2+ Kr+r3

Sphere
surface = 4 ar?

4
volume = 3 wrd

Segment of Sphere
volume of segment

= %a T [3 (m?+ rb) +a
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MATHEMATICAL FORMULAE

MATHEMATICAL FORMULAE

Spherical Trigonometry,
Right Spherical Triangles

COS ¢ = CosS a cos b cos A =tan b cot ¢
sina = sin ¢ sin A cos B = tan a cot ¢
sin & = sin ¢ sin B gin b = tan a cot A
cos A =cosasin B sin @ = tan b cot B
cos B = cos bsin A cos ¢ = cot A cot B

Oblique Spherical Triangles
sineg sind sine
sin A sin B sin C
cos @ =cos b cosc+sin b sinecos A
cos A =sin B sin C cos a — cos B cos €
cot & sin b = cot A sin C + cos C cos b
s=%{a+b+c)
S=1(A+B+0C)
é) _ I/sin {sﬂ — b) sin (s —¢)

sin b sin ¢

sin b sin ¢
) _]/sin (s —b) sin (s~ ¢)

sin ssin (s — @)

sin a) s I/__CC'SSCLS—A:3

2 sin B sin C
cos g) _ I/(_:os (S - B)cos (§-0C)
2 sin B sin C
tan(g) - ‘/ __ cos Scos (S A)
2 cos (S—B)cos (S—-0O)
_sni(A-8B)
tan } (a—b)fSin s (A1 B) tan L c
oy 2081 b~ B)
tanf}(a+b)—cos L (AT B) tan § ¢
_sin # (@ —b) |
tan } (A—B)—Sin e cot 1 C
_costla—0)
tan 1 (A+B)_cos Y @i D) cot § C
_sin 3 (A+ B)tan i (a—b)
o e i § (A B)
' 85
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DIETZGEN CONVERSION TABLES

Multiply by to ohitain Multigly by 1o abtain
Abzmperes ... 10 amperes. " bushels (cont.) 0.03524 tubic meters.
L Ix 10 stalamperes, B 4 pecks.
abzmperes per § 14.52 antperes per sg. inch. 54 pinis ¢dry).
ahampcre—mtns 10 ampere-turns. i quarts {dry).
1257 gllhells
abampere-turas per tm. 2540 ||mn -turns pes inch.|; Centares. .. . 1 $nuare meters.
abcoulombs. . 10 Eou | centigrams .o grams,
Ix 100 slatnuulnmhs. centiliters. 0.01 liters.
ahl:nalrnmhs per s cm. 4.52 coulomhs per sq. inch. || centimelers. . 0.3937 inches,
ablarads. . 10 larats. “ v .01 mefers.
« . 1088 mitrofarads, - 1.7 mils.
£ R 93 1020 slatfarads. 4 110 millimelers.
abhensies .......... 100 henries. 102010 2 | centimeler-grams.
g 10-8 millihenries. 1.020:10°¢ | meter-kilograms.
B s 1/9x 10720 | slathenries. 1376 10°5 | yaund-fest,
ahmhus psrum cuhe 10:/5 miio$ per meley-gram. 980.7 centimeter-ynes.
.| 1.662 f0* | mhos per milfonl. L 10 meler-kilograms,
C - 102 megmbos per cm, cube. * & 1233107 | pound-feet,
abohms. .. . ... . s megehms. cenfimelers of mergury 1.01316 almospheres.
T . 103 mictghms, # 0.4451 feal of water.
b 1t shms. “ “ . 136,0 Kgs. per stjuare meter.
& I 141020 | stalohms. & g 21.85 founds per sq. faet.
abohms per cm_cube. . 16-% mictohms per cm. cube. @ oo 0.1934 rnunds per su.inch.
W w e w0 BOISx 107 | phms per mil foal. tenlimeters per second 1.969 eet per minute.
. & 10745 ahms per meler-gram. “ o 0.03281 feet per sacamd,
abvelts.., ... .} 1/3x10700  [statvalts, : S 0.036 kdlometers per haur.
& 108 vaits. 0.6 melers per minute.
43,560 square feal. g s i 0.02237 miles per hour_
A0d7 square melers. 0 S 3728510« | miles per minute,
1562107 | square mites. GMS. per Sec. per §es. . 0.03281 feet per sec. per sec.
5645.18 SUAre varas. g W g o JEe 1.016 kms. per hour per sec.
4840 square yards. TR 0.02231 miles ger hour per sec.
5 cubic-feet. |:|n:|rlar mls __________ 5.067>10¢ | square centimeters,
3.251x10% | gallons. e T854> 107 | squareinches.
amperas, 110 ahamperes. L G 0.7854 square mils.
LA ——— 3100 statamperes. tord-feet. . L. (A1 411 11, | cubic feet,
anmperes per sg.cm.. .. 6.452 amperes ges si. inch. |fcords.. ... LB 4 1 AN | cubic teet,
amperes psr sq.inch. . . 0.01550 DETES Per $1. CM. f 11 abeoulombs.
« 01550 atiperes per Si. cm. i 3104 slatconiombs.
“ s 480108 PeF 5. cm. lombs yer sq.inch. 0.01550 abcoulumbs ger sq.cm.
amnerelurns ......... 1/18 ahampere-turns. ¢ il 0.1550 coulombs per $g. cm,
1.7 gilberts. 4 w owow | AR50 10% | siatcouls, persg.cm.
amperg-turns per ¢m.. 2540 atipere-turns per inch. || cuble centimeters. . .. | 1531075 | ewbic feet.
ampers- turns per |||u|| 0.03937 | ahampere-tumspercm. || « £ e 6.102x 102 | cubicinches.
b : 0.3937 ampere-tusns per cm. ‘ L 108 cubic meters.
i 0.4950 gilherts per cm. “ » 130810~ | cubic yards.
0.02401 acres. 2641 107¢ | gallons,
100 square mefers. 102 liters.
16.0 ¢ms. of mercury. 2113103 | pints (tig.).
29.82 inches of mercury. 1.05T= 10t | quarts(lig.).
inn Eeet nf waler. 283104 | cubicems.
10,333 kgs. per square meter. 1728 cuhbicinches.
14.10 pounds per sq. inch. 0.02832 cubic metars.
1.058 tons per 1. fool 0.03704 cubic yards.
1481 gallons.
.87k 1077 | atmospheres. .32 liters.
1 dynes per sq. cm, 59.84 pints (Ng.).
0.61620 kgs. per square mefes. .91 nuarts liq.),
708910 | pounds per sq. loot. 47Ln cubic cms. per sec.
1480 1075 | pounds per sq. Fnch. i n.1247 gallons yer sec.
Iusq.in.xlin. cuhicinches. ©oope 0 0.4720 Iiters per second.
0.252¢ kilogram-calories. LB §24 Ihs. ol water ger min.
1115 Tool-pounds, cubicinches 16.3% cubic centimelers.
‘ A “ J.Em'x ll]1 horse-power-hours. '~ L 5.707x 104 | culric feel.
L # 4 joules, “ Z 1638 1075 | cubic melers,
* e 4 IJJ 5 kilogram-meters. " 4 2143102 | cuhic yards.
B 1 2!!2II.><1!I 4 | kilowait-houts. W 43810 3 | gallons.
129 loot-pounds per sec. L il 16301077 | liters.
0. (12356 horse-power. ¢ . 0.0345] pints (lig.}.
0.01757 Wilawatts. . 0.01782 quanis {lig,).
11.57 walts, cubic meters 1€ cuhic centimeters.
B.Lu. parsq It ||e| mi. 0.1220 watls per squareinch. & " 35.31 cubic feet.
bu! Ilels 1.244 cubic leet. - - 61,021 cubit inches.
150 cubic inches. 3 z 1.108 cuhic yards.
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Multiply by 10 shtain Multinky by taoblaln
cubic meters (zont.).... 164.2 gatlont. feed per minute {cont,). 0.01136 miles per hour.
a b o 1R Iiters. rm per sm:uud ....... 0.9 centimeters per sec.
£ 8 21 gints (lig.). S 1057 kilome!ess per hour.
| . S 1057 quarts (fin.). - R g 05921 knols per howr,
cuble yards 1646 10° | cubic centimeters, o oML 14.19 meters per minute.
L n cubic feel, w2 6818 miles per hour.
L 45,658 cubic inches. i, o 0.01138 miles per minule.
L 0.7546 cubic melers. feel per 'IIID feel 1 per cent grade.
L 2020 pallans. feel Er $95. per ssc nds LM, per sec. per set,
L 7646 litess. 1.087 kms. per . per sec.
oo 1616 pints (li.). oA 03043 meters per sec. per $ec.
N B07.% quarts {lin.). vorowoaa 0.5818 miles per hr. per get,
cuhln yanls per mlnmu 0.45 cubiic leet pec secend, || loot-pounds. ..., British thermal units.
1367 gallons per second, L oIgs,
4w 121 liters per second. L e norse-power-hours.
L joules,
Days H henrs. LA ilogram-calorfes.
. 1440 minules. LI kilogram-metars,
. 86,400 setonds S kilawalt-havrs.
daclyrams. i1 grams, 1nnt-pnunds ||er rlinm 1286 10°¢ | B.A.unils per mimuta,
deciliters_, 0! liters. 4, 0.01667 loot-pounds per See.
decimeters | u1 melers. s 8 . 303> 4073 [ harse-power.
dums (augle) B0 ninwles. T 4 8 & U1 tﬁnu ories per min.
0.01745 radiams. i, ML e m 2250 1075 watls.
“ “ - 3600 seconds, foot-pounds per secend] 77175102 | 8.Lunils per minute,
degrees per second ... 0.01745 radians per secand. A e 1.818 It | horse-power.
W 0.1667 revplutigas per min. i 1845 10 Ithca ries per mlg,
L G g, 0.002718 revolutions per sec, “« & a4 watls.
dekagrams ., 10 grams. 1ranns (Frlnch) dollars (U, 8.},
dekaliters. . . . 10 liters. i marks {German).
dekamelars. . H meters, H % & pounds sterlg. (Brit.).
5.182 francs (Freach). furlengs........0eaeet ! ] reds.
4.70 marks { German).
£.2055 paunds sterling (Brit.).| | Gallons.............. 3785 cublc centimeters.
41 shillings (British). # aig tubic feet,
,,,,,,, 1.7172 Erams. 4 cubicinches.
£.062% 0bACES " cubic meters,
1.020> 107 | grams, & cubit yards.
....... 1231 | poundals, - Titors,
2248107 | pounds. . pints ¢liq.}.
1 hars. Quards (lig.).
za!lnns pEr mmuiu tuhic Jeet per second
2486 16721 | British tharmal units, - . litars per secomd.
1 Ayne-centimeters. FAUSSES, . \0vurraensn . §.452 iInes per square inch.
1376 10-¢ | toet-pounds. gilerts . 0.07958 ahampere-turns.
10201072 [ gram-centimeters. * 0.7958 | ampere-lumms.
107 Joules. 2.021 ampera-turns per inch.
2290 1071 | Xilogram-calories. 0.1183 liters.
e 1.020510-¢ | kikogram-melers, 0.25 pints (ilg.),
orgs par second 5692 10° | B.t.units per minute. 1 graing {av.).
LN 44261075 | loot-pounds par min. 006400 Erams.
eou 136> 108 | feot-pennds per sec. 004167 peanywelghts (troy).
w @ 1M1 107 | horse-pawer. || grams..... 990.7 dynes.
# & 1434107 | kg.-calexies per min. 154 E!:uls (Irey).
# oo [[ed] ki pwatls. 10 ilograms,
1 milligrams,
10 abfarads. 0.03527 ounces,
106 microtarads. 0.03215 aunces ({roy).
Lhg! B slatfarads. 0.07093 poundals.
§ Teet, o 22051078 | pounds.
0.48 centimetars. grem-calesles. ... 3.980>10-* | British thermal units.
12 inches. gram-ceatimelers, 9.302> 10°8 | British thermal units.
0.3048 taters, & " w 980.7 ergs.
30 Vars. = 5 1233 W05 | foot-pounds,
1/3 yards. ¢ “ 9807 1075 | joules.
0.02950 afmospheres. « ¢ 234X 1078 | kllogram-calorles.
0.8826 mthes of mercury. " “ .. -3 kilogram-mebers,
4t kgs. pes square meter, (| grams perem.. ... i Bﬂﬂx Ill‘ pounds per inch,
52.43 puunds per 5q. 15, grams jier ¢, cm. prasads per cubic leet.
0.4335 pounds per sq. ineh. e 0. uam poundsparcubic ngh.
05080 centimeters per sec. CER L 3.405< 107 | pounds per mil-fact.
0.01667 teet per secand,
1.01828 kilometers per hour. || Hectares............. 4N acres.
0.3048 meters per minute. S| LETEXI8S | snuare feet,
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Multlply by To abtaln Multiply by 1o obtain
hectograms 100 ams. ks, forc. meles (cnnl.) 16131075 | pounds per cubic inch.
hectoliters. . .. 100 ters. KX 4n5><1n 10| paunds per mil. feat,
hectomelers ] 100 melers, kgs. par mem ...... pounds per foot.
hu:tgmt!s ............ 1m watls. kg! e suare malel 5. EJﬂxID' atmospheres.

sphera. 98.07 brars.
spherical7ight angles. [ « ¢ ¢ “ 3.281 1073 | feet of waler,
sleradians, LBLI i 2898 107 | inches of mercury,
abhenvies. £ My 4 L 2.2048 pounds per square 1.
millikenries. &M 8 a 14225107 | paunds par square In,
slathenries. 108 Kgs. per square meter,
B.L. units per min, 102 farwells.
leot-pounds per min. 10: lilers.

550 fool-paunds per e, 11 centimeters.

- horse-power (meteic). aamn teet.

. k I’;rizs fer min, 1@ neters,
3 ka 0.6214 miles.
IRRTTERET ? watls, B g s 1083.5 yards.
barse-pawar (boiler) 33,50 B.Lu, per haur, Kilomsters per hour.... IL.18 centimeters per sec.

. “ i 9.804 kilowalts, L 54,68 1eet per minute.

horge-power-hours. . . 2547 British thermal units. “ woa M2 feet par sacom.

A T Tot-pounds, « 4 W e 5395 knats per hour,
jouies. L 2 B 16.67 meters par minuts.
kilogram-caluries, e " 0.6214 miles per hour,
kilogram-meders, lllm wllnur per sec 2178 Cms. por $EC. per s8¢,
Kllowatt-hours. 04113 f1. per sec. per sec,
minytes, O S 0.1778 melers per g, per sec.
seconds, I 0.6714 ntiles per hr. per sec.

kilometers per min.. ... [i¥] kilometers per howr.
centimeters, kilawalls - 56.92 B.1. units per min,
mils, g fool-pounds par min.
varas, fool-pounds per sec.
almasgheres. horse-power,
feet ol water, kg. -ulmie: pEr min.
kgs. per squzre meter. walts,
paunds per square H, Britishthermal units.
Ponnds per spuare [n. feot-pounds,
atmospheres. hnrse-pnwer-huun

{nehes of mercury.

kgs. per square meter.

foules,
hlugram-nalurlus

QUNEES per square in. kilogram-metrs,
204 pomnds per square ft. feel.
0.03613 pounds persquara in, lti!?malm.
Miles.
9,486 10~ Brltislr thermal unlts. yards.
107 orgs. cenlimeters per se.
0.7376 foni-pounds. eed per second.
2.390< 101 kiIn[rlm-nllrIns. llometers per hour.
0.1020 kilogram-meters. miles per howr.
210 10 | walt-hours,
Lines per square ¢m. . . 1 ausses.
!W.'iﬁi Hynes. lines por square inch . 0.1550 gansm.
i grams. links (enginest’ ) I 17 inches.
poundats, links (surveyer's). . ... 192 inches,
22086 | pounds, liters . 5 in: cublc cantimeters,
1102100 tons (short), # 0.03531 cubit fest.
1.968 Britich thermal units. « 54? cubicinches.
306 foot-geunds. “ 1 tubitc meters.
1.558> 1075 | horse-power-hours, “« 1.308 103 | cubifc yards.
A e “ 07542 | palions,
4261 i Kilogram-melers, “ .13 pints (lig.).
...... 1162 107 | kilowait-hours. w o 1.057 quarls (lin.).
kg cahrle: ﬂll min.. ”!gg ’ {'Wt'ﬂ""""’ PeF SBC. | jitgrs pa 5085510~ | cubic fest par second
G W o 186372 kﬁ?:ﬂp?:u' 4 4403 1071 | gallons per second.
kgs.-cms, squared... .| 237310 | pounds-fact spuaren. {|MEO-N.... ..., i 2.303 loge Nor inN.
o 9,3 0.3417 unds-inches sq'd. lge Narin N....., 0.4343 lafio N.
kilogram-meters. . . 9.302 103 ( British thermal unlls. |f \umans persg It...... 1 leot-candles.
e G 980T 107 | exgs.
‘: “ ;sgg {:mwnﬂ& Marks (German}..... . 0.28 doltars (U. 5.).
« e 2348105 | kilogram-calaries. R Ulliﬁ: "'“‘:‘F;";f")'n i
* “ | 272007 | kilowati-heurs. - 04080 peunids ster ng (B:IL)
kgs. ner cubic meler. . 1072 grams per cubilc em. maxwgils ....... S 0 kllalines.
W e e w [THH paunds per cubic foat. || mepalioes............ 48 maxw. Ils.
88
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Mulllply hy 1o obtain Mulimly by lo nlnlam
megmhns uer cm cuhﬂ 103 abishos per cm. cube. {1 grams
250 megmhos per in, cube. | millihearies. . 108 abhenries.
1035 mhos per meler-gram. | . 10 henries.
T 11867 rihos per mil faot, L | 1780 stathenries.
megmhns permuh cobe|  0.3937 megmhas ges can. cube. | Mililiters. i 102 liters.
megahme 10+ ahms. I'millimeters. ... : 0.1 cenfimeters.
mefess 100 centimeters, T e 0.03537 inches.

i 3.2808 feel. & G .37 mils.

« 38.37 inches, ‘miis.. e 0002540 centimeters.

H 163 kilometeys. L 10 inches,

u 1@ millimeters, miner'singhes, . ... t.5 cubfc leet per min,

w 1.0938 yartls, minudes (angle)..... 2909 10-¢ | radians,

meter-kilograms, [ 9807115 | centimeter-dynes, [ 1] seconds (angle).
= LA 10+ centimeler-grams, ‘mnmhs a4z days.
“ € s 1.133 poumd-leel. - ) hoars.
meters per minute. ... 1.667 centimelers per sec. 43,800 minules.
3.2 feet per minute. . 2620100 | seconds.

© e 0.05468 | Peet per second. myriagrams. ! kiiograms.

“ woa [T1 Kilometers per hour. Myriamelerss . 1] kilometers,

« v o po37 miles per hour. myriawatls ... 10 kilowatts.

meters per secuml _____ 1268 leef per minute.
1201 leel per second. Obms. ... e ahohms.

e 36 kilomelers per hour. - s megehms.

I B .06 kifomeleys par min. 1 micrghms,

o wow T 2937 mifes per hour. 1791071 | statohms.

aoa o 0.09720 | miles per minute. 10%5 | ahohms per em. cube.

meters per sac. per gec. 1.281 Teel per sec, per sac. 102/6 microlims g. cm, cube.

R 36 ks, per hoer per sec.|| - « 39,37/5 Iicrehms p.in. crbe.

a5 we © w @ 2931 miles per hour per sec. * a 6015/ ohms par mil leat

mhes per meter-gram.. 105 alimhes per cm, cube, || 9ms per mil ool 166.2 abokims per cm. cube,
PR P 1025 megnthos p. cm. cube. & 0.1662 microhms p. cm. cube
©o« w w2540 1075 | megmhos par in, cube. e LOGS24 | microhms pr, [n. cube.
s s @ L LEEIX 10735 | mhos per mil lpat, ‘o] LEED10735 | ohms per meler-gram.
mhot per milfoot .| 6015 F0-* | abmhos par ¢m, cube, || Ounces...... .. . i drams.
6015 meghihes p. cm. cube.|| " - 4315 grafas.
I 15.28 | megmhos per in. cube.|| ° 235 rams,
T B015/5 | mhos per malor-gram. 0.0625 | poends.
wiceofarads. . 10715 ablarads, nunces (flunl) ,,,,,,, 1.805 tulc inches.
£ e b e farads. |l v (). .. 0.02957 liters.
i T e statfarads. * unces (1ray) 480 grains (iray).
mu;mgrams ,,,,,,,,,,, 10-¢ grans. o8 Yoo, .10 grams,
micraliters.. . . fiters. £ dem g 20 pennywelghts (troy),
microfims. ... abohms, . 008331 | pounds {troy).

w megohims. | ounzes per Square inch 0.0625 Pounds per sq. Inch.
shms. Pennywelghrs(tmy) 4 gaint (lroy).
statohms. iw 1.55§ grams.
abiohms per cm, cube. ‘ ¢ J 105 runces (tray).
micrahms p. in. cube. perches (masonry}, 24.75 Luhic feet.
ohms per meter-geam_ || Binls (dry). ... 33.60 cubic inches.
uhms per miil fnof, pints (i) ... .87 tubic inches.
microhms p, ¢m, cube. || POUndals. 13,026 ty nes.

e g L0 | o

centimeters. ; | pounds.

feet, " pounds. 144,823 fynes,

Kiln meters. P 7068 grains.

yards. 4538 grams.

varas, e 1§ ounces,

cenlimeters persec. i ¢ .. 3217 pnundals,

feel ger minule. pounds iro 0.8228 pounds (av.).

ieel per second. pound-feet. 1.356> 107 | centimeler-dynes.
Kitometers per hour ik 13,825 ceatineler-grams,
KNt ger hour, g 0.1383 meter-kilograms.
melers per minute. Pouads-teet squared. . 4213 kgs.-cms. squarcd.
CMS. per Sec. per sec. L R R 14 pounds-ins. squared.
teed per see. per seg, || Pounds-inches squared 2.926 kps.-cms. Squared,
kins. per hour per sec || ‘- “ 6845 103 | pounds-leetjsquared.
M_por so. porsec, | PoUnds of watar. baiga2 cuhic feet.

centimeters pes sec. - 1788 | cub inches.

feat per secomd. TR, 01198 [palions.
Kitumeless per mia. pounds nlwa| oer min. | 266110 ciibic fest perjser,

% 3 pounds per zuhic fool 0.01602 grams per cultic cm.
nots per minute. . w 16.02 kes. per cubic meter.
Miles per hour, L8 5.787>< 107 | pounds per cubuc inch,
kilograms. E S 545651079 | pounds per mil feal,

jo32]
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Multiply by to nbtain Multinly by 1o thtaln
peunds per cubic inch . 2161 paunds per cubic om, || square inches (cont.). . 45 square cantimeters.

L 2768 104 | kgs. per cubic meter. i B square feet.

@ %A 172 peunds per cuble faot. i g 106 square mils.

a wooww ) 845108 Eumms per mil fael. « B s . square millimeters.
pounds per foot ._. .. .. 1488 5. per meter. 5. inthes-inches sid... 41,62 sil. ems.-ems. spil.
pounds perinch . .. . 178.6 frams per cm. oo o e | 4823 1075 | sp. feet-leet sqd.
pounds per ml foe? . 2.306:< 185 | grams per cubic cm. || square kilomelers 111 atres,
pnnruls per spuare Innt 5 0.01602 {ee! ol water, L3 # 1876 10° | square fest.

4 887 kgs. per square meter, 1 tquare melers.
w8 8 89445 10°% | pounds per sq.inch. 0.3861 square miles.
pounds per square inch, 0.06304 atmosgheres. 1,196 105 | square yards,

GO 2.307 leet of waler. 24710+ | acres,

L 2036 inches of mercury. 10.764 square feet.

wE W& g 703.1 Kgs. per square mefes. 31.861x 187 | square miles.

g 144 pounts per sq. foot. 1.198 square yards,
paunds sterl. (British) . 4,8665 dodlars (U. 8.). §40 atres,

b LA L T i k] frants (Frengh), n. !Bx 105 | sguara feat_

« o ). 20.44 marks (Germar), square kilometers.

3, EI! uu 45 | square varas,
Quadrants (angle) . . .. 90 degrees. 1m0 10% | sguare yards.

[ [ T 5400 minules, 1973108 | circular mils.

[ L e 151 fadians. 0.01 square centimeters.
quarts (dry) .. §2.28 cubic Inches. 1550 1073 | squase Inches.
quarts{ilg)........... §7.75 cubic inches. 1.273 tircular mils.
quintals. . S m pounds. 6.452< 1076 | square cemtimeters.
qelves, . .............. 25 sheels. 10+ square inches.

.0981TH acves,
Ratians 57.10 degrees. 1.716049 sauars feet,
u FLEL] minutes. 0000002765 | square miles.
. 161 !Iﬂﬂrll‘ﬁ. 857339 square yards.
ralliam nr sznumi 57.30 egrees ner second. 066> 1074 | acres.
0.1592 revofuligns per sec. L squara feel,

@R 4,543 fevelions per min. 1.8361 square meiers.
railans per Sec. per sec. 5734 TEYS. §er min. par min. 3.208 1077 | square miles.

w8 ww 0.549 TEVS, PEr MiN, per Sec, . 1.1664 SQUALE Varas,

@  w owoa 0.1592 TEVS. e SeC. per sec. || statammeres. .. 1/ 10 | shamperes.

TEamS.. .............. 500 sheels. E 2 173109 | amperes.
lenlutinns. s 360 degrees. statcoulombs ., 1/3x 10710 | abeoulombs,
£ quadranls, “ e T/3% 10 | conlomhbs,
i 6.203 radians. stattarads . 1/ 2 | ablarads,
rmkilmns usr mlnutc : ] degrees per second. LA 1/9x 101t | farads.
01} radians per second. o 1/9%10s microtarads.
u BB e 0667 revoluticns per sec, slathenries. 9x 102 abhanries.
covs, per min. per mi. | 1.745x 1073 | rads. per sec. per sec. : i hearies.
&G ST 0.01667 TEYS. DB Min. Ner Sec. 7 5 1 millikenries.
« woowowow | BT 107 | ravs. per sec. yer sec. || statohms 102 ahehims.
ravolullons per second. 360 degrees per secom. “ Ix1p5 megshms.
u e 6.2081 radians per second. 4 4x 1017 micrghms.
“ roE L] revs. per minute. “ B 101 ghms.
TOYS. 116r SEC. per sec.. . B.281 rads. per sec. per sec. || statvelis Ix 10 ahvalts.
e 3600 TEVS, er min. per, min. w e volir
o @ W B0 Favs. per min. per sec. || sleradian: 0.1592 hemispheres
rods.. o 165 feet. “ £.07958 spheres.
w 0.6366 spherica! right angles
Seconds (angle) . .. 8481070 | radians. sleres. .. 19 lers.
sphares (salid angle) . . . 1257 steradians.
spherical right anghes 0.25 hemispheres. Tamp (deg: E:)+ 213 1 abs. temp. (degs. C.)

B U 0.12% spheres. 3+ 11.8 1.8 lemy. (degs. Fahr.).

" L 1.5 sieradians. !emn (degs F )+ tlil] 1 abs. temp. (degs. F.).
snuare centimeters. .. | 1973 10¢ | circular mils, 43 5/9 temg. (degs, Ceat.),

a L 1.076:x 10~ | sqaare lget. tnn: (inng) 1H6 kilograpis.

o = S 0.1558 sfuare inches LN E 240 pounds.

“ 4 10 $quare meters. lnns (mzinc) 192 kllograms.

" B e 100 square millimeters, 205 ounis.
£q. emg-cms.sqd., ., 0.02402 sq. inches-inches spd. tnns (shnrl) %07.7 r‘lhmms.

square feet.. L6105 faeres. [l ¢ (). 2000 OURGS.

A 929.0 $quare centimelers. tnn: (shwl) |ar :q Il 4765 5. per square meter

“« o« 144 square inches, 1189 :nunds per §q. k.

LI 0.09290 Square melars lans (short) per sq.ln.. 1.406:< 1065 £5. 161 SOHare meter.

= a 1507 108 | square miles. Ll e e 2000 pounds per si. inch.

s 1286 Square Yaras.

B /9 square yards, L L — 2117 feet.

. feel-lest sqd... . . 201104 | sq.inckes-inches sod. W 311333 inches,
squarginches. . . [ 127318 | ciscular mils, 5 100526 miles.
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Multiply hy fo ohlaln Multiply by to gbtain
9259 yards. wall-hgurs {conl.} £ TA] kilogram-meters
108 abvolts e 10s kilowatt-hours,
17300 statvqlts, 102 maxwells
3930 107 | abvalts rer em. 168 howrs.
131210 ¢ | statvaits per cm, 10,080 minntes.
604
005692 | B.A. wits per min, il
431“275 ;zrgts per s:cnnd.
: oot-pounds per min, || Yards..... ... 9144 centim
0.7576 | fooi-pounds per sec. 3 iR
13810 5 | hosse-power, 0 36 Tnches.
0.01434 kﬁ -talories per min. 4 0.9144 meters.
104 Kilowatts. e 108 vatas.
1415 British thermal units, || years {common) 365 days.
2635 Tool-povrds, s {0 ) 8768 hours.
1341107 | horse-power-hours. years {leap). . 366 days.
i 08.4605 kilogram-calories. L T 8784 hours.

01
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Inches Inches mm Inches Inches
1-64 01563 307 | 33-54 51563
1-32 03125 794 17-32 53125
3-64 (14688 1.191 35-64 54688
1-16 0625 1.587 9-16 5625
5-64 07813 1.984 37-64 57813
3-32 00375 2.381 19-32 59375
7-64 10938 2.778 39-64 60938
1-8 125 3.175 5-8 625
9-84 .14063 3.572 41-64 64063
5-32 .15625 3960 | 21-32 65625
164 | 17188 | 4366 | 43-64 | 67188
3-16 .1875 4762 | 11-16 L8875
13-64 20313 5.159 45-64 70313
7-32 .21875 5.556 23-32 71875
15-64 .23438 5.953 47-64 73438
1-4 25 6.350 3-4 75
17-64 26563 6.747 49-64 76563
9-32 28125 7.144 25-32 78125
19-64 29688 7.541 51-64 79688
5-16 3125 7.937 13-16 8125
21-64 .32813 8.334 53-64 82813
11-32 34375 8.731 27-32 84375
23-64 .35038 9.128 55-64 85938
33 375 9.525 7-8 875
25-64 .30063 9.922 57-64 59063
13-32 40625 10,319 29-32 ; 00625
27-64 42188 10,716 59-64 92188
7-16 4375 11.113 15-16 9375
29-64 45313 11.500 61-64 05313
15-32 46875 11.906 31-32 6875
31-64 .48438 12.303 63-64 98438
1-2 5 12.700 1 100000

mm
13.097
13.494

13.890
14.287

14.684
15.081
15,478
15.875

16.272
16.669
17.065
17.462

17.859
18.256
18.653
19.050

19.447
19.844
20.240
20.637

21.034
21.431
21.828
22225

22,622
23.019
23.415
23.812

24209
24.606
25.003
25,400
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