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PREFACE

The purpose of this manual is to provide the student with a large number
of illustrative examples together with a plentiful supply of practice
problems. Answers are given for all exercises. Separate exercise sets
feature “formula-type” expressions, many of which require intermediate
additions or subtractions. These are representative of computations
the student will often encounter in practice.

The first twelve chapters cover the C, D, ClI, CF, DF, CIF, A, B, and K
scales. The double-length scale (R, Sq, V ) is also discussed, and alter-
nate procedures are presented utilizing this scale in place of the A-B
scales. No knowledge of trigonometry or logarithms is assumed for this
portion of the manual.

The remainder of the text covers the trigonometric scales (S, ST, T), the
log scale (L), and the log-log scales (LL). The base-10 LL scales andthe
hyperbolic scales (Sh, Th) are briefly treated in the appendix.

The presentation is consistent throughout. Each new slide rule tech-
nique is introduced by examples which are carefully broken down step-
by-step so that the student should have no difficulty following on his
own slide rule. These are followed immediately by several similar drill
problems with answers displayed. Thus, the student may test his under-
standing at once before getting to the main exercise set for the section.
Normally, a good deal of classroom time is given to mastering the basic
operational scales: C, D, Cl, CF, DF, and CIF. Beyond this, time con-
siderations will determine the selection of additional topics for class
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discussion. It is hoped that the text has sufficient clarity and detail to
encourage a certain amount of independent learning by the student.

All of the material in this manual has been used in syllabus form for the
past several years at Los Angeles City College. During this period,
corrections and suggestions by the mathematics faculty at the college
have been gratefully received by the author.

Los Angeles, California A.L.S.
February 1967
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Chapter 1

INTRODUCTION: LOCATION
OF DECIMAL POINT

1.1 Introduction

The slide rule is used principally to perform multiplication, division, and combinations
of these operations. Also, it is very easy to find squares, cubes, square roots, and cube
roots of numbers. Once you have learned to use the slide rule, you will be able to quickly
find answers to the following:

463 x 1.67 x .0277 =7

.64 x5.22 _,
3622

516 = ?
/0744 = ?

175 [4.6x17.2
2.8 3.77

All standard rules also have scales enabling you to find trigonometric‘ functions and
common logarithms; furthermore, if your rule has “log log” scales you can raise num-
bers to any power. Knowledge of these scales will enable you to compute the following:

14.2sin46.5°= 7

log45.7=7?
2314 =7
/33.2="?
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This first chapter is concerned only with the problem of placing the decimal point.
With Chapter 2 you start using the slide rule and it is important that, beginning with this
chapter, you read the manual with your slide rule always at hand. The illustrative ex-
amples are carefully broken down step-by-step, and you should reproduce each move
on your slide rule as it is described. Be sure you understand thoroughly what each move
accomplishes. There are many drill exercises (with answers) for you to practice on.

Mastery of the slide rule is a skill that can only be acquired through repetitive drill;
only in this way will you reach the point where you automatically perform the operations
quickly and accurately.

1.2 Slide rule does not ordinarily
locate the decimal point

Aside from certain operations involving the L and LL scales, the slide rule does not in-
dicate the position of the decimal point in the answer; it merely gives the principal digits,
and you must place the decimal point yourself. Thus, if the slide rule is used to multiply
2.52 by 3.07, the answer will simply be read as a number whose digits are “‘seven-seven-
four.” Clearly, in this case, the answer must be 7.74. Again, suppose the problem is to
divide 64.3 by 2.17. The slide rule will indicate the answer to be a number whose digits
are “two-nine-six.”” Here, it is evident that the answer must be 29.6.

1.3 Locating the decimal point by inspection

In many slide rule operations, the decimal point may be placed simply by inspection.
This is illustrated by the following examples:

Example 1: 3.96 x 12.45 = ““493”

By ““493” we mean the slide rule reading with decimal point unplaced; this notation will
be used throughout the text. In this example, we think of the product as approximately
4 times 12; hence, answer must be 49.3.

Example 2: 2—47— = “1952”

x|

Here, we are roughly dividing 54 by 3, so that quotient should be about 18. Thus, answer
must be 19.52.

00783 ...,
Example 3: 516 363

In this case, the answer is approximately .008 divided by 2, or about .004. Therefore,
answer must be .00363.
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Example 4: 3.75 x .0188 = “705”

We are roughly multiplying 4 by .02, so that product should be about .08. It follows that
the result must be .0705.

To give you some practice in doing this, the following exercise contains a number of
simple products and quotients with the slide rule answers indicated; you are required
to locate the decimal point properly.

Exercise 1-1
Locate the decimal point in the indicated slide rule answer:

1. 2.8 x 4.2 =“1176” 56.2

17. 325 = 1785
2. 5.6 X 6.2 = 3477
0776
18. =122 = «g99”
3. 26 X 3.7 = “962” 2.66
87.5
4. 68 x 0.26 = “1768” (810 _ wgpp
19. oo =366
5. 15.2 x 0.47 = “714”
20. 145 _ «yyp
2.56

6. 165 x 0.74 = “1221”
21. 48.8 x 0.283 = “1381”

14 (13 k3
756" 538 22. 36.0 x 3.24 = “1166”
36 107.5
.""“=“ 32” .___=‘c ”9
8. o ="6 23. = = 238
0. 5 _ orgn 24. 547 x 0.640 = “351
27
240 | 25, % = 702"
, — = 3 27’
10. 2 =47

26. 2630 x 0.533 = <1400

11. 1.75 x 4.24 = “742” 830
27. 595 “1581”
12. 3.22 x 15.7 = “505” )

28. 5050 x 1.85 = “935”
13. 26.2 x 0.485 = “1270”

475 s
14. 25.8 x 1.77 = “457” 29. X 902
].5. 46.6 X 2.07 = ‘s966” 30. 25'9 x 4.40 - “1140,7

16. 3.79 x 5.20 = “1970” 31. 42.6 x 18.7 = “797”
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32. .0366 x 7.23 = “265” 1
37. 555 =311

33, 12:66 _ gy
27.3 148.5
38. —— =“1615"
34 00427 _ o 0o 0.92
© 815

39, 43.6 X 21.7 = “946”
35. 12.75 X 5.62 = “716”

243 o 000862 ., .
36. £5 = “461 40. === 468

1.4 Shifting decimal point in products and quotients

In a product of two numbers, if the decimal point of one of the numbers is moved a cer-
tain number of places in one direction, the decimal point of the other number must be
moved the same number of places in the opposite direction. Ordinarily, the object is
to make one of the factors a number between 1 and 10; it then becomes easier to place
the decimal point in the answer.

Example 1: 1365 x .0000554 = “755”

Here, we may shift the decimal point in the first factor three places to the left, thus
making it a number between 1 and 10. We must then shift the decimal point three places
to the right in the second factor; this corresponds to dividing and multiplying by 1000.
Thus, the product becomes:

365. x .0000554 = 1.365 x .0554 = “755”
P55 > 0%

It is now clear that the answer must be .0755.

Example 2: 304 x 1870 = <568”

In this case, we may shift the decimal point two places to the left in the first factor, and
two places to the right in the second factor:

04. x 1870.00 = 3.04 x 187,000 = 568"
i e
It is now evident that the answer must be 568,000.

In a quotient of two numbers, if the decimal point in the numerator is moved a cer-
tain number of places in one direction, the decimal point in the denominator must be
moved the same number of places in the same direction. Here, the object is usually to
make the denominator a number between 1 and 10, thus simplifying the placement of
the decimal point.
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13 kad

0713
.000225

Example 3:

We shift the decimal point four places to the right in both numerator and denominator:

lond 73 _ 317

000225 2.25

Note that this corresponds to multiplying numerator and denominator by 10,000. Clearly,
the answer must be 317.

1

360~ 22

Example 4:

Shift decimal point three places to the left in both numerator and denominator:

i—‘ .001

_030616. =136 “299.” Answer must be .000229,

32.1 cEnnrs
Example 5: M—- 500

Shift decimal point three places to the right in both numerator and denominator:

32.103 _ 32,100

00643~ 6.43
L1

= “500.” Answer must be 5000.

Exercise 1-2

Locate the decimal point in the indicated slide rule answers:

e

. 2650 x .000165 = “437” = .000724

026 21
2. 324 x 205 = “664”
1.07
3. .0642 x .0322 = “207 8. o5 = 230
4. .000724 x 217 = “1570”
27'6 113 29
9, 210 _ «ggo
5. .026 x 1640 = “426” -0032
12,750
6 361 = 66486” 10 - = 6‘39099

0742 T321
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1. .00724 x .036 = “260” i
1 07 0 6 21. %’%t “K73”

12. 46,000 X .0023 = “1059” )

12.6
2‘ = 113 29
13, 275 _ uggen 22- 50165 763
* 3750
23. 43,000 x .00611 = <262
0.622 ...
14. —oas = 1382 24. 265 x 720 = ““1908”
15. 0.43 x .00026 = “1118” 25. .0045 x .00133 = “598”
L3707 26. ——— = “1980”
17 1 — 44267” 27. 3_"71(% = “270”
" 3750
14.6 ., ..

18. 565 x 407 = “230 28. oo =
19. .0064 x .0024 = “1538” yo, VT4 _ o

640 " 000223
20. So— = *939”

23.6 30. 420 x .00065 = “273”

1.5 Expressions involving several numbers
In many cases involving more than two numbers, the decimal point may still be located

by inspection. However, if the expression appears at all complicated, it is safer to re-
write it with the numbers rounded off to one significant digit.

Example 1: y%(?ﬁ = “1250”

Rounding off:

11. Answer must be 12.50.

37.6 x23.8 40 x20 80 _
71.6 09 7

Note: The “wavy” equal sign means ‘“‘approximately equal to.”

236 x 61.4 . .
Example 2: 1885 < 4.45 1727
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Rounding off:

236 X 61.4 _ 200 X 60

1885 x 4.45 20 x4 150. Answer must be 172.7.

92.3 «1Q00P
Example 3: 537 % 913 1829

Rounding off:

92.3 0 __9%0 _9 .,

Answer must be 0.1829.

TXx17.4%x27 .
Example 4: 0584 = “257

Rounding off:

7 X 17.4x2.75 _ 3x20x3 180 B 18,000

.0584 =~ "6 6 00
Clearly, answer must be 2570.
00332 x 14.7 ..o,
Example 5: 00072 = “B78
Shifting decimal points and rounding off:
00332 x 14.7 332 x14.7 30 x15 450 _ 60

.00072 7.2 7 T
L7

Answer must be 67.8.

Exercise 1-3

Locate the decimal point in the indicated slide rule answers:

65.2x71.6 . . 26 X390 . o
1. T A 436 3. ToxE " 483
9 11.45 x 243 _ “1087" 1 2.61 x 141 _ ,0c.

25.6 ) 6.05
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5. %—% = «1000”

6. %@ = 4047

LR

3. %g;;ﬂ - «928”

9. éﬁ—lf%fz— = 997"
10. z%:ﬂ — 4337
11. F;i?%@ = “463”
12. % = «o77"
13. % = “1465”
14. %ﬁ% = 498"
15, ZEXS2 e,
16. % = «991”
17. % = «“1245”
18. ﬂ(mg_&sgg = “795”
Lo, 785% (;:) 7.20034 _ ayy
20. ﬁg—?’i%z—% = “1113”
gy BE2XITX62_ 00,

432 x 108

22. .0042 x 563 x 27 X 7.6 = “485”
23. 0.46 x 72.3 x 5.22 = “1735”

562,000 x .00463

24. 5 = “940”
25, .0472.:43460 _ «oBpn
26. %;2%1——&;- = “§21”

217. 463 ;;;0524 _ w53y
28. WZZI% = “1124”
29. %i(—()% = *“339”

0. Zogerss ~
s, QXIS g

32. 240 x 36 x .0057 x 0.43 = 212~

37.2 x .072 X 6.3

33. —osex o0aL 1608
382 %624
. om0
036 x .0073 . .
35. 0052 = “505
36 1 = “679”
* 072 x6.4%x0.32
.00468 x 6250 .. _..
37. T = “767
38 2170 _ «qa7”

" 25 x 5.64 X 3.44

0032 x .0843 X 164 .00 .o
39. 21 x 0.63 =334

40. 146 x 21.6 x .0072 = <227~
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1.6 Scientific notation

A number is written in scientific notation when it is written in the form M x 10?, where .
M is a number between 1 and 10, and n is a positive or negative integer.

Example 1: 4630 = 4.63 x 1000 = 4.63 x 10°

Example 2: .000706 = 7.06 = 10,000 = 7.06 x 10—

It is clear that, in each case, the decimal point has been shifted to give a number be-
tween 1 and 10; furthermore, he number of places it has been shifted determines the
exponent of the power of 10. If it has been moved to the left, the exponent is positive;
if to the right, the exponent is negative.

Other examples of numbers converted to scientific notation follow:

number exponent number in scientific notation
5,740,000 6 5.74 x 10¢
.0000307 -5 3.07 x 10-3
0.624 -1 6.24 x 10!
4.75 0 4.75 x 10° =4.75

1.7 Laws of exponents
In the next section we make use of the following laws of exponents:
1. When powers of the same base are multiplied, the exponents are added.
2. When powers of the same base are divided, the exponents are subtracted.
Examples:
a. 103 X 1072 x 10* = 10°-2+¢ = 105

105
_—= 5-3 = 2
b. 155 = 10°-% =10

e 105 ;(()210—3 105-s-7 = 100 = 1
102 X 1073 X 10* _ o 54442-8 _ 10-3
dTexie 10 -1

1.8 Approximation using scientific notation

When rounding off numbers to one significant digit, it is often helpful to put them in sci-
entific notation at the same time. The following examples illustrate the procedure:
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.00713 x 42,300

394 » 0000516 1802

Example 1:

Round off to single digits using scientific notation:

.00713 x 42,300 7 X 1073 x 4 x 10*
324 x .0000516 3 x 102 x 5% 1075

Now, combining exponents:

7x 4 28
x 10-3+4-2+5 = — % 104 = 2 x 10¢
3x5 15

Therefore, answer must be 1.802 x 104 or 18,020.

The above operation may be shortened by simply writing the exponent above each factor
of the numerator, and below each factor of the denominator:

(=3 4
.00713 x 42,300 17X 4
324 x .0000516 3 x5
@ (-5)

X 10—3+4—2+5 == 2 X 104

Example 2: 523 x 46.2 x 73,100 = “1763”

Approximate as follows:

@ @ @
523 X 46.2 X 73,100 = 5 X 5 x 7 X 10?*1+4 =175 x 107 = 1.75 x 10°

Answer must be 1.763 x 10°.

000273 x 6.33 X 6440 ...,
Example 3: 0.821 % 237,000 072

-4 ) 3

000273  6.33 x 6440 3x6x6_ 2
0.821 x 237,000 g g <L =7x107~Tx10
) ®

Answer must be 5.72 x 10-° or .0000572.

412 o
Example 4: TE X362 % 00Td 559
() )
4.12 B T
275 % 36.2 %X 0074~ 3xdx7 0 Ty X100

2 O 3
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Answer must be .0559.

21.2 x .00465 ...
Example 5: 0733 X 1740 x 105~ 113
1) -3)
21.2x 00465 _ 2x5 50

== 1 = — =
033 X 1740 x 105~ Txax1 W=7 =T

-n @@ 9

Answer must be 7.73.

Exercise 1-4

Locate the decimal point using scientific notation. If the answer is very small or very
large, it is better to leave it in the scientific notation form.

1. .000482 x .0000612 = 295 1645 x .0724 ...,
13- 5130~ O
2. 3760 X 28 X 4810 = “506”
104 (3 kAl
g, 0000216 X 587 _ ..y 14 o< e =6 P
" 317,000
15. 176 X 93.5 x .000455 = “749”
2430 x 0.416
. — 46744” 5
-~ 00136 16. 230X IF___ cg91

1726 x 23.7 x 408

’ 00534 % 8670 x 17.5

6. 00720 x 2410 x 35,000 = "607 18. 00577 x 368 X .0305 = “648”

572 % 43,000
7. - 2 = “656” 1 = “1 24”
00375 19. oo 0029 x 644 18
g 873 x0.217 X 5430 _ 00 20. 24.9 x 1740 x 522 x 104 = “2260”
* 7 .000245 x 38.2 ,
.00683 x .0468
21 . — “80399
g, 4:35 X 001675 _ . 7q., 1000792 % .0502
5840 x 21.6 :
56.3 x 16.4 x 10
22. — ‘690777
10. 1 — “907” .000745 x 136.5
68.2 x .000781 x 0.207
000713 X .0644 .. s
100 23- Box1ax10s

. T im0 <567 220

340 X 56.2 x 755 x 12 .,
12. .00713 x 560 x 10-3 = “400” 24. .00439 =3l

11
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5.31 X 66 x 134 X 10—* _ » 28. 436 X 124 x 15.6 x 56.4 = “475”
25. .000294 = 1598
19,000 x 43.6 .. _ .,
0, 140X 36.2 X 0426 _ .\ 29. DI oy = 467
570
27 ‘0774 —_ “62797 30. 3-41 X 563)( .0071 — “354”

392 x 143 x0.22 22.4 x 172,000
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READING THE C AND D SCALES

2.1 Physical parts of the slide rule

That part of the slide rule which is fixed between the end plates is called the body; the
long, movable center portion is called the slide, and the glass runner is called the indi-
cator. The thin, vertical line on the indicator is referred to as the hairline. These parts
are illustrated in Figure 2.1.

Indicator—y Hairline Body ——Slide

1

o -t (o]

C 1 2 3
i ] L I
T T T T

o|D 1 2 3 1 o]

| J
Left index (of D)J Body LRigl'\’r index (of D)
Figure 2.1

2.2 Uniform and nonuniform scales

An ordinary ruler or yardstick is an example of a uniform scale. Here, the distance, say,
between the 2-inch mark and the 3-inch mark is the same as the distance between the
7.inch mark and the 8-inch mark; that is, the interval between consecutive inch marks
is the same on all parts of the scale.

On a nonuniform scale, the distance between consecutive primary markings does
not remain the same on all parts of the scale. Thus, the distance between 1 and 2 may
be greater than the distance between 2 and 3, and so on. Now, if a conventional slide
rule is examined, it will be seen that the L scale is the only uniform scale on the rule;
all other scales are nonuniform.

13
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2.3 Description of the C and D scales

The C and D scales are identical scales located on the slide and body respectively. You
will note that these scales have ten primary marks which are numbered with the large
numerals: 1,2,3,+ + + 8,9, 1. The primary mark corresponding to the large numeral 1 is
called the index of the scale; hence, there are two indexes associated with each scale —
a left index and a right index (see Figure 2.1).

Observe that the distance between the primary marks 1 and 2 is greater than the
distance between 2 and 3, which, in turn, is greater than the distance between 3 and 4,
etc. This nonuniform characteristic of the scale results from the fact that the scale dis-
tances are proportional to the logarithms of the corresponding numbers. Since the
logarithm of 1 is zero, this explains why the scales start with the numeral 1.

Between the primary marks 1 and 2, there are ten secondary divisions which are
numbered with the small numerals 1, 2, 3, * + - 8, 9. These secondary divisions are in
turn divided into ten small intervals. Each of these smallest intervals may be taken to
represent one unit.

Between the primary marks 2 and 3, there are also ten secondary divisions (not num-
bered), and each of these is in turn divided into five small intervals. Each of these small-
est intervals then represents two units. The same is true for the portion of the rule be-
tween primary numbers 3 and 4.

Between 4 and 5, there are again ten secondary divisions, and each of these is di-
vided into two small intervals; hence, each of these smallest intervals represents five
units. The same holds true for the remaining primary divisions between 5 and the right
index.

Portions of the D scale are shown in Figure 2.2, illustrating the markings.

Primary Primary
number mark number mark
Secondary Secondary
division marks division marks
Y Y Y Y Y Y Y Y
LU LU AL LA LY R ALLL LA LB RS BLALAL ||”||||lllllllllllllllllllll ||||ll
e Aq 3
Small interval here Small interval here
represents one unit represents two units
Primary Primary
number mark number mark
Secondary

division marks

Y Y YYVYY Y
—I]]TTITHIIIIIIIHII T ] I T T Illllllll llllllllllll]rl]

-4 Ak 5

Small interval here
represents five units

Figure 2.2
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2.4 Scale setting independent of decimal point

As previously noted, the setting corresponding to a particular number is not affected by
the position of the decimal point. Thus, the setting “237” may represent the numbers
23.7, 2.37, .00237, 2370; that is, the position on the scale is determined only by the digits
“two-three-seven.”

2.5 Reading the C and D scales

Consider that portion of the D (or C) scale between the primary numbers 3 and 4 (see
Figure 2.3). Now if the haifline is positioned directly over the primary number 3, the
setting corresponds to ““300.” This setting may represent the numbers 30, or .0300, or
30,000, and so on. If the hairline is moved over the first secondary division mark, the
setting corresponds to ““310”; that is, it may represent 3.10, or .00310, or 3100. If it is
moved directly over the fourth secondary division mark, the setting corresponds to
“340,” and this may represent 34 or .034, and so forth.

Now consider the setting “346.” It will be located between the secondary division
marks corresponding to “340” and “350.” Inasmuch as there are five small intervals,
or spaces, between the secondary marks, each small space represents two units. Hence,
to locate “346,” the hairline is moved three small spaces to the right of “340.” Again it
is emphasized that the setting for “346” may represent the numbers 34.6, 3.46, 346,
.00346, and so on.

As another example, consider “313.” It will be located between the secondary divi-
sion marks corresponding to “310” and “320.” Remembering that each small interval
represents two units, “313” is set by moving the hairline one and one-half small spaces
to the right of “310.”

These settings are illustrated in Figure 2.3, along with other typical settings in
this range.

“30]" ll310” ﬂ320" “340" “350” “368” “392”

“300” ll305” “3]3" ll327” “333” “346” “36]" “379” M400”

IIIIIIIII[IIII|IIII||III|l||I|IIII]IIII]I!IIIIIIIIIIIIIII

3 4

Figure 2.3

Now observe the portion of the scale between primary numbers 7 and 8, and con-
sider the setting “733.” It will be located between the secondary division marks cor-
responding to “730” and ““740.” Now if the hairline were to be moved over the small
mark between “730” and “740” it would be at “735.” Clearly, then, to locate “733,”
the hairline must be moved beyond “730” just three-fifths of the small interval between
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“730” and “735.” This position must be estimated, and it can be seen that it becomes
difficult to account precisely for the third digit at this end of the scale.
This setting and others in this range are shown in Figure 2.4,

“701” "7] 'l» u722n n733" “765" “786” “8] 'In

“740” “754” “7797 “797” I

“7?5" ‘ “7'i7" \ "73|0”

| ! | |
I 8

Figure 2.4

Finally, consider the left end of the scale between primary numbers 1 and 2. Because
the distance between these two primary numbers is so large, the secondary division
marks here are numbered with small numerals. You will note that when reading this
part of the scale, it is possible to approximate a fourth digit. For example, consider the
location of “1257.” If the hairline is moved over the secondary division mark labeled
with the small numeral 2, its position represents ““1200.” If it is now moved five small
spaces further to the right, the reading is “1250.” Finally, it must be carefully moved
an additional distance estimated to be seven-tenths of the next small space. This
locates “1257.”

This setting and other typical settings are illustrated in Figure 2.5.

“1006”  “1051” “1100” “1200” “1300” “1803” “1910”

“1001”

“1025” “1163” “1257” “1855” | “1955”

I|I|IIII|]IIII|IIII|2IIII|IIll|3l

Figure 2.5

2.6 Accuracy of the slide rule

Suppose you possessed an ideal slide rule, precisely aligned and scribed, with no con-

" struction defects whatever. In reading such a rule, there would still be a possible error
due to the limitation of your eye itself. On a 10-inch slide rule, the error in reading the
C and D scales with the unaided eye is normally about 1 part in 1000. On a 20-inch scale,
the observational error would be about 1 part in 2000, whereas on a 5-inch scale, the
error would be about 1 part in 500.
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Thus, on a 10-inch scale, if the observed position of the hairline is 1003, the possible
error in the reading is about =1, and the exact position of the hairline could be any-
where between 1002 and 1004. Again, if the observed hairline position is 313, the possi-
ble error is about +0.3, and the exact position could be anywhere between 312.7 and
313.3. Finally, if the observed reading is 997, the possible error is again about =1, and
the exact position could be anywhere between 996 and 998.

It is apparent that for readings at the extreme left end of the scale, the fourth digit
is good within =1, whereas for readings at the extreme right end of the scale, the third
digit is good within =1. Ordinarily, the fourth digit is estimated for readings between
primary marks 1 and 2; that is, numbers whose first digit is 1. All other settings are nor-
mally read to three digits only. Thus, typical slide rule readings (involving 10-inch C and
D scales) would be: ©1234,” “602,” “354,” “1365,” “437,” “1187.” To present a 10-inch
scale reading as, say, ““5837” would be unrealistic; here, the observational error is +6,
which makes the fourth digit meaningless.

Exercise 2-1

1. In Figure 2.6, read the indicated settings. Estimate the fourth digit.

T iB (IZ D E F G H ] J

|1I|I[IIII|III||IIII|IIII[IIII|IIII]IIIIIIIII|I|
| 1 2 3 4

K L M N 0] P Q R
IIIIIIII|IIII|IIII]IIII|||II|IIII|IIIIIIIIIIllII[IIIIl!II||IIH|III

4 5 6 7 8 9 2

B C D E F G H ]

K L M N 0 P Q R

Figure 2.6

2. In Figure 2.7, read the indicated settings to three significant digits.



18 READING THE C AND D SCALES

A B c D E F G H |
|

]IIIIIIIII|IIII|IHI|IIII|IIII|IIH[|III|IIII|IIII||II||I|H||I|I||I|I|ll|||

2 3

J K L M N 0 P Q R

II|IIII|I||I|!|I|I|||I|I|I|I|I|III[I]I|I|I|l|||l|!|lll|l|l|l||‘

4 5 - 6

A B Cc D E F G H I
J K L M N 0 P Q R
Figure 2.7

2.7 Reading the L scale

As mentioned before, the L scale is a uniform scale and, therefore, is straightforward to
read. Although the principal use of this scale will be discussed in a later chapter, it
may now be used to check your skill in reading the C and D scales on your own slide rule.

Examination of the L scale shows that it is divided into equal primary divisions
marked 0, .1, .2, + * +, .9, 1. (On some slide rules, the decimal point is omitted before
the numeral; however, it is understood to be there, whether shown or not). Each primary
division is divided into ten secondary divisions each representing .01, and each secon-
dary division is, in turn, divided into five small intervals each representing .002. A portion
of the left end of the L scale, together with some typical settings, is illustrated in Fig-
ure 2.8.

.007 .030 .055 103 129
.001 .016 .044 .086 118

EEEEEEEEEREREEEEEEEE NN A A A L
I I

0 J

Figure 2.8
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2.8 Using the L scale to check C and D readings

Let the slide rule be closed with C and D indexes exactly aligned. Now move the hair-
line over .312 on L, and observe the corresponding reading under the hairline on C and
D. You should be reading “205” on C and D. Next, move the hairline over .617 on L;
you should now be reading “414” on C and D. Finally, move the hairline over 15.45 on
C and D (remember that the decimal point position does not affect the setting; the hair-
line is simply set at “1545”). The corresponding reading on L should now be .189.

The following exercise will further test your ability to properly read these scales.

Exercise 2-2

With rule closed (C and D indexes aligned), carefully note the corresponding readings
and complete the following tables.

L CorD L CorD L CorD
.100 “1259” 989 74.4
200 266 .00433
300 810 100.7
400 .006 37
500 850 10.65
600 030 0.905
.700 517 5080
300 998 0101
1900 389 245 6.87
80 348 4100
132 107.4 0022
950 21.3 1
312 0398 96,300
020 0692 1095
002 5 0.598
405 87,300 1.765

19



Chapter 3

MULTIPLICATION AND DIVISION
(C AND D SCALES)

3.1 Slide ruie adds and subtracts lengths

The slide rule is an instrument which is designed to add or subtract lengths. If these
lengths are proportional to the logarithms of numbers, it follows that adding such
lengths corresponds to multiplying numbers, whereas subtracting the lengths corre-
sponds to dividing numbers. The C and D scales are the basic scales used in these
operations.

3.2 Multiplication of two numbers

The mechanics of multiplication may be illustrated by the following examples:

Example 1: 2x4="7? (Figure 3.1)

1. Set left index of C opposite 2 on D.
2. Move hairline over 4 on C.
3. Under hairline read “8” on D.

Essentially, we have performed the multiplication by adding logarithms:
log 2 + log 4 =log(2-4) = log 8

More properly, we should state that the lengths which are added or subtracted are
proportional to the mantissas of the logarithms. Thus, the slide rule combines the mantis-
sas only and does not account for the characteristic. This is why the slide rule fails to
locate the decimal point.

20
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le——Ilog 4———>
o (e}
¢ 4 ‘.
| 1 T
olp 1 2 g | 1o
~—|log 2—>l
«——og 2 + log 4 = log 8—>
Figure 3.1
Example 2: 16 x 3 =17 (Figure 3.2)
1. Set left index of C opposite 16 on D.
2. Move HL (hairline) over 3 on C.
3. Under HL read “480” on D. Answer is 48.
(o] [0}
cl1 3 1
| | ]
TTTTITIITTIT] L UL T
[e) D ] 1234567892 4 |5 -I fo]
Figure 3.2
Example 3: 20.3x 3.8 =7

1. Set left index of C opposite 203 on D.
2. Move HL over 386 on C.
3. Under HL read 784’ on D.

Rounding off: 20.3 x 3.86 =~ 20 X 4 = 80. Answer must be 78.4.

Example 4: 1765 x .0000422 = ?
1. Set left index of C opposite 1765 on D.
2. Move HL over 422 on C.
3. Under HL read “745” on D.

Shifting decimal points and rounding off:

1765 x .0000422 = 1.765 X .0422 = 2 x .04 = .08. Answer must be .0745.

Exampie 5: 18.35% of 276 is ?
This corresponds to the product 0.1835 x 276.

1. Set left index of C opposite 1835 on D.

21
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2. Move HL over 276 on C.
3. Under HL read ¢506” on D.

Rounding off: 0.1835 X 276 =~ 0.2 X 300 = 60. Answer must be 50.6.

The foregoing examples illustrate the general procedure:

To multiply two numbers:
1. Disregard the decimal point and set the index of C over
one of the numbers on D.

2. Move HL over the other number on C.
3. Under HL read answer on D.

4. Locate decimal point in answer.

Exercise 3-1

1. 1.8 x3.6=
2. 2.4 x2.2="528"
3.14x5.8=
4. 15 x 4.7 = “705”
5. 28x3.7=
6. 2.2 x 35 = “770”
7. 1.4%x52=
8. 11% of 175 = “1925”
9, 28x33=
10. 14 x 2.6 = “364”

11. 17.7% of 234 =.

12. 2.07 x 3.26 = “675”
13. 10.75 x 6.42 =

14. 23.4% of 26.3 = “615”
15. 29.6% of 308 =

16. 1.245 x 14.7 = “1830”
17. 284 x 1855 =

18. 196 x .0000207 = “406

19.

20

1145 x .000641 =

. .000143 x 463 = “662”

3.3 Either index may be used

Consider the product 5 X 0.4. If the left index of C is set opposite 5 on D, it is found that
the number 4 is on the part of the C scale that projects beyond the right index of the D
scale; thus it is impossible to read the answer on D. (Figure 3.3).
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Left index over 5 ——4 is off _sccle

U ——
—

Figure 3.3

If we could somehow extend the D scale for another cycle, the answer would be lo-
cated on this “extended” scale as shown in Figure 3.4.

«—Hairline

U‘.—-—-—l
|
|
|
|
|
A
|
|
|
|
I
|
|
2 |
m |
X
o | i —
e |
a |
®
o
o |
|
a
8 |
o
I —
|
I
O

Answer

Figure 3.4

Now in Figure 3.4, note that the right index of C is opposite 5 on the “extended”
scale. It is clear that the same multiplication may be accomplished by setting the right
index of C opposite 5 on D, moving the hairline over 4 on C, and reading the result on
D. This equivalent operation is illustrated in Figure 3.5.

Hairline—>| Right index over 5
c1 4 1
: T l ! |
D1 2 5 1
}—> l
Answer
Figure 3.5

We summarize with the following statement:

When multiplying two numbers, make the first setting
with either the left or right index of C, whichever one will
ensure that the answer can be read on the D scale.

23



24

MULTIPLICATION AND DIVISION (C AND D SCALES)

Example 1:

9x.04=7 (Figure 3.6)

1. Set right index of C opposite 9 on D.
2. Move HL over 4 on C.
3. Under HL read “360” on D. Answer is 0.36.

Hairline—> ——Right index over 9
Cc 1| 4 ]l
D1 3| 4 o
Figure 3.6
Example 2: 543 x3.26=7
Again, the right index must be used.
1. Set right index of C opposite 543 on D.
2. Move HL over 326 on C.
3. Under HL read “1770” on D.
By inspection, answer must be 17.70.
Exercise 3-2
1. 65x42= 11. 0.74 x 367 =
2, 5.6 X 5.7 = *“319” 12. 6.90 x 22.4 = “1546”
3.84x76= 13. 485 x 2.53 =
4. 93 x 1.7 = “1581” 14. 65.4 x0.392 = “256”
5.46x32= 15. 8360 x .0206 =
6. 37% of 475 = “1758” 16. 7.14 x 64.0 = “457”
7. 56% of 26.7 = 17. 46.5 x 31.2 =
8. 43% of 3240 = “1393” 18. .00945 x 50.6 = “478”
9, 6.25 x 3.40 = | 19. .000486 x 366 =
10. 56 x 40.7 = ““228” 20. 408 x 71.2 = “290”
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3.4 Excessive extension of slide should be avoided

In multiplying two numbers, there is always a choice as to the order in which they are
multiplied. Often, if the numbers are multiplied in one way the slide will extend far out
of the body, whereas if the order is reversed this will not be the case. It is good practice
in all slide rule operations to try to keep at least one half of the slide within the body.

Example 1: 38.4 x .01245 =7

Note that if the left index of C is set opposite 384 on D, the slide extends far to the right;
hence, it is better to begin by setting the index opposite 1245:

1. Set left index of C opposite 1245 on D.
2. Move HL over 384 on C.
3. Under HL read “478” on D. Answer is 0.478.

Example 2: 2.43 x 8.16 =7

Here, the right index of C must be used, and the smaller extension of the slide occurs
when the right index is set opposite 8.16:

1. Set right index of C opposite 816 on D.

2. Move HL over 243 on C.
3. Under HL read “1983” on D. Answer is 19.83.

Exercise 3-3

1. 1.6 x23= 11. 8.2 x 4.06 =

2. 3.7 x 12 = “4447 12. 71.2 x 6.44 = “459”
3.21x2= 13. 21 x63 =

4. 43 x 10.2 = “439” 14. 185 x 0.74 = “1369”
5.56x11= 15. 466 x 14.3 =

6. 6.3 x 13 = “819” 16. 7.24 x 10.65 = “771”
7.230x3.2= 17. 27.5 x 61 =

8. 15 x 19 = “285” 18. 4.2 x 83.6 = “351”
9, 271 x32= 19. 35.1 x0.22 =

10. 5.6 x 3.24 = “1814” 20. 55 x 3.7 = 204"

25
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

33.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

7.6 X 10.45 =

43 x 2.07 = “890”
0.634 x 824 =

12 x 26.1 = “313”
36.2 X 0.209 =

2.57 x 42.6 = “1095”
3.75 X 92.5 =

9.38 x 18.8 = “1763”
32.6 x 3.15'=

25.3 x 9.06 = “229”
2.84 x 56.7 =

3150 x 2.70 = “851”
7.33 x 11.85 =

30.4 x 7.56 = <230~
0.466 x 50.2 =

15.45 x 8.05 = 1244
623 x0.124=

5.77 x 5.77 = “333”
21.8x21.8=

2.56 x .00304 = “778”
.0245 x 432 =

1015 x .00726 = “7137”
6.32 x .00124 =

362 x 243 = “880”

175 X 63.4 =

46.

47.

48.

49.

50.

51.

52.

3.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

5020 % .00318 = “1596”
750 x .0222 =

1085 x 0.986 = “1070”
.0784 x .001135 =

436 x 2160 = “942”
34,600 x .000375 =
.00643 x .00912 = “586”
92.2 x 1250 =

.000254 x 412,000 = “1046”
34.2 x .00664 =

20.7 x 87.4 = “1809”
.00417 x .0505 =

63,200 x .0001095 = “692”
.0759 x .0759 =

(195)* = ““380”

.000612 x 56.7 =

24.2% of 83.6 = “202”
11.55% of 4310 =

75.2% of .0905 = “681”
43.6% of 7.62 =

2.07% of 520 = “1076”
33.3% of 1545 =

123% of .0842 = “1036”
3.05% of 23,400 =

0.62% of 835 = “518”
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3.5 Division

Division is the inverse of multiplication, and is illustrated by the following examples:

Example 1: g= ? (Figure 3.7).

1. Move HL over 6 on D.
2. Slide 3 on C under HL.
3. Opposite left index of C read “200” on D. Answer is 2.

Analysing this operation, it is clear that we have simply found the number which must
multiply 3 to give 6. Also from Figure 3.7, it can be seen that the answer is located
at (log 6 — log 3); hence, we have essentially performed the division by subtracting
logarithms:

log 6 — log 3 = log(6 + 3) =log 2

log 6 » Denominator

c 1 e |
| | | |
D1 2 ]
- =
| =
Answer Numerator

Figure 3.7

Note especially that the haitline is first moved over the numerator on D, the denomi-
nator is then pushed under the hairline on C, and the answer appears opposite the C
index on D.

Example 2: %= ? (Figure 3.8).
1. Move HL over 3 on D.
2. Slide 5 on C under HL.
3. Opposite right index of C read “600” on D. Answer is 0.6.

Denominator on C

c | = |
I 1 1 I
D1 —>:i3 6*1| 1
Numerator on D Answer

Figure 3.8

27



28 MULTIPLICATION AND DIVISION (C AND D SCALES)

5.74 _,

Example 3: 3420 =

1. Move HL over 574 on D.
2. Slide 342 on C under HL.
3. Opposite left index of C read ““1678” on D.

_5.74 _ 00574 _ .006

Write: 2100~ 342 3

Exampile 4: 312 +4.75="?
1. Move HL over 312 on D.
2. Slide 475 on C under HL.
3. Opposite right index of C read “657” on D. Answer is 65.7.

The procedure may be summarized:

=.002. Answer must be .001678.

To divide two numbers:
1. Disregard the decimal points, and move the hairline
over the numerator on the D scale. ‘

2. Move the slide so that the denominator on the C scale
is under the hairline.

3. Read the answer on D opposite the right or left index of
C, whichever is on scale.

4. Locate the decimal point in the answer.

Notice that there is only one order in which division may be performed using the
C and D scales and, unlike multiplication, there is no possibility of the answer being

off scale. However, there are certain combinations which will result in
extension. For example, if 11 is divided by 9, the slide must be moved
out of the body. As will be shown later, this may be avoided by using
folded scale.

Exercise 3-4

62 84
1. 98 3.%—

47 364
, — = “247” , —— = (13 99
2 19 4 11 256

excessive slide
almost entirely
the inverted or

13
5. -

66
, — = 644 5’7
6 145 >



7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

" 45

1075
240

520 _ wq1557

17.6

4.2

Qo

2.7
— ‘62 2’9
31.6 6

12.45

= [ 2’9
3.26 38

282

12

36
— = “Q78”
4.1

= 663607’

— ‘4390”

368
282

1045
47. 54,200

.0613

7240

49. 39.2

- 661305’9

000411
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

w

0' “ t3]
od 590

ot
o

1255

63.1

420

312 1346

* = “255”

o = “1305”

62,700

" 472,000

82.4
33. 21
9.46

— 13 2 e2d
102 921

34.

35. ——=

26‘2 <6 "
36. 0124 211

w

Nt
16.

IS

317.

>

295

38 3600

= ‘68 199’

39. ——

7.59  0no
40. 948 306

920

41. 1436

3.24 “ LH)
42. 56,500 573

00421
43. 217

754 (X3 2%
4. “goza3 = 323

24.6

45. “oged =

= (3 1 41 2
382 6

00944 _

543

237

= “5029’

. 1645 +3.14 =

29



54. 100 + 3750 = “267”
. 55. 28.2 + .000466 =
56. 3.99 + 46.2 = “863”

57. 783 + 9020 =

1 (21 2%
58. 192 203

.0504
59 1675

72,100

0234 208

60.
61. o =
62. —— = “217”

63. ———==

49,200

64. 321

= “1533”

.00723
65. 0211

4300

66. .0182

= “236’7

74,600

67 25.2

.00207

* 000523~ °%

68

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

MULTIPLICATION AND DIVISION (C AND D SCALES)

5

74.
4300

2.43
o [13 42’,
.00071 3

5640
0.920

293

0823~ 206

0.411 _
00624

9430 1o s
0912 1034

00593 _

2.66

4.67 is 35% of

34.5 is 71.4% of

16.25 is % of 23.4

0744 is % of .0913

234 is 123% of

1.345 is % of 12.68

57.4is % of 41.6

6430 is 74.2% of

307,000 is 0.214% of

.0062 is % of 37.6




Chapter 4

COMBINED OPERATIONS WITH
C AND D SCALES

4.1 Ailternating division and multiplication most efficient

234 X 4.65

E :
xample 1 31

?

Here, we may first divide 234 by 312 and then multiply by 4.65:

1. Move HL over 234 on D.

2. Slide 312 on C under HL. This divides 234 by 312; the result at this point is on
D under right index of C. Now to multiply by 4.65, it is only necessary to:

3. Move HL over 465 on C.

4. Under HL read “349” on D. Answer is 3.49.

Clearly, we could have first multiplied 234 by 4.65, and then divided by 312. As will
be seen, the important thing is to alternate the multiplication and division operations,
regardless of which we choose as the initial operation.

16 x 3.40 _,

2, =7
Example 25 % 2.9

In this case, we will first divide 16 by 2.5, then multiply this result by 3.4, and then
divide by 2.9. The steps follow:

1. Move HL over 16 on D.
2. Slide 25 on C under HL. This divides 16 by 2.5; the result is now on D under
right index of C. Next, we multiply this result by 3.4:

31



32 COMBINED OPERATIONS WITH C AND D SCALES

3. Move HL over 34 on C. The result at this point is under the hairline on D.
Finally, in order to divide by 2.9:

4., Slide 29 on C under HL.

5. Opposite right index of C, read “750” on D. Answer is 7.50.

Note that we first move the hairline, then the slide, then the hairline, then the slide —
each move accomplishing an operation. This is the most efficient way to proceed, and
will always be the pattern if division and multiplication alternate with one another.

Verify the following:
143 x 3.7 8.2 x 25
1. —-—lg——29.4 4. 71 1.8_16'04
64 x 28 163 X 6.8
53 33.8 5. 339 x 41 11.65
260 x 42 16 X 6.3 x 1.7
3. a7 74.3 6. 25 %37 18.53
Example 3: &18559—2 =7?

Here, if we first attempt to divide 12.1 by 8.5, the slide will extend far to the left; hence,
it is better to first divide 9.2 by 8.5 and then multiply by 12.1.
Verify that the result is 13.10.

Exercise 4-1

1.§§¥ﬁ= 17{Ew=
2fmém=“w%” 8-%§§fﬂ=“%9
3,lﬁ%§2= 9.2423520=

4. HOX 38 _ w050 10. ——15'(;; 16'57 — “1113”
5.11;;83= 11‘72i;;fm)=

6. BX4T5_ gy 19, 25X52_ iep

5.2 " 3.7x46



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

4.05x 1.25

64 x 17 x 73

36 x 22 x4.3

64%x25

48x15

15 x 3.7

Tixse_ o

6.3 x2.3

1.3x49

23 X 56

sax19_ 07

246 X 52.3 _

252 X 3.6

248 X 516 _ ..o

2.8x7.6x11

3.7x5.1

5.6 x3.2x95

T3x41 0%

18 X 6.2 X 15

13 x 8.4

39 x4l 196

8.4 x12x6.3 _
47x14

— “239”
15 x 9.5

12.65 x 6.44 x 41.7 _

23.6 x 18.45

7.66 x 19.25 x 31.2
62.1 x 10.75

= “689”

3.6x22x58
4.7x1.3x4.5

5.1 X 9-6 X 10'6 . 45782”

78x3.7%x23

13 x 4.1 X 83

22 x 54 X 1.8

COMBINED OPERATIONS WITH C AND D SCALES

30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

46.

.00468 x 6450

64.7 x 1.85 x 0.93
= 13 17’
41.2 x 5.22 x 0.306 169

18.4 X 7.66 x 47.1 _
25.3 x 9.42 x 1.76

073 X 4600

625 % 00375 1432

5600 x 275 _
43,600 x .0122

3.74 = 807

42 % .064 X 1.35 _

310 x .0073

564 x 134 X 0413 _ 0.,

23.2 x 174.5

7.43 X 4.22 X 27.4 _
82 x 6.84 x 4.81

.0263 x 314 x 508

p— 6639597
1.235 x 861

.0327 x 82.1 x 152.5 _
.0662 x 195 x 63.1

.00234 x 9640 x 18.35
.0582 x 482 x 1.036

= “1425”

294 x 4300
14,300

00468 x 6450

— “806”
3.74

21.6 x 8.75 X 20.6 _
43.5 x 2.74 x 5.66

10.75 x 3060 x 1250
185 x 216

= “1029”

-0524 x 5400 x 4.73 _
35.2 x 8.22 x .0293

426 X 68.2 x 6.42 = “g44”

3.14 x 92.3

33



34 COMBINED OPERATIONS WITH C AND D SCALES

47.

47.6 x 0543 x 17.5 _

49 -0346 < 466 x 22.8 _

56.4 x 2300 x .0743 586 X 2.67 x 422

3.96 x 28.7 ' 173.5 x .0852

= “g74” 50

_ 4487979

48

' 37.6 X 4.65 x 63.1

" 72.4 % 14.7 X 706

4.2 Alternating pattern not always possible
with C and D

It often happens that you are unable to alternate the division and multiplication opera-
tions on the C and D scales. Later, you will see how the inverted and folded scales may
be used to advantage in such cases; however, for the present, we will illustrate the pro-
cedure using just the C and D scales.

. _‘l5___= 2
Example 1: Y ERNE
1. Move HL over 45 on D.

ik w

. Slide 26 on C under HL. We have now divided 45 by 2.6, and the result is op-

posite the C index on D. It now becomes necessary to move the hairline over
this result on D so that we may divide it by 3.1:
Move HL over left index of C.

. Slide 31 on C under HL. This divides by 3.1.
. Opposite right index of C, read “558” on D. Answer is 5.58.

Notice that the hairline movement in step (3) was nonoperational in the sense that it
served only to mark and hold a previous result on the D scale.

Example 2: 24x31x47="7

1
2.

3.
4‘
5.

. Set left index of C opposite 24 on D.

Move HL over 31 on C. We have now multiplied 2.4 by 3.1 and the result is
under the hairline on D. In order to multiply again, we must first reset the C
index opposite this result:

Slide right index of C under HL. We are now in position to multiply by 4.7: ’

Move HL over 47 on C.

Under HL read “350” on D. Answer is 35.0.

Note that, in this case, the movement of the slide in step (3) was nonoperational in that
it simply reset the index.

1.

12x36

Verify the following:

75 153
4.9 e =11,
6 2 2.7x5.1 11.11
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3. 1.7x28x4.6=21.9 235
S Tisxzoxsa >0
3.14 X (5.72* _
4. 52 % 0.43 x 3.6 = 80.5 ’ 766 oH
27 x 33 x 6.2
. AT ATl

Example 3: 15 % 19

1. Move HL over 27 on D.

2. Slide 15 on C under HL. We have now divided 27 by 15.

3. Move HL over 33 on C. This multiplies by 33.

4. Slide 19 on C under HL. This divides by 19. We now observe that 62 on C is

off-scale; hence, before multiplying by 6.2 it becomes necessary to reset the
index.

Move HL over left index of C.

Slide right index of C under HL. Now multiply by 6.2:

Move HL over 62 on C.

Under HL read “1938” on D. Answer is 19.38.

gRo@

In this example, both steps (5) and (6) were nonoperational in that they served only to
interchange indexes. In the following chapters you will see how these nonoperational
moves may usually be eliminated by proper use of the inverted and folded scales.

Verify the following:
74 x 21 x 43 2.31 X 2.94 X 2.62
33x 17 119.3 * 5.41 x 5.17 x 4.83 =0.1316
17 x 65 x 15 45.1 x 38.2 x 184.5
2. == 5.69 " 71.6 X 67.3 x 83.2 0.793

Exercise 4-2

620 36
L3~ 5. 26x171
1 95
. = 13 " 6. —_— = 6‘449’9
2 (2.3) 1890 (4.6)2
56 7. 305 _
3 3axsi 2.7y
8. 15 X 2.6 X 1.9 = “742”
4. 3B _ «q05 !
* 21 x4.3° 9, 28x49%x3.1=

35
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

52x3.1x6.1

72 % 0.61 X 1.73 = “760
314 x 4.72 =
3.14 x (1.75)% = “962”

1.6 X8.2x043 x2.6 =

1ox1s 28

7.4 X 26 X 52 _

3.9x15

2.6 x 81 x 12

53x61 B

33 x27 X586 _
14x17

195 x 74.4 x 13.5
51 X 62 X 22

—_ 6‘2819’

324 X 543 x 224 _
771 X 635 x 362

1
2.64 x 5.11 x 0.344

. 66215?7

625  _
3.14 x (1.6472

22

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

COMBINED OPERATIONS WITH C AND D SCALES

30 g
ERTET

57.2 x 41.2
3.14 x (4.6)2

405 x 96
— 667 29
821 x 17.4 x 3.83 10

37.5 x 2.61 X 3.04 _
23.1 -

3.14 x (2.2)? X 1.6 =243~
3.14 X (6.3)2 X 2.9 =

175 x 46.3 x 1.24 x 0.7

1.6 = 325

36.4x51.9
39 x1.74 %57

100 ey g
27x51%x34 214

19.2 X 3.42 X 2.77 _
28.6 B

30.5 x27.6 x 47.2 ., "
13.15 x 16.33 x 1.52 1217




Chapter 5

THE INVERTED SCALE (CI)

5.1 Description of the scale

You will note that the CI scale is identical with the C scale except that it reads from
right to left instead of from left to right. The C and CI scales are related in the following
manner:

If the hairline is set over a number (V) on the C scale, the
reciprocal of that number (1/N) is under the hairline on the
CI scale.

Conversely, if the hairline is over a number on the CI
scale, its reciprocal is under the hairline on the C scale.

5.2 Using the ClI scale to find reciprocals

1
E 1: >
xample 00412

1. Move HL over 412 on C.
2. Under HL read “243” on CI.

1 _1000
00412~ 4.12

It is now evident that the answer must be 243.

Shift decimal points:

37



38 THE INVERTED SCALE (Cl)

Example 2: Find the reciprocal of 6320.

1. Move HL over 632 on C.

2. Under HL read “1582” on CL

. . . _.001
Shift decimal points: 6370 — 6.32

1

Answer is .0001582.

5.3 The DI scale

Most modern slide rules have an inverted D scale located on the body. This scale is
labeled “DI”, and bears the same relation to the D scale as does the CI scale to the

C scale.

Thus, if the hairline is moved over a number on the D scale, its reciprocal is under
the hairline on the DI scale, and vice versa.

Exercise 5-1

Use the CI or DI scale to evaluate:

1.-3712§=
2. Z%:
3.510—7=
e
5.511-21
6.T25=
7. L -
1135
8. L~ -

12
»
>

10

11.
12.
13. ———
14. :

15.

16

[omy

* 7000248

17.

18.

19.

20.

21.

22.

23.

24.

00604




THE INVERTED SCALE (CD

5.4 Using the CI scale for division

Example 1: 234 +61=7?

This may be evaluated in the conventional manner, orit may be treated as the product:
234 x (1/61). Clearly, instead of dividing by a number, we may multiply by the reciprocal
of the number. Thus, the division may be accomplished as follows:

1. Setleft index of C opposite 234 on D.

2. Move HL over 61 on CIL Note that HL is now over the reciprocal of 61 on C;
hence, the rule is in the proper position for multiplying 234 on D by 1/61 on C.

3. Under HL read “384” on D. Answer is 3.84.

Example 2: 8.75+1275="7
1. Set right index of C opposite 875 on D.

2. Move HL over 1275 on CI.
3. Under HL read “686” on D. Answer is 6.86.

Verify the following divisions (use the CI scale):

1. 1075 +240=4.48 6. 920 + 1436 = 0.641
2. 143.5 + 54 = 2.66 7. 368 = 28.2 = 13.04
3. 902 +23.1=39.1 8. 944 + 543 =1.738
4. 5640 - 2.03 = 2780 9. 27.9 + 0.123 = 227
5. 105.7 +~ 82.4 = 1.282 10. 5640 + 0.920 = 6130

(Exercise 3-4 may be used for more drill with this method.)

5.5 Using the Cl scale for multiplication

Example 1: 24.5 x 362 =7

This may be treated as the quotient: 24.5 + (1/362). Obviously, instead of multiplying
by a number, we may divide by its reciprocal. Thus, the product may be obtained as
follows:

1. Move HL over 245 on D.
2. Slide 362 on CI under HL. Notice that the reciprocal of 362 is now under the

39
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HL on C; hence, the rule is in the proper position for dividing 24.5 on D by
(1/362) on C.
3. Opposite right index of C read “887” on D.

By inspection, answer is 8870.

Example 2: 0.327 x 54.5 =7

Instead of multiplying by 54.5, we divide by the reciprocal of 54.5 as follows:
1. Move HL over 327 on D.
2. Slide 545 on CI under HL.
3. Opposite left index of C read “1782” on D.

By inspection, answer is 17.82.

Example 3: .00435 x 722 = ?

Here, again, instead of multiplying by 722, we divide by its reciprocal:
1. Move HL over 435 on D.
2. Slide 722 on CI under HL.
3. Opposite left index of C read ‘314" on D.

Shifting decimal points, it is seen that answer must be 3.14.

These examples illusirate the procedure:

To multiply two numbers using CI scale:
1. Move HL over one of the numbers on D.

2. Move slide so that the other number on CI is un-
der HL.

3. Read answer on D opposite C index.

The important feature of the CI scale is that it enables you to treat multiplication as
division and vice versa. In the next chapter you will see how this scale may be used to
advantage in combined operations.

Verify the following (use the CI scale):

1. 8.2 x4.06 =33.3 2. 27.5 x 61 = 1678



THE INVERTED SCALE (CD

3. 43 x2.07=89.1 7. 0.436 x 7.62 = 3.32
4. 32.6 x 3.15 = 102.7 8. 36.2 x 0.209 = 7.56
5. 30.4 x 7.56 = 230 9. 0.62 x 835 = 517

6. 750 x .0222 = 16.65 10. .0245 x 432 = 10.58

(Exercise 3-3 may be used for more drill with this method.)
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Chapter 6

COMBINED OPERATIONS WITH
C, D, AND ClI SCALES

6.1 Application of the Cl scale to continued divisioh

Proper use of the CI scale often eliminates nonoperational moves when two or more
divisions occur in succession. The following examples illustrate the technique.

: _4n
Example 1: 5736
In Chapter 4, expressions of this type were evaluated using the C and D scales only.
You will recall that it was necessary to move the hairline over the result of the first
division before the second division could be performed.

However, we are now in a position to eliminate this nonoperational hairline move-
ment. First, we divide 410 by 2.7. Then, instead of dividing again by 36, we multiply by
the reciprocal of 36. Thus, the sequence of operations becomes (410) = (2.7) % (1/36).
Note that this exhibits the desired alternating pattern with no nonoperational moves.

The specific steps follow:

1. Move HL over 410 on D.

2. Slide 27 on C under HL. This divides by 2.7.

3. Move HL over 36 on CI. Note that hairline is now over (1/36) on C; hence, we
have effectively multiplied by (1/36). This, of course, corresponds to dividing
by 36. _

4. Under HL read “422” on D. Answer is 4.22.

Verify the following:

35 25

Tl S =2,
9x24 0768 2 5ax16 2%

42
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630 625
S gaxs MM > Faxas
100
164 6. —2__ _ 1964
4 g = 189 86 %92
_ 2,
Example 2: 742 %18

Here, the slide will be in better position if you first divide by 1.85, then multiply by the
reciprocal of 7.42. Verify that the result is 11.07.

Example 3:

——————43 =?
2.6X65x51

The sequence of operations is: (43) + (2.6) X (1/6.5) + (5.7)

1. Move HL over 43 on D.
2. Slide 26 on C under HL. This divides by 2.6.
3. Move HL over 65 on CI. This multiplies by (1/6.5).
4., Slide 57 on C under HL. This divides by 5.7.
5. Opposite right index of C, read “446” on D. Answer is 0.446.
Verify the following:
76.2 45
L o5 x86 0.708 3 STxaix19 2.14
164 2.75 % 63.1
2. 66 x 2.05 1211 * 416 x 3.04 X 5.27 2.61
Exercise 6-1
340 53 «1oaA?
L. 19 x 22 6. 37x62x18 1284
27 100
L — = “20477 . -
2 6.3 x 2.1 7 1.6 x 31 X 6.8
54 370 e
3. 46x175 8. 47x28x%x82 343
19 o 64x47
b ax1s 1979 ) 38x8ix12
27 51 (13 kAl
S T xa1x13 10. 72x18%x71 555

43
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250 x 23 525
1L. 32x1.6x%x84 23. 7.16 X 6.24
16.1
265  wopp 24, ——— = “387”
12. o 2sxsa . 2 270 x .0154
6350
13, 213 _ 25 115 x5.06 x 1475
36.4 x 2.19
1975 camrs
26- 037 % 00564 X 32,100 404
14, oo = 17137
* 4.2 x 2.21 97 1
*1.95%x21.6 X 5.46
8.24
15, ——=— =
2.17 x 9.4 2 025 — 1916
3. 0.18 x 2.6 x .082 x 3.4 1916
254 13 2%
16. 18.2 x 4.63 X 1.35 223 29, 10° =
84.2 x .0365 x 0.475 x 19.6
8.17
17, —==L = 435
1. . R - = 13 99
94> 9.26 30. o xiTexTedx 1 2
1
18, —————— = “1394” 803
5.65 x 1.27 81. 3% 0981 x 1920
19. 755 >1<00 813 32, — 2390X2.14 1000
: : * 0316 x 156.5 X 8.4
31.6 X 68.4
20. = “627” 0.254 B
2.03 X 9.2 x 1.845 33. TR
5.02 3160 x .00584
21. = ° — 99
7.23 x 0.175 x 7.12 34. 2.03 X 920 X .01845 536
115 x 7.65 2500
22. J—_— ) 29 . . -
21.8 X 2.74 x 9.12 1615 35 17.2 x 26.2 X .0462 x 574
6.2 Application of the CI scale
to continued muiltiplication
Example 1: 42x53x32x%x27=7

Here, again, expressions of this type were evaluated in Chapter 4 using only the C and D
scales. You will recall that it was necessary to reset the C index after each multiplication
before the next multiplication could be performed.

However, using the CI scale, we may now eliminate these extra slide movements.
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In the above example, the first multiplication may be handled as a division; that is, 4.2
may be divided by the reciprocal of 5.3. We then multiply by 3.2, and finally, instead of
multiplying again, we divide by the reciprocal of 2.7. The sequence of operations thus
becomes: (4.2) + (1/5.3) X (3.2) + (1/2.7). This has the desired alternating pattern.

The steps follow:

1.
2.

3.

Move HL over 42 on D.

Slide 53 on CI under HL. This divides by (1/5.3) which corresponds to multi-
plying by 5.3.

Move HL over 32 on C. This multiplies by 3.2.

Slide 27 on CI under HL. This divides by (1/2.7) which corresponds to multi-
plying by 2.7.

Opposite left index of C read “1923” on D. Answer is 192.3.

462 x .00334 x 7.54 X 125 _

Example 2: 38.3
1. Move HL over 462 on D.
2. Slide 382 on C under HL. This divides by 38.2.
3. Move HL over 334 on C. This multiplies by .00334.
4. Slide 754 on CI under HL. This multiplies by 7.54.
5. Move HL over 125 on C. This multiplies by 125.
6. Under HL read “381” on D.

Rounding off using scientific notation:

@ 3 ® @
462 x .00334 X 7.54 x 125 _ 5X3 X8 X1, 10 sr0vrz-1 = 30 x 100.

38.2 4
= 30.
0y

Answer is 38.1.

Exercise 6-2

In each case, start with division and alternate the operations.

1.32x61x26= 7. 17Tx3.2%x64=

2. 4.5 1.6 1.8 = “1296” 3. 2_1_><_51’:_gﬁ1 _ «o58”
3. 12x 0.44 X 6.3 = , A3x3Tx72_

4. 5.1 x 4.3 1.2 = “263” . 78
5.28x54%32= 10. éz_x%}rxﬁ = “287”
6. 3.7 x 1.9 x 0.85 = “597” 11. 6.4 x1.8x35x 1.4=
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12, 18 X 0.8 X 2.3 X 2.4 = “795” 565 x 16.45 x 1.23
19. o7 =

13.3.7x48x13x%x2.6=
74.2 X 6.22 x 3.47

1Tx44%x7.2%x2.5 3 . 20. = 4l = “906”
14. % = “481
21 283 x 34.6 x .0405
15. % =

22. 5.42 x 3.55 X 1.72 X 2.16 = “715”

35%x1.5x%x3.3x%x052x%x1.3

16 24 ="4887 93 (2.31) x 0.62 x 4.87 =
17, 61X 19X 65x3.7_ 24. 3.14 X (4.4) X 2.63 = “1599”
’ 43 x 39
25. 3.14 x (2.13)2 x 37.8 =
10.65 X 82 X 7.3 x 0.24 _ . »
18. 5.8 x 19 = 1388 26. 3.14 x (3.48) x 0.633 = “241”

27. 23.5 x .066 x 383 x .001075 =

28. 4.52 x 131 x .00766 x 4.9 x 330 = “733”
29. 3.22 x 5.34 x 12.65 x 2.68 x 0.845 =

30. 210 x 0.65 x 314 x .046 x .0108 = “213”
31.15%x44%x09%x23%x14x%x0.85=

32. 1.9 x85x2.42x0.34x5.6x1.4="“1042”

0.563 x 2.13 x 6.15 X 19.3 _

33. 31.5
175 x 5.11 X 0.335 x 62.4 .
34. 534 = “799

376 x .0394 x .0574 x 14.2 _

35. .00523

6.1 x1.9x(2.4)2x5.6

36. 1.3x 4.3

_ 666699,

54.1 x .0322 x 21 x 164 X 0.94

37. 890 x 154.4

72.4 x 32.5 x 4.12 x 0.533 x 1.265

38 51.6 x 63.4

= “1998”

3.17 X 7.36 x 14.2 X 7.08 x 1.335 x 0.715 _

39 5.55 X 2.06 x 43.2
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10284 x 7140 x 0.127 x 69 x .00121 x 650 .. ...
40. 1000504 x 23.2 X 4.06 =294

6.3 Procedure when the next setting is off-scale

In the exercises presented thus far in this chapter, it has been possible to alternate the
division and multiplication operations without running off the scale. It often happens
that this is not the case, and in Chapter 7 you will see how the folded scales may be
used when the next setting on C or CI is off-scale.

However, the following examples illustrate how this situation may be handled
using just the C, D, and CI scales.

7.4

. S A
Example 1: 34x21x14
1. Move HL over 74 on D.
2. Slide 34 on C under HL. Now observe that both 2.1 and 1.4 on CI are beyond

the D scale; hence, it is impossible to multiply by the reciprocal of either one.
Therefore, divide by 2.1 as follows:

. Move HL over left index of C. This is a nonoperational move.

. Slide 21 on C under HL. This divides by 2.1. Now multiply by the reciprocal
of 1.4:

. Move HL over 14 on CL

. Under HL read “740” on D. Answer is 0.740.

- W

S

Example 2: 21x18x26%x17=7?

. Move HL over 21 on D.

. Slide 18 on CI under HL. Note that both 26 and 1.7 on C are beyond the D
scale; hence, it is impossible to multiply by either of them. Therefore, divide
by the reciprocal of 26 as follows:

Move HL over right index of C. This is nonoperational.

Slide 26 on CI under HL. Now multiply by 1.7:

. Move HL over 17 on C.

. Under HL read “1670” on D. Answer is 167.0.

N =

ook w

It is clear from the foregoing examples that if, during a combined or continuous op-
eration on the C-D-CI scales, a multiplication is off-scale, you may handle it as a division
and proceed.

Exercise 6-3

In each of the following, start with division:

240 41

"39%0.78 2. 31Xz 02

1
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10.

11.

12.

13.
14.

" 42.6 x5.24

"3.9x20x1.6

*2.6%x6.1x0.76

710

"29%x16

212 = ‘69507’

63

"34x13x1.7

83 — 6‘665’7

230

"41x61x12

14

= “1162”

706

432 x 15.25 x 11.6

83.2 _ gag”

6.47 x 1.26 x 11.5

196 _
27 x 7.95 x 0.844

5.8x3.6x0.71 X 6.3 = “934”

7.6x3.5x71x0.44=
1.9x22x15x1.4=“878”

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

53x55x%6.3

7.8 X 6.4 X5.7

7.15 % 3.62 x 0.734 x 0.845 =

= 6‘706”
2.6

28x1.7x1.9 _

6.1

= 6‘677,9
42

2.48 X 1.34 X 1.165 _

6.07

63.4 % 721 X 0.98 _ o0

6.5 X 6.7

3.54

2.8x5.6

1.3x15

32X 18 _ 993

39.4 X 8.66 _

1.73x 12.4

2.15 x 21.7 x 1.98 = «“997”

5.06 x 6.15

8.35x81.3 _
414 x 162 x 12.6




Chapter 7

THE FOLDED SCALES (CF, DF, CIF)

7.1 Description of the scales

If you examine the scales on your rule marked CF and DF, you will see that they are
identical to the regular C and D scales except that they begin and end at 7, thus placing
the index very nearly at the center of the scale. The CIF scale is the inverse of the CF
scale; that is, if the hairline is set over a number on CIF, its reciprocal will be under the
hairline on CF and vice versa.

7.2 Multiplication on the folded scales

An important relationship between the regular and folded scales is the following:

If either index of C is set opposite a number on D, the
index of CF is opposite that same number on DF.

For example, set the right index of C opposite 6 on D, and note that the CF index is
also opposite 6 on DF. Suppose you now go through the following moves with your slide
rule:

1. Set left index of C opposite 2 on D. Observe that CF index is now opposite
2 on DF.

2. Move HL over 4 on C. Under HL read the product, 4 X 2 =8, on D.

3. Move HL over 4 on CF. Under HL read the product, 4 X 2 = 8, on DF.
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Inasmuch as our initial setting put the C index opposite 2 on D, and at the same time
put the CF index opposite 2 on DF, we were in a position to perform the multiplication
on either set of scales, regular or folded.

Let us repeat with another illustration:

1.

2.
3.

Set right index of C opposite 7 on D. Note that CF index is now also opposite
7 on DF.

Move HL over 5 on C. Under HL read the product, 7 X 5= 35, on D.

Move HL over 5 on CF. Under HL read 35 on DF.

7.3 Multiplying a number successively

Example 1: Given the equation ¥ = (2.3)x. Find the corresponding values of y

w N =

4.
5. Move HL over 85 on CF. Under HL read ‘1955 on DF.

when x takes the values: 1.6, 3.8, 5.4, and 8.5.

. Set left index of C opposite 23 on D. CF index is now also opposite 23 on DF.
. Move HL over 16 on C. Under HL read “368” on D.

Move HL over 38 on C. Under HL read “874” on D.
Observe that 54 is off-scale on C; hence, we now go to the folded scales:
Move HL over 54 on CF. Under HL read “1242” on DF.

Results are: 3.68, 8.74,12.42, and 19.55.

Example 2: Given the relation, E = 2.47R. Calculate E when R takes the suc-

b

5.
6.

cessive values: 12.5, 27.6, 46.3, 78.2, and 145.

. Set left index of C opposite 247 on D.
. Move HL over 125 on C. Under HL read 309" on D.

Move HL over 276 on C. Under HL read 682" on D.

Note that 463 is off-scale on C; hence, move HL over 463 on CF. Under HL read
“1144” on DF. ‘ '

Move HL over 782 on CF. Under HL read “1931” on DF.

Move HL over 145 on C. Under HL read “358” on D.

The corresponding values of E are: 30.9, 68.2, 114.4,193.1, and 358.

Exercise 7-1

. Given the formula, R = 3.06T. Find R corresponding to the following values

of T: 1.84, 2.77, 5.75, and 8.24.

. Given the formula, P = .0534Q. Find P correspondmg to the following values
of Q: 214, 56.2, 111, 175, and 321.
. Given the equation, ¥ = (1.34)x. Find the corresponding values of y when x

takes the values: 1.25, 2.75, 3.50, 4.75, and 7.25.
Given the equation, ¥ = (0.635)x. Find corresponding values of y when « takes
the values: 1.25, 2.75, 5.45, 14.75, and 22.6.



10.

11.

12.

13.

14.

THE FOLDED SCALES (CF, DF, CIF)

. A certain distance-time relationship is known to be D = (3.06)T, where D is
distance in meters and T is time in seconds. Find D corresponding to the
following values of T 1.24, 2.35, 3.10, 4.66, 7.25, and 10.45.
Find 36.4% of the following numbers: 12.5, 39.0, 22.4, 185, 211, and 766.
Given the relationship, R = (0.269)L, where L represents the length of a wire
in feet, and R represents the resistance in ohms. Find R corresponding to the
following lengths: 150’, 320', 535', 820', 1150’, 2040’, and 4050'.
A certain gasoline weighs 5.63 lbs per gallon. Find the weights of the following
amounts: 12.5 gals, 28.4 gals, 56.7 gals, 82.4 gals, 130 gals, and 211 gals.
A firm is allowed a 45% discount off list on a certain item. Find the firm’s net
prices corresponding to the following list prices: $4.56, $8.20, $34.20, $11.50,
$204.00, and $107.00. (Slide rule accuracy only.)
An alloy is 23.2% copper by weight. Find the pounds of copper in each of the
following amounts of alloy: 140 lbs, 275 lbs, 560 lbs, 725 lbs, 1120 lbs, and
3060 1bs.
Given the relationship e = (.000148)T, where e is the stretch in inches of a
steel wire, and T is the pull on the wire in lbs. Find e corresponding to the
following values of T: 2500 lbs, 4250 lbs, 6100 lbs, 7800 Ibs, 11,500 lbs, and
26,000 Ibs.
To determine selling price, a merchant marks up his merchandise 374% based
on cost. Find the selling prices corresponding to the following cost prices:
$0.36, $1.74, $0.82, $5.42, $.094, $0.26, and $3.24. Give selling price to near-
est cent.
If a firm gets a trade discount of 20% less 15% less 15%, then the following
formula applies: N = (.80)(.85)(.85)L, where L is the list price, and NN is the net
price. Find N corresponding to the following values of L: $10.50, $150.00,
$43.50, $7.45, $16.50, and $340.00. (Slide rule accuracy only).
m(2.83)N
30
angular speed in rpm. Find ¥V corresponding to the following values of N:
750, 1830, 2400, 5500, and 12,500.

Given the formula: V' = , where V is rim speed in ft per sec., and N is

7.4 Dividing a number successively

Example: Given the relation, P = (56.5)/V. Calculate P when ¥ takes the

values: 17.2, 38.5, 61.4, 81.0, and 106.

When we wish to divide successively by several numbers, it is more convenient to mul-
tiply by the reciprocals.

hwbdE

Val

Set right index of C opposite 565 on D.

Move HL over 172 on Cl. Under HL read “328” on D.

Move HL over 385 on CI. Under HL read “1468 on D.

Observe that 614 is off-scale on CI; hence, move HL over 614 on CIF. Under
HL read ‘920 on DF.

Move HL over 810 on CIF. Under HL read “698” on DF.

Move HL over 106 on CIF (or CI). Under HL read “533” on DF (or D).

ues of P are: 3.28,1.468, 0.920,0.698, and 0.533.

51
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Exercise 7-2

1. Given the equation, y = 16/x. Find y when x takes the values: 2.5, 4.5, 7.5,
10.5, and 14.5.

2. Given the equation, y = 75/x. Find y when «x takes the values: 2.2, 3.3, 6.6,
7.7, and 8.8.

3. Given the equation, y = (2450)/x. Find y when x takes the values: 12.5, 16.7,
24.6, 43.2, and 95.0. v :

4. Given the equation, y = (520)/x. Find y when x takes the values: 15, 25, 34,
58.5, 74.5, 95, 145, and 225.

5. Given the relationship, I = (12.5)/R. Find I when R takes the values: 2.5,
35, 150, 435, and 1650.

6. Given the rate-time formula, r = (47.5)/t. Find r when ¢ takes the values: 0.75,
2.65, 4.35, 13.6, 54.5.

7. The total investment necessary to return $2250 annually is given by the
formula, P = (2250)/r, where r is the annual interest rate. Find P when rtakes
the values: .025, .045, .075, .125, and .150.

8. Given the formula, N = (5400)/R, where N is the rpm of a belt-driven pulley,
and R is the radius of the pulley in inches. Find N corresponding to the follow-
ing values of R: 3.25", 4.25", 6.50", 8.75", and 10.5".

360

9, Given the temperature-time relationship, T = - + 20, where T is temper-

ature in degrees Centigrade, and ¢ is time in minutes. Find T corresponding
to the following values of ¢: 25, 55, 125, 325, and 1500.

10. Given the formula, B = #(2.7)*/W. Find B corresponding to the following
values of #: 1.055, 1.645, 2.06, 4.85, and 7.22.

7.5 Other operations involving the folded scales

The preceding exercises have shown that if, during an operation on the regular scales,
a hairline setting is off-scale, the setting may normally be made on the folded scales.
Conversely, if the operation is proceeding on the folded scales and a hairline position
is beyond the scale, the setting may usually be found on the regular scale. Therefore,
proper use of the folded scales will eliminate the nonoperational moves which are often
required when operating with just the C, D, and CI scales.

28 x 13 _

?
41

Example 1:

1. Move HL over 28 on D.

2. Slide 41 on C under HL. The result of this division is now opposite the right
index of C on D, and is also opposite the CF index on DF. Hence, the next
multiplication may be carried out on either the regular or the folded scales.

3. Observe that 13 is off-scale on C; therefore, move HL over 13 on CF.

4. Under HL read “888” on DF. Answer is 8.88.
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A 45 x5.70

Example 2: T8x12

1. Move HL over 45 on D. :

9. Slide 18 on C under HL. Now, as before, the next multiplication may be carried
out on either the regular or folded scales. We note that 57 is off-scale on C;
hence, we go to the folded scales:

3. Move HL over 57 on CF. Result at this point is under HL on DF; therefore, the
next division must be made using the CF scale:

4. Slide 12 on CF under HL. Answer is now opposite CF index on DF, and is also
opposite C index on D. This will always be the case; thatis, whenever the result
is opposite an index, it may be read on either DF or D. You will probably prefer

reading on D.
5. Opposite left index of C read “1188” on D. Answer is 118.8.

Verify the following:
29 X 6.5 35.2 x 22.6
1. ———=13.4 =1,
14 7 8.41 x 12.5 7.5
23 x 143 173 x 154
2, —————=178.3 =1
42 7 5 276 x 77 1.254
48 % 1.7 _ 26.4 x 11.4 _
3. 7353 =98 6. 118925 7
48
Exampl : —=7
ple 3 21x1.1

1. Move HL over 48 on D.

2. Slide 21 on C under HL. Now we must multiply by the reciprocal of 1.1. Ob-
serve that 11 is off-scale on CI; hence, go to the folded scales:

3. Move HL over 11 on CIF. Under HL read “208” on DF. Answer is 20.8.

Verify the following:
22 280
1. ———=0. . ————=1L
3.8x6.4 0.905 4 16.5x12.3 1.380
175 56.3
2, —————=17.62 « —————=18.
4.1%5.6 7.6 5 2.77 x1.085 18.74
3. —68——= 16.25 6. 183 8.81

2.7%1.55 362x5.74
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5200 x 630 _,
2.9 x 023 % 0.27

Example 4:

Move HL over 52 on D.

Slide 29 on C under HL.

Note that 63 is off-scale on C; hence, move HL over 63 on CF. The next di-

vision must be made on the folded scales:

4.. Slide 23 on CF under HL. The result at this point is opposite CF index on DF,
and is also opposite C index on D; therefore, the next multiplication may be
carried out on either the folded or regular scales. In this case we must multiply
by the reciprocal of 2.7. »

5. Observe that 27 on CIF is off-scale; hence, move HL over 27 on CI.

6. Under HL read “1819” on D.

we=

Rounding off using scientific notation:

@ @
5200 x 630 5% 6 5
== F2-042+1 =2 8 ~ s
29x 03021 3x2x3 ¥ > X 10° =~ 1710
® 2 D

Answer must be 1.819 X 103,

It should now be clear that, after an operation which involves moving the slide, the
hairline may then be positioned on either the regular or folded scales. If the regular
scale is chosen, the operation must continue on the regular scales until the next hair-
line movement when, agair, a choice may be made. If the folded scale is chosen, the
operation must continue on the folded scales until the next hairline movement when,
again, a choice exists.

It is important, then, to keep in mind the following:

During a combined or continued operation, one may shift
from the regular to the folded scales, or vice versa, only
when the hairline is moved.

Verify the following:

55 x 13 2.32 x 6.25 x 1.15

" Box68x35 o 4 ixs0z 0903
75 X 53 X 29 615
2. 36 x 47 68.1 5. 3.14 x 1.45 x 1.45 9.1
3 5% _gi18x10- 6 136.5 x 726 = 8.41 x 106

31 x 17 x 1300 * 0.273 x .0514 x 0.84
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Example 5: 3.3x41x0.84x0.76 x55.=7?
1. Move HL over 33 on D.
2. Slide 41 on CI under HL.
3. Move HL over 84 on CF.
4., Slide 76 on CIF under HL. Note that 55 is now on-scale for both regular and

folded scales. Suppose we choose the regular:
Move HL over 55 on C.
Under HL read “475” on D. Answer is 47.5.

> o

Verify the following:

1. 1.8 x2.8x%x1.4x2.3=16.23 3.32x21x1.3x12x4.7=49.3

55.5 X 15.4 x 7.45 x 5.2 3.14 x 2.06 x (6.25)
2. = . . =
263 126.0 4 762 33.2
Example 6: 1 ?
9.1 X 0.85

Here, the slide will be in better position if the operation starts on the folded scales. Ver-
ify that the result is 1.422.

Verify the following:

Start each operation on the folded scales:

110 13.6x12.4
1. 8.2x41 3.2 4. 9.2x5.6 =3.2
8.6 94 _
2. 1.3x1.7 3.89 5 12.3%x3.72x2.8 0.733
112 x 14 _ 115 X 1.08 x 2.16 _
3. T 18.90 6. 515 =293

The techniques which have been illustrated thus far are basic, and they must be
mastered if you are to use your slide rule with greatest efficiency. Many users of the
slide rule have never developed the habit of properly utilizing the reciprocal and folded
scales. This means that they make more moves and settings than necessary, which, in
turn, increases the chance for error. It is important that you force yourself to use the
reciprocal and folded scales until it becomes second nature; you should be just as com-
fortable and confident with these scales as with the C and D scales.

The following exercise set is designed to give you more practice with combined op-
erations. See if you can go through them without making any nonoperational moves.

55
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Exercise 7-3

1

10.

11.

12.

13.

14.

15.

16.

‘48 x 13

Q72 x64

5.6 x17.8
25

22

"ITxT1 69

. 41x49x0.77 =

19 x 21

_ “640”

12 x6.4 X 1.7
9.3

33 _ «q7g5”

.1.9%x24x%x21x%x0.74 =

8.7x 21 x5.3

ix76 1198

37X 26

‘81x72

9.3x84 .
1.1x1.3x27 202

12X 10.5 X 2.9
88%x94

78x2.1x 14

35x93 (0

25x49x3.1
1.6x23

4.2 x 27 x 3.2

63x59 _ 2

42 x 4.5 X 0.52 _
17

76
106 x 1.2 x 1.5

o 6‘40279

51.7 x 64.7

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

130

8.6 x 0.927

4.1 x (56.2)2 = “1109”

28 x 19

58 x (2.1°

(5.2)8 x 1.25 = “1757”

20x 32
9.75 x 9.3

74.1 x 6.55 x 9.25
4.26

—_ 66105479

19.6 X 1.12 X 2.43 _
7.95 x 0.844

83.2
1.26 x 6.47 x 11.5

— 468889,

17.2x120
28.4 % 34.2 X 6.05

8.2 _
(1.12y

6 tad

46.5 _
(2.1

100 (33 2?
I52x324x 185 >0

62.5 X 5.94 X 6.47
10.3 x 1.13 x 1.245 —

12.6 X 15.7

T Tl <06 220

12.65 x 6.21 X 2.77 _
8.34 x 4.56 X 3.69

24.6 x 152
3.85 X 4.27 x 6.23 x 5.76

= 6‘634”

33

* 206 x235x568x17.2



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

S52.
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7.12 % 0.645 x 4.73 x 5.25 = “1140”
5.84 X 3.6 x 0.211 x (1.43)* =

47.8 X 96.4 x 12.4 — «308”

18.3 x 2160

2650 x .0624

24.3 x 5.62 X 7.07 x 19.2

0364 x 16.45 _

723

485 13 122779

.00264 x .0663 x 0.824 =

138 x 149~ 004

926 x 82.6

.00473 x 1150

0113 132 x 264

572 % 0862 1103

.0224 x 486 x .00308 _

0.154 x .0196

0226 X 1940 X 173 _ 000

845

184 X 11.6 X 23.6 _

7840 x 836

.00314 x 2960 x 52.6 x .0345 = ‘1687

1

13.6 x (02647

718 x .000617 x 75.2

= “1355”
10246
392 x (.0616) =
28.2 _ o90

00416 x 7.22 x 32.4

00743 x (46.2 _
21.7

59.2 x .00134 x 410 x 0.512 x 8.3 = “1382”

57
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4.01 x 232 x 1.345 _
96.8 X< 16.75
1

54. GTeax 1B < 275 587

53.

16,000 _
" 26.2 x 9.57 x 100.4

55

.0743 x 575 _ g

56. 100524 x 8540 x 17.5 x 10-3

.0816 x 1075 x 5.20 x .0625
426 x .00347 h

57.

6420 x 10*
1735 x 24.6 x 402

58 = 374"

59. 752 x 14.65 x 247 x 60.3 =

4.62 x 1575 x .00288 ¢498”

60. 362 x 5.71 X 23.7 X 10-3

7.6 Multiplication and division by =

Inasmuch as the folded scales begin and end at 7, the following relationship holds:

If the hairline is moved over a number N on the D scale,
then the product (7 X N) will be under the hairline on DF.

Conversely, if the hairline is moved over a number N on
DF, the quotient (N + ) will be under the hairline on D.
The C and CF scales are similarly related.

This means that, given the diameter, we can find the circumference of a circle with
a single setting. Also, we may eliminate one operation when evaluating combined ex-
pressions involving .

Example 1: Given circles with diameters 2.43 inches, 5.75 inches, and 12.6
inches. Find the respective circumferences.
1. Move HL over 243 on D. Under HL read “764” on DF.
2. Move HL over 575 on D. Under HL read <1806” on DF.
3. Move HL over 126 on D. Under HL read “396 on DF.

Answers are: 7.64 in., 18.06 in., and 39.6 in.
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7T><6.84=?

Example 2: 331

1. Move HL over 684 on D. Now 7 X 6.84 is under HL on DF; hence, we need only
divide by 8.31 on the folded scales:

2. Slide 831 on CF under HL.

3. Opposite left index of C, read “258” on D. Answer is 2.58.

13 5

Example 3: m =

1. Move HL over 13 on DF. Note that 13 + 7 is now under HL on D; hence we
continue on the regular scales:

2. Slide 73 on C under HL.
3. Opposite right index of C, read ‘567 on D. Answer is 5.67.

Exercise 7-4

1. Find circumferences of circles with following diameters: 2.68, 1.77, 7.05,
0.421, .0543, 17.6, 50.2, and 1.155.

2. Find diameters of circles with following circumferences: 20.4, 14.2, 83.7,
178.5, 0.417, 2430, .0206, and 1.09.

36.1 X 7 _
4.75

T X 26

73 - 1134

45X 7
5. 93 =

7 X173 oo
6. s a4 - 223

7. X 64x13=
8. mx27.3x0.44 =377
9. 7 x (1.9 =

10. 7 x (4.1 = “528”

123
1. X634
12. 172 _ gogn

T %24

59
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275

13. <3846~

56.2
14. —_ [13 9
o X 2.34 765

92.4

15, ——=— =
5 ax @157

7.7 Formula types

When substituting into formulas, we must often evaluate expressions similar to the

following:

26.5 9
5.40 —(6.25x0.123) °

Example 1:

1. Verify that 6.25 x 0.123 = 0.769.

2. Expression now becomes:

26.5 26.5 265

540 —0.769 4.631 4.63

Note that for slide rule computation, we round off the denominator to three

significant figures.
3. Verify that answer is 5.72.

Example 2: 244 670 =?
4.60 [2.30 + §2—0]

6.70
. Verify that —— = 0.81
1. Verify t at8.20 0.817

2. Expression now becomes:

244 244

244

4.60(2.30 + 0.817) ~4.60 x 3.117 = 4.60 x 3.12

3. Verify that answer is 17.00.

22.2
1,1
2" 48

Example 3: =7?

1.
2.6 3.

1. Use reciprocal scale to verify that:
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— = (.385; L 0.312; 1

1
2.6 32 18~ 0-208

2. Expression becomes:

22.2 222
0.385 + 0.312 + 0.208  0.905

3. Verify that answer is 24.5.

Exercise 7-5

41

LiTGexin

120

2 I @5 x .016)

36.3
3. 7.60 [12.40 + 7—ﬁ] =

520
4, —— =
3.25
6.70 + L6
28.6
1500

2717+ _3—63

5

6 375 3
) 32.67
2.88 [1.84 + 45.2]

e 47,500 _

1
165 [.027 + 556]

8. 1 -

375
00224 [2.63 —m]

1
9'L+L_
18735

67.3
10. I N 1 N 1
372 423 1725
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11. .0865 _
1. 1,1
450 175 620
164 _
12. — 15.2 [17.2 + (136 x 0.245)] =
254
13. — = 6450 [368 — (26.6 x 2.T)] =
136
14. (6.22 — 2.68) [37 2+ . 22)2] =

15. .75 — 1.37) [165 4 237 ] _

(2.75)2
3.72 X 3.16
16. 26.5 | — | =
6. 26.5 [3.72 - 3.16]
.01465 x .01452
17. 3.27 x 107 [01465 01452]
18 16.3 [3.75_3.25] _
T (1722 12.24 2.76
19 2 [1 68 1. 44]
* (0732 L7152 86.7
i A
20. Given the formula: P =
1+rt

Evaluate P if:
a. A=237,500, r=.0775,t =14
b. A =750, r=0.125,¢=17

21. Given the formula: § = —S + _]l_?_g

Evaluate S if:
a. P =8400, 4 =2.86, M = 6350, c = 3.20, I = 11.65
b. P =12500, 4 = 4.27, M = 7500, ¢ = 4.62, I = 16.55

I+ Ay?

22. Given the formula: y, =

Evaluate y, if:
a. I =562y, =6.854
b. I =31.7,y,=466, 4

mx, + myx, + mgx,

23. Given the formula: x =
m, + m, +m,

Evaluate % if:
a. m =26,x =17 m,=35,x =45 m;= 52, x, =717
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b. m, = .0375, x, = 10.8, m, = .0466, x, = —5.05, m, = .0226, x, = 21.2

24. Given the formula: V' = %{%—3
at

Evaluate ¥/ if:
a. V=270, H=>524, a = .00367, ¢t = 62.5
b. ¥V =1500, H = 1340, a = .00367, ¢t = 140
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Chapter 8

RATIO AND PROPORTION

8.1 Definitions

The ratio of a number M to another number N is the quotient M[N. Thus, the ratio of
4 to 3 refers simply to the quotient 4/3.

A proportion is a statement of equality between two ratios. The following represent
examples of proportions: ’

9.
4’

|

3 6_
8 4

[\

A statement of equality involving more than two ratios may be called a continued
proportion. Following are examples of continued proportions:

It is often stated that M is directly proportional to N. This simply means that the
ratio of M to N is constant.

8.2 Proportional settings on the C-D (CF-DF) scales

Suppose the slide is set so that the number M on the C scale is opposite the number N
on the D scale. Then, for this position of the slide, the ratio of any other number on C
to its opposite on D will be the same as the ratio of M to N. A similar relationship holds
for the CF and DF scales.
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Example 1: Find several ratios equivalent to 3/2.

1. Move HL over 2 on D.

2. Slide 3 on C under HL. The ratio 3/2 has now been set on the rule with the
numerator on C opposite the denominator on D. Notice that 3 on CF is oppo-
site 2 on DF; hence, opposite readings on the folded scales will also be in the
ratio 3/2.

3. Move HL over 4 on C. Read 267 on D.

4., Move HL over 9 on. C. Read ““600" on D.

5. Move HL over 12 on CF. Read “800° on DF.

In this case, we have simply discovered the following continued proportion on the

C-D (CF-DF) scales:

CCK) 3 _ 4 _
D(DF) 2 2.67

In the foregoing example, all the numerators appear on the C or CF scale, the de-
nominators on the D or DF scale. Of course, the original ratio could have been set with
the numerator on D and the denominator on C, in which case all the other numerators
would be found on D (or DF) and denominators on C (or CF). In the following examples,
the denominator will always be set on D (or DF).

Example 2: Solve the proportion:
27 _=x
1.9 43

This could be handled by first solving for x, and then performing the combined multipli-
cation and division in the usual manner. However, in Figure 8.1 we illustrate how the
proportion may be set up and solved directly on the slide rule without changing its form.

\e 27 ; !
2 lig 4'3 \

Figure 8.1

. Move HL over 19 on D.
. Slide 27 on C under HL. The known ratio is now set with numerator on C and

denominator on D.
3. Move HL over 43 on D. Under HL read “611” on C.

DN -

Answer: x = 61.1.
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Example 3: Solve the following proportion on the C-D (CF-DF) scales.

C(CF) 45.1 2.2y

DDF) 73 x 125

1. Move HL over 73 on D.

2. Slide 451 on C under HL.

3. Move HL over 22 on C. Under HL read “356” on D.

4. Move HL over 125 on DF. Under HL read “772” on CF.

Answers: x = 3.56, y = 7.72.
Verify the following:

25 _ v

2 o VT 138.2

1. =

143 29.5
2. R 675 R=32.7

TL5_124.
3. 45p=7 [=75.4

3.65 x _ y
* 5.90 224 063’ x=15.72, y=0.442

53 91 152

5. 222 292
TRl 2.56, V,="13.5
183 W 1235
3T Teds L W =882,L=232

Example 4: Solve the following proportion on the C-D (CF-DF) scales.

C(CF) 11.2 « 211
D (DF)" 8.63 415 ¥

When the numerator and denominator of the given ratio are at opposite ends of the C
and D scales, it is more convenient to set the ratio on the folded scales:

1. Move HL over 863 on DF.

2. Slide 112 on CF under HL.

3. Move HL over 475 on DF. Under HL read “616”’ on CF.
4. Move HL over 211 on CF. Under HL. read “1627” on DF.

Answers: x = 61.6, y=1.627.
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Verify the following:
125 x
1. 91 —I-Sg; x=2.54
205 8.34
2. —=——; x=28.
PR
45_ vy _132 -
3 TTez 9g ¥ 3y=22
x 113 125
4.. —_——=—— e — = . = .
61" 88 y,x 78.4,y=97.3
: X _o01 . .,
Example 5: 0275 - 6.2 X=1

We may shift the decimal points three places to the left in the right-hand ratio, thus
making its denominator comparable with the denominator of the left-hand ratio:

X _ .000142
0275 .0562

Since .0275 is about one half of .0562, X must be about one half of .000142. Verify that
X =.0000695.

. 0345 126 .
Exampile 6: T2 - x° X=7

Shift decimal points in the left-hand ratio:

3.45 _12.6
16200 X

Since 12.6 is about four times 3.45, X must be about four times 16,200. Verify that
X =59,100.

Exercise 8-1

Solve for the indicated letter or letters:

1 X _384 3 X _119
" 412 6.21 " 60.4 416
g X _212 4 4.16 _ X
" 7.08 29.6 21.9 504
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12.

13

14.

15.

16.

17.

18.

19.

20.

21. -

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

03717 F
12.75 6240

.00452  0.724
F 1255

X Y 1255

0824 504 2.79

856 X Y

475 254 521

3.45 0.614 2.75
2.7V, V,

136__ X _ Y _42
745 624 105 Z

465 ¥V 1435 Z
X 212 327 17.60

X 382 16.38 640

904 Y 52 Z

48 R_ R, _ R

211 .00482  0.204 0.651

0716 _ I
0.477 38.2 275 1050

1250 640 2670 135

835 T, T
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8.3 Conversion of units and other applications

Example 1: There are 16 ounces in a pound.
a. Convert to ounces: 4.3 1bs, 0.77 1lbs.
b. Convert to pounds: 37.6 oz, 11.2 oz.

Here, the ratio of ounces to pounds is constant. Putting “ounces” on C opposite
“pounds’” on D, we may write:

C: oz
D: Ibs

= constant; (setting: 16 oz opposite 1 [b)

The continued proportion may be indicated in tabular form:

oz |[C(CF)|16] ? | ? |37.6]11.2
bs DOF |1 [43]077] 2 | 2

Slide 16 on C opposite left index of D. This sets up the desired ratio on C-D.
Move HL over 43 on D. Under HL read “688’" on C.

Move HL over 77 on DF. Under HL read “1232” on CF.

Move HL over 376 on C. Under HL read “235” on D.

Move HL over 112 on CF. Under HL read “700” on DF.

s wh e

Answers are:

a. 68.8 0z,12.32 03; b. 2.35 lbs, 0.700 1bs.

Example 2: 33 knots is equivalent to 38 mph.
a. Convert to mph: 40 knots, 6 knots.
b. Convert to knots: 10 mph, 25 mph.

Putting “knots” on C opposite “mph” on D:

C: knots _ . . .
m = constant; (setting: 33 knots opposite 38 mph)
knots | C(CF) |33 |40]6] ? | ?
mph [D(MDP[38] 7?2 [?[10]25

1. Move HL over 38 on D. Slide 33 on C under HL. This sets up the ratio on C-D.
2. Verify the answers:
a. 46.1 mph, 6.91 mph; b. 8.69 knots, 21.7 knots.

Example 3: On a map 1 inch is equivalent to 75 miles.
a. Convert to miles: 5.2 inches, 0.34 inches.
b. Convert to inches: 950 miles, 225 miles.

Putting “inches” on C opposite “miles” on D:

C: inches . . .
———— — constant; (setting: I inch opposite 75 miles)
D: miles
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inches |C(CF) | 1 52034} ? | ?
miles |DOF) 751 2 | 2 Jo50]225

1. Set right index of C opposite 75 on D. This sets the constant ratio on C-D.

2. Verify the answers:
a. 390 miles, 25.5 miles; b. 12.67 inches, 3.00 inches.

Example 4: A steel bar stretches .0073 inches under a load of 1200 lbs. If the
stretch is directly proportional to the load, find the corresponding
extensions of the bar for loads of 750 lbs, 2600 lbs, and 4250 1bs.

Inasmuch as this is a direct proportion, the ratio of stretch to load is constant. Putting
“inches” on C opposite “lbs” on D:

C: inches

D: Ibs = constant; (setting: .0073 inches opposite 1200 lbs)

inches | C (CF) | .0073 | ? | ? ] 7
bs | D (DF)| 1200 | 750 | 2600 | 4250

1. The slide will be in better position if the ratio is set on the folded scales. Move
HL over 1200 on DF, slide 73 on CF under HL.
2. Verify the answers:

.00456 inches, .0158 inches, and .0258 inches.

Exercise 8-2

1. 53 liters is equivalent to 14 gallons.
a. Convert to liters: 1 gal, 4.8 gal, 12.5 gal.
b. Convert to gallons: 1 liter, 21 liters, 85 liters.

2. 30 mph is equivalent to 44 ft per sec.
a. Convert to mph: 217 ft per sec, 68.2 ft per sec, 10 ft per sec.
b. Convert to ft per ses: 48.2 mph, 21.7 mph, 85.6 mph.

3. 1 kilogram (kg) is equivalent to 2.2 lbs.
a. Convert to lbs: 3.5 kg, 75.4 kg, 125 kg.
b. Convert to kg: 34.6 lbs, 164 lbs, 4.75 Ibs.

4. 14.7 Ibs per sq in. is equivalent to 29.8 inches of mercury.
a. Convert to inches of mercury: 21.2 lbs per sq in., 6.32 lbs per sq in., 135
lbs per sq in.
b. Convert to lbs per sq in.: 0.723 inches mercury, 17.4 inches mercury.

5. On a map 1 inch is equivalent to 64 miles.
a. Convert to miles: 2.4 in., 0.375 in., 4.75 in.
b. Convert to inches: 150 miles, 275 miles.

6. 1 mile is equivalent to 1.61 kilometers (km).



7.

10.

11.

12.
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a. Convert to km: 57.5 miles, 1245 miles, 845 miles.
b. Convert to miles: 452 km, 13.4 km.

7.48 gals of water weighs 62.4 1bs.
a. Convert to lbs: 1 gal, 17.4 gals, 112 gals.
b. Convert to gals: 1940 lbs, 22.6 lbs.

1 horsepower is equivalent to 746 watts.
a. Convert to hp: 124 watts, 36,500 watts, 1000 watts.
b. Convert to watts: 31.6 hp, 0.524 hp.

31 square inches is approximately 200 square centimeters.
a. Convert to sq in: 350 sq cm, 62.5 sq cm, 756 sq cm.
b. Convert to sq cm: 148 sq in., 9.40 sq in.

In a circuit with constant resistance, the amperage (I) is proportional to the
voltage (E). If I = 8.74 amps when E = 120 volts, find I corresponding to E
= 27.5 volts, 110 volts, and 14.5 volts.

At constant velocity, distance is proportional to time. If it takes 10.5 hours
to travel 645 miles, find the distance traveled in 1 hour, 6.25 hours, and
14.25 hours.

It requires 3.75 gallons of paint to cover 1450 square feet of surface. Assuming
a direct proportion, find the amount of paint needed to cover 2100 sq ft,

6400 sq ft, 35,000 sq ft.
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Chapter 9

SQUARES AND SQUARE ROOTS
(A, B, R, SQ, ANDV SCALES)

O.1 Description of the A and B scales

The A and B scales are identical scales located on the body and slide respectively. Notice
that each half of the A scale consists of a complete scale similar to D; thus, the A scale
is made up of two half-length D scales, one next to the other. The two sections of the
scale will be referred to as “A-left” and “A-right.” Similar reference will be made to
the B scale.

Since one complete A scale is half the length of the complete D scale, it follows that
if the hairline is moved a certain distance along the D scale, it has effectively moved
twice that distance relative to the A scale. For example, if the hairline is moved to the
quarter point on D, it is at the half-way point on A. Inasmuch as these distances are pro-
portional to the logarithms of the numbers, the reading on A must correspond to the
square of the opposite reading on D. Conversely, the reading on D represents the square
root of the opposite reading on A.

You can easily check this relationship by taking your slide rule and moving the hair-
line over “2” on D. Note that this puts the hairline over “4” on A-left. Now move the
hairline over “3” on D; observe that hairline is over “9” on A-left. Finally, move the
hairline over “5” on D and note that “25” is the opposite reading on A-right.

Summarizing:

If the hairline is set over a number N on the D scale, then
N2 will be under the hairline on the A scale.

Conversely, if the hairline is set over a number N on the
proper half of the A scale, then /N will be under the hair-
line on the D scale.
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Because the A-B scales are half-length, you cannot read them as accurately as you
read the C-D scales. Note especially that there are fewer subdivisions between primary
numbers on the A-B scales.

9.2 The double-length scale (R, Sg, or V' )

This scale appears with different labels on various commercial slide rules; depending
on the make of the rule, you may find it identified as “R” (Frederick Post Co.), “Sq”
(Keuffel & Esser Co.), or “\/ 7 (Pickett, Inc.) You will observe that the scale consists
of two full-length sections, the first covers the same range as the left half of the D scale,
whereas the second covers the same range as the right half of D. Thus, the two sections
taken together represent one double-length D scale.

On the Post rule, these two sections are labeled R, and R, respectively; on the K & E
rule they are denoted by Sql and Sq2. The Pickett model features the two sections of the
V' scale “back-to-back”; that is, the two scales have a common axis, the upper mark-
ings corresponding to R, or Sql, the lower markings corresponding to R, or Sq2. Here-
after, we shall simply use the R designation when referring to the double-length scale.

The R scale is related to the D scale in the same manner as the D scale is related to
the A scale. Thus, the relationship may be described:

If the hairline is set over a number N on the R scale, then
N2 will be under the hairline on the D scale.

Conversely, if the hairline is set over a number N on the D
scale, then VN will be under the hairline on the proper
section of the R scale.

The double-length scale may be read with greater accuracy than the A scale; hence,
its advantage.

9.3 Squaring a number

Clearly, squaring a number may be handled as a multiplication in the conventional
manner using the C (or CI) and D scales. However, with the A or R scales, squares may
be obtained directly as illustrated in the following examples.

Example 1: (2.482 =7
Procedure with A scale: Procedure with R scale:
1. Move HL over 248 on D. 1. Move HL over 248 on R,.
2. Under HL read “615” on A. 2. Under HL read 615 on D.

Answer is 6.15.
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Example 2: (.00465)2 = ?

Write this: (4.65 X 10-3)2 = (4.65)* X 10-¢.

Procedure with A scale: Procedure with R scale:
1. Move HL over 465 on D. 1. Move HL over 465 on R,.
2. Under HL read “216” on A. 2. Under HL read “216” on D.

Answer is 21.6 x 10-¢ or .0000216.

Exercise 9-1

1. .72 = 16. (1.94 x 10%)2 =

2. (5.6¢ = 17. .77 X 1042 =
3. 882 = 18. (478) =
4. (10.82 = 19. (78402 =
5. (742 = 20. (56,000) =
6. (3.42 = 21. (162,500)2 =
7. 4272 = 22, (4.05 x 10-3)2 =
8. 2472 = 23. (.0564) =
9. (28.47 = 24. (.00436)2 =
10. (5.22 = 25. (.000226) =
11. (64.7)? = 26. (.0000362)2 =
12. (0.4057 = 27. (18.65)2 =
13. (13.252 = 28. (56,400)> =
14. (0.1447 = 29. (2072 =
15. (32.22 = 30. (456 x 1042 =

9.4 Finding square root of a number
between 1 and 100

Example 1: V4l1.5 =

Procedure with A scale:
Square roots are found by setting on A and reading on D. Note that the hairline may be
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set over 415 on A-left or A-right. However, observe also that the desired square root
is a number between 6 and 7; hence, it is clear that A-right is the proper choice.

1. Move HL over 415 on A-right.
2. Under HL read “644” on D. Answer is 6.44.

Procedure with R scale:

Square roots are found by setting on D and reading on R, or R,. Here, we know the root
is between 6 and 7; hence, answer must be on R,.

1. Move HL over 415 on D.
2. Under HL read “644” on R,. Answer is 6.44.

Example 2: V5.60 =

By inspection, root is between 2 and 3.

Procedure with A scale: Procedure with R scale:

1. Move HL over 560 on A-left. 1. Move HL over 560 on D.

2. Under HL read “237” on D. 2. Under HL read “2366” on R..
Answer is 2.37. Answer is 2.366.

These examples illustrate the following rule:

1. When finding the square root of a number between
I and 10, use A-left or R;.

2. For numbers between 10 and 100, use A-right or R.,.

Again, you are reminded that square roots may also be obtained by reading from
the proper half of the B scale to the C scale.

Verify the following:
1. V6.8 =2.61 4. \/1.85 =1.360 7. V7.66 = 2.77
2. V68 =8.25 5. V56.4=17.51 8. V1.05 = 1.025
3. V11.6=3.41 6. V10 =3.16 "9, V31.6 =5.62

9.5 A general procedure for square roots
of numbers greater than 1

For numbers greater than 1, group the digits in pairs from right to left starting at the
decimal point. Then:

75



76 SQUARES AND SQUARE ROOTS (A, B, R, SQ, AND V7 SCALES)

1. If the leftmost group contains one digit, use A-left or
R,. If it contains two digits, use A-right or R,.

2. The square root will contain the same number of digits
to the left of the decimal point as there are groups to the
left of the decimal point in the original number.

Example 1: 14,350,000 = ?
1. Group the digits in pairs starting from the decimal point:
VIB 0.
L—(leftmost group)

2. Leftmost group contains one digit; hence, use A-left or R,.

3. Verify that slide rule reading is *“209.” :

4. There are four groups to the left of the decimal point; therefore, answer will
have four digits to left of decimal.

Answer is 2090.

Example 2: \V167.5="7

1. Group the digits in pairs starting from the decimal point:

VI 675

(leftmost group)
2. Leftmost group contains one digit; hence, use A-left or R,.

3. Verify that slide rule reading is “1294.”
4. There are two groups to the left of the decimal point; hence, answer will have

two digits to left of decimal.

Answer is 12.94.

Example 3: V665,000 = ?

1. Group the digits in pairs:

V8 50 00.
(leftmost group)
2. Leftmost group contains two digits; hence, use A-right or R,.
3. Verify that answer is 815.
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Verify the following:

1. V352 =18.76 4. V615,000 = 784 7. V1065 = 32.6

2. V2090 = 45.7 5. V1,265,000 = 1125 8. V27,500 = 165.8

3. V173.5 =13.17 6. /100,000 = 316 9. /54,500,000 = 7380
Example 4: V3170 =7

We use the fact that the fourth root is the square root of the square root.

1. Verify that V3170 = 56.3.

2. To find the fourth root, we extract the square root again:

3170 = VV3170 = V56.3 = 7.50

On slide rules that have both the A scale and the double-length scale, the fourth root
may be read directly. Thus, on such a rule, if the hairline is moved over a number N on
the A scale, then ¥N will be under the hairline on the proper section of R (Sq or Vo).

Verify the following:
1. V/8.22 = 1.695 4. V16,500 = 11.35
2. V15.7 =1.990 5. V5620 = 8.66
3. V315 =4.21 6. V60,400,000 = 88.3

9.6 General procedure for square roots
of numbers less than 1

For numbers less than 1, group the digits in pairs from left to right starting at the decimal
point. Then:

1. If the first nonzero group contains one significant digit,
use A-left or R,. If it contains two significant digits,
use A-right or R,.

2. For each zero group in the original number, the square
root will have one zero immediately to the right of the
decimal point.
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Example 1: V.000617 =

1. Group in pairs from left to right starting at decimal point:
VOB T

(zero group) ——T (first nonzero group)

2. First nonzero group contains one significant digit; hence, use A-left or R,. Verify
that slide rule reading is “‘248.”

3. There is one zero group; therefore, answer will have one zero immediately
after the decimal point. Result is .0248.

Example 2: .0000309 =
1. Group in pairs from left to right:

\/0000309

(zero groups)__u L(ﬁrst nonzero group)

. The first nonzero group contains two significant digits, hence use A-right or R,.
Venfy that slide rule reading is ¢“556.”

8. There are two zero groups; therefore, answer will have two zeros immediately
following the decimal point. Result is .00556.

Example 3: V0.426 =

1. Group in pairs from left to right:
V0.42 60

(first nonzero group)
2. First nonzero group contains two significant digits; hence, use 4-right or R,.
Verify that slide rule reading is “653.”
3. There are no zero groups; therefore, answer is 0.653.

Verify the following:
1. V.00475 = .0689 5. V/.000061 = .00781
2. V0.240 = 0.490 6. \/.00000845 = .00291
3. V.0001425 = .01194 7. V.0050 = 0.266
4. V.0322 = 0.1794 8. V.0000008 = .0299

9.7 Powers of 10 method

This method involves writing the original number in the form M X 107, where M is a
number between 1 and 100, and 7 is an even integer (positive or negative). The following
examples illustrate:



Example 1:

Rewrite as follows:

Example 2:

Rewrite this:

Example 3:

Rewrite:

Example 4:

Rewrite this:

SQUARES AND SQUARE ROOTS (A, B, R, SQ, AND V' SCALES)

V430,000 = ?

V430,000 = V43 X 10¢ = V43 X 10* = 6.56 X 10*

V0000032 = ?

Vv.0000032 = V3.2 X 106 =V3.2%x103=1.789 x10-3

V2.25 x 10-18 = ?

V225 X108 =225 x 10714 =225 x 10" =4.74 X 107

V673 x 107" = ?

V673 X 107 = V/67.3 x 108 = V67.3 x 10¢ = 8.20 x 10*

Again, you are reminded that the power of 10 must be even; that is, it must be di-

visible by 2.

Verify the following:

1. V6,100,000 = 2.47 x 102 4. V375 % 10-° = 6.12 x 10~
2. /.00000055 = 7.42 x 10~* 5. V14.2 x 107 = 1.192 x 10*

3. V2.75 x 10® = 1.658 x 10* 6. V10-5 = 3.16 x 103

Exercise 9-2

1. V4a8.6=
2. V543 =
. V12.65 =
4. V1.06 =
. V59.8 =
6. V10.8 =

w

9]

7. VAT8 =
8. V361 =
9. V3640 =
10. /7460 =
11. V992 =
12. V19.65 =
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13. Vo = 32. V.00060 =
14. V27,400 = 33. ¥0.861 =

15. ¥7200 = 34. V.0070 =

16. V31.4= 35. V3.14x 10~ =
17. V0.764 = 36. V.0001925 =
18. V0.415 = 37. /37,000,000 =
19. V.0423 = 38. V21T x 107 =
20. V.00177 = 39. V283 =

21. V.000717 = 40. V000211 =
22. V656,000 = 41. V272X 10° =
23. V/.0000342 = 42. V218 x 10-6 =
24, V00643 = 43. \V/8.45 =

25. /68,000 = 44. V.00529 =
26. V.000917 = 45. V.000816 =
27. V436 x 105 = » 46. V2.07 x 101 =
28. V243 x 104 = 47. V5.64 x 107 =
29. V5.64 X 105 = 48. V28,700 =
30. V27.4 x 10~° = 49, ¥0.385 =

31. V2,060,000 = 50. \V5.82 X 10° =

9.8 Formula types

Example 1:

1. Verify that 112

/ 112
L =9
3+ 16.2

= 6.91.

16.2

2. Expression may now be evaluated:

V3 +6.91=vV9.91=3.15.
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As illustrated in the next examples, it is sometimes better to change the form of an
expression before evaluating.
Example 2: w[(4.15)2 — (4.12)2] = ?

To find the difference in squares which are of about the same magnitude, more ac-
curacy is obtained by factoring first:

7[(4.15)2 — (4.12)2] = w(4.15 + 4.12)(4.15 — 4.12) = 7(8.27)(.03)
Verify that the result is 0.780.

V-V

Example 3: 3

Here, we must find a small difference in square roots, and more accuracy is obtained

if we first multiply and divide by (V14 + V/13):

VI4- VI3 (VI4-VI3)(VI4+V13)  14-13 1
2 2(V14 + V13) 2(VId+ VI3) 2(VId+ VI3)

Verify that:

1 1 1
= = = .0680
2(VId+ VI3) 2(3.74+3.61) 2(7.35)

Exercise 9-3

16.3

1. \/2 + Z—é_ =

2. \/28 46 _

: 35

3. 7[(3.22) — (3.192] =

4. w[(236)% — (234)2] =
1 1

5 Vgt~
1 1 1

6. \|— 4 — 4 —=
55 35 55

. V230 — V228
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V31.2 - V30.9
.034

* V2337 7.26
[53.7

—_— 2 —

10. \5 — 0.727 =

265
1 - (0.985)

1

VI8 - VIiE
32.2 ~

Vviz8 - V125

31.6 + V153
12.6 -

.0866 — V00324 _
2.77 -

11.

12.

13.

14.

15.

13+ V(132 + (4 X 12 X 21)

16. 2x12

—682+\/(682)2—(4><233><152)
2 % 2.33

17.

18. V2.6 + 412+ (5.2 =

V17.8 - V6.22
0.27 X 3.32

/0535 + \/0.136
0064 x 5.22

19.

20.

In the following formulas, substitute as indicated and evaluate:

1
21. T=\a+—
a

a. a=1.65
b. a =2.23
c. a=10.644

22. ¢ =—§4 (B2 — h,12)
1}
aK—126A—136A—074h 7, hy=5
b. K =228, 4 =745, 4, =0.330, h, = 14, h, = 6
o K=195 A =256 A, =214, h, =131, h, = 29
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E+V1+r
16.1
a. k=18.2,r=177

b. £ =5.66, r=0.785
c. k=347, r=6.55

23. R =

Vp, + Vb,
24. h =L__&
popl

a. p,=17.65, p, =166
b. p,=5.20, p, = 28.6
c. p, = .0440, p, = 0.655

25. d=Va*+ b +c?

a. a=22,6=3.6,c=4.7
b. a =13.7, b =2.27, ¢ = 8.66

9.9 The quadratic formula

The two roots of the quadratic equation ax? + bx + ¢ = 0 are given by the formula:

—bx V% —-4ac
x = ——
2a
Example: Solve for x: 2.84a% + 5.35x — 3.75 = 0.

1. In this case, a = 2.84, b = 5.35, and ¢ = —3.75. Substituting these values, the
formula becomes:

—5.35 + V/(5.35)2 — 4(2.84)(-3.75)
2(2.89)

x =

-5.35 = V28.6 + 42.5 —-5.35 = 8.44

5.68 ~ 5.68
3. Finally verify that the two roots are 0.544 and —2.43.

2. Verify that x =

Exercise 9-4

Solve for x:
1.22+3x-1=0 5.22-11.Tx + 4.55=0
2. 562 —1Tx+6=0 6. 2.65x% + 6.82x + 1.70 =0
3. Tx2—13x—5=0 7. 31.2x% + 23.Tx + 2.18 =0

4. 1602 +x~0.30=0 8. 0.810x* + 17.6x — 31.2 =0
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Chapter 10

CUBES AND CUBE ROOTS
(K AND ¥ SCALES)

10.1 Description of the K scale*

The K scale consists of three complete scales, one next to the other, each similar to the
D scale. Thus, each section represents a one-third-length D scale. We shall refer to
these sections as “K-left,” “K-middle,” and “K-right.” Because of the logarithmic na-
ture of the scales, it follows that the one-third-length K scale leads to a cube-cube root
relationship with the D scale. To verify this, suppose you now take your slide rule and
move the hairline over “2”” on the D scale. Note that this positions the hairline over “8”
on K-left. Now move the hairline over “3” on D; note that this puts the hairline over
“97” on K-middle. Finally, move the hairline over “5” on D and observe that the hairline
is over “125” on K-right. In each case, the reading on K is the cube of the corresponding
reading on D.
Summarizing;:

If the hairline is set over a number N on the D scale, then
N3 will be under the hairline on the K scale.

Conversely, if the hairline is set over a number N on the
proper section of the K scale, then ¥/N will be under the
hairline on the D scale.

In making settings and readings on the K scale, carefully note how the primary inter-
vals are subdivided. Clearly, the use of this scale involves considerable loss in accuracy;
over much of the scale you will find yourself straining to approximate the third digit.

*If your slide rule does not have a K scale, but does have a scale labeled ¥, then refer to section 10.7 of
this chapter.
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10.2 Cubing a number using the K scale
Of course, cubing a number may be treated as successive multiplication using the C,

CI, and D scales, thus retaining the accuracy of these scales. However, as indicated in
the previous section, cubes may be read directly from D to K.

Example 1: (8.453 =7

1. Move HL over 345 on D.
2. Under HL read “410” on K-middle. Answer is 41.0.

Example 2: (6453 =7

Write this: (6.45 x 102)3 = (6.45)% x 106,
1. Move HL over 645 on D.
2. Under HL read 268 on K-right.

Answer is 268 x 106 or 2.68 x 108,

Example 3: (.001723 = ?
Write this: (1.72 x 1073)3 = (1.72)3 x 10-°.

1. Move HL over 172 on D. :
2. Under HL read “509” on K-left. Answeris 5.09 x 107°.

Exercise 10-1

1. 1.6B3 = 11. (0.512)3 =
2. (2483 = 12. (10.65)3 =
3. (6.52 = 13. (12.73 =
4, (7.22 = 14. (8180)% =
5. (1.238 = 15. (29,600) =
6. (5.82)° = 16. (364) =
7. (8.243 = 17. (135) =

8. (2.76)% = 18. (0.907)3 =
9. (8.04)2 = 19. (1265)3 =

10. (0.764)® = 20. (4.65 x 1043 =
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21. (0.787)* = 26. (.00284)° =
22. (0.215p = 27. (.00847) =
23. (3.96 x 10-3)2 = 28. (17,550)% =
24. (0.404)* = 29. (68.2)* =

25. (.0643)3 = 30. (.000545)® =

10.3 Finding cube root of a number
between 1 and 1000

As stated before, if the hairline is set over a number on the proper section of the K scale,
the cube root of that number will be under the hairline on the D scale. You can easily
verify the following rule for selecting the proper section of the K scale:

1. For cube roots of numbers between I and 10, use

K-left.
2. For numbers between 10 and 100, use K-middle.

3. For numbers between 100 and 1000, use K-right.

Example 1: V/3.60 = ?

1. The number is between 1 and 10; hence, move HL over 360 on K-left.
2. Under HL read “1532” on D. Answer is 1.532.

Example 2: ¥45.4=7?

1. The number is between 10 and 100; hence, move HL over 454 on K-middle.
2. Under HL read “357” on D. Answer is 3.57.

Example 3: V720 =?
1. The number is between 100 and 1000; hence, move HL over 720 on K-right.

2. Under HL read “896” on D. Answer is 8.96.

Verify the following:

1. ¥V7.4=1.950 2. V32 =317 3. ¥615 = 8.50
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4. V12.1 =2.30 6. V10 =2.15 8. V75 =4.22
5. V4.25 = 1.620 7. V100 = 4.64 9. ¥134 =5.12

10.4 General procedure for cube roots

In order to determine which section of the K scale to use for any number, the digits may
be grouped in a manner similar to that used for square roots. However, instead of mark-
ing the digits off in pairs, they are marked off in groups of three. The following rule
then applies:

For numbers greater than 1:

1. If the leftmost group contains one digit, use K-left;
if it contains two digits, use K-middle; if it contains
three digits, use K-right.

2. The cube root will contain the same number of digits to
the left of the decimal point as there are groups to the
left of the decimal point in the original number.

For numbers less than 1:

1. If the first nonzero group contains one significant
digit, use K-left; if it contains two significant digits,
use K-middle; if it contains three significant digits,
use K-right.

2. For each zero group in the original number, the cube
root will contain one zero between the decimal point
and the first significant figure.

Example 1: /43,500 = ?

1. Grouping the digits: ¥ 43 500

2. Leftmost group contains two digits; hence, use K-middle. Verify that the slide
rule reading is **352.”

3. There are two groups; hence, answer contains two digits to the left of the deci-
mal point. Result is 35.2.

Example 2: /2,140,000 = ?

1. Grouping the digits: \/3g 140 000.

2. Leftmost group contains one digit; hence, use K-left. Verify that slide rule
reading is ““1288.”

3. There are three groups; therefore, answer is 128.8.
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Example 3: +¥/.000720 = ?
1. Grouping the digits: Q/Q(_)Q 720

N
2. First nonzero group contains three significant digits; hence, use K-right. Slide

rule reading is ‘‘896.”
3. There is one zero group; therefore, there is one zero between the decimal point
and the first significant digit. Answer is .0896.

Example 4: ¥/.00564 = ?

1. Grouping the digits: ¥V .005 640

2. First nonzero group contains one significant digit; hence, use K-left. Slide rule
reading is “178.”

3. There is no zero group; therefore, answer is 0.178.

Verify the following:

. ¥.0000048 = .01687
2. ¥.0215 = 0.278 . ¥/62,000,000 = 396
3. ¥/365,000 = 71.5 8. ¥.00000075 = .00909
. V4,250,000 = 162

1. ¥/6400 = 18.57

=)

-3

4. ¥/0.820 = 0.936

o

5. ¥.000100 = .0464 10. ¥.0325 = 0.319

10.5 Powers of 10 method
Using this method, the original number is written in the form M x 10?, where M is a

number between 1 and 1000, and n is a positive or negative integer which is divisible
by three. The following examples illustrate:

Exampile 1: ¥/56,100,000 = ?

Rewrite: ¥/56.1 x 10° = ¥/56.1 x 102 = 3.83 x 102 = 383.

Example 2: /.000000750 = ?

Rewrite: ¥/750 x 10-° = ¥/750 x 10-3 = 9.09 X 10-2 = .00909.

Example 3: ¥/4.66 x 101 = ?

Rewrite: V46.6 x 10° = V46.6 x 10° = 3.60 x 103 = 3600.
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Example 4: V/2.34 x 1010 = ?
Rewrite: /234 x 10-12 = ¥/234 x 10~¢ = 6.16 x 10~ = .000616.

Again, you are reminded that the power of 10 must be divisible by three.

Verify the following:
1. ¥/1.84 x 107 = 264 5. ¥/482 x 1016 = 1.69 x 10¢

2. V6.47 x 10-13 = 8.65 x 10-5 6. V42 x 10-7 = .01613

3. V108 = 464 7. V/36.5 x 108 = 1540
4. V10~ = .000216 8. V/7.25 x 10" = 8980

Exercise 10-2

1. ¥7.43 = 16. ¥0.912 =
2. ¥8.22 = 17. ¥/0207 =
3. ¥10.9= 18. ¥.0611 =
4. V96.2 = 19. /0829 =
5. ¥17.65 = 20. ¥.00299 =
6. V124 = 21. ¥.00748 =
7. VA2 = 22. ¥/3920 =
8. V294 = 23. V4680 =
9. ¥/294 = 24. V9600 =
10. ¥57.4 = 25. %2000 =
11. ¥1.11 = 26. V7640 =
12. ¥11.1= 27. /10,700 =
13. V111 = 28. V23,600 =
14. ¥.0624 = 29, V64,300 =
15. ¥0.526 = 30. V575,000 =
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31. V207,000 = 41. V2776 x 10 =
32. V¥/87,500 = 42, V468 x 105 =
33. /00726 = 43. V5.64 x 102 =
34. \/.000276 = 44. V11.6 x 104 =
35. ¥/.0000427 = 45. ¥1.95 x 10° =

36. /23,600,000 = 46. ¥12.65 x 10° =
37. ¥.00000717 = 47. V0.416 x 10 =
38. /180,000,000 = 48. V426 x 1010 =
39. ¥.0000007 = 49. V761 x 10% =
40. ¥76.1 x 10°= 50. V¥/3.37 x 1011 =

10.6 Finding (N)¥2and (N)??

The general problem of raising a number to any power is discussed later in connection
with the log-log scales. However, certain fractional powers may be read directly using
the A and K scales.

Example 1: (56.2)%2 = (V56.2)3 =7
1. Move HL over 562 on A-right. Note that V56.2 is now under HL on D, and
{(V56.2)3is under HL on K.
2. Under HL read “421” on K. Answer is 421.

If you do not have the A scale, you may first evaluate (56.2)%, then find the square
root of this on R.

Example 2: (1.2 = (V7.2 =72
1. Move HL over 72 on K-left. Observe that ¥/7.2 is now under HL on D, and
(¥7.2)? is under HL on A.
2. Under HL read “373” on A. Answer is 3.73.
If no A scale is present, you may first find ¥7.2, then multiply this by itself.

These examples illustrate the following relationship:
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1. If HL is set over a number N on the A scale, then
(N)32 will be under HL on the K scale.

2. If HL is set over a number N on the K scale, then
(N)#3 will be under HL on the A scale.

Example 3: (2.75 x 1013)23 = ?

Write this: (27.5 X 1012)23 = (27.5)%3 x 108.

1.
2.

Move HL over 275 on K-middle.
Under HL read “910” on A. Answer is 9.10 x 103,

Exercise 10-3

1. 4.502 = 11. (342)%3 =

2. @7y = 12. (1.65)%3 =

3. (16.3)%2 = 13. (2340)% =

4. (0.814)%2 = 14. (.0621)%3 =

5. (.0614)% = 15. (.000175)%3 =

6. (.00743)%2 = 16. (0.445)%2 =

7. (37432 = 17. (3.22 x 10-9)%2 =
8. (.000514)*2 = 18. (7.45 x 10923 =
9. (2460)** = 19. (63 x 10723 =
10. (46.2)%°% = 20. (5.75 X 10932 =

10.7 The triple-length scale (V")

Some Pickett models feature a ¥ scale consisting of three full-length sections; the first
covers the same range as the first third of the regular D scale (left index to “2154”), the
second covers the range of the middle third of D (“2154 to “464”), and the third corre-
sponds to the final third of the D scale (“464” to right index). We shall refer to these

sections

as (\3’/—)1, (\3/——)2, and (\3/_)3 respectively. Clearly, the three sections taken to-

gether represent one triple-length D scale.
The ¥ scale is related to the D scale as follows:
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If the hairline is set over a number N on the ¥ scale,
then N® will be under the hairline on the D scale.

Conversely, if the hairline is set over a number N on the
D scale, then ¥N will be under the hairline on the proper
section of the ¥ scale.

Example 1: B473 =7

1. Move HL over 347 on (\3/-)2.
2. Under HL read “418” on D. Answer is 41.8.

Example 2: V6450 = ?

To determine which section of the ¥ scale applies, you should refer to sections 10.3
and 10.4 of this chapter — substituting (‘t”/_)1 for K-left, (“@/_)2 for K-middle, and (¥ ) s
for K-right.

1. Grouping the digits: V6 450.

. T~ . . 3
2. Leftmost group contains I digit; hence, answer is on (\/_)1.

3. Move HL over 645 on D. Under HL read ““1861” on (\?’/_)1.
‘4. There are two groups; hence, there are two digits to the left of the decimal point
in the answer. Result is 18.61.

Example 3: v.000224 = ?

1. Grouping the digits: \°’/O\O/0 224.
2. The first nonzero group contains three significant digits, hence answer is on

¥ ),

3. Move HL over 224 on D. Under HL read “607” on (‘Q/_)a.
4. There is one zero group; therefore, answer has one zero immediately following
the decimal point. “Result is .0607.

Exercises 10-1 and 10-2 may be used for more drill with these scales.



Chapter 11

COMBINED OPERATIONS
WITH SQUARES

11.1 The A and B scales as operational scales

We have seen how the A scale may be used with the D scale to find squares and square
roots. However, inasmuch as the A and B scales are identical (one fixed and one mov-
able), they may also be used as operational scales in the same manner as the C and D;
that is, multiplication, division, and combinations of these operations may be carried
out entirely on the A and B scales.

Example 1: 23.6 X 1.85 =? (Use A and B scales)

1. Set left index of B opposite 236 on A-left. (Note that middle index of B is also
opposite 236 on A-right).

2. Move HL over 185 on B-left.

3. Under HL read “436” on A-left. Answer is 43.6.

Observe that hairline could have been moved over 185 on B-right, and the result
read on A-right.

126 x 0.83 _

Example 2: 16

? (Use A and B scales)

1. Move HL over 126 on A-right. This is more centrally located on the rule than
126-on A-left.

. Slide 46 on B-left under HL. (We could just as well choose B-right).

. Move HL over 83 on B-left.

. Under HL read “227” on A-right. Answeris 22.7.

W N

o3



94

COMBINED OPERATIONS WITH SQUARES

56

90 _9
37Tx29 (Use A and B scales)

Example 3:

1. Move HL over 56 on A-left.
2. Slide 37 on B-left under HL. Before we can divide again, it is necessary to move
HL over B index.

3. Move HL over middle B index. Slide 29 on B-right under HL.
4. Opposite right index of B, read “522” on A-right. Answer is 5.22.
1.2 x 7.6
Example 4: == x=2?,y=7?
P 27 48 5 "7

1. Move HL over 12 on A-left.

2. Slide 27 on B-left under HL.

3. Move HL over 48 on B-left (or right). Under HL read “213” on A-left (or right).
4. Move HL over 76 on A-lefi. Under HL read “171”’ on B-right.

Answers: x=2.13,y=17.1.

Clearly, the A-B scales are especially convenient for proportions; however, the disad-
vantage is that they cannot be read as accurately as the C and D scales. Also, most rules
do not have a reciprocal B scale which reduces efficiency in combined operations. How-
ever, we shall see that, for combined operations involving the square or square root, the
A-B scales can be used effectively in conjunction with the C and D scales.

Verify the following (use A-B scales):

1. 23 x4.6 =106 4. 1.7x 3.8%x2.6~=16.8
56 740
2, —=26.7 . =1.
2.1 26 x 15 1.90
3.2x171 » 37T X 45
3-——"—'—=8.11 y T T = —— =1. . = &.
2.8 6 71°26 ¥ (X = 1.355; Y = 8.63)

11.2 Simple operations with squares

It is clear that any combined operation involving squared quantities may be evaluated
in the conventional manner, the squares being treated simply as multiplication. In this
section, however, we wish to show how the A-B or R scales may be used when the square
is involved.

Example 1: 26x(5.42="

Procedure with A-B scales:
1. Set right index of C opposite 54 on D. Note that (5.4)% is now on A opposite right
index of B; hence, remaining multiplication by 2.6 may be carried out on the

A-B scales. :
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2. Move HL over 26 on B.
3. Under HL read “758” on A. Answer is 75.8.

Alternatively, you may first set B index opposite 26 on A, then move hairline over 54 on
C and read the result on A. Also, you could first move the hairline over 26 on A, then
slide 54 on CI under hairline with the result appearing opposite B index on A.

Procedure with the R scale:
1. Move HL over 54 on R,. HL is now over (5.4 on D, and we may continue on
the C-D scales.
2. Slide 26 on CI under HL. This multiplies by 2.6 on C-D.
3. Opposite right index of C read “758” on D. Answer is 75.8.

(6.75) _

?
3.5

Example 2:

Procedure with A-B scales:
1. Move HL over 675 on D. HL is now over (6.75)% on A; hence, division by 3.5
may be carried out on the A-B scales.
2. Slide 35 on B-right under HL. (Observe that 35 on B-left could also be moved
under HL: however, choosing B-right leaves slide in better position).
3. Opposite B index (either left or middle index) read “130” on A. Answer
is 13.0.

Procedure with R scale:
1. Move HL over 675 on R,. HL is now over (6.75)* on D; hence, division by 3.5

may be carried out on the C-D scales.
2. Slide 35 on C under HL.
3. Opposite left index of C, read “1302” on D. Answeris13.02.

64.5

2147 ?

Example 3:

Procedure with A-B scales:
1. Move HL over 645 on A-left.
2. Slide 214 on C under HL. This positions (2.14)? on B under HL; thus, we have
divided 64.5 by (2.14)? on the A-B scales.
3. Opposite left (or middle) index of B, read “141” on A.

Answeris 14.1.

Procedure with R scale:
The R scale is not convenient when the squared quantity appears in the denominator.
We may simply treat the square as a product, and evaluate on C-D in the usual manner.

. 645 645 _
Verify that: ©14¢ 214 x 214" 14.08.

Observe in the foregoing examples that numbers to be squared are set on C-D, un-
squared numbers are set on A-B, and the actual operation takes place on the A-B scales.
If the R scale is used, a number to be squared is set on R (if it occurs in the numerator),
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unsquared numbers are set on C-D, and the actual operation takes place on the C-D

scales.
Verify the following:
1. 34x27%*=248 4. 1.65 x (4.772 =375
2. % =3.14 5. (15:;)2 =1.76
5. €128y o s

11.3 Area of acircle
The area of a circle is given by either of the two formulas:

A =12 (where r = radius)

A= % d®> (where d = diameter)

Both 7 and #/4 are usually marked for you on the A and B scales. The factor 7/4 is
approximately equal to 0.785 and, on most rules, you will find a scribed mark at this
location on A-right and B-right.

Example 1: Find areas of circles with diameters equal to 2.45 in., 4.22 in., and
6.40 in., respectively.

1. Move HL over scribed mark at #/4 on A-right.

2. Slide right index of B under HL. You are now set up to multiply this factor by
&. If the HL is moved over d on the C scale, @ will be under the HL on B and
the desired area will be under the HL on A.

. Move HL over 245 on C. Under HL read “471” on A.

. Move HL over 422 on C. Under HL read “140” on A.

. Move HL over 640 on C. Under HL read “321” on A.

VU W

Answers are: 4.71,14.0, and 32.1 sq. in., respectively.

Example 2: Find areas of circles with radii equal to 1.45 cm., 2.24 cm., and
4.06 cm., respectively.

Procedure with A-B scales:
1. Move HL over scribed mark at 77 on A-left.
2. Slide left index of B under HL. You are now set up to multiply this factor by r*.
If the HL is moved over r on the C scale, 72 will be under HL on B and the de-
sired product will be under HL on A.
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3. Move HL over 145 on C. Under HL read 660’ on A.
4. Move HL over 224 on C. Under HL read ‘158" on A.
5. Move HL over 406 on C. Under HL. read ‘518" on A.

Answers are: 6.60,15.8, and 51.8 sq. cm., respectively.

Procedure with R scale:
If the HL is set over r on the R scale, then r2 will be under HL on D, and 7 7* will be un-
der HL on DF. Therefore, if r is set on R, the area is read directly on DF.

1. Move HL over 145 on R,. Under HL read ““660”" on DF.
2. Move HL over 224 on R,. Under HL read ““1576” on DF.
3. Move HL over 406 on R,. Under HL read ““518” on DF.

Answers are: 6.60,15.76, and 51.8 sq. cm. respectively.

This last example exhibits a convenient property of the R scale:

To find the area of a circle:
1. Move HL over radius on R.

2. Under HL read area on DF.

Exercise 11-1

1.3.24x

2. 1.68 x

3.214%X

4, 12.6 X

5. 4.63 x

(4.25)
(2.75)

3.75)

(5.06) =

(16.2)

il

]

11.
= 66127’9

12.

“323”
13.

6. 64.3 x (0.463)? = <138~

7. 0723 x (21.6)* =

(4.67)2
3.26

(26.7)*
19.2

(36.5)

10. 127

— 66670”

= 46105”

14.

15.

16.

17.

(11.457
16.2

4.65

1.672 167

29.6
(2.37p

347
(14.2)%

= 661729’

1275
(21.6)

4656
(0.843)2

(2647

5.65

97
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18. 2P _ cgn0- 21. —__
‘985 * (.00362)2
(1560 x 104
19. 230 x (0.86)2 = : By - B
93 3.75 x 10-7
20. 0.76 X (22.5) = “385” T(5602

24.. Find areas of circles with following radii:
a. 25.1in. b. 5.82in. e¢. 0.377 ft. d. 53.1ft. e. .0104 cm.
25. Find areas of circles with following diameters:
a. 2.68in. b, 1.77in. e¢. 4.65ft. d. 7.05ft. e. 14.65 ft.
26. Evaluate y =2.84 x2 forx =2, 3,5, 7, and 9.
27. Evaluate s = 16.1 ¢2 for t = 1.5, 2.5, 3.5, and 5.5.
28. Evaluate P = .074 P2 for I = 2, 5, 12, 25, and 60.
In the following exercises, use the CI scale in conjunction with A-B:
29, Evaluate y = 14.7/a2 for x = 3.4, 5.5, 7.5, and 12.6.
30. Evaluate y = 375/a2 for x = 11, 15, 19, and 25.

31. Evaluate & = 180/r2 for r = 2.2, 4.6, 7.5, and 11.5.

11.4 Further operations with squares

(1.2

Example 1: SAXGIE
Procedure with A-B scales:
1. Move HL over 72 on D. HL is now over (7.2)* on A.
2. Slidé 24 on B-right under HL. This divides by 2.4 on A-B.
3. Move HL over 31 on ClL This positions HL over 1/(3.1)> on B; therefore, we
have multiplied by the reciprocal of (3.1)* on A-B.
4. Under HL read “225” on A. Answer is 2.25.

Procedure with R scale:

. Move HL over 72 on R,. HL is now over (7.2)? on D.

. Slide 31 on C under HL. This divides by 3.1.

. Move HL over 31 on CI. This divides again by 3.1.

Slide 24 on C under HL. This divides by 2.4.

Opposite left index of C, read “225”” on D. Answer is 2 25.

gn:ﬁ-wwv—i
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(2.7 %X (4.6)2
Example 2: —_— =7
6.3

Procedure with A-B scales:

1. Move HL over 27 on D.

2. Slide 63 on B-left under HL.

3. Move HL over 46 on C.

4. Under HL read “245” on A. Answer is 24.5.

Procedure with R scale:
1. Move HL over 27 on R,.
2. Slide 63 on C under HL.
3. Move HL over 46 on C.
4., Slide 46 on CI under HL.
5. Opposite left index of C, read “245” on D. Answer is 24.5.

64 ~ 64 .,
(3.1x2.22 (B.12x(2.2?2

Example 3:

Procedure with A-B scales:
1. Move HL over 64 on A-left.
2. Slide 31 on C under HL.
3. Move HL over 22 on CI.
4. Under HL read “138” on A. Answer is 1.38.

Procedure with R scale:

Since the squares occur in the denominator, the R scale is not convenient. This may be
evaluated as a combined operation in the conventional manner, treating the squares as
products. Verify that the result is 1.377.

[2.7 x 4.1 X 6.3]2 R

Example 4: T3 %35

Procedure with A-B scales:
In this case, all the settings are made on C-D and the result appears on the A scale.
Verify that the answer is 7.65.

Procedure with R scale:

When several factors are to be squared, you may first evaluate the expression to be
squared on the C-D scales. This result may then be multiplied by itself on C-D, or it
may be transferred via hairline to the R scale with the answer appearing under the hair-
line on D. Verify that the result is 7.65.

Verify the following:

7.5) 15.2 x 0.72)%
(@5) = 3.42 (——-—-)— =3.30

1. 1.2 x (3.7 ) 36.3

=]
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@647 _ 0.596 5 __ 184 0.153
*wx (1932 *6.2x5862
4 675 999 [6.34 x 3757 _ 0.9
* 5662 x723 " 11.23 x 42.2] B
' 2.32
Example 5: 17 - ?

Wi, &3 _ 237 X238
e T T 1T

Procedure with A-B scales:
1. Move HL over 23 on D. Operation now continues on A-B:
2. Slide 17 on B under HL.
3. Move HL over 23 on B.
4. Under HL read “715” on A. Answer is 7.15.

Procedure with R scale:
1. Move HL over 23 on R,. Operation now continues on C-D:
2. Slide 17 on C under HL.
3. Move HL over 23 on C.
4. Under HL read “715” on D. Answer is 7.15.

If your slide rule has a ¥/ scale, you may obtain (2.3) directly on D with a single set-
ting; then simply divide by 1.7.

Example 6: 2.85t =7
Write: (2.85)* = (2.85)% X (2.85)%.

Procedure with A-B scales:
1. Set left index of C opposite 285 on D.
2. Move HL over 285 on C.
3. Under HL read “660” on A. Answer is 66.0.

Procedure with R scale:
1. Move HL over 285 on R,. Observe that HL is over 812 on D.
2. Slide 812 on CI under HL.
3. Opposite left index of C read “660” on D.

Answer is 66.0.
Note that fourth powers may be read directly on slide rules that have both the A scale
and the double-length scale. Thus, on such rules, if the hairline is set over a number ¥
on R (Sq or V"), N* will be under the hairline on A.
Example 7: 0.82p3 =7

Integral powers such as this arise frequently in probability calculations.

Verify that (0.82)5 = (0.82)2 x (0.82)* x 0.82 = 0.370.
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The techniques illustrated by the foregoing examples may be summarized as follows:

square on D.

Procedure with A-B scales:
1. Numbers to be squared are set on D, C, or CI, thus
locating the squares on A or B.

Procedure with R scale:
If a squared number is to be further multiplied or divided:

Combined Operations with Squares

2. Unsquared quantities are set directly on A or B, and

the actual operation takes place on the A-B scales.

1. Number to be squared is set on R, thus locating its

2. Operation then continues on C-D; if more squares are
involved, they are treated as products.

Exercise 11-2

) 2.6 x (5.3
: 45 B

(3.4)% x (6.1)2

58 = “742

(3.4 x 31.27
’ 63.4 B

(2.7 x 8.6)

53 =234

45 _
" (3.8 x (5.2)2

28 _ 661287’
T (2.6)2 x (1.8

. @317 =

(1.56)*
T340

= ‘4174’7

73.2
" (2.15¢

10.

11.

12.

13.

14.

15.
le.
17.

18.

19.

20.

5.2y

(12.8 x 0.455)2

(5.27)* x 34.6

16 - 305

(3.8
2.6

(2.32)> = “672”
370

(.25 x 0.66022

57.3
—_— 6616999

(2.44 x 3.65 x 5.22° =
(2.65 x 1.82 X 3.22 x 0.72) = “125”
(3.52 X 4.62)2 x 0.711 =
(0.524 x (21.5)° x 3.14 = 398"
(3.78) x 14.2 _

2.64

o7 - 18

101
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21. 7 X (4.62 X 7.2 = 39 (21.4)2 <g69"
* @358
22. 7 X (15.42 X 12.7 = “946”
3
23 (94'3 g 33. %=
: 43.1) - (5.42)
1 127 \2
52.4\2 34, —— X (—) = “951”
24. (2.94) — «318 363 \421
05 98.9 2 35 (28.7 X .0824>2 _
) (3.82 x 2.64) - -00365
361 \* 36 (2.75 x 3200 )z co0”
26. (4.20>< 1.75) =24l *\1.64 x 0346/
57 (1640 x .0264)* 37. (0.83)* =
) 14.65 B
38. (0.42)* = “311”
- (64.3 x .0143 .
¢ (114)2 - 39. (0155)5 =
vo @.72) 40. (0.845)5 = “430”
3.4 x 105 41. (0.72)6 =
(.0463)2 x 154 A1
ATy S P 42. (0.28)8 = “481
30 0106y 661
43. (5.4 =
31 (1.87¢
T 4.05 44. (13) = “628”
11.5 Formula types
£ o 1 19 11y
xample 1 13" (4.2 + 2.3) =

1 1
1. Use CI or DI scale to verify that e + 23" 0.238 + 0.435 = 0.673

2. Expression may now be evaluated as:

19 x (0.673)*

= 6.61.
1.3 6

Example 2: Given the formula: I = _?;7?2_ (Dt —D,*).

Find I when D, = 4.25 and D, = 3.85.
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1. Substituting the given values:
[=— [(4.25)% — (3.85)]
=3 (4.25)* — (3. .

2. Verify that (4.25)* = 327, and (3.85)* = 220.
3. Expression may now be evaluated:

o

I=5

(327 — 220) = 3172— % 107 = 10.5.

Exercise 11-3
1. 32.4 (1 +16/3.73 =

9 15000
’ 1+(109)2_
15000

2.74 X (3.66)>
(8.22)2 — (3.66)

45.3 x (13.5¢
(27.6) — (13.5)2

216 — 212.42 (115 — 107.6 (64 — 61.2)?
2124 1016 ez

@L8 - 1947 (1631357 (82— T16p
194 B35 716

7. 624 [7.22 x 8.13 — 7 (4.35)?] =

262D + 3.4°2.2) _
1.7+22

,[(5.74)2(2.66) + (7.22P(3.72) _
2.66 + 3.72 B

10.

6457 1 1
4.66 [6.32 * 4.25] -

11.

350 1 1 7
52.4[3.66+7.25] =

(V73 + V6.4 _

m

12.

103
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13 (V235 + V61.2)2 B

ks

In the following formulas, substitute as indicated and evaluate:

1
14. p=p0+§-p vV,

a. p, =275, p=.00238, V, = 124
b. p, = 1340, p = .00238, V', = 365

15. 1=
77128

a. D=3.44
b. D =6.32

. 32TL

" #G (D - D,

a. T=11,300, G =12 x 106, D, = 2.75, D, = 2.25, L = 5.50
T

16.

@

b. 7500, G = 12 x 106, D, = 1.85, D, = 1.65, L = 12.6
17. d= SwlL?
* T 384ET

a. =168, w=21.5,L=115E =13 X 10¢
b. I =255, w=36.2,L =176, E=1.3 X 10°

18.

"~

= 15p2q¢*
a. p=0.46, q =0.54
b. p=0.28, ¢ =0.72

19. P=56p%?®
a. p=042, q=0.58
b. p =0.86, g =0.14

n!
20. P=r TP

a.n=7,x=2,p=0.12, ¢ = 0.88
b.n=7x=3,p=0.33,¢=0.67



Chapter 12

COMBINED OPERATIONS WITH ROOTS

12.1 Simple operations involving the square root

In this section we consider certain combined operations with the square root. Here
again, the A-B scales may be used to advantage in conjunction with the C-D scales. The
following examples illustrate the procedures with the A-B scales, and also with the
R scale.

Example 1: 2T X V45=7

Procedure with A-B scales:
1. Move HL over 45 on A-left. HL is now over V4.5 on D, and we are now in a po-
sition to multiply by 27 on the C-D scales.
2. Slide 27 on CI under HL. This multiplies by 27.
3. Opposite right index of C, read “573” on D. Answer is 57.3.

Note that in step (1) we are not free to choose either section of the A scale. We are lo-
cating the square root of 4.5 on D; therefore, we must select the proper section of A in
accordance with the rules for square root.

Procedure with R scale:
You may find V4.5 on R, transfer the result to D, and then multiply by 27. An alternate
procedure which avoids the transfer operation is the following:

1. Think of the given expression as V(27)? X 4.5.

2. Move HL over 27 on R,; this puts (27 on D. Now multiply by 4.5:

3. Slide right index of C under HL; move HL over 45 on C. The result of this mul-
tiplication is now under HL on D, and the square root of this result is under the
HL on R, or R,. A rough estimate indicates that the answer must be on R,.

4. Under HL read “573” on R,. Answeris 57.3.

105
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Example 2: —_——=7

Procedure with A-B scales:
1. Move HL over 505 on A-right. HL is now over V50.5 on D; therefore, the divi-
sion is carried out on the C-D scales:
2. Slide 235 on C under HL.
3. Opposite left index of C, read “302” on D. Answer is 3.02.

Again, in step (1), we must choose the proper section of A.

Procedure with R scale:
Here, you may find V/50.5 on R, transfer the result to D, and divide by 2.35.
Alternatively, you may think of the expression as V50.5/(2.35)%. The steps would

then be:

1. Move HL over 505 on D. Now divide by 2.35:

2. Slide 235 on C under HL. Now divide again by 2.35:

3. Move HL over 235 on CI. Square root is now under HL on R, or R,. A rough
estimate indicates that the result is on R,.

4. Under HL read “3022” on R,. Answer is 3.022.

Verify the following:
1. V21 x3.6=16.5 6. 14.2 x V39.1 = 88.8
2. V6.3x12.7=31.9 7. 243 x V.0241 = 37.7
3. 0.45 x V140 = 5.33 8. 37.5 x V.00425 = 2.44

V3.2 V12.4

- = 9, —— =10.745
4. 14 1.278 473

vV V5750
5. ﬂ =1.150 10. = 8.81

5.70 8.61
18
Example 3: —_—=7

P V29

Procedure with A-B scales:
1. Move HL over 18 on D.
2. Slide 29 on B-right under HL. Note that /29 is now under HL on C, hence, the
division has been performed on the C-D scales.
3. Opposite right index of C, read “334” on D. Answer is 3.34. .

Procedure with R scale:
You may first find V29 on R, make a mental note of this (or write it down), move HL over

18 on D, and then complete the division. Alternatively, the expression may be evaluated

as V(18)%/29:
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1. Move HL over 18 on R,. HL is now over (18)? on D.
2. Slide 29 on C under HL. Move HL over left index of C.
3. Under HL read “3342” on R,. Answer is 3.342.

Verify the following:

2
" V6.2

68
RS

3. 134 + V210 =9.25

= 10.44

=18.2

4. B 5.80
Vb5

Exercise 12-1
1. 5.2 x V48 =
2. 1.3 x V2.5 = “206”
3.23xVI9=

4. 14 x /31 = ““780”

= ‘6205”

10.

10

5. ———=2.55
V15.4

12.5

6. Gam

4.64

453 _
L) I

8. 2.44 + (.0382)12 = 12.5

11. _1_20_=

V340

7.4
12, —— =450
V2.7

2.7
13. 12.5 x V423 =

14. 8.22 x V0.725 = “700”

V5650
15.

le. = “317”

17.

18, —— = 223"
V17.2

19. 41.2 x (0612 =

20. .045 x (735)12 = “1220”
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21.

22,

23.

24.

25

26

27.

28.

29

30

31.

32.

33. ——

34.

35.

36

(037 _
2.11

(.0071)2

= 6‘4567’
1.85

iy

3.75

1
V.077

. 21.6 X V51.6 =

- 44360”

. 7.44 x V2.03 = “1060”

= 66233’9

. 0.821 x V18.4 =

. V78.2 x 41.6 = *“368”

o 6629877

: = “338”
V0.431

37. (138)12 x 2.07 =

38.

39.

7 X V0.811 = “283”

V10.45
0.823

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

535.

56.

57.

58.
59.

V65,400 ..
27.2 940
.0124 x V1545 =
1.78 X (473)v2 = “387”
V51,200
436
8
T 1256
(.0941)"2 _
0.423
456 x \/.000714 = “1218”
V0555
1.755
126 x \/.0545 = “294”
.0452 x V84,300 =
V165
— (13 92,9
o 8
195
36.7
0.204 w550
821
9250 x 104
3400
/175,000 <639
6.55 x 108
(5.6 _
0.334
204
= 6623777
V74.2
1030 _
V4570

(69.1)~12 = “1203”
(.00504)12 =
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12.2 Further operations with square roots

Example 1: V2.7Tx63=7°

Procedure with A-B scales:

Think of the given expression as V2.7 X V6.3.

1. Set left index of B opposite 27 on A-left. Note that left C index is now opposite
V2.7onD.

2. Move HL over 63 on B-left. The hairline is now over V6.3 on C; hence, we have
performed the desired multiplication on the C-D scales.

3. Under HL read “412” on D. Answer is 4.12.

Procedure with R scale:
The expression under the radical sign is evaluated on the C-D scales and the square root
of this result is read on the appropriate R scale:

1. Set right index of C opposite 63 on D.
2. Move HL over 27 on C. The product under the radical sign is now under the
HL on D; the square root of this is under HL on either R, or R,. By approxima-

tion, it is evident that answer is on R,.
3. Under HL read “4125” on R,. Answer is 4.1 25.

/21.7 x 0.165
. - =9
Example 2: 604 7

Procedure with A-B scales:

V21.7 x V0.165
V6.24

Think of expression as:

. Move HL over 217 on A-right. HL is now over V21.7 on D.

. Slide 624 on B-left under HL. This positions V6.24 on C under HL. Thus, we
have divided V21.7 by V6.24 on the C-D scales. Now multiply by V0.165:
3. Move HL over 165 on B-right. HL is now over V0.165 on C; hence, result is

under HL on D.
4. Under HL read “758” on D.

[

Approximating for decimal point:

21.7 x 0.165 _ \/20 x02 \/§~ _
T s =\g~ V0T~08

Answer must be 0.758.
(Again, you are reminded that the quantities under the radical sign must be set on
the proper sections of the A and B scales.)

Procedure with R scale:
First approximate the answer to be about 0.8. Then evaluate the expression under the
radical sign on the C-D scales, and read the square root on the appropriate R scale.
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1. Set left index of C opposite 165 on D.

2. Move HL over 217 on C.

3. Slide 624 on C under HL: The expression under the radical sign has now been
evaluated and the result is opposite C index on D. We wish to extract the square
root of this:

4. Move HL over right index of C.

5. Under HL read “758” on R,. Answer is 0.758.

Verify the following:

1. V6.45 x 23.9 = 12.41 6. /077 X 266 = 4.53
2. 892 _360 7 127 x 063 0.625
* Vg5 T \305 '
172
3. \/-—==5.90 31.2 x 4.60
495 8 Voss <o

-

5.95 X 31.2
RV ket S Y /23,500
a1 - o0 9. Y220 7490

V0912 x 413

55.5
5. —— = 26.8 10. +—3P10 _ _ 569
T 3.1 X 6.27

V5210 x 0.410
\/.0755 ’

Procedure with A-B scales:

1. Move HL over 521 on A-right.

2. Slide 755 on B-left under HL. We have now divided V5210 by V.0755. The op-
eration has taken place on C-D, and the quotient is opposite left C index on D.
To multiply by 0.410 on the C-D scales, we must now interchange indexes. How-
ever, this may be avoided by continuing on the folded scales:

3. Turn rule over and move HL over 410 on CF.

4, Under HL read “1077” on DF,

Example 3:

Approximating for the decimal point:

V52 10 x 0.410 70 x0.4 280

V.07 55 0.3 3
Answer must be 107.7.

Procedure with R scale:

You may first divide 5210 by .0755 on C-D and find the square root of the result on R.
Then transfer this back to D and multiply by 0.410.

2
Alternatively, the expression may be evaluated as \/-5-%)54&:
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1. Move HL over 410 on R,. This puts (0.410)* on D.
2. Slide 755 on C under HL.
3. Move HL over 521 on C. Answer is now under HL on R, or R,; however, arough

approximation indicates that the answer must be on R,.
4. Under HL read “1077” on R,. Answeris 107.7.

286
Example 4: —_—=
P 11.2 X V3.75

Procedure with A-B scales:
1. Move HL over 286 on D.
2. Slide 375 on B-left under HL. Now go to the folded scales:
3. Turn rule over and move HL over 112 on CIF.
4. Under HL read “1319” on DF. Answeris 13.19.

Procedure with R scale:

You may first find V/3.75 on R, then evaluate as a combined operation on C-D.
(286)2

(11.2)2 x 3.75°

Alternatively, the expression may be evaluated as

Verify that answer is 13.19.

V28 x84

Example 5: 2.2

When both square roots and squares are involved, the squares are simply treated as
products.

V28 x 8.4 V28 x 8.4

i = =3.1
Verify that .27 53 X 0.2 3.17
Verify the following:
BERVAT ' ’ V073
V324146 2.86 12.4 _
2.15 e 0.362 x V.0017
250 V53.5 x .026
3, ———— =395 6. —————— = .00315
V2.6 x 15.4 375
3/2
Example 6: %%— =7

(8.5%2 8.5 x V85
i = =9,
Verify that 26 26 53
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Example 7: 2.3p2="7

Verify that (2.3)%2 = (2.3)2 X V2.3 = 8.03
Verify the following:

1. 37.5 x (11.5)%¥2 = 1462 450

4. (6.45)32

=275
2. 2.7 X (46)%* = 843
5. (12.5)%2 = 553

(52.5p12
. ———=59.1
3 6.44 6. (6.7 +3.7=314

The foregoing techniques may be summarized as follows:

Combined operations with square roots
Procedure with A-B scales:

1. Numbers under radical signs are each set on the
proper sections of the A-B scales, thus locating the
square roots on C-D.

2. Numbers not under radical signs are set on C-D, and
the actual operation takes place on the C-D scales.

Procedure with R scale:

1. Square roots may first be evaluated on R, then trans-
ferred back to C-D if they are to be further multiplied
or divided.

2. Alternatively, if the given expression is all contained
under a single radical sign (or if it is put into this form),
then the expression is evaluated on C-D with the
square root appearing on the appropriate R scale.

Exercise 12-2

1.8 x 42 120 x 4.5
1. 29 3. 37

TIEW 4. V6.2 x 3.4 = “459”
/ X

2‘ i “2 12

23 88 5. V15 x84 =



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23

73 (13 29
*V21x385 315

V2.Tx56x31=
V43 x 0.35 x 8.7 = “1145”

V5.1 x V31
2.4

V145 x VBT
13 h

= 4652477

(61.2)32

325 P

0.73 x (11.5)32 =
1.82 x (0.83)32 = <1376

12 x 17
V5.1

5475
V29

- 64903”

V340 x 6.2

— 6649 29
23 T

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41

COMBINED OPERATIONS WITH ROOTS
170 x V0.42
) 53

(.00717)12 x 0.811
.00406

= «1691”

7840
V212 X 40.6

1
- 4‘456’9
V0.814 x .0243

3.4
\/ 0524 x 6.44

2.76 x 525
V40,800

1.75 X 4.77 _
/0335

23.4 x 104
(7430)12

= “71799

—_ 66272”

23.0 X (8.45)%2 _
6.32

246 (13 9%
4.82 x (8.25)%2 215

V.00712 x V1.245 =
V.0831 x 3450 = “1694”

VAT
V19.2
V59.2
T = <1310”
/00345
621
VIT.2 x V104

V17.25 x V31.6
V85.2
(.0431)-12 =

= 1640”

V902 x v0.412

— “845”
V.0521
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42

37.2

T V475 x .0714

43 [00718 x 5760 _ 308"
’ .0436 B

44

45

46.

47.

48.

49.

50.

51.

52.

S53.

54

55

56.

57

[.0643 x 384
’ 0.524
342 [ 29
* V12.7 x .0615 209

2.46 x V41.6
V714
375 x V0.617

4664797
V2070

V69.2 x V/.00316
23.4
42.1 x /31
V0743

143 13 %
35~ 1323

1375
2.46 X Tg.—z =
3.44 x V0.611
V29.4

9.36 X 10° _ .01
Ny = 1265

6.19 X 105 _
" VBT X 107

V.075 X 463
7.42

6.28 x

o 6‘496”

= 6‘794’7

422 _
" VT.06 x V213

- 6‘200,7

58. (2.42 x V30.4 = “318”

59. 3.7 x

60.

6l.

62.

63.

64.

65.

66.

67.

638.

69.

70.

71.

72

73

74

0.86 =

(11.5)
23

— ‘6863?7

3

(0.76* _
14.2

:

(31.2)52 = ““6440”
(.0072)32 =

2.3 x 360

G o

(0.645)2 _
1.82

(1.63)%2
26.5

V3450
(6.35)°

/51.2
2 —_— =
5.2)2 x 631
(.00206 x 39.6)Y/2

0.564

2160 x V7.25
4.89 X 0.564

= «1280”

= “1458”

- “507”

43.7 X V.0823
V171.2 x 0.821

927.6 x \/AT50
" \/I5T x 4.67

“1810”

( 37.2 x .0168

1/2
4.68><.00913) = 383

( 125 x 5720 )1/2 3
*\.0823 x 7.11/

75. Evaluate y = 3.6Vx for x = 1.5, 3.6, 21.7, and 60.5.

76. Evaluate y = 0.74Vx for x = 15, 75, 250, and 1450.
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Vi
77. Evaluate y = 26 for x =3, 7, 11, and 45.

78. Evaluate y = \6/—4_f0r x = 0.5, 8.5, 46.5, and 175.
x

79. Evaluate y = (26.4)x~2 for x = 0.70, 1.85, 7.40, and 13.6.

80. Evaluate y = for x = 5.75, 12.6, 57.5, and 210.

kg X

12.3 Operations with cube roots and fourth roots
Example 1: V12 x22 =7

1. Move HL over 12 on K-middle. This puts HL. over ¥/12 on D. We may now multi-
ply by 22 on C-D scales:

2. Slide 22 on CI under HL.

3. Opposite right index of C read “504” on D. Answer is 50.4.

- e 2 \/3410_9
xample 2: 630

1. Move HL over 410 on K-right.
2. Slide 62 on C under HL.
3. Opposite left index of C read <1198 on D. Answer is 1.198.

52
V74

Example 3:

In this case, we divide V7.4 by 52 and read the reciprocal.

1. Move HL over 74 on K-left.
2. Slide 52 on C under HL.
3. Move HL over right index of C. The quotient is now under HL on D, and its

reciprocal is under HL on DL
4., Under HL read “267” on DI. Answer is 26.7.
(Note that reciprocal may also be read opposite left D index on C.)

Verify the following:

1. V4.5 x47="171.6 T 2.64
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136 2.76 % 67.5
3. =57.2 5, ———— =260
¥13.5 ¥/0.37
¥V/31.5 x 16.2 5210
4, - L T 14, 6. ————— =448
3.44 14.87 325 x ¥.0460
Example 4: 1.7x ¥31.2=7"
Evaluate this as 1.7 X V V31.2.

Procedure with A-B scales:

1. Move HL over 312 on A-right.

2. Under HL read “559” on D; hence, V31.2 =5.59. Now take square root again.
3. Move HL over 559 on A-left. HL is now over ¥31.2 on D, and we can multiply
by 1.7,

4.. Slide 17 on CI under HL.

5. Opposite right index of C read “401” on D. Answer is 4.01.

Procedure with R scale:

1
2

. Use R scale twice to find ¥31.2 = VV31.2 = 2.36.

. Slide left index of C over 236 on D, and multiply by 1.7. Verify that answer
is 4.01.

On rules that have both the A scale and the double-length scale (R, Sq, or V), you may
read V31.2 directly from A to R, transfer to D and multiply by 1.7.

Example 5: A75)4 = ?

Verify that (175)%4 = 175 x (175)"4 = 636.

Example 6: 43p+ =72

Verify that (43)34 = (43)V/* x (43)V2 =16.8.

Verify the following:
1. 46 x ¥7.2="7.54 ‘4. (48)54 =126.5
2. 26.3 x V2850 = 192.5 5. (0.82)3+ = 0.78
3. ¥.056 ~ 1.8 =0.270 6. (640)3/4 = 127.2

Exercise 12-3

1. ¥/32x 4.6 = 2. V175 x 8.5 = “476”



w

4.

5.

10.

11.

12.

13.

14.

15.

1e.

17.

18.

19.

20.

E =
| &

:

V560
8.2

= “1005”

165
V6

Lt

346 _ g

¥v2.75

16.3 x V760 _
57.4 B

V/13.5 x 2.46

= 3 45’7
1.075 >

/96

" 45 % 0.74

V1750 -
6.35 x 2.48

1
V4.6 x .065

1
= ‘620499
¥.065 x 1.22

2.2 x V185 =

10.6 x V3650 = 824"
0.72 x V52 =

345 x ¥/.00665 = “985”

V0465
0.622

V74,000 x 12.8
5.22

= 6‘4047’

(22.6)3/4 =

(0.63)%/¢ = “561”

21.

22.

23.
24.

25.

26.

27.
28.

29.

30.

31.

32.
33.

34.

0 V510 x 3.72

COMBINED OPERATIONS WITH ROOTS

(3750)5/4 =
(5.22)5¢ oo,
2.33 339
(9.2 X 10-9)5 =

(230)%4 = “591”

(17.5)3¢ =

(0.445)%4 = “545”
(5.6 x 10w)3/¢ =

(1.9 x 10-9)3/4
2.3

V4.6 X 3.5 =
¥/61.5 x 15.3 = “980”

= «1252”

4[210

4.8

3 _7__6_ . “89897
V105 ~

16.7 X 2.83 _
V77
0.425 x 378

— ‘4208’7
/460

. (16523 x 3.77 =
. (740)%% +-11.6 = *“705”

(27.5)% X 6.35 _

2.55

. V145 x V6.3 = “1320”

/1450
V360

= 6657277
/3160
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118 COMBINED OPERATIONS WITH ROOTS

12.4 Formula types

VIt @467
0178 + (4.77)(0.133)

Example 1:

1. Verify that (1.46)* = 2.13.
2. Verify that 4.77 x 0.133 = 0.634.

3. Expression now becomes:

V1+2.13 V313 V313
0178 + 0.634 0.6518  0.652

4, Verify that answer is 2.72.

650 x [(14.6)% — (8.25)2]3/2= 9

Example 2: 4390

1. Verify that (14.6)2 — (8.25)> = 213 — 68.0 = 145.
2. Expression now becomes:

650 x (145)%2 650 x 145 x V145
4320 B 4320

3. Verify that answer is 263.

Exercise 12-4
V17.8 — V6.22 B
027 x3.32

V1+ @2.7)2
3.5 x 1.7

[ 17Tx34 _
© V2,631 + 34/19)

360 x [(21.3)% — (12.42]32 _
. 1300 B

w

-

5 085
Vi-(3)
2.1

6. 32.2 x V2.3 + (6.7 =

32.2 x [104 + (5.24)2]
26.7




8. 21>'<6.2><[

9

10.

COMBINED OPERATIONS WITH ROOTS

21 X 6.2 ]2/3 B
21 +12.4)

(28.2 — (11.7)*

" 6.35 + m(3.18)¥3

g1 1
10032 0075 _

5.24 x 107

In the following formulas, substitute the given data and evaluate:

11.

12.

13. R

14.

15.

16.

17.

18.

d = Vpq(Q/N, + 1IN)
a. N, =220,N,=170,p=10.65,¢9 = 0.34
b. N, =435, N, = 260, p = 0.83, ¢ = 0.57

plrlz + p‘)r')z
r= -4 - - -

P, +p2 -2
a. pl = 233 pg = 17, rl = 0.36, rz =0.17
b. p, =74, p, =55, r, = 0.67, r, = 0.29

Vsis — a)s — b)(s — ¢
s
a. a=115,b=17.6,¢c =8.3,s =13.7
b.a=21.6,6=13.2,c=12.4,s = 23.6

S=7mr\Vr+h?
a. r=16.7, h=21.3
b. r=5.84, h =12.7

Q=cmr* V2gh
a. c=0594,r=.081,g=322,h=15
b. ¢ =0.655, r =0.135, g=32.2, h = 37

N=50md> \/i;—;

a. d =4.12, s = .00078
b. d =12.75, s = .00342
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120 COMBINED OPERATIONS WITH ROOTS

19.

20.

21. 4

22.

23.

24.

0 = 1986 o gue

a. n= .015, R =2.24, S = .00037
b. n =.034, R = 13.1, S = .0053

S=a(r,+1n) VR +(r,—r)
a. r,=13.6,r,=7.75hL=8.18
b. r,=63.2,r,=286,h =252

_PbV3
" 9TEIL

(L2 —_ b2)3/2

a. I=11.4, P =4200, b =24.5,L =72, E = 30 X 10¢
b.I=1.35,P =2650,b=14.7,L = 48, E = 30 x 10°

T =L(h 112 — p,12)

CA, Vg
a. 4,=133,4,=074,C=085,5=322,h =7, h,=5
b.4,=212,4,=066,C=0.79,g=322,h =11, h, =7

t
t

3EI

V=N M + 0.24m)
.E=30x105,1=13.2,L = 86, M = 10.7, m = 4.6
b. E =30 x 106, [ = 22.7, L = 64, M = 14.6, m = 8.55

f=04 s

a. E=107,1=2.34, g =386, L =76.5, 7 = 1000

b. E =30 x 108, I = 11.5, g = 386, L = 58.0, W = 12,500
CT,, — ph

LT, —p? VCT, - I
a. C=0.594, T, = 450, T, = 480, T, = 465,p = 12, h = 15
b. C = 0.655, T, = 510, T, = 550, T,, = 530, p = 14, h = 17




Chapter 13

REVIEW EXERCISES

The following exercise sets are designed to give you additional drill with the techniques
and scales covered in Chapters 1 through 12.

Exercise 13-1

472

L axome

x_ 365 _
"362 T42°°

3. \V.0615 =
¥/260

Exercise 13-2

1. 11.7 x (5.24)? =
121



122 REVIEW EXERCISES

2. ¥.0000416 =
3. 275712 =

.00428 x 1160
" 6.04 x .0848

s 36 _
* V4766 x .0685

6. Given three circles with diameters 2.44, 15.2, and 46.5 respectively.
a. Find circumference of each; b. find area of each.

Exercise 13-3

1
1. .00266

o 220 _

4. V213 x 101t =

.0744 _
1 1 1

350 T 240 T 560

6. 1.8x%x23x22x0.78 =

Exercise 13-4

1230
‘o X6.82

1640 4.15 -
V063370

3. V39,000 =

N

4. (315)%3 =

s \/.00412 X 722
’ 3.78 -

6. 58.3 _
¥/13.6

:



REVIEW EXERCISES

Exercise 13-5

58 R, R,

R,= .R,=

* 277 00505 0227 1

™ [1.75 1.48]

(0642 | 72.3 84.6
: _P_ Mc
Given: S = Y, + f

Find S when P = 6500, 4 = 4.77, M = 4650, ¢ = 2.60, and I = 8.75.

915 x 84.7

0117 x 128 X 246

. V.00575 x 4.66 =

. Given: y = 3.6 Vx. Find ¥ when x = 1.8, 6.7, 41, and 116.

Exercise 13-6

1.

=2

Given the equation, y = 16.3x. Find y when x takes the values 1.45, 3.85, 7.45,
and 9.25.

16.8 x 1300 x 10-1¢

27.5 x 33.6 X 6.03

(3.70 X 41.2) _

57.2

. V314 x10° =

. The stretch of a spring is proportional to the applied force. If a force of 25 lbs

stretches the spring 3.8 inches, find:
a. stretch corresponding to 5.8 lbs, 18 lbs, and 46 lbs.
b. force corresponding to 0.75 inches, 2.1 inches, and 5.4 inches.

[T16x450
4.75(1 — 26/73)

Exercise 13-7.

V4150 x .0627

V.0633

.00423  0.684 .

F 13157

123
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3. V246 x 108=

1013 _
* 0754 x 132 X 2.65

4

5. 56(0.82)%(0.18)* = .

.0815 x 1065 x 5.30 X .0645 _
436 x .00358

6.

Exercise 13-8

(V52.3 + V21.7)?
3.14 h

(4627 _
2.44

(.00564)? x 322 x 102
(.0714)2 -

. 0722 - V00357 _
’ 3.42 B

2 2
5. Given: C = 2m\/ = ;b

Find C when a = 13.7 and b= 8.75.

6. 2.17p2 =



Chapter 14

THE TRIGONOMETRIC FUNCTIONS
(S, ST, AND T SCALES)

14.1 Some important relations

In this chapter we shall make use of the following trigonometric relations:

The reciprocal relations: ' The complementary relations:
cos x = 1/sinx cos x = sin(90° — x)
sec x = l/cos x cot x = tan(90° — x)
cot x=1/tanx csc x = sec(90° — x)

14.2 The sine (S and ST scales)

The S and ST scales are normally located on the slide, and the numbers on these scales
represent angles in degrees (K & E uses the designation “SRT” instead of “ST”’). You
will observe that the ST scale ranges from about 0.573° to 5.74°, and the S scale continues
from 5.74° to 90° thus, the two scales together form one continuous scale. You should
carefully study the divisions on these scales so that you can quickly locate any angle with
the hairline. On some slide rules, the subdivisions are such that fractions of a degree
may be estimated in minutes; however, the trigonometric scales on most modern rules
are subdivided in decimal fractions of a degree.

For angles in the range of the S scale (5.74° to 90°), the sine lies between 0.1 and 1.0.
For angles in the ST range (0.573° to 5.74°), the sine is between .01 and 0.1. The Sand ST
scales are related to the C scale in the following way:
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126 THE TRIGONOMETRIC FUNCTIONS (S, ST, AND T SCALES)

To find sin x:
1. Move HL over x on S or ST.
2. Under HL read sin x on C (or D if rule is closed).

To place the decimal point:
1. If x is located on S, sin x is between 0.1 and 1.0.
2. If x is located on ST, sin x is between .01 and 0.1.

When using the rule to simply read off trigonometric functions, it is a good idea to
close the rule with the C and D indexes aligned. In this way, readings can be made on
either C or D, and you eliminate the possibility of reading the wrong scale.

Example 1: sin 26° = ?

1. Close rule and move HL over 26° on S.
2. Under HL read “438” on C or D.

Angle is located on S; hence, result lies beiween 0.1 and 1.0. Answer is 0.438.

Example 2: sin 3.25° = ?

1. Close rule and move HL over 3.25° on ST.
2. Under HL read “567” on C or D.

Angle is located on ST; hence, result lies between .01 and 0.1. Answer is .0567.

Example 3: sin 36° 37" =7

1. For rules with decimal subdivisions, we first divide 37’ by 60 to convert to a

decimal fraction of a degree.
2. Verify that sin 36° 37’ = sin 36.6° = 0.596.

Verify the following:
1. sin 36° = 0.588 4. sin4.1° = .0715 7. sin 8° 15’ = (0.1435
2. sin79° = 0.982 5. sin 1.075° = .01877 8. sin 50° 12’ = (.768

3. sin 14.2° = 0.245 6. sin 0.73° = .01274 9. sin 2° 40’ = .0465
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It is now clear that we can read the sine directly for all angles between 0.573° and
90°. Functions of angles smaller than 0.573° are discussed in Appendix A.

Exercise 14-1

1. sin 39° = ‘ 16. sin1.86° =

2, sin 14° = 17. sin 43' =

3. sin 68.5° = 18. sin35° 12’ =

4. sin 10.2° = 19. sin 76° =

5. sin 45.6° = 20, sin4.45° =

6. sin 2.3° = 21. sin 5°22' =

7. sin 1.14° = 22, sin 14.35° =

8. sin 17.6° = 23. sin 6.05° =

9. sin 57.3° = 24, sin62.4° =
10. sin 82° = 25, sin 12° 17" =
11. sin30.5° = 26. sin 1° 11’ =
12. sin0.745° = 27. sin85° =
13. sin 7.66° = 28. sin 20.6° =
14. sin26.3° = 29. sin 0.585° =
15. sin15°20" = 30. sin41° 40" =

14.3 The complementary scale

You will recall that two angles are complementary if their sum is 90°. Thus, the comple-
ment of 24° is 66°, the complement of 31°is 59°, and so on. Now, on most slide rules, both
the angle and its complement are indicated at the major division marks on the S scale
(on some rules the complementary angles are indicated in red). At the 60° mark, for
example, you will also see 30° indicated; at the 20° mark you will see 70°. In using these
complementary markings, we will refer to the “complementary scale.” Note, especially,
that the complementary scale increases from right to left. The presence of the comple-
mentary scale enables you to locate the complement of an angle directly on S without
actually subtracting from 90°.
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128 THE TRIéONOMETRIC FUNCTIONS (S, ST, AND T SCALES)

Most slide rules do not have the complementary markings on the ST scale; to locate
the complement on this scale you must first subtract from 90°.

14.4 The cosine

Here, we may use the complementary relation: cos x = sin (90° — x). Thus, cos 25° = sin
65°, cos 4° = sin 86°, and so forth. Clearly, then, to find cos x we need only to locate the
complement of x on S or ST; we may then read the cosine directly on C. Note also that
the complement of x can be located on S simply by moving the hairline over x on the
complementary scale.

Example 1: cos 62° = ?

The complementary relation is: cos 62° = sin(90° — 62°) = sin 28°.
1. Close rule and move HL over 62° on the complementary scale of S. Note that
HL is now automatically over the complementary angle (28°) on the direct S
scale, thus saving you the trouble of subtracting from 90°. _
2. Under HL read “469” on C or D. Complement is on S; hence, result is between
0.1 and 1.0. Answer is 0.469.

This example illustrates the procedure:

To find cos x:
1. Move HL over the complement of x on S or ST.
2. Under HL read cos x on € (or D if rule is closed).

To place the decimal poini:
1. If complement of x is on S, cos x is between 0.1 and 1.0.
2. If complement of x is on ST, cos x is between .01 and 0.1.

Example 2: cos 46.3° = 7

1. Close rule and move HL over 46.3° on the complementary scale of S.

2. Under HL read “691” on C or D.

Complement is on S; hence, result is between 0.1 and 1.0. Answer is 0.691.

Example 3: cos 88.5° = ?

If there is no complementary scale on ST, we must first obtain the complement:
90° — 88.5° = 1.5°

1. Close rule and move HL over 1.5° on ST.

2. Under HL read “262’° on C or D.

Complement is on ST; hence, result is between .01 and 0.1. Answer is .0262.
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Verify the following:

1. cos 28° =0.883

2. cos 64.5° = 0.430

3. cos 73° 30" = 0.284

Exercise 14-2

1.

2.

11.

12.

13.

14.

15.

For the range covered by the ST scale, the angles are small enough so that the sine and
tangent are substantially equal. At least, they are close enough so that we cannot dis-

cos 43° =

cos 67° =

. cos 22° =

. cos 715.2° =

. cos 58.4° =

. cos 31.7° =

cos 83.15° =

. cos 16° =

cos 89° =

. cos 87.4° =

cos 89.24° =

cos 69.7° =

cos 81.45° =

cos 29.6° =

cos b° =

14.5 The tangent of angles less than 45°

(ST and T scales)

4. cos 87.25° = .0480
5. cos 46° 15’ = 0.692

6. cos 85.2° = .0837

16.
17.
18.
19.
20.
21.
22.
23.

24.
25.
26.
27.

28.

cos 47° 30’

cos 87° 30’

cos 49° 20’

cos 73.6° =
cos 31.5° =
cos 55° 36’ =
cos 89° 13" =
cos 28.4° =

cos 42.8°
sin 42.8°

LI

cos 72.7°
sin 72.7°

o

cos 18.6°
sin 18.6°

o

cos 52° 20’
sin 52° 20’
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tinguish the difference on the slide rule. Therefore, if the hairline is moved over an angle
on ST, the reading on C corresponds to either the sine or the tangent. This, of course,

accounts for the scale designation “ST” (sine or tangent).

Example 1: tan 2.4° = ?

1. Close rule and move HL over 2.4° on ST.
2. Under HL read “419” on C or D. Answer is .0419.

For angles beyond the ST range, we must refer to the T scale. If you examine this
scale, you will see that it extends from 5.7° to 45° (tangents of angles in this range will
lie between 0.1 and 1.0). Using either the ST or T scales, we may read tangents directly

on C:

To find tan x (x less than 45°):
1. Move HL over x on T or ST.

To place the decimal point:

2. Under HL read tan x on C (or D if rule is closed).

1. If x is located on T, tan xis between 0.1 and 1.0.
2. If x is located on ST, tan x is between .01 and 0.1.

Example 2: tan 21° = ?

1. Close rule and move HL over 21° on T.
2. Under HL read “384” on C or D.

Angle is located on T; hence, result is between 0.1 and 1.0. Answer is 0.384.

Verify the following:
1. tan 17° = 0.306 7.
2. tan 8.75° = 0.1539 8.
3. tan 28.6° = 0.545 9.
4. tan 21.2° = 0.388 10.
5. tan 6.45° = 0.1130 11.

6. tan 3.24° = .0565 12.

tan 41° 20" = 0.880
tan 4° 30’ = .0785
tan 12° 30" = 0.222
tan 32.2° = 0.630
tan 0° 45" = .01309

tan 1.65° = .0288
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14.6 The tangent of angles greater than 45°

Again referring to the T scale, you will observe that, just as on the S scale, the comple-
mentary angles are indicated. Thus, although the regular T scale extends only to 45°,
the complementary scale on T ranges from 45° to about 84.3°.

Recall now that cot x = tan(90° — x); hence, if the hairline is set over an angle on the
complementary scale of T, we will read the cotangent directly on C. But the tangent is
just the reciprocal of the cotangent; therefore, the tangent will be under the hairline on

CI (or DI if rule is closed).

Example 1: tan 63° = 7

1. Close rule and move HL over 63° on the complementary scale of T. The hair-
line is now over cot 63° on C, and over tan 63° on CI (or DI).

2. Under HL read “1963” on CI or DL

The reading on C (or D) is between 0.1 and 1.0; hence, the reciprocal must be be-
tween 1 and 10. Answer is1.963.

The general procedure may be stated:

To find tan x (x greater than 45°):
1. Move HL over complement of x on T or ST.
2. Under HL read tan x on CI (or DI if rule is closed).

To place the decimal point:

1. If complement of x is on T, tan x is between 1 and 10.

2. If complement of x is on ST, tan x is between 10
and 100.

Example 2: tan 78.5° = ?

1. Close rule and move HL over 78.5° on the complementary scale of T.
2. Under HL read “492” on CI or DL.

Complement is on T; hence, resultis between 1 and 10. Answeris 4.92.

Example 3: tan 88.8° = 7
First obtain the complement: 90° — 88.8° = 1.2°,

1. Close rule and move HL over 1.2° on ST.
2. Under HL read “477” on CI or DI.

Complement is on ST; hence, result is between 10 and 100. Answer is 47.7.
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Notice that by reading from the direct angle to C, or by reading from the comple-
mentary angle to CI, we are able to evaluate tangents of angles between 0.573° and
89.427°. The values of the tangents in this range lie between .01 and 100. If the rule is
closed and you are reading on the C or D scales, the tangent is less than 1; when you
are reading on the CI or DI scales, the tangent is greater than 1. For very small angles
less than 0.573°, refer to Appendix A.

Verify the following:
1. tan 48.5° =1.130 4. tan 46.2° = 1.043 7. tan 53° 18’ = 1.342
2. tan 62° = 1.881 5. tan 58.7° = 1.645 8. tan 80.6° = 6.04
3. tan 89.2° ="T71.6 6. tan 84.8° = 11.02 9, tan 87° 30" =22.9

14.7 The extended T scale

Some slide rules have another direct T scale ranging from 45° to 84.3° which we shall
refer to as the “extended’’ T scale (on Pickett rules, this scale is back-to-back with the
regular T scale). If the hairline is set over an angle on this extended scale, the tangent
may be read directly on the C scale. For angles on this scale, the tangent lies between
1 and 10. If the angle is greater than 84.3°, the tangent is found in the same manner de-
scribed in the previous section.

Exercise 14-3

1. tan 33° = 10. tan 67.4° =
2, tan 17° = 11. tan 3.7° =
3. tan 55° = 12, tan 1.64° =
4. tan 78° = 13. tan 14.3° =
5. tan 2° = 14. tan 73.6° =
6. tan 87° = 15. tan 49.4° =
7. tan 13.4° = 16. tan 86.3° =
8. tan 37.6° = 17. tan 89.15° =

9. tan 51° = 18. tan4° 15’ =
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19. tan0° 50’ = 25. tan5° 10’ =

20. tan 11.65° = 26. tan 85.75° =
21. tan 80.4° = 27. tan 2.66° =
22, tan 37°20' = 28. tan 43° 40’ =
23. tan 21° 15" = 29, tan 84.05° =
24, tan 52.1° = 30. tan 7° 50’ =

14.8 The cotangent, secant, and cosecant

To find the cotangent we either locate the angle on the complementary scale of T and
read the cotangent on C, or locate the angle on the direct T scale and read the reciprocal
on CI.

Example 1: cot 68° =7

1. Close rule and move HL over 68° on complementary scale of T.
2. Under HL read “404” on C or D.

Complement is on T; hence, result is between 0.1 and 1.0. Answer is 0.404.

Example 2: cot 26° =7

Here, the angle may be located directly on T, the tangent will be on C, and the desired
cotangent is on CL

1. Close rule and move HL over 26° on T.
2. Under HL read “205” on CI or DI

The tangent on C is between 0.1 and 1.0; hence, the reciprocal on CI is between
1 and 10. Answer is 2.05.

Example 3: cot 86° =7

First obtain the complement: 90° — 86° = 4°.

1. Close rule and move HL over 4° on ST.
2. Under HL read “699” on C or D.

Complement is on ST; hence, result on C is between .01 and 0.1. Answer is

.0699.

133



134 THE TRIGONOMETRIC FUNCTIONS (S, ST, AND T SCALES)

Verify the following:
1. cot 54° = 0.727 4. cot 33° 30’ = 1.511 7. cot 87.35° = .0463
2. cot 70.8° = 0.348 5. cot 4° 15" = 13.47 8. cot 78.4° = 0.205
3. cot 12.4° = 4.55 6. cot 8.3° = 6.86 9. cot 2.44° =235

The secant and cosecant can be evaluated as reciprocals of the cosine and sine
respectively.

Example 4: sec 52° =7

1. Close rule and move HL over 52° on the complementary scale of S. The cosine
is now on C (or D), and the secant is on CI (or DI).
2. Under HL read “1624” on CI or DI

The cosine is between 0.1 and 1.0; hence, reciprocal is between 1and 10. Answer

is 1.624.

Example 5: csc 3° =7
We find sin 3° and read the reciprocal.
1. Close rule and move HL over 3° on ST. The sine is now on C and the cosecant
is on CI (or DI).
2. Under HL read “1911” on CI or DL

Angle is on ST; hence, sine is between .01 and 0.1 and the reciprocal must be
between 10 and 100. Answer is 19.11.

Verify the following:

1. sec 28°=1.133 3. csc 14.6° = 3.97 5. sec 85.7° =13.33

2. sec 62.4°=2.16 4. csc 54° 30’ =1.228 6. csc 5.9°=9.73

14.9 A summary of procedures with the
trigonometric scales

The following summary may be useful; note especially the general remarks about deci-
mal point placement.
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To find sin x or csc x:
1. Move HL over x on S or ST.
2. Under HL read sin x on C, csc x on CI.

To find cos x or sec x:
1. Move HL over complement of x on S or ST,
2. Under HL read cos x on C, sec x on CI.

To find tan x or cot x:
Angles less than 45°:
1. Move HL over x on T or ST.
2. Under HL read tan x on C, cot x on CI.

Angles greater than 45°:
1. Move HL over complement of x on T or ST.
2. Under HL read tan x on CI, cot x on C.

To place the decimal point:
1. When reading from the S or T scale to:

a. the C scale, answer is between 0.1 and 1.0 (.XXX).
b. the CI scale, answer is between 1 and 10 (X.XX).

2. When reading from the ST scale to:

a. The C scale, answer is between .01 and 0.1 (.0XXX).
b. the CI scale, answer is between 10 and 100 (XX.X).
If rule is closed, readings may also be made on D and DI

Exercise 14-4

All six trigonometric functions are represented in this exercise set.

1. cot 62° = 9, cot 87.4° =
2. cot 24° = 10. sec 85.7° =
3. cot 34° = 11. sin 71° 20’ =
4. csc 56° = 12, csc 17.3° =
5. csc 23° = 13. tan 22.3° =
6. sec 47° = 14. sin 28.3° =
7. cot 73.5° = 15. cos 80.55° =

cot 56.2° = 16. csc 35.6° =
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17. tan 57.4° = 33. cot 63.5° =
18. tan 72.6° = 34. sin6°27 =
19. cot 18.4° = 35. cos 89.13° =
20. sin9° 40’ = 36. cot 2° 30’ =
21. csc 72.6° = 37. csc 14.7° =
22. cos 86.66° = 38. sin 4.05° =
23. sec 81°30' = 39. sec 76.3° =
24. tan 1°45' = 40. tan 41.2° =
25. cos 33°15' = 41. sin 56° 50’ =
26. sin 46° 25' = 42. cot 21.7° =
27. cot 40.7° = 43. sin 79° =
28. cos 15° = 44. cot 85.8° =
29, tan 8.45° = 45. csc 2°20' =
30. tan 88.22° = 46. cos 89.15° =
31. sin 3°40' = 47. tan 52° 45" =

32. cos 58.4° = 48. sec 72.5° =



Chapter 15

FURTHER OPERATIONS WITH THE
TRIGONOMETRIC SCALES

15.1 Angles greater than 90°; negative angles
These examples assume familiarity with the algebraic signs of the functions in the vari-
ous quadrants. The reference angle is the acute angle between the terminal side of the
angle and the x axis. Negative angles are generated clockwise from the positive x axis.

Example 1: sin 217° = ?

Here, the reference angle is 217° — 180° = 37. (See Figure 15.1.) The given angle is in
the third quadrant; hence, the sine is negative. Thus, we may write:

sin 217° = — sin 37°

Verify that the result is —0.602.

1N Q 1 Q
217°
r\ X axis
37°
1l Q IV Q

Figure 15.1
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Example 2: cos 126° =7

The reference angle is 180° — 126° = 54°. The given angle is in the second quadrant;
hence, the cosine is negative. We may write:

cos 126° = — cos 54°

Verify that the result is —0.588.

Example 3: tan(—114°) = ?

The reference angle is 180° — 114° = 66°. (See Figure 15.2.) The given angle is in the
third quadrant; hence, the tangent is positive. Therefore, we may write:

tan(—114°) = tan 66°

Verify that the answer is 2.25.

I Q I Q

X axis
66° JI 14°

i Q IV Q
Figure 15.2
Exercise 15-1
1. sin148° = 7. tan 280° =
2. sin 110° = 8. tan 251° =
3. sin204° = 9, sin(—136°) =
4. cos 123° = 10. sin 312° =
5. cos 114° = 11. cos 137.6° =

6. tan 156° = 12. cos(—32.4°) =
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13. tan 93.3° = 16. tan(-112°) =
14. sin176° 30" = 17. sin 477° =
15. cos 154° 30" = 18. cos 283.7° =

15.2 The inverse trigonometric functions

Here, we have the reverse problem: given the value of a function, find the corresponding
angle. You will recall that “arcsin x” or “sin~! x” are notations which simply mean
“angle whose sine is x.” Similarly, the notations “arctan x” or “tan~! x” mean “angle
whose tangent is x,” and so forth. We refer to these as “inverse trigonometric functions.”
For example, consider the forms:
a. sinx =0.245; x =7
b. sin~1 0.245 = 7
¢. arcsin 0.245 = 7
Although different notations are used, all three of these state exactly the same problem:
find the angle whose sine is 0.245.
Clearly then, evaluating the inverse functions involves a reversal of the procedures
outlined in the previous chapter. In the following examples and exercises, we shall
assume that the desired angle is the smallest positive angle satisfying the condition.

Example 1: sinx =0.676; x = 7

1. Close rule and move HL over 676 on C or D. Note that the function is between
0.1 and 1.0; hence, angle is on S.

2. Under HL read 42.5° on S.
Example 2: tan x = .0365;x = ?

1. Close rule and move HL over 365 on C or D. Function is between .01 and 0.1;
hence, angle is on ST.

2. Under HL read 2.09° on ST.
Example 3: cos™10.1875 = ?
1. Close rule and move HL over 1875 on C or D. Function is between 0.1 and 1.0;
hence, angle is on S. It is a cosine function, therefore, read the complement.
2. Under HL read 79.2° on complementary scale of D.

Example 4: arctan 1.8 = 7

Here, the tangent is between 1 and 10; hence, angle is greater than 45°. Tt follows, there-
fore, that the hairline is set on CI and the result is read on the complementary scaleof T.

1. Close rule and move HL over 180 on CI or DL
2. Under HL read 60.95° on complementary scale of T.
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Example 5: arcsin(—0.415) = 7

1. Close rule and move HL over 415 on C or D.
2. Under HL read ““24.5°’ on S.
3. The function is negative, and we know that the sine is negative in the third and

fourth quadrants. Since it has been agreed to choose the smallest positive angle,
we select the third quadrant. Hence, the desired angle is 180° + 24.5° = 204.5°.

Example 6&: tan~1(-0.161) = ?
1. Close rule and move HL over 161 on C or D.
2. Under HL read “9.15°" on T.

3. The function is negative, and the tangent is negative in the second and fourth
quadrants. The smallest positive angle will lie in the second quadrant; hence,

result is 180° — 9.15° =170.85°.

Exercise 15-2

Find the smallest positive angle.

1. sinx =0.320; x = 16. sinC =0.950; C =

2. sin x = 0.575; x = 17. tan C =1.303; C =

3. sinx =0.834; x = 18. arctan 4.00 =

4-.» tan 4 =0.322; 4 = 19. arcsin .0901 = »

5. tan4=0.662; 4 = 20. arctan 0.1875 =

6. tan x = 0.815; x = 21. arctan 1.13 =

7. cos A =0.900; 4 = 22, arccos 0.764 =

8. cos 4 =0.600; 4 = 23. arctan 22.9 =

9, cos B=0.319; B = 24, arctan 13.2 =
10. sinx = .0521; x = 25. arccos 0.269 =
11. sin B =.0378;, B = 26. arcsin .0733 =
12. cos B =.0450; B = 27. arcsin —0.381 =
13. cos x =0.891; x = 28. arccos —0.205 =
14. tan x = .0366; x = 29, arccos —0.474 =

15. tan x = .0610; x = 30. arctan —0.924 =
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31. arctan .01397 = 42, tan™! 10.0 =

32. arcsin 0.1095 = 43. tan 0.667 =

33. arctan —0.294 = 44. sin' .0276 =

34. cos™1—0.948 = 45. cos™!.0279 =

35. cos™1.0362 = 46. cos' .01535 =

36. tan! 52.5 = 47. sin™! —0.245 =

37. tan~1 2.95 = 48. tan' 1.085 =

38. sin~! .0194 = 49, cos™10.332 =

39. sin~1.0734 = 50. tan1 15.45 =

40. tan"1 1.85 = 51. 4sin®*4 + 5sind —6=0; 4 =
41. cos™! —.0910 = 52. 6sin?x — llsinx +3 =0; x =

15.3 Combined operations with
trigonometric functions

When multiplying or dividing trigonometric functions by other numbers, simply bear
in mind that the ST, S, and T scales are directly related to the C scale. In fact, you may
think of these scales as “auxiliary C scales” which are merely graduated and labeled
in different ways. In multiplication and division, therefore, the ST, S, and T scales op-
erate in the same manner as does the C scale.

Example 1: 15.2 sin 22° = ?
1. Set left index of C opposite 152 on D.
2. Move HL over 22° on S. This puts HL over sin 22° on C; hence, we have per-
formed the desired multiplication.
3. Under HL read “570 on D.

The angle occurs on the S scale; hence, sin 22°is between 0.1 and 1.0. The product,
therefore, must be between 1.52 and 15.2.

Answer is 5.70.

Exampie 2: 435 sin 36.5° = ? 435 cos 36.5° =7

1. Set right index of C opposite 435 on D.
2. Move HL over 36.5° on S. This multiplies by sin 36.5°.
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3. Under HL read <259” on D.
4., Move HL over 36.5° on complementary scale of S. This multiplies by cos 36.5°.

5. Under HL read “350” on D.

Answers are 259 and 350.
26.4
Example 3: o522

1. Move HL over 264 on D.
2. Slide 52.2° on complementary scale of S under HL.
3. Opposite right index of C read “431”" on D.

Answeris 43.1.

Example 4: 1340 tan 3.44° = ?
1. Set left index of C opposite 1340 on D.
2. Move HL over 3.44° on ST.
3. Under HL read “805” on D.

The angle is on ST; hence, tan 3.44° is between .01 and 0.1, and the product must
be between 13.4 and 134.

Answer is 80.5.

Verify the following:

1. 145 cos T1.5° = 46.0 4. 75 tan 28.4° = 40.5
2. 8.6 sin 37° = 5.18 5. 36.4 sin 1.2° = 0.763
272 680
* cos 46.2° 3.93 6. tan 18°30' 2030
Example 5: 12.5 tan 63° = ?

Evaluate this as 12.5/cot 63°.

1. Move HL over 125 on D.

2. Slide 63° on complementary scale of T under HL.

3. Opposite right index of C, read “245” on D. Answer is 24.5.
Example 6: 6.25 cot 37° = ?

Evaluate this as 6.25/tan 37°. Verify that result is 8.30.
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2350 sin 2.3° _,
4.66 tan 17.5°

Move HL over 235 on D.

. Slide 466 on C under HL.

. Move HL over 2.3° on ST.

Slide 17.5° on T under HL.

Nk wn =

Opposite right index of C read “642” on D.

To place the decimal point, first observe that sin 2.3° is about .04, and tan 17.5°
is about 0.3 (this can be done by simply glancing from the ST and T scales to the C

scale). We may now write:

2350 x sin 2.3° 2000 x .04
4.66 X tan 17.5° 5x 0.3

Exercise 15-3

16

=-— = 50. Answer must be 64.2.

0.3

1. 12.8 sin 46° = 14. 478 sin 18° 20" =
478 cos 18° 20’ =
2. 64 sin 33.4° =
36.2
3. 7.6 tan 26.2° = 15. sin 44°
4. 125 cos 54° = 16. —287__
cos 32
5. 1450 sin 2.25° =
17. 1275 tan 3° 30’ =
6. 6.57 tan 34.3° =
2.85
7. 12.8sin11°30' = 18. sin 2.34°
8. 630 sin 62.3° = 19 345 _
630 cos 62.3° = tan 32.4°
9. 12.65 sin 22.4° = 20, %5 __
12.65 cos 22.4° = sin 52
10. 7500 sin 12.45° = 21, 2400 __
7500 cos 12.45° = cos 58.2
11. 344 sin 37.2° = 22, 4T __
344 cos 37.2° = cos 15
12. 115 sin 127° = 23. % -
115 cos 127° = sin
24. 6.8 tan 71° =

13. 9.60 sin 206.2° =
9.60 cos 206.2° =

25.

2450 tan 53.5° =
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26. 19.6 cot 34 = 34. %(21.3)(18.4) sin 13° 15’ =

27. 480 cot 18.4° =

1
36.2 sin 15° 35. 5(4.66)(7.43) sin 128.5° =
28. 2.75 sin 38°
. (16.45)3. 3.6° =
ro _SmE 36. (16.45)(3.08) cos 3
026 sin 12° 30° 37. (12.54)(4.88) cos 129° =
4 0
30. %%—;8— = gg, 5600 tan 3° 30" _
°  924.41an 65°

31. 10.8 cos 63° sin 23° =

246 sin 32.4° cos 51.5° _

39. - .

32. 47.5sin 37°sin 2.4° = sin 11.25
22.6 sinz 18.4° _ 6800 sin 1.65°

33. 1.66 B : 40. s s an 31.2°

15.4 Radian measurement

Radians and degrees are related as follows:

1 radian = -1-5_2 degrees

ey 1 18 . .
Within slide rule accuracy, 70 = 57.3, and we use the approximate relation:

1 radian = 57.3°
The conversion formulas may be stated:

angle(radians) = angle(degrees) + 57.3
angle(degrees) = angle(radians) X 57.3

Many slide rules have a scribed mark at 573" on C or D (or both).

Example 1:  Convert 27.6 ° to radians.
We must divide by 57.3:
1. Move HL over 276 on D.
2. Slide 573 on C under HL.
3. Opposite right index of C, read “482” on D.

Answer: 27.6° = 0.482 radians.
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Example 2: sin 0.64 =7

When the degree symbol is omitted, it is understood that the angle is in radians. Thus,
sin 0.64 means “the sine of 0.64 radians.” We must, therefore, first convert 0.64 radians
to degrees, then find the sine using the S scale. -

. Verify that 0.64 radians = 36.7°.
. Verify that sin 0.64 = sin 36.7° = 0.598.

N =

Verify the following:

1. 28.2° = 0.492 radians 5. sin 0.44 = 0.426
2. 76.5° = 1.336 radians 6. tan 0.275 = 0.282
3. 1.44 radians = 82.5° 7. cos 1.1 = 0.454
4. 0.38 radians = 21.8° 8. sin 2.3 =. 0.745

15.5 Using the ST scale for radian conversion
For small angles (in the range of ST or smaller), the sine or tangent is approximately
equal to the angle itself expressed in radians. Thus, sin 2°is about numerically equal to

the radian equivalent of 2°. Let us check this on the slide rule:

1. First move HL over 2° on ST, and verify that sin 2° = .0349.
2. Now convert 2° to radians (divide by 57.3), and verify that 2° = .0349 radians.

Therefore, to convert a small angle x (in the ST range) to radians, we simply find
sin x using the ST scale, and this also represents the radian equivalent of the angle.

For this reason, the ST scale on K & E slide rules is labeled “SRT”; that is, the scale
may be used to find sines, radian equivalents, or tangents of small angles.

Example: Convert 2.4° to radians.
We proceed exactly as if we are finding sin 2.4°:

1. Move HL over 2.4° on ST.
2. Under HL read “419”” on C.

Answer: 2.4° = .0419 radians.

Exercise 15-4

1. Convert to radians:

a. 32°, b. 68.4°, e¢. 11.4°, d. 145°30', e. 223°
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2. Convert to radians (use ST scale):
a. 3.65°, b. 4.50°, c. 1.84°, d. 0°45, e. 2.76°

3. Convert to degrees:
a. 2.33rad., b. 0.76 rad., c. 1.08 rad., d. 5.24 rad., e. 0.215 rad.

4. Convert to degrees (use ST scale):

a. .062 rad., b. .0345rad., e. .0175rad., d. .055rad., e. .0765 rad.

5. sin 1.05 = 9. sin 2.24 = 13. tan 0.175 =
6. tan 0.64 = © 10. tan 0.36 = 14. sin4 =

7. cos 0.22 = 11. cos 1.85 = 15. sin(~0.72) =
8. sin 0.445 = 12. sin 1.26 = 16. cos(-2.9) =

15.6 Formula types

36.4
Example 1: \[1 + 2.75 sin® 26.5°

1. Verify that 2.75 sin? 26.5° = 0.547.

2. Expression may now be evaluated:
[ 364 _ /364
1+0547 V1547 4.85

Example 2: Given the formula: 4 = % (@ — sin @).

Find 4 when r=12.6 and ® = 0.740 radians.

1. Verify that sin 0.740 = sin 42.4° = 0.674.
2. Formula becomes:

A= %(12.6)2(0.740 - 0.674) = %(12.6)2(.066) = 5.24.

Exercise 15-5
1. 53.5(1 — cos 48°) =

7.22

2 3151275 em e

3.65 cos 36° + 2.88

3. tan 36°
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4 82.2
" cos 27° cot 15.2° — sin 27°

5. V14.7 cos? T1° + 4.66 =
6. V1 + 7 sin2 61° =

1-0.34tan 24° _
"1+ 0.34/tan 24°

\f 253 _
" V5.64 — 3.22 sin? 38.4°

9. V(16.3)? + (7.44) — 2(16.3)(7.44) cos 56° =

N

[=-]

10. V(23.7)2 + (38.2)2 — 2(23.7)(38.2) cos 118° =

11.

o

" (12.8 + 8.44)
S \12.8 x 8.44

12. tan-! [123 - 2.6(4.4)2] -

2.6 x 4.4

13. cos-! [(5.7)2 + (6.2)* — (4.8)2] _

2x5.7%x62

In the following formulas, substitute the given data and evaluate:

14. S, =-21-S(1 -~ cos 20)

a. S =2450, 0 =23.6° b. S=16,700, ® = 35.2°

o s
15. R = V2 sin 20
28
a. V=1450, ® = 18° 20, g = 32.2
b. V=825 0 =28°30', g = 32.2

16. tan ® = —% (0 < 0 < 90
asino+ g

a. o =282° q=12.4, g=32.2. Find 6.
b. « =34.9°, a = 21.6, g = 32.2. Find O.

sin g

17. n=—
sin r

a. i=2362°r=254° b.i=56.2°r=328°

18. 4 =lnr25in [360 ]
2 n

a. n=14,r=151; b.n=17,r="1.6
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19. A =nr?tan [18’:)]

a.n=17,r=8.2; b. n=13,r=21.5

20. ¢ = Va2 + b* —2abcos C
a. a=63,b=47,C=42
b. a=127,5=16.2, C = 123° 30’

_ T cos O
21. R—l—cosd)sin@
a. T=2350,0 =31° ¢ = 58°
b. T = 2400, ® = 27.5°, ¢ = 36.3°
2d|r
= -t 4 O
22. ¢ =tan Qe =1 0° < ¢ <909

a. r=0.36,d=347 b. r=0.22,d=4.65

tan a + f/cos ©
1— ftan afcos @
a. f=0.15 o =23°, 0 = 32°
b. /=024, o =18°, 0 = 27°

23.

~

: S,y
24. tan 20 = —1————-—- (0° < O < 459
2, =52
a. S, = 17500, S, = 12,400, S, = 15,240. Find O.

X

b. S,, = 13,500, S, = 18,400, S, = 22,600. Find ©.

A, sin ©
1 - (ww,)?
a. 4, =465 0 =50, w=340, w, =825
b.4,=212,0 = 48°, w = 460, w, = 710

25.

L\

1
4R sin 2@

26, T=——""F—
® +sin O
a. R =8.64, ® =0.42 radians; b. R =21.7, ® = 1.22 radians

27. F,=F, +tanﬁsina]

a. F,=340,0 =18°, a = 22°, B = 26°
b. F, =76, ® = 21.5°, « = 25.6°, B = 29.5°

[tan ® cos a

28. 4 = _;_,,.,z - [x V2 — a2 + r? sin™! (1)] (sin‘1 (-{-) in radians)

r

a. r=11.7,x=6.2; b. r=6.25x=3.75

2wab

29. S =2xwb* + p

a. a=85,b=64,¢=0.66
b. a =14.6,5=13.5,e=0.38

sin—le (sin~le in radians)
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1 sin s sin(s — a)
30. cos -2-A = \—— (0° < 4 < 180

sin b sin ¢
a. a =60° b =135° ¢ =110°, s = 152.5°. Find A.
b. a =124°, b = 48°, ¢ = 145°, s = 158.5°. Find 4.

L \/7
31. Y= esec[ 5 EI]

a. E=29x 105, P =22,000, ] = 14.8, L =87, ¢ = 0.75
b. E =29 x 105, P = 18,500, ] = 21.5, L = 120, e = 0.85



Chapter 16

THE RIGHT TRIANGLE

16.1 Relations between the sides and angles

If A and B represent the acute angles of a right triangle, we let a and b denote the sides
opposite 4 and B respectively, and let ¢ denote the hypotenuse (Figure 16.1).

B

90°

Figure 16.1

In the following section, we shall make use of the relation A + B =90° and we must
also recall the definitions:

sinA=-Ll sinB=—b
c

c

cos A =— cos B =%

c c

tanA=9— tanB=-b—

b a

150



THE RIGHT TRIANGLE 151

16.2 Solution of the triangle
using the function definitions

A right triangle is uniquely determined if an acute angle and a side are known, or if two
sides are known. Given the known parts, the problem is to find the desired unknown
parts. By choosing the proper function (sine, cosine, or tangent), we can always find the
unknown parts in terms of the known. It is usually worthwhile to make a sketch roughly
to scale as a check on the reasonableness of the solution.

Example 1: Given 4 = 34.2° and ¢ = 346. Find sides a and b (Figure 16.2).
B
346
a
34.2° O
A b
Figure 16.2

1. Write: a = 346 sin 34.2° b = 346 cos 34.2°.
2. Verify that ¢ = 194.5 and b = 286.

Example 2: Given ¢ =46 and a = 21. Find remaining parts (Figure 16.3).
B
46 21
A b
Figure 16.3

1. Write: sin 4 = % Verify that 4 = 27.2°,

2. Obtain B = 90° — 27.2° = 62.8°. This may also be read on the complementary

scale in step (1).
3. Write: b = 46 cos 27.2°. Verify that b = 40.9.
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Example 3: Given a = 4.2 and b = 3.4. Find remaining parts (Figure 16.4).

B

4.2

34
Figure 16.4

When the two legs are given, we first find the smaller acute angle using the tahgent re-
lation. The smaller angle will be less than 45°; hence, the answer will appear directly on
the T (or ST) scale. In this example, B is the smaller angle (it is opposite the shorter
side).

1. Write: tan B= %—% Verify that B = 39°.

2. Write: A = 90° — 39° = 51°. Again, this may be read on the complementary

scale in step (1).
3. Write: sin 51° =£, orc= ,4'2
c si

T 5 Verify that ¢ = 5.4.

Exercise 16-1

Solve the right triangles (find remaining parts):

1. 4=26%¢c=173 5.a=236,b=59

2. 4=56.2°¢=315 6. a = 1500, b= 830
3. a=35,c =52 7. B=48.4°,c=425
4. b =145, c = 220 8. a4=6.32,c=940

16.3 Solution using law of sines

Although any right triangle may be solved by the methods of the previous section, the
law of sines provides a more efficient slide rule solution. For the right triangle, the law

of sines takes the form:

sin A _ sin B — sin 90°
a b c
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This relationship will give a complete solution for all cases except where the known

parts are the legs, ¢ and b.
The proportion may be solved using the S and D scales. If the hairline is moved over

an angle on S, it locates the sine of the angle on C; thus, although angles are set and read
on S, the proportion is actually being solved on the C-D scales. ‘

Example 1: Given 4 = 38° and a = 480. Find remaining parts (Figure 16.5).
B

480

38°

Figure 16.5
First, find B from the complementary relation: B = 90° — 38° = 52°, Law of sines be-
comes:

S sin 38° _ sin 52° _ sin 90°
‘D" 480 b c

The slide rule settings for this proportion are illustrated in Figure 16.6.

1. Move HL over 480 on D.

2. Slide 38° on S under HL. This sets up the known ratio.
3. Move HL over 52° on S. Under HL read “615” on D.
4. Move HL over 90° on S. Under HL read “780 on D.

Answers are: B=52°,6=615,c=780.

| | |
S 318° 5120 99°

f 1

D 480 b <

f |

Figure 16.6
Example 2: Given ¢ =4.3 and ¢ = 1.8. Find remaining parts (Figure 16.7).

B

4.3 1.8

A b

Figure 16.7

1853
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Writing the known ratio first, the law of sines becomes:

1.
2.
3.

_§_' sin 90° sind sin B
D' 43 18 b

Move HL over 43 on D.
Slide 90° on S under HL. This sets up the known ratio.
Move HL over 18 on D. Under HL read 24.8° on S. This is angle A4.

4. Under HL read 65.2° on complementary scale of S. This is angle B.

5.

Move HL over 65.2° on S. Under HL read “391” on D.

Answers are: 4 =24.8° B =65.2° b = 3.91

Example 3: Given @ = 5, ¢ = 62. Find remaining parts (Figure 16.8).
62 B
b

Figure 16.8

Law of sines becomes:

1.

S sin90° sind _sinB

D" 62 5 b

Move HL over 62 on D.

2. Slide 90° on S under HL.

3.

Move HL over 5 on D. Under HL read either 53.7° on S or 4.62° on ST. From
the sketch it is evident that the smaller angle is the proper choice; hence,
A = 4.62° From the complementary relation, we have B = 90° — 4.62° =
85.38°.

. Move HL over 85° on S (this is all the accuracy we have at this end of the scale).

Under HL read “618” on D.

Answers are: A = 4.62° B = 85.38° b =61.8.

Example 4: Given 4 = 50°, b = 7.2. Find remaining parts (Figure 16.9).

From the complementary relation: B = 90° — 50° = 40°. Law of sines becomes:

B o =

S sin 40° _ sin 50° _ sin 90°

D' 72 A c

Move HL over 72 on D.

Slide 40° on S under HL.

Move HL over 50° on S. Under HL read “858” on D.

Now 90° on S (right index of C) is off-scale; hence, we look to the left index of C.
Opposite left C index read “1120” on D.

Answers are: B =40° a0 =8.58,c =11.20.
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50°

7.2
Figure 16.9

Example 5: Given A = 63° and a = 12. Find remaining parts.

First, find angle B: B = 90° — 63° = 27° Law of sines becomes:

S sin 63° sin27° _ sin 90°

D' 12 b c

. Move HL over 12 on D.

Slide 63° on S under HL.

Move HL over 90° on S. Under HL read “1348” on D.

Now, 27° on S is off-scale; hence, we interchange indexes (slide left index of
C under HL).

5. Move HL over 27° on S. Under HL read “612” on D.

Wb =

Answers are: B=27°,56=6.12,c =13.48.

In example 5, the slide would have been in better position, if the ratio had been set
up on S-DF rather than S-D. Note, however, that this requires using both sides of the
rule. Also, keep in mind that if the ratio is originally set up on S-D, the proportion must
be solved entirely on these scales. Similarly, if it is set up on S-DF, it must be solved
entirely on S-DF. In either case, off-scale readings must be handled by interchanging
indexes.

From the foregoing examples, you will observe that it is not really necessary to write
down the law of sines. Since opposite parts of the triangle are located opposite each
other on the slide rule (sides on D, angles on S), you can solve directly from the sketch
itself.

Exercise 16-2
Solve the following right triangles. Use the law of sines.
1. 4=25°a=32 3. B=35°a=6.3

2. 4=53,c=4 4. B=61°,b=15.6
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5.4=473°56=320 13. a = 1700, c = 3650
6. a=23,c=37 14. B=86.2°,a =3.45
7. a=51,¢=83 15. B=31.4°b=6.76
8. b =840, ¢ = 2800 16. a =12.2, ¢ = 160
9. B=175° ¢ =4.24 17. B=5.1°b6=1.85
10. a = 3.65, ¢ =58 18. b= 5600, c = 8250
11. 4 =4.2°, ¢ =555 19. 4 =15.3°,¢c = 366
12. B =13.6°, ¢ = 4000 20. 4A=T71°,b=21.6

16.4 A special method for the case
with 2 legs given

This case arises frequently in vector applications, and the following examples may be
worth your special attention. The method involves finding the smaller acute angle using
the tangent relation, then completing the solution with the law of sines.

Example 1: Given a = 4.4 and b = 6.3. Find remaining parts (Figure 16.10).
B
° 4.4
A 6.3
Figure 16.10

Angle A is the smaller angle, and we write the tangent relation:

. . tan A
, or, in proportion form: =—

1
44 6.3

4.
tan 4 = =
X
Solving the proportion:

1. Set right index of C opposite 63 on D.

2. Move HL over 44 on D.
3. Under HL read 4 = 34.9° on T. (Read B = 55.1° on complementary T scale.)

sin34.9° _ sin 90°
44 c

Applying law of sines:
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4. HL is already over 44 on D; hence, simply slide 34.9° on S under HL.
5. Move HL over 90°0on S (C index). Under HL read ¢ = 7.7 on D.

The foregoing procedure may be summarized as follows:

To solve a right triangle with 2 legs given:

1. Set C index opposite longer leg on D.

2. Move HL over shorter leg on D.

3. Under HL read smaller angle on T. (Larger angle may
be read on complementary T scale.)

4. Slide the smaller angle on S under HL.

5. Opposite C index read hypotenuse on D,

Example 2: Given a = 345 and b = 270. Find remaining parts (Figure 16.11).
B
¢ 345
A 270
Figure 16.11

In this case, angle B is the smaller angle.

1. Set right index of C opposite 345 on D. (This is the longer leg.)
2. Move HL over 270 on D.
3. Under HL read B = 38.1° on T. (Read 4 = 51.9° on complementary scale).
4. Slide 38.1° on S under HL.
5. Opposite C index read ¢ = 438 on D.
Example 3: Given a = 7.25 and b = 14.60. Find remaining parts.

Angle A4 is the smaller angle.

1. Set left C index opposite 146 on D.
2. Move HL over 725 on D.
3. Under HL read 4 = 26.4° on T. (Read B = 63.6° on complementary T scale.)
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4. Slide 26.4° on S under HL.
5. Opposite C index read ¢ = 16.30 on D.

Verify the following:

1. Given a = 65, b = 39; verify that 4 = 59°, B = 31°,c= 75.8.
2. Given a = 37.5, b = 72.4; verify that 4 = 27.4°, B = 62.6°, ¢ = 81.5.
3. Given a = 1500, b = 840; verify that 4 = 60.8°, B = 29.2°, ¢ = 1720.

Example 4: Given a = 24, b = 260. Find remaining parts (Figure 16.12).
B
c
24
A 260
Figure 16.12

1. Set right index of C over 260 on D.

2. Move HL over 24 on D.

3. Under HL read 42.7° on T. However, from the sketch it is evident that angle 4
cannot be this large. A rough estimate shows us that tan 4 is about .09; hence,
reading should be made on ST. Under HL read 4 = 5.29° on ST. (Angle
B =90° — 5.29° = 84.71° ) Now if we try to slide 5.29°on S under HL, we are
referred back to the same position on ST; therefore, when the smaller angle
is in the ST range this procedure does not show any slide rule difference be-
tween the hypotenuse and the longer leg. This very slight difference does show
up if we use the law of sines with the larger angle:

sin 84.71° - sin 90°
260 c

4., Move HL over 260 on D. Slide 84.71° (85°) on S under HL.
5. Opposite 90° on S (C index), read ¢ = 261 on D.

Exercise 16-3

Solve the following right triangles:
1.a=12,6=17 4. a =750, b = 1245
2. a=27,b=16 5.a=95b=58

3.a=16b=41 6. a=35b=3
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7.a=65,b=42 13. a =635, b =580

8. a=125,b=18.6 14. o = 1450, b = 3100

9. a=230,6=175 15. ¢ =25.2, b =420
10. a=36,6=41 16. a = .075, b = .0266
11. a=10.75, b = 12.34 17. a =45.5,b =112.5
12. a =0.29, b =5.06 18. a = 28,500, b = 26,500

16.5 Complex numbers

The complex number (a + bj), where j = V-1, may be represented in the complex plane
by the point P(a,b) as illustrated in Figure 16.13.

Y

P(a, b)

Figure 16.13

At times, it is desirable to represent the point P in terms of the polar coordinates
(r,®), and from Figure 16.13 it is clear that the following relationships hold:

a=rcos®; b=rsin®
Therefore, we may write:

a + bj = r(cos ® +j sin ©)

We refer to the left side as the rectangular form; the expression on the right is called
the polar form. The polar form is often indicated by the compact notation: r/ @. Clearly,
complex numbers may be used to represent vector quantities, and this is one of their
important applications.

It is evident that changing from polar to rectangular form, and vice versa, simply
involves solving a right triangle with hypotenuse and side given, or with two legs given.
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Example 1: Change 47/ 38° to rectangular form (Figure 16.14).
Y
P
47
b
8° X
[+]
Figure 16.14

Verify that @ = 47 cos 38° = 37.0; b = 47 sin 38° = 28.9
Therefore, 47/38° = 37.0 + 28.9j.

Example 2: Change (37 + 24j) to polar form (Figure 16.15).

Y

24

37

Figure 16.15
1. Set right index of C opposite 37 on D.

2. Move HL over 24 on D. Under HL read ® = 33° on T.
3. Slide 33° on S under HL. Opposite right index of C, read r = 44.1 on D.

Answer: 37 + 24j = 44.1/33°.

Example 3: Change (—6.3 + 8.2j) to polar form (Figure 16.16).

1. Set right index of C opposite 82 on D.
2. Move HL over 63 on D. Under HL read 8 = 37.5° on T. From the figure, it fol-
lows that @ = 90° + 37.5° = 127.5°.
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N

6.3

Figure 16.16

3. Slide 37.5° on S under HL. Opposite C index, read r = 10.35 on D.

Answer —6.3 + 8.2 =10.35/127.5°.

Exercise 16-4

1.

Change to rectangular form:

a. 53/32°, b. 34/56°, c.180/17°, d. 475/68°, e. 10.6/27.4°,
f. 670/3.6°, g. 4.3/134°, h. 93.5/152.5°, i. 1060/216°,

j. 38.2/312.5°

. Change to polar form:

a. 3+17), b. (21 +52j), ec. (16 +5j), d. (5.6+2.3)),
e. (210 + 7505), f. (365 + 23j), g. (—27 + 4j), h. (—4.55 — 6.26)),
i. (-0.82—0.22j), j. (3400 — 720j).

. To multiply two complex numbers, we may use the product formula:

h [@,X1, [0,=rr, [0,+86,.

Represent the following products in rectangular form:
a. 3.2/23°x 2.4/31°, b. 2.8/14° x 6.5/48°,

c. 48.2/37.2° x 0.585/21.1°, d. 5.33/18.2° x 7.05/4.5°,
e. 23.6/52.7° x 3.68/73.3°, f. 21/110° x 36,/140°.

. The division formula for complex numbers may be stated:

r /0, =r, [0,=rlr, /6,0,

Represent the following quotients in rectangular form:
a. 16/57° + 2.7/17°, b. 230/96° + 64/32°,

c. 125/133° + 344/68°, d. 5.35/214° + 7.40/59°,

e. 37.5/317° + 4.66,/85°, f. 45.3/27.4°+ 6.24/68.2°.
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Chapter 17

THE OBLIQUE TRIANGLE

17.1 Relations between the sides and angles

If A, B, and C represent the angles of a triangle, we let a, b, and ¢ denote the sides op-
posite A, B, and C, respectively (Figure 17.1).

Figure 17.1

The following important relations hold for the general triangle:
Sum of the internal angles: A + B + C = 180°

sind _sinB _sinC

b c

Law of sines:

Law of cosines: a® = b* + ¢ — 2bc cos 4
b2 =a?+ c® — 2ac cos B
¢t =a?+ b — 2ab cos C
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We shall also make use of the identities:

sin x = sin(180° — x)
cos x = —cos(180° — x)

17.2 Three parts must be known
As with the right triangle, we are concerned here with finding the unknown parts of the
triangle in terms of the known parts. For the oblique triangle, we must know three parts,
at least one of which is a side. Thus, we may be given two angles and a side, two sides
and an angle, or three sides.

In the following sections, slide rule procedures are described for handling these var-
ious cases.

17.3 Complete solution using the law of sines

If we are given two angles and a side, or two sides and an angle opposite one of the sides,
the triangle may be solved completely using the law of sines.

Example 1: Given a =45, 4 = 52°, and B = 62°.

Find the remaining parts (Figure 17.2).

52° 62°

Figure 17.2

First, find angle C: C = 180° — (52° + 62°) = 66°.

Law of sines now becomes:

S sin 52° _ sin 62° _ sin 66°
‘D 45 b c

1. Move HL over 45 on D.

2. Slide 52° on S under HL. This sets up the known ratio.

3. Move HL over 62°on S. Under HL read b= 50.4 on D.
4., Move HL over 66° on S. Under HL read ¢ = 52.1 on D.
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Example 2: Given C = 70°, a = 36, and ¢ = 45.

Find remaining parts (Figure 17.3).

70°

45

Figure 17.3
Applying the law of sines:

_S_. sind _sinB _ sin 70°

D" 36 b 45

1. Move HL over 45 on D.

2, Slide 70° on S under HL. This sets up the ratio.

3. Move HL over 36 on D. Under HL read 4 = 48.7°on S.
Solve for angle B: B = 180° — (48.7° + 70°) = 61.3°.

4. Move HL over 61.3° on S. Under HL read b = 42.0.

Example 3: Given 4 = 27.2°, C = 34.3° and b = 137.

Find remaining parts (Figure 17.4).

Figure 17.4

First, find angle B: B = 180° — (27.2° + 34.3°) = 118.5°.

Law of sines becomes:

sin 118.5° _ sin 27.2° _ sin 34.3°
137 a c

Inasmuch as sin 118.5° = sin(180° — 118.5°) = sin 61.5°, the sine law relation may
be rewritten:
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sin 61.5° sin 27.2° _ sin 34.3°
137 a ¢

Now observe that the slide will be in better position if the proportion is set up on
the S-DF scales. :

1. Move HL over 137 on DF.
2. Slide 61.5° on S under HL. This sets up the ratio.

3. Move HL over 27.2° on S. Under HL read a = 71.3 on DF.
4. Move HL over 34.3° on S. Under HL read ¢ = 87.9 on DF.

Exercise 17-1

Solve the following triangles.

1. 4 =66° B =48, q = 42 11. 4 =80°30', B = 56° 15", b=7.05
2. B=37°,C=63,b=26 12. 4 =14°20", C = 38° 30', @ = 148
3.0=62 b=46,4 =67 13. C=154°, ¢ =212, c = 27.4
4. a=85,¢c=57,4=41° 14. A =3°30", C =58 10", c = 115
5.B=125°b=16,c =35 15. A=42°,a="173, b=28
6. 4 =126 C=15° b =17 16. b = 2.65, c = 13.7, C = 22.4°
7. A="175°,B =62, c = 10.4 17. 4 =13, B=41.6°, a =217
8. B=63.2°,C =48, a=6.44 18. o = 12.7, ¢ = 1.65, 4 = 100°
9.a=172,¢=313,C =72 19. B = 159°, b = 355, ¢ = 402

10. B =46°, b =17.65, c = 5.20 20. B=43°15, C = 119° 30, a = 236

17.4 The case with two solutions

Example: Given 4 = 45°, a = 16, and b = 20. Find remaining parts.

Since the side opposite the given angle is shorter than the other given side, two tri-
angles are possible (Figure 17.5).

Applying law of sines to triangle ABC:
S sin45° sinB _sinC
D 16 20 c

Verify that: B = 62°, C = 73°, and ¢ = 21.6.
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20 16

A 45°

Figure 17.5

Now in triangle AB'C’, we first find angles B" and C’:

B’ =180° — B=180° — 62° = 118°
C’' =180° — (45° + 188°) = 17°

Law of sines becomes:

sin 45° sin 118° _ sin 17°
16 20 ¢

The ratio is already set up on S-D; however, 17° is off-scale on S; hence, we must
first interchange indexes. Verify that ¢’ = 6.62. Summarizing the two solutions:

1. B=62°C=73%c=21.6; 2. B =118°C=17°%c =6.62.

Note: If the original proportion had been set up on S-DF, it would not have been neces-
sary to interchange indexes.

Exercise 17-2

Solve the triangles (two solutions possible).

1. 4=26°, a=45b=52 5. 4=43,a=482,¢c="56

2. 4=37° a=13,b=16 6. C =53 a=123,c=2.64
3.4=41°a=22,b=21 7. b=8.65,c=13.24, B=14.6°
4. A =84 a=266,c=6.23 8. b=0.65,c = 1.65, B = 22.6°

17.5 Application of the law of cosines

The law of cosines is useful when we are given two sides and the included angle, or
three sides.

Example 1: Given A = 37°, b = 10, ¢ = 15. Find remaining parts (Figure 17.6).
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15
Figure 17.6

1. Use law of cosines to find side a:

a® = 10% + 152 — 2(10)(15)cos 37°
a = V100 + 225 — 300 cos 37°

Verify that a = 9.24.
2. Now apply law of sines:

sin 37° _sin B _sin C
9.24 10 15

Solve for angle B first; it is the smaller angle, and must be acute. Verify that

B =40.7".
3. Finally, C = 180° — (40.7° + 37°) = 102.3°.

Note that sin 102.3° = sin (180° — 102.3°) = sin 77.7°, and verify that 77.7° satisfies
the proportion; that is, 77.7° is opposite 15.

Example 2: Given B = 126°, a = 13, ¢ = 22. Find remaining parts (Figure 17.7).

C

126°

22
Figure 17.7

1. Use law of cosines to find side b:
2 = (13)® + (22)2 — 2(13)(22) cos 126°.

But cos 126° = —cos(180° — 126°) = —cos 54°; hence, we write:

b= V(132 + (222 + 2(13)(22) cos 54°

Verify that b= 31.5.
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2. Apply law of sines:

sin 126° _ sin A _ sin C
315 13 22

Both 4 and C must be acute. Verify that 4 =19.5°, C = 34.5°.

Example 3: Given a = 6.56, b= 4.30, ¢ = 3.70. Find remaining parts.
1. We use the law of cosines to find one of the acute angles; say, angle C:

__(6.56)* + (4.30)>— (3.70)*

0sC 2(6.56)(4.30)

Verify that cos C = 0.848, from which C = 32°
2. Apply law of sines:

sind _sinB _sin 32°

6.56 430 3.70

Now solve for B first (which must also be acute), and then A. Verify that B= 38°

and 4 =110°.

Exercise 17-3

Solve the triangles.

l.a=5b6=7,C=38 9.a=216,c=364,B=172°
2. b=12,c =17, 4 = 49° 10. a =6.57, c = 14.15, B = 124.6°
3.a=6,b0=8,c=11 11. a=35,6=29,c =52

4. a=12,b=13,¢=13 12. a =4.75,b=15.6, c=17.25
5.a=6,c=11,B=118 13. a =745, ¢c=3.62, B=104.6°
6. C=1125°,a=10,6=15 14. A =5°b=280,c=60
7.a=9,b=4,c=12 15. a =245, b = 280, ¢ = 312

8.a=11,56=12,c =17 16. a =56.4,b =617, c = 111



Chapter 18

LOGARITHMS TO BASE 10 (L SCALE)

18.1 Description of the L scale

The L scale is a uniform scale increasing from 0 to 1. The primary division marks are
usually labeled 0, .1, .2, .3, and so forth; however, on some slide rules the decimal point
is omitted. Whether shown or not, the decimal point is understood to be there. Depend-
ing upon the model, the L scale will be found either on the body of the rule, or on the
slide.

18.2 Finding logarithms to base 10

In the following sections, if the base is omitted it is understood that the base 10 is in-
tended; thus “log N’ means “log, /N.”

We recall that, when using tables to find log N, the table gives us the mantissa only;
the characteristic is determined by inspection. It will be seen that the L scale takes the
place of the table; that is, it supplies the mantissa.

If the L scale is on the body of the rule, it is related to the D scale; if it is on the slide,
it is related to the C scale. The relationship may be stated:

To find log N:

1. Move HL over N on D scale (or C scale if L is on slide).

2. Under HL read mantissa of log N on the L scale.

3. Determine the characteristic by inspection, and add it
to the mantissa for the complete log.
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Example 1: log 36.4 =7

1. Move HL over 364 on D (or C if L is on slide).
2. Under HL read 0.561 on L. This is the mantissa.

Characteristic is 1; hence, log 36.4 =1.561.

Example 2: log 10,850 = ?

1. Move HL over 1085 on D (or C if L is on slide).
2. Under HL read 0.035 on L. This is the mantissa.

.Characteristic is 4; hence, log 10,850 = 4.035.

Example 3: log .00784 = ?

1. Move HL over 784 on D (or C if L is on slide).
2. Under HL read 0.894 on L. This is the mantissa.

Characteristic is —3; hence, log .00784 = 7.894 — 10. The result could also be
presented as the negative number: —2.106.

Example 4: 10¢ =52.7; x=7?

Here, x = log 52.7. Verify that x = 1.722.

Verify the following:

1. log 17.5 = 1.243 5. log .00064 = —3.194

2. log 524 = 2.719 6. log 2.07 = 0.316

3. log 1225 = 3.088 7. 107 = 34,500; x = 4.538
4. log .0738 = 8.868 — 10 8. 10= = .0124; x = —1.907

18.3 Finding the antilogarithm
Here, we are concerned with the reverse problem: given log N, find N. This is called
finding the antilogarithm of a number; thus “antilog x” means “the number whose log
is x.” '
Example 1: antilog 3.497 = 7

The mantissa is 0.497; therefore, proceed as follows:
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1. Move HL over 0.497 on L.
2. Under HL read “314” on D (or C if L is on slide).

The characteristic is 3; hence, result is 3140.

Example 2: logN=9.022-10; N=7

1. Move HL over 0.022 on L.
2. Under HL read “1052” on D (or C if L is on slide).

Characteristic is —1; therefore, N = 0.1052.

Example 3: antilog —1.375 = ?
In order to discover the mantissa and characteristic, we add and subtract 10:
—1.875 = (-1.375 + 10) — 10 = 8.625 — 10
We now see that the mantissa is 0.625 and the characteristic is —2.

1. Move HL over 0.625 on L.
2. Under HL read “422” on D (or C if L is on slide).

Result is .0422.

Verify the following:

1. antilog 1.328 = 21.3 4. antilog —2.397 = .00401
2. antilog 3.031 = 1074 5. antilog 8.064 = 1.159 x 108
3. antilog (8.444 — 10) = .0278 6. antilog —18.943 = 1.14 x 10-®

18.4 Finding 10*

By definition, 10* = antilog «.

Example: 10145 =7
We merely find antilog 1.45:

1. Move HL over 0.45 on L.
2, Under HL read “282” on D (or C if L is on slide).

Characteristic is 1; hence, 1014 = 28.2.
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Verify the following:

1. 107 = 603

2. 10937 = 1.089

Exercise 18-1

1. log 345 =

2. log 108 =

3. log11.6 =

4. log .063 =

5. log .00545 =

6. log 425,000 =

7. log 2070 =

8. log 0.320 =

9. log .000185 =
10. log (4.23 X 107) =
11. log (2.03 x 10%2) =
12. log (1.77 X 10-9) =
13. log (6.34 x 10-21) =
14. 10 = 27.5; x =

15. 10= = .00175; x =

18.5 Formula types

3. 104858 = 71,300

4. 10-297 = 001062

16. 10-* = .0633; x =
17. 10-2* = 550; x =
18. antilog 2.466 =

19. antilog (9.006 — 10) =
20. antilog (-1.264) =
21. antilog (—0.076) =
22, 103022 =

23. 100315 =

24, 101267 =

25, 107275 =

26. 1013975 =

27, 1012716 =

28. logN=-1436; N=
29. log N =9.825; N =

30. log N =-11.307; N =

Example 1: In chemistry, the pH value of a solution is related to the hydrogen
ion concentration (H*) as follows:

pH = —log(H").

a. Find pH value if (H*) = .00450.

1. Substituting in the formula: pH = —log .00450.
2. Verify that pH = —(7.653 — 10) = 2.347.
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b. Find (HY) if pH = 6.150.
1. Substituting: 6.150 = —log(H").
2. Solve for log(H*): log(H*) = —6.150 = 3.850 — 10.
3. Verify that (H*) = 7.08 x 1077,

Verify the following:
1. (H") = .000325; pH = 3.488 4. pH = 3.123; (H*) = .000753
2. (H*) = .0644; pH = 1.191 5. pH = 1.624; (H*) = .0238

3. (H*) = 1.035 x 10-%; pH = 7.985 6. pH = 9.045; (H*) = 9.02 x 10-*°

156
. _ ?
Example 2: log<342) 7

1. Divide 156 by 342 on C-D, and use indicator to read the corresponding log on L.
Verify that the log thus obtained is 9.659 — 10 = —0.341.
2. Move HL over 341 on DF. Under HL read “1085” on D.

Result is —0.1085.

0.1208 L

N (20) D=
8\d/) s
Evaluate C when L = 365, D = 4.25, d = 0.275, k. = 6.3.

Example 3: Given the formula: C =

2 x 4.25
0.275

1. Verify that log(gdlz) log = 1.49.

D*  (4.25)
2. Verify that 8h ~ 86.9)

3. C may now be evaluated:

= .0569.

0.1208 x 365 0.1208 x 365

C=T49_ 0569 1433 30.7.
Exercise 18-2

1. 3.12 log 275 = . (4 65)

. (2.84)% log 175
2. 6.3 1og<(1)'§‘;) - 37.2 log .00633 _

' 2.05
3. 7 oo 26:3 2.72log 14.7 _
" 0g<4 77) log 2800
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log .0664 12. (H*) = .000109; pH =
13510 7.23 13. (H)=5.66 x 10-1; pH =
8. (log 655)* = 14. (H*) = 1.074 x 10-% pH =
9, .045\/3—mlog—26§ = 15. pH=7.024; (H*) =
10. 0.575 x 103075 = 16. pH = 12.285; (H*) =
11. 7.66 x 10-%2 = 17. pH = 8.628; (H*) =

In the following formulas, substitute the given data and evaluate.

Pl
18. N=101log <F>
2
a. P, =250, P, = 14.5; b. P, =8500, P, = 175

19. U =115 log (1 + ’)
1-—r

a. r=0480; b. r=0.235

20. R=342log (W, — D)
a. W,=57000, D = 2600; b. W, = 126,000, D = 5500

01, p 44X 10;:
az — log (E)

a. d=2.88,h=12.6; b. d=5.75,h =260

22. N=n X 10*
a. n=642, k=5.44; b. n=2.63, k=-8.125

_ klog(L/g) = @[

4, g =322 r=072
5, =322 r=233

gt =
o
bk et
[« 200\

a. N, =340, N, = 5630; b. N, =.0715, N, = .00306

95, S=k—7‘rl(t)gsin®
a. k=406,0 =51° t=1.77
b. k=2.75, ® =156° ¢t = 3.52

n
a. k= 1.064, m = 1250, n = 325. Find ©.
b. k=1.133, m =46.7,n = 0.314. Find ©.

26. tan%@) = klog( m); ©0° < © < 180°)



Chapter 19

THE LOG LOG SCALES (LL);
POWERS OF E

19.1 The LL1,LL2, andLL3 scales

It will be observed that these scales form a continuous scale starting with 1.01 at the
left end of LL1, and ending at about 22,000 at the right end of LL3. Note that, unlike
the C and D scales, the decimal point is indicated for all numbers on the LL scales.
The range of each scale is associated with powers of e as follows:
LL1 extends from e to e1® (1.01 to 1.105)
LL2 extends from e to el (1.105 to 2.718)
LL3 extends from eXto e (2.718 to 22,026)

On the K & E Deci-Lon slide rule, these scales are labeled Lnl, Ln2, and Ln3. Also,

on certain Pickett models, the LL scales (or N scales) are associated with powers of 10
rather than with powers of e; these scales are discussed in Appendix D.

19.2 Finding e* when x is positive

The LL scales are related to the D scale in the following manner:

If the hairline is moved over a number x on the D scale,
then e® is located under the hairline on the appropriate
LL scale:

For x between .01 and 0.1, e% is on LL1
For x between 0.1 and 1.0, % is on LL2
For x between 1.0 and 10, e* is on LL3

The range of x associated with each LL scale is usually
indicated on the body of the rule.
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Example 1: 35 =7

1. Move HL over 35 on D. Exponent is between 1 and 10; hence, answer will be
on LL3.
2. Under HL read 33.1 on LL3.
Observe that:
€93 = 1,419 is also under HL on LL2.
€95 = 1.0356 is under HL. on LLI.

Example 2: €057 = 7

1. Move HL over 57 on D. Exponent is between 0.1 and 1.0; hence, answer will
be read on LL2.
2. Under HL read 1.768 on LL2.

Example 3: et =7

1. Move HL over 42 on D. Exponent is between .01 and 0.1; hence, answer is
on LL1.
2. Under HL read 1.0429 on LL1.

Verify the following:
1. €064 =1.897; &% = 1.0661 4, >4 = 12500
2. 915 = 1.01561; '35 = 4.71 5. €985 = 2 305
3. 355 = 34.8; 9% = 1.0361 6. 9256 = 1.0259
Example 4: 125 185 = 7

1. First evaluate e-8® = 6.36. Now transfer this to the D scale and multiply by 125:
‘2. Verify that 125 €185 = 125 X 6.36 = 795.

Exercise 19-1

1. e85 = 6. &6 =

2, 0155 = 7. 083 =
3. 6‘0155 = 8. eo.zs =
4. 9= 9, 0425 =

5. ¢029 = 10. o088 =
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11. 97 = 21, 66 =

12, 63 = 22, 75 0805 =

13. 2% = 23. 4300 277 =

14, %115 = 24, 064 16 =

15. ¢%6 = 25, 42.6 %104 =

16. 72 = 26. €94 sin 38° =
17, 37 = 27. €%2sin(0.24 ) =
18. ¢ = 28. &3%cos 713.5°=
19, %28 = 29, 54 cos 87° =
20, 12 = 30. %27 tan 1.25 =

19.3 The “A-related” LLO and LL.OO scales

Some slide rules have the following described log log scales which are associated with
the A scale:

1. A scale labeled “LL0” starting at 0.999 at the left and decreasing down to 0.905
on the right.
2. A scale labeled “LL00” which is a continuation of “LL0,” and starts at 0.905
on the left, decreasing down to .000045 on the right.
The use of these scales is discussed in Appendix C.

19.4 The LlLol, LLo2, and LLo3 scales

These scales form a continuous scale starting at 0.990 at the left end of LLol, and de-
creasing down to .000045 at the right end of LLo3. Thus, the scales are read from right
to left in the same manner as we read the CI scale.

The range of each scale is associated with negative powers of e as follows:

LLol extends from e=-%! to e~ (.990 to .905)
LLo2 extends from e=1° to e~1-* (.905 to .368)
LLo3 extends from e~1° io e1° (.368 to .000045)

On the K & E Deci-Lon rule, these are labeled Ln-1, Ln-2, and Ln-3; on the Post
Versalog model they are labeled LL/1, LL/2, and LL/3. The Pickett rules have these
scales “back to back” with the LL1, LL2, and LL3 scales. Thus, the LL1 scale and the
scale corresponding to LLol both share the same scale axis; the LL1 markings are
above the axis (reading from left to right), and the LLol markings are below (reading
from right to left).
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19.5 Findinge* when x is negative

The scales described in the preceding section are related to the D scale in the same
manner as are the other LL scales. Hence, we may raise e to a negative power by reading
directly from D to the appropriate LL scale, bearing in mind the range associated with
each scale. Again, these ranges are usually indicated on the body of the rule.
Example 1: e 956 =7

1. Move HL over 56 on D. Exponent is between —.01 and —1.0; hence, answer is

on LLol.

2. Under HL read 0.9455 on LLol.
Example 2: e 451 =7

1. Move HL over 451 on D. Exponent is between —1.0 and —10; hence, answer

is found on LLo3.
2. Under HL read .0110 on LLo3.

Verify the following:

1. ¢-265 = .0707; e 0-265 = 0.767 4, 025 = 0.9753
2. 064 = 0.038; 04 = 00166 5. 170 e3¢ = 4.64

3. 147 = 0.230; 047 = 0.9854 6. e~ sin 0.32 = .0635

Exercise 19-2

1. e265 = 10. e-01045 =
2. 0265 = 11. 018 =
3. 06t = 12, ¢o4=
4. ¢04= ' 13. e85 =
5. ¢37= | 14. e07 =
6. 103 = 15. e—-066 =
7. e~ 935 = 16. ¢ 010 =
8. 57 = 17. e 322 =

9, 0B = 18. 0928 =
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19, ¢ 0117 = 25. 68.2 ¢71:33 =

20. e 13 = 26. V475 e 865 =

21. 43 ¢ 01t = 27. ¢ 068 5in 69° =

22, 12.6 e 04 = 28. 1% sin(OA.22 ) =
23. 2700 e~755 = 29, ¢%t cos 1.3 =
24, 54507 = 30. 37 tan 87.2° =

19.6 An approximation for e* (x near zero)

When raising e to very small powers, the following approximate relations are useful:

If x is a positive number near zero:

l.ex=1+42x
2.eT=1]1—-x
Example 1: 004 = ?

This is outside the range of LL1; hence, we use relation (1).

€042 = 1 + 0042 = 1.0042 (approx.)

Example 2: e—00074 = ?
This is outside the range of LLol; hence, we use relation (2).

e—074 =~ ] — 00074 = 0.99926 (approx.)

19.7 Evaluating e* for large positive
or negative values of x

Example 1: ell6 =7
This is beyond the range of LL3; hence, we write:
ell6 = (¢58)2

We may now find €38 and square the result.

Verify that ell-6 = (5-8)2 = (330)2 = 108,900.

179



180

THE LOG LOG SCALES (LL); POWERS OF E

Example 2: e =7

This is beyond the range of LLo3; hence, we write:
e—22 = (6_22/3)3 = (6_7’33)3

Verify that e~22 = (.00065)} =2.74 x 1071,

19.8 Silide rules with 8 LL scales

In the preceding sections we have described the six basic LL scales found on most con-
ventional slide rules. However, some rules feature two additional scales in the neighbor-
hood of 1. One of these extends from e-%! to e-%! (1.001 to 1.61), and we shall refer to this
as the LLO scale (on the Deci-Lon rule it is labeled Ln0Q). The other scale extends from
=91 to =01 (0.999 to 0.990), and we shall refer to this as the LLo0 scale (on the Versalog
rule this scale is labeled LL/0; on the Deci-Lon rule it is labeled Ln-0). If your slide rule
has these scales, you may check the following examples:

Example 1 €005 =7

1. Move HL over 55 0on D.

2. Under HL read 1.00551 on LLO (Ln0).
Example 2: e 0027 = 7

1. Move HL over 27 on D.

2. Under HL read 0.99731 on LLoO (Ln-0, LL/0).

Verify the following (use LLO and LLo0 scales):

1. %% =1.00904 4. e = (.99402
2. 00235 = 1.00235 5. ¢~00485 = (. 99517
3. %421 =1,00422 6. 00163 = (.99837

If you check the foregoing examples using the approximate formulas of section 19.6,
you will discover very close agreement.

Exercise 19-3
1. 6'0034 = . 3’ e.0072 a—

2. 6_‘00061 = 4. e-—.0014 =
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5. 00037 = 8. et =
6. 000021 = 9. 12,500 e~15 =
7. e3= 10. 475,000 e =

19.9 Exponent in combined form

Example 1: e(:032x16.3) = 7
By approximation, the exponent is about 0.5; hence, result will be on LL2.
1. Set left index of C opposite 165 on D.
2. Move HL over 32 on C. HL is now over the product (.032 X 16.5) on D; there-

fore, e raised to this power is under HL on LL2.
3. Under HL read 1.695 on LL2.

Example 2: e 3516 = ?

Exponent is about —2; hence, result will be on LLo3.

1. Move HL over 35 on D.
2. Slide 16 on C under HL.
3. Move HL over left index of C.
4. Under HL read 0.112 on LLo3.
Verify the following:
1. @3%x17 = 50.0 4. e\/15 = 1.0690
2. 27 = 0.7515 5. e—018x47 = (,.9190
3. 267 = 3900 6. (—0072x16.2) = () 8900
Example 3: Evaluate %% when (a) t = 2.5, (b) ¢t = 35, (c) t = 425. By approxi-
mation, we see that the result of (a) will be on LL1, the result of
(b) will be on LL2, and the result of (¢} will be on LL3.
1. Set left index of C opposite 16 on D.
2. Move HL over 25 on C. Under HL read 1.0408 on LL1.
3. Move HL over 35 on C. Under HL read 1.751 on LL2.
4. Move HL over 425 on C. Under HL read 900 on LL3.
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Exercise 19-4

1. 32216 = 16. ed=

2. et = 17. 1600 ¢=57/2 =

3. 64%52 = 18. o035 x165)77 —

A, o-i5xET = 19. eltox6d) =

5. e %7 = 20. ¢ 5/27x043) =

6. 0624 = 21. 2.75 33 =

o hr 22, 1250 117 =

8. eo5x15 = 23. o719 sin(2 —% w)=

9. Ve= 24.. e024%130 gjn (17/60) =
10. 7o = 25. ¢ 038x114 ¢apn 72.3° =
11, enit = 26. Evaluate e-902% for ¢ = 15, 30, 1250.
12. etz = 27. Evaluate ¢%7% for t =15, 55, 110.
13. e(1:3x64)15 = 28. Evaluate €85%/* for x = 125, 550, 12,000.
14. e~ @4x61)/5 = 29, Evaluate 450 e—%3 for ¢ = 25, 85, 125.
15. (0034x2.6)/.015 = 30. Evaluate 1250 8%/~ for x = 12, 175, 2300.

19.10 Hyperbolic functions

Certain combinations of exponential functions occur frequently in applied mathematics,
and are known as “hyperbolic functions.” They are defined as follows:

1. sinhx = %(el — e~*) (read “hyperbolic sine of x”)

2. coshx = %(e’ + e~*) (read “hyperbolic cosine of x™°)

sinh x _ & —
coshx €&*+

3. tanh x = 1 (read “hyperbolic tangent of x”)

Definitions are also given for coth x, sech x, and csch x; however, the listed functions
are encountered most frequently.
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Example 1: sinh 0.36 = 7

1. From the definition: sinh 0.36 =%(e°'36 — g™0:38),

2. Verify that sinh 0.36 = -%—(1.434 - 0.698) = 0.368.

Example 2: cosh w2 =7

1. From the definition: cosh 7/2 = %(e”/2 + e2),

2. Verify that cosh /2 =%(4.81 + 0.208) = 2.51.

Verify the following:
1. sinh 0.63 = 0.673 4. tanh 0.18 = 0.1781
2. cosh 1.35 = 2.06 5. sinh(—#/7) = —0.464
3. cosh(—0.84) =1.374 6. tanh(—1.10) = —0.800

19.11 The Sh and Th scales

Certain slide rules have scales marked Sh and Th which enable you to read sinh x and
tanh x directly. These scales are discussed in Appendix E.

Exercise 19-5

1. sinh 0.48 = 7. tanh —0.65 =
2. cosh1.25 = 8. sinh m/4 =

3. cosh —0.750 = 9. cosh /6 =

4. tanh 1.43 = 10. tanh(.036 X 5.7) =
5. sinh —0.26 = 11. sinh V1.75 =

6. cosh 0.09 = 12. sinh(75/120) =

13. A flexible cable hangs in a curve whose equation is: y = 8.75 cosh(x/8.75).
Find ¥ when x takes the values: 0,5, 10, and 20.
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14. If air resistance is taken into account, the velocity of a falling object is given
by the formula: ¥ = P tanh(2g¢/P), where P = wik.
a. If W = 2000 lbs, k£ = .0037, g = 32.2 ft per sec?, calculate V' for ¢ = 0

and £ = 15 sec.
b. What value does ¥ approach as ¢ gets larger and larger?

19.12 Finding logarithms to base e

You will recall that if N = €%, then x = log, N. We refer to log, NV as the natural log of N,
and we shall write it In N.

With reference to N = &%, it is clear, then, that finding In N amounts to determining
the value of the exponent x corresponding to a known N. This is just the inverse of
finding e*. Accordingly, the relation between the LL scales and the D scale may be
restated as follows:

If the hairline is moved over a number N on the LL scale,
then In N will be under the hairline on the D scale.

Conversely, if the hairline is over In N on the D scale,
then N will be under the hairline on the appropriate LL
scale.

If your slide rule has a legend on the body indicating the range of the exponent as-
sociated with each LL scale, then these ranges, of course, also apply to In N. In the
following examples, you will find it helpful to refer to these range indications.

Example 1: Ind45="7?

1. Move HL over 4.5 on LL3.
2. Under HL read “1504” on D. N is on LL3; hence, answer must be between

1 and 10. Therefore, In 4.5 = 1.504.
Example 2: In 1.0445 = ?
1. Move HL over 1.0445 on LLI1.

2. Under HL read “435” on D. N is on LL1; hence, In N is between .01 and 0.1.
Answer is .0435.

Example 3: In0.724 = ?

1. Move HL over 0.724 on LLo2.
2. Under HL read “323” on D.N is on LLo2; therefore, In NV is between —0.1 and

—1.0. Answer is —0.323.
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Verify the following:
1. In 68 = 4.22 4. In 1.545 = 0.435
2. In 1.0223 = .0220 5. ln .0265 = —3.63
3. In 0.814 = —0.206 6. 1n 0.9436 = —.0581
Example 4: InN=266;N=7

We know In N and we must f:ad N; hence, we read from D to the proper LL scale
(N = ¢268),
1. Move HL over 266 on D. Exponent (or In N) is between 1 and 10; hence, N will
be located on LL3. i
2. Under HL read 14.3 on LL3.
Example 5: In N=-0.662;N=7
1. Move HL over 662 on D. Exponent (or In N) is between —0.1 and —1.0; hence,

N will be located on LLo2.
2. Under HL read 0.516 on LLo2.

Verify the following:

1. Given In N = 5.1; verify that N = 164.
2. Given In N = —.034b; verify that N = 0.9661.
3. Given In N = 0.720; verify that N = 2.055.

4. Given In N = —1.84; verify that N = 0.158.

Exercise 19-6

1. In 375 = 7. 1n .00066 =
2. Inl1l23= 8. In 164 =
3.1n0.175 = 9. In 1.01645 =
4. 1n 2.85 = 10. In 2500 =

5. In 0.9075 = 11. In .0034 =

6. In 8.45 = 12, 1In 36.5 =
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13. In 1.01245 = 22, In .066 =

14. In 16,500 = : 23. In 210 =

15. 1n 0.382 = 24, mN=184;N =
16. In 2.77 = 25. In N =0.63; N =
17. In .000175 = 26. In N =—-4.75; N =
18. 1n 1.0103 = 27. InN=-.082; N =
19. In 0.377 = 28. hnN=172;N=
20. 1n 8400 = 29, InN = .0274; N =
21, In15= 30. In N =-0.46; N =

19.13 Combined operations withn N

Example 1: 45Iln2="7°

1. Move HL over 2 on LL2. This puts HL over In 2 on D (note that its value is
about 0.7). Now to muliiply by 4.5:

2. Slide right index of C under HL. Move HL over 45 on C.

3. Under HL read “312” on D. Answer is 3.12.

Clearly, we could have divided by the reciprocal of 4.5 instead of multiplying as
we did.

In 0.063
7 :

Example 2:

1. Move HL over .063 on LLo3. HL is now over In 0.063 on D (note that its value
is about —3). Now divide by 7:

2. Slide 7 on C under HL.

3. Opposite right index of C read “395” on D. Answer is ~0.395.

Observe that, because In N appears on the D scale, it can easily be multiplied or
divided by other numbers. This is an important feature of the LL scales, and in the next
chapter we shall see how it enables us to evaluate powers of numbers in general.

Exercise 19-7

In 7.4 _
1. 1.4In4.35= " 54



10.

. 14.61n 1.0164 =

In 0.814 _
3.26

. 3.741n 0.725 =

.26In3.44 =

. 471n0.9645 =

. 0.381n 650 =

In1.84
6.22

In 1650 _
24.2
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11.

12.

13.

14.

15.

l1e6.

In .0145 _
4.6

In.0044 _
0745

2.4 In 1.0246 _
1.7

7In 115 _
45

2.6 1n 0.934 _
3.55

6.8 In 0.564 _
2.7
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Chapter 20

POWERS OF ANY POSITIVE NUMBER

20.1 Finding b* (x between 1 and 10)

In this section we consider the evaluation of b* where the base, b, may be any positive
number, and the exponent, x, takes values between 1 and 10.

To illustrate the procedure, suppose you now go through the following moves on
your slide rule:

Move HL over 3 on the LL3 scale.

Slide left index of C under HL. ‘

. Move HL over 2 on C. HL is now over 9 on LL3. Note that 9 is 32

. Move HL over 3 on C. HL is now over 27 on LL3. Note that 27 is 33.
. Move HL over 4 on C. HL is now over 81 on LL3. Note that 81 is 3%

These observations suggest that if we set the C index opposite the base, b, on the LL
scale, and then move the hairline over the exponent, x, on the C scale, we will find the
power, b% under the hairline on the LL scale. This is similar to multiplication, except
that instead of using C and D, we use C and LL.

To see what actually is happening, consider the following examples:

Example 1: 48 =7
Suppose we let N = 43, and take natural log of both sides:
InN=ln4=3nN

Now evaluate 3 In 4:

‘1. Move HL over 4 on LL3. Note that HL is now over In 4 on D; hence, it is easy
to multiply by 3.
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2. Slide left index of C under HL.

3. Move HL over 3 on C. HL is now overIn N on D, which means that it is over N
on LL. '

4. Under HL read 64 on LL3.

To evaluate N = b*, then, we first move the hairline over the base  on the LL scale;

this puts the hairline over In b on the D scale. We then multiply In b by the exponent x;
this locates In N on D, and N itself on the appropriate LL scale (see Figure 20.1).

I
| ; (
D 1 A3 ‘i\ j
In4 3(1nd)=1n(43)
LL3 4 64

Figure 20.1

As stated in the previous chapter, the powerful feature of the LL scales is thatln b
appears on the D scale, which is an operational scale, thus making it easy to further mul-
tiply or divide the logarithm by other numbers.

Example 2: Evaluate (1.3)* for x = 2, 3, 4.5, and 7.6.

1. Move HL over 1.3 on LL2. This puts HL over In 1.3 on D. Now multiply the
logarithm successively by the given values of x; the corresponding powers
will be read on the LL scale.

Slide left index of C under HL.

. Move HL over 2 on C. Under HL read 1.69 on LL2.

Move HL over 3 on C. Under HL read 2.197 on LL2.

Now we see that 4.5 on C is somewhat beyond the LL2 scale; hence answer
must be on LL3 (which is just a continuation of LL2). Therefore, we interchange
indexes and move HL over 45 on C. Under HL read 3.26 on LL3.

6. Move HL over 76 on C. Under HL read 7.35 on LL3.

A

In the foregoing example, you will notice that when the answer was to the right of
the base, 1.3, it was located on the same scale (LL2). After interchanging indexes, the
answer was to the lef of 1.3, and it was located one scale higher on LL3.

Exampie 3: Evaluate (0.70)2 and (0.70)43.

1. Move HL over 0.70 on LLo2. This puts HL over In 0.70 on D. Now multiply
by 2, and then by 4.3.

2. Slide left index of C under HL.

3. Move HL over 2 on C. Under HL read 0.49 on LLo2.

4. Interchange indexes and move HL over 43 on C. Under HL read 0.216 on
LLo3.
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Here again, you will notice that when the answer was to the right of the base, 0.70,
it was located on the same scale (LLo2). When the answer was to the left of 0.70, it was
located one scale higher on LLo3. It should be understood that by a higher scale, we
mean a scale with a higher number designation; for example, L12 is “‘higher’’ than LL1,
LLo3, is “higher” than LLo2, and so forth.

The procedure, then, may be summarized:

To evaluate b* (x between 1 and 10):
1. Move HL over b on LL scale. HL is now overIn b on D.
2. Multiply by « (slide C index under HL., move HL over x
on C).
3. Under HL read 4% on the appropriate LL scale:
a. If the answer is to the right of b, it is on the same LL.
scale as b..
b. If the answer is to the left of b, it is located one
scale higher than b.

Clearly, in step (2), we may multiply by x in the manner described, or we may divide
by the reciprocal of x using the CI scale.

Example 4: (14.2)3% = ?

1. Move HL over 14.2 on LL3.

2. Slide left index of C under HL.

3. Move HL over 33 on C. Note that HL is to the right of 14.2; hence, answer is
on the same scale (LL3).

4. Under HL read 6400 on LL3.

Example 5: (1.055)6-25 = 7

1. Move HL over 1.055 on LL1.

2. Slide right index of C under HL.

3. Move HL over 625 on C. HL is to the left of 1.055; hence, answer is one scale
higher on LL2.

4. Under HL read 1.398 on LL2.

Example 6: (.9766)34 =7

Move HL over .9766 on LLol.

Slide left index of C under HL.

Move HL over 34 on C. HL is to the right of .9766; hence, answer is on the
same scale (LLol).

Under HL read 0.9226 on LLol.

B b=



Example 7:

1.

Example 8:

(0.864y%2 =7
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Move HL over 0.864 on LLo2. Note that slide will be in better position if we

divide by the reciprocal of 9.2:

. Slide 92 on CI under HL.

Move HL over left index of C. Observe that HL is to the left of 0.864; hence,

answer is one scale higher on LLo3.

Under HL read 0.261 on LLo3.

<§5_)3'3 =9
126 '

1. Dividing on C-D, we find 585/126 = 4.64.

2.

Exercise 20-1
1. (427 = 17.

2. (8135 =
18.

3. (1134 =
4., (1.25)18 = 19.

5. (1.6)" =
20.

6. (1.044p =

7. (0.21)* = 21.
8. (0.56)8 = 22.
9, (0.98)32 = 23.
10. (0.94)45 = 24.
11. 4.5 = 25.
12. (7.33 = 26.
13. (1.26)+7 = 27.
14. (0.75)3 = 28.
15. (0.6255° = 29.
16. (1.1645)32 = 30.

Verify that (4.64)>3=158.

Evaluate (1.364)* for

x=22,4.5,173.
Evaluate (1.046)* for
x =18, 3.7, 10.
Evaluate (0.787)* for
x=4.5,17.9, 10.
Evaluate (0.9515)* for
x = 1.65, 2.80, 6.45.
(1.0534)"% =
(1.226)** =

(5.75)*8 =

(1.0945)+1 =
(0.186)%° =
(1.534)>™ =
(35.527 =

(1.0136)>%6 =
(0.8815)%4 =

(.057)33 =
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31. (0.954p5 = 42. (0.388)54 =

32. (1.228p% = 43. (2.84)89=

33. (0.359)57 = 44. (1.0366)%¢ =

34. (11335 = 45. (0.9863)" =

35. (1.765)34 = 46. (1.0545)-%3 =
415 = 5.6

36. (0.107)*15 = 47, (%) _

37. (0.444)415 =

38. (0.9445)76¢ = (107)

39. (12.5)% = 49. (3_3_)

40. (0.9824)>% = .

41. (0.63457 = 50- (6_) N

20.2 The ‘“scale-shift” principle

The LL scales have an important property which we shall refer to as the “scale-shift”
principle:

If the HL is over b* on one of the LL scales, then:
1. %% will be under HL on the next higher scale.
2. b*19 will be under HL on the next lower scale.

In other words, the decimal point in the exponent shifts one place to the right each time
we move one scale higher; it shifts one place to the left each time we move one scale
lower.

Example 1: a. 1.22=?7 b. (1220 =7 ¢. (1.202="7

a. Verify that (1.2)? is under HL on LL2 and is equal to 1.44.

b. Now, leaving the hairline in the same position, the “scale-shift” principle tells
us that (1.2)%° is located one scale higher on LL3 (decimal point in exponent has
been shifted one place to the right). Under HL read 38.3 on LL3.

e. Again applying the “scale-shift’” principle, we find (1.2)*2 on LL1 (one scale
lower than LL2). Under HL read 1.0372.
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These readings are illustrated in Figure 20.2.

C 2 5
D
LL1
—1.2 (1.2)°-2 = 1.0372

LL2
LL3 <1 —(1.2)% = 1.44
(1.2)%° = 38.1
Figure 20.2
Example 2: a. (0642 =7 b. ((064)02 =7

a. Verify that (.064)? is under HL on LLo3, and is equal to .0041.

b. Leaving hairline in the same position and applying the “scale-shift” principle,
we locate (.084)9 two scales lower on LLol (decimal point in exponent has
been shifted two places to the left). Under HL read 0.9465 on LLol.

Example 3: 2.1 =7

a. First locate (2.1)75. Verify that this is found under HL on LL3.
b. Applying “scale-shift” principle, (2.1)95 is located two scales lower on LLI.

Verify that answer is 1.0573.

20.3 A general procedure for finding b* (x positive)

The foregoing examples suggest how we may locate the answer when we are dealing
with the more general case of b%; thatis, when the exponent is not restricted to a number

between 1 and 10.

Example 1: (1.015)300 =7

We first evaluate assuming that the exponent is between 1 and 10; we then apply the
““scale-shift” principle to properly locate the answer.

1. Move HL over 1.015 on LL1. Slide left index of C under HL.

2. Move HL over 3 on C. Observe that HL is to the right of 1.015; hence, if ex-
ponent were 3.00 answer would be on the same scale (LL1). However, decimal
point in exponent is actually two places to the right of this assumed position;
therefore, answer is located two scales higher on LL3.

3. Under HL read 87 on LL3.
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The procedure is illustrated in Figure 20.3.

LL1 1.015— p
LL2 7
LL3 1?‘“

/
(1.015)° would be here’
(1.015)23°° must be here

Figure 20.3

Example 2: (1.0185) = ?

1. Move HL over 1.0185 on LL1. Slide left index of C under HL.

2. Move HL over 24 on C. Observe that HL is to the right of 1.0185; hence, if
exponent were 2.4, answer would be on the same scale (LL1). However, deci-
mal point in exponent is actually one place to the right of this position; there-
fore, answer is located one scale higher on LL2.

3. Under HL read 1.553 on LL2.

Example 3: (1.85)97 =7
1. Move HL over 1.85 on LL2. Slide right index of C under HL.
2. Move HL over 7 on C. Note that HL is to the left of 1.85, hence if exponent
were 7.00, answer would be on LL3. However, decimal point in exponent
is actually two places to the left of this position; therefore, answer is located

two scales lower on LL1.
3. Under HL read 1.044 on LL1.

We illustrate in Figure 20.4

A |

D
LL1
LLZIX /f —1.85—
LL3 | 7—
(l.85)'°7//
(1.85)7

Figure 20.4
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Example 4 (62)0073 = ?

1. Move HL over 62 on LL3. Slide right index of C under HL.

2. Move HL over 73 on C. Note that HL is to the left of 62; hence, if exponent were
7.3, answer would be on “LL4” (if our slide rule had such a scale). However,
decimal point in exponent is three places to the left of this assumed position;
therefore, answer is located three scales lower on LL1.

3. Under HL read 1.0306 on LL1.

Example 5: (0.82)015 =7

1. First locate (0.82)17 Verify that this is on LLo2.
2. Applying “scale-shift” principle, (0.82)*1% is located one scale lower on LLol.
Verify that answer is 0.9658.

Example 6: 0.964* =7

1. Verify that (0.964)>5 is on LLol.
2. Applying “scale-shift” principle, (0.964)*3 will be located one scale higher on
LLo2. Verify that answer is ¢.40.

Example 7: (.00325)07 = ?

1. Move HL over .00325 on LLo3. Slide right index of C under HL.

2. Move HL over 71 on C. HL is to the left of .00325; hence, if exponent were 7.1,
answer would be on “LLo4” (if such a scale were present). Decimal point in
exponent is actually two places to the left of this position; therefore, answer
is two scales lower on LLo2.

3. Under HL read 6.666 on 1.1Lo2.

The procedure illustrated in the preceding examples may be formally stated:

To locate the result when evaluating b (x positive):

1. Determine the scale on which result would be found if
decimal point in exponent were shifted to make it a
number between 1 and 10.

2. Applying the “scale-shift” principle, move up or down
as many scales as are necessary to adjust the decimal
point to its true position.

Verify the following:

1. (1.25)* =108 2. (28.5)%%5 = 1.0874
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3. (4700)°%2 = 1.0274 6. (1.01865)%° = 1610
4. (0.9474)*¢ = .0835 7. (.0145)002% = (.9878
S. (0.48)°¢ = (.612 8. (0.223)93 = 0.883

Exercise 20-2

1. (1.186)% = 23. (20,000)-%018 =
2. @722 = 24. (0.9425)224 =
3. (145)0 = 25. (1.425)%=
4. (1164337 = 26. (0.568)%5 =
5. (0.66)*31 = 27. (1004 =
6. (0.59)% = 28. (.9814)%0 =
7. (1.244)% = 29, (0.117)°2 =
8. (1.0665)72 = 30. (0.908)2 =
9. (0.925)06 = 31. (1.264) =
10. (0.50)°265 = 32. (0.642)72 =
11. (36)% = 33. (650)9% =
12. (7500)° = 34. (.0245)00¢ =
13. (1.174)%% = ' 35. (1.375)8 =
14. (1.63)12 = 36. (5200)02 =
15. 1.107) = 37. (0006405 =
16. (0.513)% = 38. (1.1025)03 =
17. (.00015)%5 = 39. (1.214)7 =
18. (1.024y* = 40. (18,000)2" =
19. (0.884)° = 41. (0.9684)2%0 =
20. (1.0625)07 = 42. (.00075)% =
21. (10)*4%5 = 43. (1.076)1% =

22. (100)-%08¢ = 44. 400(1 + .045)*° =



45. 250(1 + .0375) =
46. 24(1 + .03)%° =

23 .036
47. (72) B
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23
48. (760) _

635

5.34\05
0. (35)" -

450107
50. <0026)

20.4 The reciprocal property of the LL scales

We have seen that the LL3 scale ranges from e to €%, whereas the LLo3 scale ranges

from e 1 to e ! This means that opposite

readings on these two scales are reciprocals

of each other. Similarly, the LL2 scale extends from e®! to e'®, whereas the LLo2 scale
extends from e~*!to e 1% and so forth. As a result, we may describe the following use-

ful property of the LL scales:

and between LL1 and LLol.

If the hairline is set over a number on LL3, its reciprocal
will be under the hairline on LLo3, and vice versa.

A similar reciprocal relation holds between LL2 and L1 o2,

Example 1:

1. Move HL over 36.5 on LL3.
2. Under HL read .0275 on LLo3.

Example 2: 1/.0735 =7

1. Move HL over .0735 on LLo3.
2. Under HL read 13.6 on LL3.

Example 3: (1.1635)1 =?

1. Move HL over 1.1635 on LL2.

2. Under HL read 0.8595 on LLo2.

Verify the following:

1. 1/27 = .037

2. 1/350 = .00286

Use LL scales to find reciprocal of 36.5.

3. 1/0.645 = 1.55

4. 1/.00085 = 1180
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5. 1/7.75 = 0.129 8. (1.107)!' = 0.9034
6. (.00235)~! = 425 9. (0.383) ' = 2.61
7. (14,500)t = .00007 10. (1.0344! = 0.9668

20.5 Finding b* (x negative)
Here, the reciprocal scales may be used to advantage as shown in the following
examples:
Example 1: 51=7?
We simply proceed as if to evaluate 5%, then read the reciprocal.

1. Move HL over 5 on LL3. Slide left index of C under HL.
2. Move HL over 4 on C. Now 5*is under HL on LL3; hence, 5-* will be on LLo3.
3. Under HL read .00160 on L1Lo3.

Example 2: (0.15)~ = ?
Verify that (0.15)%5 is on LLo2; therefore, (0.15)~% is found on LL2. Result is 1.607.

. 2_2—3_ —14.5= 5
Example 3: (175) ?

1. First divide 223 by 175 and verify that expression becomes (1.274)7143,
2. Now verify that (1.274)'*5 is located on LL3 and, hence, (1.274)-145 must be
on LLo3. Result is .030.

The foregoing illustrate the general procedure:

To evaluate b* (x negative):
Proceed as if to evaluate b (x positive), then read the
result on the reciprocal LL scale.

Exercise 20-3
1. 64 = 3. A.5) "=

2. 33 = 4, (1.18)% =



10.

11.

12.

13.

14.

15.

le.

17.

18.

(.034)-026 = 26.
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. (0.75)% = 19. (0.753)%2 =

. (0.60)° = 20. (0.9783)-0% =

. (0.975)% = 21. (0575)-015 =

. (1.027)8 = 22. (.00013)-04 =

- (.006)~07 = 23. (0.9644)% =
(0.16)~% = 24. (0.856) % =
(264)-03¢ = 25. 3400(1 + 0.105)-4 =

25,000(1 + .035)"% =

(3700)—025 = 27. 64,0001 + .065)-3¢ =
(0.465)-15 = »g. (T4)"
(35) -
(56)~ 2% =
465\ 16
1.0276)-195 = . <_> -
( ) 29- {680

(.000075)—-064 =

30.

(5600)~7 =

69 )—.072 _
( 25 B

20.6 Evaluating b* on slide rules with 8 LL scales

If your slide rule has 8 LL scales, you may check the following examples:

Example 1: (1.00236)240 = ?

1. Move HL over 1.00236 on LLO (Ln0).
2. Slide left index of C under HL.

3. Move HL over 24 on C. Answer is located 2 scales higher on LL2.
4. Under HL read 1.76 on LL2.

Example 2: (250)~-00085 = ?

1. Move HL over 250 on LL3. Slide right index of C under HL.

2. Move HL over 65 on C. If exponent were positive, answer would be located
3 scales lower on LLO (Ln0); exponent is negative, hence answer is on the
reciprocal scale, LLo0 (L.n-0, LL/0).

3. Under HL read 0.99642 on L1100 (Ln-0, LL/0).
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Example 3: (0.99805)1500 = ?
1. Move HL over 0.99805 on LLo0 (Ln-0, LL/0). Slide left index of C under HL.

2. Move HL over 15 on C. Answer is located 3 scales higher on LLo03 (Ln-3, LL/3).
3. Under HL read .0536 on LLo3 (Ln-3, LL/3).

Verify the following (use LLO and LLo0 scales):

1. (1.00164)% = 1.0504 - 5. (0.9763)-°17¢ = 1.00423
2. (1.00425)-%2° = .0310 6. (0.998745)!% = 0031

3. (1.223)%32 = 1.00646 7. (3200)-000185 = 1.001495
4. (.0034)'0?054 = 0.99694 8. (0.99652)-2 = 1.0835

20.7 Finding bv*

Example 1: V72 =23 =2
The logarithm may be written:
In(72)'3 = (1/In(72)

In this case, then, we must divide In(72) by 3. Note, also, that the exponent is approxi-
mately 0.3.

1. Move HL over 72 on LL3. This puts HL over In(72) on D. Now divide by 3:

2. Slide 3 on C under HL.

3. Move HL over left index of C. HL is to the left of 72; hence, if exponent were
about 3, answer would be on “LL4.”” Decimal point in exponent is actually one
place to the left; therefore, answer is one scale lower on LL3.

4. Under HL read 4.16 on LL3.

Example 2: V293 = (2.93)112 = ?
Note that exponent is about .08.

1. Move HL over 2.93 on LL3. HL is now over In(2.93) on D. Now divide by 12:

2. Slide 12 on C under HL.

3. Move HL over right index of C. HL is to the right of 2.93; hence, if exponent
were about 8, answer would be on LL3. Decimal point in exponent is actually
two places to the left of this position; therefore, answer is itwo scales lower
on LLI.

4. Under HL read 1.0938 on LL1.
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Example 3: (.0115)v60 = ?
Note that exponent is about .016.

1. Move HL over .0115 on LLo3. Now divide by 60:

2. Slide 60 on C under HL. :

3. Move HL over right index of C. HL is to right of .0115; hence, if exponent were
about 1.6, answer would be on LLo3. Decimal point is actually two places to
the left of this position; hence, answer is two scales lower on LLol.

4. Under HL read 0.9283 on LLol.

Example 4: (0.9804)-1-045 = 7

Note that exponent is about —20.
. Verify that result is on LL2, and is equal to 1.553.

Verify the following:
1. ¥/520 = 4.79 5. (1.345)1+4 = 1.0696
2. ¥/2.64=1.382 6. (0.243)-122 = 1.0665
3. \/70035 = 0.624 7. (0.9605)-0% = 0.316
4. ¥0.550 = 0.9052 8. (15.5)-1° = 0.9616
Example 5: Evaluate 10Y= for x = 3, 4, 5, and 6.

Here, it is more convenient to perform the consecutive divisions using the CI scale.

1. Move HL over 10 on LL3.
2. Slide left index of C under HL.
3. Move HL successively over 3, 4, 5, and 6 on CL

Verify that results are: 2.155,1.779,1.585, and 1.468.

Example 6&: 223 =36, x="7
1. Solving for x: x = (36)¥23.
2. Verify that x = 4.75.
Example 7: 25(y084) =47, y =7
1. Dividing 47 by 25, we obtain: y-* = 1.88.

2. Solving for y: y = (1.88)1/-084
3. Verify that y = 1830.
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Exercise 20-4
1. Evaluate (32)1/* 22. (0.9656)"0% =
forx=3,5,9, 15. :
23. (360)/17 =
2. V275 = ,
22 — =
,3° V561 = 24, i 1.7, x
4. ¥.037 = 25. 2% =5;x =
5. V955 = 26. 213=0.78; x =
6. 2200 = 27. 217 =0.575; x =
7. ¥0.145 = 28. 2703 = 0.9724; x =
8. /55 = 29, 2.76(x*%) = 400; x =
9. V1.95 = 30. 15(x~%') = 3900; x =
10. ¥0.474 = 31. 340(x%7-%) = 0.289; x =
].1. e 0.636 = 32. 2400(x_3'56) = 1740; x =
12. (12.5)V%5 = T
33. (%) _
13. (6.75)V16 =
14. (0.515)-V25 = 34. (ﬁ)—l/.oss _
620
15. (.00014p/22 =
2.4\V4
16. (0.944)-1-045 = 35. (ﬁ—) =
17. (145)V15 = 1570\ 1/240
36. (_> =
18. (1.026)02¢ = 0042
19. (1.0245)—1/.007 = (_1—2_5)1/1.41 _
37. 37.5 310

20. V0.764 =

21. (2000)24 =

-8_7:§->l/1.41
38. 216 ( or.2

20.8 More general powers of b

Example 1: (1.055)25%28 = ?

When the exponent is in combined form, we may first evaluate the exponent on C-D,
then find the power. You may prefer this direct approach; however, in the following
precedure you will note that it is not really necessary to evaluate the exponent.
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. Approximate the exponent to be about 70. Think of the logarithm: In(1.055)?3%28

= (25 x 2.8)In(1.055).

. Move HL over 1.055 on LL1. This puts HL over 1n(1.055) on D. Now, instead

of multiplying by 25, divide by its reciprocal:

. Slide 25 on CI under HL. Now multiply by 2.8:
. Move HL over 28 on C. Observing that HL is to the left of 1.055 w1th the ex-

ponent about 70, we determine that the answer must be on LL3.

5. Under HL read 42.3 on LL3.
Example 2: 4P ="
1. Exponent is about 1.7. Think of the logarithm: In(4)53 = (5/3)In(4).
2. Move HL over 4 on LL3. This puts HL over In(4) on D. Now divide by 3:
3. Slide 3 on C under HL. Now multiply by 5:
4. Move HL over 5 on C. HL is to the right of 4 and exponent is about 1.7; hence,

vt

answer is on LL3.

. Under HL read 10.1 on LL3.

Example 3: (2.06)~G-6x1.3)/155 = 7

U‘l:{kw

. Approximate exponent to be about —.05.
. Move HL over 2.06 on LL2. Slide right index of C under HL. Now multiply

by 5.6:

. Move HL over 56 on C. Now divide by 155:

Slide 155 on C under HL. Now multiply by 1.3:

. Move HL over 13 on C. Observing that HL is to the left of 2.06, verify that, if

exponent were positive, answer would be on LL1. It follows that answer must
be on LLol.

. Under HL read 0.9666 on LLol.

Example 4: (.0145)V/B1x48) = 7

1.
2.

Approximate exponent to be about .007.
Verify that answer is located on LLol, and is equal to 0.97075.

The techniques discussed in the preceding sections may finally be summarized
as follows:

To raise b to any power:

1. If exponent is in reciprocal or combined form, estimate
its value. This aids in locating the result on the proper
LL scale.

2. Move HL over b on the LL scale. This puts HL over
In(d) on D.

3. Perform necessary operations on In(b) —that is:

multiplication (%, b%Y, etc.),
division (b¥*, bY*¥, etc.),
or both (b1, b*¥lz, h*/¥Z etc.).
4. Read result on the appropriate LL scale.
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Exercise 20-5

1. (1143 = 22. (1.0742)-(mx30)/2.3 =
2. 8)¥7 = 23, 7 =23;x =
3. (1.6)/6 = 24, %4 =1.26; x =
4. (36)%27 = 25. 36(x'%4) = 250; x =
5. (0.7)%° = 26. 2.3(x'/%) = 1.7, x =
6. (0.944)-13/7 = 27. x516 = 0.955; x =
7. (.034)-3/460 = 28. 14(x—36m) = 175; x =
8. (1.0374)32x 03¢ = 29. (1 +xp®7" =1.85; x =
9. (2.62)51 x 1.8 = 30. (1 +x)"19° =0.215; x =
10. (27.5)-(32x 4128 = 31. 360(1 — x)25/11 = 570; x =
1 1/(4.5%16.3) 32 (1 23 \ o
11. (.074)V/(45x16.3) = 1+ 670) =
12, (0.284)-100/(5:2x3.7) = 15 \-2¢0/13
33. (1 - ﬁ) -
1 3. (4400)(3.7)(1.45)/34.6 —_
34 624 6.4 0.415/1.415
14. (.00028)340 = . (7) N
15. (0.9025).064x27 — 35 545 (34 g)o .415/1.415 _
16. (1.0186)-100/(2.45x3.14) =
5 P 0.384/1.384
36. —— = (—) =
17. (65036211250 = 405 \50
425 P\ 0-400/1.400
18. (1.108)-630x.070) = Vi <__) _
( ) 37 630~ \74
19. (.0135)2.24/(145Xl.95) = 38 560 28.5 0.375/1.375
" 415 ( P ) T

20. (0.9786)-¢8/ =
39, Evaluate (0.98)-?/1-7 for:
21. (8.4)1/e5 = p =1,12, 150, and 750.

20.9 Numbers outside the range of the LLL scales.

The exercise sets of this chapter have been designed so that the initial settings and the
results have, in all cases, been within the LL scale range. Methods for handling numbers
outside the scale range are illustrated in Appendix B.



Chapter 21

FURTHER OPERATIONS WITH
THE LL SCALES

21.1 Solving for the exponent in simple powers

In the previous chapter, we were concerned with evaluating powers directly. It often
happens, however, that the power is known and we wish to find the exponent.

Example 1: 6*=1.55;x=7?

Here, we know the result of raising 6 to a power, and we must determine the exponent.
This is just the inverse of finding b%.

1. Move HL over 6 on LL3. Slide left index of C under HL.

2. Move HL over 1.55 on L1L2. Under HL read “245” on C. Observe that 1.55 is
to the right of 6 and one scale lower. If it were on the same scale, exponent
would be 2.45; however, it is one scale lower, hence exponent must be 0.245.

It follows that x = 0.245.
Example 2: (0.955)* = .064; x = 7
1. Move HL over 0.955 on LLol. Slide right index of C under HL.
2. Move HL over .064 on LLo3. Under HL read “596” on C. Note that .064 is to

the left of 0.955 and is two scales higher. If it were one scale higher, exponent
would be 5.96; however, it is two scales higher, hence x = 59.6.

Example 3: (1.22)* = .028; x = ?

1. Move HL over 1.22 on LL2. Slide left index of C under HL.
205
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2. Move HL over .028 on LLo3. Under HL read “1800” on C. Note that .028 is
to the right of 1.22 on LLo3. If it were on LL3, exponent would be 18.00; how-
ever, it is on the reciprocal LL scale, hence x = —18.00.

Example 4: (.0165)* = 1.022; x = ?

1. Move HL over .0165 on LLo3. Slide right index of C under HL.
2. Move HL over 1.022 on LL1. Under HL read 530 on C. Observe that 1.022
is to the left of .0165 on LLI. If it were on LLol, exponent would be .00530;
however, it is on the reciprocal LL scale, hence x = —.00530.
Example 5: e* =1.0466; x = 7
When e is the base, we read directly from LL to D.
1. Move HL over 1.0466 on LL1. 7
2. Under HL read ““455” on D. On LL1, exponent of e ranges from .01 to 0.1, hence
x = .0455.
Example 6: e* =.0033; x=7

1. Move HL over .0033 on LLo3.
2, Under HL read “571” on D. On LLo3, exponent of e ranges from —1 to ~10.
It follows that —x = —5.71, and x = 5.71.

Exercise 21-1

Determine x in the following:

1.37=20 10. &~ = 1.266

2. 10* = 250 11. & =0.9718

3. 8 =54 12. ¢* = .00085

4. 4 =30 13. 10* =134

5. 25 =17 14. (0.16)* = .012
6. (1.2)* =100 15. 10* = .02

7. (1.03)* = 200 16. 5* =0.64

8. =30 17. 525 =17.5

9. e* =550 18. (0.75)* = 0.464
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19. 15% = 0.65 30. (2600)-= =0.124
20. (2.4)* = 650 31. (1.0164)* = 64
21. (1.165)* = 1.0375 32. = = 0.9326
22. (1.84)* = 0.766 33. e* = 1650

23. (.037)* =0.49 34. (0.586)* = .00075
24. (0.164)* = 1.0525 35. (3200)~* = 0.794
25. (0.654)* = .0475 36. (1.238)-* = 0.513
26. ¢* = 1.01675 37. (1.1645* = .0037
27. e* = 0.562 38. (0.386)" = .084
28. ¢ *=0.106 39. (0.193)* = 1.775
29. 10 =0.57 40. (1250)* = 1.0138

21.2 Finding logarithms to any base

Suppose we let log, N = x; it follows that 6% =N. Hence, finding log, NV leads to the same
exponential form that was treated in the preceding section.

Example 1: log,5 =7

1. Letlog,5 = x; then 2¥ =5.
2. Verify that x = 2.32; hence, log,5 =2.32.

Example 2: log,(0.62) = ?

1. Letlog,(0.62) = x; then 3” = 0.62.
2. Verify that x = —0.435; hence, log (0.62) = —0.435.

Example 3: log,,1.06 = ?

1. Let log,,1.06 = x; then 10* = 1.06.
2. Verify that x = .0253; hence, log, 1.06 = .0253.

You will recall that we may find log, N directly using the L scale. However, for
values of N near 1, the LL scales yield more accuracy.
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21.3 The DFm scale

The DFM scale is a D scale folded at log ;e = 0.434. It is related to the D scale in the

following way.

If the hairline is over in N on D, then log, N is under the
hairline on DFm

This scale makes it possible to directly convert logs from base e to base 10, and
vice versa.

Example: a.In26=7 b. log,26="7

1. Move HL over 26 on LL3.
2. Under HL read:
a. In26=3.26 on D.
b. log 26 = 1.415 on DFM.

Exercise 21-2

1. log,7 = 13. log, 0846 =
2. log,18 = 14. log,,350 =
3. log35 = 15. log, 0.77 =
4. log,1.5 = 16. log, 1.27 =
5. log, ;100 = 17. log,1.0444 =
6. log 1.75 = 18. log,175 =
7. log,,1.155 = 19. log, ,1.88 =
8. log,,0.984 = 20. log, 0.94 =
9. log,,0.9723 = 21. logd500 =
10. log,,1.01655 = 22, log, 0.665 =
11. log,1.0224 = 23. log,,0.8645 =

12. log,0.635 = 24. log,.0035 =
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21.4 Exponential equations

Any equation in which the unknown appears in an exponent may be called an exponential
equation. In section 21.1, you were solving simple exponential equations; in this section
we go further with equations of this type.

Example 1: 3522t = (0.106; ¢t = ?
1. Dividing 0.106 by 35 on the C-D scales, we obtain:
e~—22t = 00303

2. Move HL over .00303 on LLo3.
3. Under HL read “580” on D. Therefore, —.22¢t = —5.80.
4. Dividing on C-D, we find 1 = 26.4.

Example 2: 125(370)* = 90; x = ?
1. Dividing 90 by 125 on C-D, we obtain:
370" = 0.720

2. Move HL over 370 on LL3. Slide right index of C under HL.

3. Move HL over 0.720 on LLo2. Under HL read “556” on C. Note that 0.720 is
to the left of 370 on LLo2. If it were on LL2, exponent would have to be .0556;
however, it is on the reciprocal LL scale, hence x = —.0556.

Example 3: (0.73)-934¢ = (.865; x = ?

1. Move HL over 0.73 on LLo2. Slide right index of C under HL.

2. Move HL over 0.865 on LLo2. Under HL read “461” on C. Note that 0.865 is
to the left of 0.73 and on the same scale, hence exponent must be 0.461. It
follows that .034x = 0.461.

3. Dividing on C-D, we obtain x =13.56.

Example 4: 75 = 1000(1.85)~14k; k= ?
1. Dividing 75 by 1000, we may write:
(1.85)-1% = 075

2. Move HL over 1.85 on LL2. Slide right index of C under HL.

3. Move HL over .075 on LLo3. Under HL read “421” on C. Note that .075 is to
the left of 1.85 on LLo3. If it were on LL3, exponent would be 4.21; however,
it is on the reciprocal LL scale, hence exponent must be —4.21. Therefore,
—14k =—4.21.

4. Dividing on C-D, we obtain £ = 0.301.
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Alternate method:
Although more settings are required, you may prefer to first solve the given relation
for k.

1. Returning to (1.85)~1% = .075, we take natural log of both sides:

(—14k)In(1.85) = In{.075)
2. Solving for k:

, - In(075)
(—14)(n(1..85)

3. Verify that In(.075) = —2.59, and In(1.85) = 0.615.
4. Substituting these values, £ may be evaluated on C-D:

=2.59

k= Ti00.615) 0.301.
Exercise 21-3
1. 27 = 1550; x = 16. 15,000 ¢~25 = 220; ¢ =
2. %657 = 1.0665; x = 17. 2.5(1.745)% = 362; x =
3. 19 =0.374; x = 18. 650000.815)% = 20.8; x =
4, e—24r = 0028; x = 19. 24.6(0.586)% = 45.0; x =
5.35e"=460;x = 20. 1000(1.0625)* = 3640; n =
6. 125 ¢* =60; x = 21. 2200(1.125)* = 12,600; n =
7. 550 e* =30; x = 22, 1000(1.075)* = 525; n =
8. %0587 = 1.267; x = 23. 8600(1.045)" = 2700; n =
9, 525 =1,0326; k= 24. <12_6>” _ 550, .=
41.5 640’
10. 4.63 &> = 2150; k=
‘ 068 — K(). ¢ — 25. (ﬁé>x=@;x=
11. 2000 e84 = 50; ¢ 57.2 510
12. 1200 ¢—007¢ = 125; t = 26. (1.074)-17% =.0.948; k =
13. 10.7 €™ = 145,000; k£ = 27. (840):9%7 = 1.056; x =
14. 100 2% =5.5; k = 28. (250 = 0.744; x =

15. 26 16 = 94,000; ¢ = 29. (0.162)°4% = 0.935; p =
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30. (6000)°72 = 64; ¢t = 38. 55(7500)~0135 = 24.2; ¢ =
31. 0.27(1.055)38% = 50; ¢ = 39 510 _ (8.25)““”/"_ n=
" 620 31.6 ’
32, 324(4.16)*"% = 340; k =
o, S5 _ (120
33. 3.6(1.15)0%¢ = 31.0; ¢ = 520 \147 e
34. 145(2.35)~018 = 26; ¢t = 41. 2e?* - 12¢*+5=0; x =
35. 225(0.65)%32 = 1.52; k = 42, 32 - 8eF+3=0; x =
36. 1200(.00055)-294» = 1170; p = 43, 2¢57 — 31e* + 58 =0; x =
37. 0.410(26.5)~22* = 0.336; x = 44, 12¢72* — 1le* +2=0; x=
21.5 Formuia types
(1 + .063 V75)>#
le 1: =7
Example 0.65)2
1. Verify that .063 ¥/75 = 0.266
. . (1.266)>8
2. Expression now becomes: _—-—_—(0.65)3'2 .
3. Verify that (1.266)58 = 3.93; (0.65)32 = 0.252.
. 3.93
4. Expression finally becomes: 0.252"
5. Dividing on C-D, verify that result is 15.59.
Example 2: Given the formula: S = R [M—ll)?——l}

If S = 7500, R = 37, i = .035, find n to the nearest integral value.
1. Substitute the given values:

37 [(1.035)" — 1]

7500 = e
2. Verify that (1.035)" =i93i;<7—7—599+ 1=71+1=81.

3. Finally verify that n = 60.8; hence, to nearest integer, n = 61.

Exercise 21-4

1. V29(1 + e7+#) = 2. 15(0.32)*(0.68)* =
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. 120(0.72)7(0.28)* = 1 — (1.045)15
3. 120(0.72)7(0.28) 11. 35[ (02;15) ]=
4 500 _ 0!
1 + 12.5¢-226 12. o100 (0.847(0.16)° =
—2.77 a3 s '
5. .046¢727" sin 1.75 = 13. % (0.43)5(0.57)* =
6.4 — 1.27
6. 3.66 x 107 x 1{————6.44 n 1.27] = 14. (1260 cos 53°)°6(0.164)23(136)1/* =
5 132> 100 VBT _ 15, OLEI00
: o (1 +0.155)% 1
16. 4.25 x 10°[50 + m/.065)"2 =
3 (250)0.76 _
" (25 + 12V/4.65)!16 17. 67,500(0.86)%2tan 62° =
9 1n[ 1+vV1+ (2.6)2] _ 18. [1 + .000275(27.2)?]1-75/075 =
) 2.6 B
—17
19. % [1+ V7.25] =
Lo, 20 [QL0275) 1] n .

.0275 20. (0.72)75 [em/@-2x45) — 1]-1 =
In the following formulas, substitute the given data and evaluate:
9.2 D7

21. P=
R+5
a. R=3.7,D=8; b. R=28.60,D =145

292, N=ezmi/\/1_-7cl2
a. d=0.72; b. d=10.46

23. x=ln(w + Vuz +1)
a. u=220; b. u=-0.176

1 =
y = r—z’n_e )
a. =025 b.x=05 ec¢c.x=1 d.x=250

24.

25.

P

= e—244t gin (.46t (angle in radians)
a. t=1 b.t=25 e t=517

26. V =1.318 C R 5
a. C=130,R =0.25, S =.003
b. C =750, R = .048, S = .0076

27. E = RT In(p,/p,)
a. R="55.1,T =500, p, =547, p, = 36.0
b. R =295, T =350, p, = 24.2, p, = 18.6



28.

29.

30.

31.

32.

33.

34. C

33.

36.

37.

FURTHER OPERATIONS WITH THE LL SCALES

250 :
A= T3 Teeo

a. t=175; b. t=125

b* e
x!

a. b=02,x=5 b.b=2,x=4

p‘:

F, = F,e/® (O in radians).
a. f=0.25 0 =210°, F, = 1800
b. £=10.17, ©® = 104°, F, = 2400

h = (p,/w,) In(p,/p)
a. p, = 1830, w, = .0765, p = 1250
b. p, = 2620, w, = 1.140, p = 1780

Q = 2.38 H%? tan -;—@
a. H=3.6,0=70% b. H=6.2,0 =55°
PV-4 = 16000

a. V=278, find P; b. V=460, find P; e. P="T60, find V;
d. P =1240, find V.

6 {(dlldz) - 1]

" wln(d/d,) 2
a. d, =11.2,d,=67; b. d =347, d, = 14.6

P = 650,000 e
a. If P =925,000 when ¢t = 10, evaluate £.
b. Use this value of k£ to find P when ¢ = 18.

E=142¢e*k
a. If E =10.2 when ¢ = 3, evaluate £.
b. Use this value of k£ to find E when ¢ = 6.3.

N!
N-—

x(N ~ x)
=10, x=4,p =059, ¢ =041
0,x=17,p=0.81,¢=0.19
,x=23,p=0.44, g =0.56
1, x=5,p=0.654g=0.35

3

N
. N
N
N

a6 oW

1
9
1

38. A=PQ1Q+ )

a. P =1000,4 = 2250, n = 21, find i;

b. P =1200, 4 = 2100, n = 12, find i;

e. P =1200, 4 = 3000, i = .01625, find n (nearest integral value);
d. P =650, 4 = 3500, i = .0275, find n (nearest integral value).
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39.S=R [@};1—]

a. R=55,i=.035,n=15 b. R=175,i=.0625, n = 22;
c. S =2800, R ="175,i=.025, find n (nearest integral value);
d. S =20,000, R =825, i = .018, find n (nearest integral value).

s0. 4= [Lo0r0]
a. A =1150, R = 63, i = .0325, find n (nearest integral value);
b. A4 = 7250, R = 215, i = .0125, find n (nearest integral value).

41. P=Frli+(V = Frliy1 + )™
a. F =2000, ¥V =2600, r = .045, i = .0625, n = 9
b. F = 15,000, V = 18,500, r = .035, i = .0825, n = 12

a2. L (Pl)("_”/"

=173, T, = 550, n = 1.415, find T;
=1

07, T, = 635, n = 1.346, find T};

43. V = V_.tanh <—)
a. H=20,¢="10, 7,= 455, L = 2000, g = 32.2
b. H=30, ¢t =12, V.= 4.75, L = 1800, g = 32.2
2o (l+e
44. S = 2wa? +T ln<1—_——é) (where e = Va2 — b?/a)
a. a=12,b=7; b. a=265,b=183

k k~1)/k
45. E=ﬂ[—~—][1—<5’2) ]
w, Lk—1 D,
a. k=1.32, p, = 2880, p, = 2120, w, = .0613
b. k = 1.5, p, = 3150, p, = 2120, w, = .0580

46. r = [1 +<k_;l>(l:>2:|k/(lc—l)

a. k=1.4,V =576, c = 1117
b. k=1.65V =645, c = 1117



Chapter 22

REVIEW EXERCISES

The following exercise sets require the use of all scales covered in Chapters 14 through
21.

Exercise 22-1
1. sin 37° =
2. cos 86°30' =
3. tan 47.5° =
4. log,,38.2 =
5. 013 =
6. ¢ 0 =
7. (1.075* =

8. (260)°32 =

Exercise 22-2
1. Solve the right triangle: 4 = 46.2°, b = 370.

2. 1n26.2 =
215
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3. (13)%3 =

4. cot 14.6° =

5. 26000 =

6. 15(x™®) =2T; x =
7. 24 sin 36° =

8. ¥0.138 =

Exercise 22-3

145 cos 62°
sin 27°

2. 1n1.0137 =
3. 327 =

4., tan 3.45° =

6.22\057
5. (21.5) -

6. sin ! 0.644 =
7. 520)* = 4.25; x =

8. Solve the oblique triangle: a = 82, ¢ = 55, 4 = 43°.

Exercise 22-4
1. (4400)-00%6 =
2. cos 17° 23" =
3. tan' 1.25 =
4., €52 gin 22° =
5. log,,56,500 =

In .0245 _
m



7.

8.

Change 24/ 56° to rectangular form.

log,8 =

Exercise 22-5

1.

N

. 640 (—

(7500)035 =

16.25
0375 log“)[ 00352] B

. e 0155 co5 0.62 =

.InN=146; N=7

94.9\0.43/1.43
37.5)

Convert to radians: a. 36°, b. 76.3°,

. sin 0.76° =

. 2400 0% = Th; t =

Exercise 22-6

1.

2.

tan 257° =

e—3‘n’/2 —

. Change (16 + 7j) to polar form.

In 0.742

07610 127

(32)-(8-4%5.2)/310 =

. 175 ¢ 36x1.22) 5in(0.72) =
. sin~! .0356 =

.InN=-325N=

Exercise 22-7

1.

cos 88.36° =

c. 214°.

REVIEW EXERCISES
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REVIEW EXERCISES

£(2:6x43)[7.5 =

. Solve the oblique triangle: 4 = 124°, C = 13°, b = 21.
. (015 =0.14; x =

. V350 =
1 -
. 5(16.8)(23.2)31n 24°15' =

. 45(0.78)8(0.22) =

In325
2.31n 0.422

Exercise 22-8

i

Solve the right triangle: a = 145, b = 67.

cos 0.68 =

. (0.9780)—08 =

132 sin219.3° _

sin 2.46°

. | 2gR
. Given: V' = i 20

Find V if R = 2400, g = 32.2, @ = 27.2°.

. [12.8 +8.44
12.8 x 8.44

] = (give answer in radians)

. tan 86.5° =

165(2.75)~9022 = 32; t =



Appendix A

SMALL ANGLES (LESS THAN 0.573°)

A.1l Angles given in degrees

For angles in the range of the ST scale or smaller, the sine (or tangent) is proportional
to the angle itself. Thus, if the angle is divided by 10, for example, its sine or tangent
will also be divided by 10.

From the ST scale we may read sin 2.6° = .0454. Now, dividing both the sine and its
angle by 10, we write: sin 0.26° = .00454. Clearly, we could have divided by 100 and
obtained: sin .026° = .000454, and so forth.

It is emphasized that this procedure is only valid for very small angles; you should
apply it only to angles that are too small to be read directly on the ST scale.

Example 1: sin .034° = 7?

1. Move HL over 3.4° on ST.
2. Under HL read “593” on C.

Therefore, sin 3.4° = .0593, and sin .034° = .000593.

Example 2: tan 89.22° =7

1. Write: tan 89.22° = cot .08° = 1/tan .08°.
2, Verify that result is 716.

Verify the following:

1. sin 0.36° = .00628 2. sin .044° = .000767
219
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SMALL ANGLES (LESS THAN 0.573")

3. tan 0.50° = .00872 5. tan 89.6° = 143.2

4. tan .018° = .000314 6. csc 0.15° = 382

A.2 Angles given in minutes or seconds

You may now verify that:

sin 1’ = sin .01667° = .000291
sin 1" = sin .000278° = .00000485

Since the sine (or tangent) of a small angle is proportional to the angle itself, the
following relations may be used:

1. If angle is in minutes, then sin x or (tan x) = .000291 x.
2. If angle is in seconds, then sin x or (tan x)= .00000485 «x.

The approximate values of these constants may be remembered as “three zeros three”
and “five zeros five.”

A.3 The “minutes’ and ‘‘seconds'’” gauge marks

To facilitate finding the sine (or tangent) of small angles in minutes or seconds, some
slide rules have two gauge marks related to the CI scale. These marks are scribed on the
ST scale at positions opposite 291 and 485 on CI, and may be found at about 1.97° and
1.18°. They are usually labeled with the symbol for minutes (') and the symbol for sec-
onds (") respectively.

On other rules, the marks are related to the C scale. They may be scribed directly
on C at 291 and 485, or opposite these positions on ST at about 1.67° and 2.78°. Again,
these are usually labeled with the minutes and seconds symbols.

The use of these gauge marks may be summarized as follows:

If gauge marks are related to CI:
1. Move HL over angle in minutes (or seconds) on D.
2. Slide ““minutes’ (or “seconds”) scribe under HL.
3. Read sine (or tangent) of the angle opposite C index on D.

If gauge marks are related to C:
1. Set C index opposite angle in minutes (or seconds) on D.
2. Move HL over “‘minutes” (or “seconds”) scribe.
3. Read sine (or tangent) of the angle under HL on D.

Example 1: sin 12.5' =7

A rough approximation is “three zeros three” times the angle, or .0003 X 12.5. Using the
gauge marks, a more exact result is obtained.



SMALL ANGLES (LESS THAN 0.573°)

Gauge marks related to CI:
1. Move HL over 125 on D.
2. Slide “minutes” scribe under HL.
3. Opposite right index of C read “364” on D.

From the rough approximation, we see that answer is .00364.

Gauge marks related to C:
1. Set left index of C opposite 125 on D.
2. Move HL over “minutes” scribe.
3. Under HL read “364” on D. Answer is .00364.

Example 2: tan 34" =7

A rough approximation is “five zeros five” times the angle, or .000005 X 34. Using the
gauge mark, we proceed as follows:

Gauge marks related to CI:
1. Move HL over 34 on D.
2. Slide “seconds’ scribe under HL.
3. Opposite left index of C read ““1649” on D.

From the approximation, answer must be .0001649.

Gauge marks related to C:
1. Set right index of C opposite 34 on D.
2. Move HL over “seconds” scribe.
3. Under HL read “1649” on D. Answer is .0001 649.

Verify the following:
1. sin 26’ = .00756 6. sin 3.7 = .001077
2. sin 7.5” = .0000363 7. tan 46" = .000223
3. tan 14'30" = .00422 8. cot 25'18" = 136

4. sin 18.3' = .00532 9, csc 12.4' = 277

5. tan 20" = .0000969

A.4 Conversion to radians

For the small angles we have been considering, the sine (or tangent) is about equal to
the angle itself expressed in radians. Hence, to convert from degrees, minutes, or sec-
onds, we simply find the sine of the angle and this also represents the radian equivalent
of the angle.
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SMALL ANGLES (LESS THAN 0.573°)

Example 1:

Convert 0.24° to radians.

1. Using the ST scale, verify that sin 0.24” = .00419.
It follows that 0.24° = .00419 radians.

2.

Example 2:

Convert 25’ to radians.

1. Using the “minutes” gauge mark, verify that sin 25’ = .00727.
It follows that 25’ = .00727 radians.

2.

1.

2.

3.

4.

Verify the following:

0.46° = .00802 radians
37" = .01076 radians
28.5" = .0001381 radians

.0375° = .000654 radians

Exercise A-1

1.

2.

sin 0.26° =

sin .077° =

. tan .0145° =

4. sin .085° =

. tan89.7° =

6. cot 0.27° =

10

sin 0.46° =

. tan 89.87° =

. 1600 sin 0.4° =

148 tan .065° =

11. Convert to radians:

a. 0.35° b. .071°
c. 0.185° d. .00225°

12. sin 5.8 =

5. 12.6' = .00367 radians
6. 51.2" = .000248 radians
7. 0.26° = .00454 radians

8. .071° = .00124 radians

13. tan 12'15" =

14. tan 35" =

15. sin 2.44' =

16. sin 13.5" =

17. cot 22'30" =

18. csc 11.25' =

19. csc 33" =

20. tan 89° 45.2' =
21. tan 89° 59'26" =
22. Convert to radians:

a. 43° b. 26"
c. 840" d. 11.5"

23. %(170)(235)sin 23 =

24. é(1350)(720)sin 47" =



Appendix B

NUMBERS OUTSIDE THE RANGE
OF THE LL SCALES

B.1 Numbers beyond the range of LL3 or LLo3

We have seen that the LL scales range from e~1? to e!°, or from .000045 to about 22,000.
It is also evident that there is a discontinuity at the number 1; nowhere on the scale
does this number appear. The scales approach 1 from above and from below, but never
reach it. This is not surprising inasmuch as 1 = €% and the number 0 does not appear
on the D scale.

It follows that there are three ways in which we may fail to locate a number directly
on the LL scales: the number may be too large (larger than 22,000), it may be too small
(smaller than .000045), or it may be too near I.

In this section we shall illustrate methods for dealing with numbers that are too
large or too small (beyond the range of LL3 or LLo3). Numbers very near ! are discussed
in the next two sections.

Example 1: (14 =7

Rewrite this: (1.4 x 10)3 = (1.4 x 105.
Now, (1.4) is within the range of the LL scale; hence, we may evaluate in the usual

manner. Verify its value to be 5.38.
Therefore, result is 5.38 x 105,

Example 2: (.000032)-6 = ?

Rewrite this: (3.2 x 10-%)-6 = (3.2)-% X 10°°,
Evaluating in the usual manner: (3.2)-% = .00094.
Hence, result is .00094 x 103 or 9.4 x 10%,
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Example 3: 635002 = ?

Rewrite this: (0.635 x 10452 = (0.635)%2 x 1010,
Verify that (0.635)%% = 0.322.
Therefore, result is 0.322 x 10 or 3.22 X 10°,

Example 4: 5.6)-73 =7

Here, we divide the exponent by 2, then square the result.
Rewrite the expression: [(5.6)3-95]2
Verify that (5.6)%%% = .00185.
Result is (.00185)2 = (1.85 x 1073)2 = 3.42 x 1075,

Example 5: (155)143 = 7

Rewrite this: [1.55 x 102]143 = (1.55)14-3 x 1(0?%¢.
This, in turn, may be written: (1.55)143 x 10%6 x 10%.
Verify that (1.55)!43 = 525, and 10%¢ = 3.98 (use L scale).
Result is 525 x 3.98 x 10?¢ = 2.09 x 103

Example 6: (.000425)722 = ?
Rewrite this: (0.425 x 10-3)722 = (0.425)7-22 x 102186,
This may be written: (0.425)722 x 100-3¢ x 10-22,

Verify that (0.425)7-22 = .0021; 10°3 = 2.19 (use L scale).
Result is .0021 x 2.19 x 10-22 = 4.59 x 10>,

Exercise B-1

1. 2246 = 11. (0.15)75 =
2. = 12. (145)° =

3. et = 13. (1230)52 =
4. (1.032)5% = 14. (1.25)516 =
5. 125 = 15. (8.4 =

6. (.0072) = 16. (9.6)1° =

7. (194 = 17. (.0064)%™ =
8. 5= 18. (.062)-24=
9. (124)163= 19. (.00053)~¢7 =

10. (76)127 = 20. (27.5)14¢ =
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B.2 Numbers very near 1 (rules with 6 LL. scales)

Numbers near 1 may be located on LL1 down to 1.01, and on LLol up to 0.99; therefore,
any number between 0.99 and 1.01 is outside the scale range. In this section we illus-
trate procedures for working with such off-scale numbers, and we shall make use of
the following approximate relations:

If x is a positive number near zero:

1. A4+ x)* =1+ nx
2. Q-x~=1-—nx

Example 1: (1.008)12 =7
Use relation (1):

(1.008)12 = (1 + .008)t2 =~ 1 + (1.2)(.008) = 1.0096 (approx.)

Example 2: (0.9996)%5 = 7
Use relation (2):

(0.9996)35 = (1 — .0004)** = 1 — (3.5)(.0004) = 0.9986 (approx.)

Example 3: (1.008) = ?

Here, the exponent is quite large, and the result is in the range of the LL scales. We
break up the exponent in the following way:

(1.008)7 = [ (1.008)%]7s/*

Now choose k just large enough to get (1.008)* on to the left end of the LL1 scale. Clearly,
L = 2 will be satisfactory. Using relation (1) with £ = 2:

(1.008)2 = (1 + .008)2 = 1 + 2(.008) = 1.016 (approx.)
Hence, the original power may be written:
(1.008)™ = (1.016)32 = (1.016)3"-3 (approx.)

This may be evaluated on the LL scales in the usual manner.
Verify that the result is 1.812.
(This is, of course, an approximation. Using 5-place log tables, the answer is 1.818.)
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226 NUMBERS OUTSIDE THE RANGE OF THE LL SCALES

Example 4: (1.0045)146 = 2
Write: (1.0045)146 = [(1 + .0045)*] a6k,
Now if we take k= 3, we will just get on to the left end of LL1. Using relation (1) with
k=3
(1 + .0045)3 = 1 + 3(.0045) = 1.0135 (approx.)
Hence, we may write:

(1.0045)16 = (1.0135)146/3

Evaluating as usual on the LL scales, verify that result is 1.920 (approx.) (Using
5-place logs, the answer is 1.9262.)

Example 5: (1.00031)%%¢ = ?

Write: (1.00031)85° = [ (1 + .00031)*]8s0/k,
In this case, k = 40 will bring us on to the left end of LLI.
Using relation (1): (1 + .00031)* =~ 1.0124 (approx.)
Verify that (1.00031)8¢ ~ (1.0124)850/4 = ] .299 (approx.)

Verify the following:
1. (1.0005)*4 = 1.0022 4. (1.0063)%° ~ 1.455
2. (0.9972)°5 = 0.9986 5. (1.0023)"15 = 1.301
3. (1.0026) = 1.0052 6. (1.00037)7%° ~ 1.294
Example 6: (0.99944)600 = ?

In this case, we break up the exponent so that we can just get on to the left end of LLol.
Write: (0.99944)600 = [ (1 —.00056)%]s00/k,
Here, k£ = 20 will just bring us on to the left end of LLol.
Using relation (2) with k = 20:

1 — .00056)*° =~ 1 — 20(.00056) = 0.9888 (approx.)

The original power may now be written:

(0.99944)600 ~ (0.9888)60020 = (0.9888)*® (approx.)

Evaluating on the LL scales in the usual manner, verify that resultis 0.71 3 (approx.)
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Verify the following:
1. (0.9938)100 = (0.536 3. (0.9986)*4 = (.714
2. (0.9965)2 = 0.755 4. (0.99935)10:000 = (00145
Example 7: (20)-00007 = ?

We may write: (20)-90007 = (20k)-00007/k
Now set the index of C opposite 20 on LL3 and experiment with the hairline to dis-
cover the value of & that will just put 20% within scale range (on to the left end of LL1).
Verify that & = .0035 will do this, and that 20-%0% = 1.01055.

Thus, the original power may be written:

(20)-00007 = (1,01055)-00007/-0035 (1.01055) 2

Now use relation (1):

(20)-90007 = (1 + .01055)92 = 1 + (.02)(.01055) = 1.000211 (approx.)

Exercise B-2

Approximate the following:

1. (1.0006)*5 = 11. (0.99940)> =
2. (0.9996)° = 12. (0.99926)12% =
3. (1.0037y° = 13. (0.9981)%5° =
4. (1.0011)% = 14. (1.7)008 =

5. (1.00062)1000 = 15. (150)-00004 =
6. (1.0048)" = 16. (0.25)0008 =
7. (1.00022)%° = 17. (0.65)0005 =
8. (1.00008)2000 = 18. (4.4)-00% =
9. (0.9962)* = 19. (1.075)~%% =

10. (0.9925)!2° = 20. (0.85)—%03¢ =
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B.3 Numbers very near 1 (rules with 8 LL scales)

As mentioned before, some slide rules have two additional lower scales in the neighbor-
hood of 1. One of these ranges from 1.001 to 1.01, and we have referred to this as the LL0
scale (on the Deci-Lon rule it is labeled Ln0). The other scale ranges from 0.990 to 0.999
and we have referred to this as the LLoO scale (on the Versalog rule it is labeled LL/O;
on the Deci-Lon rule it is labeled Ln-0). "

Example 1: (1.00236)%40 = ?

1. Move HL over 1.00236 on LLO. Slide left index of C under HL.
2. Move HL over 24 on C. Answer is locaied 2 scales higher on LL2.
3. Under HL read 1.761 on LL2.

Example 2: (250)-00065 = ?

1. Move HL over 250 on LL3. Slide right index of C under HL.
2. Move HL over 65 on C. Answer is located 3 scales lower on LLO.
3. Under HL read 1.00360 on LLO.

Example 3: (0.99805)15% = ?

1. Move HL over 0.99805 on LLoO. Slide left index of C under HL.
2. Move HL over 15 on C. Answer is located 3 scales higher on LLo3.
3. Under HL read .0536 on LLo3.

We see that these lower scales enable us to make direct readings quite close to 1.
However, they do more than that: actually, we can use them to make readings as close
to 1 as we wish.

Suppose we imagine scales even lower than LL0, and let us use “LLO_,” to describe
one scale lower than LLO, “LLO0_,” to describe two scales lower than LLO, and so on.
Now it happens that the LL0 scale range is so close to 1 that these lower scales may be °
mentally pictured very easily, even though they are not physically present. For example,
the “LLO0_,” scale would look exactly the same as the LL0 scale except that the numbers
would have an extra zero inserted to the right of the decimal point. The “LL0_,” scale
would look the same except that two extra zeros would be inserted. Thus, if you are
reading 1.003 on LLO, this same location corresponds to 1.0003 on “LLO_,,” 1.00003 on
“LL0_,,” and so forth. It follows that any reading on LLO may be converted to a corre-
sponding reading on a lower scale by simply inserting the proper number of zeros.

Example 4: (1.03)%2 =7

1. Move HL over 1.03 on LLI1. Slide left index of C under HL.

2. Move HE: over 2 on C. Answer is located 2 scales lower on “LLO_,.”

3. Under HL read 1.00594 on LLO; therefore, the corresponding reading on
“LLO_,” is 1.000594.
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Example 5: (1.000054)#5% = ?

1. Move HL over 1.0054 on LLO. If we now think of this as the “LL0_,” scale,
the hairline is over 1.000054.

2. Slide right index of C under HL.

3. Move HL over 45 on C. HL is to the left of 1.000054; hence, if exponent were
4.5, answer would be located one scale higher on “LLO_,.” Decimal point in
exponent is actually 3 places to the right of this: hence, answer is on LL2
(3 scales higher than “LLO_,”).

4. Under HL read 1.274 on LL2.

Example &: (1.75)-0006 = ?

1. Move HL over 1.75 on LL2. Slide right index of C under HL.

2. Move HL over 6 on C. Verify that result is 3 scales lower than LL2 on “LLO_,.”

3. Under HL read 1.00337 on LLO. To obtain corresponding reading on “LLO_,,”
insert one zero. Answeris 1.000337.

In a similar way, we may refer to scales lower than LLo0 using the labels “LLo0_,,”
“LLo0_,,” and so on. In this case, we simply insert extra nines instead of extra zeros.
Thus, if we set at 0.9975 on LLo0, this same location corresponds to 0.99975 on “LLo0_,,”
0.999975 on “LLo0_,,” and so forth. :

Example 7: (0.978)0023 =7

1. Move HL over 0.978 on LLol. Slide left index of C under HL.

2. Move HL over 23 on C. Answer will be 3 scales lower on “LLo0_,.”

3. Under HL read 0.9949 on LLo0O; therefore, inserting 2 nines, the corresponding
reading on “LLo0_,” is 0.999949.

Exercise B-3

1. (1.00545)s = 6. (0.99465)% =
2. (6.5)°01 = 7. (0.265)00% =
3. (1.00077)840 = 8. (0.947)-00075 =

N

4. 10-000027 = . (0.99974)26% =
5. (1.000024)-1200 = 10. (0.999905)-7500 =

Exercise B-2 (at the end of the previous section) may be used for further drill.



Appendix C

THE “A-RELATED” LLO
AND LLOO SCALES

C.1 Description of the scales

The LLO and LLOO scales form a continuous scale starting at 0.999 at the left end of LLO,
and decreasing down to about .000045 at the right end of LL00. It is convenient to break
these scales up into four parts —the left and right halves of LLO, and the left and right
halves of LL0O. The range of each half-scale is associated with negative powers of e as
follows:

LLO (left half) extends from e~-% to e (.999 to .990)

LLO (right half) extends from e~-*! to =% (.990 to .905)
LL00 (left half) extends from e~-1°to ¢ (.905 to .368)
LLO0O (right half) extends from e~ to e~'* (.368 to .000045)

e‘.OO‘I .01 -1

LLO ' '/e- : A
LLooi t
A Ix L 11

PN - Y e

Figure C.1

It is easy to remember these ranges if you identify —10 with the right end of LLOO
and then work back, shifting the decimal point one place to the left for each half-scale.

C.2 Finding ¢* (x negative)

The left and right halves of LLO and LLOO are related respectively to the left and right
230
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sections of the A scale in the same manner as the LL1, LL2, and LL3 scales are related
to the D scale. Hence, we may raise e to negative powers by reading directly from A to
the appropriate scale (LLO or LL00), bearing in mind the range associated with each
scale.

Example 1: 056 = ?

Inasmuch as —.056 is in the range of LLO (right half), we set hairline on A-right.
1. Move HL over 56 on A-right.
2. Under HL read 0.9455 on LLO.

(Also note that e=361s under HL on LLOO. Its value is .0037.)

Example 2: e 035 =7
Note that —0.35 is in the range of LLOO (left half); hence, set hairline on A-left.

1. Move HL over 35 on A-left.
2. Under HL read 0.705 on LLOO.

(Note that e%35 js under HL. on LLO. Its value is 0.9965.)

Example 3: e t5l =7
Note that —4.5] is in the range of LLOO (right half); hence, set hairline on A-right.

1. Move HL over 451 on A-right.
2. Under HL read 0.0110 on LLO0O.

C.3 Finding In N (N less than 1)

Here, we have the inverse problem: knowing e* we must find x.

Example 1: In0.945 =7

1. Move HL over 0.945 on LLO (right half).
2. Under HL read ““565” on A-right. Because of the range associated with LLO
(right half), we know that answer must be —.0565.

Example 2: In .065 =7

1. Move HL over .065 on LL0O (right half).
2. Under HL read “274" on A-right. Noting the range associated with LL0O (right
half), we see that answer must be —2.74.
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Verify the following:
1. e26=070 5. 007 =(.9926
2. %6t =(.938 6. e 1022= 0106
3. 9147 =0.9854 7. In0.724=—-0.323
4, e 3% =0.719 8. 1In.0225=-3.79

C.4 Finding b*(x positive)

Inasmuch as the LLO and LL0O scales are related to A-B, the hairline is set over the
exponent on the B scale.

Example 1: Evaluate the following:
a. (0.80)%; b. (0.80)%; . (0.80)°

1. Move HL over 0.80 on LL0O. Slide left index of B under HL.

2. Move HL over 2 on B-left (we will refer to this as the “near half” of the B scale
since it is the section nearest (0.80).
Under HL read 0.64. This is (0.80).

3. Move HL over middle index of B. Under HL read 0.1 08. This is (0.80)°.

4. Move HL over 2 on the “far half” of B. Under HL read .0115. This is (0.80)*.
The settings are illustrated in Figure C.2.

(.80)2 (.80)1° (.80)2°
.// \¥ / )
LLO
LLOO 4 8 7 {
Y .8}0 T ©- | \
B 2| 2 &
|
Figure C.2
Example 2: Evaluate: a. (0.96)°5; b. (0.96)%.

1. Move HL over 0.96 on LLO. Slide right index of B under HL.

2. Move HL over 5 on the near half of the B scale. Under HL read 0.9798 on
LLO. This is (0.96)%>.

3. Move HL over 5 on the far half of B. Under HL read 0.99796 on LLO. This is
(0.96)%. (See Figure C.3.)
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.96)-°% (.96)°-8

(
1/ [ [
LLO \SE 96

LLOO
A

Figure C.3

From the foregoing examples we generalize as follows:

1. When evaluating b* suppose the answer is to the right
of b and on the same scale. Then:
a. If HL is positioned on the near half of B, the ex-
ponent must be between 1 and 10 (X.XX).
b. If HL is on the far half of B, the exponent is be-
tween 10 and 100 (XX.X).

2. Suppose the answer is the left of b and on the same
scale. Then:
a. If HL is positioned on the near half of B, the ex-
ponent must be between 0.1 and 1(0.XXX).
b. If HL is positioned on the far half of B, the exponent
is between .01 and 0.1 (.0XXX).

Example 3: (.05)y8 =7

1. Move HL over .05 on LL00. Slide right index of B under HL.
2. Move HL over 8 on the far half of B. Under HL read 0.786 on LL0O.

Example 4: (0.9954)+5 = 7

1. Move HL over 0.9954 on LLO. Slide left (or middle) index of B under HL.
2. Move HL over 45 on near half of B. Under HL read 0.9795 on LLO.

Verify the following:

1. (0.75)'5 = .0135 3. (198902 =0.94

2. (0.97)°3% = 0.9894 4. (.035)7 = 0.778
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C.5 The “scale-shift” principle

The LL0 and LL0O scales are related to each other in the following way:

1. If the HL is over 4* on LLO, then 5'%< is under the HL
on LLO00.

2. Conversely, if the HL is over * on LL00, then §*/1% is
under the HL on LLO.

In other words, moving from LLO to LLOO shifts the deci-
mal point in the exponent fwo places to the right; moving
from LLOO to LLO shifts the decimal point two places
to the left.

Example 1: (0.564)%* =7

1. Move HL over 0.564 on LLO0O. Slide left index of B under HL.

2.

Move HL over 4 on near half of B. The HL is now over (0.564)* on LL0O; there-
fore, (0.564)°* must be under HL on LLO.

3. Under HL read 0.9773 on LLO. See Figure C.4.
(0.564)-°4
/ (0.564)*
|
LLO ; A\
LLOo 564 {
1 1
B 4 1 \
Figure C.4
Example 2: (0.96 = ?

1. Move HL over 0.96 on LLO0. Slide right index of B under HL.
2. Move HL over 5 on far half of B. The HL is now over (0.96)-%5 on LL0; therefore,

(0.96)% is under HL on LL0O.

3. Under HL read 0.815 on LLO0O.

Example 3: (.064)y021 = ?

1.
2.

3.

Move HL over .064 on LL00. Slide middle index of B under HL.

Move HL to the right over 21 on the near half of B. HL is now over (.064)>!
on LLO0O; therefore, (.064)%2! must be under HL on LLO.

Under HL read 0.9439 on LLO.
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Example 4: (.9971)%0 = ?

1. Move HL over .9971 on LLO. Slide left index of B under HL.

2. Move HL over 25 on near half of B. This puts HL over (.9971)2% on LLO0; there-
fore, HL must be over (.9971)?3° on LLOO.

3. Under HL read 0.484 on LLOO.

Verify the following:
1. (0.48)*-67 = {.612 3. (0.223)9% = (.883
2. (.0145)-%02% = (.9878 4. (0.997)%° =0.319

C.6 Finding b* (x negative)

Here, we may use either of the two relations:

1
L = ———
1be =
1 x
-r = | =
2. 0= (5)
Example 1: (.985)"12 =7

Using relation (1), we may write: (.985)~12 =

(.985)12
1. Verify that (.985)12 = 0.834.
2. Find reciprocal of this in the conventional manner using C and CI scales (or D
and DI). Verify that result is 1.20.
Example 2: (0.55)-35 =7

3.5
Suppose we use relation (2): (.055)73% = (L)

0.55
1. Verify that reciprocal of 0.55 is 1.82. Hence, we must evaluate (1.82)%5.
2. Verify that result is 8.15.
Example 3: 543 =7

43
Using relation (2): 5743 = <%) = (0.2)*3
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Verify that result is .0010.

Verify the following:

1. 835 = .00069 3. (0.75)75 = 8.65
2. (09920 =3.44 4. (65)7°-%6 = 0.222

Exercises in Chapters 19 and 20 may be used for further drill.



Appendix D

THE LL SCALES (BASE 10);
THE FOLDED SCALES (CF/M, DF/M)

D.1 The LL scales (base 10)

Certain Pickett models have scales labeled N or LL which are associated with powers
of 10 as follows:

LL1+ (or N)) extends from 10-%! to 109
LL2+ (or N,) extends from 10! to 10°!
LL3+ (or N,) extends from 10%! to 10t
LL4+ (or N,) extends from 10" to 100

Back-to-back with these are scales (increasing from right to left) which are associ-
ated with negative powers of 10 as follows:

LL1- (or 1/N,) extends from 10--% to 10--*
LL2— (or 1/N,) extends from 10— to 10-01
LL3— (or 1/N,) extends from 10~*! to 10-10
LL4— (or 1/N,) extends from 101 to 10-10

In the following discussion, we shall use the “LL” rather than the “N”" designation.
The LL (base 10) scales are related to the D scale in the following manner:

If the hairline is moved over a number x on D, then 10%is
located under the HL on the appropriate LL scale.

Conversely, if the hairline is moved over a number N on
LL, then log, V is located under the HL on D.
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Example 1: 1024 =7
Exponent is between 1 and 10; hence, answer will be on LL4+.

1. Move HL over 24 on D.
2. Under HL read 250 on LL4+.

Observe that 1024 is located on LI.4—, and is equal to .004.

Example 2: 10-083 = ?
Exponent is between —.01 and —0.10; hence, answer will be on LL2—.

1. Move HL over 63 on D.
2. Under HL read 0.865 on L1L2—.

Observe that 10963 = 1.156 is on LL2+.

Example 3: log, 1.1145 =7
1. Move HL over 1.1145 on LL2+.

2. Under HL read “471” on D. We are set on LL2+; hence, result must be between
.01 and 0.10. Answeris .0471.

D.2 The reciprocal property

Examples 1 and 2 of the preceding section illustrate the reciprocal property of the LL
(base 10) scales:

If the hairline is set over a number on LL4+, its reciprocal
will be under the hairline on LL4—, and vice versa.

A similar relation holds between LL3+ and LL3—, L1L2+
and LL2—, and between LL1+ and LL1—.

Example: 1/1.73 =7

1. Move HL over 1.73 on LL3+
2. Under HL read 1/1.73 = 0.578 on LL3—

D.3 The “scale-shift” principle

Another useful property of the LL scales may be stated:
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If the hairline is over b* on one of the LL scales, then:
1. ¢ js under HL on the next higher scale.
2. %19 is under HL on the next lower scale.

In other words, the decimal point in the exponent shifts one place to the right each
time we move one scale higher; it shifts one place to the left each time we move one
scale lower. (By a higher scale we mean one with a higher number designation; LL3+ is
higher than LL2+, LL4— is higher than LL3—, and so on.)

Example: Evaluate 10® for x = .022, .0022, and 2.2.

1. Move HL over 22 on D.

2. Under HL read:
a. 1092 =7.01519 on LL2+.
b. 1092 = 1,00507 on LL1+ (one scale lower than LL2+).
c. 1022 = 159 on LL4+ (two scales higher than LL2+).

Verify the following:

1. 1/6500 = .000154 4. log,;,0.9672 = —.01450
2. 1/0.99225 = 1.00781 5. 1058 = 650,000; 10581 = 1,143
3. log,,1.00845 = 0.00366 6. 10-°4 = (0.363; 10—** = .00004

D.4 The CF/M and DF/M scales

These are C and D scales folded atlog,10 = 2.30. The DF/M scale is related to the base-10
LL scales as follows:

If the hairline is moved over a number x on DF/M, then e*
is under HL on the appropriate LL scale.

Conversely, if the hairline is over a number N on LL, then
log,N is under HL on DF/M.

Also, if the hairline is overlog, N on D, then log,N is un-
der HL. on DF/M; thus, conversion of logs from base e to
base 10, and vice versa, may be accomplished directly.
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Example 1: Evaluate e* for x = 1, 2, 3, and 6.

1. Move HL over 1 on DF/M (we refer to this as the DF/M index). Under HL read
e=2.72 on LL3+.

2. Move HL over 2 on DF/M. Under HL read ¢ = 7.40 on LL3+.

3. Move HL over 3 on DF/M. Under HL read e = 20.1 on LL4+.

4. Move HL over 6 on DF/M. Under HL read &f = 405 on LL4+.

The results of the foregoing example may be summarized:

When evaluating e* (x between 1 and 10):

1. Answer is on LL3+ when HL is to the right of DF/M
index.

9. Answer is on LL4+ when HL is to the left of DF/M

index.

Using the scale-shift principle and the reciprocal property, more general powers
of e may be obtained.

Example 2: e =7

1. Move HL over 43 on DF/M. HL is to the left of the DF/M index; hence, if ex-
ponent were 4.3, answer would be on LL4+. Decimal point is two places to the
left of this position; therefore, answer is two scales lower on LL2+.

2. Under HL read 1.044 on LL2+.

Example 3: e 145 =7

1. Move HL over 145 on DF/M. HL is to the right of DF/M index; hence, if ex-
ponent were 1.45, answer would be on LL3+, and if exponent were 14.5,
answer would be on LL4+. Exponent is —14.5; therefore, answer is on the

reciprocal scale, LL4—.
2. Under HL read approximately § X 10-7on LL4—.

Example 4: a. log 1.76 =7 b. log 1.76 =7
It is helpful to remember that log N is a little more than twice log, N.

1. Move HL over 1.76 on LL3+
2. Under HL read:

a. log,/1.76 = 0.246 on D.

b. log,1.76 = 0.565 on DF/M.
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Verify the following:

1. 146 =431 6. e 212 =(0.120
2. "% =1720 7. e %075 = (.99253
3. %5 =1.916 8. ¢166 =6 x 10"

4. %5 =1.0151

N

. log,,20 = 1.300; log,20 = 3.00
5. %7 =1.00371 10. log,0.466 = —0.332; log,0.466 = —0.763

Observe that CF/M and DF/M are operational scales, and may be used as another
pair of folded scales in the same way that you use CF and DF. Also, you may use both
scales in conjunction with the LL scales.

Examp'e 5: e(6.4><.076)/3.3 — ?

Estimate the combined exponent to be about 0.15. We may now evaluate the exponent
on the CF/M-DF/M scales and read the result on the appropriate LL scale.

1. Move HL over 64 on DF/M.

2. Slide 33 on CF/M under HL.

3. Move HL over 76 on CF/M. HL is to the right of the DF/M index; hence, if
exponent were about 1.5, answer would be on LL3+. Exponent is about 0.15;

therefore, result is one scale lower on LL2+.
4. Under HL read 1.1 587 on LL2+.

Example &: 5.6 In 6.8 = ? (In 6.8 means log,6.8)

1. Move HL over 6.8 on LL3+. HL is now over In 6.8 on DF/M. Now multiply
by 5.6 using the CF/M-DF/M scales.

2. Slide CF/M index under HL. Move HL over 56 on CF/M.

3. Under HL read “1072”” on DF/M. Answeris 10.72.

Example 7: e 512 =7
Estimate exponent to be about ~0.4.

1. Move HL over 5 on DF/M.

2. Slide 12 on CF/M under HL.

3. Move HL over CF/M index. Note that HL is to the left of DF/M index; hence,
if exponent were about 0.4, answer would be on LL3+. Exponent is negative;
therefore, answer is on the reciprocal scale, LL3—.

4., Under HL read 0.659 on LL3—.
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Verify the following:

1. 27 = 555 5. e-3076x3.75) = 0,900

160 —
2. e’¢ =1.1239 6. 3.71n 45 = 14.10

3. e 115 =0.9355

6.251n .077
4. et = 30.2 [ y7e

The exercises in Chapter 19 may be used for further practice.

D.5 Finding b*

You should now refer to Chapter 20. The rules and techniques described in that chapter
also apply to the base-10 scales. In following the illustrative examples in Chapter 20
with the base-10 scales, you will note certain differences in the scale designation. Thus,
the number 36 is located on LL3 (base e), whereas on the base-10 scale it is found on
LL4+. Also, when the left index is called for in Chapter 20, you may sometimes have to
use the right index, and vice versa. You may also find it necessary to interchange indexes
at a different point in the described procedure. However, the basic scale relationships
and procedures outlined in Chapter 20— the reciprocal property of the scales, the “scale-
shift”” principle, the rule for locating 5 on the proper LL scale —all these apply equally
well to the base-10 scales.
The following examples assume familiarity with the material in Chapter 20.

Example 1: (2.46)%2 = 7

1. Move HL over 2.46 on LL3+. Slide right index of C under HL.

2. Move HL over 52 on C. Note that HL is to the left of 2.46; hence, if exponent
were 5.2, answer would be one scale higher on LL4+. However, decimal point
in exponent is actually 2 places to the left of this position; hence, result is two

scales lower on LL2+.
3. Under HL read 1.0479 on LL2+.

Example 2: (0.9265)"17 = ?

1. Move HL over 0.9265 on LL2—. Slide left index of C under HL.

2. Move HL over 170 on C. HL is to the right of 0.9265; hence, if exponent were
1.70, answer would be on the same scale, LL2—. Decimal point in exponent is
actually two places to the right of this position; hence, if exponent were 170,
answer would be on LL4—. Exponent is negative; therefore, answer is on the
reciprocal scale, LL4+.

3. Under HL read approximately 440,000 on LL4+.
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Verify the following:

1. (2.06)*¢ = 4.5 x 108 4. (1.545)-22 = 0.00007
2. (1.00442)*° = 3.15 S. (0.99346)1800 = 7.4 x 10-¢
3. (75,000)00535 = 1.0618 6. (35,000)—004 = (.9551

The exercises in Chapter 20 will provide more drill. Methods for handling numbers
outside the range of the scales are discussed in Appendix B.
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THE HYPERBOLIC SCALES (SH, TH);
THE PYTHAGOREAN SCALE (P)

E.1 The Shand Th scales

For convenience, we repeat the definitions of the hyperbolic functions given in Chap-
ter 19:

sinh x = %(el — e %)

cosh x =%(e*r + e7%)

sinhx _e*—1
coshx &*+1

tanh x =

From these definitions, the following relations may also be obtained:

sinh(—x) = —sinhx
cosh(—x) = cosh x

tanh(—2) = —tanh x
cosh?x — sinh?x =1

The Sh scale consists of two full-length scales labeled Shl and Sh2 (on the Pickett
models, these are back-to-back; the upper scale corresponds to Shl, the lower scale
corresponds to Sh2). The two Sh scales taken together form one continuous scale rang-
ing from about 0.10 to 3.0.

The Th scale is a single fulllength scale which also ranges from about 0.10 to 3.0.

If the Sh and Th scales are on the slide, they are related to the C scale; if they are on
the body of the rule, they are related to the D scale. Hyperbolic sines and tangents may
be read directly as follows:
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To find sinh x:
1. Move HL over x on Shl or Sh2.
2. Under HL read sinh x on C(D).
3. To place the decimal point:
a. When reading from Shl, sinh x is between 0.1
and 1.0.
b. When reading from Sh2, sinh x is between 1.0
and 10.

To find tanh x:
1. Move HL over x on Th.
2. Under HL read tanh x on C(D).
3. To place the decimal point:
For all settings on Th, tanh x is between 0.1 and 1.0.

To find cosh x:
Use the relationship: cosh x = sinh x
tanh x
Example 1: sinh 1.85 = 7 tanh 0.545 = 7
1. Move HL over 1.85 on Sh2.
2. Under HL read sinh 1.85 =3.10 on C(D).
3. Move HL over 0.545 on Th.
4. Under HL read tanh 0.545 = 0.497 on C(D).
Example 2: cosh 0.68 =7
We use the relation: cosh 0.68 = sinh 0.68
’ ) tanh 0.68

Verify that cosh 0.68 = 1.24.

Example 3: sinh x =0.51; x =7

1. Move HL over 51 on C(D).
2. Under HL read x = 0.49 on Shl.

Result may also be written: sinh~10.51 = 0.49.

Example 4: cosh™12.04 = 7

This problem may also be stated: cosh x = 2.04; x = 7

1. Verify that sinh x = Veosh?x — 1 = V(2.04)2 — 1 = 1.778.
2. Move HL over 1778 on C(D).
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3. Under HL read x =1.34 on Sh2.

Hence, cosh™12.04 = 1.34.

Verify the following:

1. sinh0.55 = 0.578 6. cosh 0.89 = 1.423
2. tanh(-1.26) = —0.851 7. sinh~14.19 = 2.14
3. sinh2.37 = 5.30 8. tanh=10.493 = 0.54
4. cosh(-1.45) = 2.25 9. cosh™11.32 = 0.78
5. sinh(—1.06) = —1.27 10. cosh-12.70 = 1.65

For values of x outside the range of the Sh and Th scales, the following approxima-
tions may be used:

1. For large values of x (x > 3):

sinh x = é—ef cosh x = %ex tanhx =1

2. For small values of x (0 < x < 0.1):
sinhx = x coshx =1 tanhx = x

E.2 The P scale

The P scale is often present on British and European slide rules. The scale is based on
the Pythagorean relation, and ranges from 0 to 0.995 (increasing from right to left). It
is usually on the body of the rule, and is related to the D scale as follows:

If the hairline is over a number x on the D scale
(0.1 = x < 1), then V1 — «? is under the hairline on the

P scale.

Example 1: V1-—-(0.462=7

1. Move HL over 46 on D.
2. Under HL read 0.888 on P.
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Example 2: sin 40°=7? cos40°=7?
Recall that cos 40° = V'1 — sin240°

1. Close rule and move HL over 40° on S scale.
2. Under HL read:

sin 40° = 0.643 on D,
cos 40° =0.766 on P.

Example 3: Given a right triangle with ¢ =26, a = 17. Find side b.
Write: b = Ve — a? =c¢V1 — (afc).
Substituting: & =261 — (17/26)%.

1. Using P scale, verify that V1 — (17/26)? = 0.75T7.
2. Multiplying 26 by 0.757 on C-D, verify that b = 19.65.
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SOME REPRESENTATIVE LOG LOG
SLIDE RULES
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Exerci

10.

Exerci

1

-

254

ANSWERS TO EXERCISES

se 1-1
. 11.76
. 34.7
. 96.2
. 17.68
. 7.14
122.1
5.38
6.32
2.78

47.2

se 1-2
. 0.437
. 66,400
. .00207
. 0.1570
42.6
. 4860

. 0279

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

7.42

50.5

12.70

45.7

96.6

19.70

17.85

.0292

36.6

44.7

8. .000230

9. 8620

10. 39.0

11. .000260

12. 105.9

13. .000733

14. 1382

29. 343

15

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

13.81

116.6

2.38

351

0.702

1400

158.1

9350

.0902

114.0

. .0001118

16. 137.0

17

138

19

20.

21

. .000267

. 230,000

. .00001538

239

. .0573

30. 0.273

31.

32.

33.

34.

35.

36.

797

0.265

0.464

.000524

71.6

4.61

37. 0.311

38.

39.

40.

161.5

946

.000468

22. 7630

23. 262

24. 190,800

25. .00000598

26. 1980

27. .000270

28. 44,700



Exercise 1-3

1. 43.6
2. 108.7
3. 483

4., 6.08
5. 10.00
6. .0404
7. 4.60
8. 22.8
9. 9.97

10. 4.33

Exercises 1-4
1. 2.95 x 108 |
2, 5.06 x 108

3. 4.00 x 108

4. 7.44 x 108

5. 5.96 x 10—?

6. 6.07 x 105

7. 6.56 x 10°

Exercise 2-1

11. 46.3

12. 27.7

13. 14.65

14. 49.8

15. 1078

16. 291

17. 1.245

18. .00795

19. 3710

20. 1113

. 8.46 x 10°

5.78 x 103

. 907

. 2.24 x 10-¢

. 4.00 x 10-3

. 7.67 x 10—

. 815

15.

le6.

17.

18.

19.

20.

21.

22.

ANSWERS TO EXERCISES

21. 13.15
22. 485

23. 173.5
24.. 940

25. 25.5
26. 8210
27. 0.753
28. 112.4
29. 0.339

30. 5.61

7.49

39.1

5.09 x 10-3
.0648

1.824

2260

8.03

9.07 x 1018

23.
24.
25.
26.
27.
28.
29.

30.

31. 674
32, 21.2
33. 16.08
34. 22.0
35. .0505
36. 6.79
37. 7.67
38. 4.47
39. .00334

40. 22.7

0.747

3.94 x 1010
15,980
4.16

6.27 x 10-3
4.75 x 107
46,700

3.54 x 10~

1. A—°1003" B—“1031"” C—“1060" D—*“1095" E—*1143” F —*“1197”
G-*1260" H—*“1303" 1—-“1372" J —“1428” K —*1425” L—*1502”
M—“1590” N —*1714” O —“1763" P —*1867” Q—“1923” R—“1995”

2. A—“901” B—*“214” C—*233" D—“247” E—“266" F—*280" G298
H_ 6‘313’? I— 6‘33599 J —_ 6‘381” K_ ‘6401’7 M_ “453” N — $G488” O — ‘651499

P_“54379 Q —'“585” R_ “62771

255
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ANSWERS TO EXERCISES

Exercise 2-2

“1259” “501”
“1585” “631”
“1995” “194’
“251” “302”
“316” “1355”
“398” “891”
.389 .176
542 .941
.031 879
.328 636
.600 003
.840 568
Exercise 3-1
1. 6.48 6. 77.0
2. 5.28 7. 7.28
3. 8.12 8. 19.25
4. 70.5 9. 924
5. 103.6 10. 36.4
Exercise 3-2
1. 273 6. 175.8
2. 31.9 7. 14.95
3. 63.8 8. 1393
4, 158.1 9. 21.2

5. 14.72 10. 2280

(C or D)

(L)

66205’7

“1047”

“1005”

6625479

‘697597

“1845”

027

957

706

.004

.804

613

11.

12.

13.

14.

15.

11.

12.

13.

14.

15.

41.4

6.75

69.0

6.15

91.2

272

154.6

1226

25.6

172.1

“646”
“1014”
“708”
“1072”
“329”
995"

342
041
984
039
71
247
16. 18.30
17. 527,000
18. .00406
19. 0.734
20. 0.0662
16. 457
17. 1450
18. 0.478
19. 0.1779
20. 29,000



Exercise 3-3

10.

11.

12.

13.

14.

15.

16.

17.

18.

. 36.8

. 444

52.5

. 439

. 61.6

. 81.9

. 136

. 285

. 864

18.14

33.3

459

1323

136.9

66.6

7.1

1678

351

Exercise 3-4

1.

2.

2.21

2.47

. 3.36

2.56

0.619

. 0.455

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29,

30.

31.

32.

33.

34.

35.

36.

10.

11.

12.

7.72

204

79.4

89.0

522

313

7.57

109.5

341

176.3

102.7

229

161.0

8510

86.9

230

23.4

124.4

4.48

11.55

. 4.19

2.62

2.66

3.82

ANSWERS TO EXERCISES

37. 7.3

38. 33.3

39. 475

40. .00778

41. 10.58

42. 7.37

43

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

. .00784

13.
14.
15.
l6.
17.

18.

88,000
11,100
15.96
16.65
1070
.0000890
942,000
12.98
.0000586

115,200

23.5

8.78

3.70

3.60

3.17

39.0

54. 104.6

55. 0.227

56. 1809

57. .000211

58. 6.92

59. .00576

60. 38,000

61. .0347

62. 20.2

63. 498

64. .0681

65. 3.32

66. 10.76

67. 515

68. 0.1036

69. 714

70. 5.18

19.

20.

21.

22,

23.

24.

3.01

5.90

19.89

1.346

2780

9.38

257
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ANSWERS TO EXERCISES

25. 1.283
26. 24..7
27. 5.34
28. 2.55
29. 2.62
30. 1.980
31. .00572
32. .0001305
33. 0.1573
34. .0927
35. 8.19
36. 211
37. 0.1915
38. .0819
39. 1125

40. .0306

Exercise 4-1

1. 3.50
2. 15.35
3. 15.73
4. 60.5
5. 1251
6. 34.7
7. 87.9

8. 8.58

41. 0.641
42. .0000573
43. .001940
44. 323,000
43. 299

46. 13.05
47, .01928
48. .00671
49. 184.7
50. 164.1
51. .00001738
52. .000502

53. 52.4

54. .0267

55. 60,500

9. 3.96
10. 11.13
11. 57.6
12, 0.764
13. 22.2
14. 0.587
15. 2.27

16. 8.07

56. .0863
57. .0868
58. .0203
59. .0000301
60. 3,080,000
61. .000867
62. 2170
63. 227

64. 1533
65. 0.343
66. 236,000
67. 2960

68. 3.96

69. .01733

70. 3420

17. 14.18
18. 25.3
19. 12.40
20. 5.69
21. 15.33

22, 49.6

23. 96.5 -

24. 23.9

71. 6130
72. 3560
73. 65.9
74. 103,400
75. .00223
76. 13.34
77. 48.3
78. 69.4
79. 81.5
80. 190.2
81. 10.61
82. 138.0
83. 8660
84. 143,500,000

85. .01649

25. 7.80
26. 6.89
27. 1.671
28. 7.82
29. 2.07
30. 1.691
31. 15.83

32. 143.2



33

34.

35

36.

37

Exerci

1

2.

Exerci

1

2.

Exerci
1

2

. 2890
8.07
. 1.604
7.71

. 0.318

se 4-2
. 1.363

0.1890

. 3.23

. 1.495

. 1.950

. 4.49

2.32

74.2

se 5-1
. 0.311
0.211
. 0.1972
. 0.380

0.1232

. 0.1070

se 6-1

. 0.813

. 2.04

38.

39.

4.0.

41.

42.

10.

11.

12.

13.

14.

15.

16.

3.95

0.502

14.25

88.4

8.06

. 42,5

76.0

69.4

9.62

14.67

28.8

171.0

7.45

7. 0.831

8. .0307

9. .001383

10. 3.51

11. 2.42

12. .001575

3. 1.565

4. 0.1979

13.

14.

15.

16.

17.

18.

43.

44.

45.

46.

17.

18.

19.

20.

21.

22.

23.

24.

ANSWERS TO EXERCISES 259

5.77

1029

157.9

644

21.0

2.81

0.222

0.215

7.40

3.58

35.5

0.710

58.0

289

.0216

4030

001203

165.6

5. 0.260

6. 1.284

19

20

21.

22

23

24

47

48.
49.

S0.

25.
26.
27.
28.
29.
30.
31.

32.

. 0.398

0.874

24.9

0.879

12.88

24.3

362

325

4.88

2.14

6.36

121.7

. 01597

. 00000353

23.

1

. .001190

. 1.406 -

. .000426

7

8

. 0.296

. 3.43



260

ANSWERS TO EXERCISES

9. 8.14

10. 0.555

11.
12.
13.
14.

15.

Exercise 6-2
1.

2.

9.

- 10.

Exercise 6-3
1.

2.

13.37

2.46

0.267

1.713

0.402

50.8

12.96

. 33.3
. 26.3
. 48.4
. 59T
. 3480

. 25.8

14.69

28.7

7.89

1.102

15.30

. 0.950
. 0.838

. 0.665

l6.

17.

18.

19.

20.

21.

22.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

10.

11.

12.

2.23
0.455
0.1394
1.517
62.7
0.557

1.615

56.4
79.5
60.0
48.1
34.9
4.88
1.662
13.88
527

296

0.766

. 1.162

. 0.924

0.888

1.082

93.4

25. 8.03

23.

24.

25.

26.

27.

28.

29.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

13.

14.

15.

16.

17.

18.

11.75
3.87
20.5
404
.00435
0.1916

3500

0.253
71.5
16.11
159.9
539
24.1
0.639
7330
493

21.3

83.1
8.78
16.05
70.6
1.483

67.7

30. 0.772

31. 0.346

32. 121.0

33.

.00214

34. 0.536

35. 0.209

31. 16.26

32. 104.2

33. 4.52

34. 79.9

35. 2310

36. 66.9

37.

.0410

38. 1.998

39. 4.53

40. 29,400

19.

20.

21.

22.

23.

24.

0.638

120.0

8.04

1.323

15.91

2.97



ANSWERS TO EXERCISES

Exercise 7-1

1

2

10.

11.

12.

13.

14.

5.63, 8.48, 17.60, 25.2

1.142, 3.00, 5.93, 9.34, 17.14

. 1.875, 3.69, 4.69, 6.36, 9.72

. 0.794, 1.746, 3.46, 9.36, 14.35

. 3.79, 7.19, 9.49, 14.26, 22.2, 32.0 (meters)

. 4.55, 14.20, 8.15, 67.3, 76.8, 279

. 40.4, 86.1, 144.0, 221, 309, 549, 1089 (ohms)
. 70.4, 159.9, 319, 464, 732, 1188 (lbs)

. $2.51, $4.51, $18.81, $6.33, $112.20, $58.90

32.5, 63.8, 129.9, 168.2, 260, 710 (lbs)

0.370, 0.629, 0.903, 1.154, 1.702, 3.85 (inches)
$0.50, $2.39, $1.13, $7.45, $0.13, $0.36, $4.46
$6.07, $86.70, $25.10, $4.31, $9.54, $196.50

222, 542, 711, 1630, 3700 (ft per sec)

Exercise 7-2

1.

10.

6.40, 3.56, 2.13, 1.523, 1.103

. 34.1,22.7,11.36, 9.74, 8.52

. 196.0, 146.7, 99.5, 56.7, 25.8

. 34.7,20.8, 15.29, 8.89, 6.98, 5.47, 3.59, 2.31
. 5.00, 0.357, .0833, .0287, .00757

. 63.3,17.92, 10.92, 3.49, 0.872

. $90,000, $0,000, $30,000, $18,000, $15,000
. 1662, 1271, 831, 617, 514 (rpm)

. 34.4°, 26.54°, 22.88°, 21.108°, 20.24°

21.7, 13.92, 11.12, 4.72, 3.17

261



262 ANSWERS TO EXERCISES

Exercise 7-3
1. 17.47
2. 0.659
3. 1547
4. 0.640
5. 14.04
6. 1.785
7. 7.09
8. 11.58
9, 1.650

10. 20.2
11. 4.42
12. 7.05
13. 10.32
14. 9.76

15. 5.78

Exercise 7-4

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. 4.02

17.86

110.9

2.08

175.7

10.23

1054

7.95

0.888

0.351

55.7

5.02

3.69

165.8

9.20

31. 1.551
32. 6.34
33. 0.707
34. 114.0
35. 9.07
36. 3.08
37. .000828
38. .01227
39. .0001442
40. .00304
41. 194.2
42, 11.03
43. 11.11
44. 0.898

45. .00769

1. 8.42, 5.56, 22.1, 1.322, 0.1706, 55.3, 157.7, 3.63

2. 6.50, 4.52, 26.6, 56.9, 0.1329, 774, .00655, 0.347

3. 23.9
4. 11.34
5. 0.615

6. 2.23

Exercise 7-5
1. 6.37
2. 429

7. 26.1

8. 317

9. 11.34

3. 1325

4. 60.0

10. 52.8
11. 6.18

12. 2.28

5. 0.0686

6. 50.8

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

36.

57.

58.

59.

60.

16.87
105.5
1355
1.487
29.0
0.731
138.2
0.772
.0387
0.360
54.6
19.29
3.74
1.641 x 108

0.428

13. 10.35
14. 7.65

15. 1.304

7. 9190

8. 1420



10.

11.

12.

13.

. 11.89 14. 107.1
104.6 15. 271
9.06 16. 556
545 17. 5.35 x 10-¢
11.60 18. 2.74

Exercise 8-1

1.

2.

10.

11.

12.

X =

X:

X =

X =

A=

. T

. R

25.5 13. V' =157.2
5.07 14. V =1323
26.0 15. P =0.861
95.8 16. P =32,500

0.738 17. X =.0001493

. X =11.99 18. X =25.2

=59.6 19. L =10.00
. T=811 20. L =8.93
=4.74 21. W = .00583
R =44.0 22, 7 =106.2
I =337 23. F =18.45
I=3.46 24. F =184

Exercise 8-2

1.

Fe e

e

a. 3.79, 18.17, 47.4 (liters)
b.

0.264, 5.55, 224 (gals)

. 148, 46.5, 6.82 (mph)
. 70.7, 31.8, 125.6 (ft/sec)

7.70, 165.8, 275 (Ibs)

. 15.72, 74.5, 2.16 (kg)

43.0, 12.81, 274 (in.merc.)

. 0.356, 8.59 (Ibs/sq in.)

Fe T FE

2

ANSWERS TO EXERCISES

19. 2.15 22. a. 7.27
b. 5.20
20. a. 18,000
b. 240 23. a. 5.33
b. 6.08
21. a. 4685
b. 5020 24. a. 151.3
b. 1747
25. X = 1.755 33. X = 1.139
Y =308 Y =1917
Z=23.0
26. X =89.4
Y =2.59 34. X = 10.67
Y =9.24
27. X =3.71 Z=331
Y =227
35. X = 284
28. X =45.8 Y =1.218
=94.0 Z =204
29. v, =4.22 36. R, = .01103
V,=18.89 R, = 0.467
R, = 1.490
30. x = 0.269
y=13.74 37.1,=51
I, = 4l. 3
31. V,=90.9 I, =157.7
v, =3.40
38. T, =42.
32. V1 =87.0 T = 178 2
Vv, =324 T, =9.01

153.5, 24.0, 304 (miles)

. 2.34, 4.30 (inches)

92.6, 2000, 1360 (km)

. 281, 8.32 (miles)

8.34, 145.1, 934 (1bs)

. 233, 2.71 (gals)

0.1663, 48.9, 1.340 (hp)

. 23,600, 390 (watts)
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264 ANSWERS TO EXERCISES

9, a. 54.2,9.69, 117.1 (sq in.)
b. 955, 60.6 (sq cm)

10. 2.00, 8.01, 1.057 (amps)

Exercise 9-1

(D scale accuracy)
1.
2.

3.

Exercise 9-2
(R scale accuracy)
1.

2.

3
4.

10.

2.89

31.4

77.4

. 116.6

. 54.8

. 11.56

. 18.23

. 6.10

6.97

2.330

. 3.557

1.030

. 7.73

. 3.286

. 2.186

. 19.08

. 60.3

86.4

10.
11.
12.
13.
14.
15.

16.

11.

12.

13.

14.

15.

16.

17

18

19

20

. 807

27.2
4190
0.1640
175.5
.0207
1037

3.76 x 104

31.50
4.433
1.772
165.5
9.21

5.60

. 0.874
. 0.644
. 0.2057

. 04207

11. 61.4, 384, 875 (miles)

12. 5.43, 16.55, 90.5 (gals)

17.
18.
19.
20.
21.
22.

23.

21

22.

23.

24.

25.

26.

27.

28.

29.

7.67 x 108

2.28 x 108

6.15 x 107

3.14 x 10°

2.64 x 10w

1.640 x 10-5

.00318

. .02678

810

.00585

0.2832

16.15

.03028

2088

.01559

.00751

. 1.655 x 10—

24

25.

26.

27,

28.

29.

30.

. 00001901
5.11 x10-¢
1.310 x 10-®
348

3.18 x 10°
42,800

2.08 x 1013

31. 1435
32. .02450
33. 0.963
34. .0837
35. .0560
36. .01387
37. 6080
38. .0004658
39. 4.101

40. .01453



41. 1649

42. .001476

43. 2.907

Exercise 9-3

1. 2.42

2. 3.86

3. 0.604

4. 2950

5. 0.261

6. 0.932

7. .0330

8. 0.791

Exercise 9-4

1. 0.280, —1.78
2.3,04
3. 2.18, -0.327

44. 0.2697
435. .02857

46. 4.550 x 105

9. 6.20

10. 6.474

11. 89.0

12. 10.84

13. 764

14. 3.49

15. 0.01071

16. 1.97

4. 0.1090, —0.1715

Exercise 10-1

1. 4.10

2. 13.8

3. 275

4. 373

5. 1.86

10.

. 197

. 34.0

. 21.0

. 520

0.446

11.

12.

13.

14.

15.

ANSWERS TO EXERCISES

47. 7510

48. 169.4

17. -0.243
18. 7.48
19. 1.93
20. 17.97

21. a. 1.502

. 1.637
c. 1.483

e

22. a. 95.0
b. 664
c. 411

. 11.3, - 0.40
. —0.279, -2.29

. —0.1069, —0.652

1.65, —23.4

0.134

1210

2050

5.47 x 10t

2.59 x 1018

49. 0.788

50. 763

23. a. 1.220
b. 0.422
c. 2.32

24, a. 0.319
b. 0.0513
c. 35.4

25. a. 6.32
b. 16.37

16.

17.

18.

19.

20.

4.82 x 107
2.46 x 108
0.745

2.02 x 10°

1.01 x 10
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266 ANSWERS TO EXERCISES

21. 0.488 24. .0660 27. 6.08 x 107 29. 317,000
22. .00995 235. .000266 28. 5.40 x 102 30. 1.62 x 1010

23. 6.20 x 108 26. 2.29 X 10-8

Exercise 10-2

1. 1.951 14. 0.397 27. 22.0 39. .00888
2. 2.02 15. 0.807 28. 28.7 40. 424
3. 2.22 16. 0.970 29. 40.1 41. .01403
4. 4.58 17. 0.274 30. 83.1 42. .0360
5. 2.60 18. 0.394 31. 59.2 43. 0.384
6. 4.99 19. 0.436 32. 4.4 44. 0.1051
7. 9.05 20. 0.1441 33. 0.1936 45. 58.0
8. 1.433 21. 0.1955 | 34. .0651 46. 1080
9. 6.65 22, 15.77 35. .0350 47. 1608
10. 3.86 23. 16.73 36. 287 48. .000752
11. 1.035 24. 21.3 37. .01928 49. 91,300
12. 2.23 25. 12.60 38. 565 50. .000323
13. 481 26. 19.70

Exercise 10-3

1. 9.60 6. .000641 11. 49.0 16. 0.297

2. 226 7. 7250 12. 1.40 17. 1.83 x 1013
3. 66.0 8. .0000117 13. 176 18. 820,000

4. 0.735 9. 122,000 14. 0.157 19. .000341

5. .0152 10. 12.9 15. .00313 20. 4.35 x 104



Exercise 11-1

(A scale accuracy)

1. 58.5 6.
2. 12.7 7.
3. 300 8.
4, 323 9,
5. 1220 10.
21. 5.68 x 10°
22. 5.73
23. 1.20 x 1012
24. a. 1980 sq in.
b. 106 sq in.
c. 0.446 sq ft
d. 8850 sq 1t

25.

e. .000340 sq cm

a. 5.64 sq in.
b. 2.46 sq in.

Exercise 11-2

(A scale accuracy)

1. 422 9.
2. 7.42 10.
3. 252 11.
4. 23.4 12.
5. 0.115 13.
6. 1.28 14.
7. 101 15.

. 1.74 16.

13.8

33.7

6.70

371

10.5

3.43

30.5

8.12

67.2

47.0

1.69

2160

125

26.

27.
28.

29.

30.

31.

ANSWERS TO EXERCISES

11. 8.09 16. 64.2
12. 1.67 17. 12,300
13. 5.27 18. 9300
14. 1.72 19. 170
15. 2.73 20. 385
e. 17.0 sq it

d. 39.0 sq ft

e. 169 sq ft

11.4, 25.6, 71.0, 139, 230

36.3, 101, 198, 487
0.296, 1.85, 10.6, 46.3, 266

1.27, 0.486, 0.261, .0925
3.10, 1.67, 1.04, 0.60

37.2, 8.51, 3.20, 1.36

17. 188 25. 7.83

18. 398 26. 24.1

19. 76.8 27. 128

20. 15.3 28. 0.455

21. 478 29. 1.58 x 10—
22. 9,460 30. 66.1

23. 4.78 31. 1.61

24. 318 32. 8.69
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33. 68.0 36. 2.40 x 10w 39. 8.95 x 103 42. 4.81 x 10+
34. 25.1 37. 0.475 40. 0.430 43. 4590
35. 4.20 x 105 38. .0311 41. 0.139 44. 6.28 x 107

Exercise 11-3

1. 920 7. —43.7 13. 171 17. a. 0.224

b. 0.0475
2, 8370 8. 3.10 14. a. 293.3
b. 1498.5 18. a. 0.270
3. 0.677 9. 6.68 b. 0.315
15. a. 3.4
4. 14.23 10. 2.14 b. 39.2 19. a. 0.1427
b. 0.0723
5. 0.698 11.1.13 16. a. .001674
b. .01866 20. a. 0.1595
6. 1.263 12, 39.0 b. 0.253

Exercise 12-1

1. 11.40 14. 7.00 27. 2.86 40. 9.40
2. 2.06 15. 7.36 28. 2.33 41. 0.487
3. 100.2 le6. 3.17 29. 3.52 42. 38.7
4. 78.0 17. 22.1 30. 368 43. 5.19
5. 1.286 18. 2.23 31. 2.41 44. 12.56
6. 1.492 19. 10.18 32. 31.2 45. 0.726
7. 1.755 20. 1.220 33. 30.2 46. 12.18
8. 2.05 21. .0912 34. 29.8 47. 0.1342
9. 10.15 22. .0456 35. 11.78 48. 294
10. 7.42 23. 0.516 36. 3.38 49. 13.12
11. 6.50 24. 3.60 37. 24.3 50. 892
12. 4.50 25. 155.0 38. 2.83 51. 0.606

13. 257 26. 10.60 39. 3.93 52. .000550



53. 283

54. .0639

Exercise 12-2
1. 5.11
2. 2.88
3. 3.82
4. 4.59
5. 11.23
6. 3.15
7. 1.838
8. 2.86
9. 4.56

10. 0.615
11. 6.85
12, 11.45
13. 35.9
14. 1.775
15. 37.7
16. 5.24
17. 1.781
18. 14.75

19. 28.5

55. 26.0

56. 23.7

20. 1.376

21. 90.3

22. 75.2

23. 4.97

24. 2.08

25. 16.91

26. 41.9

27. 45.6

28. 25.4

29. 7.17

30. 45.6

31. 2720

32. 89.3

33. 2.15

34. .0942

35. 16.94

36. 0.496

37. 131.0

38. 1.680

75. 4.41, 6.84, 16.77, 28.0

76. 2.87, 6.40, 11.70, 28.2

77. 0.666, 1.019, 1.276, 2.58

ANSWERS TO EXERCISES

57. 15.24 59. 14.09
58. 0.1203 |

39. 1.640 57. 10.89
40. 4.82 58. 31.8
41. 84.5 39. 12.70
42, 10.48 60. 8.63

43. 30.8 61. 0.1530
44. 6.86 62. 5440
45. 20.9 63. 4.40 x 10-¢
46. 0.594 64. 8.65
47. 6.47 65. 0.1835
48. 282 66. 0.1280
49. .0200 67. 1.458
50. 94.1 68. 77.0
51. 13.23 69. 0.507
52. 10.87 70. 45.4
53. 0.496 71. 1.810
34. 1265 72. 32.5
55. 100.8 73. 3.83
56. 0.794 74. 1105

78. 90.6, 22.0, 9.38, 4.84

79. 31.5, 19.41, 9.70, 7.16

80. 19.90, 13.45, 6.30, 3.29
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ANSWERS TO EXERCISES

Exercise 12-3
1. 14.60
2. 47.6
3. 1.318
4. 1.005
5. 41.9
6. 24.7
7. 2.59
8. 545
9. 1.302

10. 0.765

Exercise 12-4
1. 1.93
2, 0.484
3. 8.93

4. 1440

W

. 1.126

. 78.3

12.59

. 322

- RS -

. 31.3

Exercise 13-1

1. .0124 2. 1.780 3. 0.248 4. 2.03

14.

15.

le.

17.

18.

. 9.25

. 2.04

. 811

82.4

1.933

98.5

0.748

40.4

. 49.3

. 0.561

10. 1.458 x 107

11. a. .0480
b. 0.0539

12. a. 0.302
b. 0.546

13. a. 2.30
b. 3.14

14. a. 1.69
b. 2.66

15. a. 143.5
b. 2710

21

22

23

24.

25.

26.

27.

28.

29.

30.

16.

17.

18.

19.

20.

. 29,400

. 3.39

. 9.00 x 10~
59.1

8.55

0.545

1.153 x 108

1.252 x 10-7
2.53

9.80

. 1420
. 256

|l

. 0.380
.1.830

-~}

. 75.5
. 2670

e

. 3.26
. 177

e

. 675
. 12,320

=l ]

5. 973 6. 2.16

21.

22,

23.

24,

25.

31.

32.

33.

34.

35.

3e.

3.52

0.898

11.11

20.8

113.5

7.05

37. 22.7

38. 13.20

39. 0.701

490. 5.72

T &

ol

ow

e

. 0.0834
. 0.0226

. 2.16
. 6.80

12.59

. 21.6

. 1.798
. 2.96

1.118

.1.101



ANSWERS TO EXERCISES

Exercise 13-2

1. 322 2.0.0346 3. 0.0604 4.9.70 5. 9.95 6. a. 7.67,47.8,146.0
b. 4.68, 181.5, 1698

Exercise 13-3

1. 376 2. 34.8 3.2.07 4.462x105 5.844 6.7.11

Exercise 13-4

1.57.4 2.250 3.1410 4.463 5.0.456 6.24.4

Exercise 13-5

1. R, = 001069 2. 514 3.2744 4.210 5.0.835 6. 4.83,9.32, 23.0, 38.8
R, = 0.480

Exercise 13-6
1. 23.6, 62.8, 121.5, 150.8
2, 3.92 x 101
3. 406
4, 1.772 x 10+

5. a. 0.881, 2.74, 6.99 (in.)
b. 4.93, 13.81, 35.5 (lbs)

6. 48.6

Exercise 13-7

1. 16.05 2. 8.12 3. 627 4. 3.79 x10© 5. 0.121 6. 19.00

Exercise 13-8

1. 45.0 2. 128.8 3. 2.01 x 102 4. .00363 5. 722 6. 6.95
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ANSWERS TO EXERCISES

Exercise 14-1
1. 0.630
2. 0.242
3. 0.930
4. 0.1770
5. 0.715
6. .0401
7. .01990

8. 0.302

Exercise 14-2
1. 0.731
2. 0.391
3. 0.927
4. 0.255
5. 0.524
6. 0.791
7. 0.1193

8. 0.961

Exercise 14-3
1. 0.650
2. 0.306
3. 1.428

4. 4.70

10.

11.

12,

13.

14.

15.

16.

10.
11.
12.
13.
14.

15.

16.

S.

. 0.842

0.990

0.508

.0130

0.1333

0.443

0.264

.0325

. .01745

.0454

.01326

0.347

0.1485

0.870

0.996

0.675

.0349

6. 19.10

7. 0.238

8. 0.770

17
18
19
20
21
22

23

17.

18.

19.

20.

21.

22.

23.

10.

11.

12.

0125

0.576

0.970

0776

.0935

0.248

. 0.1054

.0436

0.652

0.282

0.853

0.565

.01367

0.880

. 1.235

2.40

.0645

.0286

24.

25.

26.

27.

28.

29.

24.

25.

26.

27.

28.

13.

14.

15.

16.

0.886

0.213

.0206

0.996

0.352

.0102

. 0.665

0.734
0.679

0.297
0.955

0.948
0.319

0.611
0.791

0.826
0.564

0.255

3.40

1.167

15.49



17. .01483

18. .0741

19. .01454

20. 0.206

Exercise 14-4

1.

10.

11.

12.

Exercise 15-1
1.
2.
3.

4.

0.532

. 2.25

. 1.481

. 1.206

. 2.56

. 1.466

. 0.296

. 0.670

. .0454

13.33

0.947

3.36

0.530

0.940

—-0.407

—-0.545

. —0.407

21. 591

22, 0.762

23. 0.389

24. 1.285

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

10.

0.410

0.474

0.1642

1.717

1.564

3.19

3.01

0.1680

1.048

.0583

6.77

.0305

. —0.445

. —b.67

. 2.90

. —0.695

—0.743

ANSWERS TO EXERCISES

25. .0900

26. 13.50

27. .0464

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

36.

11.

12.

13.

14.

0.836

0.724

1.163

0.966

0.1485

32.2

.0640

0.524

0.499

0.1123

.01520

22.9

—0.738

0.844

-17.34

0.0611

28.
29,

30.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

15.

1e6.

17.

18.

0.955
9.60

0.1375

3.94

.0706

4.22

0.875

0.837

1.905

0.982

0733

24.6

.01483

1.315

3.33

—0.903

2.48

0.891

0.237
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Exercise 15-2

1. 18.66°

2. 35.1°

3. 56.5°

4. 17.85°

S. 33.5°

6. 39.2°

7. 25.9°

8. 53.1°

9. 1.4

10. 2.99°

11. 2.17°

12. 87.42°

13. 27

Exercise 15-3

1.9.20
2. 352
3. 374
. 73.5
. 56.9
4.48

2.55

® N o9 @ B

. 558
293

9. 4.82
11.70

14.
15.
16.
17.
18.
19,
20.
21.
22,
23.
24.
25.

26.

10.

11.

12.

13.

14.

13.

16.

2.10°

3.5°

72°

52.5°

75.96°

5.17°

10.6°

48.5°

40.2°

87.5°

85.66°

4.4

4.20°

1617
7320

208
274

91.9
—69.2

—4.24
-8.61

150.1
454

52.1

315

27. 202.4°
28. 101.82°
29, 118.3°
30. 137.3°
31. 0.80°
32. 6.29°
33. 163.6°
34. 161.5°
35. 87.93°
36. 88.91°
37. 71.3°
38. 1.11°

39. 4.21°

17. 77.9
18. 69.8
19. 544

20. 92.0
21. 4560
22. 490
23. 213

24. 19.74
25. 3310

26. 29.1

40. 61.6°
41. 174.78°
42. 84.29°
43. 33.7°
44. 1.58°
45. 88.4°
46. 89.12°
47. 194.2°
48. 47.4°
49. 70.6°
50. 86.29°
S1. 48.6°

52. 19.45°

27. 1442
28. 5.54
29. 129.0
30. 313
31. 1.918
32, 1.198
33. 1.356
34. 4.9
35. 13.54

36. 42.1



ANSWERS TO EXERCISES

37. —38.5 38. 6.53 39. 421

Exercise 15-4

1.

2.

I

. a.

0.559 b. 1.193 e¢. 0.1190 d. 2.54 e. 3.89
0.0636 b. 0.0785 ¢. 0.0321 d. .0131 e. 0.0482
133.5° b. 43.5° e. 61.8° d. 300° e. 12.3°

3.55° b. 1.97° e. 1.002° d. 3.15° e. 4.38°

. 0.868 9. 0.783 13. 0.1770
. 0.745 10. 0.377 14. —0.755
. 0.977 11. -0.276 15. —0.660
. 0.430 12. 0.952 16. ~0.972

Exercise 15-5

1. 17.7 11. 11.35° b. 177.8
2. 1.565 12. 81.05° 19. a. 213
b. 1480
3. 8.02 13. 47.4°
20. a. 4.22
4. 29.1 14. a. 392 b. 25.5
b. 5540
5. 2.50 21. a. 413
15. a. 19,500 b. 3390
6. 1.844 b. 8860
22. a. 70.8°
7. 0.481 16. a. 16° b. 65.0°
b. 21.7°
8. 7.59 23. a. 0.651
17. a. 1.375 b. 0.650
9. 13.64 b. 1.535
24. a. 39.64°
10. 43.3 18. a. 693 b. 40.58°

Exercise 16-1

1. B=64°,a=32.0,b=65.6

2. B=33.8°,a=262,b=175

40. 13.75

25.

26.

27.

28.

29,

30.

31.

3. 4A=42.3°, B=47.7,b=38.5

a.
. 27.2

e

e

4.53

8.68

. 23.0

176

. 49.6

. 76.9
. 175

a. 630

4. A =48.8°, B =41.2°, a = 165.5

. 2610

67.4°

. 91.4°

0.788

. 0.898
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5. 4 =314, B="58.6°, c =69.1

6. 4 =61.05°, B =28.95°, ¢ = 1715

Exercise 16-2

el

.B=65°b=68.7,c="7538

2. B=37°,a=352,b=26.5

3. 4=55,b=441,c="17.69

4. A=29,a4 =8.65,c=17.83

5. B=42.7° a =347, c = 472

6. A=384°,B=516°b=29.0

7. 4 =319, B=52.1° b=65.5
8. 4 ="71255°, B=1145°, a = 2670
9. 4=725a=4.04,b=1275

10. 4 =3.61°, B =86.39°, b = 57.9

Exercise 16-3

1. 4 =235.2° B =54.8° c = 20.8
2. A =59.3°, B =30.7°, c = 31.4
3. 4 =21.3°, B =687, c=44.1
4. 4 =31.0° B =59.0° c = 1455
5. A =58.6°, B = 31.4°, ¢ = 11.13
6. A = 85.08°, B =4.92°, c = 35.1

7. A=571°,B =329, ¢c=7"74

=

. A=233.9,B=56.1°,c=224

o

. A=527,B=373%c=289

7. 4=41.6°,a =282, b =318

8. 4=42.3°,B=47.7°,b=6.95

11. B=85.8°b=75.5,c =758
12. 4 =76.4° a = 3890, b = 940
13. 4 =217.8°, B =62.2°, b = 3230
14. 4 =3.8% b =52.0, c = 52.1

15. 4 =58.6° a =11.09, c =12.99
16. A =4.38°, B =85.62°, b = 159.5
17. 4 =84.9°,a=20.7,c =20.8
18. 4 =47.3°, B =42.7°, a = 6060
19. B=74.7°, a = 96.6, b = 353

20. B=19°,a =62.7, ¢ = 66.3

10. 4 =5.04°,B =84.96°, c=41.1
11. 4 =41.0°, B = 49.0°, ¢ = 16.37
12. 4 = 3.28°, B = 86.72°, ¢ = 5.07
13. 4 =47.6°, B =42.4°, c = 861
14. 4 = 25.1°, B = 64.9°, ¢ = 3420
15. 4 = 3.44°, B = 86.56°, ¢ = 421
16. 4 = 70.5°, B = 19.5°, ¢ = .0796
17. 4=22°, B=68,c=1215

18. 4 =47.1°, B = 42.9°, ¢ = 38,900



ANSWERS TO EXERCISES 277

Exercise 16-4

1. a. 45 + 28.1 c. 16.75,/ 17.35° e. —51.1 + 70.3]
b. 19.01 + 28.2j d. 6.06,/22.3° f. —259 — T11;
c. 172.1 + 52.6j e. 779/ 74.35° ,
d. 178 + 4405 f. 366/ 3.61° 4. a. 4.54 + 3.81;
e. 9.41 + 4.88] g 27.3/1T1.57° b. 1.575 + 3.23j
f. 669 + 42.1; h. 7.75/234° c. 0.1535 + 0.329]
g. —2.99 + 3.09j i. 0.85/195° d. —0.655 + 0.3055
h. —82.9 + 43.1j j. 3480,348.04° e. —4.95 — 6.34j
i, —858 — 623j f. 5.49 — 4.74j
j. 25.8 —28.9; 3. a. 4.51 + 6.21;
b. 8.55 + 16.09j
2. a. 7.61/66.8° c. 14.81 +24.0
b. 56/68° d. 34.7 + 14.5

Exercise 17-1

1. C=66%b=342,c=420 11. C =43°15', a =8.36, c = 5.81

2. 4 =80° a=425,c =383 12. B = 127°10’, b = 476, c = 372

3. B=43.0°, C =70.0°,c =6.33 13. 4 =19.8°, B = 6.2°, b = 6.75
4. B=112.9°, C = 26.1°, b = 119.4 14. B=118°20", a = 8.26, b = 119

5. 4=44.68,C =10.32°, 0 =13.75 15. B=14.88°,C =123.12°, ¢ = 91.4

6. B=39,4=218,¢c=6.99 16. 4 =153.37°, B=4.23°, a =16.10
7. C=43° a0 =14.71, b = 13.46 17. C =65.4°5 =15.08, c = 20.6
8. 4=112°, 5 =6.20, ¢ = 0.581 18. B=72.65°,C =7.35°, b =12.30
9. 4=315° B=765°b=32.0 19. No solution

10. 4 =104.7°, ¢ = 29.3°, a=10.3 20. A =17°15', b =545, ¢ = 693

Exercise 17-2

1. B=230.4°, C =123.6°, c = 8.55 3. B=53.6°,C =85.4° ¢=33.4
B'=149.6°,C' = 4.4°, ' = 0.788 B' =126.4°, C' =12.6°, ¢' =17.31
2. B=41.8°,C =95.2°,¢c=215 4. 4 =151.6°, C =20°, a = 8.66

B’ =132.2°C" =10.8°, ¢' =4.05

A’ =11.6°, C' = 160°, o’ = 3.66
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5. B=284.6°,C=524°b="1704
B’ =9.4°, C =127.6°, b’ = 11.54

6. A =255°,B =149.2°, b = 14.62
A’ =154.5°, B' =20.2°, b’ = 9.87

Exercise 17-3

1. 4=45°, B=97°,¢c=4.35

2. B=44.7°,C =86.3°, a = 12.86

w

. A=321°B=45.1° C =102.8°

. A=550°B=625° C =62.5°

4
5.4=21°,C=41°,b=1438
6

. A4=261°,B=414°,¢=210

7. A =34.8°, B =14.7°, C = 130.5°

8. 4=40.1°, B =44.6°,C =95.3°

Exercise 18-1
1. 2.538
2, 2.033
3. 1.064
4. 8.799 — 10
5. 7.736 — 10
6. 5.628
7. 3.316

8. 9.505 - 10

Exercise 18-2
1. 7.61

2. 4.87

10.

11.

12.

13.

14.

15.

16.

6.267 — 10
7.626
12.307
1.248 - 10
9.802 — 30
1.439
~2.757

1.199

3. 2.33

4. —12.7

7. A=142.7°,C = 22.7°,a = 20.8
A’'=8.1°C"=157.3", o’ = 4.84

8. 4 =80.4°C="171.0°a=1.670
A'=54.4°,C' =103° o' = 1.376

. A=221°C=140.7°,b = 17.0

A=16.8°,C = 38.6°, b = 18.67

A =39.8,B =32°,C =108.2°

A=156°, B =62°,C =102.4°

A =526 C=22.8,0b=9.07

B =160.6°, C = 14.4°, a = 21.0

A =485° B=589,C="126°

A=19.2°,B =21.1°, C = 139.7°

9
10.
11.
12,
13.
14.
15.
16.

17. -1.370
18. 292
19. 0.1014
20. .0545
21. 0.840
22. 1052
23. 2.07
5. -39.9
6. 0.920

24

25

26

27

28

. .0541

. .00197

. 1.19 x 1015

. 1.92 x 10-13

. .0366

29. 6.68 x 10°

30. 493 x 102

7. ~0.1017

8. 7.93



10.

11.

12.

13.

14.

. 0.1102

684

1.830 x 10-°

3.963

9.247

8.969

Exercise 19-1

Exercise 19-2

1. 471

2. 1.1678

3. 1.01562

4. 18.2

5. 1.0294

6. 270

7. 2.293

8. 1.323

1. .0706

2. 0.767

3. 0.9380

4. .00166

5. .0247

6. 0.357

7. 0.9656

8. .00315

15.

le.
17.
18.

19.

9.46 x 10~¢

5.19 x 1013
2.36 x 109

a. 12.37
b. 16.87

a. 0.523
b. 0.239

9. 1.0434
10. 1.0920
11. 2.930
12. 1.878
13. 7.717
14. 1.122
15. 1.0264

16. 1370

9. 0.9296
10. 0.9008
11. 0.9853
12. .000083
13. .0078
14. 0.468
15. 0.9361

16. 0.9048

20.

21.

22.

23.

Te o¥

F e

ANSWERS TO EXERCISES

1620
. 1738

1.88 x 10-7
. 4.59 x 10-8

1.77 x 108
. 1.97 x 108

200

b. 71.9

17. 1.448
18. 12,000
19. 1.0129
20. 3.47
21. 106
22, 168

23. 4380

17. .040
18. 0.756
19. 0.889
20. 0.257
21. 3.74
22. 8.11

23. 1.418

24.

e

25.

2y

26.

T

24.

25.

26.

27.

28.

29.

30.

24.

25.

26.

27.

28.

29.

30.

0.570

. 0.737

2.49

. 1.13

63.8°

. 135.8°

4.10

47.3

0.656

1.151

6.05

31.4

3.08

536

14.8

.00377

0.483

0.186

0.254

0.495

279
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Exercise 19-3

1. 1.0034 (approx.)
2. 0.99939 (approx.)
3. 1.0072 (approx.)
4. 0.9986 (approx.)

5. 0.99963 (approx.)

Exercise 19-4

1. 168

2. 1.1175

3. 27.9

4. 0.9603

5. 0.651

6. 1.0253

7. 1.0378

8. 1.0699

9. 1.284

10. 0.8465

Exercise 19-5

1. 0.499

2. 1.89

3. 1.29

4. 0.892

5. —0.263

11.

12.

13.

14.

15.

16.

17.

18.

19.

20

6.

7.

8.

9.

10.

6. 1.000021 (approx.)

7. 440,000 (approx.)

8. 2.65 x 10! (approx.)

9, .0038 (approx.)

10. 2.9 (approx.)

0.9552

1.0144

1.741

0535

1.802

219

.0090

0.9277

1.063

. .0135

1.0041

—0.572

0.868

1.140

0.202

21.
22,
23.
24.
25.
26.
27.
28.
29.

30.

3.32

39.4

0.370

1.185

0727

0.9661, 0.9333, .0563
2.99, 55, 3100

181, 3.26, 1.0557
93.1, 2.12, 0.171

281,000, 1810, 1285

11. 1.75

12. 0.667

13. 8.75,10.2, 15.1, 43.4

14. a. 0 ft/sec, 636 fi/sec

b. 735 fi/sec



Exercise 19-6

1.

2.

5.93

0.207

. —1.743

. 1.047

. —.0971

. 213

. —7.32

. 5.10

Exercise 19-7

1.

2.

3.

4.

2.06

0.372

0.237

—-.0631

Exercise 20-1

1.

2.

42.3

16.6

. 3500

. 1,494

. 26.9

. 1.240

. .00195

. .0309

. 0.9374

9.

.0163

10. 7.82

11. -5.68

12. 3.60

13.

01237

14. 9.71

15. -0.962

16. 1.019

5. -1.201

6. 3.21

7. —0.170

8. 2.46

10.

11.

12.

13.

14.

15.

16.

17.

0.757
410

389

1.482
0.422
.0955
1.628
1.980

4.04
9.63

17.

18.

19.

20.

21.

22.

23.

ANSWERS TO EXERCISES

-8.65

.01025

-0.975

9.03

2.71

-2.72

5.35

9. .0980

10. 0.306

11. -0.920

12. -72.9

18.

19.

20.

21.

22.

23.

1.0844
1.181
1.568

0.34
0.151
.091
0.9213
0.870
0.726
1.477
2.00

3100

24.
25.
26.
27.
28.
29.

30.

13.
14.
15.

16.

24.

25.

26.

27.

28.

29.

30.

31.

32.

6.30
1.878
.0087
0.9213
1340
1.0278

0.631

.0343
0.331
-.0500

—1.441

1.1045
.000263
11.7
18,200
1.0736
0.347
.000079
0.844

6.75

281
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33. .00094 38. 0.647 43. 1340 47. 0.448
34. 2.89 39. 340 44. 1.352 48. 10.03
35. 7.10 40. 0.9539 45. 0.9005 49. .0164
36. .000094 41. .0728 46. 1.1078 50. 198
37. 0.393 42. .00225

Exercise 20-2

1. 330 14. 238 27. 1.0991 39. 9000
2, 2.213 15. 97 28. .00045 40. 1.303
3. 1.368 16. 0.9769 29. 0.579 41. .00009
4. 1.754 17. .0066 30. .0174 42. 0.640
5. 0.875 18. 10.7 31. 1420 43. 9400
6. 0.9739% 19. 0.98872 32. .0392 44. 964
7. 235 20. 1.0458 33. 1.437 45. 1309
8. 1.600 21. 3.06 34. 0.98528 46. 170,400
9. 0.9514 22, 1.0299 35. 310 47. 0.9597
10. 0.832 23. 1.018 36. 1.01814 48. 63
11. 1.332 24. 0.266 37. .0365 49. 0.504
12, 1.429 25. 1.0215 38. 1.0328 50. 1.608
13. 1.0923 26. .00465

Exercise 20-3

1. .00077 5. 237 9. 1431 13. 0.8142
2. .0041 6. 12.85 - 10. 1.0565 14. 1.1218
3. .0585 7. 2.138 11. 0.159 15. 0.363

4. 0.661 8. 0.619 12, 2.41 16. 0.588



17. 1.837

18. 0.9414
19.

20. 1.01236

Exercise 20-4

1.

Exercise 20-5
1.

2.

10.25

3.17
2.00
1.47
1.26

. 6.50

1.777

0.333

. 1.264

6.85

0.680

2.23

1.1001

24.5

4.42

. 1.480

0.359

0.8534

. 1.113

. 1.0223

. 1.914

2]. 1.462

22. 73

23. 2.76

24. 3250

10.

11.

12,

13.

14.

15.

le.

17.

18.

19.

10.

11.

12.

13.

14.

15.

16.

0.8989

0.9273

1.047

3.30

1.0269

0177

3.60

1.394

2.915

0.0315

. 6900

0.1142

0.9652

700

3.68

0.5415

0.8376

0.787

ANSWERS TO EXERCISES

25. 840

26. 12,150

27. 7550

20.
21.
22.
23.
24.
25.
26.
27.
28.

29.

17.
18.
19.
20.
21.
22.
23.

24.

0.9734

1.373

0.335

1.414

1.273

214

0.98358

0.729

1.696

4.15

1.655

.0152

0.9665

1.597

3.95

0.0297

81

1.1081

28. 0.787

29, 435

30, 1.32

30.

31.

32.

33.

34.

35.

36.

37.

38.

25.

26.

27.

28.

29.

30.

31.

32.

0.836
0.828
1.0945
1.262
128
0.7585
1.025
18.45

451

1.678
0.163
1.159
0.8021
.02179
1.375
0.1835

.000125

283
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33. 1.838 35. 415
34. 804 3e. 177
Exercise 21-1
1. 273 11. —.0286
2. 2.40 12, -7.07
3. 1.92 13. 0.1270
4. 2.45 14. 2.41
5. 0.605 15. -1.70
6. 25.3 16. —0.278
7. 179.2 17. 0.322
8. 3.40 18. 2.67
9. 6.31 19. -0.159
10. 0.236 20. 7.40
Exercise 21-2
1. 2.81 7. .0625
2. 2.09 8. —-.00700
3. 1.710 9, —-.01220
4. 0.368 10. .00712
5. 5.04 11. .00961
6. 0.348 12. —0.413
Exercise 21-3
1. 0.612 3. .0983
2. 9.90 4, 245

37.1.87

38. 9.51

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

13.

14.

15.

le.

17.

18.

. 0.241

—0.437

0.216

—.0283

7.18

.01660

0.576

2.24

—-0.244

0.265

-1.379

2.36

—0.1298

0797

01886

2.35

. 4.88

. —0.735

39. 1.0116

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

19.

20.

21.

22.

23.

24.

1.1485
5.65
5750

256

.0698

7.41

13.48

.0286

3.13

—36.8

2.60

—0.348

.00192

3.46

—.0648

4.04

-0.306

-.0632

-2.91

7. 2.91

8. 44.6



10.

11.

12.

13.

14.

i5.

16.

17.

18.

. 0.401

1.705
57.6
302
0.1268
0.462
131
105.5
8.94

28.1

Exercise 21-4

19.

20.

21.

22.

23.

24.

25.

26.

217.

28

1.130

21.3

14.81

-8.92

—-26.4

0.1277

0.291

0.440

0.219

. 01705

29.

30.

31.

32.

33.

34.

35.

36.

37

ANSWERS TO EXERCISES

8.20

6.64

0.271

00545

343

112

371

0.749

. .00275

38. 6.81

39. 1.17

40. —6.25

41. 1.714
—-0.799

42. 0.795
—0.794

43. 0.863
0.259

44. 1.386
0.405

Some deviation in these answers is to be expected — especially when intermediate steps
involve readings on the less accurate portions of the LL scale.

1.

2

10.

11.

12.

13.

5.80

0728

. 0.264

. 3250

. 9.42 x 108

. —1.46 x 107

. 1.047 x 10-8

. 0.692

. 0.377

3040

3175

0.286

0.140

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

55.3
10,660
5.19 x 108
87,100

1.54

1.054 x 10-16

50.7

a. 36
b. 63.6

a. 675
b. 26

1.53

s

0.387
. 0.352

;e

. —0.1755

25.

26.

27,

28.

29.

30.

31.

B o

P

T g o gr e TP

2

0.242

. .01755

.0387

. .00205

4.52 x 107

3.10

. 10.50

11,540

. 2710

65.0

. 131.7

2.18 x 10—

. 090

4500

. 3270

9,110

. 886

285
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32. a. 41 b. 0.188 b. 11,060
b. 119 c. 0.221
d. .0985 42. a. 339
- 33. a. 152 b. 384
b. 3.0 38. a. .0394 ec. 1.25
c. 8.8 b. .0478 d. 1.465
d. 6.2 e. 57
d. 62 43. a. 2.77
34. a. 1.25 b. 4.16
b. 1.52 39. a. 1060
b. 3350 44. a. 1334
35. a. .0352 c. 27 b. 7070
b. 1,225,000 d. 20
45. a. 13,890
36. a. 0.11 40. a. 28 b. 20,000
b. 7.1 b. 44
46. a. 1.199
37. a. 0.121 41. a. 2113 b. 1.299
Exercise 22-1
1. 0.602 3. 1.091 5. 1.1435 7. 7.05
2. .0611 4. 1.582 6. 0.9277 8. 0.169
Exercise 22-2
1. B=43.8° 3. 72 5.2720 7. 14.10
a = 386
c =535 4. 3.84 6. 2530 8. 0.673
2. 3.27
Exercise 22-3
1. 150 4. .0602 6. 40.1° 8. B =109.8°
: C =27.7°
2. .0136 5. 0.493 7. 0.231 b=113
3. .038
Exercise 22-4
1. 1.02205 3. 51.3° 5. 4.752 7. 13.41 + 19.90;

2. 0.954 4. 0.696 6. —-1.181 8. 1.890



Exercise 22-5
1. 1.367
2. 0.1373

3. 0.516

Exercise 22-6
1.4.33

2. .0090

Exercise 22-7
1. .0286

2. 4.44

Exercise 22-8
1. 4 =65.2°

B =24.8°

¢ = 159.7

2. 0.778

Exercise A-1
1. .00454
2. .001345
3. .000253
4. .001485
5. 191
6. 212

7. .00802

4. 4.31

5. 561

3. 17.5,23.6°

4. -1.545

3. B=43%
a=255
c=6.93

3. 1.01073

4. 336

8. 441
9. 11.17
10. 0.168
11. .00611
.00124
.00323
.0000393

12. .001687

13.

14.

15.

18.

19.

ANSWERS TO EXERCISES

6. 0.628
1.331
3.73

5. 0.8207

6. 1.430

4. 1.037

5. 231

5. 436

6. 0.198

.00356
.0001698
.000710

. .0000655
. 153

306

6250

20.

21.

22.

23.

24.

7. .01327

8. 66.6

7. 2.04°

8. .0388

6. 80.0

7. 0.298

8. —0.594

7. 16.38

8. 73.6

232

6060
.0125
.0001260
.00252
.0000557
133.7

110.7

287
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Exercise B-1

The following answers were obtained on a slide rule having 8 LL scales. They are more
accurate than the approximate results obtained with 6 LL scales.

1

2

Exerci

. 1.497 x 10¢

. 1.627 x 105

. 3.060 x 10-7

. 6.918 x 10¢

. 9.539 x 10%

. 1.941 x 10-%8

. 8.040 x 10¢

se B-2

8. 1.269 x 10° 15

9. 1.327 x 10 16.
10. 7.696 x 10% 17.
11. 6.617 x 107 18.
12. 1.688 x 104 19.
13. 8.560 x 1017 20.
14. 1.001 x 105

. 9.027 x 10%

1.845 x 1015

6.369 x 10-2¢

6.964 x 10%

8.858 x 10

1.033 x 10*

The following answers were obtained on a slide rule having 8 LL scales. They are more
accurate than the approximate results obtained with 6 LL scales.

1

2

Exerci

. 1.0021 6
. 0.9980 7
. 1.1593 8
. 1.0920 9
. 1.855 10
se B-3

. 1.504

. 1.00582

. 1.904

. 1.0000624

. 09717

. 1.398

. 1.1410

. 1.1730

. 0.8590

. 0.406

10

11. 0.740

12. 0411

13. 0.622

14. 1.000425

15. 1.000201

. 0.706

. 0.99523

. 0.9999592

. 0.508

. 2.045

le.

17.

18.

0.999585

0.999785

0.999630

. 0.999697

. 1.000555



INDEX

A and B scales, 72
combined operations, 94—118
as operational scales, 93
squares, square roots, 72~83

Accuracy, 16

Area of a circle, 96

B scale (see A and B scales)
Body, 13

C and D scales, 14
combined operations, 31-35
division, 27
multiplication, 20
reading the scales, 15
CF, DF, and CIF scales, 49
combined operations, 52-55
multiplication, 49
multiplying and dividing successively, 50—
52
CF/M and DF/M scales, 239
CI scale, 37
combined operations, 42—-47
division, 39
multiplication, 39
reciprocals of numbers, 37
CIF scale (see CF, DF, and CIF scales)
Circle, area of, 96
circumference of, 58
Combined operations
with C and D scales, 31-35
with CI scale, 42-47
with folded scales, 52-55
with powers and roots, 94—118

with trigonometric functions, 141
Common logarithms (see Logarithms to base
10)
Complementary scale, 127, 131
Complex numbers, 159
Conversion of units, 69
Cosecants, 134
Cosines, 128
inverse, 139
Cosine law (see Law of cosines)
Cotangents, 133
Cube root
powers of 10 method, 88
using the K scale, 84, 86
using the ¥ scale, 92
Cubing a number
using the K scale, 84, 85
using the V' scale, 92

D scale (see C and D scales)
Deci-Lon slide rule, 175, 177, 180, 228,
250
Decimal point location
by inspection, 2
by rounding off and approximating, 6
using scientific notation, 9
DFwM scale, 208
DF/M scale, 239
DI scale, 38
Dietzgen slide rule, 249
Division, 27
by =, 58
dividing a number successively, 51
Double-length scale (see R scale)

289
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INDEX

e, powers of, 175, 178, 181
approximation for e*, 179
Exponential equations, 205, 209

Folded scales (see CF and DF scales)
Fourth root, 77

Hairline, 13

Hyperbolic functions, definitions, 182
evaluation of, 183, 245

Hyperbolic scales (Sh, Th), 244

Index, definition, 14
resetting, interchanging indexes, 34, 35
use of either index, 22

Indicator, 13

Inverse trigonometric functions, 139

Inverted scales (see CI, DI, and CIF scales)

K scale, 84
combined operations with cube root, 115
cubing a number, 84, 85
finding cube root, 84, 86

K and E slide rule, 73, 125, 145, 175, 177
See also Deci-Lon

L scale, 17, 169
finding logarithms to base 10, 169
Law of cosines, 162
applied to oblique triangles, 166
Law of sines, 152, 162
applied to oblique triangles, 163
applied to right triangles, 152
LL scales (base e), 175, 177, 180
combined operations with In N, 186
finding b%, 188, 198, 202
finding Y=, 200
finding e®, 175, 178, 181
finding In N, 184
finding log, N, 207
numbers outside scale range, 223
reciprocal property, 197
“scale-shift” principle, 192
solving exponential equations, 205, 209
LL scales (base 10), 237
LLO and LLOO scales (related to A scale),
230
Ln scales (K & E Deci-Lon), 175
Log scale (see L scale)
Log log scales (see LL scales)
Logarithms
to any base, 207
to base e, 184
to-base 10, 169

“Minutes” gauge mark, 220
Multiplication, 20

by =, 58

multiplying a number successively, 50

N scale, 237
Natural logarithms (see Logarithms to base e)

Negative angles, 137
Negative powers, raising to, 198

Oblique triangle solution
case with two solutions, 165
using law of cosines, 166
using law of sines, 163

P scale, 246
Pickett slide rule, 73, 91, 132, 175, 177, 237,
244, 251, 252
Polar form, 159
Post slide rule, 73
See also Versalog
Powers
of any positive number, 90, 100, 188
of e, 175, 178, 181
outside range of LL scales, 223
Proportion, 64
conversion of units, 69
solving on A-B scales, 94
solving on C-D scales, 64
Pythagorean scale (P), 246

Quadratic formula, 83

R scale, 73
area of a circle, 97
combined operations, 94, 98, 105
squares, square roots, 73, 74
Radian measurement, 144
using ST scale for conversion, 145
Ratio, 64
Reciprocal scales (see CI, DI, and CIF scales)
Reciprocals of numbers, 37
Rectangular form, 159
Right triangle solution
special method (two legs given), 156
using function definitions, 151
using law of sines, 152
Root of a number
any root, 200
cube root, 84, 92
fourth root, 77
square root, 72

S scale, 125
complementary markings, 127
evaluating cosines, 128
evaluating secants and cosecants, 134
evaluating sines, 126
Scales
C and D, 14
cube, cube root:
K, 84
v o,0
folded:
CF, DF, CIF, 49
DFM, 208
CF/M, DF/M, 239
hyperbolic (Sh, Th), 244
inverted (CI, DI), 37, 38



log (L), 17, 169
log log:
LL(base e), Ln, 175, 177, 180
LL(base 10), N, 237
LLO, LLOO (A-related), 230
Pythagorean (P), 246
square, square root:
A, B, 72
R, Sq,V ,73
trigonometric:
S, ST, SRT, 125, 145
T, 130, 132
“Scale-shift” principle, 192
Scientific notation, 9
Secants, 134
“Seconds’’ gauge mark, 220
Sh scale, 244
Sine law (see Law of sines)
Sines, 126
inverse, 139
of small angles, 219
Slide rule, accuracy, 16
parts of, 13
Small angles
conversion to radians, 221
trigonometric functions of, 219
Sq (or V' ) scale (see R scale)
Square root
powers of 10 method, 78
using the A scale, 72, 74

using the R (Sq or V' ) scale, 73, 74

Squaring a number
using the A scale, 72, 73

using the R (Sq or V') scale, 73

INDEX 291

SRT scale (see ST scale)
ST scale, 125
evaluating secants and cosecants, 134
evaluating sines and cosines, 126, 128
evaluating tangents and cotangents, 129,
131,133

T scale, 130
complementary markings, 131
evaluating cotangents, 133
- evaluating tangents, 129-132
the extended T scale, 132
Tangents, 129-132
inverse, 139
of small angles, 219
Th scale, 244
Triangles (see Right and Oblique triangles)
Trigonometric functions
angle in radians, 144
angles greater than 90°, 137
angles less than 0.573°, 219
combined operations, 141
definitions, 150
evaluation (summary of procedures), 135
inverse, 139
negative angles, 137
Trigonometric relations
law of cosines, 162
law of sines, 162
reciprocal and complementary, 125
Trigonometric scales (see S, ST, and T scales)
Triple-length scale (¥ ), 91

Versalog slide rule, 177, 180, 228, 253
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