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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
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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).

245



246 HYPERBOLIC SCALES (SH, TH); PYTHAGOREAN SCALE (F)

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.



Appendix F

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
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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
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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
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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
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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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268 ANSWERS TO EXERCISES

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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ANSWERS TO EXERCISES

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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ANSWERS TO EXERCISES

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
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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
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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.
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-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
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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.
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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)
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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
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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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