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FOREWORD

The DECI-LON Slide Ru'e marks the latest achievement in slide rules by
K&E, the eompany that introduced slide rules into the United States and
has pioneered in their development ever since.

DECI-LON was developed to provide studentz and professionals with
all the familiar seales of the slide rule for basie caleulations, plus new =cales
and arrangements for more advaneed mathematicsl analyvsis,

The name DECI-LON ecombines the prefix “deci-", signifving the decimsl
division of trigonometrie seales first introduced by K&E in 1920, with the
suffix “-lon”, the pronunciation of the *“Lo" symbol for logarithms to the
base e

The professional engineer or seientizt will find the DECI-LON an ex-
tremely versatile caleulating instrument. Its expanded Lon seales will
enable him to solve problems in the field of finaneial and investment
mathematics, as well as in rates of chemical reactions, decay of radioactive
isptopes, temperature changes in jet engine sompressors and turbines, and
the orbits of space vehieles,

dtudentz who gain familiarity with the DECI-LON while studving
mathematies, physies, chemistry or engineering will be better prepared to
pee its advanced capabilities as they move on into post-graduate studies or
professional careers.

The outstanding features of the new rule are its expanded eomputing
capacity, its greater consistency and logie, its convenience and speed, and
its lifetime eonstruction,

1. Expanded computing capacity

A glight widening of one rail of the DECI-LON'"s body makes it possible
to locate four Lon soales side-by-side on the front face of the rule, with four
Lon minus (negative exponential) seales together on the reverse fnce.
With these powerful seales appearing in unbroken sequence and referring
consistently to the O and [ seales which now appear on both faces of the
rule, roots and powers of numbers from 1.001 to 30,000, and of decimal
fractions from 0.00003 to 0,999, can be found speedily and directly without
reversing the rule,



The addition of Laf and In-0 scales brings the lower limit of the Lon
zeales and the upper limit of the Lon minus seales ten times eloser to unity
than on previous slide rules, The relationship of these new seales to the D
soales on both sides of the rule creates, in effect, an infinite series of Lon
seales capable of bridging the gap between seale limits and unity to
whatever degres of eloseness may be required.

The two new Lon scales will be found exceptionally useful in problems
of geometric progression involving small rates of change and long periods
of time, Sueh problems include the compounding of interest on a daily
basis, the determination of half-lives of isotopes with slow rates of deeay,
and the estimate of the orbits of satellites acted upon by minute forees
anch as solar radiation or ion-secelerstor engines.

Two new seales, Syl and Sg2, constitute a double-length seale used with
the full-length [ scale for fast, aceurate evaluation of squares and square
roots. Pecause these new seales adjoin the DF seale, the area of a cirele
ean be found instantly when its radins is known,

At the same time, the A and B seales are retained as scales of caleula-
tion, for continuous operations of multiplieation and divigion invelving
squares or square roots,

Fourth powers and fourth roots, which occur in thermal radiation
problems, can be read diveetly by using the new Sgf and Sg# scales in con-
Junetion with the A and B scales,

2. Greater consistency and logic

Blide rule operations are easy to learn and easier still to remember if the
rule funetions logically—not only in the selection, loeation and arrange-
ment of the seales, but also in such important details as their color, noumber-
ingg and direetion of reading,

On the DECL-LON, new scales ae well as traditional seales maintain
the E&E-pivneerad principles of full logic and consisteney. All seales read
directly to the € and I scales. New scales have been given names which
deseribe their function=—~Syg for scales that give squares, Ln and Ln- for
geales which give lons (logarithms to the base ¢), S for sines and cosines,
¥ for tangent and cotangents, and SET for the seale which gives sines,
radlinns, and tangents. The traditional seales A, B, €, D, L, and K remain

unchanged.




On DECI-LOR, the use of eolor has been extended to s more eonsistent
level. The two colors, black and red, have these prevailing connotations:

BLACK: Lon seales; positive readings; standard left-to-right rending
direction; front fuece of the rule,

RED: Lon minus scales; negative readings; reverse right-to-left
reading direction; reverse face of the rule.

This eolor consistency is evident in the pesitioning of the black Lon
scsiles on the front face and the red Lon minus zeales on the back face; and
in the trigonometric seales, where black is forward reading and slanted to
the right, red is reverse reading and slanted to the left.

3. Convenience and speed

A number of featurez have been incorporated in the DECI-LON to
enable the user to perform ealenlations more rapidly and easily, Among
them are: providing € and D seales on hoth faces; extending the ealibra-
tions of the Lon, Square, folded and trigonometric scales beyond the
indexes for essier reading of values near the ends; eolor eoding of the
legends of seales; and the use of red hairlines which contrast vividly with
the black praduation lines of the scales.

4, Lifetime construction

The DECI-LON slide rule {s made of a specisl shatter-proof synthetic
material exeluzive with K&E., Humidity vardations have no effect on its
aperation, The DECI-LON will not warp or stick. Preeision molding and
new four-bolt end plates inzure aceursey, rigidity and permanence of align-
inent, Thus DECI-LON, including itsunbreakable indieator, i= capable
of 4 lifetime of serviee and is guaranteed to give it

This manual is designed to enable any interested person to learn to use
the slide rule efficiently. The beginner should keep his slide rule before
him while reading the manual, should make all settings deseribed in the
illustrative examples, and should eompute answers for a large number of
the exercises. The principles mvolved are easily understood, bul practiec
iz required to build proficieney in using the slide rule easily and accurately,

Those who are already familiar with K&1i's Log Log Duplex DECITRIGR
slide rule enn quickly familiarize themselves with the new features of the
DECI-LON by reading only §§25, 26, 27, and 33, covering the Sgf and Sg2
geales, and Chapter VI, on the Lon scales,

vi




A unigue feature of thi=s manval is the “visual summary™ at the end of
ench chapter. The manual also contains special articles on solutions of
equations frequently encountered in electrical and electronic engineering
(§22); spherieal triangles (§§56-58), and financial calculations (§71).

Among teachers snd students of the slide rule, there has always existed
some difference of opinion on the desirability of incorporating slide rule
“theary'” into the instructions for using a slide rule,

For thoae who wish the operating rules without the theory, Chapters |
through Y1 of this manual give straightforward instructions on slide rule
soltings. For those who feel that rules ean ba better understood and re-
tained if accompanied by an explanation of the underlying prineiples,
Chapter VII explaing how and why a slide rule works, This chapter has
leen written especially for the slide rule user who is not & mathematician
or engineer, It starts with an elementary review of exponents and loga-
rithms, and proceeds logieally through the explanation of the Lon seales,
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CHAPTER 1
MULTIPLICATION AND DIVISION

1. Introduction. This chapter explains how to multiply and divide,
using the basic (' and D seales or the folded CF and DF scales. 1t also
eovers multiplication and division by 7, and combined operations
involving a series of multiplications and divisions. For an explanation
of the design of these scules, and the basic operating principles of the
slide rule, see Chapter VIL

2. Reading the scales.* Everyone has read a ruler in measuring
a length. The number of inches is shown by a number appearing
on the ruler, then small divisions are connted to get the number of
16ths of an inch in the fractional part of the inch, and finally in
elose messurement, a fraction of a 16th of an nch may be estimated.
We first read a primary length, then a secondary length, and finally
eslimate a tertinry length. Exactly the same method is used in
reading the slide rule, The divisions on the slide rule are not uniform
m length, but the same principle applies.

Figure 1 represents, in skeleton form, the fundamental seale of
the slide rule, pamely the [) scale. An examination of this actual

0 § : I VR O O

Fia. 1.

seale on the slide rule will show that it is divided into nine parts by
primary marks which are pumbered 1, 2, 3, ..., 9, L. The spoes
between any two primary marks is divided into ten parts by nine
secondary marks. These are not numbered on the actual seale exeept

*The desgription here given has reference to the 107 slide rule,  However nny-
ane having a rule of different lengbh will be ahle to understand his rule in the light
af the expianation given,




2 L. MULTIPLICATION AND DIVISION 52

between the primary marks numbered 1 and 2. Fig, 2 shows the
secondary marks lying between the primary marks of the D scals.
Each italicized number drawn on the seale in this illustration (they

o 4 1 1 LT H inilom iHHTWTﬂ_‘

Fig. 2.

do not appear on the actual seale) gives the reading to be associated
with its corresponding secondary mark. Thus, the first secondary
mark after 2 is numbered 21, the second 22, the third 23, ete.; the
first seeondary mark after 3 is numbered 31, the second 32, ete.
Between the primary marks numbered 1 and 2, the secondary marks
are numbered 1, 2, . . . , % Evidently the readings associated with
these marks are 11, 12, 13, . . ., 19. Finally between the secondary
marks, see Fig. 3, appear smaller or tertinry marks which aid in

] | b i i

Beala 0

Fig. 8.

obtaining the third digit of o reading. Thus between the secondary
marks numbered 22 and 23 there are four tertiary marks, 1f we think of
the end marks as representing 220 and 230, the four tertinry murks
divide the interval into five parts ench representing 2 units, Henee
with these marks we associste the numbers 222, 224, 226, and 228:
similarly the tertiary marks between the secondary marks pumbered
32 and 33 are read 3522, 324, 320, and 328, and the tertiary marks
between the primary marks numbered 3 and the first suceeeding
secondary mark are read 302, 304, 306, and 308. Between any pair
ol secondary marks to the right of the primary mark numbered 4,
there is only one tertisry mark. Hence, each smallest space repre-
sents five units. Thus the tertiary mark between the secondary
marks representing 41 and 42 is read 415, that between the secondary
marks representing 55 and 56 is read 555, and the first tertinry
mark to the right of the primary mark numbered 4 is read 405

The reading of any position between a pair of successive tertiary
marks must be based on an estimate, Thus a pesition half way
Letween the tertinry marks associated with 222 and 224 is read 223,
and a position twoe fifths of the way from the tertiary mark representing
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415 to the next mark is vead 417. The principle illustrated by these
readings applies in all cases.

Consider the process of finding on the D scale the position rep-
resenting 246, The first figure on the left, namely 2, tells us that
the position lies between the primary marks numbered 2 and 3.
This region is indicated by the brace in Fig. (2). The second
figure [rom Lhe left, namely 4, tells us that the position lies between

o 3

Fig. n.

L=ty
—t—in

the secondary marks associated with 24 and 25, This region is
indieated by the brace in Fig. (5). Now there are four marks between

=
e TR R RS SR RANRRRRFARARN I
SRR R HH

Fra, b,

the secondary marks associated with 24 and 25. With these are
psocinted the numbers 242, 244, 246, and 248 respectively., Thus

2a8
s Y

Fia. &

the position representing 246 is indicated by the arrow in Fig. (¢).
Fig. (abc) gives a condensed summary of the process.

245 LIES BETWEEN 240 AND 230

Fia. ahe,

R




4 I. MULTIPLICATION AND DIVISION E]

S It is important to note that the decimal
= point has no bearing upon the position asso-
= ciated with a number on the € and D seales.
P i Consequently, the arrow in Fig, (abe} may
= represent 246, 2.46, 0.000246, 24,600, or any
-

other number whose principal digits are
2, 4, 6. The placing of the decimal point
will be explained later n this chapter,

For a position between the primary marks
anumbered 1 and 2, four digits should be
read; the firslt Lhvee will be exact and the
lagt one estimated. No attempt should be
made to read more than three digits for
positions to the right of the primary mark
munbered 4.

White making a reading, the operator shouli
have definitely in mind the nwmber associated
with the smallesl space under consideration.
Thus between primary numbers | and 2,
the smallest division is associated with 10
in the fourth place; between 2 and 4, the
smallest division hus & value of 2 in the third
place; while to the right of 4, the smallest
P division has a value of 5 in the third place.

The vperator should read from Fig 4 the
numbers associated with the marks lettered
A, B, €, .. and compare his readings with
the following numbers: A 365, B 327, 263,
121750, £ 1347, F 305,G 207, H 1075, I 435,
w J 427,

3. Accuracy of the slide rule. From the dis-
cussion of §2 it appears that we read four
digits of a result on one part of the seale
and three figures on the remaining part.
Assuming that the error of s reading is
one lenth of the smallest interval following
the left-hand index of D, we conclude that
the error is roughly 1 in 1000 or one
Fic. 4, tenth of one per eent. The effect of the
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assimed ervor in judging a distance is inversely proportional o the
length of the rule. Hence we associate with a 10-inch slide rule an
error of one tenth of one per cent, with a 20-inch slide rule an error of
ong twentieth of one per cent or 1 part in 2000, and with the Thacher
Cylindrical slide rule an error of a hundredth of one per cent or one
part in 10,000, The accuracy obtainable with the 10-inch slide rule
ig sufficient for many practical purposes; in any case the slide rule
aarves as o check,

4. Definitions. The middle sliding part, of the slide rule (see Fig. 5)
is called the slide, the other part the body.,

LEFT IMDEX ﬁ MH}':L RIGHT INDEX
3 e sy L3 "_‘_EH oo
Y
o/ iy
a 1 L | 1
= e 7
SLIDE INDICATCR

Fig. 5

The transparent runner is referred fo as the indicator, and the
line on it is enlled the hairline,

The mark opposite the primary number 1 on the I and ¢ scale is
ealled the index of the scale. The € and I¥ seales have two indexos,
one ot the left end ealled the left index, the other at the right end
galled Lhe right index.

A numbwr on one seale is said te be oppesite a number on ancther
geale if the hairline ean cover both numbers ot the same time, Each
number is said to be opposite the other.

The slide rule is said to be cloged when the slide i= in such a position
that the leit index of the ' scale is opposite the left index of the
I seale,

Mathematieal caleulations are accomplished on the slide rule by
moving the hairline or the slide or both, A deseription of these
movements and of the resulting positions of the hairline and slide
will be referred to as the setting.

Many settings will be described throughout this manual, In these
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deseriptions two expressions, ‘‘push the hairline” and *‘draw the
number,” will appear frequently. These two phrases are virtually
idiomatie in alide rule language.

The meaning of the first phrase, “push the hairline,” is obvious.
The phrase, “draw the number,” is used to describe the operation
of moving the elide to bring & number on the slide into a new position
relative to the body. Therefore the word “draw,” when used in
these settings, should always be associated with movement of the slide.

Sueh words as “elose’ and “opposite” will be used repeatedly in
this manual. Moreovgr, the abbreviation € will be used for € scale,
D for D scale, ete.

5. Location of the decimal point. In performing slide rule opera-
tions such as multiplication and division, the sequence of digits in
the answer is obtained without regard to the position of the decimal
point. The loeation of the decimal point is determined by rounding
off the numbers and making a mental caleulation. Users of the
slide rule soon learn to use common sense for this part of the problem,

For example, if the slide rule is used to multiply 16.75 by 2.83,
the three digits of the answer produced by the rule will be 474. To
place the deeimal point it could be noted that the answer is approxi-
mately 16 X 3 = 48. Thus the answer is obviously 47.4.

6. Multiplication. The process of multiplication may be per-
formed by using seales C and I, The € scale is on the slide, but in
other respects it is like the ) seale and is read in the same manner.

To multiply 2 by 4 (Fig. 6),
to 2 on D et index of C,
push hairline to 4 on €,
at the hairling read 8 on D,

PP

=
E i L AR L -
13':’1 ] | R T

Fra, 6,
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To multiply 3 X 3 (Fig. 7),
to 3 on D set index of C,
push hairline to 3 on (7,
at the hairline read 9 on D,

.n., el | er—‘a

l [\-Eja:tl'lllllllfl\ Glr|'|'LLiL“‘|’ [||91 q{’_f

} I ~ 2
FiG. 7.

To multiply 1.5 % 3.5, disregard the decimal point and
to 15 on D set index of ',
push hairline to 35 on 7,
at the hairline read 525 on I

By inspeetion we know that the answer is approximately 5 and is

therefore 5.25,
To find the value of 16.75 * 283 (Fig. 8), disregard the decimal
point and
243
oo ife @
oL RS i | BT
| :“I&Itl'l'“lrﬁé § Ws & T B 91 i:
1675 474
Fii. 8.

to 16875 on D set index of (7,
push hairline to 283 on (),
at the hairline read 474 on D,

| To place the decimal point we approximate the answer by noting
that it is approximately 3 X 16 = 48. Hence the answer is 47.4.

To find the value of 0.001753 ¢ 1217,
to 1753 on D set left index of
push hairline to 1217 on €,
at the hairline read 2133 on D.
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To place the decimal point, approximate the answer by writing
02 X 10 = .02. Hence the answer is 0.02133,

These examples illustrate the use of the fallowing rule;

Rule. To find the product of two numbers, disregard the decimal
points, opposite either of the numbers on the D seale set the indes af
the C seale, push the hairline of the indicator fo the second numibir
on the € scaly, and read the answer under the hairline on the D gl
The decimal point is placed n accordance with the result of & meniol
approximation,

EXERCISES
Lo§ w2 6 1.756 % &5, 11, 1.047 % 3080,
2. 36 %2 7. 4.33 X 11.5. 12, 0.00205 X 408,
3. 5% B. 2.03 % 167.3. 13, (30425
4. 2 X 4.55 9. 1,536 % 206, 14, (1.736)",
5. 4.5 % L5, 10. 0.0756 X 1.093.

7. Either index may be used. It may happen that a product
eannot be read when the left index of the € seale is used in the rule
of §6. This will be due to the fact that the second number of the
produet is on the part of the slide projecting beyond the body, In
this case reset the slide using the right index of the O seale in place
of the left, or use the lollowing rule:

Rule. When a number is to be vead on the D scale opposile a nwm-
ber of the C seale and cannot be read, push the hairline to the indes
of the C scale inside the body and draw the other index of the € seale
under the hairline.  Then make the desired rending. This operation
8 called “interchanging the indexes”

This rule, slightly medified to apply to the scales being us=ed, is
generally applieable when an operation ealls for setting the hairline
to a position on the part of the slide extending beyond the body.

I, to find the product of 2 and 6, we set the left index of Lhe
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(! seale opposite 2 on the D scale, we cannot read the answer on
the D seale opposite 6 on the € scale, Henee, we set the right index
uf C opposite 2 on D; opposite 6 on € read the answer, 12, on 1.

Again, to find 0.0314 X 564,
to 314 on 17 set the right index of €,
push bairline to 564 on O,
at the hairline read 1771 on 1.

An approximation is obtained by finding 0.05 X 600 = 18. Henee
the produet is 17.71.

EXERCISES

Perform the indicated multiplications:

1. 8 X 4 9, 912 % 0.287.

2. 3.05 ® 51T, 10. 48.7 X 1.173.
3. 6.06 X 034, 11. (0.208 3 0544,
4. 743 » 0.0567, 12, 0.0456 > 4.40.
5. 000485 X 0.0267, 13. BE40 x 0.018973.
0. 1870 X 920, 4. (600

7. 1870 > 532 15, (83.0)%

8 423 X 31.7, 16. 498 3 66,

8. Division. The process of division is performed by using the
! and [} scales,
To divide 8 by 4 (Fig. 9),
push hairline to 8 on D,
draw 4 of (' under the hairline,
opposite index of € read 2 on I,

et NERINE

Fra, 9,
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To divide 876 by 20.4,
push hairline to 876 on D,
draw 204 of € under the hairline,
opposite index of €' read 429 on 1.

The mental caleulation 800 <+ 20 = 40 shows that the decimal point
must be placed after the 2. Henee the answer is 42,9,
These examples illustrate the use of the following rule:

Rule. To find the quotient of two numbers, disvegard the decimal
points, opposite the numerator on the D scale set the denominator on
the (' scale, opposite the indez of the C' seale read the quotient on the D
seale.  The position of the decimal poind ts determined from informa-
Hon gained by making o mentol calenliation

EXERCISES

Perform the indiculed operations;

S s 9. 304 4+ 272,

2. 3,70 + 00237, 10. 342 < BL.Y.

3, 0.685 + 593, 11, 5 %+ 565,

4 1020 < 8,70, 12, 0.0456 <= 0.0297,
50 000877 = 520, 13. 308 <+ D.643.

6. 28752 87.1 14 (LOGH2 -+ 1,083,
7. 871 == 0468, 15. 0378 -+ 0.0762,
B. [LOASH <= 0001462, 16. 10,06+ 30.3.

9. Simple applications, percentage, rates. Many problems in-
volving pereentage and rates are easily solved by means of the slide
rule,

Une per cent (19%) of a number N is N % 1/100; hence 5% of N is
N X 5/100, and, in general, p% of N is p N/100. Hence to find 839
of 1872

to 1872 on D set right index of (7,
push hairline to 83 on 7,
al the hpirline read 1554 on .
bl

(G % 2000 = 1600, the

Hinee (B3/100) X 1872 is approximately

answer is 1554,
To find the answer to the question “M s what per cent of ¥N?"" we
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must find 100 M + N. Thus, to find the answer to the question
“B7 18 what per cent of 184.77" we must divide 87 % 100 = 8700
by 184.7. Henee

push hairline to 87 on D,

draw 1847 of €' under the hairline,

opposite index of C' read 471 on D

The menial calenlation 500 — 45 shows that the decimal point should

be placed after the 7. Hence the snswer is 47.1%,.

For a body moving with a constant velocity, distance = rate times
time. Hence if we write d for distance, r for rate, and ¢ for time, we
have

i
s or { =

d=rl ar r =—, _nr

| r
~ To find the distance traveled by a car going 33.7 miles per hour
for 7.75 hours, write d = 33.7 % 7.75, and

to 337 on D set right index of €

push hairline to 775 on €,

at hairline read 261 on D,

Sinee the answer is nearly 8 X 30 = 240 miles, we have d = 261 miles,

To find the average rate at which a driver must travel to cover
287 miles in 8.75 hours, write r = 287 + 8.75, and
push hairline to 287 on D,
draw 875 of (' under the hairling,
opposite the index of ¢ read 328 on D,

Sinee the rate is near 280 < 10 = 28, we have r = 32.8 miles per hour

ti EXERCISES

1. Find (n) 86,8 per cent of 1826,
(b)) T5.2 per sent of 3.46,
(2] 18.3 por eent of 28,7
(i) 095 per cent of 483,

2, What per cent of
(a) 69 is 187
(b) 132 is 857
(e} BY.6is 10287
(ef) 1067 ia 287

.
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3. Find the distance covered by & body moving
() 28,7 miles per hour for 7.55 houes.
(L) 683 miles per hour for 1,773 hours,
{2} 128.7 miles por hour for 1865 hours,
4. At what rate must a body move to cover
() 100 vards in 10.85 seconds?
() 356 feet in 256.7 seconds?
fol 08,000, 00K miles in 8 minutes wrid ) seeonda?
5. Pind the time required to move
fa) 100 yards at 9.87 vards per second.
(I} 3800 miles at 128.7 miles per hour.
(e) 25,000 miles at 77.5 milea per hour,

10. Use of the scales DF and CF (folded scales). [he OF and the
£'F scales are the same as the 1 and the € seales respectively except
in the position of their indexes. The fundamental fact concerning the
folded scales may be stated as follows: f for any selitng of the slide, a
naunber M of the O scale ¢8 opposile o number N on the D seale, ihen the
number M af the CF scale is opposile the number N on the DF scale.
Thus, if the operator will draw 1 of the OF seale opposite 1.5 on the
L+ seale, he will find the following opposites on the OF and DF seales:

|
pF | L3 8. 1. B 75 | 5 |

f'ﬁ‘1.2'4‘a|aﬁ.ﬁf

and the same opposites will appear on the € and 12 seales,

The following statement relating to the folded scales is basie. The
process of setting the hairline to a number N on scale C' to find dls op-
posite M on scale D) may be replaced by setting the hairline (o N on scale
CF o find its opposite M on seale DF, The statement holds true if
letbers € and I are interchanged.

In seceordance with the principle stated above, if the operator
wishes to read o number on the D seale opposite a number N on the
£’ seale but eannot do so, he ean generally read the required number
on the DF seale opposite N on the CF seale. For example to find
2 X 6,

to 2 on 1) set left index of €,
puzh hairline to 6 on OF,
af the hairline read 12 on DF,
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- By using the CF and DF scales we saved the trouble of moving the
~elide as well as the attendant souree of error. This saving, entering
a5 it does in many ways, is the main reason for using the folded seales.

The folded scales may be used to perform multiplications and divi-
‘sions just as the € and D scales are used, Thus to ind 6.17 3 7.34,

' to 617 on DF set index of CF,
push hairline to 734 on CF,
at the hairline read 45.3 om DF: or
to 617 on DF set index of CF,
push hairline to 734 on €,
af the hairline read 45.3 on 1),
Again to find the quotient 7.68,/8.43,
pueh hairline to 768 on DF,
draw 843 of CF under the hairline,
opposite the index of OF read 0.911 on DF; or
push hairline to 768 an DF,
draw 843 of CF under the hairline,
opposite the index of ¢ read 0.911 on 1),

It now appears that we may perform a multiplication or o division
it seversl ways by using two or more of the scales ¢, D, CF, and DF,
The sentence written in italies near the beginning of the article sets
forth the guiding principle.

EXERCISES

Perform each of the aperations indicated in the following exercises, Wheneve
posibile without resetting, read the answer on D and also on DF;

L. 578 X 6,85, ¥. Bl x 1.961,

Z: T84 X 10685, B, 0.00755 - 0,338,
3. 0.0465 < T3.6. 9. 008+ 7.23
4. 0634 > 58,600, 10, 140.0-+ 623

5. 1769 < 406, 1. 2,718 + 65.7,

GO B4 <= 00677, 12, 1072+ 10.47.

11. Multiplication and division by 7 using scales CFand DF.* The
symbol 7 (pronounced pi) is used to designate the ratio of the eir-
eumflerence of a cirele fo its diameter. The value of 7 acourate to

four decimal places iz 31416,
"The £ nod 1D sealen on the reverss (red") face of the alids rule bave locating marks for conveni-
pipe i mulbiplying or dividing by «, 2=, or : Bee Appendiz A Tor an explnnntiog,
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By means of the CF and DF seales operating with seales ¢ and D,
multiplication and division by r is accomplished with only a single
setting of the hairline. This is made possible because the index of the
CF and DF scales is so placed in relation to the indexes of the € and
D scales respectively that:

arny number on DF 12 w times ils opposite on D
or

any number on D {a ,:_ fimea its opposile on DF,

The statement in italies applies to the € and CF scales also.

Thus to find the value of 5x,
push hairline to 5 on D,
under hairline read 15.7 on D,

To find the value of 4,
5

push hairline to 4 on DF,
under hairline read 1.273 on D.
Example. The cirenmference of & cirele measures 8,48 inches. Find
ita diameter,
Solution, The formula for the circumference () of a cirele in terms

of its diameter (d) is
C=xd or d= E

Therefore, d = 3_1‘:'8' To find d we make the following setting:

push hairline to 848 on DF,
under hairline read 2.70 on 1),

The position of the decimal point was determined by the approx-

imation 9 =3, Therefore the diameter d = 2.70 inches.

48

EXERCISES

Find the value of the following:

1. 6w, g, 784 8. 15/6w.

2, 8.4, g, 198

3. 78.3m, 6. 0.504. ®

&2 7. 00876, 10, 1714
L T

11. The diameter of a circle i3 2.84 inches. Find ita eiroumference,
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12, The circumference of & eircle iz 19.63 inches. Find its dizmetor,
- 13, A eylindrieal tube is 13 inches long and has an outside dismeter of 234

incher, Pind its outside surfaee area, The formula for the sutside surfuee arca i

8= 1 dh where & denotes the surface area, d the dinmeter and b the length,

12, Combined multiplication and divisien.
Example 1. Find the value of w .
Solution. Reason as follows: first divide 736 by 92 and then
multiply the result by 844, This would suggest that we
push hairline to 736 on I,
draw 92 of € under the hairline,
opposite 844 on €, read 0.675 on D,

18 » 45 X 37
D5 e 0
Solution. Reason as follows: (a) divide 18 by 23, () multiply the
result by 45, (¢) divide this second result by 29, () multiply this thind
resillt by 37. This argument suggests that we
push hairline to 18 on D,
draw 23 of C' under the hairline,
push hairline to 45 on €,
draw 29 of ' under the hairling,
push hairline to 37 on C,
at the hairline read 449 on D,

Example 2. Find the value of

: i : : ; 1
To determine the position of the decimal point write W

= about 50. Hence the answer is 44,9,

A little reflection on the procedure of Example 2 will enable the
operator to evaluate by the shortest method expressions similar to
the one just considered. He should observe that: the D) seale wns
used only twice, once at the beginning of the process and once al its
end; the process for each number of the denominator consisted in drawing
that number, located on the C seale, under the hairline; the process for
éach number of the numeralor consisted in pushing the hairline lo that
number Iocated on the C scale,

If at any tme the fndicator cannaot be placed because of the prajection
of the slide, interchange the indexes or carry on the operations using the
Jolded seales.
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EXERCISES
1 814 5 5.6 X 01842
B T :
2 374 X 596 7 6. TH.6 X 63.4 X 00
758 ' R T '
3 1462 X 850 7 412X 1837
R T T " THEE X 104
g M X 12 % %r g 1.B2 X 6.04 X 7.82 X 426
T T 778 % 00822 X 042,

9. Multiply 312 suceessively by 1.44, 262, 3.18, 4.6, 5.12, 6.72, 7.46, 812, 0,62,

Hint; draw the left index of © to 312 on I3, push heirline in suceession to the
given numbers on O or ©F and read the answers under the hairline on I or D

rospectively,

13. Visval summary.*

Tomultiplya by b: z = a X b

1. To ¢ on 1 eet either index of

s|| DF aby ’
] T 1
CF 1 b b §
2. athon O (CF} read ohon D GBE). C i *_1 L A
El
a o ;‘ﬂﬂ. al |

)

i
To divide o by h: » = 3
1. Toaon B OF) et bon O (O, |_.p =T oF a7 1\ - _L
: - e Y
2. at index of C read /b on D 7 |
LD e

* I these vieual simmncies, lower case letters from baginving of alphaber —a, b, ¢, sie —
reprpeemt lknown quantities; letters Irom end of alphahet = 2.y, & — represent unknown qiantities
to e found,  Copizal lettors — A, B, C, a1, — designate seales
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z o2 b
I or divide by =: 2 = ma; ¢ = —.
#anmm DF; .l DF BT b {
CF
. b - L fl yi >
boon DI md; an 3, i / a /b}‘# <

g

Ll |




CHAPTER 11

THE PROPORTION PRINCIPLE AND
RECIPROCAL SCALES

14. Introduction. This chapter introduces the important eoncept
of the proportional relationship between numbers on the C and D
seales, und shows how this relationship can be used for solving equa-
tions snd converting measurements into their equivalents in other
systems. 1t also introduces the reciprocal seales CI, DI, and CIF,
and shows how these seales facilitate various types of computations,
The operating principles of the reciprocal scales are explained in
Chapter V1L,

15. Ratios and proportions. The ratio of two numbers a and b is the
quotient of & divided by b or a /b, A statement of equality between
two ratios is ealled a proportion. Thus

2 6 T T i ¢

3 o 5 11" b d

are proportions. We shall at times refer to equations having such
furms us

2 ¢ 9 10 (/A Y
—me == A ==
3 & ¥ £ . i F

ng proportions.

An important setting like the one for multiplication, the one for -
sion, and any other ane that the operator will use frequently, should be
practiced wntil it 1a made withowt thought, But, in the process of devising
the hest seltings fo obtain a particular result, of making o setting waerd
infrequently, or of recalling o forgotlen setting, the application of pro-
partions as explained in the next article 1s very useful,

16. Use of proportions. [ the slide is drawn to any position, the
ratio of any number on the D seale to its opposite on the ' seale is,
in accordance with the setting for division, equal to the number on

18
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e D geale opposite the index on the 7 geale, In other words, when
¢ slide is set in any pﬂ&ﬁmﬂ the ratio of any number on the ;‘} seale
ﬂﬂt opposile on the O scale s the same as the ratio of any other number
on the D seale io tts opposite on the C scale, For example draw 1 of

15 25

i e

l c}rlrl’llllﬁ-ljlllll
LR g R

Fra. 10

3
¥

~opposite 2 on D (see Fig. 10) and find the opposites indieated in the
fallowing table:

crch | 1 15| 2 3 . | s

Dor DFY| 2 3 6 8 10

cand draw 2 of € over 1 on D and read the same opposites. The same
statement is true if in it we replace € seale by CF seale and D seale
by DF scale. Hence, 1f both numerator n and denominalor o of a ralio
iﬂ a given proportion are knoien, we can sel noof the O seale opposite d on
the D scale and then read, for an equal ratio having one part known, its
 unknown pari opposite the known pari, We eould also begin by setting

d on the € scale opposite n on the D seale, Tt is important to observe
that all the numerators of a series of equal ratios must appear on one
“geale and the denominators on the other. For example, lot it be required
to find the value of r satisfying

2, 9

o ¥
Here the known ratio is 9/7. Hence
push hairline to 7 on I,
draw 9 of ' under the hairline,
push hairline to 56 on 1,
at the hairline read 72 on € or
push hairline to 9 on D,
draw 7 of € under the hairline,
push haiine to 56 on €,
at the hairline read 72 on D.
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Figure 11 indieates the setting. The CF and DF scales eould have:
heen ueed to obtain exaetly the same settings and resulls.

56
E‘i‘o H w i )
WLQD_{__CJE g
e
Fra 11,

To find the values of 2, y, and 2 defined hy the equations
c 3.15 x 57.6 2

D' 520 435 oy 1834

note that € and [} indicate the respective seales for the numerators
and the denominators, observe that 3.15,/5.2% is the known ratio, and

push hairline to 528 on D,

draw 315 of € under the hairline,

opposite 435 on D, read = = 2.50 on (,

opposite 576 on C, read y = 96.7 on L,

apposite 1834 on D, read 2 = 109.2 on .

The positions of the decimal points were determined by noticing that
each denominator had to be somewhat less than twice its nssociated
numerator beeause 5.29 is somewhat less than twice 3.15.

When nn answer eannot be read, interchange the indexes. Thus to
find the values of x and » =satisiying
¢ - 14,56 = 5,78

D" 587 978 y
to 976 on D set 1456 of €3 then, since the answers cannot be mend,
interchange the indexes, push the hairline to the index on 7, draw
the right index of € under the hairline and

opposite 587 on D, read x = 87.6 on €,

opposite 578 on 0, read y = 38.7 on D,

Here the positions of the decinial points were determined by observing
that ench denominator had {e be about six times the associated

numerslor,
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n & result cannot be read on the €' seale nor on the D seale, it
sible to read it on the CF seale or on the DF seale. Thus,

and ¥ saatisfying the equations

ClrCF) 42 1 gy

D {or DF)’ x 42 1308

to 323 on I set left index of ©,

opposite 492 on CF, read z = 15.89 on DF,

opposite 1308 on DF, read y = 4.05 on CF,

difference of the first digits of the two numbers of the known
amall, use the € and I seales for the initial setting: if the
¢ i large, use the CF and DF scales. Sinece in the next
example, the difference between the first digits was great,
and DI seules should have been used for the initial setting.
uld have eliminated the necessity for shifting the slide,

EXERCISES

in each of the following equations, the values of the unknawns:
R BEl 9 @

g 15 x ¥
40 s ae TR U
1 170" ey B8 157
: E - ?j 10 - = _.E_._. E'_ZE - 2.01
4 z 02 00506 z 01084
& L 0.813 x 0,435
783" T 285 481 i
i R I P AR s
18D 25 0.785 0420 0780 00278
ﬁ: M 246 e ‘2_% 13 & 0743 00615
e oy 384 T 000560 1 T
A R - x ¥ .75
— E — e — I = ma . m ——
" B.53 T T 7 ST
i X UE g -1am
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17. Forming proportions from equations. BSince proportions are
algebraie equations, they may be rearranged in accordance with the
laws of algebra. For example, if g

e (1)
c
wee may write the proportion . a3
i P o (2)
1 c
or we may divide both sides by a to get
& ab I b
s L N s {3)
L Qe it &
or-we may multiply both sides by ¢/ to obtain
or cils ¢ ab
e e 4)
T T I T

Rule (A). A number may be divided by 1 to form a ratio. This was
done in obtaining proportion (2).

Rule (B). A faclor of the numerator of either ratio of a proportion
may be replaced by 1 and weilten as a factor of the denominator of the
other ratio, and o fuctor of the denominator of either ratio may be replaced
by | and writlen as a factor of the numerator of the other ratio. Thus
(3) could have been obtained from (1) by transferring a from the numer-
ator of the right hand ratio to the denominator of the left hand ratio.

; x 16 X 28
For example, to find = g write ¥ = ———— , apply Rule

(B o OB e i
obiain —: = —
% D 16 35’
push hairline to 35 on D,

draw 28 of (¢ under the hairline,
opposite 16 on D, read x = 12.8 on C.

and

Figure 12 indicates the sctting.

f.E.{E 28
F _
. ]l ] Ej.,‘tf{:,";‘f,f.f.".j.'T‘T'. u II?“1 : JT Tl ri T
ngi:. 2 : 1 & 6 1891
16 35
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To recall the rule for dividing & given number M by a sceond given

! M : R
number N, wiite & = N apply Rule (4) to obtain E,:: : = N
and push hairline to M on D,
draw N of € under the hairline,
apposite index of €, read x on D,
MN
Ta recall the rule for multiplication, set & = = apply Rule (B)
S b ; g N S
1o tain c . M i 1 1 Al

to N on D set index of €,
opposite M on €, read x on D,

g 14 : !
Toﬁnd:if—l - ——H"E'—,HHL'.' Rule (B) to get E £ g ;
x (7.48) (25.5) % b.b5
make the corresponding setting and read 2 = 0.221. The position of
the decimal point was determined by observing that  must be about

|
I of 8, or 0,2,

EXERCISES

Fund in each ease the value of the unknown quantity:

8 X 12 e
o Sy B 498 =
o 5
274 = 5. g, A e T R
28 5
3. 8y = 7A.6 X 9. 10. 0.A95 = U-H;!?g.
e e LI
¥ 35, =i iy
1475 % 8.76
o U , i
A260 12, 2580y = 17.9 ¥ GBT
0.797 X 5.9
S ST 13, b :
: 0.502 3.14y = 0.785 x 28.7
37 o
2= m, 14, 253700 _ 2o




24 Il. THE PROPORTIOMN PRINCIPLE §

1B. Equivalent expressions of guantity.* When the value of |
gquantity is known in terms of one unit, it is & simple matter
tind its value in terms of & second unit. Thus Lo fnd the number
of square feet in 3210 sq. in., sinee 1 square foot = 144 square inches,
wrile '

| no. of =q. it ¥

—— + henee
3210

144 no. of ., .
to 144 on D, =et index of €,
opposite 3210 on 1, read * = 22.3 on C}
that is, there are 22.3 sq. ft. in 3210 aq. in.

Again consider the problem of finding the number of nautical
miles in 28.5 ordinary miles. Since there are 5280 ft. in an ordinary.
mile and B080 ft. in & nautical mile, write

5280 [t in naut. mi. ‘-

6080 ft.inord mi, 285
make the corresponding setling and read 2 = 24.8 naut. mi.

EXERCISES

1. An inch is equivalent to 2,64 em. Find the respective length in em. of rods
i3 in, long, 98 in, long, and 336 in. long,  Note the proportion:
in. 1 66 8 _ 380

em, 254 i &
2. One yd. iz equivalent to 09144 meters.  ind the number of meters in &
distanee of (a} 300 wd. (8875 wd, () 2.78 yd.

5 2.
Hini: yd 1 300 875 78

‘mosle =® ¥ @
3 I 7.5 gal. water weighs 624 Ih,, find the weight of (a) 865 gal. waler,
() 247 gal. water, (e} 3.78 gal, water,
4, &1 aq. in. is approximately 200 s, cm. How many square centimeters in
(o) 36,5 2q. .t (B) 144 sq. inud (e} B5.8 aq. in?
5. If one horsepower s equivalent to 746 witts, how many wabls are equivi-
lenst to () 84,5 hoesepower? (63 5280 horsepower? (¢) 0,832 horsepower?

6. If one gallon is equivalent to 3790 ¢u. em., find the number of gallony of
witar in a bottle which containa (o) 4260 ew. em. (k) 968 cu. em. () 570 ew. cm,
of the liguid.

*A table of conversion fnctors mppewrs in Appendiz B,
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we intensity of pressure. due tooa eolumn of mercury 1 inch high (1 inch
) is 0.48 1b. per sq. in. If atmospherie pressure is 142 b, per sq, in.
by ie pressure in inches of mercury?  What is 4 pressure of 286
in, in inches of mercury?  What s o pressure of 128 inches of mereury
per sq, in.?
I Py represents: the pressore per souare umit on o given gquantity of »
EoE pnd Vi the sorresponding wolume, then for two states of the gas
e same temperature

] L'

) Pyl Vi

¢ volome of & gas at constant temperabiure and pressure 14.7 b, per so.
5 123 eu. in. (a) Find the respective pressures ab which the volumes of
gns are 300 oo, i, 250 e ing 750 eu, ine {(8) Find the respective vol-
of the gas under the pressures: 85 b, per so, o, 55 b, per sq. in,, 23 b,
sif. dmi., 10 Ihe per s ine

s

I l? The DI, Cl, and CIF (reciprocal) scales. The recinroeal of a
1
number is obtained by dividing 1 by the number.  Thaus, = i5 the

2{ 1 Ej'th i ok dl‘th
I g - e reciproenl of — s d
» 3 3 14 LT 2 LT A 1= the

~ The recipeoeal seales O and CIF, on the front face of the slide
rule, and DI, on the reverse face, are marked and numbered like
‘Ehe €, OF, and D seales mapeutwvly but in the reverse (or in-
verted) order; that is, the numbers represented by the marks on these
seales inerease from right to left. The red numbers associated with
the reciprocal scales enable the operator to recognize these seales,

Rule. When the hairline 6s sel to o nmber an the C seale, the reetprocal
(or inverse) of the niumber s af the hairline on the C1 seale; conversely,
twhen the hairline is sel lo o wumber on the C1 seale, its reciprocal is
al the hairline on the € scale.

The same relation exists between the D and DI seales and between
the CF and CIF seales.

To fix this relation in mind push the hairline in sueeession 1o the

0.5 0.25 0.2 0.125 01111
0 1 {(=1/2) | (=1/4) | (=1/86) | (=1/8) | (=1/9)

DIl 2 1 R 9
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numbers on DI in the second row of the diagram and read on D the
respective reciprocals written in the first row. Also uppnmta
numbers 1, 2, 4, 5, 8, and 9 on (1 read their respective reciprocals
on C, Agmu hud Lhe same opposites on CIF and CF,

By using the facts just mentioned, we ean multiply a num
or divide it by the reciprocal of another mumber. Thus to find

28 o 1
2 we may think of it as 28 X Eand

to 28 on 13 set index of O,
oppesite 7 on O, read 4 on D,

|
Again to find 12 X 3, we may think of it as 12 + Ennd

push hairline to 12 on D, 7
draw 3 of €T under the hairline,
opposite index of 7, read 36 on D,

When the €'} scale is used in multiplication and division, the position
of the decima! point is determined in the usual way.

The DF and CIF seales may be used to perform multiplications
tund divisions in the same manner as the £ and CI seales; thus to
multiply 40.3 by 1/9.04,

to 403 on DF set index of CF,
opposite 84 on CfF, read 4,46 on DF,

Again to multiply 40.3 by 1/0.207,
to 403 on IJ set left index of C,
opposite 207 on CIF, read 194.7 on DF,

It should be noted that when the hairline is set to any number
on n seale on one face of the slide rule, the rule may be turned over,
without ehanging the position of the indicator, to read the opposite
number on a seale on the other face of the slide rule. '

EXERCISES

L. Use the DT seale to find the reciprocals of 16, 260, 0,72, 0.065, 17.4, 18.5, 671,

2. Find 18.2 X 21.7 in the usual way and then read 1/{182 % 21.7) on Df
opposite: the first. answer on I, Similardy find the veloez of L/(287 » 623),
and 1/{0.324 x 0.407),
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ﬂl D geale and the OF seale, multiply 18 by 170 and divide 18 by 1/9.

the D seale and the €7 seale, multiply 2856 by | /0385 and divide
L3445, Also find 28.5/0.385 nnd 28.5 > (L3833 by using the ' scale and
the ) aeale and the CF seale, multiply 41.3 by 1,/0.207 and divide 413

farm the operations of Exercises 2, 3, und 4 by using the CIF soale and

the hairline to 862 on DF, and read at the hairline 8.62/m on D and
n DI, Mlso find the values of 1,23/, /1,28, 30.4/m, and =/30.4,

0. Proportions involving the reciprocal scales. The reciprocal scales
be used in connection with proportions containing reciprocals,
1

» any number ¢ = 1 + — and since — = — + 1, we have

3 i ft il
: (€).  The value of any ratio is not changed if any factor of its
e replaced by 1 and its veciprocal be writlen in the deromina-
any faclor of its denominator be replaced by 1 and ils reciprocal

i g !
 be wriiten in the numerator, Thus - = a ( ) = . Henece
b b b (1/a)
» ; % o b ¢ i b::
E = = be, write = = —— = —— =0,
A ¢, Woo ey = a7 (i if axr we
b ¢

write = = . A few examples will indicale
e T = W~ O ol
the method of applying these ideas in computations.

To find the value of y which satisfies %2? = 0.785 X 3.76, apply

_ foget —1 ——= :
Tule (€) to ge C' 497  (1/3.76)

Since, when 3.76 of C[ is under the hairline, 1/3.76 of € is also under
 the hairline,

push hairline to 785 on D,

draw 376 of CI under the hairline,

opposite 427 on CF, read y = 12.60 on DF,

- The position of the decimal point was determined by observing that
Y wasnearly 4 X 1 X 4 = 16.
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To find the value of ¥ which satisfies 1/(7.89y) = 0.381 /0.0645,

D 1 0.381
Rule () to abtain —: 0 - A
O TR0 00645

push hairline to 381 on D,
draw 645 of € under the hairline,
opposite 7.89 on C, read ¥ = 0.0215 on D/,

I'he pesition of the decimal point was obtained by observing that
0.381 iz about & X 0.06 and therefore that 1/y is about 6 X 8, or 48,
s0 i = 0,02 approximalely,
To find the values of z and y which satisfy 57.6¢ = 0.846y = 7,
use Rule (C) to obtain
D & u 7
_— = = -, and
cI (1/67.6) {(1/0.846) 1
to 7 on [ set index of C'F,
opposite 576G on C'f, read ¢ = 01215 on D,
opposite 846 on CIF, read y = 8.27 on DF,

The folded seales may also be used. Thus to solve the snme equation,
to 7 on DF set index of OfF,

opposite 576 on CIF, read & = 0.1215 on DF,
opposite 846 on CFF, read ¥ = 8.27 on DF.

and

EXERCISES

In sk of the following equations fimd the values of the unkoown nombera:

5.2 0342 W
33 =ddy = 4, = e = 0.734),
L 3dz = ddy T . 1os — (189) (0.734)
111 12,6
2. T6.0r = 344y = - ; E 680y = Gidy = —— = 02804,
e ]

3 17.6
TR e R {162} {1.756), 6. 342r = Lo - Lk = (278} (13,62},
4.5 ¥ %

21. Combined operations invelving the reciprocal scales. The
reciprocal seales may be used with seales €, D, OF and DF in com-
bined operations involving a series of multiplieations and divisions.
In this connection the application of Rule {C) §20 will be helpful.
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Example 1. Find the value of 1.843 > 92 » 2.45 > 0.584 X 365,
and of 1 divided by this product,

Solution. By using Rule () of §20, write the given expression in
the form
1.843 x 245 x 3656

(192 )(1/0.584)

and reason as follows: (a) divide 1.843 by (1/92), (b) multiply the
result by 2,45, (¢) divide this second result by (1/0,584), (d) muliiply
the third result by 365. This argument sugpgests that we

push hairline 1o 1843 on [,

draw 02 of 7 under the hairline,

push Lairline 1o 245 on €,

draw 584 of ' under the hairline,

push hairline to 365 on O

al the hairline read 886 on D, and 1129 en DI,

2 % 2 3 400

Ta roximate the firsl answer we write ———— = 80,000,
P 0.01 % 2 j

Henee the answers are 88,600 and 0.00001129,
Example 2. Find the value of
1/(3562 ¢ 621 X 0.0154 ¥ 0.00392),

Solution. This computation could be made by computing the
denominator by a =eries of multiplieations and then reading the re-
giprocal of the denominator en the 127 seale. However the use of
reciprocal seales in a combined operation is effective. Henee write the
given expression in the form

(1/352]) (1/0.0154)

621 > (L00302
push hairline to 352 on DI,
draw 621 of £ under the hairline,
push hairline to 154 on 'J,
draw 392 of ' under the hairline,
opposite index of C, rend 758 on 1),

4

To approximate the answer write 1,/(300 > 600 x 02 X 0M) =
1/14(nearly) = .07(nearly). Therefore the answer i= 0.0758.

The following rule summarizes the process:

=
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Rule. To compute a number defined by a serdes of mulliplications
and divisions;

{a) arrange the expression in fraciional form with one more faclor
in the niumerator than in the denominator (1 may be wsed if necessary),

(b) push the hairline fo the firsl number fn the numeralor on e
Dy or DT seale,

() using the ' or CI scale, take the other numbers allernately, drai-
ing each number of the denominator under the hairline, and pushing the
hairline to each number of the numerator,

(i) read the answer on the D seole,

{e) to gel an approgimation, compule the volwe of the expression
oblained by replacing each wuwmber of the piven expression by a convendent
approrimale number involving one, or al most two, stprifieant figures,

When necessary, interchange the indexes to make a setting possible,
Also, the folded seales may be used to avoid shifting the slide. At any
time the hairline may be pushed to a number on € or on CF; it is a
good plan in eombined-operation problems always to follow the
operation of pushing the hairline to 8 mark on ¢ or CF by drawing
a mark of the same seale under the hairline.®

When a problem involving combined operations contains = as a
factor, the statements dealing with « in §11 can be used in the
solution,

It is interesting to observe that, when an answer is read on D, its
reciprocal can be read at once opposite this answer on DI,

#n the eombined-pperation eomputation considered nbave, the seale of opersblion sy be
changed ot will from the C seale to the CF scale or viee vorm.  In genernl, however, | the answer
s rend on the O seale, the nomber mr times the hairfine has been pushed o & mark on OF must
T Lo sain e Kb namibser of times s mark on OF has been drown under the baistine. 1 the snawer
i road an GF, the proows of pusling the haidine to s oumber on CF must have been used exactly
ane mora timo than the process of drowing s mack of CF ander the bairline.

EXERCISES
L TXx8 1875 X 0.0642
e 76,400
1T % 12 %1 452>{!I2-1
AR LA 5l
T%8 330
3 8 x T_Pt._! é __'2113_
8 X% (L/5) Y aam o pORT
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: 235 i 3.97
" 386 % 354" " 51.2 % 0.025 % 3.4
B, 2.84 % 6.52 % 510, 6. 118 X 3.4

325 ¥ 164"

L 0.21 X 0.1785 > 0.0672.

10,977 % 4.82 X 830, 1g, 352 X 605 X 7.85 X 436
THE & KT = 870
63,7 % 0835 [
___3,53 T 18. 187 x 0.00236 x 0.0768 » 1047 ¥ 3.4
12 and 15 0917 ¥ 865 ¥ lll'?lj_){_ 3152
" 386 % 0.61 ; 740
13 —EHLI r 20, 52 _X Hﬁw.
261 32.1 Ja0
g, 755 X 63.4 X 95 5y 452 X 1124
; 3.14 ’ : Jabwr

In evaluating the exercises numbered 22-25, compute the denominations by
gtraight multiplication and read the reciprocals of the denominators on the DJ
aeale.

i 1
et 4, :
22 421 3 Ba2 ¢ 0.153 % 0.646 X 5.72 % 0.628
3. R ol 25, : e
827 X 6.28 ¥ 273" 3.14 ¥ 272 % 1414 X 1.572

26. Solve problems 22-25 by using the method of Example 2,

22. Reciprocal scales in elecirical engineering calculations. Many

formulas in electrical engineering take the form i that is, a

fimim
fraction with 1 as the numerator and the product of three numbers
in the denominator. For example, radio and television engineers
frequently need to caleulate the reactance of a capacitance to the
flow of alternating current, The formula is;
1
.28/
where f = [frequency and € = capacitance,

Reactanee =

1
Expressions of the form E_ can be evaluated by using scales
T

i, T and D to obtain the product { X m X n, but instead of reading
this produet under the hairline on 0, read its reciprocal under the
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hairline on DI, The procedure is lustrated in the following setting;
push hairline to { on D,
draw m of Cf under the hairline,
push hairline to n on O,

e : I
under hairline on 7 read -
lreen

Suppose, as is often the case, that one wishes to find the reactance
at. a given frequency of several capacitances conneeted in series,

The formula is then:
1 1 1
it e
6.28/C, 6.287Cy G.28fCn

This ean be written in the form:

Reactanes =

1 | 1 1
Reactance = —(— 7 s e b
G281 WO 'y C,,)

This expression can be evaluated quite simply on the slide rule
by first finding the reciprocal of €, the reciprocal of Cs, . . | the
reciprocal of Oy, snd adding these reciproeals to obtain the sum S,
Then divide 8 by 6.258f.

To find the value of the reciprocal of €,
push hairline to €, on D,
under hairline read on DI the reciprocal of €,

A similar setting is used fo find each of the remaining reciprocals.

5
To find the value of ——
x 6.28¢

push hairline to S on D,
draw 628 of (" under the hairling,
push hairline to f on €1,
under hairline read answer on 1,

Another useful example I8 computing the total reactance of a
cireuit conlaining induetanee L and eapacitance ¢ in series. The
equation is:

Reactance = 6.28fL —

62870
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The procedure ia:
push hairline to 6.28 on D,
draw f of € under the hairline,
push hairline to L on C,
under Lairline read, on D, G.28fL;
push hairling to €' on SBeale €,

1
under hairline read, on DI, ——— .
6.28fC

Subtract the second result from the firsi.

EXERCISES

ute the expression 1
¥ e
Imp

for the sets of values numbered 1-6:
Ll=7541, m=314 n=028  p=_0L065
2.1 =0750, m =601, n=~0154 p = 000632,
4 1 =0628 m=542 n=D00245 p= 00542,
4 Il =628 wm=H32 = (1,562, p o= 00000553,
5. 1 m 628 mo=600, n=0247, p=1500x 0%
6 1 =628 om =035 n=0152, p=2516X% 10"

afin the expression
] Bt | b 1
_ H,E+E+“"ﬂ)
 for the sets of volues numbered 7-12:

oo =250, m o= 401, n, =064, g =mp} e 108,
. H. ] =305 mo= 306 m = 000847, n; = 000207,
g =) = 0.00472,

9.1 =828 m =600, n = 0000340, g = 0000463,

(=) = 0.000645,
10 P =628, m o= 613, mo= 342 X 107%,  me = 271 X 1075,
h{ﬁﬁj - 062 X 107

I L= 628 m =624, n =301 100% ny=0562X10°
fa(=me) = 581 3 1074,
12w 628 mo= 403, mo=05321 X 10%  ny = 821 X107,
i (=m) = T.51 3 107"

: #Far on eaplanation of the powers-nf=tcn notatlon, sme Artbeke 67,
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23. Visuval summary.

Proporiion: s E-
b c i/ @
1 Tobon D (DF)set aon C(CF), [C o] 02 1 \i a"'f Ik
2. ut ¢ on D (DF) read 2 on € (CF), W E E' ZF Ih:

3. at d on O (CF) read yon D (D),

Be sure to keep all denominators on body and all pumerstors on elide.

i
Reciprocal: =z - -,

[ ]
1. At.umlf‘madlnn{.".f. @ g ,|'1'i
a T v
5
c: TR
1 2 /
2, at aon CF read —on CIF, i
o ©

1
3. at aon Drmd;mﬂf,




CHAPTER II1

SQUARES AND SQUARE ROOTS;
CUBES AMD CUBE ROOTS

4, Introduction. This chapter explains how to use the slide rule
‘ing problems involving squares, square roots, cubes nnd cube
. In this connection, the slide rule is used in two basic ways:
s a table to determine the values of such functions, and (2)
computer to perform caleulations involving them. The seales
considered are the sguore scales Sgl and Sg2, the square root
A and B, and the cube root scale K.

%.DEGI-LDN glide rule may be used with greater facility and
aey in certain problems by virtue of having the Sgf and Sq2
: in addition to the time-tested powerful A and B scales,

- Seales A and B are used for multiplieations, divisions, and eom-
bined operations involving primarily square roots. In addition,
however, many combined operations involving squares may be per-
formed by using scales A and B.

Seales Sgf and Sg2 are double unit length scales. They are espe-
piully adapted for obtaining the values of squares and square roots,
‘and are also useful in performing directly certain frequently used
ealeulstions involving squares, such as finding the arcas of circles,

A complete explanation of the prineiples of the square, square root,
ﬂlﬂ. cube root seales is given in Chapter V11, §§ 57 and 58.

25, Sq1 and 5q2 scales; squares. The square of a number is
the result of multiplying the number by itself. Thus 2! = 2 X2 = 4.
~ Seales Sq! and S¢2 together will be referred to as the square scales
(either one singly as u square scale).

The square scales (Sql, Sg2) are so constructed that:

Rule. Wien the hairline is set lo a number on seale Sqi or Sq2,
the square of the number is found under the hairline on scale I,

34
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To gain familiarity with the relations between these scales consider
the following examples:

To find 2, push hairline to 2 on Sq¢f,
under hairline read 4 on 12,

To find 4°, push hairline to 4 on Sg2,
under hairline read 16 on 1,

To find 2782, push hairline to 278 on Sy,
under hairline read 773 on D,

To determine the position of the decimal point, round off the given
number to 300 and note that (300} = 90,000, Henee the answer
is 77,300, In a great many eases the method of approximating the
answer as demenstrated above can be used to advantage. '

The following rules for determining the position of the decimal
point in squaring a number will be helpful. Rule 1 refers to numbers
greater than 1, Rule 2 to numbers less than 1,

Rule 1. Squaring a number greater than 1.  Lel n denote the nim-
ber of digits to the left of the decimal point.  If the mumber to be squared
oecurs on Sqi, the square of the number will contain (2n-1) digits o
the left of the decimal point. If the number occurs on Sq2, the squire
will contain 2n digits to the left of the decimal point,

In Rule 2, for numbers less than 1, the zeros between the decimal
point znd the first non-zero digit are called significant zeros,

Rule 2. Squaring a number less than 1. Lel m denote the number
of significant zeros,  If the nwmber o be sguared occurs on Sql, the
syuare of the number will contain (2m + 1) significant zeros. If the
number occurs on Sg2, the square will contain #m significant zeros.

These rules are visually summarized in Fig. 13.

Numbers greater than 1 Numbers less than 1
with n digita left of decimal point with e significant zeros
Sq1 a &
592 | b i g
o ot b c? a
I — 1) digits 2Zn digita (2m 4 1) em
left of decimal left of dercimal significant gignificant
point peint fOros o8

Fua 13
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1. Find (260)%

Push hairline to 26 on Sqf,

under bairline read 67,600 on £,

e that the given number veeurs on Sgi and contains three
o the left of the decimal point, Hence n = 3 and (2n-1) =

e the square must eontain five digits to the left of the decimal

g 2. Find (0.0610)*%

Push hairline to 61 on Sq2,

under hairline read 0.00372 an 1,

that the given number is less than 1, contains one signifieant
and oceurs on Sg?, Henee m = 1, @m = 2 and the square mus!
ain two significant zeros.

Area of a circle.* The area of a circle may be eonveniently
~when its radius is known by using the square seales in com-
| with the DF seale. The formula for the area A of a cirele
s of its rading r 18 A = 7r".  Beealling that each number on
8 7 times its opposite an D, to find the area of a eirele it 15 only
to

push hairline to radius on an Sg seale,

under hairline on DF read the area of the cirele,

Example. Find the aren of  cirele of 8.7 ft. radius.

~ Solwtion.  In accord with the above setting,
push hairline to 87 on Sg2,
under hairline read 238 an DF.
‘Therefore the area is 238 sq. ft.  The decimal point was placed in
aceord with Rule 1 above,
Engineers generally use the formula for the area A of a eircle in
terms of its dinmeter d, namely
M=
I 4
The following example covers this ease:

| ':m.mpie Find the area of a eirele having 3.61 in, diameter.

*h{fﬂdﬂ A foran m;\llmum il thn s ol tES ‘Jmtm’, mark i woquick method of fniding
rolés when dinmeter ia gven
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Solution. The formula for the area 4 of a circle, adapted to the

m(2.61)2
given data, vields 4 = e Henee

push hairline to 361 on Sg2,

traw 4 of € under hairling,
interchange the indexes,

opposite 7 on CF reqd 10.24 on DF,

EXERCISES

L. Use the slide rule to find the square of each of the following numbers:
26,32, B1, 75, 80, 733, 452, 2,08, 1.758, 0.334, 0.00356, (L0523, 5270, 4.73 = 100

2. Find the aren of o cirele having radivs (o) 346 1. (B} 00436 ft, (2} 17.580,
() BESO Tt

3. Find the area of o civele having diameter (a) 275 ft. () 66.815, (o) 0.753 f1,
() 1.B76 fe. -

27, Evalugtion of simple expressions involving squares. When
the hairline is set to a number on a square seale, its square is auto-
matically read under the hairline on the D seale. Consequently many
expressions involving squares ean be evaluated conveniently, Thus

(24.6)* X (0.785)

to find z = ————
4.39
push hairline to 246 on S¢f,
draw 439 of ¢’ under the hairing,
push hairline to 785 on CF,
under hairline read 108.0 on DF,
EXERCISES
| (238)t 10.7 2650 X 4.86
ST EY I | (1388
5.66 (7.48)° _ (260"
S e "DIT X 728"
3
s 076 Hint: st find 2—'1—;%"-’-1 and then find its reciprocal.
217 (2712

* In denling with combinationa of ve nutmbers or very small nombers it i advisabie ta
u-ml tha &nm;n-ur-mn'nln;mtim- in nlnﬂum decimal paint. * Article 67 indiontes the method
Lo B vsed,
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s A and B; square roots.* The square root of a given
number whose square is the given number. Thus the
4 is 2 and the square root of 9 is 3, or, using the symbol
s root, v = 2, and v = 3.

A and B will be referred o as the square root scales.

consists of two parts which differ only in slight details,
er to the left hand part as A left and to the right hand part
i . Similar reference will be made to the B scale, Seale 4
con the body, Scale B iz on the slide. In all other respects the
o seales are identical,

To jind the square rool of o number between | and 10 push

na Lo the nwmber on A left and read dfs sguare rool under the
on scale D, To find the square rool af @ nwmber between 10
100 push the hatrline to the number on A vight end read ils square
under the hairline on scale D. In either case place the decimal
in the square root after the first digil.

statement also applies if 4 and D are replaced by B and C
vely: ie., & square root may be determined by using the
i D seales on the body, or the B and € seales on the slide.

As an illustration of the above statement consider the following:

~ To find the square root of 9.00,
push hairline to 9 on A Teft,
under hairline read 3.00 on D,

‘To find the square root of 16.00,
push hairline to 16 on A right,
. under hairline read 4.00 on 1,

E fﬁumﬂlr A for the use of = and r:- miarks on A wnd B scales.
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When a number is outside the range from 1 to 100, its square ol
can still be found on the slide rule by using the following faet : moving
the decimal point two places in 4 number results in moving the decimsl
point one place in the square root of the number., Henee:

Rule. To obiain the square root of any number outside the
of 1 to 100, move the decimal point an even number of places to ol
a number between 1 and 100, find the square root of this latter nmber,
then move the decimal potnt in this square rool one half as many plase
as 1t was moved in the original number but in the opposite direclion,

Example 1. Find /730

Solution.  Move the decimal point two places to the left to ol
tain /432, and

push hairline to 432 on A left,

under hairline read 208 on D,

Therefore +/332 is 2.08. Finally, since the deeimal point was moved
two places to the left in the original number, move the decimal point
in this last result one place to the right to obtain the answer 20.8,

Example 2. Find /0432,

Sohution. Move the decimal point two places to the right to ob-
tain +/45.2, and '
push hairline to 432 on 4 right,

under hairline read 658 on D,

Therelore 332 = 6.58; finally move the decimal point in this last
result one place 1o the left to obtain the snswer 0.658.

EXERCISES

L Find the square root of each of the follswing numbers: 8, 12, 17, 58, 8.00,
800, [L89, T80, 00635, 0.0000635, 53,500, 100,000,

2. Find the length of the side of o square whose nrea is {2) 53,500 ft. %5 (h) 00770
ft3; (2) 327 ¥ 10h.

3. Find the dimmeter of a circle having aren (a) 256 ft.%; (4) 0.773 i £
(e} 1950 ft.2
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vined operations involving square roots. The principles
in 8812 und 21 may be applied to evaluate a fraction con-
i indicated square roots as well as numbers and reciprocals of
1§ the reader will recall that when the hairline is set to a
the CF scale it is automatically set to the reviproeal of the
the € seale and when set to & number on the B seale it is
y set to the square root of the number on the € seale, he
understand that the method used in this article is essentially
me as that used in §21. The principle of determining whether
or B right should be used is the same whether we are merely ex-
the square root of o number or whether the square root is
ed with other numbers.
9156 X V365

ple 1. Evaluate ——————,
804

. Llemembering that the hairline is automatieally set to
on the (" seale when it is sel to 36.5 on 5 right, use the rule of

push hairline to 915 on 0,

draw 804 of the 7 seale under the hairline,
push hairline to 365 on B right,

under hairline read 6.88 on £,

vE32Z X V385 X 1863

fample 2. Evaluate ———————— -
- (1/736) X 89,400

 Solution,  Before making the setting indieated in this solution,

read the italicized rule in §21.

Push hairline to 832 on A left,

draw 736 of T under the hairling,

push hairline to 365 on B left,

draw 88 of € under the hairline,

push hairline to 1863 on CF,

under hairline read 8450 on DF,

(30) {18) (2000) (700)
90,000 -

B e 5. Evaiusco 0.286 X 652 X V2350 X \fm‘

. 785 /1288

- Bolution. Write the expression in the form

“T'o get un spproximate value write
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0.286 X +2350 X +/5.53 x 1 -

(1/852 x 785 x /1288

Push hairline to 286 on D,

draw 652 of C'] under the hairline,
push hairline to 235 on B right,
draw 785 of € under the hairline,
push hairline to 553 on 8 left,
draw 1288 of B righi under hairline,
opposite the index of €, read 0.755 on D.
(7{}1}} (0] {2]'

As an approximate value use = 0.9,
800(30)
EXERCISES
1. 42.2+/0.328, g THT X VAT
2. 1.83vVO061T, : 238
3. vIER =+ 0213, e
525 e B85 % VT xw
FRLT 2 T . e
4. VaAlLT £ “]J. 775 3¢ (LGRS
8. 0768 -+ D029,
T - -!i:r o 1 1 ¥ ATTE
6. - e ! e ——
534 X VT2 e
i 645 o 189.7 VL D02 D06 X VEET % 0274
5.94 V135 ' VRS % 165 X 1 i

B 143 % 47.5v0.344,
9. 20.6 % VT.80 % 571
792 VTR 289 ¥ VIOETT X 374 % 045 M ¢

m —— 16, -
0,671 B4.3 x 0360 x /Z800

15. V285 ¥ 067 X VEGS X TR4 % i)

30. K scale; cube roots. The cube of a number is the result of
using the number three times as a factor. Thus the cube of 8 (writ-
ten 3% 83 X 8 X 3 = 27.

The cube root of a given number is a number whose cube is the
viven number, Thus the cube root clf 27 (written +/27) is 3, since
3 = 27, The 54 iz 4 since 4% =
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~seale is on the body. It is divided into three equal and
stions. We shall refer to the left hand seetion, the middle
d the right hand section as K loft, K mididle and K right

sale 15 80 construeted that when the hairline is set to a
the K seale the cube root of the pumber is on the D scale

i ¥ [u ’

To find the eube root of ¢ number between 1 and 10, set the
3 the nember on K left and read its cube root al the hr:rt.rfmc omn
find the cube root of @ number between 10 and 100, sel the hairline
,mbm' on K middle and read its cube rool af the hairline on D.
root of a number bebween 100 and 1000 is found on the D scale

_#:@ number on K right.

each of these three eases the decitnal point is placed after the

T
an illustration of the above statement consider the following:

“To find the eube root of 27,
N push hairline to 27 on K maddle,
under hairline read 3 on D.

To find the cube root of 343,
push hairline to 343 on K right,
under hairline read 7 on 1.

When & number is outside the range from 1 to 1000, its cube roof
e found on the slide rule by making use of the [ollowing fact:

¢ the decimal point three places in & number results in moving
decimal point one place in the cube root of the number. Hence:

T obtain the cube roof of @ number oulside the range from

o 1000, mave the decimal poini three places af a time until a number

sen 1 and 1000 is obtained. Find the cube root of this latler number,

miove the decimal point in the cube root one third as many places
was moved in the original number but tn the opposite direction.

Example 1. Find V23,400,000,

Solution. Move the decimal point 6 places to the left, thus ob-
taining 23.4. Since this is hetween 1 and 1000,
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push hairline to 23.4 on K muddle, oy
under hairline read on D, 2.86 = /23,4,
move the decimal point %3 (6) = 2 places to
the right to obtain the answer, 286,

The decimal point could have been placed by observing
V27,000,000 = 300,

Example 2. Find /0000585,

Solution.  Mave the decimal point 6 places to the right to o
VAR5, a number between 1 and 1000, and
push Liaivline to 585 an K right,
under huirline read on D, 836 = /585,
move the decimal point Vg (6) = 2 places to
left to ohtain the answer, 0.0836.

EXERCISES

Find the cube root of each of the following numbers: 872, 30, 729, RED, Thal,
000763, 0.0763, 0.763, 89,600, 0.626, 75 x 107, 10, 100, 100,000,

31. Cubes, using K scale. By mtemhangmg the roles of the K and I}
seales in the operations performed in the preceding article for find ing
eube roots, we may find the cubes of numbers using seales K and ),
In this conneetion the following rule may be found helpful,

Rule. o jind the cube of @ number, set the hairline to the number on
the D scale, and read ity cube on the K scale at the hairline.

To convinee himself of this, the reader should set the hairline t.:}%
on D and read 22 = 8 at the hairline on K set the hairline to 3 on D
and read 4* = 27 at the hairline on K, ete. To find 21. 7%, set the
hairline to 217 on D and rend 102 on K. Sinee 200 = B000, th:c.
answer is near 8000. Henee we write 10,200 as the answer, To uht.a,m
this answer otherwise, write

21.7 x 21.7
(1/21.7)

and use the general method of combined operations. This latter
method is more aceurate as it is earried out on the full length seales.

2T =

= 10,220
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— EXERCISES

ch of the following numbers by using the K seale and also by using
tombined operntions: 2.1, 3.2, 62, 75, 89, 733, 0.452, 3.08, 1.753,

D43, 5270, .86 w0 104,

many gallons will a eubical tank hold that messures 26 inches in depth?

231 en. in.)

Additional use of the square root scales A and B. Squaring
er is the inverse operation to extraeting its square root. 1t is
prising therefore to find that squares can be obtained using the
root seales A and B, In this connection the [ollowing rule will
d useful,

To find the squore of a number using sceles A and D, set the
o the number on seale D, and wunder the hairline read on scale A
ire of the number. Similarly, to find the square of @ number using
B and C, set the hairline to the number on scale € and under the
yead on scale B the square of the nuwmber,

i familiarity with this use of scales 4 and B muke the follow-

[ '_:'.'

find 3%,
push hairline to 3 on D,
under hairline read 9 on A,
To find 42,
! push hairline to 4 on I3,

under hairline read 16 on A, or

push hairline to 4 on €,
under hairline read 16 on B,

Moreover, since seales A and B are identical seales, with seale A
¢ on the body and seale 2 being on the slide, they ean be used to
iply and divide numbers, just a5 senles € and D are used. Squares
mbers may be multiplied and divided using scales 4 and B in
ombined operations by noting that when an operation of multiplica-
nand division of numbers is being performed on seales D and C, the
multiplication and division of their squares is automatically
g performed on seules A and B
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(3.7)* (8.51) (9.61)
(7.32)* 328

Solution. Divide 3.7 by 7.32 using scales €' and D. By doing this
(3.7)% divided by (7.32)* was automatically obtained on seales 4 g
B. From then on continue the multiplication and division using seales
A and B as fundamental seales, The setting is as follows:

Example. Evaluate z =

push hairline to 37 on D,

draw 732 of C to the hairline,
push hairline to 851 on B left,
draw 328 of B right to the hairline,
push hairline to 961 on B left,
under hairline read 0.637 on A.

The position of the decimal point was determined from the
proximation :
4’){9}(9_16}{9)(9

= - =-Approx., —.
T8 % 30 48 > 30 R 10
EXERCISES
| (288 X 19.7 4 256 % 4.86
: 1814 ° (1.365)1 °
5, 506 X (7.48)° g, 208 X(7.80) X (6.70)"
: 70 3 : [46T) » 281
ot Hint: divide 6.76 hy 2.17 using scales A and B and divids
3. 2AT (20 the result by (2,7)* using sexle OF,

33. Further use of the square scales Sql and 5¢2.  Square roots of
numbers can be obtained by using the square scales Syl and Sg2 ir
an inverse operation.

For cases in which it is required to find the values of square roots
independent of combined operations, seales Sqf and S¢2 can be used
to some advantage as a table of square roots, since the unit of measure
of these scales is four times that of seales A and B,

The rule for finding square roots by means of the srpuare seales
Sql and Sg? is here set forth:
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To find the square root of a number by means of the square
and Sq2.

For a number between 1 and 10,

push hairling fo the number on scale D,
wnder hairline read the square rool on Sql.
For a number between 10 and 100,

psh hatrline o the number on scale D,
under hairline read the square root on Sg2,
For example, to find 1/G,
' push hairline to 9 on D,
under hairline read 3 on Sqf.
find /25,
push hairline to 26 on D,
under hairline read 5 on Sg2,

find the puare root of any number outside the 1-to-100 range,
{he decimal point as explained in §28.

ollowing is a useful rule for determining whether to use seale
&2 when finding the square root of any number:

« To find the square voot of a number greafer than I wse Sql
containg an odd number of digits to the left of the decimal poind;
¢ use Sgl.

@ number less than | use Sgi if the number of zeros immediately
g the decimal poini iz odd; otherwise use Sg2.

Tind the square root of 24,300,

24,300 has 5 digits to the left of the decimal point.
it& square root must be read on secale Sgi. Accordingly,
' push hairline to 243 on D,

under hairline read 156.0 on Sgl.
s position of the decimal point was determined by methods ex-

EXERCISES

1. Find the square root of each of the following numbers: 64, 160, 81, 67.3,
4760, 476, 0.0721, 0.00764,
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2. Find the radivs of a circle having srea (o) 42 80, ft. (§) 167 sq. Ft. (c) 83
aq. ft. (d) 192 sq. {t. (e) 456 s, ft

34. Combined operations. By selting the hairline to numbers on
various seales we may set square roots, cube roots, and reciprocals of
numbers on the 1 scale or on the € seale, Henee we can use the slide
rule to evaluate expressions invelving such guantities, and we ean
sulve proportions involving them. The position of the decimal point is
determined by an approximate caleulation. When no confusion re-
sults, the student should always think of s combined operations
problem as & series of multiplieations and divisions, reserving the
proportion prineiple for use in cases of doubl. The first two examples
below are solved by the proportion principle, whereas lixample 3 is
considered as a series of multiplications and divisions.

Vi85

Example 1. Find the value of TR

Solufion, We may think of this as a division or as the proportion

r Vig5
— = ——— and then
1 236

push hairline to 3856 on K right,
draw 236 of € under the hairling,
opposite index of O, read 3.08 on D,

5.87 V0.0535
525

Solution. Fquating the given expression to x and applying Rule

(B) §17 we write
T V0.0835
5,37 525 "
This proportion suggests the following seiting:
push hairline to 835 on K middle,
draw 525 of B right under the hairline,
push hairline to 537 on (),
under hairline read 0.324 on [,
(1.736) (6.45) VE500 V581

vIi8

Example 2. Find the value of

Example 3. Evaluate
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t, By using Rule (C) of §20, write the given expression in

V581 (6.45) +/F500
(1/1.736) vZ7R

Push hairline to 581 on K right,

draw 1736 of O under the hairline,
pueh hairline to 645 on C,

draw 278 of B righl under the hairiine,
push hairline to 8590 on B right,
under hairline read 1643 on D,

EXERCISES

V5T (0.0585)r
T AR
857 X vhag < 4250
0.0846 vioo7sa
~0.00E35 V378
COTST vigEm
D.0872 X 368 X g
0348 "
18. 76.2 V56,1 VETT (1/3.78).
0.0276 58 300 X 7463 X 0,476

17.

1

68.7 VAT60 /00817 % 8933
17.6 % 277 :

VL0645 A 1834 X 516

z —— e e a
* vEGE X V1358, BO.G X 48 X FE0
X VERIG X T00TI, 22 VTV AP — (348307

20,

3

 The maximum time K in hours that an airplane will remain aloft may be
mated by

_TH0 NviE /D) 1

1
2 ¥, (»ﬁﬁ i EJ'
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where the letters represent certain gquandities (or an airplane. Compute B
w o= 215, Ve = 190, N = (L85, C = 0465, L/ = 200, wy = 19100, w0
OO, =8
Hint:

push hairline to 750 on D,

draw 190 of €' under the hairline,

push hairline to 215 on B lefi,

draw 465 of ' under the hairline,

push hairline to 0.85 on CF,

draw 20 of CIF under the hairline,

push hairline to 1 on C,

draw 101 of B lgft under the hairline,

opposite index of ), read on D 153.1 = Fy,

draw 24 of B left under the hairline,

opposite index of €, read on D 136.6 = Fy
and subtraet Fy from #, to get 16.5 hours.

35. Visuval summary.

%
5 o] % 52 T
Sguare of a namber: ¥ = al, Fi
L. Atoon Sgl or Sgl read of on L o L:. o L.
H g
B P
2. ataon D{("read a?on A (B} c e i
s o BN
&
Sguare rool of 6 wumber; ¢ = +/a. o o] 54 sq2 ""Fff
1, At won £ vead i an gl or Sgg; o~
. o 6

2. ataon A (B} read vZon (1)

L=l Raalh-3
o
L
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T
e: 2 = wrt=—d?, Q'
' 1 @ o]l % i (
(842) read @t on DF, i (
: {

13 set slide index, = "’“?/ (
afl &
Bread = d* on A, ﬂ : i § E
4 | G{;& )
root of @ number: o _5
= AL,
D) rend 0% on K, q: jD{ /&' X e
o K read 4/ on D ED/ @/

and square roots in com- i M ¢
dion ﬁk P
at Vi 2 ‘I\ 2

'_\J"E ‘J}I :l"! (7

13 ¥
ﬁﬂ-mﬁﬂ (842} set ¢ on B, :l I/ l"llf (
B 2 B | ¢
uh hailine to b on B, oS I — 7
3, draw d of B under hairline, ¥ I— 1
; ; {
T __-- L elice index read = on D, ﬂ E y '_--:l'_lll]
oof—§ yARRY,'S)




CHAPTER IV
TRIGONOMETRIC SCALES

36. Intreduetion. Three scales on the DECI-LON slide r j
S, SKT, and 7' seales —are used in dealing with trigonometric fung
tions sich as sines, cosines, and tangents. These seales can be used.
finding the tabular values of such functions, or for performing ealo
lations in which they appesar.

The trigonometric functions are capable of deseribing phenomeg
of a periodie nature, such as the to-and-fro motion of a peniculum
the undulating motion of waves. Consequently, they play a0 i
portant part in the theories of licht and sound, in electricity, in
analysis, and in all investigations of vibratory and oscillatory
nomena,

This chapter explains how to use the slide rule for determining the
tabular values of trigonometrie functions, and how to perform com:
putations using these functions purely as numbers, as in equatio
of oscillatory phenomena. The next chapter tells how to use the
trigonometric seales in the solution of triangles.

An explanation of the mathematical principles underlying the
design of the trigonometrie seales appears in Chapter VII, §89.

37. Some important formulas from plane trigonometry. The
following formulas from plane trigonometry, given for the con
venience of the student, will be employed in the slide rule solution of
trigonometrie problems eongidered in thiz and
the following chapter.

In the right triangle ABC of Fig. 14, the r
side opposite the angle A is designated by a, - K
the side opposite B by b, and the hypotenuse %
by ¢. Referring to this figure, we write the # b ¢
following definitions and relations: Fic. 14,

Definitions af the stne, cosineg, and langend ;

i opposite side
gine 4 (writtensin 4) = - = —,
B hypotenuse
52
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b adjacent side
i et te A= — 2
eozine A {(written eos 4) = et (2}
. . ¢ opposite side
Imgm 1t tsn d) =—-— = —M8 —, a
- Lk (mmitsen ) b adjacent side @)
al relalions :
1
cosecant A (written ese 4) = £ —_— i4)
a¢ #in A
c 1
secant A (written see 4) = - = ——, (5)
b cos A
) b 1
eotangent A (written cot A) = — = e (6)
a
ey between complementary angles:
gin A = cos (90° — A), (7)
cos A = gin (90° — A), (8)
tan 4 = cobt (90° — A4}, {9
eot A = tan (00° — A). (10]
ioma belween supplementary angles:
gin (180° — A) = sin A, (11)
cos (1807 — A) = — cos 4, (12)
tan (180° — A) = — tan A. (13)
8 hetween angles in a right triangle
A+ B =005 (14)

The 5 (Sine) and SRT (Sine, Radian, Tangent) scales. The
Hons on the sine seales 8 and SRT represent angles.  Accord-
or convenience, we shall speak of pushing the hoirline fo an
drauing an m:pie under the hairline.

& seale serves a double funetion, When read from left to
using the black numbers, it covers the angles from 5.5% to 90°,
it used for finding sines, When read from right to left, using
b red numbers, it covers the angles from 0° to 84.5° and is used
' hnding cosines, The sine scale 18 the predominant seale, [n
follows, any reference to an angle on a trigonometric scale will
be the angle in black unless otherwise indieated.

 The SRT scale covers the angles from 0.55° to 6°, and is used for
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finding sines, radian equivalents, and tangents of these small angles.
This artiele deals primarily with sines; the use of the SRT seale for
radians and tangents is covercd in §40 and §41.

Note that the S and SRET secales are essentially one continuous
seale (with a slight overlap), read against two continuous eveles of
the €' seale. Fig. 15 represents this relationship.

SRT Scale 5 Scale
¥ f 7 W oy wy
ol T I A ol i s A 0 B 4
C Scohe C Scale
Fia. 15,

In order to set the hairline to an angle on the & seale, it is neces-
gary to determine the values of the angles represented by the sub-
divisions. Since there are ten primary intervals between 8° and 9°
ench represents 0.1°; since each of the primary intervals is subdivided
into two secondary intervals each of the latter represents 0.05°,
Again since there are five primary intervals between 20° and 25°,
each represents 1°; since each primary interval here is subdivided
into five secondary intervals each of the latter represents 0.2°, The
last mark at the right end represents 80°, the next mark to the left
857 and the third 80°,

Rule.* When the hairline is sel lo an angle on the 8 or the SET seale,
the sine of the angle 1s on scale ' at the hairline, and hence on seale D
when the rule is closed.  Also when the hairline iz set to an angle on the
cosine seale (8 red) the costne of the angle s on scale C af the hairline.

Fach small inscription at the right end of a scale is called the
legend of the scale. A legend of a =eale specifies a range of values
associnted with the function represented by the seale. Thus the
legend 0.1 to 1.0 of scale S specifies that the sines of the angles on S and
the cosines of angles on 8 red range from 0.1 to 1, and the legend 0.01
to 0.1 of the SRT secale indicates that sines (or radian equivalents and
tangents) of angles one SRT range from 0.0f to 0.1,

On the DECI-LON slide rule, the S, SRT, and T scales are extended
slightly beyond the left hand index of the slide, primarily for conveni-
ence in reading angles near this end of the seale. The positions of
the trigonometric scales opposite the left and right indexes of the

¥ Bee Appendix A for explutstion of the * end * marks for fnding sines of sngles exprossed in
minutes or seconde
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will be referred to as the left and right indexes of these scales.
referring to angles on each of these scales, we will mean the
between the indexes.
ple. Evaluate (a) sin 36.4°, (b) sin 3.40°
ont. () Opposite 36.4° on S,
_ read 593 on O {or 1 when rule is elosed),
locate the decimal point, we note that the legend on the 8
indieates that resulting values must lie between 0.1 and 1.0
s the answer is 0.593.

ion. () Opposite 3.40% on SET,
read 583 on C.

,‘Eﬁ locate the decimal point, we observe that the legend on the
SRT scale establishes values ns lying between 0.01 and 0.1. There-
e the final answer is 0.0503.

.98 13" Bare T
i biiciol ! 3 4
L I [ .4'|L A i Eo.e" EE Ig Ll
| e g
TR TSI
i § o8 2 3§ 3 o4 g3
Fra, 10,

Fig. 16 shows scales SRT, S, and D on which certain angles and
gines are indicated,  As an exercise elose your slide rule and read
gines of the angles shown in the figure and compare your results
those given. Note that the values of sines appearing in Fig. 16
aform with the corresponding legends.

. M angle on S red is 90° minus the corresponding angle on S
k. Also, equations (7) and (8) §37 are
gin A = cos (90° — A), cos A = sin (30° — A).
‘Hence, when the hairline is set to an angle A on §, it is set to sin A
pnd to coz (90° — A) on scale €. For example
set the hairline to 25% on 8,
- at the hairline read on (' 0.423 = sin 25° = cos 65°

o find the cosine of an angle greater than 84.6°, use cos A = sin
—~ A). Thus to find cosine 86.9°, wrile cosine 86.9° = sin 3.1°
opposite 8.1° on SRT read on € 0.0541 = sin 3.1° = cos 80.9°,
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The following 1s a tabular summary of the rules for finding the
values of sines and cosines:

SINES
Angles from 0,573° to 5.73% Use SET eeale; values will le between 0.01
and 0,10,
Angles from 5.73% to 80°: Ube S seale, black numbers, reading loft to right;
vadues will fie between 0.1 and 1.0,
COSINES
Angles from 0° to 84,257 Use S scale, red numbers, reading right Lo left;

values will lie between 0.1 and 1.0,

Angles from 84.25" to 80.427%  Use SET scals to find the sine of 00° minus tha
augle; values will lie between 001 and 010,

EXERCISES

L, By examingticn of the slide rale verify that on the & scale from the left
index ta 10° the smallest aubdivision represents .06 from 107 o 207 it rep-
redents (L1° from 20° to 30° it represents 0.2% from 30° to B0° it repredents
G.6% from B0° to 807 it represents 1% and [rom 80° to 00° it represents 5%

2. Find the sine of each of the following angloes:

[a) 307 (by 38" () 3.83°, () B0°, (&) 88",

() 1.583°, () 14687 (k) 224° (5} 1L80°  (f) BLBS

3. Find the cosing of each of the angles in Exercise 2,

4. Find xm each equstion:

(o) #in e = 05, (d) sin ' = 0.1, {p) sin z = 0,062,

(b) gin x = {.875, (e} =in & = 015 () sin @ = 0.081,

(¢) sin & = (.375, {f) sin z = 0.62. (i) sin x = 0,92,
5. Find rin each equation:

() cos ® = (L5 (d) cosx = 0.1, {g) cos z = 0,062,

(h) eosz = (L875; (el cosax = 0015, (k) cosz = (L031.

(¢) eosx = (.875, (f} cos .z = (G2 (1) cosz = (.02

39. Simple operations involving the 5 and SRT scales. If ihe
reader will reflect that when the huirline is set to an angle 4 on seale
S, il i= also set to sin A on €, he can easily see that sines and eosines
of angles ean be used in combined operations and proportions by
means of the & and SKET scales just as square roots and reciproonls
were used in Chapter 111 by meuns of the B seale and the C'F scale.
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8 sin 40°,

~opposite 8 on D set index of C,

opposite 40° on S read 5.14 on D.

nl point was placed after observing on the slide rule
is approximately 0.6 and therefore that 8 sin 40° is
y 8 X 0.6 = 48, The legend of the § scale 0.1 to 1.0
the approximate value of sin 40° is 0.6, a value between

ﬁ_’;"uua 40°,

opposite 8 on D set 40° of S red,
X opposite index of slide read 10.44 on D.

the decimal point was placed after observing on the slide
eos 40° i nearly 0.8 and therefore that 8/cos 407 iz nearly
8/0.8 = 10. Here again the legend 0.1 to 1.0 of 5 indicates
40° is between 0.1 and 1.0.
following examples illustrate the use of proportions involving
tric funetions:

H

nole 1, Find 4 if 806" _sind
270 220
a4 :
5&“[‘ m * 'G
ki A T T T
270 320
Fia. 17.

{spe Fig. 17). Here both parts in the first ratio are known.

& sin 36°  sin A
D 20 320 '

opposite 270 on I set 36° of 8,

push hairline to 320 on I3,

and

at hairline read 44.2° on 5. -
L O x .{
ramnle 2. it 1 = = - =
= gin 82° smin A - 08 80°
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Solution, Write
b 250 330 I

8 &in32 sind  cos80°
opposite 250 on I set 32° of 3,
push hairline to 330 on 0,
at hairline read 44.40° on S,
interchange indexes of slide,
push hairline to 80° on S red,
at hairline read 81.9 on D,

Here the decimal point was loeated by noting that sin 32° = 0.5 ape
prox. and cos 80° = 0.17 approx. Hence
- 250 ¥ 017 approx.

z = B0 approx,
0.5 approx.
3
Example 3. Iind # if sin @ = —.
i

Solution. Write the given equation in the form
S sin@ 1 (= &in90%,
D8 5 L
set right index of slide opposite 5 on D,
opposite 3 on 1) read 36.9° on S,

2
Example 4. Find #if cosa f = =

Solution,  Write the given equation in the form
S eosf 1 (= sin0%)
Rl S E T
set right index of slide opposite 3 on D,
opposite 2 on D read 48.2° on § red,

EXERCISES

1. In each of the (ollowing proportions find the unknowns:

sin 30.4*  a§in 42.2°  sin @ sin 26° _ sin 40" sin 70"
e T SR e
(b} alf_f o gﬂ » Al I!il.‘.l..'}“1 (@ in ﬁ . Hin ¢ % sin 12.02°

30.5 r 32.8 156 258 0.7
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2. Find the value of ench of the following:

fa) & sin 307, (¢) 28 cos 256°
() 12 s5in GO°, (f) 35 eap 52.3°,
fe) 22 /5in 30°. (g} 17 sec 16°
{d) 15 /sin 20°, {h) 56 «in 187
3, Find the value of @ in each of the following:
(a) sin 0 807 gin 42.5° (¢) sin @ 433 mn__IS\.].T"
20630 ; 136
413 sin 77.7° 156 sin 12,927
O i e A A e e L
(] sin T (d) sin @ 07
‘4. Find the value of = in each of the following:
- . 179.5 sin 6.427 ' h - 123.4 =in 8.20"
win 34,5 ‘ sin 83.5°
3 27 ain 737 375 ain 1867
_____ 3 d i T
W= (@) == e 6377

& Find the value of = in ench of the following:
4 sin 35° -—— 5.4 sin 17" 18 fin 52.5° — 23.4 cos 42.2°

a0 = a |: l] xr =
i gin 47 7 sin 22° gin G3°

& -—1| ﬁll‘l kil [ETTHH a0, 2“}‘—-”} 008 Ii’ﬁ?"'
ih) = ; () i

@in 37 — 021 46,2 5in 10.17° +32.1 sin 17.27°

40. The T (Tangent) scale. The black numbers on the T seale
represent angles from 5.5% to 45°% the red numbers represent angles
from 45° to 84.5°

(The T seale has been extended slightly beyond the left hand index
of the slide, primarily for convenience in reading angles near this end
of the seale. Values lying within the indexes of the slide, to which
the rules given in this article apply, are from 5.71° to 45° on T black,

“and from 45° to 84.29% on T red.)

Rule, When the hairline is set to an angle A on T black, tan A
iwal the hairline on scale O, and hence on seale D when the rule ts closed,;
when the hairline s set to an angle A on T red, tan A i of the hairline
an C1 (or on DI when rule is closed).

Sinee tan 5.71° = 0.1, tan45° = 1, tan 84.29° = 10,

the range of values on scale C for tangents of angles between 5.71°
and 453° is 0.1 to 1, and on seale C'7 for tangents of angles between
45° and $4.20° is 1 to 10, The black legend 0.1 to 1.0 at the right
end of the T scale indicates that tangents vead on C black are be-
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tween 0.1 and 1; the red legend 10.0 to 1.0 indieates that tangents
read on €1 red ave between 10 and 1. The general rule governing
the use of red and black numbers is given in the next article.

For example,
opposite 26° on T bluck, read 0.488 = tan 26° on C,
opposite 64° on T red, read 2.05 = tan 64° on (1.

The cotangent of an angle may be found by first using either of
the identities (6) and (10) §37, namely

cot A = 1/tan 4, cot 4 = tan (90° — A)

to express the cotangent as the tangent of an angle and then using
the method outlined above, Thus to find cot 26°, write from (10
cot 26° = tan (90° — 26%) = tan 64° and
apposite 64° on ¥, read 2.05 = cot 26° on C1,
or write [rom (6) cot 26° = 1/tan 26° and
apposite 26 on T, read 2.05 = rot 26° on ('],
To find cot 64°, write cot 64° = tan (90° — 64%) = tan 26° and
apposite 26° on T, read 0.488 = cot 64° on O,

In eomputing an expression involving the tangent of an angle
greater than 45° or any cotangent of an angle, it is advisable before
beginning the computation to replace the tangent or cotangent by
the tangent of an angle less than 45°. Thus to evaluate 565 tan 56°
<ot 42° we would first write

565 tan 66° 565 cob 34° 566 tan 42°

cot 42° cot 42°  tan 34°

push the hairline to 565 on D,

draw 34° of T under the hairline,

push the hairline to 42° on 7T,

at the hairline rend 754 on D,
The decimal point was placed after making the mental approximation
600 X 0.9 + 0.6 = 900. The numbers 0.9 and 0.6 lie between 0.1
and 1.0, that is, within the range apecified by the legend 0.1 to 1.0
of T,

It is shown in trigonometry that the sine and the tangent of an
angle less than 5.71° are g0 nearly equal that they may be considered
identieal for slide rule purposes. Thus to find tan 2.25° and eot oone

and
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opposite 2.25% on SKT read on €, 0.0303 = {an 2.25%
opposite 2.25%on SRT read on €1, 255 = 1/tan 2.25° =
cot 2.25%
The operator shauld be careful in finding an angle greater than 45°
b
on the tangent seale from & ratio. Thus to find A where tan 4 = j—.,
3.1
it is essentinl that the sotting be made as though tan (90°— A4) were
to be found. In this case

3. :
tan (80° — A=t d = —, 0f ———— = — i
b6 .

Hence
opposite 56 on D, set 1 (= tan 45%) of T,
opposite 31 on D, read 90° — A = 29° on T black,
or opposite 31 on [, read A = 61° on T red.
Note that the setiing must be madde as though 90° — A, an angle less !
than 45°, were lo be forund. '

EXERCISES
1. Fill out the following table:
W | B.1° 27.25" | 62327 % 43 e 74,257 b I 47477
fan ¢
et | |

2. The fallowing numbers are tangents of angles.  Find the angles:

n) 0,24, (d) (.54 Eﬂ; 0,482, ;f'} 0.374. (ni) 17,01
b% 0.785, () D059, A 0.04%, (%) 3.72. {n) 1.08
e) 0,92, ( ) D082, (1) 0.0149, {1 4.67. (o) 1.232.

3. The numhers in Exercizse 2 are cotangents of angles,  Find the angles,
4. Find the angle = from each equation:

3.7 5.72 ]
{a) tn.n.z:E- (e) m“'r=:z_.ﬂ-ﬁ' (e} r:n’r-r-t-i.
287 8.52 : 17.2
(&) tanxnﬂ-:ﬁ, (d) tan = =i {f} cotz 143"

41. Radians; small angles.* A rudian is an angular unit equal

180° ;
ta (— , or 57.3° aceurate to three figures. The SRT' scale is a
m
* 8Bop Appendix A for use of the "R locating mark for converting mdinns to degrees nnd vier
res.
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€' seale whose marks represent numbers of degrees ranging from

0.573° to 5.73° approximately. It is so designed that the following
rile holds:

Rule. When the hairline is set to an angle in degrees on the SRT
scale, il i also set lo the same angle in radians on the (% seale, provided
the number on the C scale is prefized by “0.0" as indicated by the legend
0.01 to 0.1 al the end of the SRT scale.

For example, in accordance with the rule,

push hairline to 3.56° on SRT,
at hairline read 621 on
Therefore 3.56° = 0.0621 radian.

Observe that if we multiply hoth members of the eouation
3.56% = 00621 radian

1 1
by 10, 107, 77 and Eﬂ in suceession, we got

(10) (3.56%) = (10} (0.0621), or 35.6° = 0.621 radizn,
(100) (3.56%) = (100) (D.0621), or 356° = 6.21 radians,

| |
(ﬁ) (3.56”) = (m) (0.0621), or 0.356° = 0.0062] radian,

1 |
(—) (3.5668%) = (—) (0.0621), or 0.0356° = 0.000621 radian.
100 100
In general for any integer k, positive or negative
10%(3.56%) = 10%0.0621 radian,

Now using the rule in reverse,
push the hairline to 1176 on €,
at hairline read 0.674° on SET,

and conclude that
001176 radian = 0.674°.
1
Multiplying this through by 107, TS and 10* in succession, we g

1176 radians = 67.4°,
0.001176 radian = 0.0674°,
10% (0.01178) radians = 10* (0.674%),

*Of courne the B seale may b used instesd of the © sealy when the ruls b= elomed,
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For angles 6 in radians, where 6 is less than 0.1 radian (or 5.73%), the
[ollowing relation holds i

fi radians = sin i = tan f, (15)
where the symbol “=" means “approrimalely equals”. In other
wards, the value of an angle tn radions found by means of the ttalicized
e 14 also fie sine and its tangent to slide rule accuracy.”

For example: |
push hairline to 3.84° on SET, |
at huirline read 670 on . |

Therefore, in accordance with the italicized rule, |

gin 3.847 = tan 3.84°% = 0.0670,
and, in apreement with equation (15}, I
gin 0.384° = tan 0.384° = 0.00670, ]
gin 0.0384°% = tan (LO384° = 0000670, ete.

By using the relations of §37, the italicized rule above, and (13), we
ean find the values of other trigonometric functions of small angles,

For example:
pot 1.352° = 1/tan 1.352° = 1/sin 1.352° = cac 1.352°. Henee
push hairline to 1.352° on SRT,
at hairline read on €, 0.0236 = sin 1,352,
at hairline read on Cf, 40,31 == ese 1.352% == eot 1.352°,
Alzo to find cos 88.76%, use (B) 8§37 to get
cos B8.76° = sin(80° — BR.76%) = =in 1.24%,
push hairline to 1.24° on SRT,
at hairline read 0.0216 on €, Therelore
cos B3.76° = &in 1.24° = 0,0216,
Then without moving the slide,
at hairline read 462 on Cf
and conclude that
sec B8.76° = 1/cos 88.76° =~ 46.2,
tan 88.76° = 1/cot 88.76° = 1/cos 8R.76° = 46.2.
Hefore beginning the exercises, the student should use the slide rule,
he italicized rule of this section and {15) to verify the following
approximate equations:

* The greateat eccor mlwrgnl. in formula {15) la ot § =0.1 radian; It s nearly 400001 for sin
[.4° wed —{.00033 for tan 0,1.° These errom are comparable in mizgnitude with ather errom soor-
- ang in =lide rule computation,
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{a) 1.272° = 0.0222 radian, (f} =in 0.286° = 0.00499,

(b} 12.72° = 0.222 radinn, (g) 1an0.286° = 0.00400,

{e) 0,0631 radian = 3.04°, () esc 0.286° = 200,

td) 531 radians = 304°, (1) cot (L28BB" = 200,

(] sin 2.86° = (.0499, (1) sec 87.25° = 208,
EXERCISES

1. lxpress in radians:
(o) TA16° (b} 0.833° (e} 255 (d) 2477
2. Express in degrees:
(o) 0.01825 radian.  (b) 00402 radisn, () 0.0865 radian,
3. Express in radians:
(o) &.50°  (h) 0.0350°. (c) 85.9° (4) 350°
4, Fixpress in degrees:
(o) 00206 rudian, (b)) 0296 radian,  {e) 0.000296 radian,
S, Express in radisns:
Cad S12° (B) 435%  {c) 0.00D314% {(d) 2000°
6. Find sin 3,427 tan 3.42°, cse 3.42°, cot 3.42°
7. Find sin 0,056°, tan (066, ese 0.066°, vob 0.056°,
8, Find eos BH.75% seo BO.75H% tan 89,75° cot 89.75°,
9. Express in degrees the following angles expressed in radians:

T 3 T ™ i
. (0 ==, {€) =. ——, (e) —.
(a) g . (e =5 ) 1w ¢ i
Hint: Binee 7 radiang = 180% replace 7 hy 180°. However to eha.ngein: radiang ta
dugrens i

oppusite G on DF sel 5 of
opposdite index of D rend 16 on SR, and
o /6 radians = 150 degrees.
10 Evaluate the following:

.2¢
() 83 sin 0.0144°, ikl

00001745
sin 03"
0131

: - 8 sen B8.25°
(e} 482 sin 0.718°, n a7

(&) 500 tan 0.00077, (e)

.

42. Other functions on the 5 and T scales. Because of the recip-
rocal relations (4}, (3), and (6) of §37, the complementary relations
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(71, (8), (9) and {(10) of §37, the fact that with each black number n
representing an angle on seales S and T is a red number representing
00° — #, and that the numbers on C'1 are reciproeals of their opposites
on €, four funetions or angles may be read at once when the hairline
i ol to an angle on S or T. To perceive this and a rather interesting
eolor relation, let (42) represent black and (&) represent red, and

push the hairline to 30° () or 60 (&) on S,

at the hairline read sin 30° (B) = 0.5 (B) on C,
at the hairline read coz 60° (R} = 0.5 (B) on C,
at the hairline read ege 30° (#) = 2 (K) on 1,
at the hairline read sec 60° (K) = 2 (R) on C1,

Apnin push the hairline to 35° (8) or 35° (R) on T,

at the hairline read tan 35° (B) = 0.700 {B) on C,
at the hairline read cot 55° (R) = 0.700 (&) on C,
at the hairline read cot 35° (8) = 1.428 (R) on CI,
at the hairline read tan 55° (R) = 1.428 (K) on OL.

These twao illustrations indicate that whenever the value of o direct fune-
tom (sin, tan, see) is read, the colors of the angle and s function are the
same; whenever the value of a codunclion (cos, col, cse) is read, the colors
of the ongle and i3 funclion are different. 1n other words: diveet fine-
tions (sin, tan, sec) are vead on lke colors (Mack to Wack, or red o red);
eo-funciions {cos, col, cac) are read on opposile colors (Bluck lo red, or
redd o Bk,

EXERCISES

Uging the red numbers on the trigonometric zesles, solve Fxercises 3 and 5
of §38, and Exercizea 1 and 3 of §40.

43. Combined operations. ‘T'he methad for evaluating expreszions
involving combined operations as stated in §§12, 20 and 21 applies
without ehange when some of the numbers are trigonometric fune-
tiong, This is illustrated in the following examples:

: 4 sin 38°
Example 1. Evaluate ————.
tan 42°
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Solulion, Push hairline to 4 on D,
draw 42° of T under the hairline,
push hairline to 38° on 8,
at the hairline read 2.735 on D,
6.1 V17 zin 72° tan 20°

22

Example 2. Evaluate

V17 ain 72” tan 20°

i)

Push hairline to 17 on A right,
draw 22 of € under the hairline,
push hairline to 20° on T,

draw 61 of CT under the hairline,
interchange the indexes,

push hairline to 72° on &,

at the hairline read 3.96 on D,

7.9 csc 17° cot 31° cos 41°
Example 3. Fvaluate - R
15 tan 48" /33

1
Solution. Replacing ese 17° by 1—]—?‘:, cot 31° by
sin

Selution. Use Rule (€) §20 to write

and

1%

tan 3
tan 48° by

ton 420 and using Rule (€} §20, we obtain

([1_8) 7.9 tan 42° cos 41°

V3.8 sin 17° tan 31°
Push hairline to 79 on D,
draw 38° of B left under the hairline,
interchange indexes,
push hairline to 18 on 7,
draw 17° of & under the hairline,
push hairline to 42° on 7T,
draw 31° of T under the hairline,
push hairline to 41° on S red,
at the hairline read 0.871 on .

The student could have avoided the use of red numbers by replacing
in the given expression cos 41° hy sin 49°,
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The CF seale may often be used to avoid shilting the slide. In the
process of evaluating a froction consisting of a number of factors in
the numerator over a number of factors in the denominator, the hair-
line may be pushed to a number of the numerator on the CF secale
provided thut o number of the denominator on the CF seale is drawn
under the hairline later in the process, and conversely. In other
words the C'F scale may be used at any time for & multiplication (or
division) if it is later used for a division (or multiplication).

o R 2.10 X 2.54 X V45
plo s, BVRUNE Gn70° X tan 35° X 3.06
Solution. Push hairline to 21 on D,

draw 70° of 8 under the hairline,
push hairline to 254 on CF,
draw 33° of T" under the hairline,
push hairline to 45 on B right,
draw 306 of CF under the hairline,
opposite index of C, read 17.77 on I,

Note that the folded scole was used twice, once in the third setting
and onee in the sixth,

EXERCISES
Evaluate the following:
18,6 sin 36° B53.1 see 80°
e inar R
349 sin 18° sin 187 tan 20°
g e % 57 tan 41° sin 81°
] 4.? t.u.:: a8® . 100 - g G624 !
ein 45.57 8.1 tan 22.3°
34.3 gin 17 11. 3.14 ain 18.17" cue 32°,
e 12. 7.1 sin 47.6%,
g, 131 cos 00 13, 061 o 1225
" tan 35.2° ° * cob 35.8°
i 2
cot 607 tan 28.2°
7.8 rse 35.5° 3.1 zin G1.67 cse 15.30°
cot 21.4° ° 1. s 277 oot 30"

e ——
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13.1 sin 3.12° gin 61.5°
* tun 30.2° (39.1) (6.28)
- (L0087 sin 49,87 3 CHE 49_.[1"
7 tanm 2100 T (19.1) {7.61) VERG
' 16.5 ain 45.5° 22, (48.1) (1.68) sin 39°,
VIHE 41.2 cot T1.2° 23. 00121 pin 817 cot 417,
' V.1 4.91 " 101 cos 71.2° sin 15°
" tan 13.23°%° Y4 B1 cog 27.2°
25. Balve for the unknowns in the following equations:
tand tan®  tan 33.2"
{u) = - 3 84.1 tan 75°
27 44 a4 _-——
() ¥ 773
tan 24.2° fan @ 9.32 tan 17°
Oy == " 1o Gy =—a—
107
= oot H2.88°), - |
(2) y = (407 J (g) w 161 oot 42°
17.2 4.77 tan 21,27
() g = REiE (h) tan @ = e
e 472 tan 11.75°
(i) tan @ = ———333 %
44, Visval summary.
Sine of angle; * = sin 0, 4®
“ : 7=
1. At #on S {(SET) 1 7
rend sin 8 on O, i n'F.l E
g 2 f
Tangent of angle: x = tan 0, = ’®
2. At Bon T (black or red) o = ,J,/
read tan 8 on O (CT). C sné (
a
g {

Cosine of angle: x = cos 8,

3. At fon 8 (red) SEn)
read cos 8 on €, c og

[
s Ao
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Proportions involving trigono- sind sinX sinC
metric functions: T y
1 Toaon Dset angle A an 8, :'

3. at b on [ read angle X on S,
3 at angle € on S read y on D,

o—
sl
e Y




CHAPTER ¥
SOLUTIONS OF TRIAMGLES*

45. Intreduction. When enough parts of a rectilinear (straight-
sided) figure are given to determine it, the process of finding the
remaining parts is ealled solving the figure. A triangle is determined
when a side and two other parts are given. This chapter explains
how to use the trigonometric scales in the solutions of triangles and
other rectilinear figures. It should be noted that in these solutions,
the proportion prineiple nnd the sine law are basie.

In addition to the solution of triangles, this chapter also includes
a brief explanation of a method for solving practical problems involy-
ing triangles by the combined use of vectors and the trigonometricseales.

The following is a quick reference guide to the solutions of triangles
explained in this ehapter:

Given Data See §

Angle, opposite side, any otherpart . , . . . . . . 46
{Hee §52 for ambiguous case)

Two legs of right triangle . . . . . . e
Two gides and ineluded angle . . . . . . . . . . . &0
L 2T AU I | (A I O 51
Rectilinear figures . . . . . | . et e mes fa A4
i e R e i A SR B (. . 0B
Spherical triangles, . , . . ., ., ., ., .. . §6-58

46. Solution of a friangle for which an angle, the opposite side,
and any other part are given. In the con-
ventional way of letlering a triangle, each K
side is represented by a small letter and
the opposite angle by the same letter eap- e S
italized. Thus, in Fig. 18, each of the
pairs, a and A, band B, c and € represents # v o
a gide and the angle opposite.  The law Fis, 18,
of sines is

'Pﬁ: morn detailed treatment of the solotion of trinngles by logurithinie somptation ws well us
hﬂ alide rule, see “Tlane and Bpharien] Trigononetry™ by Kells, Kemn and Tbnd, MeCrmw-Hil
Co.; New York, 1042,

70
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ﬂind_amﬁ_sinﬂ

& ek Mg

Using this law and the method of solving proportions explained in
4§30, we can solve any trisngle for which a side, the opposite angle,
and another part are given,

Example 1. Given a triangle {see Fig. 19) in which a = 50, 4 = 65°
and B = 40° find b, ¢, and C,
G
Solution, Since A + B 4+ = 1807,
€ =180" — (4 + B) = 75° b el

Application of the law of sines to the Vil i
triangle gives Fia. 18,

& Ein 65° - &in 407 - sin 75°

b 50 b (7

© o
o ‘— B +]l¢ Tl d

b=355 50/

c=53.3

|
53]

Fra, 20.

Accordingly (see Fig. 20),
apposite 50 on D set 65° of S,
push hairline to 40° on &,
at hairline read b = 355 on D,
push hairline to 75° on 8,
at hairline read ¢ = 53.3 on D,

Example 2. Find the unknown parts of the triangle (see Fig. 21)
in which a = 38.3, A = 25°, B = 38°,

Solution, In thiz solution, it is necessary to use sin O = sin 117°
By (11) of §37, sin 117° = sin (180° — 117°) = sin 63°. Hence we
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shall use sin 63° instead of sin 117°
since the S seale does not provide
directly for 117°, In general, use
the exterior angle of a triangle in
the law of sines when the i:u—
terior angle is greater than 00°

V. S0LUTIONS OF TRIANGLES Gar

16, 21,

Henee from Fig. 21 write

& win25° &in 8%  &@in63°
D 383 b e
opposite 383 on 1, set 25° of 5,

opposite 38° on S, read b = 55.8 on D,
opposite 63° on 8, read ¢ = 80.7 on D,

LBl

47. Short cut in solving a triangle. Ohserve thal it is not necos-

sary to write the law of sines in solving o tri-
angle. In accordanee with the setting hased
on the law of sines, opposite parts on a
triangle are set opposite on the slide rule.
The parts to be set opposite can be taken
directly from the figure. Thus from Fig. 22
it appears at once that the pairs of opposites
are: 68.7, 47°;, =z, 62°; y, 71°

To solve the triangle,
opposite 687 on D, set 47° of 8,
opposite 62° on S, read z = 82.9 on D,
opposite T1° on &, read ¥ = 88.8 on D,

To solve the right triangle of Fig, 23 note that
90° and 86.3 are opposite and
opposite 863 on [, set 90° of &5,
opposite 52° on 8, read @ = 68.0 on 1,
B opposite 38° on &, read b = 53.1 on [,

o L0 solve the right triangle of Fig. 24,
opposite 943 on D), set 90° of S,
8¢ opposite 786 on D, read B = 56.5% on 8,

T.86

Fra, 24,

compute 4 = 90° — B = 33.5°,
opposite 33.5° on 8, read a = 5.21 on D,
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In general, to solve any triangle for which a side and the angle op-
pugile are known,
apposile the known side on D set opposite angle of 8,
opposile any known side on D read opposile angle on 8,
opposite any known angle on 8 read opposite side on D. |
|

EXERCISES

Solve the trinngle having the given pata:

1. & = G0, 10. @ = 83.4, *10, @ = B0,
A = B5Y A =T2.12° PR
# = 40" C = 90~ A = T23.2°
2.¢ =B, 11. a = GO, 20, o0 = 878,
A = bl ¢ = 100, g = 1}
=T C o= 00" A = 61.4°% |
-6 = holl, 12, o = (L.G24, 2. b = (0234,
4 = 102, o = 091, ¢ = 198, ;
B = 45.67 o= ) Bo=- 100"
4 a = TU5, 13, b = 4250, =22 4 =21,
A = T9.898% A = 5268 A= 4175
B = 44687 ¢ = 00 B = Th"
8. oo = 506, 14. b = 2.B9, hgiat-7: P B
A = 38.67° e = 511, G = 190,
¢ = 850° O =50 A = G0%,
64 = 720, 15. b = 512, 24. 0 = 40,
B = f8.83° ¢ =800, b =3
= 90" ¢ = 80% A= 75",
7.0 = A, 16, ¢ = 532, 25. ¢ =857,
A = 64% ¢ = H0, A = GR.05%
C = 90", C = 8 =000,
Be =112 17. & = 120, 20. ¢ =0.720,
A = 43.5% b o= A B = 10,85,
o= 00", A = 607 = B0F
Bk =477 IB. b = D11, 27. o = (LB21,
B o= 62.93°, e T B = 21.37°,
M= Q0°, B = 5l.1°, 0 = 80",

28, The length of n kite string is 250 yd., und the angle of elevation of the
kite is 40°, I the line of the kite string 18 straight, find the height of the Lite,

20. A vector isdirected due N E, and its magnitude is 10, Find the component
in the direction of north,

30, Find the angle made by the dingonal of & cube with the disgonal of a fuee
uf the cube drown from the same vertex.

*gin 123,07 = gin (180°-123.2") = ain 86.8°,
*# The SHT zonla must be used for 4,17".
#4% The SRT scale must be used for ungle 8,
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31, A ship af point 8 ean be seen from each of two points, 4 and B, on the
shore. If AB = 80D ff., sngle SAB = 67.7°, and angle SB4 = 74.7°, find the
distance of the ship from 4.

32. To determine the distunee of an inaccessible tower A4 from o point f,
w line B and the angles A BC and BCA were measured and found to be 1000 yd.,
447, and 70°, respectively,  Find the distance A B,

48. The law of sines applied to right triangles with two legs given.

When the two legs of a right triangle are the given parts, we may

B first find the smaller acute angle from

its tangent and then apply the law of
sines Lo complete the solution.

[ B
a5 Example. Given the right triangle
A b4 c of Fig. 25 in which a = 3, b = 4, solve
F1a, 26, the triangle,
Selution. From the triangle we read tan A = !, Hence write
T tana 1 d
D, 8 @5

opposite 4 on D set right index of C,
push hairline to 3 on D (Fig. 26a),
at hairline read A = 36.88° on T,
at hairline read B = 53.12% on T red.

Now complete the solution by using the method of §846. Since the
hairline is set to 3 on D, draw the opposite angle 36.88° of 8 under
the hairline (Fig. 26b), and opposite 1 {=sin 90°) on S read e=5 on [).

36 88°

{ﬂ" 0
% | 4 8 § FEFL |ifs

ps

S
8

)
oot Sl o R ehuu °o

Fra, 26,




(T4 V. SOLUTIONS OF TRIANGLES 75

The following rule is based on the solution just completed. Those
operators who have occasion to solve many right triangles of the
type under consideration should use it,

Rule. To solve a right triangle for which two legs are given,
fo larger leg on D set proper tndez of slide,
push hairline to smaller leg on D,
ab the hairline read either angle (black or red) on T,
draw this angle on S under the hairline,
at indexr of slide read hypolenuse on D,

The solution of the triangle of Fig. 27 in ac-
gordance with the rule is as follows:
to B62 on D set right index of €, £ i
push hairline to 479 on D,
at hairline read B = 29.08° on T',
draw 29.08" on S under the hairling,

at index of 8 read ¢ = 9.86 on D, X v
Therefore 4 = 90° — B = 60.92°. F1a. 27.
EXERCISES -

Solve the following right trinngles:

l.'a = 12,3, 4 a =278, Tooa = 152
b= 2.2 b =418 b= 13.2

2. a = 101, 5. 0 = I8 B.a =42
b= 118, b= 34, b =TI,

3 o= 50, 6 o= 12 9, a = 031,
b= 238 b o= [ b =48

10. The length of the shadow cast by a 10-ft. vertical stick on a horizontal
plane is 8.89 ft. Find the angle of elevation of the sun,

49, Use of the DI scale in solving right triangles. The 3] scale
may be used to advantage in solving right trisngles. For this pur-
pose a nseful proportion will be derived.
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From Fig. 28 read

a
—=gnd, or ¢=cen 4;

L]
a

=tan A, or a="5htan 4. % . o'
Fra, 28,

-l I~

Eguating these values of @ obtain

a=>D0tan 4 = essin A,

By applying rule B of §17, this may be written

i_ﬁta.n;i__ain:i :
g i T W

where a represents the smaller leg of the triangle. The following
rule based on proportion (1} states a method of solving any right
trinngle for which two legs are known:

Rule. o solve o right triangle when bwo legs are given:
ppposite smaller leg on DI set index of C,
opposite longer leg on DI read edther angle (black or red) on T,
oppasite this angle on 8 read hypotentuse on DT,

Example 1. Bolve the right triangle having legs 3 and 4,

Solution. Bettinga = 3, b = 4, in (1) obtain
| tan A sin A
B A e
Onpposite 3 on DI, set 1 (right) of €,
apposite 4 on DT, read A = 369%° on T,
opposite 36.9% on 8, read ¢ = 5 on DI,
B=1900°— A = 53.1%

Example 2, Solve the right triangle having a = 15,5 = 8,

Solulion,  Using the italieized rule,

opposite 8 on DI set 1 (left) of €,
oppogite 15 on DI read B = 28.1° on T,

opposite 28.1° on 8 read ¢ = 17 on DI,
A = 90° — B = 61.9°,
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EXERCISES

Uee the method involving the D seale to solve the following right triangles:

Loa =123, 4, 0 = 273, 7. 4 =132
b= 202, b= 418, b= 132

2. a =101, 5, 0= 28 B o= 42
b= 116, b= 34, b =Tl

3. o= 50, 6. a =12 0, ¢ = .81,
b= 234, b =5 b = 4.8,

10, The length of a shadow east by o 10 ft. vertical stick on a horizontal
plane is 8,39 fi.  Find the angle of elevation of the sumn,

11. The rectangular ¢omponents of a /-] 636
wector ¢ oare 17.5 and 6.38 as shown in |

Fig. 20, Find the magnitude and direc- 7.5
tign of the vector. Frin, 249

12 Find the megenitude and direction of a vector having as the horigontal
and vertical components 17.25 and S04, respectivelv,

50, Solution of a triangle for which two sides and the included
angle are given. To solve an oblique triangle in which two sides and
the included angle are given, it is convenient to divide the triangle
into two right triangles. The method is lustrated in the following
exprnple.

Example. Given an oblique triangle in which a = 6, b = 9, and
! = 32° solve the triangle.

] Solution. From B of Tig. 30,
drop the perpendicular p to side b,
Applying the law of sines to the
right triangle CB D, we obtain

g - R |" sin 90°  sin 32°  sin 58°
L———h-n 1 = i =i

Fia. 30, 6 P n

Holving this proportion, we find p = 3.18 and n = 5.00. From the
figure, m = 8 — 5.00 = 3.91. Henee, in triangle A BD, we have
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p 818
tan 4 = — = , Or
m 391
tan A 1
318 391

Solving this proportion, we get A = 39.1°. Now applying the law
of sines to triangle A BD, we obtain
gin 39.1°  sin 90°

3.18 e
Solving this proportion, we find ¢ = 5.04, Finally, using the relation
A+ B+ C = 180° we obtain B = 108.9°. The italicized rule of §48
eould have been nsed in place of the last two proportions,

I the given angle is obtuse, the perpendicular falls outside the
trisngle, but the method of solution is essentially the same as that
use] in the above example.

The law of cosines,
g* = b 4 ¢ — 2he cos A,
may also be used for the solution. To solve the triangle of Fig. 30,
we have
¢ = g* 4 bt — 2ab eos C, or
=649 — 2 X6 XDcosd2® =364 81 —91.6 =254
and ¢ = 5.04. Now using the setting based on the law of sines,
opposite 504 on D), draw 32° of §,
opposite 6 on ), read A = 39.1° on S,
B = 180° — 32° — 30.1° = 108.9".
The solution is checked by pushing the hairline to 71.1° (=180° —
108.9%) on 8 and reading 9 on £ at the hairline,

EXERCISES
Bolve the following trisngles:
l.o = 94, & a = 3235, 5. a =327
b = 56, b = 185, ¢ = 15,
O = 207, ' = B48° B = 48%,
2.0 = 100, 4. b =230, 6. g = B.75,
¢ = 130, e = 357, ¢ = 1.0d4,

b= 58" A = 627, B = 127.2°,
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7. a = 0,085, B o =17, 9. b = 2580,
¢ = 0.0042, b = 12, ¢ = 5200,
B = 56.5° £ = 59.3% A = 138.3°,

10. Solve exercises 1 to & by using the law of eosines to get the third side and
then the law of sines to get the unknown anples,

H. The two dingonals of a parallelogram are 10 and 12 and they form an
angle of 48.3°%  Find the length of ench side,

12. Two ships start from the same point at the same instant, One sails due
nurth b the rate of 10.44 mi. per hr., and the other due northeast ot the rate
of 7.71 mi. per hr. How far apart are thoy ut the end of 40 minates?

DEF:ETURE

13. In a land survey find the latitude E i
atwl departure of a eotirse whose length s 5
425 ft. and bearing N65.5° B. (Sce Fig, 311, Elease_—0
IF10. 31.

51. Solution of a triangle for which three sides are given. When
the three sides are the given parts of an oblique triangle, we may
find one angle by means of the law of cosines,

a' = b* 4 ¢* — 2be oog A,
and then complete the solution by using the law of sines.

Example. Given the oblique triangle of Fig. 32, in which
o @=150b=18,and ¢ = 20, find A, B, and C.

g8 Solution. From the law of cosines we
& ' B ) v b 4 g — gt
T write cos 4 = i
Fuia. 32. e '

18% 4 20* — 15¢ 499 cos A 1

cos 4 = - — Py O = o—
22X 18X 20 720

4499 720
Opposite 720 on D, set right index of €,
opposite 499 on D, read A = 46.1° on S red.

Now apply the method based on the law of sines and

opposite 15 on 1), set 46.1° of S,
opposite 18 on I, read B = 59.9% on S,
opposite 20 on D, read €' = 74.0° on 3.

The relation A + B + € = 46.1° 4 50.0° 4 74.0° = 180° serves as
a cheolk,
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EXERCISES
Halyve the following trinngles:
1. o = 341, 4. o0 = §1.0, 7. 0=079;
b= 2.60, b = 402 b = 108,
¢ = 1.08. o= 8.5, e = 139,
2.0 = 111, %o = 7.93, & a =579,
b= 145, = 5.08, b = 50.1,
c o= 40 e = 483, o = 340,
3o =35 6o = 21, 9. a = 13
h =38, h o= 24 b= 14,
o= 41, ¢ = 27, g= 15

10, Tha sides of & trangular field mensure 224 ft., 245 ft., and 265 ft.  Find
the angles at the vertices,

1L Find the largest angle of the triangle whose sides are 13, 14, 16,

12. Bolve Ex, 11 by meanzs of the following formula:

A {ﬂ_lsicwhma=£{u+b+s}-
g = a) 2

13. In triangle ABC of Fig 33

pr=bt — mf = gt— g3,
Hermee * — g2 =m3 — a1,
Factoring and replacing
{m + n) by e, we have

Fia, 34,

th +a)lb—a) =(m 4 u)im—n) =c(m—n)or
Er+u=m—n

g b=—a’ (@)

To rolva the triangle ABC, ind m — » by wsing proportion (a). Combing
this result with
o=

to find wm and # Then solve each of the right triangles of trisngle A BC and use
the results to find the angles A, B, and €.

Apply this method to solve lixs, 1, 2, 8,

14, Another method of solving for angle A when sides a, b, and ¢ are given
follows. Trom the law of eosines, get
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bttt —at o (B0 = 2he oY) —ut

s A = e e
(h— et —a? o Gy
LR o e i e o K ey et Sl
e 1 T , OF
.-,-,.-HAB1_'[“"'1-'+-f!}'l[vt:+lfan---c]|r ®
2he

Thus ta solve the trisngle in which a = 21, b = 24, r = 27 for A, substitute these
numbers in {8 to ohtain

A 1 Gl (2 +U—27) 2 - cos A
2 (24) (27) ¥R
Oppaogite 8 on D, et right index of S,
opposite 2 on 1), read A = 482" on & red,

o2l e

Now use the lnw of sinea to get B = 584°% € = T34°
Bhow that if @ = 87.9, b = 106, ¢ = 138, angle A = 44.6°
Also ueze the method of this exercize to obtain angle A in Exercises 3, 4, 8,
and 9.

52. Solution of a triangle for which tweo sides and an angle eppo-
sitt one of them are given; the ambiguous case. When the
given parts of a triangle are two sides and an angle opposite one of
them, and when the side opposite the given angle is less than the
other given side, there may be two triangles which have the given
parts, We have already solved
triangles in which the side op-
posito the given angle is greater
than the ather side. In this ease
there is always only one solution.
Consider now a case where there
are two solutions,

Fia, 34, :
Example. Givena = 175, b =

215, and A = 35.5% solve the
triangle,

Solution.  Fig. 34 shows the two possible triangles, 4 B,C and
AB.C, having the given parts. To solve these triangles
apposite 175 on B, set 35.5% of 5,
opposite 215 of D, read By = 45.5% on 8,
.?1 = ]S{lu"fj —H]=gg°,
opposite 180° — 90° (=81%) read ¢ = 298 on S.
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From Fig. 34 it appears that B, = 180° — B, = 134.5°

fo=180° — 4 — By = B, — A = 10°, Bince 175 of D is opposite
35.5° of &, push bairline to 10° on S and read ¢ = 52.3 on D) at
the hairline,

It is instructive to observe that the slide was set only once, and
that the required parts were obtained by pushing the hairline to
parts slready lound and reading unknown parts at the hairline.

Let the three known parts of a triangle be a, b, and A. Fig. 35 rep-
resents the trinngle with the given
parts encireled. 1f a is less than b
but greater than p, there are two
triangles ABC and ABLC having g
Lie given parts; if @ = p there 15 only
one triangle ABC, and if a is less Fia. 35.
than p there will be no solution. Hence when p ja found the operator
knows the number of solutions to expect,

If @ is greater than b, there will be one and only one (riangle satis-
fying the given conditions,

EXERCISES

Holve the following obligque trinngles:

ko ik 3 a0 =802 5. a =177,
b= 20, o =271, b = 216,
A = 554" = 524" A= J58"%,

2 b= 10, 4 b =518, 6. a = 17,060,
o= |R o= 84, b = 14,0560,
C o= 15.82% I = 44", B = 40°

7. Find the length of the per-
endieular 1 for the triangle of
Fig. 36, How many solutions will
there be for trangle A BC i (a) &
=37 (b} b = 47 {c) b = p?
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53. Methods of solving triangles; summary. The following tables

V. SOLUTIONS OF TRIANGLES

summarize the methods of solution of triangles:

angle, and any
nther part

Type of
Triangle Known parts Solve by
RIGHT Any two parts Law of sines;
i:;‘s” than  two sin A _ sin B sin (!
[ b c
Two legs Find smialler acute angle from
1
its tangrent e BTEE;) Lhen lgw
of sines to .E.nr_{ by pertenuse.
OBLIQUE A side, opposite Law of sines:

sin A sin B _ sin ¢
a b o

Two sides and
incloded sngle

Diroprn g erpend:cul.u.r and solve the

h-.-u l‘lg t triwngles thus formed;
side opposite the given

.uJ.LP,'h:- by using law of cosines:

Three sidea

Find any angle by using lnw of
ooaines:

bt -t — #3
end A = -J—+r =

2be
then use law of sines;
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54, Rectilinear figures. The solutions of many practical problems
are obtained by dealing with rectilinear figures, In finding the length
of a specified line segment of a rectilinear fgure, the beminner is
likely to read s number of lengths which are not needed. This may
b well at first, but the effieient operator reads and tabulates only
useful numbers. The following examples and solutions indieate
efficient methods of finding desired parts of rectilinear fipures.

Example 1. Find the line segment marked = in Fig. 37.

Solution, By using the law of sines, we write
S68 " i o

sin 39° -

sin 85°°  sin 50°  sin 28°
snd then find = by making the
following settings:
push hairline to 368 on D,
draw 39° of 8 under the hairline,
pueh hairline to 65° on S,
draw 50° of S under the hairling,
Fia, 37, push hairline to 28° on S,
at the hairline read & = 325 on D,
Tha value of 4 was not tabulated, but it could have been read at the
hairline on seale £} when the hairline was set to 65° of seale S, Also
it wns not necessary to write the ratios: for, when one remembers that
each ratio is that of a side of a triangle to the sine of the opposite
angle, he has no difficulty in perceiving, from an inspection of the
figure, the settings to be made.
Generally it is necessary to compute the magnitudes of a number
of angles before the slide rule computation ean be earried out. This
process is illustrated in Example 2.

Example 2. Find the length of the side marked 2 in Fig. 38 (a).

Solution. First draw Fig. 38 (h),
compute the angles shown in the
figure, and push the hairline to
280 on B, draw 38° of S under the
hairline,
push hairline to 32° on 5,
draw 457 of 8 under the hairline,
push hairdine to 65% on S,
at the hairline read 2 = 319 on D,

\55“ 33’

Fig, 38 (). Fia A8 (k)
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In some problems it is necessary to perform some of the earlier
settings in a chain of settings, compute some parts on the basis of
the results, make some more settings, compute more parts, ete. This
process 18 illustrated in Example 3,

Example 3. Tind the side z of the in-
getibed quadrilateral shown in Fig. 39 (a).

Solution,  Angles € and S are right
angles because each is inseribed in & semi-
eircle. Knowing two legs of right triangle
PQR, we first find its hypotenuse and then
deal with triasngle PSR,  Accordingly
to 184 on D set left index of alide,
push hairline to 781 on 1,
at the hairline read on T,
23° = A [Fig. 30(b)],
draw 23° of S under the hairline,
eompute B [Fig. 39 (b) | = 65° — A = 42°,
interchange indexes
push hairline to 42° on S,
at the hairline read x = 13.37 on D.

Fro 38 (b

The following example illustrates in more detail the same method
of procedure,

Example 4. An engineer in a
level country wishes to find the
distance between two inacees-
gible points € and D and the di-
rection of the line connecting
them. He runs the line A B [Fig.
40 {a)] due North and measures
the ride and angles as indieated,
Using his data, solve his problem,

Solution, First find EA (but do not write it), and then find
EC=766; alterwards find BE (but do not write it} and then ED =425,
In the triangle DEC [see Fig. 40 (b)] two sides and the included angle

E——_.
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are now known: hence the method of §49 may
be applied to it to find DC = 944 and angle
ECD = 261° Therefore the angle NCD =48
— 263° = 214°, and line €D makes an angle of
212° with o line directed due north. The
operator may check these answers by making
the suggested settings.

MISCELLANEOQOUS EXERCISES

1. Find the length of the ling segment, BC in Fig, 37,

2. Find the length of the ling segment marked w in Fig, 38a.

3. In Fig. 41 find the length of the line segment marked =,

4. Line segment AH in Fig. 42 is horisontal and €1 is vertical. Find the
longth of C'0

5. In the Htatunﬂnt. of Exereise 4, replace “Fig. 42" by “Fig. 48" and solvw
the resulting problem,

¥, Al Fin. 42, Fra, 43,

6. Find the length of the line segment marked = in Fig, 44
7. 1f in Fig. 45 line segment B0 is perpendicular to plane A BC, find ite Iang&

Fio. 44,
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& A tower and a monument stand on
o level plane (see Fig, 46} The angles
of depression of the top and bottom of the
monument viewed from the top of the
tower are 13° and 31° respectively; the
beight of the tower iz 145 ft. Find the
height of the monument,

9. The captive balloon shown in Fig, 47 is conneeted to a ground station A
by n cable of length 842 ft. inclined 65° to the horizontal. In s vertieal plaoe
with the balloon and its station and on the opposite side of the balloon from A o
target B was sighted from the balloon
on & level with 4. [If the angle of de-
pression of the target from the balloon
i 4° find the distance from the target
to & point € directly under the bal-
1o,

10. A lighthiouse standing on the top of the ¢lifi shown in Fig. 48 i3 observed
from two bosts 4 and B in a vertical plane through the lighthouse. The angle
o elevation of the top of the lighthouse
viewed from 8 is 167 and the angles of
plevation of the top and bottom viewed
from A4 are 40° and 23°, respectively. I
the boats are 1320 [t apart find the height
af the lighthouse and the height of the cliff.

Fro, 48,

11, Fig. 49 represents & 600 ft. radio tower,
AC and AD wre two cables in the sume vertical
plane anchored at two points © aod D on o level
with the base of the tower, The angles mmde by
the eables with the horizontal ave 44° and 6H8° Az
indicsted, Find the lengths of the cables and the
digtunee between their anchor points,

12, Twao fixed objects, A and B of
Fig. 50, were observed from a ship at L
point B to be on a straight line passing
through & and bearing N 15° E.  After
smiling &5 miles on o course N 42° W .
the eaptain of the ship found that A Fia, 50.
bore due east and B bore N 40° E, e
Find the distance from A to B. A

m

(4]
2
&=
L]
uﬁ
W
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55. Applications invelving vectors. Sinee veetors are used in the
solution of a great number of the problems of seience, & few appliea-
tions involving vectors will be considered at this time,

- A vector AB (see Fig. 51) is
a segment of a atraight ling
containing an arrowhead
pointed toward B to indicate
x a direction from ite initisl
point A to its terminal point
B. The length of the segment
indieates the magnitude of the

i " v vector and the line with at-

Fc. 51. tached arrowhead indicates
direction. 1If from the ends 4 and B of the vector, perpendiculars
be dropped to the line of a vector A'B” and meet it in the points
A" and B”, respectively, then the vector 4" B" directed from
A" to B" is ealled the component of vector AB in the direction
of A'H’,

A foree may be represented by a vector, the length of the vector
representing the magnitude of the foree, and the direction of the
vector the direction of the force. In fact, many quantities defined
by a magnitude and a divection can be represented by vectors.

In each of the following applieations, two mutually perpendicular
components of a veetor are considered.  Evidently these components
may be thought of as the legs of & right triangle having as hypatenuse
the veector itsell,

For convenience the rule for solving a right trisngle when two legs
are given is repeated here,

Rule. To solve a right triangle for which two legs are given,
to larger leg on D set proper index of slide,
push hairline to smaller leg on I,
al the hairline read either angle (black or red) on T,
draw this angle on 8 under the hairline,
at index of elide read hypotenuse on D.

Example 1. Find the magnitude and the angle of the vector
representing the complex number 3.6 + j 1.63 where j = +/—1.

Solution. If the numbers  und y be regarded as the rectangulur
coordinates of 4 point, the complex number z + jy is represented by
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the vector from the origin to the
point (x, ). Henee we must find B
and @ in Fig. 52. Therefore, in
accordance with the italicized rule
stated nbove,

LAl

to 36 on D set right index of slide,
push hairline to 163 on I

at the hairline read # = 24.36° on 1,
draw 24.36° of 8 under the hairline,
al index of slide read £ = 3.05 on D,

Example 2. A force of 26.8 1b. sets at an angle of 387 with a given
direction. Find the component of the force in the given direction,
and also the eomponent in a direction
perpendicular to the given one.

Solution, Denoting the required
eomponents by z and y (see Fig. 53),
we write

26.5 ) i

— = = e——

gin 90°  sin 38°  sin 52°
make the corresponding setting, and ;
read ¥ = 21.1, y = 16.5. Fra. 3.

Example 3. A certain circuit consists of a resistunce B = 3.6 and
an inductive reactance X = 2.7 in series. Find the impedance z, the
suzceptance B, and the conductance (7.

Solution, The quantities B, X and 2
have relations which may be read from
Fig. 584, Clonductance ¢ and suscep-

Z8) tanee B are found from the relations
Fi:. 64,

it X
T S B = T ] |
R4+ X? R4 X
or gince z = +/ ' 4 X3,

o I cos 7
VBT XOVRE LI 8
il
X gin (@)
B e S

VIEF XNE T X
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From equalions (a) we obtain
z snf cosd

1 B ) ®
First apply the italicized rule stated above to find z and # of ¥ig.
54, and then use the proportion principle to find B and @ from (b).
Hence
to 36 on I) set right index of slide,
push hairline to 27 on D,
at the hairline read 8 = 36.9° on T,
draw 36.9° on S under the hairline,
ut index of slide read 2 = 4.5 on D,
draw 45 of € opposite left index of D,
push hairline to 36.9° on 8,
at the hairline read B = 0.1333 on D,
push hairline to 36.9% red on 8,
at the hairline read @ = 0.178 on D.

EXERCISES

L. Find the magnitudes of the unknown vectors and of the unknown anglea
# in Figs. 55, 56 and &7.
k

26.7

= : 18.3
Fii. 55. ['1a, 5fi. Fio. 57,
2, The rectangular components of a veetor are 547
15.04 and 5.47 (see Fig. 58), Find the magnitude r T 04
and direction angle # of the vector, Fia. 58,

3. Find the magnitude and direction of a vector having ne the horizontal and
vertieal components 18.12 and 8.45, respectively.

4. Find the horizontal and vertieal components of a vector having magnitude
2.5 and making an angle of 16.25° with the horizontal,

5. A foree of magnitude 28.8 |b. aets at an angle of 85° with the horizontal,
Find its horizentzl component, and its vertical component,
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6 A 12-ineh vector and an unknown
victor » have aa a resultant a 16-inch
vestor which makes an angle of 28°
with the 12-inch vector gs shown in
Fig. 68. IFind the unknown vector r.

7. Find the magnitude and the angle
of the veetor representing the imagin-
pry number — 27 4 736, Hint: use
Fig. fi0).

8. Through what angle § measured
sounter-clockwise must & vector whose —2.7
eomplex expression s — 10 —75 ba ro- Fia, 60,
tated to bring it into coincidence with
the vector whose complex expression is ¥
34 747 (Hee Fig 613

S

0, The complex expressions for two
vectors (see Fig, 62 are m = 7 — jl4
and v; = —& — & From the tip of v i,

1
L q line 1= drawn perpendiculsr to . e
Find the length m of this perpendie- =
war, and the length n of the line from !

the origin to the foot of the perpendic-
ulur,

10. A certain circuit consists of a pe-
pstance of 8.24 ohms and an induetive
reactance of 4.2 ohms, in senes. Find "\ K

the impedance, the susceptance, and the

conduetanee, (Bee Exumple 3.) =8

i
11. Find the impedance, the suscep- =i

tanee, and the conductance of a cireuit

which econsiate of a resistance of B.76

phma and an inductive renctance of 11.45

olima in series, Fia, 62.

56. Definitions relating 10 a sphere. A circle cut from a sphere
by a plane through the center of the sphere is called a greal cirele.

The arc length of a greal cirele is generully stated as the angle
subtended by the are at the center of the sphere.

A spherical triangle consists of three ares of great circles that form
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(v} the boundaries of a portion of a spherical
surfnee,

b The vertices of the spherieal triangle, Fig. 63,

9 will be denoted by the eapital letters A, B3

and €, and the sides opposite by a, b and ¢

A B respectively.
c The sides and angles of a spherieal triangle
Fic., 63 will be referred to as its parfs. When thres

parts of a spherical triangle are known the
remaining parts can be determined. The process of finding these
unknown parts is ealled solving the triangle.

Two great laws, called the law of cosines and the law of sines,
form the basis for the solution of spherieal triangles. These laws are
eonsidered in the following articles.

57. Law of cosines for spherical triangles. The cosine of any
side of a spherical triangle is equal fo the product of the cosines of the
twa other sides increased by the product of the sines of the lwo other sides
and the cosine of the angle included between them.,

In symbols this is:
cos o = cos b cose 4 sinbosin ¢ ooz A,
Similarly, we may write

cos b = cos a cos ¢ + sin a sin ¢ cos B:
cos ¢ = cos a cos b 4 sin o sin beos O,

The law of cosines applies to a spherical triangle when two sides
and the included angle are given. It is also used in the derivations
of many formulas of spherieal triangles,

Example. Tind ¢ in the spherical triangle for which ¢ = 7¢°
b = 58°% € = 116.5°

Sotulion. The law of cosines adapted to the given data yields
eos ¢ = eos 76" cos 58° 4 sin 76° sin 58° cos 116.5°.  For convenience
let 2 = cos 76" cos 58° and y = sin 767 sin 58° cos 116.5°. Henee
cosc =2z + y Tofind x make the following setting:

¢lose the rule,

push hairline to 76° on S red,

draw right index of slide under the hairline,
push hairline to 587 on 8 red,

under hairline read on D, 0.1282 = 7.
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I'he decimal point was determined by means of the legend of the S
senle and o mental approximation. To obtain the value of y first
note that cos 116.5° = —eos (180° — 116.5°) = —eos 63.5°, write
i = sin 76° sin 58° (—eos 63.5%), and make the following setting:

close the rule,

push hairline to 76” on S,

draw right index of slide under the hairline,

push hairline to 58 on 5,

draw right index of slide under the hairline,

push hairline to 63.5° on S red,

under hairline read on D, — 367 = 4.

The decimal point was determined as above.

Therefore cose = z 4y = 0.1282 — 0,367 = —0.2388, Todeterminec:
close the rule,
push hairline to 2358 on [},
under hairline read 76.3% on S red.

Sinee eos ¢ is negative, ¢ most be in the second quadrant, Henee
e=180" — 76.3°=103.7"°

EXERCISES h!

1. Using the law of eosines find the side opposite the given angle for o spherical
trinngle having:
(a) b = 60° ¢ = 30° A = 45°
{h) a = 47%, ¢ = 32% A = 125°
(o) a = 485 h = 647, (' = X"
2, Use the law of eosines to find the indicated angle in the spherieal triangle
having:
{8) @& =80° b =60° ¢ =60% A4 =7
(b) @ = 120° b = B0°, ¢ = 00° B = 7
{6) o = TE" b B5% gim 800 =}
3, Use the law of cosines to fnd all the unknown parts of a splerical trinngle
having o = 62° b = 1257, O = 1557,

4, The following formule is derived from the low of cosines:
pos A = —e0a B cos (7 4 8in 8 sin € cosa,

[Tsing this formuls find the angle opposite the given gide for o spherical trinnglo
in which:

fn) B =684° O = 460°, a = 125°

(hy B = 135% (' = 125° a = 140%,
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58. The law of sines for spherical triangles. 1f a, b and ¢ represent
the sides of a spherical triangle and 4, B and € the respeetive opposite
angles, gind gin B ~ sin L&

gin @ sin b ain ¢
The above formula is known as the law of sines.

When a part of a spherical triangle is found using the law of sines,
the part is either of the first quadrant or of the second quadrant,
The following theorems from solid geometry will frequently make it
possible to determine the quadrant:

Theorem L. The order of magnitude of the sides of a spherieal
triangle is the same as the order of magnitude of the respective opposite
angles; or in symbols, if

e<b<eg thon A « B <=

Theorem II.  The sum of two sides of a spherical triangle is greater
than the third side.,

In many practical cases the quadrant of the required part is known
heforehand. However, in cases where the quadrant cannot be deter-
mined by means of the above theorems or when the quadrant is not
known beforchand, other formulas must be used.

Example. Use the law of sines to find b in the spherical triangle
having 4 = 130°, B = 32.5° a = 84°,
Solution.  Apply the sine law to the given data to obtain
v ¥ ginh sin B4°
sin 32.5°  sin 130°
Regalling that when the hairline is pushed to an angle on the 8 seale
the sine of the angle is found under the hairline on the € scale {or
on the D scale when the rule is elosed), and also noting that when the
hairline is set to a number on the D seale the angle whose sine is that
number is under the hairline on the 8 scale, make the following
setting in aceordance with the proportion principle:
elose the rule,
push hairline to B4° on S,
draw 50° (= 180° — 130°) of S under the hairline,
push hairline to 32.5% on &,
close the rule,
under hairline read 44.3% on 8.
The quadrant of b was determined by Theorem 1.
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In the above setting the proportion was solved essentially on the
£ and D seales. It should be noted that with the rule closed and the
hairline pushed to 84° on the 8 scale, sin 84 is under the haidine on
the D seale, One further observation is important, In solving a
proportion (nvolping the sine low as applied to spherical triongles 1t is
necessary bo so make the setting that the wnknown term appears on the
D seale, This is aecomplished by always writing the sine law so
that the unknown term appears in the numerator, then elosing the
rule and pushing the hairline to the number on 8 which represents
the angle in the numerator of thé known ratio of the sine law
proportion.

EXERCISES

1. Use the Inw of sines to find ¢ in the spherical trinngle hiavieg

{a] 4 =707 C = 45° 0 = 58"
(hl 4 =707 C = 131.3% a = B7.9°

2. Check the following data by using the lnw of gines:

() A = 474% B = 2235 ' = J48.7° o = 116.8% b = 27.4% ¢ = 138.3%
(B} A = 1102° B = 132.8% (' = 70.8% o = MT.1% b = 155.1% c =83.1"

3. Use the law of cosines to find ¢ and then the law of sines to find A and B
in the spherical triangle having ¢ = 62° b = 135°, ' = 1566°,

4. Fig, 64 representa the so-called terrestrial triangle DL-g

usird in navigation.  The parts symbolized on the figure are;

DLy mesning difference in longitude,

oLy meaning eomplement of latitude of departire,
ol meaning complement af latitude of arrival,

o meaning great eircle distance traveled®, d

€' meaning initial eourse angle to he steered, Fra. 4.

Substitution of these parts of the terrestrinl triengle in the cosine law and the
aing law vields the following formulas;

(1) vosd = sin L, sin Ly 4 cos Ly cos L cos DL,

@) gin 7 = nin Dl
poR L sin o
Use formula (1) to find the grest circle distance d, and then formuln (23 to find
the initial course angle ©, for the indicated fights:

1 minuts of are on a grent elrels of the sarth B egual & 1 nautieal mile,
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(a) From Rome (L, 41.8" North} Longitude 12.3° liast)
to Dublin {Le, 53.8° North; Longitude 6.3% West ),

(b} From Tokyo (L, 35.7° Xorth; Longitude 138.8° 1last )
to Seoul {Le, 37.6° North; Longitude 123,87 last ),

59. Visual summary.
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CHAPTER VI
THE LON SCALES

60. Introduction. In solving many scientific and engineering prob
lems, il is necessary to find powers of numbers, logarithms of numb
to the base 10, to the base e, or to other bases, and to solve expones jal
equations of the form y = ¢=. By means of the Lon seales consider
in this chapter, we can solve such problems as readily as we can
multiply and divide simple numbers with the familiar € and D seales

In Chapter VII the design of the Lon scales is discussed from i
logarithmic viewpoint.

61. Laws of exponents; rules for combining logarithms. e
following definitions and laws are taken from algebra and are here
listed for review and easy reference. '

Ezxponents
Definition I.  If n is a positive integer,
a" =a-a-a--a(nfactors), 1
Definition II. Ifa#=0, a*= 1. (2
Definition I11. Whenever a has a prineipal nth root
at/*=ya. @)

Definition I1Ta, 1f @ has a prineipal nth root, and m/n is n
rational fraction in its lowest terms,

I',I"'."J"' ) I:d:ju"'"}‘“‘ - (am"' I‘.-'ll- = Emn = {}‘Em_ H__} |
Defination 1V, If g is positive, a # 0 and a” is defined by one
of the preceding definitions, then '

& 1 4
a = il {ﬂ 7
Laws of Exponents
Law 1. ar - g9 = grte (6)

o8
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L 1{a). (@*)e = (ad)}» = ary (7}
Law 1(h). {ab)r = ar b» ()
p
: 1 .4
Law 1(c). (&) -% ()
wr 5
Law 2. et T (o Sy (10)
Logarithms
Definition, Given the equation av = =z, the solution for y is
by definition the logarithmic function
y = Log. z; (11)

that is, ¥ is the logarithm of z to the base «.

Rules for Combining Logarithms

I, Log, MN = Log, M+Log. N. (12)

Ir. Lugni—{ = Log. M — Log. N, (13)

111, log, Mr = pLog. M. (14}
EXERCISES lj

Assime that literal pumbers in this set of exeroises are positive
Simplify the expressions:
L (~2e% 5 (55) - Ry

( i U
2. (Bziy™ )y

(B47%) 4 (200700, 6 [l —{1'— £y},

In sach of the equations from 7 to 10 transform the left member to the right
member.

X
b Lng;: — Lag 300 4 Log 120 = — Tog 2
i a a z
8. 2L{-g.r—4lng;yr-ﬁ'[mgz— L-.rgy:ii.ug (F)
9. Log 7 + Log /7 + Log vF + Log b /5 = Log 529,
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62. The Lon scales. The eight seales labeled Lng, Lnl, In2, Lnd,
Ln0), Ln-1, Ln-2 and Ln-3 will be referred to eollectively as the
“Lon scales,” and any individual seale of the eight as a “Lon scale.”
The Lon seales are divided into two groups. The scales labeled
Linit, Inf, Ln2 and Ind comprise one of these groups. They are
all on the front face of the rule and are pumbered in black. This
group will be referred to as the “black Lons,” and the individusl
seales in the group as “Lon zero,”” “Lon one,” etc. The group
collectively exhibits a continuous sequence of numbers imcreasing
from left fo right, ranging from 1.001 to 30,000, Each seale of this
group funetions with the €' and 1) scales on the front face of the rule,

The second group consists of the seales labeled Ln-0, Ln-1, Ln-2
and Ln-8. This group of seales is on the reverse face of the rule
and is numbered in red.  We shall refer to this group as the *‘red
Lons,” and the individual scales in the group as “Lon minus zero,”
“Lon minus one,” ete. The group exhibits a continuum of decimal
fractions inereasing from right to left, ranging from 0.00003 at the
right, end of the Lon-minus-three seale to 0.999 at the lelt end of the
Lon-minus-zero seale.  These seales operate with the € and D scales
on the reverse face of the slide rule.

Each calibration mark on the Lon seales represents a single unique
nuraber complete with decimal point. This is in contrast to the euli-
bration marks on the €, D and other numerieal seales, on which
ench mark may represent many numbers, For example, the calibra-
tion meark numbered 4 on the € scale may represent 4, 40, 400, 0.04,
0.004, ete,, wheress the ealibration mark numbersd 4 on the Lnd |
seale ropresents 4 and no other number,

The loft and right indexes of any Lon seale are defined to be the posi-
tions on that seale opposite the left and right indexes respectively
of the D seale. For convenienes of reading, the ealibration marks en
some Lon seales extend beyond the seale’s indexes, that is, to the
left of the leit index and to the right of the right index. When re-
ferring to marks on any Lon seale, unless otherwise indieated,we will
mean the marks between the indexes of the seale.

63, The number e. One of the most imporlant and useful muthe
matical constants is the number ¢, defined by

1
¢ = lim (1 + 2%
£—=0

e
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Like =, e is not a rational number. Its value is 2.71828 (to five
deeimal places). This constant is the base of the system of natural
or Napierian logarithms, and it appears again and agsin in the
mathematics of seience, engineering and fnance,

It is especially important in slide rule theory beeause it is basie
in the design of the Lon scales.

64. Logarithms to the base e. In the equalion N = ¢, the ex-
ponent x is defined to be the logarithm of N to the base . This is
galled the natural or Napierian logarithm of N and is denoted by

Log, N or Lo N {pronounced “Lon of N").

By using the Lon seales in conjunction with the D seale, Lns
{logz to the base €) of numbers can readily be found, as well as
logarithme to any base except 0 or 1,

The Lon seales are so designed thal when the hairline is set to a
number N on o Lon seale, Ln N is under the hairline on Seale D,

To use this fact in evalusting Ln 7.39 (see Fig. 65), push hairline
tir 7.49 on Lad, and under hairline read 2.00 on [3.

@ gl [ ) 2 ';J
i | {"
| |
o 1 T T I T T o
e I 5 T 1 !J
2|3 & 2 # 1 i nal12]]
o 739- €8 e’ ¢ ¢ e i}GEND
1.0 B0

Fig, 65,

The position of the decimal point in the logarithm is determined
in aecord with the following faects:

The left index of the Lnd scale reprosents €', its Ln is 1; the right
index represents ¢, its Ln is 10; hence the Lns of the numbers repre-
sented on Las range from 1 to 10. Note that the legend at the right
end of the In3 seale is 1.0 to 10.0." [If Ln N = z, then the legend
numbers 1.0 to 10.0 of Lad are the limits of @ when N is on Lnd,
In like manner the legend of the Lyn-3 scale, —1.0 to —10.0, is based
on the Lns of ¢=' and e '° respectively, represented by the indexes
of the seale. Hence, the Lns of the numbers represented on Ln-3
range from —1.0 to —10,0. The legend of each Lon seale has a
similar relation to the numbers represented on the scale. In short,
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the legend at the right end of each Lon scale gives the limits of the values
of the Lns (read on D)) of the numbers represented on that scale.

In the previous example, 7.39 is found on Ln3, so the value of
Ln 7.39, aecording to the legend of the Lnd seale, must lie between

1.0 and 10.0. Hence, Ln 739 = 2, This, of eourse, can be verified
by o quick mental estimate,

L a0
efflp LiN R
o Ln N o

Fie, 6.

The rule for finding the logarithm to the base ¢ of any number
(Fig, 66) is:

Rule. T find the value of Im N, push the hairline to N on a Loit
seale, rend Ln N on the D scale under the hairline, and place the dectmal
point in this number so that the result lies between the legend nmumbers of
the Lon scale used,

To gain familiarity with the process of finding logarithms to the
base ¢, the reader should make the suggested setting for finding the
Ln of each of the following numbers:

0.002, 0.2, 2.0, 20, 200,
and place the decimal point in each Ln by means of the appropriate
legend,
Opposite 0.002 on Ln-3 read 621 on D, and in accord
with the legend of Ln-3 obtain Ln 0.002 = —6.21;
opposite 1.2 on Ln-3 read 161 on D), and in accord
with the legend of Ln-2 obtain Ln 0.2 = —1.61;
opposite 2.0 on Ln2 read 639 on D, and in accord
with the legend of Ln2 obtain Ln 2.0 = 0.693;
opposite 20 on Ln3 read 2095 on D, and in accord
with the legend of Ln3 obtain Ln 20 = 2.995;
opposite 200 on Lnd read 530 on D, and in accord
with the legend of Lnd obtain Ln 200 = 5.30.

Example 1. Find Ln 1.345 and Ln 0.9946.
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Solution. Push hairline to 1.345 on Lnd,
under hairline read on 0 0.206 = Ln 1.345;
push hairline to 0.9246 on La-,
under hairline read on £ —0.0054 = Ln 0.9946.

Here the decimal point was placed in each answer by observing that
0.206 lies within the legend range 0.1 to 1.0 of seale Ln2, the scale on
which 1.345 is found, and that —0.0054 lies within the legend range
~0.001 to —0.01 of scale Ln-0, the seale on which 0.9946 is found,

Example 2. If 7 is the per cent loss of a radioactive substance in n
units of time, As the initinl amount of the substance, and A the
amount present at any time ¢, the formula for f is

A
n Lin ( 1 r) ,
Ln {1-1)
It is found that 0.59 of radium disappears in 12 years. Find the
half life* of radium.
Sohation. It is required to find t when A =34, Here, r=05%=

1,005, 1-r = 0.995, n = 12. BSubstituting these quantities in the
above formula, we obtain

i =

34,
S ) _ 12 Ln 05 @)
In 0995  Ln0595 ;

To find the value of Ln 0.5,
push hairline to 0.5 on Ln-2,
under hairline read 693 on D,

In necord with the legend of the Ln-2 scale, Ln 0.5 = —0.693.

To find the value of Ln 0.995,
push hairline to (.995 on Ln-0,
under hairline read 502 on D,

In accord with the legend of the Ln-0 scale, Lo 0.995 = —0.00502,
Substitute the above values for Ln 0.5 and Ln 0.995 in (a) to
obtain

(12) {—10.693)

b= ="000502

*The half lile of & radicactive subatance 1a defined ns the tima it takes for 50 of the subsiance
Lo disnppear.
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To find t,
push hairline to 12 on D,
draw 502 of ' under the hairline,
pugh hairline to 693 on A
under heirline read 1657 on D,
Therefore, t = 1657 years.

The position of the deeimal point in the answer was determined by
a mental estimate.

EXERCISES

L. Find the Ln of: 500, 50, 2, 1.4, 1.043.
2. Find the Lin of: 0.002, 0.02, 0.5, 0.714, 0,9001, 0,9804,
3. Find the values of:

{a) Ln 76. (d) T 0,84, () Ln 0.909.
(b} Ln 7.6. (e) Lin 0,145, (k) Ln 1.43.
() Ln 0.2, () Ln 0803, (i) Ln 1.043.

4. Show that the first three significant digits in the Lo of each of the followmg
numbers is 603: LOT18, 0.0830, 2, 0.5, 1024, OLOTT, 090307, i

5. Tind Ln 4, Then find seven numbers other than 4, ench having as its Lo
the same first three figures as Lo 4,

6. Find the half life of a radiosetive substance if 2577 of it disnppears in 10
years. Use the formula in Example 2,

7. 1i 30% of a radioactive sulstance disappears in 10 days, how long will it
take for 809 to disappear? Use the formula in Example 2,

8. Bacteria in a cortain culture increase at a rate proportional to the number |
present. If the original number increases 509 in § hour, in how many hours ean
one expeet three times the original number? Use the formula in Example 2.

9. The time (1] required, in years, for & sum of maney to double itself if interest
i compounded continuously at v per cent per annum is
100 Iin 2

i =

T
How long will it take if the rate of interest is 6 per eont per annum?

10. The neper (o) is n unit of measure used in communication systems, Tt i
defined by -
o= I..nH-—: ()
whm% represents & retio between two acoustic or electric quantitios of the
:

game kind mensured in the same units.
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Using formula (b), find the number of nepers corresponding to n voltage ratio
of 2.10.

65, Powers of . We hiave seen that we ean locate a number on a
Lon seale and opposite it, on D, read its natural logarithm. By the
inverse process, we can locate a number z on the D scale and opposite
it read ¢ on a Lon seale.

LB o 0
o LaNax @
o) Ln - e °

Fia, 47,

The reason for this relationship is illustrated in Fig. 67. Since
In N = x, then by definition N = ¢, But from §64, Ln N on D is
opposite N on a Lon scale. Therefore, x on D is opposite e* on a Lon
geale. The following rule embodies this relation;

Rule. To find the value of €2, push hairline to z on D and under the
linirline, read the value of e on the Lon seale which conlaing x belween
its legend numbers.

Example 1. Evaluate ¢*® and ¢85

Solution. In accord with the above mule (see Fig. 68) make the
jollowing setting:

0302=a™s LEGEND
o ollinaf b ol (A
sl p ! 3o A4 & £ 7 hbd |*
2 flLnd ¢ 4 ] f,." L_ | 1o w0do  ipooosse |2
35 33T 2eas LEEE-"E
Fua. 68,

push hairline to 35 on D,

under hairline read on Ln3, 33.1 = &5,
Reverse the rule,

under the hairline read on Ln-3, 0.0302 = g~%8,
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Scale In3 was selected on which to read the value of %% because
the exponent 3.5 lies within the range specified by the legend of the
In3 scale. Similarly, seale Ln-3 was chosen for e %5 because —3.5
lies within the range speeified by the legend on the Ln-3 scale.

Example 2. Evaluate: (a) ¢, e*; (b) o2, ¢=%%; () o002, g0z,

{d} EIIIJWI a—ﬂ.ﬂh!_

Solution: Push hairline to 2 on D,
on Lng, 7.39 = ¢,

(@) under hairline read {un Ln-8, 0.135 = ¢~
on Ing, 1.221 = %2

on Ln-2, 0.8187 = ¢4,
on Inl, L0202 = &%,
on Ln-1, 0.9802 = ¢~
on Lnd, 1.002 = ¢°M2

{d} under hairline read {on Ln-0, 0,908 = ¢ 0002,

Example 3. The amount A of money accumulated by investing A,
dollars at r per cent compounded continuously is, at
the end of ¢ years,

.
o i TR

Find the amount accumulated in ten years when
£10,000 is invested at 6% interest compounded eon-
tinuously.
Solution: The nbove formula adapted to the given quantities be-
comes A = 10,000 e = 10,000 et Henes,
push hairline to 6 on D,
under hairline read on Ln2, 1.822 = 8,

Therefore, A = 10,000 X 1.822 = §$18,220.

{6) under hairline read {

() under hairline read {

EXERCISES
1. Evaluate:
(a) &, (e) 005, (1) 1,
(b) = (f) eoas, () &%,
(c) etd, () eves, (kY g-toma
{d) e04, (h) et (1) eo-ones

2. Find e* when:(a)r = 212; (M) x = =212 () x = 0.212; (d) 2 = —0,212;
() x = 0.0212; (f) + = —0.0212.
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3. Evaluate:
{a) % {d) ap-om, () a~mmax
(h) e+2, o (&) e, (A} v
[l31.| al.a, m Pl L

4. Evaluate:
(@) guin o () pinm 409, (J) oot 802,
() s a, (g) o¥" (1) o e,
(o) e MR (k) = W ('m}r{"“".
(d) e 2, (§) & Y (n) 21ewen 122,
(9). ea () evun (o) ¢b win 2,

5. The damping factor f for o certain oscillstory motion i3 given by the formuls
[ = eome,
where ¢ t= the time in seconds, Find the time elapsed while the damping factor
changes from 1 to 1,

6. A tank iz filled with 10 gallons of brine in which s dissolved 5 Ib. of salf.
Brine containing 3 Ih. of salt per gallon enters the tank at 2 gallons per minute
and the well-stirved mixture leaves the tank at the same rate. The amount A of
glt in the tank at aony time | mingtes is

A = 30 — 25 e=03 |h,
Find how mueh galt is present in the tank after 22 minutes.

&6. Hyperbolic functions. Certain combinations of exponential
functions, having relations to each other analogous to the relations
among the trigonometrie funetions, are ealled hyperbolie functions.
The three hyperbolie funetions most {requently used are called hyper-
bolic sine of x, hyperbolic cosine of x, and hyperbolic tangent of x.
They are designated by sinh z, cosh x and tanh z, respectively, and
are defined by

sinh ¢ = el cosh x W
2 2
sinh z ¢ — 1
coshz e + 1

tanh z =

The hyperbolic funetions are used in many fields and especially in
discussions relating to the catenary, a eurve in which the cables of
suspension bridees hang,

Example. Evaluate sinh 2,14,

.14
Solution: TFrom the above definition sinh 2.14 = £—=




108 Vi. THE LON SCALES 567

To find the values of ¢*'4 and %14,
push hairline to 214 on D

o on Lnd, 8.50 = ¢*14
under hairline resd {nu In-3, 0.118 = ¢-*1,

Therefore, sinh 2,14 = ‘lm;zluﬁ = 4,191,

EXERCISES

Using the above definitions evaluate the following hyperbolic functions:

1. sinh 1.04. 4. zinh 0.75.
2. corh 2,52 5, cosh 0,55,
3. tanh 1.41, 6. tanh 061,

7. The formulas for the length { and the sag s {see Fig. 69) of & uniform chain
hung from two points on the same level are

o wh H wh
"‘25}'5’““?' n-;;-{nnnh—H—”

where i is wt. per ft. of ehain,  is the
tension at the lowest point, and 2& is
the distance between the points of =us-
pension, called the span.  Fimd the
length | and the sy sil w = 2 b/t
H = 26 1b, and & = 30 [t

8. A cable weighing 4 |b. per ft. has

& span of 550 ft. The tension at the T o L
lowest point is 1600 Ib. Find the sag
# and the length ! of the cable. Fio. 60

67. Powers-of-ten nofation. Problems of science often involve
very large numbers and very small numbers. For ease in reading or
combining such numbers, they are often written in the form

m X 10*
where m is an ordinary number, usually a number between 1 and 10,
and k is a positive or negative integer. Examples of numbers in
thizs form are:
384 = 384 x 107, AR4000000 = 3,84 x 108,
0.0384 = 3.84 X 10, 000003584 = 3.84 % 105,
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(Mheerve that in powers-of-ten notation the factor 10* has the effect of
moving the decimal point k places to the right when k is positive, or k
places to the left when k is negative,

In eombining numbers in the powers-of-ten notation, the following
laws of exponents apply (ses §61):

i
10% 3 107 = 108+, % = 10* ~ 7, (10%) = 10*,

For example,
32000 ¥ 0.00324 P BA2 X 108 X 324 X107

5230 X 5.23 X 108
_ 832 X 3.24 Bh - ) — P
- i ® 10 = 5.15 X 10! = 0.515.
(160000)° 3 (0.00000195)" (1.6 3 1081 X (1.95 x 107%)°
(0.00545)? pl (5.46 X 10-3%)*
_ (L6)* (1.95)¢ 5 OG- -T—i31—31 = 10.49 X 55.0 x 107*
{5.45)° 207

= 194 X 107 = 194 ¥ 107 = 0,000194.

EXERCISES

1. Expressin the powers-of-ten notation:

(o) 5860 (ef) 0.479. (i) 000000001,

(b} ATA0O0. {e)] 28 million. (N) 000495 3 108

{e) 00623, (fy 270 hillion, (1) 8045 > 1079,
2. Simplify, and give the noswer in the powers-of-ten notation:

() (3 3 10%) (6 X 104} () (5 3% 10-9) (7 % 1088

{b) (7 % 10°7), {e) Vbd x 108

(£) (3 3 10~ () VE % 107

3 To make each of the following evaluntions, express the numbers in the
powers-of-ten notation, simplify, make slide rale eomputations, and finally write
the answer n the powers-of-ten notation:

{a) (831 X 10740 {d) {3.16 X 104)07

PHATAE o IO SR gy (230 X 108 {1.42 3 10-%)
() +/ 368 > 10¢ [LO6 % 10°9¢

(= —

V512 % W
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4. Evaluate and give the answer in the powers-of-ten notation:
(a) V64 % 10° X 0125 X 105, (d) /25600 X 0.00816,
b) 6. 2, ; £0.000650)"
(b) 6.8 ¥ 10VV'2.86 X 10 (8) “5 6675

(€) Vv i24 ¥ 100 (2675000 )1
V000042 00083 W) “ooozsayrs:

5 A light year is the distanee traveled by light in a year, 1f the speed of light
is 186,200 mi./see., find in the powers-of-ten notation the number of miles in g
light vear,

68. Mated scales; reciprocals. Two Lon seales having the same
number in their labels are called mated scales, and each of the puir
is the mate of the other. The mated pairs are:

Ln0 L‘NI M Lﬁ-’?
Ln-fi Ln-1 In-2 Ln-8

Rule. Opposite numbers on mated scales are reciprocals of each other,

Thus to find the reviprocal of 1.00203;
push hairline to 1.00203 on Lnd,
under hairline read 0.997975 on Ln-0.

To find the reciprocal of 0.552;
push hairline to 0.552 on Ln-2,
under hairline read 1.812 on Ln2,

Note that in finding reciprocals by means of mated Lon scales,
there is no question as to the position of the decimal point.

EXERCISES

1. Het the hairline to b on LnS, read the reciprocal of 5 on Ln-3; set the haie
line to 1.25 on Lug, read the reciprocal of 1.25 on Le-2; set the hairline to 1.04 on
Lnt, read the reciprocal of 1.04 on Ln-1.

2. Using the Lon seales find the reciproeal of each of the following:

(a) 16, {d) 1.95, () 10142,
(b} 3.52, (e} 0.752 (k) 0.9515,
{e) D015, (f) 1162, (4] 10075

69. Powers of any number: elementary. In §65 the method of
finding powers of e was considered. Powers of any other number m
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be found by a similar method, To illustrate the proeess, consider
the problem of finding the value of 3% and 3-? (zee Fig. 70).

Oalii=3"
T milLe=3 :JI o @
g 3 g i f
-] | L=
| [ 3 + o
g=3"

Fia. 70,

Push hairline to 3 on Lnd,
draw lefi index of ' under the hairline,
push hairline to 2 an €,
s on In3, 9 = 37,

under hairline read {on L8, 01111 = 32,

Without changing the position of the slide, push the hairline to 3,
5, and 7 on €' and under the hairline read, on Ln3, 27 = 3%, 243 = 3%,
and 2187 = 37,

£ 1 2 = (

5] tn3 S

Fia, 71.

The above setting can be explained as follews (see Fig. 71): by
pushing the hairline to 3 on Ln3, the Log, 3 is found on D under the
hairline. Next by setting the left index of C under the hairline and
pushing the hairline to 2 on €, the Log, 3 is multiplied by 2 to obtain
2 Log, 3 under the hairline on D). 2 Log, 3 can be written in the form
Log, 3t or Ln 3% Hence 3* is found on Ln3 under the hairline, since
by §64 Ln 3 on D is opposite 3% on Ln3.

The following rule covers the process just illustrated .

Rule. T find the power d*, push hairline to d on a Lon scale, draw
index of C under the hairline, push hairline to n on C, under hairline
read d* on @ Lon scale.
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In the following examples, the proper scale on which each answer
I8 to be read is specified. The process for determining the proper
seale for any similar problem will be discussed in the next article,
Example 1. Evaluate the following:
34, 374, 020 025, 125092, ]25-0.82 (961515,
088157125,
Salution:  Push hairline to 3 on Lnd,
draw left index of €' under the hairline,
push hairline to 4 on 7,
on Ing, 81 = 34,
on Ln-3,0.0123 = 3-4;
push hairline to (L2 on Ln-3,
draw left index of €' under the hairline,
push hairline to 5 on €,
on La-3, 0.00032 = 0.25
on Ing, 3100 = 0.2-9;
push hairline to 1.25 on Lng,
dreaw right index of €' under the hairline,
push hairline to 932 on ¢,
on Ln2, 1.231 = 12508
on Ln-2, 0.8124 = 1.25-0.532,
push hairhine to 0.9615 on Ln-1,

draw left index of € under the hairline,
push hairline to 125 on €,

on Ln-2, 0.612 = (0.9615)1%
on Lng, 1.633 = ((1L.9615) %%

under hairline read {
under hairline read {
under hairline read {

under hairline rend {

EXERCISES

1. Using the settings indicated by the italivized rule in $69, find on Lnd the
values of 22 5% 7, 8, and on Lu-3 the values of 2-% 58 7-%, -2

2. Using the settings indicated in the italicized rule, find on Ln-2 the valuesof
0.882:1, 0,80, 0.65% ", and oo Ln2 the values of D884, 08021, 0G5,

3. Push hairline to 3 on Lnd and under the baidine read on Le-8, 3-%; on Lng,
3" on Ln-8, 27%1% on Lal, 309% on La-f, 349, i

4. Use the rule of this article to find 3%, 372, 4" 4-7, 62, 6%, 0%, 0%, 5,50, 5.5%
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5, Push hairline to 1.06 on Lxl and under hairline read the values of 1,060
on Ln=1, 1.06" on LnZ, 10670 on Ln-2, 1.06: pn Ln8, and 1067 on Ln-8.

6. Push hairline to 0.1 on Lo-F and onder hairline read the values of (0,1)77
on-Lad, (0,101 an La=2, (001 77%Lon Laf, (0.1 24 on La-f, (0199 an Inl.

7. Push hairline to 25 on La3, deaw nght index of €' under the hairline, push
the hairline to 5 on O, and under the hairling read the values of: 25°% on Lad,
2500 oy Ln3: 2009 g Ln@ 2657000 6 Tn-@.

8, Push hairline to 054 on Le-2, drow index of € under the hairline, push hair-
line toe @ om ©F, and under the hairline read the values of; (0.84) on Ln-g, (0.841°7
on Lmd, (0.84)% on Ln-3 (0084739 on Lnd, (0.84)%3 on Le-1, (0.84)7%3 on Lnf.

70. Powers of any number: general. In finding a power of any
number—such as 1.2'* or 12-%9 it iz often necessary to locate
the base on one Lon seale and read the power on another Lon seale.
In the problems in the preceding article, the seale on which to read
the power was specified,  In this article we shall discuss the complete
process for determining which seale to use when finding any power of
sny number, provided that no step in the proeess involves any num-
ber outside the range of the Lon seales, These seales represent num-
bers from 000003 to 30,000 except for o gap between 0.999 and 1.001,
Caleulations involving numbers not on the Lon seales are discussed in
§876 and 77,

These operating prineiples will be developed in step-by-step [ashion,
g0 that the user of the DECI-LON slide rule will be thoroughly
fumiliar with the power and Hexibility of the eight Lon scales,

A. The “‘Same Scale” Principle: Consider the process of finding
1.2% ‘The haze number 1.2 iz located on the La? seale. Hence, we
#et the left index of C opposite 1.2 on In2. Thus

1.2! on Ln? is opposite 1 on €.

Now push the hairline to 2 on € and under the hairline read
144 = 1.2 on Ln8,

Henee, 1.2* on Lng i= opposite 200 on €.

‘Note that seale La2 is the same seale on which the base 1.2 was
found. Similarly,

opposite 300 on € read 1.73 = 1.2% on In2,
opposite 400 on € read 2,07 = 1.24 on In2,
opposite 504 on ' read 2.50 = 1.25% on Ing,
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In each of the above settings, note the close association between
the number on € and the exponent of 1.2, Also note that all these
readings are on Ln2, the same seale on which the base 1.2 was found.

Now interchange the indexes of the € seale; push the hairline to
700 on £ and

opposite 700 on € read 1.136 = 1.2"7 on Ln2.
Similarly,
opposite 600 on C' read 1.1156 = 1,2%% on Ln2,

Again observe the close assoviution between the number read on €
and the exponent of 1.2; note that the readings sre still made on Lné,
on which 1.2 appears,

These examples illustrate the operating principle (Fig. 72):

] o
%\\H } P
\ELn'f‘” ¥ L

Fra, 72

The “Same Scale” Prineiple:  To find a power of a base number, N,
locate the base number on a Lon scale and set an index of C opposite i,
Then any number to the right of N on the same Lon scale on which N
appears ¢ a power of N having an exponent whose value lies between |
and 10 and whose digits are the same as the digits of the number on the
€ seale opposite this power.  Moreover, any number to the left of N on
the same Lon scale on which N appears is a power of N having an ex-
ponent whose value lies between 0.1 and | and whose digits are the same
as the digits of the number on the (' scale opposite this power.

EXERCISES

. Evaluste 6213 G295 582

. Evaluste (091, gois, goase

- Lvaluate 1.322040, | 32006 ) gogsee | 9000 | soo0m2 | g0

= E‘qa‘]uﬁm 1.‘:&2".3. ]_mi.wl I_UEEI.:". ]I{Iwmr IJW Fll' Lﬂm.m“

. Evaluate 1.00750-%, LOO75seee ] 007508 L0752 1 DOTRS-1 1 0075016,

A o B B e
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B. The ““Tenth Power” Principle: In considering the seeond
operating principle, keep in mind the distinetion between the “label”
of a scale and the “legend” of a seale. The label, or name, of the Lnd
seale is “Lnd"; its legend is *1 to 10"

As we saw in §64, the legend of each Lon scale gives the range
of the exponents of the powers of ¢ found on that seale, For example,
Scale Lnl consists of numbers from ¢™" to ¢!
i Lﬂﬂ ¥ '] T i g i E?I
i Lﬂ-ﬂ i il i 'l Ei i 'l.;'-m.

Hence, any number on Ln3 is the 10th power of any number
opposite it on Ln?; any number on Ln? is the 10th power of its opposite
number on Lni.

To illustrate, again set the left index of €' opposite 1.2 on Ln2.
Push the hairline to 200 on ', By the “Same Scale’ principle, the
pumber under the hairline on fn2 is 1,22

For the reason just diseussed, the number

(on Lnd is 1.2
under the hairline <on Lnl is 1.2
on Lnd is 1.2%92,

Note that in moving along the hairline from one Lon scale to an
adjacent Lon seale with the higher number in its label, the exponent
of the power of 1.2 is multiplied by 10, in moving to the adjacent Lon
seale with the lower number in its label, the exponent is divided by 10.

This illustrates the second operating prineiple (Fig. 73):

The “Tenth Power"” Principle:

Ln-d B R NIt N
Ln-2 N-t1 o K- N-' foN»
Tl Nl o Mo N o N1
La0 N+ g N 4.0 N0 to N-0.i
wte 8 8k S ERE
c O ST A 5 5 T ) I O O
In0 Ne.ool fo Now No# fn Wo.
Inil Net tg Ne I
In2 N*1 o NI Ni_ to N©
Lin 3 Nt to U N0 g By 108
Fia, 73.

Each number on any Lon scole

t¢ the 10th power of the number opposite it on the adjacent Lon scale
with the lower number in itz label.
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EXERCISES

1. Evaluate 6395, 69302, goasm, goosss,
2. Livaluate 1,007504%, 10075, 1007501,
A, Evaluate 1.0251.00 ] 0250008 ] (35408,

4, Evaluate 1.45%4% ] 450382 | q504m ] 45800
5. Evahmte 1250104 1 95400 ] R0

C. The ‘'Mated Scale” Principle: In §68 it was shown that oppo-
gite numbers on mated Lon seales are reciproeals of cach other.  Sinee
NP and N-F are reciprocals, this relationship (Fig. 74) ean be re-
stated as;

S ollin- 'F,,u = G
o - } Tr =l
of L ? T .
Fra, 74.

The “Mated Scale' Principle: When the hairline is sef fo NV
on any Lon scale, it iz also sel to N—F on the maled Lon scale,

As an illustration of this principle set the left index of € opposite
1.2 on Ln? and opposite 2 on €' read the powers in the left-hand’
ecolumn of the table below in accord with the “SBame Seale” anl
“Tenth Power” principles, and those in the right-hand eolumn in
accord with the “Mated Seale’ prineiple:

1.2%9 on Lnd 1.27%% an L

1.2%* on Ini 1.27%* on In-f

1.22 on In2 1.2-* on fn-2

1.2 on Lnd 1.27* on In-3
EXERCISES ]l

1. Evaluate 3.55%, 3.767%%, 3755, 375022, 7550,
2. Evalunte 1.024% % 1,0240-42 | (240958 ] (24164,

3. Evaluate 1.0075-%3, L0075, 10075795,

4. Evaluate 0.842-15, (LR42-10-1, (),R423.4%,

5. Evaluste 0.90827154 (.00DRZ2, (), 0ORI-L81,




570 Vi. THE LON SCALES 17

D. Index Power Ranges: The relations set forth in the “Same
Seale,” “Tenth Power"” and “Mated Seale” principles are sufficient to
determine the proper Lon scale on which to read a power of N. One
further device will be presented here which on certain oceasions will
be found exceedingly helpful. This deviee makes use of the inter-
relationship of the indexes of the Lon seales, by means of which the
ranges for the powers of any given base number N are established
on the various Lon scales.

Again set the left index of €' oppozite 1.2 on Ln# and read 548 on
(" opposite the right index of D. By the “Same Seale” prineiple
the number at the right index of Ln# i3 1.2%%  Henee the numbers
on Lat2 to the right of 1.2 are powers of 1.2 having exponents which
range from 1 to 5.48.

Interchange the indexes of the € seale and find opposite the left index
of Ln2 the same digits 5-4-8 on €, By the “Same Scale” principle
the number af the left index of Ln# is 1.2%%% and the numbers on
La# to the left of 1.2 are powers of 1.2 which range from 0.548 to 1.
It follows, therefore, that the powers of 1.2 which can be read on
seale Lu@ have exponents which range from 0.548 to 5.48.

By the “Tenth Power" and “Mated Seale” principles, it can be
established that the powers of 1.2 which ean be read on Ln8 have
exponents which range from 5.48 to 54.8, and the powers of 1.2 that
can be read on Ln-3 have exponents which range from —5.48 to
—54 8. In like manner, the ranges for the other Lon seales can be
determined. These ranges will be referred to as the “Index Power
Ranges."

When it is necessary to find various powers of the same base
number, it is often convenient lo list the “Index Power Ranges'
of the Lon seales and use them like seale legends. For example, to
write a set of “Index Power Ranges” for determining the proper
seale on which to read various powers of 9, set the index of € opposite
%on Lnd. Opposile the index of I} we find, on €, the digits 4, 5, 5.
By applying the three operating prineiples just diseussed, we write
these “Index Power Ranges” for powers of 9:
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Left index Right index

I8  gredmd. e p-kit
Lvpl | geteuige o e L o Bl
Ln-1 Q00048 40 0-s0
Ln-0 Q0000485 4o Q—0,00488
LnO  Quoeesss o Oo.okass
Lnd < inhon P T LR L
Ing 2 bt e W o ARE

Ing  go.uss St R

In each ease, of eourse, the actual digits in the exponents of the
powers of 9 are loeated on the € seale,

Example 1. Find the values of the powers of 9 whose exponents
are 0L545, 2,15, —2.13, 0.213, —0.213, 0.0213, —0.0213, 0.00213,
—0.00213.

Solution: In this example, let us detormine the seale on which
to read each answer by referring to the “Index Power Ranges”
nbove for the powers of 8, Thus we choose Lnd as the scale on which

tor read the values of 9934 and 9912 since these powers of 9 lie within
the “Index Power Range” 99458 to 945 of the Lag scale (see Fig. 75).

4!55 5?5 21!3 455
| i i
[_C..i. .:r.?_:. i_i_ T T :I (T 1]l WA |:I|?:!|I||:|J1? 1 H ?
[Ln3 7™ 9 1 L e
INDEX INDE X
Fa, 75,

Also we read the value of 91 an seale Ln-3, the mate of Lng,
Similarly we choose Ln2 and its mate Ln-2 as the scales on which
to rend the values of 9% and 9221 respectively. In a like manner,
we use the “Index Power Ranges" to select the proper scale on which
to read the values of the remaining powers of 9. We now make the
following setting:

push hairline to 9 on LnS,

draw right index of € under the hairline,
push hairline to 545 on (',

under hairline read on Ing, 3.31 = 0024
interchange indexes of 7,

under hairling,
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seha Jon Ln3, 108 = 9%,
on Ln-3, 0.0092 = §-%.13.
read 4°0 Ln#, 1.507 = g8.:13,
on Ln-2, 0.626 = O-n0.
fag, 1.0470 = gonen
Jid PR :
g {on Ln-1, 0.9543 = Q-0.0213,

e {:m Imif}, 1,0047 = 9o-0n2ia
on Ln-0, 0.99532 = §-0.00213
It is to be emphasizged that the st eight exponents in the example
have the same significant digits and that all of these answers appear
opposite each other al Lhe sume bhairline selting (see Fig, 76).

Ln-3 ~&.18

=, -0
ﬂ_? ~0.0FY
Li=0 =3 DnFE

c i P
Ln FT=r g
2O

ﬂé %u.m
Ln3 == g

15, 7.

Moreover, each number on the higher labeled seale is the 10th
power of the number opposite it on the lower labeled adjacent scale.
Finally, observe that exponents having the same digits but opposite
in gign are on mated seales,

Example 2. Evaluate

(@) (527004 (B) (0.955)103  (¢) (1.456)-0-05

Solution: (a) Push hairline le 5.27 on a3,

draw left index of € under the hairline,
push hairline to 440 on €,
under hairline read on Lnt, 10759 = (5.27)%M4,

Note that, after the setting was made, in accordanee with the “Same
Beale” principle, 5.27%' was on Lad at the hairline, and that by
the “Tenth Power™ principle 5.27"% was on La2, while 527514 way
on Lnl. Fig, 77 shows the setting.

I e °

s
52744

o g

Fr. 77
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Solution: (b) Push hairline to 0.955 on Ln-1,
draw left index of €' under the hairline,
push hairline to 1863 on
under hairline read on £5-3, 0.000188 = (0.955) 183,

Note that, after the setting was made, in accordance with the “Same
Seale,” principle 0.955"%* was on Lr-1 at the hairline, and that by
the “Tenth Power” prineciple, 0.955'%% was on Ln-2 and 0955150
was on Ln-3. Fig. 78 shows the setling,

[ Ln-3 -]
oliLn-1 955 e I |
] c i 10!55
o @ | Op

Fis. 78,

Solution: (¢) Push hairline to 1.456 on Ln2,
draw right index of € under the hairline,
push hairline to 540 on O,
under hairline read on Ln-7, 0.97995 = (1.456)-0 084,

Note that, after the setting was made, 1.456%* was at the hairline
on In2 by the “Same Scale” principle; 1.456%%¢ was at the hairline
on Lnf by the “Tenth Power” prineiple, and 14569 was under
the hairline on Ln-i by the “Mated Seale” principle. Fig. 79 shows
the setting.

=3
Ln-2 1 q
Ln=1 1456

¢ e 540 } |
Ei 145694 quﬁa.
Lr 3 1
1z, 79,
T ——
EXERCISES

L. Find the values of: (1056798, (105655, (1.056)9,
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2, Find the values of:
{a} 1.03%4a1, 1.0a-1a, 103~
{.ﬁ.] H_ﬁﬁl.!l' S,.'EE—I.HI.‘ S_Eﬁﬂ.ill!.'
[ () 07780, 0778, T,
"(d) 022488, {1, 224—0.00045 (1,224 %04,
Evaluate the following expressions:
3. LR, | AR R 21, Gwin 307,
4, 1.01634.4, 13, F470-0, 22, O-sin2d®
5. 85400, 14, D74, 23, Gea 37
G, (LR, 15, B.74~2mm, 24, =™ EE"
7. 0LOEEea, 16, 0740w, 25. (1,5;*:’5.
8, 0.08-m3, 19, 1.085-1-685 26, (0.675)" OG5
g, 2. TRevA 18, 1.08508-4, 27, (983160,
S R 19, 10550, 28, (.9831
Bl e, 20, (988, 29. 1.03254*5

71. Basic formulas of mathematics of finance. Comprehensive
lreatises such as Moore's “"Handbook on Financial Mathematies™
develop many formulas for the selution of various problems of finance.
Many of these formulas, though convenient, are not necessary. From
a strictly theoretieal standpoint two principal types of financial
problems oceur. The first type deals with a single payment exempli-
fied by investments involving compound interest, compound amounts,
present values and compound diseaunts.  The second type deals with
a series of equal payments, exemplified by annuwities, their amounts
and present values,

The first type may be solved by the two formulas,
al 8= P 4+ 5~ and b P=5{+i"
and the second by the two formulas,

(1 4 —1 1— (1414
o -l .

L

¢l By=R and d) 4, =k

In all four of the above formulas:
i = interest rate per conversion period,
n = number of conversion periods.

In formula (a):
8 = compound amount,
P’ = original principal invested.
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In formula (b):
P = the present value of the sum 5,
n = periods in advanee of the maturity date,

In formula (e):

» = amount of annuity,
I = periodic rent.
In formula (d);
A, = present value of annuity,
I = periodie rent,

It is to be noted that the expression (1 <+ #)*» is basie in the above
formulas, Indeed this expression forms the basis of most of the
formulas of mathematics of finance, As illustrated in the following
examples, it ean be very conveniently evaluated on the DECI-LON
slide rule,

Example 1. Find the eompound amount of $2500 if interest is
converted semi-annually at 5% for 15 vears.
5%

Solution: Here P = 32500, ¢ = 5 = 0.025, n = 2 X 15 = 30,

Formula (&) above, adapted to the given data, yields:
8= P ({1 + i) = 2500 (1.025),

The value of the expression (1.025)* is found by making the
following setting:
push hairline to 1.025 on Lni,
draw left index of €' under the hairline,
push hairline to 30 on C,
under hairline read 2.10 on L2,
S = 2500 X 2.1 = $5250.

Example 2. Find the present value of an annuity whose periodie
rent is §200 paid guarterly for 10 years, assuming money to be
worth 59 converted quarterly,

Solufion: The present value is

A= pimdie et

Here B = 200, n = 40, and 1 = == = 0.0125.

1— (1.0125)-
0.0125

=
l'h|L"l Lo

Henee 4, = 200
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The expression (1.0125)7* is evaluated by making the following
setting:
push hairline to 1.0125 on Lnf,
draw left index of ' under the hairline,
push hairline to 40 on C,
under hairline read 0.608 on Ln-2.
200 x (1-.608)

0.0125 = $6270.

Therefore 4, =

EXERCISES

1. Find the compound amount cn §500 for 20 years at 39 converted semi-
annually,

2. To what amount will 2000 aceumulata in 15 years, if intereat 12 at 39 con-
vorted (o) annually? (b) semi-annually® (¢} quarterty? (d) monthly?

2. A man borrows $300, agreecing to repay the principal with intersst at 2897
converted bi-monthly. What dees he owe at the end of 3 vears?

4, Find the present value of 31200 due in 15 years, if money is worth 657, com-
pounded (a) annually, (b} semi-snmually, (¢} quarterly; (d} monthly.

5. Discount {i.e. find the present wvalue) £2000 for 20 vears if money com-
pounded annually i8 worth (a) 3%, (b)) 5% (¢) 6.5%. WFind the compound
dizeount in each case.

6. If money iz waorth 49 converted quarterly, is it more eoonomical to pay
£1000 for o rug now ar $1100 two years henee?

7. Find the amount of an annuity of (o) $200 per annum or 20 years at 65,
(h) %400 each 3 months for 20 years at 69 converted quarterly, (¢} $160 cach
month for 10 years at 69, converted monthly,

8. Find the smount at 7%, converted bi-monthly of an annuity of $200 each
half month for (a) 2 years, (0) 4 vears, (¢} 20 vesrs,

9. A person deposits 3150 every three months in p savings bank which pays
3%, converted quarter]ly, Find the pmount of his savings in 10 years,

10. Find the present value of an annuity of (o) $70 a year for 5 years at 677,
(Y 840 each half vear for 6 years at 657, converted semi-annually, (¢} £10 a month
for 10 yvears at 69 converted monthly,

11. Find the present value of an annuity of $100 per month at 595 converted
monthly for (a) 4 yeara, (h) 8 yvenars, () 12 years,

12. How much must a man deposit in a trust bank on his son's second hirthday
o provide for his son's college edueation which he estimates will cost £1500 o vear
for 4 yeurs starting on his son's 18th birthday, if the bank's interest rate is 3145

72. Logarithms to any base. According to the definition of loga-
rithms, if d* = N, then 2 = Logs N {Log of N fo the based). Thus,
in the equation # = Logs 16, z 15 the exponent of the power of 2 which
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cquals 16, By inspection, we know that 2¢ = 16,502 = 4 = Log, 16.

For any number N and any hase d (other than 1 or 0}, the desired
logarithms can be found by using the € seale and the Lon scales in
accordance with the relationship established in §70.

The following example and the schematic (Fig. 80) will illustrate
the process:

¢ g e 3 (le 1w |
Ln N 1¥=_? Ln 3 ot { Ln o N e
(a) (5) (e)
Fio, 80,

Example. Find Log, 27.

Solution. Letx = Log; 27; then 3° = 27. Recall that we can find
the power of any number by setting the index of oppozite the num-
ber on a Lon seale and using the € scale to multiply by the exponent
of the power. In Fig. 80a, for example, N on the Lon scale times 3
on the €' scale gives N7 on the Lon seale. In the present example we
work with a different unknown (Fig. 80b). We locate 3 and 27 on
the Lon scale and use the € seale to find the missing exponent, To
solve 3° = 27,

push the hairline to 3 on Ln3,

draw the left index of € under the hairline,
push the hairline to 27 on Ln3,

under hairline on © read 3 = 2.

The following rule, illustrated by Fig. 80¢, will be helpful:

Rule. To find Logs N, push hairline to d on a Lon scale, draw the
index of C under the hairline, push hairline to N on a Lon seale, wnder
hatrline read Loga N on €. Place the decimal point as described fn 870,

Example. Find (a) Log; 81; (h) Logy s 0.9718; (¢) Logs (.726,

Solution. (a) From L = Log, 81, 3% = 81. Hence,
push hairline to 3 on Lng,
draw left index of ' under the hairline,
push hairline to 81 on Lng,
under hairline read on €, 4 = [,
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Solulion.
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The position of the decimal point could have been found
by inspection, or by the “Same Scale principle of §70.

(b) From I = Log; e 0.9718, 0.623% = 0.9718. Hence,
push hairline to (L623 on Ln-2,

draw right index of € under the hairline,

push hairline to 0.9718 on Ln-1,

under hairline read on , 0.0605 = Logs g21 09718,

The decimal point was placed in accord with the “Same
Seale” and “Tenth Power” prineiples of §70,

(¢} From L = Logs 0.726, 8* = 0.726. Hence,
push hairline to 8 on Ln3,

draw left index of €' under the hairline,

push hairline to 0.926 on Ln-2,

under hairline read on €, —0.154 = L.

The position of the decimal point was found in accord-
ance with the “Same Seale”, the “Tenth Power™ and
the “Mated Seale" principles of §70.

EXERCISES

Find the value of L in exch of the equations:

1. L = Log: 100, 2 L = Logll,
2. L = Logs Bl. 9, L = Loggs 0.8,
3. L = Logs 32, 10. L = Log o 0.8
& L = Logi. 0471, 11. L = Logzo.es 3.47,
5. L = Logs s 0062, 12, L = Logum 25.7.
1 6. L = Log, 1.682. 13, Log10 = 2,78,
| 7. L = Logs 7.34 14. Logy 68 = 0.01,

15. Find the logarithm to the base 3.84 of each of the following numbers:
42.5, 167, 0.96, 0.267, 0.045,

16. Find the logarithm to the base 0,45 of each of the following numbers
0.682, 50, 100, 0,545,

73. Use of the Lon scales to evaluate logarithms fo the base 10.
Logarithms to the hase 10 are ealled comimon logarithms. The values
of these logarithms hetween 1 and 10 are published in tables and are
called the mantissas of common logarithma. These mantissas are used
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extensively to perform the processes of multiplication, division, raising
numbers to powers and extracting roots. When using these mantissas
for computation the logarithms must be put in a special form.

When it is required to obtain the values of the common logarithms
for purposes other than as computation tools, the Lon scales are espe-
cinlly serviceable since by using these seales, the common logarithm
is evaluated complete with its algebraie sign and deeimal point.

For convenience in locating the decimal point in the logarithm, we
can make up a set of “Index Power Ranges” for logarithme to the
Lase 10, Bet the index of € opposite 10 on the Lng scale and read the
digita 4-3-5 on the ' seale opposite the index of the Ing seale. There-
fore, a3 described in §70, read:

On Lng 100 418 to 1032
On Lng 1000436 {q 100433
On Ll 10000485 g 100485
On Lnd 10RO gy 1O%-00438
Uﬂ Lﬂ—ﬂ ]n—ﬂ.ﬂﬂﬂﬂ-h by lu—b.uuﬂa
Dﬂ fxﬂ.-f I{J—G.UDIIE h:} 1{}—!}.‘-131
On Lin-2 10-0:0438 gy J(-Di426
On Ln-g JUTRART gy A

Since common logarithms are exponents of the base number 10,
these “Index Power Ranges” are especially adapted for determining
the position of the decimal point in the logarithm.

Example. Find the common logarithms of the following numbers:
4.8, 1.00452, 64.3, 0.684, 0.00220,

Solutten. In determining the position of the decimal point and the
algebraic sign of each answer we use the “Index Power Ranges” for
logarithms to the base 10. In aceord with the italicized rule of §72,
we make the following setting:

push the hairline to 10 on La3,

draw right index of €' under the hairline,

push hairline to 4.8 on Ln3,

under hairline read on €, 0.681 = Log,4.8,
interchange the indexes of €,

push the hairline to 1.00452 on Lad),

under hairline read on €, 0.001960 = Log,,1 00452,
push hairline to 64.3 on Lng,

under hairline read on €, 1.81 = Log,,64.3,
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push hairline 1o (L684 on Ln-2,

under hairline resd on €, —=0.165 = Logu0.684,
push hairline to 0.00220 on Ln-3,

under hairline read on €, —2.66 = Log,0.00220.

As an llustration of the importance of evaluating common loga-
rithms eonsider the formula

==10 ]J(}E] i : 3

where r—, iz the ratio between two quantities of the same kind pos-
sessing the same unit of measure, and «@ is o number to which is given
the name decibel {db) in honor of the famous inventor, Alexander
CGraham Bell, This formula is widely used in communieating systems
to express the ratio of any two amounts of electric or acoustic power
in the same units.

In particular, the number of decibels & corresponding to the ratio
hetween two amounts of electrical power Py and Pa is

o= 10 LU""“fl

Also when two voltages By and E., or two currents I, and [+, operate
in identical impedanees, then

[er)

e B, -
ap = 10 Lﬁg:u.ETr:;_, = 20 Log F{' L“J
15e I
= 10 |,|‘:g_lr|]|-r ‘i—ll.;%! = 20 Loz, T: {f:l

where ag and ay are expressed in decibels.

Moreover, the intensity level e in deeibels of a sound of intensity A
in watts/cm?® is

@y = 10 Logis }% (el

where X, is the intensity of an arbitrary standard, taken as 1078
watts/em? ot 1000 eyeles/see. This standard is the intensity of a
sound that is just audible to the humean ear,
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Example. The sound on the deck of a carrier at. jet take-off has an
approximate intensity of 8.9 X 10-* watts/em?® measured from the
reference intensity of the lowest sound audible to the normal ear,
which is taken as 10~'* watts/cm?®, Find the intensity level of the
noise of jet take-off,

Solution. Referring to formula (d) A = 89 » 10+ watts/cm?
and Ay = 107'® watts/em® Substituting these quantities in {d) we
obtain in accord with the rules of logarithms (see §61)

! 8.9 X 10+
n:l = 10 LBEI“)T = 10 Lﬂg]_n— = 1{} Lug:u {S.g = lﬂ"}-
1]

I “-- 1%
The value of Log, 8.9 iz found from the following setting:
push hairline to 10 on Ln3,
draw right index of € under the hairline,
push hairline to 8.9 on Ln3,
under hairline read 0.95 on €,

The decimal point was placed in the answer by noting that 0.95 lies
between the “Index Power Range" 0.435 to 4.35 of the Lnd scale
computed for common logarithms,

Logyy 10" = 12, since Logy, 10 = 1.
The result therefore is 10(0.85 + 12) = 120.5,

EXERCISES

Find the values of the common logarithms of the following numbers:

L. 347, 4, 1.82 7. 10075,
2. 2920. 5. 0.313. 8. 1.0542,
3, 287, 6. 0.00031, 9. 00051,

10. In measurcments of a sound under test, it ia desived (hat the hackgroumd
noise be a certain amount below the level being measured.  TF the mtio between
the intensity of the sound under test to the intensity of the backgronnd noise i
115 to 1, find the intensity level of the background noise.

11. The rustle of leaves in a gentle breeze has an intensity of 4.05 % 10-0
watts/em?® and the standard reference intensity is 101" watte/fem?. Find the
noise level of rustling lepves.

12. The intensities of various sounds referved to a standard intensity of 10~
watts fom?® are:
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| Tribensely Tritensity
Bouree af Sound | {welts fom®) Soteree af Setend {weatin/rm )
Cuaiet, house | 8.2 x 10-18 Very loud thunder | 0.752 » 10~
Ordinary conversation ! 0.054 % 107 | Threshold of pain | 2.0 X 10—

Find the intensity levels of the above sounda,

13. Using formula (&) above, find the nomber of decibels corresponding to the
following voltage ratine:

{a) 00131, td) 7.21.
(h) 00075, {e) 342,
(o) (L.652, (f) 10075,

14, Using formula (¢) ahove find the number of decibels corresponding to the
following current ratios:

{a) 0024, (e} T.43.
() 0.0072, {d) 106,
15. The neper i o unit of measure defined by
Iy
N = Ln E

where By and ¥, are voltages and N is in nepers.
Find the number of decibels in one neper.

16. Construet the graph of y = Loger by plotting the points whose abacissas
gre ¢ = 0.01, 1, 10, 20, 30,

74. Continuous relation of C scales to Lon scales. A visualization
of the continuous relationship of the € seale to each group of Lon
sonles is useful in the proecess of seale determination and location of
the decimal point.

Set the hairline to 1.015 on Lni, then in accord with §70, under
the hairline find 1.015" on Ln2, 1.015' on LnS, 1.015%' on Lap,
1.015-"! on Ln-0, 10157 on Ln-f, 10157 on Ln-2, and 1.015-1%
on fn-3.

Now with the hairline still set in the above position, draw the index
of ' under the hairline and push the hairline to N on €. By so0
doing each exponent iz multiplicd by N. Henee under this new
position of the hairline is found 1.015%"™ on Ind, 1.015% on Lnf,
1015 on Ln2, 1,015 on Ln$, 1.015-* on Lng, 1.015¥ on
Ln-1, 1.015~%" gn Ln-2, and 1.0157 " on La-3.

Fig. 81 is a schematic illustration of the above discussion.

- .
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C 1 N
_ 1015710 1.u1a--u¥'§
i 1.015- 1015190
Pt 1015 1.015¥ 1
s 1.015-2 3 1 .m.s-m'-i;
= 1.015% 1.0152a¥ |
e 1.015! LO15¥
L 1.015: | 1015
s 10150 1,01 5N
Fa, 81,

As shown in Fig. 82, we ean imagine the black Lons placed end-to-
end in one continuous seale opposite similarly placed red Lons and
four lengths of the € seale.

If we start with a number on Laf, such as 1.015, the numbers
on the ' seale labeled (7) represent exponents from 0,01 to 0.1,
those on € seale (2) represent exponents from 0.1 to 1.0, those on
€ (3) from 1.0 to 10, and those on € (4) from 10 to 100,

Ln-0 Ln-1 S Ln-3
& a0 1084 @ 101573 3 10158 & 1015780 @
Logat! 105! 1e1s® 1 Lo
Lno ¥ n1 Ln2 Ln3
I'1s, B2,

In general terms, if we set the index of C opposite 8 number N
on a Lon seale, under the index of (' on the other Lon seales we find
N raised to some positive or negative power of 10, Opposite any
number P on the € scale, we find N raised to the power of P times
some positive or negative power of 10,

Example. Evaluate (1.02)*%, (1.02) %, [1,02)% and ({1.02)25,




75 Vl. THE LON SCALES mm

it } i

G Seale 1 ————f—— —|C_Scols B ——F———C Soale :‘—j’
o i A T i b M e $13 43
T T i i R T TT .1 T
1#1 104 | 12 .14 18 z.sJ a0 1 0] u:m]
L Lnl g Ln2 L Lnld IE 1
I
{1om)=* aoa™ (102)™
Fiq. 83,

Solution: Fig. 83 shows an arrangement in skeleton form of Seales
L, Ln2 and Lng placed end-to-end in one continuous seale opposite
another continuous seale made up of three € scales placed end-to-end.
Number these €' seales from left to right (1), (2) and (3). Referring
to Fig. 83, make the following setting:

push hairline to 1.02 on Lal,
draw left index of (1) under hairline,
( on €' (1) read on Ln1, 1.0508 = 1.02%%,
opposile 25 {nn (! (2) read on Ln2, 1.642 = 1.02%,
on € {3) read on Ln3, 142 = 1.02%0

By continuing the skeleton leftward so as to include a fourth C
geale in the C-seale chain, say € (71}, while at the same time including
the Ln0 scale in the Lon-scale chain, opposite 25 on € (0) read
1.00496 = (1.02)™% on Lnd,

75. The proportion principle for Lon scales. Tlig. 84 indicates a
glide rule with an index of the C scale sel opposite N on any Lon
seale, r on C opposite P on the Lon scale, and ¢ on C opposite
on the Lon scale,

oo

v—
O—

i Fio. 84.
Applying the principle of 872, we get from Fig, 84
P=N, Q=N
By taking the logarithm to the hase e of these two equations and
applying logarithmic Law I11 §61, we get
InP=rInN LnQ = sIn N,
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Equating the values of Ln N,
InP _ Ln®
r 33

Hence-when three of the quantities in the above proportion are
known, the fourth can be found, The decimal point is placed in
accordance with the relations between numbers on the Lon scales
and the C seale set forth in §872 and 74.

Example 1. Find z in the proportion
on Lnd scale: In 3.84 _ Ln9.63
on (' seale: B i i

Solution: Push hairline to 3.84 on L8,
draw 3 of € under the hairline,
push hairline to 9.63 on Ln3,
under the hairline read 5.05 on €,

The decimal point in 5.05 was placed in accord with {he eontinions
relation, explained in §74, between the € scale and the Fng scale,

Example 2. Find the value of x = 8.327.#/%.8
Solution: Equate the Ln's of the two members to obtain
7.2
Ln iz = — Lin 8.32, or
28

on fnd seale: Inx  Inm 832
on € seale: 7.2 28
Push hairline o 8.32 on Lns,
draw 28 of ' under the hairline,

push hairline to 72 on €,
under hairline read 232 on Lns.

Here the “Same Seale” prineiple of §70 indicates that z is to be
read on Ln3,

Example 3. Find z from z = 5\ /fgm.

fied )
Solution: Write z in the form & = (0.8)™ and equate the Ln's of
the two members to obtain

6.4
Inz = —1n08, or
51
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on Lon seales: Lmz Lin 0.8
on {7 seale: 64 51

Push hairline to 0.8 on Ln-8,

draw 51 on € under the hairline,
push hairline to 64 on C,

under hairline read 0.9724 on Ln-1.

A brief study of Fig. 85 will show the reason for reading the result
on Ln-1. Whenever the operator is in doult as to the position of a
decimal point or the seale to be used for a reading, he should visu-
alize the continuous relation of €' seales to Lon seales s shown in
Fig. 85. A rough sketeh might be of help,

' G-E_I_’_'E_'_‘q'_ La-1 | ﬂ.rﬂo Lr-2 I La-3 I
] | :'
o | NS 8 S N T 0 T T e 80 |
G Scalo C Scale |
SRS 7 s e IR T
a 2 Fa i
64 81
FiG, 85,

Example 4. Solve 0.72= = 28 734,
Soelution: Equate the Ln's of the two membera to obtain

z Lin 0.72 = 1.34 Ln 28.7, or

Ln 0.72  Ln 287
i8¢

push hairline to 0.72 on Ln-2,

draw 1.34 of €' under the hairline,

push hairline to 28.7 on In3,
under hairline read —13.7 on O,

¥

The minus sign in the answer was determined by noting in the
ahove proportion that Ln 0.72 is negative while Ln 28.7 iz positive.
This ean be seen from the legend numbers of scales Ln-2 and Ln-5,
A brief study of Fig. 86 in the light of §74 will indicate the reason
for the position of the decimal point in 13.7.
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| Lol I o072 12 l Ln-3 |
=g |f1 S TN e S 6 T 5 O o B O G L B L o®
© Seale £ Seols
| et} v auifd ||||;ﬁﬁ
o | | gl hafoo vt |8
| I 134 -l 287 |
137 s
Frai. 80,
EXERCISES
189 i n.o
1. 3.5211, 8. 08685517, 14. 0.0O5GZ TS,
n k81
2. 1454, 9. 095374, L.
15. 1456010,
3 T.higvm, LB
10. 0953 = o
SR, 1 16. 145607,
L 11. D.0532#
5. 1.0733m4, 5w
] L 14567,
6. 047627, 12. 0.055304, 1t L0
e 3,350 L1
7. D865, 13, 0.0553"4, 18, 53.G o7
Solve the following equations for the unkuown quantitios:
18. 1,147 = g 24, 200 = 12,

20, 4.02* = B4
21. 12v = T.137.
22, B1' = 10,

23, ¥ = 4140,

Bolve each equation for x:

20, 0.311= = 10.2.
30. 5.75% = 0,550,

31, 1.43= = 0.759.

22. 0.955* = 25.9,

1
25. 4.02 = (2.37)v 11,

2&' Sl.ll S ﬂ_mr
27. 2373 = 174,
28. e = 24 6,

33. UV = (617,
34, 0.435= = 1,475,
35, LO36-%: = .023.
36. 0.054°V* = 1,355,
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76. Numbers less than 0.00005 or greater than 20000. The
methods developed in this article and the next are to be used when
the operator, in attempting to solve a problem by previously dis-
cussed methods, finds that a required reading involves an extension
of the Lon seales. These scules represent numbers from 0.00005
to 30000 except for a gap between 0.999 and 1.001. This article
explains methods to be applied for very large numbers or very small
numbers; the next article considers numbers between 0.999 and 1.001

The method of attack in finding powers d» of very large or very
gmall numbers is to write the base 4 in the powers-of-ten netation,
then use the law of exponents (see §61) to resolve the power into
several parts, one un integral power of 10 and the others within the
vange of the rule, and finally make the computation. The following
examples will illustrate the method:

Example. Fvaluate: (a) 24530 (}) 247532 {e) (0.0000042)2-n
Solution: (o) 24572 = (2.4 10)R22 = Z45-35 %e 1032 3% jO6,

Hence, evaluate 2,453 and 10™? using the slide rule, Thus

to 2.4 on Ln2 set right index of
opposite 532 on ' read on Ln3, 105.4 = 2.4%92,
to 10 on Lnd set left index of (7,
opposite 32 on € read on Lng, 2.00 = 10",
Therefore, 24532= 105.4¢2.00 % 109 =220.5 X 10%=2.205 % 107,
(b) 24753 = (247 X 109832 = 247082 % 10 -
247398 X 108 X 10" = 1228 X 4.37 X 10° = 536 X 101 =
5.36 X 10'%,
(e) (0.0000042)%% = (42 X 10-92" — 49228 3
1071380 = 4233 3¢ 10-0-%¢ % 1012 = 276 X 0138 X 10-" =
3.81 X 101,

To find the factor 1018
set left index of €' to 10 on Ln3,
opposite 86 on ' read on Ln-3, 0.138 = 100,

4‘ EXERCISES

L 1254 Hint: (L.256 3 1084 = 12560 X 108
2. BE.04, Hint: ((L856 % L)+ () B5GE 3e 1 088 = () 8560 2 1008 e T8,
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3. 0.0001346%%, Hint: (1.340 3 100438 w= | J4688 5 ({206,

4, 000050479, Hint: (8594 » 10408 = gO4am 5 ]0-912

5. {a) 136,84, (b) TS, (o) 0000126747, () 0.00082750

6. (a) 7.84%2 (L) 9.865, (c) 4.2000, (g} 1.(x2po2

7. log 20300, Hiot: logw20,300 = log293 + log100.,

8, Find 2 if 28 = 72,000, Hint: oo m 2000 _ T2
(10 Qpee 1P

42000

9, Find z if 6.4* = 42,000, Hint: 6.4 = A

10. Find = if 10= = 530,000,

11. Find = if 5.83* = 1.005.

12, The Duteh bought Manhattan Island from the Indians in 1620 for $24
If this sum were invested at compound interest at 377 converted annually to
what would it amount to in IR6OT

77. Numbers between 0.999 and 1.001. Imagine a black Lon seals
representing numbers ranging from 1.0001 to 1.001 (see Fig. 87)
and eall it the Ln00 scale. The calibration marks on this seale, so
far as the slide rule is eoneerned, would eoineide with the ealibration
marks of the L scale.

T = T T P |
D ]I. ia il ? i 8 T é é %.
D0 10001 1o002 10004 10GY
i i i
LnQ 1001 Lang 1004 101

Fia, 87,

The only difference befween the fwo scales would be that the
numbers associated with the a0 seale would contain one more
significant zero® than is contained in the numbers nssocisted with
the Lm0 seale. Henee, the Ini seale could be used to represent an
Inthy scale, by mentally adding a significant zero to each reading
on the Lnd scale. Moreover, a seale, say Lnfo0, dealing with numbers
10 times ns close to 1 as those of the Ln0o scale, could be formed by
adding two significant zeroes o each reading on the ILng seale. In
this manner, the Ln0 scale could be used fo represent a whole series
of L scales which might be called Ln00, Lno09, Lniid, ete., ench
scale dealing with numbers 10 times as close to 1 as its predecessor,

* Bignificant seros pre thoss to the rght of the decimal paing, before the fimt nen-zero digit
The ramber 00000508, for example, has four significant serce.
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Similurly imagine a red Lon seale representing numbers ranging
from 0.9999 to 0.999 and designate it Ln-00. Its calibration marks
would coincide with those of the ILn-0 seale. The numbers repre-
sented by these marks in the case of the imaginary seale Ln-00
would contain one more 8 immediately following the decimal point
than the s contained in the corresponding numbers of the Ln-0
scale. Hence, the Ln-) seale could be used to represent an Lni
scale by adding a 9 to the 9's immediately following the decimal point
contained in the numbers of the Ln-0 seale. Moreover by adding
9's immediately after the decimal point to the numbers of the L0
scale, a. whole series of red Lon scales could be formed, say Ln-09,
Lin0060, Ln-0000, ete., each seale dealing with numbers 10 times as
close to 1 ns its predecessor,

Note that with this scale designation, for the black Lon group
the number opposite the left index of D on any seale of this Eroup
contains one more significant zero than the number of zoros in the label
of that scale. For the red Lon group the number opposite the left
index of D on any seale of this group contains two more 9's immedi-
ately following the decimal point than the number of zeros in the
lubel of that seale,

The following examples will illustrate methods of using the Lno
and Lin-0 seales as imaginary Lon seales dealing with numbers between
0.999 and 1.001,

Example 1. DEvaluate:

(a} 1.0005%* and 1.0005%; (b) 0,9995%¢ and 0.9995%,
Solution: (a) 1.0005 has three significant geros® henee it would be on
the Ln00 scale (one seale below the Lng scale). Therefors,

push hairline to 1.005 on £nd (considered as Lago),

draw right index of € under the hairline,

push hairline to 34 on €,

under hairline read on Lng, 1.001607 = 1.0005%t

and on Lnf, 1.01710 = 1.0005%,

(h) 0.9995 is on the imaginary scale Lu-00, one scale
shove the Ln-0 seale. Therefore,

push hairline to 0.995 on Ln-0 (considered as Ln-00),

draw right index of €' under the hairline,

push hairline to 34 on €,

under hairline read on La-), 0.998295 = 0.9995%*

and on Ln-f, 0.98310 = 0.0995%,
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Example 2. Find the set of values obtained by reising 127 to each
of the powers 0.1240, 0.0124, 0.00124, 0.000124, 0.0000124, —0.0124,
—=0.00124, —0.000124,

Solution: push hairline to 127 on Lin3,
draw left index of €' under the hairline,
push hairline to 124 on €,
under hairline read:
on In2, 1.822 = 1270124
on Lnl, 1.0620 = 127 t-0134
on Ln0, 100603 = [270.0004
on Lnod, 1.000601 = 1279008134
on Ln0ao, 1,0000601 = 2750000124,
on Ln-f, 0.9416 = 12700124
on Ln-f, 0.99401 = |27-t.00
on Ln-(0, 0.099401 = |27 a4

Ii EXERCISES

1. Evaluste 1LOOD2Y, (L09962, 100042, 100065,

2. Evaluate 8, 5500000

3. Evaluate D.04550 0% () (M55-000m2 00455202 () 14559008z,

4. Evalugte LOOOGE, 0.9994% 100045 000062,

5. Find LO00O™ and 000074,

6. Evaluate 1.00064 and 0.999358 to each of the powers 0.0685, 0.65, 6.5, 65,

MISCELLANEOQOUS EXERCISES

Find the value of unkuown quantities represented by 2, y, and = in the Fullow-
ing equations:

L. & = S5, 13. p = Y0005,
2.z = 3.1p%us, 14, y = /0645
3. y = ™19, 15, z = (475,
4, 3= g0 16. =z = 097581,
5. = = 0.550, 1% z = 1,350,
6. z = 0550 18. ¢ = [ 3592
7. ¥ = V8D 19, g = g,10,
B z = 4/180. 20, ¥ = G.1.
0,y = e 08 21, #7 = 235
10. y = 03508, 22, 3.2%v = 11,
1Lz = gt 23, 218 = (0,29,
12, z = o188 24. 0315 = 0,830,
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25. (a] What sum would be accumulated in 1000 years if $1,000 were placed ot
interest @& 14 of 1%, compounded quarterly?

(B} 1f the nccumulated sum in {a) were then placed at interest of 49 com-
pounded semi-annually for an additional 100 years, how much wonld be ac-
eumulated?

(e} If instead of 100 years, the sum in (b) were placed at interest for 150
years, how much would be accumulated?

() IFins (B) the rate of interest were changed to 5%, how much would he
asenmulnted in 150 vears?

{e) 1If in (B), the rate of interest remained the same but instesd of beingr
eompounded scmd-annually, was compounded monthly, bow much would e
aceumizlated in L30 years?

78. Visval summary.

T'o find the powers of e: & = of

1. Push hairline to P on D, @\\# ,@
2, under bairline read ¢F on Lom [E“ a .q?/ E

geale which containg P between
ita legend numbers,

To find the power of any number: z = NP

1. Opposite N on a Lon scale set

index of C, || .} ; s
2. push hairline to P on C, Lo / IIEP E
P
3. under huirline read N* on a Lon v @/
grale ® @ \EJ

T'o find the natural log, (log,) of @ number: = = Lo N

1. Push hairline to N on a Lon seals,
@
2, read Im NV on D, LE =
3. position decimal point so Tn N L X 8L =S
liez between legend oumbers of @/ @)/

Lon seale used,

*For scabe seloction and locetion of docimal polnt see g
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To find the common log (logy) of @ number: © = Log N

1. Opposile 10 on Ln 3 set index of €, 1 63 myg/
2. push hairline to & on a Lon seale, | i P i _E
3. under hairline read Log & on O.* @)’/ ®’/ i

To find a log to any base: # = Logg N

1. Opposite B on o Lon scale, set Q
index of O, e 1 ‘-M s
2. push hairline to N on a Lon scale, u /+ ¥ E
3. under hairline read Logg N on (% @/ @/
1
To find the reeiprocal of a number: z = =
. ®
1. Push hairline to N on a Lon seale o u,/ 7
2.m#mdarhuir]ineunnmmd X
Lon scale. Ln ’ a

* For seale selection and location of decimn! point see £70,




CHAPTER VII
THE SLIDE RULE: WHY AND HOW IT WORKS

79. Introduction. Farlier chapters in this manual have explained
the slide rule solutions of mathematical problems in terms of rules
and settings. They have told whai to do, without explaining why
it is done in that manner. For those who find it easier to grasp and
remember rules if they understand the principles from which the
rules are derived, this chapter explains the basic operating principles
which underlie all the geales on the DECI-LON glide rule.

This chapter assumes very little mathematical knowledge on the
part of the reader; it starts with an explanation of exponents and
logarithms and proceeds through the diseussion of each set of seales,
ending up with the Lon and Lon minus seales. Those who are well
versed in mathematics will find it easy enough to skip the ele-
mentary portions.

80. Powers, exponents and logarithms, A number can be mulii-
plied by itsell any number of times. For example, 2 X 2 = 4,
2X2¥2=8and2X2x2x2=16

An exponent—a smaller number written shove and to the right of
the base number—is the mathematical shorthand way of indieating
how many times the number appears in the produet. Thus 22 {pro-
nounced “two squared”) = 2 X 2 = 4; 2* (pronounced “two cubed')
=2 X 2 X 2= 8; 2 (pronounced “twa to the fourth power”)
=2 X 2 X2 X 2= 16. Bimilarly, 2* (two to the fifth power) is 32
and 2* is 64,

The product of two numbers, each representing some power of
the same hase number, can be obtained hy adding their exponents.
For example: 22 X 28 = 22 = 28 which is the same as 4 X § =32,

If 10 is used as the base number, then

10° = 1000,
10* = 100, and, by general agreement,

141
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10" = 10 (any number raised to the exponent 1 is itself),
10° = 1 (any number to an exponent 0 iz 1),

1
10t = — = 0.1,

1
10! = — = 0.01, ete.
100

The exponents are not restrieted to integers; they can be fractions
as woll. For example, 10 = +/10 (square root of 10) = 3.16,
and 1074 = ¥ (fourth root of 10) = 1.78. Or if the decimal
forms of the fractions are used as exponents, these expressions can
be written as follows:

10%% = 3.18, and 10°% = 1.78.

Tables are compiled showing the value of various powers of 10,
for decimal exponents. A simplified portion of such n table is shown
in Fig, 88,

[oeoen — | 10718 —

1gna — o 10THE = 7T

16947 = 3 ju-a0e o 8

lnﬂ.lﬂz — 4 Iﬂﬂ.?ﬁ-ﬂl —_ 9

108800 = 10180 — 10
Fra. 88,

When used in this way, each decimal exponent of 10 is called the
logarithm o the base 10 of the particular number, In the shorthand
of mathematics, we write: logarithm of 2 to the base 10 = Log, 2 =
0.301; Log, 3 = 0,477, ete. Note that

Log;0 2 = 0.301 and
lﬂﬂ.ml —
are merely two different ways of saying exactly the same thing,

Suppose that the problem is to multiply 2 by 3, but that addition is
easier than multiplication. Remembering the rule that two numbers
having the same base can be multiplied by adding their exponents,
and noting from the above table that 2 = 10! and 3 = 1(*9,
you ean perform the muoltiplication of 2 X 3 by writing 1003
XK 10T = (R 4 0T — T A table of logarithms similar to
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Fig. 88 shows that 10°78 = 6, and thus establishes that 2 % 3 = 6,
Another way of stating the same problem is: Loz 2 + Log 3 = Log 6.
Henceforth the designation of the base will be omitted; Log 2 will
denote Log,s 2.

By operating with the logarithms of numbers rather than the
numbers themselves, a multiplication problem can be avoided and
replaced by a process of addition. Many numerieal computations
are performed in this manner. Indeed, the technique of multiplying
two numbers by adding their logarithms is the basic underlying
principle of the alide rule,

81. Multiplication. By using two ordinary rulers, it is possible to
add two numbers by adding the correspondmg lengths on the ruless,
ns shown in Fig. 80,

3 T
B—rd
At
T
- —in
Dt
o
b |

Fra, 80,

On the € and D seales, the numbers are positioned aceording to
their logarithms. Sinee the produet of two nurnbers ean be obtained
by adding their logs, it follows that this produet can be found on the
slide rule by adding the two logarithmie lengths on the C and [ seales,
a8 shown in Hig, 90,

] i
T 1 T = T
| D . 3 4 & T |

Fig, @0,

The rule for multiplying by means of the slide rule is apparvent
from Fig. 90. A glance at the figure shows that to multiply two
numbers, sel the index of € opposite one of the numbers on D, push




1|
T

144 Vil. WHY AND HOW IT WORKS &l

ihe hairline to the other number on € and read the product under
the hairline on D.

How is a logarithmie scale, like the D scale, actually constructed?
You merely take a scale on which all numbers are equidistant,
like an ordinary ruler, and on it locate the logs of the numbers,

The L seale on the glide rule is such a “ruler-type” scale. On if,
the distances between any two eonsecutive calibration marks are
equal. The numbers are slightly less than one ineh (actually, on a
10-inch rule, £.5 centimeters) apart. For convenicnee in measuring
lengths proporiional to logarithms, the divisions of the L scale are
numbered .1, .2, .3, ete., instead of 1, 2, 3.

On the L seale, we locate (.301—Log 2—and use this distance to
locate the primary mark 2 on the D seale. Fig, 91 illustrates the
process.  The O seale, of course, 15 similar to the D scale,

5
g
3
|

==in

s S
g 1
2 "
Lip

[

2

i
t

-

L=]
_—
i
by

—Log E8—

Log 3—

R S s

Fig. 01,

B2. Division. Just as the produet of two numbers is obtained by
adding their logarithms, the guotient of one number divided by
another is obtained by subtracting the logarithm of one number from
the logarithm of the other. The reader cun verify from Fig. 88 the
faot that

8

Log 8§ — Log 2 = Lug-l(; = )urt.hat
10

Log 10 — Log &6 = LugZ(E = 2).

24
In a division problem such as 24 + 6, or = the 24 is called the

dividend and the 6 the divisor. To divide by means of logarithms,
therefore, sublract the log of the divisor from the log of the dividend
to get the log of the guotient,
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; 3 e M
Fig. 92 illustrates schematically the basic rule for division, P = ITe

on the glide rule. First push the hairline to the dividend, M, on the
D geale, then draw the divisor, N, on the € scale, under the hairline,

and opposite the index of the € scale read the quotient, P, on the D
seale.

y
G 4 I I T um& '
| LSRN AN L L |1I|r|||||INT|'|J‘I+HiT'
D1 e &) & g
P L]
Log P = Log N
!-‘ = Lag M

Fro. 92,

83. Repeating cycles of scales. Table 88 shows 100 = 1 and
10+ = 10. Bimilarly, 10%% — 100 and 10** = 1.000. In each
case notice that the part of the logarithm fo the right of the decimal
point—ecalled the mandisse—is the same, but the part of the logarithm
to the leff of the decimal point—called the characteristic—is different.

Fig. 93 shows the complete logarithms—echarncteristic and mantissa
—for gome common numbers,

10s-06 — 30 | 104 = 10.0 | 100w = 1000
luﬂ.!m — 2{} Hll.!ul m. 2“” 1{}!.!“1 o Euuu
10097 = 30 | 10047 = 30.0 105477 = 300.0
08— 40 | 10V = 40,0 105592 = 400.0
10080 = 5 () 10069 — 50,0 1089 — 500.0
1'}(!.5‘?3 — ﬁﬂ lﬂ'l.'il"?! — ﬁﬂﬂ |ﬂ=.?l’8 = h{m[}
100848 — 7.0 108845 = 0.0 105848 = 700.0
100008 — Stu ml.m = H0.0 10003 — B00.0
]_ﬂl'l.lilﬁl = g.l'l. 1“1.!5! - gun lﬂi‘.BM _— m}{}u
Fio, 93.

This table clearly illustrates {wo basie principles which are funda-
mental to an understanding of logarithms and the slide rule.

First, read across any horizontal row and discover that the
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mantissas of the logarithms are the same although the eharacteristics
vary. Note also, when 1 is added to the characteristic of s logarithm,
the decimal point of the number is shifted one place to the right,
and when 1 is subtracted from the characteristie, the decimal point
15 shifted one place to the left in the number.

SBecond, read down the verlical eolumns and find that: numbers
between 1 and 9.999 . . have logs from 0.000 to 0.9999, .. (the
charneteristic is always zero), Numbers between 10 and 99,990
have logs from 1.000 to 1.999 ... (the characteristic is always 1).
Numbers hetween 100 and 999.999 . . have logs from 2.000 t0 2.999 . ..
{the characteristic is always 2).

What does all this have to do with the slide rule? In the first place,
it should be noted that the € and D scales represent only the mantissas
of the logarithms, That is why 246, or 2.46, or 00246, or 2,460,000
are all located at the same place on the € or I seale—the logarithms
of all these numbers have the same mantissas,

The D scale represents any one of the vertical eolumns in a table
like that in Fig. 93. The entire realm of numbers is really represented
by an endless sueeession of D seales laid end-to-end, with the eharae-
teristics added mentally, as shown in Fig, 94.

NusmBeRs: 01-.08 J10-.09 L0909 10-08.49  100-099.9 1000-00950.9
1} Scares; ———— — _
Locs: Z00-2.00 T.00-T.99 0.00-0.99 LO0-1.99 200-200 3.00-3.00

Fia. 94,
Notice that as you move to the left, to encompass numbers smaller
L . : 1
than 1, the characteristics are negative. Sinee 1020 = — = 001,

it follows that Log 0.01 = 2.00. Notice also that the minus sign is
placed above the characteristic and not in front of it, as & reminder
that only the characteristic is negative, not the mantissa,

T'his endlessly repetitive nature of the logarithmie scales explains one
principle which usually puzzsles slide-rule beginners—namely, the
ability to use either index of a scale,

When multiplying 2 by 3 (seeTig. 90), the left index of the €' seale ix
used and we seem to be working “to the right”, But when multiply-

||

!
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ing 3 by 4, the right index of the € seale is used, and we seem to
be working in the opposite direction, Actually, an imaginary L seale
Lo the left of the actual scale is used as shown in Fig, 95—the basio
operation is the same.

Log 4 -

: 5 af
i o T o) Sf i O o A
T SR IR S R X RN

Log 3 —r J
- - -Leg 2— 07—
1a, 96,

Henee, regardless of how small or large the numbers may be, multi-
plication is accomplished on the slide rule by pushing the hairline to
the multiplier on the slide; division by drawing the divisor on the
slide under the hairline,

B4. Using the L scale as a table of logarithms. As demonstrated
in Fig. 91, any number N on the  scale is opposite Log,e N on the
L seale, Therefore, the L scale can be used as a table of logarithms
to the base 10, These logarithms are called “common logarithms",

For example, to find Log 450 using the L geale push the hairline to
450 on the €' scale and under the hairline find 653 on the L scale,
This is the mantizsa of Log 450: what is its eharacteristic? The rales
for determining the characteristic are:

1. Torlogarthms of 1 and numbers greater than 1, the charaeteristio
is one less than the number of digite to the left of the deeimal
point,

For example; Logs of 17, 43.4587, or 22 will have 1 as & char-

acteristie; Logs of 7, 4.301, or 9.99 will have 0 as n charae-
teristic, In the above example, in aceord with Rule (1),
Log 450 = 2.653,

2. For logarithms of numbers less than 1, in the form of decimal
fractions, the characteristie is negative and is one more than the
number of zeros between the decimal point and the first significant
{non-zero) digit.

For example, Logs of 0,014, 0.08, or 0.07890 will have —2

N
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as a characteristie; Logs of 09000, 0.1, or 0.5876 will have
—1 as a characteristie;

For practice, the reader can use the € and L seales to verify that:
Log 144 = 2.158; log 12 = 1.079; Log 8.56 = 0.932; Log 0.00306
= 3.486; Log 794,330 = 5.900,

85. The folded scales. When an attempt is made to multiply
2 by 6 using the left index of the €' scale (Fig. 96), it is impossible to
complete the operation with the slide in this position because 6 on €
is out beyond the end of the D scale, Although it is possible 1o solve
this problem by interchanging the indexes and setting the right index
of O opposite 2 on D, the designers of the glide rule have invented a
more convenient method,

I

s

Frs. 9.

Suppose an extra set of D and € seales is added to the slide rule
(Fig. 97), but instead of the left index of each seale occupying its
normal position at the left end of the body and slide, each secale is
shifted to the right the same distance so that its left index is positioned
somewhere near the middle. The righthand portion of ench of these
seales, which would extend beyond the right end of the slide rule, i
simply transplanted, or “folded”, around to the lefthand side, as
indicated by the dotted lines, These new scales are called the OF
and DF ("F" for “folded”) scales.

# xii A s Yt e it
[ pe 7. § P ETEN AR Ll
o e g v Y T O S
c 1 g - B R A T 2 U IS e 5
| | | | | i R
X 2 F- G 5 B TA8])
Fra. 97,

Now, regardless of the position of the index of ench of these folded
seales, any two numbers which are opposite each other in any setting
of the C and D scales will also be opposite each other on the CF and
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DF seales. Fig. 98 illustrates why this is so. When the index of C
is set x units to the right of the index of D, the index of CF is simulta-
neously set x units to the right of the index of DF,

e
(6, T 31 5 T 7PV}  — s -
| €F ] '-‘Tg
gt 2 I ) T T R 8 | T
B 3 | 2 3 S T R W | -

T

Fia, 88,

If for any setting of the slide it is impossible to read a pair of op-
posite numbers on the €' and D scales, it will usually be possible to
o read the required pair on the CF and DF seales, Fig. 99 shows
schematically that the process of multiplying by adding lengths
works in exactly the same way on both pairs of scales.

Leog 20
B
A T 1 I } [
\ CF | b !J
c 1 SRS SIS RS 3
8] 2 3 ‘I‘ {
—Log 15 Log 2
Log 30—
r Fic. 10,

These principleas apply regardless of the location of the indexes of
the folded scales, provided that these indexes are opposite each other
when the rule is closed. Sinee the location of these indexes is arbitrary,
and since it is deemed more advantageous to locate them at =, the
folded scales are displaced to the left s distance equal to the Log of =.
This is shown in Fig. 100, in which the dotted lines represent an
imaginary repetition of the DF seale. Thus, when the hairline is set
to any number N on the D seale, it is automatically set to Log = +
Log N on the DF seale. Since Log N + Log = = Log N=, a very ef-
fective and convenient way of multiplying by = has been invented,

I e ———
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E—LWFN

-—Luqﬂ'—_—l

[ T T s s ren z 3w

_____ o % N2 ooo3 6 B 1
Fra. 100,

Opposite any number, N, on the D scale find = N on the DF seale:
opposite any number, M, on the DF scale find ,i'l'-_j’ on the [ seale, The

sawmne prineiple, of eourse, applies to the € and CF seales,

86. The inverted scales. The reciprocal of a number is, by defini-
tion, 1 divided by the number. Thus the reciprocal of 2 = § = 0.5,
the reeiproeal of 13 = 1/13 = 0.0769, and the reciproeal of & = 1/a,

We frequently wish to multiply or divide by the reciproeal of a
given number. To multiply 5 by the reciprocal of 7, for example, we
could use the € and I scales to find that 1/7 = 0,143, and then multi-
ply 5 by 0.143. But here again the designers of the slide rule have
invented another set of scales—the inverted seales—which enable us
to multiply or divide by a reciproeal in one setting.

The seales which make this possible are called the inverted or
reciproeal seales. These seales are labeled DI, CT, and CIF. They
are calibrated and numbered like the D, €, and C'F scales, respectively,
but in the reverse (or inverted) order; that is, the numbers inereass
from right to left. Tig. 101 shows a comparison between the number-
ing on the D scale and DT seale,

wog N 2
b 7 S, ST T T B
N S e 3 3 1
Log P
F Leg i0-Leg N=Log !&
Log IO -

Fia. 101,
Let N designate any calibration mark on the D seale. Then N is
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located at a distance equivalent to Log N from the lefthand index of
the I seale. Let P be the mark on the DI seale opposite N on the
D seale, Since the entire length of ench secale is equivalent to Log 10+
it follows that

Log N + Log P = Log 10,
Thus

10 10
Log P= Log10 — Log N = Llog — or P= —.
N N
Therefore, except for the position of the decimal point, P is the re-
viprocal of N. Hence, opposite any number P on the DI scale the re-
ciprocal of P is found on the D seale after placing the decimal point
vorrectly. By a similar process of reasoning it ean be shown that
opposite any number on D is its reciprocal on DI. The same logic
applies, of course, to the € and C'F and the CF and CIF scales,

The inverted seales facilitate many continuing series of slide rule
pperations becanse they make possible this procedure:

| To multiply by the reciproeal of a number, &, push the hairline to
N on C1; to divide by the reciprocal of a number N, draw N of CT
under the hairline,

As explained in §21, it is frequently convenient and mathematically
equivalent to multiply by the reeiproeal of a number instead of
dividing by the number, or to divide by the reciproeal mstead of
multiplying by the number.

The CIF seale is both inverted and folded. 1f the position of the
glide makes it impossible to push the hairline to a number on C7, we
can often locate it on CTF instend.

87. The A, B, and 5q scales. BDefore considering how the slide rule
deals with squares, square roots, cubes, and cube roots, it may be
well to recall the following rule of logarithms and exponents;

Log N* = PLog N,
For example, Log 8* = 4 Log 8, Log 17'% = 1456 Log 17, and
£
Log 9= 1 Log 9.

*To determineg the value of the antice scale longth, consider that if we let the laft inde: i
Log 10, the right index ropresenta Log 100 the entive soule therelore coprosenta Log ]l.'lﬂz TFE;:_EEU
= Log }i-? = Log 10. Bimlarly i we conabder the left index ns Log 100, the right index represenis
Log 1000 and the difference iz still Log 10,

R e TR
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The A and B seales are similar to the € and D seales exeept that
the intervals on 4 and B are exactly half as long as those on € and D,

2 Log M=
Log N® i

iﬁ“‘ 2 4 eNB 1 2 M4 6 81
! | | . BuLE SRS
I | v TESE N TR
ia 2 I & Sae T B 91

Log N

Fia. 102,

A number N is located on the D seale by measuring off a distance
equivalent to Log N from the lelt index of D), But sinee the intervals
on the A seale are only half as long, that same distance (Fig. 102)
represents 2 Log N, or Log N% on the A seale. Therefore, opposite
a number N on D find N* on A; opposite s number M on A find
MUz or /M on D, A similar statement applies, of course, to the
' and B scales,

When finding a square root by reading from a number on the 4
geale Lo its opposite on the D geale, it is important to determine which
half of the 4 seale to use, Thi= table shows why:

Log v'N =
N Log N 1/2Log N | VN
4 0602 0301 2
40 1.602 0.801 6,32
40H} 2.602 1.301 20
400 4.602 1.801 63.20
40,000 4,602 2,30 200

Note that the Loge of +/4, /400, and /40,000 have the same
mantissa, which is different (rom the mantissa of the Logs of +/40
and 4 000. Therefore the primary number 4 on the left half of
the A scale can be used for finding the sguare roots of 4, 400, 40,000,
and any number whose logarithm has a characteristic of zero or an
even number, but not for 40, 4,000, ete. The primary mark 4 on tha
right half of the A seale 1s used in finding the square roote of 40,
4,000, 400,000 and any number whose logarithm has an odd character-
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istic. The table alzo illustrates why moving the decimal point two
places in N is equivalent to moving it one place in +/N. The use of
this prineiple in locating the decimal point in square roots is explained
in §28.

The square seales Sgf and Sg2 are similar to the basic C and D
seales, except that divisions of the square scales are twice the size of
divisions on the € and D seales. Therefore, opposite any number N
on seale Sgi or Sg2 find its square, N% on 1. Opposite any number
ing square roots, we must determing which square seale to use; the
process 1s similar to that of determining whieh half of the A scale
to use, and is explained in §33.

Fig. 103 is a convenient visupl summary of the relationships be-
tween numbers on the D, A, and Sq seales.  Cireled numbers indicate
the “starting point”. Fig. 104 illustrates schematically the relation-
ghips among the scales themselves.

T Nh ®
0 ) . M N
A N 0 N
Fic. 103
it | in BN Sal 552
] i ? $+ 3 1 'Y

mes 3 4 221911
|} 33881 %3988 %

Fra, 104,

2 § 456709
A B
$3.681 2 3168

In addition to using the A, B, and Sy scales for finding the tabular
values of squares or square roots, these seales ean be used for multiply-
ing or dividing by squares or square roots. The following procedure
will become apparent by reference to Fig. 103:

To multiply by +/N, push the hairline to N on B (since this is op-
posite N on C);

To divide by +/N, draw N of B under the hairline (since this is
equivalent to drawing +/N of € under the hairline).
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Problems requiring multiplication by squares ean be handled in one
of two ways:
XY
g
start by pushing the hairline to x on S or Sg2, since this is the
same as pushing it to 2* on D. This is the method illustrated in §27.

If there is one square in the numerator of a fraction, as in -

If a fraction contains several squares, it is often useful to eonverl
the entire expression into a square. Thus
Ty Xt
pPXg

( rXAyXz ):
pXvg J
The expression inside the parenthesis can be evaluated by using
the €' and D seales for x, 2, and p, and the B seale for v/ and v’i

and at the end squaring thc quotient by reading the answer on the
scale instead of the D seale,

can be expressed as

[T the hairline is pushed to the radius of a circle r on an Sg seale,
the area of the cirele ean immediately be read under the hairline on
DF, Fig. 105 indicates the reason.

Sq | r

OF ) et S

o ] ; I |
Fra, LOG,

88. The K scale. The K scale is a logarithmic seale with divisions
one-third as long as those on the € and D seales. By a process of
reasoning similar to that used in explaining the A and B seales, it
can readily be seen (Fig. 106) that opposite N on D is N* on K,
and opposite M on K is /3 on D. Selection of the correct portion
of the K scale is deseribed in §30,

[ B ] N o 1
L € 3 N M i
Fra, 1086,
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89. The tigonometric scales. The three trigonometric scales
labeled 8, SET and T are all on the elide. The graduation marks on
these seales represent angles and decimal fractions of angles. These
seales are o erystallization of muny ideas introduced over s long
period of time.

The basic tasks required of these seales are that they be, in effeet:
(1) a table giving the numerical values of the trigonometric func-

tions, and
(2) a computation device by means of which combined operation

problems involving trigonometrie funetions ean be rapidly snd
simply solved.

Hinee the numerieal values of the trigonometric funetions are them-
gelves meraly numbers, the design of the trigonometric seales parallels
the design of the Lasic seales D and €7, Thus the inltervals between
ealibration marks on the trigonometric seales are proportional to the
logs of the trigonometric functions, just as the intervals on the € and
I seales are proportional to the logs of numbers. Consequently,
multiplication and division invelving the trigonometrie functions can
be accomplished on the slide rule by manually adding or subtracting
their logarithms,

To illustrate the basic principles of all three trigonometric scales,
let us construct the sine seale, S, similar to the construction of the
basic C and D seales. The “ruler-type’ L scale will be used as o
vardstick,

L (Ill Lﬂq N Lmlml L]
- P ¢
8] H 5in 4
Log M
Lag sing
F1a. 107.

Fig. 107 llustrates the relationship between the L, I3, and 8 (sine)
seales, To enable us to multiply by N, it was necessary to measure a
distance proportional to Log N on the B seale, This was done by
placing N on the D scale opposite the value of Log N on the L seale
(for example, 3 on the D scale is opposite Log 3 = (.477 on the L
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seale). Similarly, to measure a distance proportional to Log sin @
(the logarithm of the sine of #) on the S scale, place 8 opposite the
numerical value of Log sin 6 on the Lscale. Then (as Fig. 107 shows),
ust as N on D is opposite Log N on L, similarly &in # on [ is opposite
Log sin # on L, and also opposite # on 8.

As an example, with the slide closed, push the hairline to 30° on
the S seale. Under the hairline read 0.5 = sin 30° on D und on tha
L seale Log sin 30° = Log 0,500 = 1.699.

Now that we have a logarithmic sine scale we can multiply by sin 6
by pushing the hairline to # on S, or divide by sin 6 by drawing 8 of 8
under the hairline. Fig. 108 shows schematically how to multiply N
by sin 8,

|"—-' Logsin § ———a]

[s ; !
| o
b ! N Neina
f—-
I Log N
L——an INsng] ——————

Fua, 105,

One minor difficulty is encountered in eonstrueting the 8 seals.
The following table shows descending values of the angle #, the sine
of &, and Log sin #;

] sin @ | Lo sin
40° 0.643 ' T.808
SF 0, 500 1.699
Syt 0.342 T.534
10° 0.174 T1.240

6° 0. 104 1.019

b7 (100 1.000

5° 0087 2.940

Between 6° and 5%, the mantissas run right off the left end of the
L seale, because the characteristie changes from —1 to —2. Sinee
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each logarithmie seale on the slide rule represents one complete eycle
of mantissas having the same eharacteristie, the left index of the sine
seale must correspond with an angle having a Log sin equal to 1.000
on the L geale, or an angle of approximately 5.7°

Ta take enre of the smaller angles, another sine scale is construeted
for angles whose log sines have o characteristic of —2; that is, angles
whose sines range from (.0100 to 0.0099. These are the angles from
0.57° to 5.7° Tor these small angles, the sine, langent, and value
of the angle in radians are all approximately equal. Therefore this
game seale can be used for linding tabular values of, and for multi-
plication by, sine, radians and tangents of small angles. This scale
is called the SET (Sine, Radian, Tangent) scale,

A somewhat different prineiple ig employed in the design of the
tangent seale, T, Consider the values of the tangents and the logs
of the tangents of the following angles:

Angle Tangend Log of tangent
L 0.087 2042
5.71° 0. 100 1.000

20.0° 0.364 T.561

30.0° 0.577 1.761

45.0° 1000 0000

0.0° 1.732 0.239

T0.0° 2.747 0.439

84.29° 10,000 1.0060

R5.00° 11.430 1.058

It will be seen that all the angles between 5.71% and 45° have tan-
gents ranging from 0.10 to 1.00; their logs all have characteristica of
—1. Therefore |Fig, 100{z)] o T zeale can be marked off in angles from
5.717 to 45°, with the distances from the left index in proporlion to
the logs of the tangents,

Faoa, 1000a),

T ——L
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Ti Steault 45
. ’ P
8429* 8 45"
TlHE“m e
c
1 L 10
Cl
1 ton 2 10
Fic. 109 (5)

Angles from 45° to 84.29° have tangents ranging from 1.00 to 10.00;
their logs all have characteristics of 0. We ecould theoretically udd
another T seale und another € seale off to the right, as indicated by
the dotted lines in Fig. 109(a). But we can accomplish the same result
in a manner that is more convenient, and at the same time does not
require an additional seale.

As shown in Fig. 100(5), take the angles from 45° to 84.29% and sUper-
impose them on the T scale, except in this eaze we read from right to
left with the figures in red. To read the tangents of these angles we
need a basie logarithmie seale reading from right to left—and the T
seale s just such a seale,

To find the tangents of angles {rom 5.71° to 45°, therefore, we use
the black figures on the T acale and read the tangents on the € seali;
to find tangents of angles from 45° to 84.29°, we use the red figures
on the T scale and read the tangents on €7 on the other side of the
rule, or, with the slide closed, on the DI seale on the same gide as
the trigonometrie scales. As indicated by the legend at the end of
the 7' scale, tangents of the black angles (on €) have valics from
0.1 to 1.0; tangents of the red angles (on CI) have values fram
1.0 to 10,0,

The complement of an angle is 90° minus the angle. Thus the com-
plement of 30° = 80° — 30° = 80°. By using trigonometric identitiss
applying to complementary angles, it is possible to make the trigo-
nometrie seales do double duty.

5 {REDT V%15 * (BLACK)
C cos 75" sin15*

Fra. 110,
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From trigonometry recall that sin A = eos (90° — A). Thus sin
22° = cos 68°, sin 70° = cos 20° and so on. Each calibration mark
on the 8 seale (Fig. 110) represents both an angle and its complement.
Oppoeite each “black” angle is its sine on C; opposite each “red”
angle is its eosine on C,

Similarly, each ealibration mark on the T zeale represents both an
sngle and its complement., Because tan A = cot (90° — A), these
relationships apply (Fig, 111):

T (RED) S gt

Cl (RED) g[z CoT E" |I

C [BLACK) m‘r B8 TN 22° |
Fra, 111.

Opposite a “black” angle on T, read its tangent on the black seale,
¢, and ite cotangent on the red seale, Cf. Opposite & “red” angle
on T, read its tangent on the red seale, '/, and its cotangent on the
black scale, .

These rules can easily be remembered by the following summary:
OnT OnCorCI

To find a tangent: read from black to black
or red to red.

To find a cotangent:  read from black to red
or red to black.

90, The Lon scales. In 357 it is chown how 8% is found by using
the A scale, and in §88 how 8% is found by using the K mlu, The
question naturally arises what happens if some power like 8'7 or
179982 iz required.

Before proceeding further let us pause to examine more closely
the role played by logarithms in these processes and the corresponding
role assumed by the slide rule. Consider, for example, the problem
of finding z in the equation:

z=2X3
To solve this equation by means of logarithms, equate the logarithm
of the left member of this equation to the logarithm of the right

member Lo obtain
Logx = Log 2 4+ Log 3.
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The separate values of Log 2 and Log 3 are obtained from a table
of logarithms. These values are then added and the table is re-
entered to find the number corresponding to this logarithmic sum.
This number, ealled the antilog, is the value of z.

Now the slide rule is an instrument which is eapable of mechanically
adding logarithms without, performing the chore of looking up their
separate numerieal values in a table, and in addition yields the antilog
of the logarithmie sum without, recourse to the same table.

So, just as logarithms are employed to simplify the process of
multiplication and division, the slide rule is used to simplify the
process of logarithmic procedure,

It will presently be demonstrated how logarithme reduce the
problem of finding the power of a number first to a problem of
multiplieation and then to a problem of addition. We shail then
see how the elide rule takes over and still further simplifies this
logarithmie process.

Now consider the logarithmic procedure for finding 87, First
write

o= E!.i []}
and equate the logarithms of both sides of (1) to obtain
Logz = Log 87 = 1.7 X Log 8. (2)

The vight band side of (2) involves a multiplieation. To perform
this multiplication by means of logarithms, squate the logarithm of
the left member of (2) to thal of the right to obtain

logarithm of Log = = Log 1.7 + logarithm of Log 8. {3)

In other words, to operate with any power or root of any number,
a new kind of scu,Io is needed, on which the distances are proportional
ta the logarithms of the logavithms of numbers,

In the design of all the seales so far considered, logarithms to the
base 10, or common logarithms, were employed.

In designing this new seale which involves “logarithms of loga-
rithms" it was found more advantageous to employ a different
logarithmie base.

The mathematieal constant ¢ is 8o important in many branches
of mathematies and engineering that it is often desirable to work
with logarithms to the base e, instead of to the base 10, These
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logarithms to the base e are called Napierian logarithms, or natural
logarithms, To aveid econfusion, let us call the common logarithms
"logs” and write them as Log x; and eall the natural logarithms
"“lons" and write them as Ln z.

Before laying out our Lon scales, let us look at some of the powera

of e:
gl = 3 therefore Ln 2 = (L6593
gl — 2718 g Ln 2,718 = 1.000
e — u Ins = 1.609
g% = T 38 = Ln 7.38 = 2.000
2 = 10 £ Lo 100 = 2303,

The table illustrates one important way in which lons differ from
logs. Each lon iz a complete number, including the decimal point
and the digits to the left of it. We can not “unhook the mantissa,
as we can with common logs, beeanse the powers of ¢ do not produee
repeating patterns of digite the way the powers of 10 do. Thero
| is an obvious relationship between the exponents and the powers
in 10531 = 2,084, 103 = 20,94, and 10** = 20040, There
15 no such pattern in ™%t = 1 38 o3 = 375 and ¢* " = 10.2.

By providing a scale on which distances are in proportion to the
common logarithms of the nofural logarithms, we accomplish two
basie purposes:

1. we can use “logs of lons” to solve equations involving powers
or roots, as in equation (3) above; and,

2. by basing this new scale on lons instead of logs, the tabular
values of lons and powers of ¢ ean be found, and computations
involving such numbers can be made,

In laying out the Lon scales the L scale was used as the unit of
measure in the same manner as it was used in laying out the ¢ and
D geales, except the log of In N iz located on the L seale instead
of the log of number N.

To determine where to place 10" on our Lon seale, for example,
we determine that In 10 = 230258, Log 230258 = 0.36222,
Therefore (Fig. 112} we place 10 on the Lon scale opposite 0.362 on

| e A e e, e S
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the L scale. Bimilarly,

to locate 50: Ln 50 = 3.912 Log 3.912 = 0.5924 on L,
“ % B: Lnd =1609 Logl609= 0.2066 “ *
s P In3d = 1099 Log 1.089 = 0.0410 * ¥,

L 0040 02066 o3z 05924

D e 608 2302 2812 ,

Ln3 & 5 b sb ido oo wooo &
Fra. 113,

The next question is: what numbers will appesr on the Lon seale
opposite the indexes of the I seale? As Fig. 112 indieates, the
common logs on the L seale have characteristies of 0, ranging from
0.00 at the left index to 1.00 at the right index. Therefore (Fig. 113),
the left index represents a number whose lon has a log of 0. The lon,
therefore, is 1 because 10° = 1, If the lon is 1, the number on the
Lon scale must be e iteelf, since ' = ¢, or Lne = 1. Similarly, at
the right index we find €%, since this number has a lon of 10, and
Log 10 = 1,00,

L opaod DEOT 0362 052 10 1
| ETOEE 18 U 16 23 . i
Ln3 ¢ % b 1 o 1o 100 m&nél‘r

z,lﬂs L

Bl

Fia. 113.

Therefore, on the Ton seale just laid out, the primary numbers
run from e (2.718) to ¢ (22,026); and the logs of their lons, laid out
on the I scale, have charaeteristics of 0. Now (Fig. 114) make up
three additional Lon seales, place them end to end, and attach them
to the left end of the seale just construeted. Place an L seale adjaceni
to each of these Lon seales, The numbers on the Lon seale nexi
to the original would range from ¢! (1.01) to et® (2.718) and the
logs of their lons on the adjacent I seale would have characteristics
of —1. On the next Lon scale the numbers would range from oM
to ¢*! and the logs of their lons on the adjacent L seale would have
characteristies of —2. On the final Lon seale the numbers would




§90 Vil. WHY AND HOW IT WORKS 163

range from e to ¢ and the logs of their lons would have char-
acteristics of —3.

Litrzst of lons -
of numbwers: 300 to 200 200 to OO T.00 to 0.00  0.00 to 1.00
Liacales; :
Lona of numbers: 0.001t00.01 00Lto 01 0.1 to LD 1.0 to 100
Lon seales:
MNumbers: @l 0l gy b0 & W 4y gt gl o 10 el g gt
Label on Lon seale; Eno Lnt Eng Lns

Fia. 114

This is exactly what has been done on the DECI-LON slide rule,
except that the four seales, instead of extending off to the left, have
been labeled Lut, Lni, Ln2 and Ln3 and placed one above the niher,
The legend st the right of each seale indicates the powers of ¢ repre-
sented on that scale. The four red Lon geales, for powers of ¢ with
negative exponents, are constructed in a similar manner.

It would hardly be practical to add another Lon seale to the right
of Ln3, as it would have to inelude the numbers from e (22,026)
to €™ (26,885,000,000,000,000,000,000,000,000,000,000,000,000,000
approximately) and it would be a little difficult to design the seale,

The relationship between the Lon scales and the D seale is illus-
trated in Fig. 115. Opposite N on a Lon scale is Log Ln N on [,
since that is the way we constructed the Lon scale, But just as
M on D is opposite Log M on L, in the game way Lo N on D is
oppogite Log Ln N on L, Therefore, Ln N on D is opposite N on
the Lon seale. We can therefore find the lon of a number by pushing
the hairline to the number on a Lon seale and reading the lon on
the D seale. Fig. 114 verifies the relationship between the legend
of the Lon scale (middle row in Fig. 114} and the decimal point
in the lon,

ooy | ! i i s _I
(_ Rt P Lan '
Ln | h 1

Fia, 115.
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Getting back to the problem of finding # = 8'7, we ean now take
the lons (instead of the logs) of both aides of the equation to get:

Lnx = 1.7 Ln 8. (4)
Taking the common logs of both sides of (4), we have:
Log (Ln z) = Log 1.7 + Log (Ln 8), (5)

The setting is shown schematically in Fig. 116, Note that when
any equation is put into the form of (5), it is easy to remember
that the lons are loeated on a Lon seale, and the logs on the C or other
basie logarithmie scale,

s LG 1P
-

| ¢ i {

Lns @ 8 2

Lagiingl
LogiLnB)4 Leg LT ————

Fia. 116,

Finally, eonsider the basic relationship between the Lon seales
and the D scale (Fig. 117). We have seen that Ln N on D is opposite
N on & Lon seale,

Let z = Ln N. That means that
o = N
Henee in Fig. 117 we can substitute « for Ln N, and e* for N. This
llustrates the [unction of the Lon seales in finding powers of e

o Lrhe x
L g e

Fia. 117,

The praetieal applications of these relationships between the Lon
scales and the other scales in finding powers, roots, lons, and logs are
explained in Chapter VL.



APPENDIX A
LOCATING MARKS FOR BASIC COMNSTANTS

The €, D, A, and B =scales on the reverse or “red” side of the
DECI-LON slide rule inelude several loeating marks to facilitate
computations involving frequently used basic constants.

Multiplying or dividing by multiples of =,
On the € and D scales appear the mark “z” at 3,142, the mark

492" at 6,28, and a tick mark designating E nt 0.785. The use of

these marks makes it unnecessary to recall the numerical values

when multiplying or dividing by =, 2=, or—, and also insures a more

_il
accurate selting.

Multiplying or dividing by +/= or \r’%_

In combined operations, the values on the A and B secales represent
square roots when these seales are used in conjunetion with the
and D) scales. Pushing the hairline to N on the B seale, for example,
is eguivalent to pushing it to VN on the € seale, and therefore hasg
the effect of mulliplying by v'N.

The value 3.14 is designated by the mark “z='" on the left hali of
the A and B scales. In combined operations, multiply by V= by
pushing the hairline to this mark on B, or divide by vz hy drawing
this mark of B under the hairline,

The tick mark just before the 8 on the rvight ball of the A and B

T
geale locates e This mark iz used to find the area of a cirele when
the diameter, d, is given. To find the area:

get the index of C opposite the dismeter, d, on the D seale,

165
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T
push the hairline to the 7 tek mark on B,
under the hairline read the area on A.

e : T
This setting is explained by the fact that A4 =Ed’. Note that the
answer is read on the A seale, not the D scale.

An alternative method for finding the area from the dinmeter, using
the SqI and Sg2 scales, is given in §26.

Finding sines of angles given in minutes or secondds,

For convenience in finding the sines of small angles expressed in
seconds or minutes there are two loeating marks on the € and D
scales on the reverse side of the DECI-LON. The minute mark (") in
just before the 3 {actual value, 0.0002909) and the second mark (4
just before the 5 (actual value, 0.000004848).

To find the sine of an angle expressed in minutes:
set index of slide to the minute mark on D,
opposite any number on € (or CF) representing minutes
read the sine on D (or DF).

The seconds mark is used in the same way. To loeate the decimal
point it is easy to remember that sin 1" is approximately “‘decimal-
five-zeros-five” (0.000005) and sin 1’ is approximately “decimal-
three-zerog-three’ (0.0003).

Converting degrees to radians, or radians to degrees.

The loeating mark “R” on the € and D scales on the reverse face
of the DECI-LON is used to convert angles from radians to degrees,
or degrees to radians. To use it:

set right index of € to “R"” mark on D,

opposite any value on € {(or CF) in radians read
same angle in degrees on D (or DF);

opposite any value on D (or DF) in degrees read
same angle in radians on € (or CF).

To locate the decimal paint recall that 1 radian is approximately 57.3°,

Another method for converting radians into degrees and vies versa
using the SRT scale is explained in §41,




APPENDIX B
CONVERSION FACTORS

The following tables show a simplified slide rule method of conver-
sion from various units of measurement to others.

Tor instance: 1 inch = 2.54 centimeters, To convert inches to
centimeters, set the index of the € seale to 2.54 on the D seale. Then
all repdings on the C (CF) scale will represent inches, and the cor-
responding readings on the 1) (DF) seale will show the equivalents in
centimeters (with proper attention to decimal points),

Sef index of  On € (CF) seals On 0 [3F) woole

LINEAR MEASURE i A O oy O i
1 inch = 2,54 em 254 in. ¢

1 [oot = (0.0048 m 30485 ft. I

1 vard = D.8144 m (.9144 yd. m

1 mile = 1.608 km 1,66 i, km

1 mile = 5280 {t. H2RI, mi. ft.

1 naut, mile = 1.152 mi. 1.152 naut., mi. mi,
AREA MEABURE

1 5g. inch = 06.452 em?® £ 452 8q. in. emt

1 s foot = 00920 m* 0.0829 e, ft. mt

| kg, yard = (LB3AT m? 08361 8. yd. m®

1 5. mile = 2,560 km? 2.50 A(}. 1. km?

1 gq. mile = G40 geres fidil, By i, aures
1 acre = 43,560 8. It 435060, A &0 [t
VOLUME MEABURE

1 cut, inch = 16.30 em? 16.30 eu. in. em?

1 cu, foot = (L0288 m? 0.0283 eu, Tt m?

1 ew. yard = 7646 m? 0. 7646 e, vd. m*
MEASURE OF CAPACITY

1 U.8. gallon = 3,785 liters 3.785 1.5, gal. liters
| U8, gallon = 231 ey, in. 231, U8, gl e, in.
1 cubic foot = 28.32 liters 28.32 e, Tt liters
WEIGHT

1 pound = 04536 kg 0, 4536 I, kg.

1 grain = 0.0648 g (L0648 grains gy huics
1 US. gallon = 8345 lbs, 8,345 U8, gal. Ih.

1 eu, ft. of water = 62.43 lha, H2.43* o, £t b,

*Purs water gl marimum density, $0.0° F,
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APPENDIX C
HISTORICAL BACKGROUND

Since logarithms are the foundation on whieh the slide rule is
built, the history of the slide rule rightly beging with John Napier
of Merchiston, Scotland, the inventor of logarithms. In 1614 his
“Canon of Logarithms” was first published. In presenting his
system of Logarithms, Napier sets forth his purpose in these words:

“Becing there i nothing (right well beloved Students
of Maothematies) that s a0 trublesome Lo mathemationl
practice, nor doth more molest aned hinder calealators, than
the multiplications, divisions, square and oubieal extractions
of great numbers, which besides tha tedious exponse of time
are for the most part subject fo many slippory errors,
I began therefore to consider in my mind by what eertain
and rendy art T might remove those hindrances. '

From Napier's early conception of the importance of simplifying
mathematical ealeulations resulted his invention of logarithms.
This invention in turn made possible the slide rule as we know it
today, Other important milestones in slide rule history follow,

In 1620 Edmund Gunter, of London, invented the straight
logarithmic seale, and effected calculation with it by the aid of
COMpasEes,

In 1630 Willinm Oughtred, the English mathematieian, arranged
two Gunter logarithmie seales adapted to slide along each other
and kept together by hand. He thus invented the first instrument
that could be ealled a shide rule.

In 1675 Sir Isaaec Newton solved the cubic equation by means
of three parallel logarthmie seales, and made the first suggestion
toward the use of an indicator,

In 1722 John Warner, a London instrument dealer, used square
and enbe aeales,

Circular slide rules and rules with spiral scales were made before
1733, but their inventors are unknown,
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In 1775 Thomas Everard, an English Excise Officer, inverted the
loparithmic seale and adapted the slide rule to ganging,

In 1815 Peter Rogel, an English phygician, invented s Log Log
seale,

In 1859 Lientenant Amedee Mannheim, of the French Artillery,
invented the present form of the rule that bears his name,

Cylindrieal caleulators with extra long logarithmic seales were
invented by George Fuller, of Belfast, Ireland, in 1878 and Edwin
Thacher, of New York, in 1881,

A revolutionary slide rule construetion, with seales on both the
front and back surfaces of body and slide and with a double faced
indicator referring to all scales simultancously, was patented in
1891, by William Cox, who was mathematical consultant to Keuffel
& Esser Co, With the manuineture of Mannheim rules and this
new rule, K & I became the first eommercial manufacturer of slide
riles in the United States, These had previously all been imported
from Europe.

Folded scales CF, BF, and CIF were put on slide rules about
1900, to reduce the amount of movement and frequency of resel-
ting the slide. At first the seales were folded at /10 but K & E
later folded such seales at % so that = eould be used as & factor
without & resetting. Log Log seales in three sections were put on
K & E rules about 1909,

The Parsons invention of about 1919, which included special
geales for finding the hypotenuse of a right triangle was inecor-
porated in a rule made in Japan. This rule later included a
Gudermannian seale, patented by Olura, enabling the user to resd
hyperbolic functions,

A scale referring to the A or B scales to give the logarithms of
the eo-logarithms of decimal froctions was introdueed on K & B
glide rules gbout 1924, Puchstein's scales for hyperbolie funetions,
patented in 1923, were pul on eommercinl K & B slide rules in
1929. The trigonometric seales were divided into degrees and deei-
mals of a degree, thus making it possible to eliminate all non-decimal
sub-divigions from the rule,

K & E introduced a slide rule (patented in 1939) in which all of
the trigonometric gealez are on the slide and refer to the [ull length
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£ and D seales. In solving vector problems on this rule or other
similar problems involving continuous operations and progressive
manipulation, only the final answer needs to be read.

In 1947, on the basis of Bland's invention, the scales of the loga-
rithms of the co-logarithms of decimal fractions were referred to
the € and D scales, correlated with the Log Log seales and also with
all of the other seales of the rule, thereby inereasing the power of
the slide rule by simplifying the solution of exponential or logarithmie
problems, the determination of hyperbolie functions, reciprocals, ete:

It was about 1910 when the slide rule first began to come into
general use in the United States. In the years that followed, K & E
introduced many improvements in the rigidity of frame, indicator
design, the precision of graduations, as well as a variety of new scale
arrangements. All these have contributed to the wide popularity of
the glide rule and its many uses in the mathematics of science and
engineering, as well us for ealeulations of all kinds in business and
industry.

Many types of elide rules have been devised and made in small
quantities for the particular purposes of individual users. Rules have
likewise been made specially for chemistry, surveying, artillery
ranging, steam and internal combustion engineering, hydraulies,
reinforced concrete work, air conditioning, radio and other special
fields, However, the acceptance of such rules has heen relatively
limited.

The slide rule has a long and distinguished ancestry. The DECI-
LON incorporates the most valuable features invented from the
beginning of slide rule history with new features to meet modern
requirements,




ANSWERS

Answers read between 2 and 4 on the € seale or D seale contain four significant
figures, the last one being 0 or 5. Henee such answers have the fourth significant
digit aceurate to the nesrest 5.

46, Page 8
1. 8 4. 9.1 7. 49.8 10, 00826 13. 9.87
- i 5. 6.7 8. 340 11. 3220 14, 3.08
3. 10 6. 9.62 9. 47.0 12, 0836
§7. Pape 9
1. 15 5. 0.001322 9, 244 13. 1705
2. 1577 6. 1737 10. 657.1 14. 5620
3. 3530 7. .08 11. 0.1631 15, GO0
4. 421 8. 1341 12, 0.201 16. 2570
§8. Page 10
1. 232 B 0.000713 9, 1.154 13. GI6
2. 1852 6. 77.D 10, 004140 14, 00208
3. 0.0767 7. 181 11. 0.936 15, 4.96
4. 106.1 8. 26.3 12 1.635 16. 0.332
£9. Page 11
1. {a) 15676 Er:'} 22005 4, (a) 0.22 vde, /zec,
(R 2.60 d) 27355 (&) 15,02 ft, ‘=ec,
{ué 5,25 3. (e} 1789 mi. {r) 188,000 mi. /see.
() 4.5% (h) 121.1 mi. 5. (a) 10.18 see.
2 (n) 26.1%, {e] 2140 mi, (k) 289.5 hre.
(h) 6445 (¢} 323 hrs.
£10. Page 13
1. 36.7 4, 3400 7. 1586 10. 2.25
2. B.ab 5. 0.00357 8. D.0223 11. 0.0414
3. 0.ODODATS 6. 13,970 g, 0.01311 12. .0877
811, Page 14
1. 18.85 4, 1.910 T. 0275 10. 5.45
2, X540 5 24 8. .75 11. 5.92
3. 246.0 6. 1.5684 9, 6.24 12, 0.25
13. BA.B
*
§12. Page 16
1. 25, 3. 01202 5. 11.93 7. 5O 0. 440.5, 817.5, 992.1,
2. 92'? 4, 123.0 6. 45500 & 549 1435, 1598, 2005,
2328, 2533,
§lﬁ. Pl.ga 21
1. = =433 = 1152 2 = 30T
2. 7 = 1604 'l = 304 10y = 094
3. r = 285 T = 1.586 2 = (.272
4, r = H22 -414 11 45-1315
5, & = 230, y = 3L8 = 0,1013 o= 1.525
6. x = 51.7, y = 3370 = (1.0760
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§16. Page 21
12, [y = 378 13, [+ = 000416 14 [z = 0.1170 » - 186
ly = B9.5 i = 0.0828 '[,r_a = 0025 15. {1y = 14.42
z = i3
§17. Page 23 |
1 e | 4. 48.7 7. 42.0 10. 0,1265 13. 9.68
2. 23.0 5. (L3960 8. 3.14 11. (4.6 14, 47.6
3. 85.0 G U460 9. .20 12, 4.07
§518. Page 24
L. 167.6 em, 3. (n) 720 1b, 5. [n) 25,700 walts
240 om, () 2065 1h, (50 3,940,000 watts
OE0 em, (e} 314 b, (e) G2L watts
2. (e) 274 m, 4, (i) 285 =, cm, 6 (o) 1121 gal,
(f) BOM} i, () 929 8g. oo {h) 000255 gal,
{e) 2.54 m. (c) 421 &g, em, (e) D504 mal,
7. 20,0 in., 584 in., 62.7 Ih, per =q. in.
8. (uj 6.12 Ib. per 2q. m., 7.35 lb. per ag. in,, 345 1h, per s, in.
(b} 21.6 cu. in., 33.4 o, in,, T9.9 ¢, in., 184.8 o, 1n,
§19. Page 26
1. 00525, 000385, 1,389, 15,89, 0.0575, 0.0541, (01480 4. 74,0, 10,97
2. 000253, 0000550, 6,21 5. 198.5, B.55
3.2.160 6. SBec answere to Fx, 2,3, 4.
7. 274, 0364, (.392, 256, 12.54, 0.0707
£20. Page 28
l.x = 1698 v = 1274 te = (L0481 [z = 1107
2.z = 00640, y = 1.415 5 4y =0.0435 6. {y = (L0483
3, r= 1549 y = G950 2 =448 2z = D465
4. ¢ = D00347, y = (45
§21. Page 30
1. 11.20 7. 17.2 13, 0.00288 19, 3430
2. 2.36 B. 6.1 14, 144,800 20. 4.75
3. 304 G 01111 15. 00267 21. D451
4, L1155 10, 130,800 16. 0.279 22. 3.76 X 1
5. 1.512 11. 15.32 17. 41.3 23. 7.06 x 107
6. LDLG 12. 9.76 18. 1114 24, 2.82
25. D.0R2T
§22. Page 33
1. 2.81 4. 1544 7. 0.0252 10, 2180
2. 3.56 8. 76.8 B. T.40 11. 1741
3. 7.3 6. 12.0 9. 17.52 I12. 1766
§26. Page 38
1. 635, 1024, 3720, 5620, 7TO20, HAT000, 204,000, 433, 3.07, 01116,
O.00001 267, 0.908, 27,500,000, 2,24 x 1018,
2. (a) 87.6 ft.%, (b) 0.0050T (L. (c) 9656 [t.2, (d) 2.35 X 108 ft.2
3. (u) 5.94 ft.%, (b) 3510 ft.2, (c) 0.445 1.5, (d) 276 f1.,
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§27. Page 38
6.14 Z, 4M 3. 0427 4. G683 8. 0.428
£28. Page 40
2.83, 346, 4.12, 043, 208 208 0043, 853, 0,252, 000797, 262, 316
(a) 231 ft. « (h) 0.279 It (&) 6720 Tt
(a) 185.04 ft. (h) 0002 ft. (c) 49.8 ft.
§20, Pape 42
1. 24.2 5 4.43 9, 43.7 13. 1091
2. (L416 6 L1176 10. 29.4 14, 006002
3. .54 7. 82.8 11, 4.2 15 1.585 108
4, 0.0EGS B. 348 12. 11.41 16. 1.580
$30. Pape 44

2.06, 3.11, 9.00, 9.47, 10.69, 01969, 0.424, 0.014, 44,7, 0.855, 08, 2,15, 4.64,

o

464
§31. Page 45

. 025, 828, 238000, 422000, TO5000, .04 % 104 00025, 299, 530,

00000373, 054, 1404 X 107, 571 X 19

. 70
§32. Page 46

. 614 2. 401 3, 0.427 4. .68 5. 0.000965
§33. Page 47

. B 13, D64, 8.2, 60, 21,8, (.2688, 00875

2. (a) 3658 it., (b) 7.202 ft., (¢) 5.140 1., (d) 7.820 ., (e) 12.05 ft,

$34, Page 49
1. 219 7. 43,100 12, 12.78 17. 5.03
2. 14,48 B. 1.745 13. 76.3 18, )
3, M3 9. 1,158 14. 2.12 19, 0.0544
4, 1,074 10. 1.193 15, 1281 x 10# 20. 3.29
5 1.52 11. 90.7 16. 0.003460 21. DLO00sBT
6. 0.0577 22. 273
§38. Page 50
2. (a) 05 (b OLaIG (e) 00581 (d) 1 (e) 0.000
(1 00276 (g D253 {hy 0351 (1) 0.204 (i) D783
3. (a) D.566 (b 0,788 fe) 0098 {1 0 (o) L0340
{f) 1.00 Ly} D068 (1) 0,025 (i) 0979 (1) 0.B23
4. {a) 30° th) f1° te) a2® () 574" (e} (.86
{f) 38.3° (g) 3:56° (k) 1.775" (i) 68"
5 (a) GO° by 29° (¢} A8° (d} 8426  (e) 80.14°
) Sy {g) BG45% (k) RE.22° () 2840
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§39. Page 58
L {a} = = 6.10 (B 8= 54° (e} ¢ =304 (d) ¢ =402°
8 = 61.7° z =216 § o= 445 @ o= H.08°

2. (a) 25 () 10.39 (e) 44 (d) 43.9
{e) 254 {f) 44.2 {g) 17.00 (h) 17.0

3. (a) 5.86° (b) 55.8° (=) 83° (d) 59°

4, (a) 354 (b 807 {e) 310 (d) 262

5. (a) 0.978 (b 6,02 e} —0.14 (d) 16.45

§40. Page 61

L 0142, 0515, 1907, 0.0177, 3.55, 19.1, 1.09,
7.03, 1.94, 0.624, 50.40, 0.282, 0,0524, 0,018,

2. (a)} 18.50° (b)) BR.15° (o) 4200°  (d) 28.37° {e) 2.88°
(f) 4.60° (#) 23.36° (&) 2485° (i) D.855° (7} 20.5°
(k) 74.95° (1) T7.01° (m)86.63°  (n) 45.85° (o) 50.95°

3, (e) 76.5° (b} 51.85° (&) 47.40°  (d) Bl.gE" (e} Bo.6°
(f} 85.3° (g) 666" () BT.B4° (i) 89.145°  (§) 60.5°
(k) 1505 (1) 1200°  (m)3.37° (n) 4415 (o) 39.05°

4. (a) ZR565° (b)) 24.00°  (¢) 6B34°
{d) 51.7° (e) §0.2° (f] #3.14°

41, Page 64
L (a) 00247  (B) 001464 () 0.0435 (d) 0.0466

2 (n) 1.044° (b)) 2.B5° (e} 4.96°

3. {a) 00627 (b) 0.000627 (c) 0627 (d) 6.27

4. (a) LAOG° (M) 16.96° (¢} 0L01GHG°

5. (a) 1592  (b) 7.50 () 000000548 () 500

6. L0597, 0.0507, 16,75, 16.75

7. D000BTT, 0000677, 1023, 1023

B. 0.00436, 229, 220, 0.00436

9. (a) 60°, (b} 135 (c) 2.6° (d)1° (e} 150°

10. (e} 0.0209 (&) 0.0846 (c) 5.40 (d) 20.0 () 0.0400
{f) 555

§43. Page 67

1. 80.56 6. 16.70 11. 1.35 16. 1225 21, N.0D1086

2. 0.36 7. 5.26 12. 16.47 1%7. 0.0771 22, 50D

348 B. 2564 13. 204 18, 0.0063 23, (LNB75

4. 242 9. (L0670 14. 0.720 19. 382 24. (.0432

5. 1423 10, 0:267 15, 425 20, 000319

25. (a) 0 = 2404 (b)) y = 00731 (c) y = 2580 (d)y = 25.3
a = 40,15° § = 4.485°

(¢) y=1145 {fy = 00885 (p)y = 0.638

(k)& =413 (i) 10.43°




1. C = 75
b = 35453
¢=i 538
2. 0= 5b*
b= 0.7
a 56.1
3 ( =12532°
b = 2255
¢ = 2600
7 =-55.84"
b = B8
e = fid
R1.33°
B1.0
63.2
21T
TRE4
220
26°
410
456

-

,‘
LA3

=
([T

U
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§47. Page 73
B. B =485" 15. 4 = §b.3° 23, e= 1238
a = 7.71 B o= 347" B = 3.31°
b =312 a = 740 ¢ = 116.60°
9. A = 27.07° 16 A = 601" 24. B = 415"
a= 244 i = 2047 ¢ = 100.85"
¢.= 530 b =209 e = 407
10. B = 17.588° 17. B = 35.3° 25. B = 3}1.35"
b = 28.8 = B4.7° o = J5
¢ = BT.6 ¢ = 138 b = 18.57
11. 4 = 369° 18. A = 8B7.F° 26. A = TH16"
B = 53.1" O = 41.1° a = 0713
b= B0 e = 117 b = 0. 1367
12 4 = 433" 19. Impossible 27. A = 68.43°
B = 40.7° 20. B = 28.6° b = 0325
b = D662 O - 00 ¢ = 0,883
13. B = 37.32" b = 479 28. 160.7 vd.
i = G50 2L 4 =17.00 20. 7.00
Pl € =51" 39 353
i {: :f;;f 22 ‘;= g;;:;ﬂ 31, 1266 i,
g = 499 : o = 284 32. 1029 yde.
= 100.83°
§48. Page 75
4, A = 3315 7. A =45°
B = 50,85 B = 45"
£ = 469 e = 1867
5 A = 305" B A = 30.6°
B = 50.5" B = pp.4°
c = 44 ¢ =825
6. A = 67.88° 9, A =37
B = 22 a2 B = 86.3*
¢ =13 e =48
10. 507
849, Page 77
A = 85" 5 A =305 7 A =45 9. A =37
B = 25° B = b0.5° B = 45° B = EG.3°
¢ = 552 ¢ =14 ¢ = 1BUT ¢ =48
A = 33.15° 6. 4 = B7.38° 8 A =308" 210, 50°
B = 585" B = 22.462° b = 59.4° 11, 184, 20°
r o= 400 o= 13 c=5245 12, 19.02, 25°
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§50. Page 78
L 4 =119 B = 302" 7. 4 =121.1°" 1L 100ond 468
B =311° O = 788° € =24° 12. 4.9 mi.
ol 52 5 =851 b=00S23 . 1y Tat, = TS,
2, A = 40.05° A = 100:405" B A = 7727 Lep, = 474 fi.
¢ = 79.15" ¢ =.33.05° B = 43.5°
b = 104 h =108 ¢ = 14.99
i A =050 o A = 46547 9. B = 18.38"
B = d40.4° C o= g4 { = 28.32"
¢ = 285 b= 743 it = 7420
§51, Page 80
L A = 10677 & A = 49.2* 7. 4 = 446" 10. 51.9°
B = 46.9° Bo=37.6° B = 48.5° 50.4°
= 20.38" 7 - g3.2° O = §5.9° 68.7°
2. A = 278" 5. 4 = l¥.3° 8 4 =87 11. 72.58°
= 143.1° B =379 B =53
€ = f55" O =358 & = 35:9°
3. 4 = 5247 6. 4 = 482° 9. A4 = h31°
B = 59.4° B= 584 H = BOA°
€ = (8.2° O T340 G = B4
§52, Page 82
1. By = 68.1° 3.4 =70 8 B, = 45.3°
Cy = 5857 B =638 = g98.1°
o = 186 by = 28.8 & = 300
B; = 113.9° A: = 108.7° By = 134.7°
Cg = l.ﬂ.?" B: = 1?.“0 (Tl = 91?‘0
ey = 408 fe = 10,51 oy = hl,1
2, By = 1672° 4 A; = a0° 6. A; = 51.8°
Ay = 147.46° = 67" ', = BR.7"
i = 35.;5 5y == ﬁ.m o= 21,%
By = 163.28" Ay = 237 A = 128.71°
Ay = 0.9° Oy o= 118° €y = 11,3°
oy = 1.04 ay = 291 rp = 42090
7. p = 3.13;{a) nona, (h)2 (e} 1
§54. Page 86
1. 677 4. 415 7. 382 10. 284 ft., 201 ft.
2. 1734 5 417 8. 80.3 ft. 11. 884 ft., 708 ft., 246 ft.
3. 1294 6. 370 0, 10,910 ft, 12. 7.87 mi,




1. # = 35.8, ¢ = 10.36

L. daty—
2, 1/81 p=isys
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§55. Page 90
5 z = 10.79 Ih. 10 2 =925 6 =27

r = 324 § = 556" ¥ = 26.7 1b. G = (.0963
o= 180, 8 = 432° g p = 78, 0=742° 1 = 00491
2. 16, 20° 7. 4.5, 126.9° 1. & = 1442, B = 0.05651
a, 20, 25° 8. 206.6° 0 = 00422
4. 24,07 9. m = 804
n o= 447
§37. Page 93
L (a) 423" 2, (o} TO.5° 3. ¢ = 157.6" 4. (a) A =120.6°
(b} 6D.2° {b) 54.7° A = 101.05° (b) A = 1458°
{c) 02.35° {c) B8.7" fi = 114.6°
§58. Page 05
1. (o) 64.15° and 115.85° 3 ¢ = 1674"
(b} 137.4° A4 = T85"
4, {a) d = 1020 nautionl miles, " = N A0.7T"W B = 114.9°

(6} G18 nautical milea, ¢ = N 78.8° W

§61. Page 99
3. B.T"_J.'_' 5_. — U1 2=y
4. 1Gedg-1= O, 270 — 2t 4 ]
§64. Page 104

1. 6.21, 8.91, 0.663, 0.3365, 0.0421
2. —0.21, —3.81, —0.603, —0.8865, —0.0053, —0.01975

3. (o) 4.33
(b) 2.08
{c) 2.23

(i) —0.1744 (g1 —0.0054
{e) —1.p3 {i) 0,358
{ f) —0.1132 (1) 0.0421

5. 1.386, 0.25, 11484, 0,8705, 1.01396, 0,98023, 1.001386, 0.0085614.

6. 24,1 yr.
7. G646 daya
8. 1.35G hr.

1. (a) 20.1
(B) D.O485
{e) 1.492
{d) 0670

9. 11.556 ¥yr.
10. 0,742 neper.

§65. Page 100

(e} 1.08562 (1) 00854
(f) 0.9656 (7} 84.8
(g) 3.827 (k) 0.9740
(kY 02613 ({1 10890




178 ANSWERS
§65. Page 106
2. (a) 833 {e) 1.2301 (e) 102143
(b) 0.1200 (d) 08000 { f) 0.9790
3. (a) 54.6 (d) 1.0216 {g) 0.9817
{b) 3640 (e) 0.0334 (h) 0.00203
{c) 1,687 { £} 0.84986
4. (a) 2,028 { [} 0.4321 {k) 1.781
{b) 0,493 (g) 9.36 () 0.561
{e) 06553 (k) 01060 {m) 25.0
{d) 1.526 (i)} 0686 {n) 25.95
(e) 2314 {7} 1.458 {0) 2,201
3. 17.33 sec,
6. 2060 b,
§66. Page 108
1. 1.238 4. 0822 7. L= 19021, 8 = 53.0 ft.
2. .25 5 1.155 B L = 594 1t, & = 9841t
3. 0.887 6. 0.544
§67. Page 100
1. (a) 5.86 % 100 (d) 479 ¥ 10~ (g} 9.1 % 10
(h) 6.75 % 100 {e) 2.8 X Wr (k) 4.85 % 100
(o) 6.28 X 10-% { ) 276 x 100 (iF8.045 ¥ 10-
2. (a) 1.8 X 107 (c) 27 X 10°% (e) 18 X 104
(b) 3.43 X 107 (d) 245 ¥ 100 ()2 xA04
3. (a) 6.01 % 107 (=) BAR X 100 {e) 1.288 ¥ 100
{b) 9.04 X 10° (d) 2.87 X 100
4. (a) 431 ¥ 10 (¢} 1.59 X 104 (¢) 2.38 x 100
{b) 1.17 X 100 {d) 3.8 {f)3.44 X 10
5. 5.88 X 10°% mi,
§68. Page 110
1. 0.2, 0.8, 0.9615
2. (a) 0.0625 { £1 0.860 (k) 1.0510
(b) 0.284 () 0.9860 {1} 0.99255

{e) 64.5
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ANSWERS

§60. Page 112

4, 25, 49, 64, 0,25, 0.04, 0.0204, 0.015625

2. 0.7646, 0620, 0,405, 1,308, 1.598, 247
3, 0.3333, 1.1161, 0.8060, 101105, 0.95905
4, 9, 01111, 16, 00625, 30, 0.0278, 81, 0.0123, 166.4, 0.00601
8, 0.9434, 1,701, 0.65684, 339, 0.00285
6, 10, 0.7043, 1,250, 0.97724, 1.0233
T. 5, 0.2, 11746, 0.8613
g. 0.5027, 1.687, 0.00535, 187, 0.9450, 1.0637
§70(n). Papge 114
1. 44.7, 730, 20000
2. 5.15, 3.00, 2.86
3. 1988, 2.62, 1.1063, 1.1666, 1.283, 1.201
4. 1.0339, 1,078, 1.006, 1,0202, 1.0164, 1.01055
5. 100083, 100692, 1.00475, 1.00308, 1.00150, 14K 0604
570{b). Page 116
1. 44.7, 1462, 1:.0387, 1.00381 4, 255, 1.0083, 1.00041, 11700
2. 1.00382, 10388, 1.464 5. 1.0331, 8000, 8.22
3. 1.1043, 1.00997, 2.70
E70(c). Page 116
1. 360, 0.00681, 3700, 0.000270, 0.00129 4 1.447, 22.5, 0.5553
2. 10806, 100862, 099144, 0.601 g, 1.0281, 1.346, 1.00507
3. 0.0688, 09747, 0.654
§70(d). Page 120
1. L0474, 1.589, D.00GTH 9. 114 20, DOR32
2. (a) 1.0660, 0:0470, 0.5857 10, (L0870 21, 3.00
(b 48.8, 0.0206, 10396 11. 1,1874 22, 0.233
(e} D576, 0.00403, 1.0567 12. L.01736 23, 414
(d) 0.283, 1.01269, 3.53 13, (.842 24. 0.242
3. 1.707 14, 00492 25, .23
4, 2534 15. 2.380 26, 049305
5 1475 16, 05206 27. 0.0764
6. 0.9646 17. 0.0437 28. 1.2034
7. 0.0273 18. 320 29, 3.893
8. 36.7 19, 00707
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§71. Page 123
1. $007
2, (a) $1402 (b) $1407 () 31400  (d) $1410
3, 8381

4. (o) 8500 (b) 8404 (c) §491 () S488

5. (a) 81107 (h) $754 (c) 3508, §802, $1240, §1432
6. Pay for rug now

7. (a) E7300  (b) BA1,080 (e) $24,600

8. (a) $10,280 (b) 322,120 () 208,000

9. $6060

10, (a) §295 (b) $398 (c) SO0

1L {a) 84340 (b) $7H00 {e) £10,810

12, 83180
§72. Pape 125

L. 2365 0. 01386

2. 1,333 10, —4.57

5 11. —24.3

4. —0.508 12. —44.7

5. 0,0509 13.°2.20

6. 0.52 14 103.2

7. 1.762 15. 3.11, 4.24, —0.N330, —1.005, —2.57

B. 2.303 16, 0,470, —4.9, —5.77, 0,0708
§73. Page 128

1. 0.540 4, 0,260 7. 0.00324

2. 3.47 5. —0.505 8. 0,0Z2202

3. 1.458 . 6. —3.500 9, —2,202

10, 10.61 {db) below sound being tested

11, 1693 (db)
12. Quiet house 39.64 db., Very loud thunder 118,76 dh.
Ordinary conversation 57.3 db, Threshold of pain 119,54 db,

13. (a) —37.66 db. (¢) —83.32 db, (2} 10.68 db
(b) —42.5 db, (d) 17.16 db. { £3 0.0652 db.
14. (a) —324db. (b)) —4284db, () 17.42 db, (4) 20.5 dh.

15. B.686 db,
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§73. Page 128
||F

2-—

1477
1301
10

1_

- {r 10 20 a0
-1 POINTS ARE (01,-2,(1,01,(10,1),(20,1301},(30,1477)
-2

Y
§75. Page 134
20 10 D854 19. 1.0834 2B, 6,356
. 2,864 11, 0.2119 20. 1.53 20, —1.988
. 2.15b 12. DUHM35 21. 0791 30, —0,3356
2.335 13. (L5805 22. 0.4 31. —0.65
1.035 14, 0.09471 23 49 32, =T0.T
. L7270 15, 00 24, 0,847 33. 1.253
. DUDGS 16. 2.5 25, —DATH M. =467
0.752 17. 1006 26. 1.041 35. 0.23
(L aE40 18, a6 27. 17.54 36, 48
§76. Page 135
248 ¥ 108 8. {a) 6.56 > 100 6. () 431 X 10# 8. 57.19
2.23 108 {h) 442 X 108 () 844 X 108 9. 4T
082 3 101 (2) 2.24 > 10r1 (eh 10061 10, .76
081 () 0,797 (d} 1.0067 11. 0.002583
7. 4467 12. 3557,000
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§77. Page 138
L. LO0440, 0.9912, 1.002, 1.1414
2. 1.0007
3, 0.98404, 1.01620, 0.90839, L00161
4. 1.003, 0.997, 1.0032, 0,0968
5. 1.0413, 0.06804
6. 1.ODO04LG, 1000416, 1,00416, 1.0424
OLUB00552, (,999582, 0.00552, 00,9500

§77. Miscellaneous. Page 138

1. 119 9. 0.5760 17. 1.78 25. (a) £12,100

2. 1.8 10. 0561 18. 318 (b 635,000
3. 01755 11, 2.88 1o, 2382 () $4,600,000
4. D608 12, 0,347 20. 1.254 (o) $20,000,000
5. 0:285 13. 0.014 21, 2.99 (¢} $4,840,000
6. 0.882 14. 0.016 22. 2.05

7. 2.06 15. 0.0607 23, 0.45

B. L.783 16. (.90 24, 0.1613
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A and B seales
deseription . . i owos . 30
tabular values of square roots . 349

in eombined operations 41, 48
tabular values of soquares ]
explanation , , . Ml 1|
Ascuracy | 4, .J {t'mfnan‘J
Annuitios . . . . il i
Arc length AT Y
Area of circle . . . . . . . o T |
B
H acales, ase A and # scales
Black lons, dcﬁ.m:l ookl e A RN
Body . . . et 5
c
C and D scalea
in multiplication . . . . . . . i
in division . . R e
proportion prll‘lf"!I]lE" A S e
gEmEn Of .. oo - wwe widdd
Capaeitanee ; 3l
CF and [N acales, deseri tmn « A8
in multiplication and division | 13

in multiplying or dividing by w . 13
circumference or dianmeter of

eircla | 4
proporticn pﬂnctp]e S 19
explunation . ? 148

Charaeteristic of l;.rgf:rltlma
definition | " ) 145
negative . | T e )
determination of . . . . . . . 147
Cr, DI, and CIF ﬁﬂﬂFﬁ-
mﬂpmca.ls o . - 28 34
in prupﬂrtjunu : - 27,34
in combined operations . . . 28
in electrical engineering caleula-
tione . . ; Al
in right er.ngl&a : Rty
explanation ., . . .. 150

Circle, area of . . . . T |

Circumference of cirele . . . . . 14
Closed, definition of p &
Color rela,tmnﬁhms, 'rlgnnometnc

senles : .. b5, 160
Combined operatwun 15, 28, 61
willy I'Lr_lpml.'.ul deales . ., 2%
AOUANe ook in 41 48
eube roote in . . 45
with trigonometric functions . 65
Common logarithme, see
Logarithms, common.
Compounid intersat PR e
Constants, locating marks for . . 165
Conversion factors . | | e r

Cogine law, gee Law of cosines,
Cosines, I.elj:ruhu vulues hb, 56, 68
Cotangents, tabular vaines . i), 63
Cubes of mumbers

evaluating . 1251
explanation . . . . . . . 154
Cubee pocts
evaluating. . | e -M,u‘l
in combined npurahnns 1 48
lapation ., .. .., .18
Cyclegof acalea . . . . . | B
D
1 geale, apa aud ﬂ' eralas,
Deeibels . . . ¢ e tARD
Decimal point B
in Bquares ]
in BOUATE TOOLE 40, 152
meuberoots . . L L. .. 43
in gines and cosines . . ., . 54
inlong . | R [
in powers of numbers . . .. 113
Dregreas
converting to radians, mt]l SRT
acale | 2
with "K' ilnczm_ug mark - . . 166

DF seale, seo OF and DF eenles,
D geade geaCF D and I.F'Mn.l.ﬂl:

Dismeter of circle . . . . . 14
Division SR 1
with OF and DF seales . . .. 18
bymw . . . SR N i
as form of pmimruun . s

153
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by trigonometrie functions . . 57
explanation ;. . .. I
“Draw the number," definition . 6
E
2, definition o e R s ]
pawersof . . . ... .. wo. . 100

explanation . . . i [
ﬂect,rlm.'l euimnwnng ‘caleulations A1
Equations, el from pr:umr-
Mmoo s
Equivalent quantitica . . . . . 24
Exponents
7 R o L e e a8
explapation . . .o .ov s . 141
F
Finance, mathematios of . | 121

Falded El'aﬂ-!E"i sep OF and DF p::alf'q.
Frequeney, eleetrical o nEineering . 31

G
Greateivels . . . . . .. ey |
H
Halelime: o Lo vor e e it
Hml,ur{ of slide rule . 168
Hyperbolic funetiony . . | . 107
I
Index
definition i
usaof either , . . , . . . £, 146
Indexes
intemhm'g........ 8
af Lon s e o -
“Index Power Ranges" . . . | | 117
Indieatar , , . . 5 Vailey
Int.emhmm iR o B
Interest, in finencial squations . 12
ln?}F ucn.[:a, wee O, DI and

K srale
deseription a4
ouberoots . . . .. .
DR s e 4 M
in cambined r:pnratmrtm coe oo 48
explanation , g fodd 154

L
L ecale
as reflerence basis for logarithmic
soales | » 144
1 table of eotmon .-ﬂgﬂ.l'll]lmﬂ- 147
Lanrg mumbers, . ..o . Y50
Law of cosines ot i w00
in spherical Ir]&.nhim e 1
Lasw of sines : 2T
in spherical trisngles .~ . . | | 94
Legends
ot 8 and SRT seales , . ., .'In-i
on T seale R
on Lon seales i o, 11]1 IHu.I
L, see Logarithme, natumi
Loeatin ::ui-'.s - PP 1
Logarit
ritles fnr combining A
to any base . 122140
Logarithma, common
definition 125, 142
tabular values on Lon scales 125, 140
tabular values on L oseale | . . 147
Logarithms, natural
efinition . . . R |1 e |
tabular vulues . 101, 130

Logarithms to base lf! o Laoga-
rithms, eommon.

Lon sealea
deser J;t.ion : s s L
logen - 1{}1 163
sontimuous relation to © cenles | 120
proportion principle . . . . . 131
explanation of . . . . ., . . , 150
functions of | A 161
design of SR L 161
indexea of . | . 163

Lons, see Logarithms, natural,

M
Muntiszsn
definition . .. . ie s R £
relation to senles, , . . . . . 148
Marks, locatimg . . . ., . . . 1056
Moted seales . . .G L L . 110




INDEX 185

Minutes, sine of angls Flven in. .
“Mated Beale" principle

‘v.hl]hphc:ﬂ ion . ﬁ. B. lﬁ
using CF and DF sinles ... .. 18
by . . s e R
a8 n form of pm]:l-crrt.mn : 23

by trigonometrie funetions S

explanationof . . . .. . M E
N
Maperian logs, see Logarithms,
natural,
MNumbers
eater than 30,000 . . . . . 135
eea than 0 'm o i arEarc
near 1 . . e T
o
Oppogite . . . 4 + o o & s « s &
P
Percentages . . . . . - . o . . A0
P o
multiplying and dividing by 13, 16
with locating murlks ; ({5
explunstion . . . . A 1
Powers
definition : B e S
of any number . 110, 113, 139
Powers of ¢
evnluation B Tt LR L
explanation . . e ., 14
Powuers-of-ten nob II.f.Ili‘H'I. U P L
Primary marks .. .. .5 |
Proportiong
defimition . , Satp 18
proportion pru:up]i !R 34
initial setting | . T 21
{urmmg from r:ll.u.uu:m : L vl e
in equivilent quantities . . . 24
reciprocsl sealein ., . o . . 27
involving trigonometrie
funetions | G it eoe el
in Lon seales. . . o2 o w131
Push the hairline,” definition . b

R
Radiana
definition . . ., ., . . fil
converting to degreea with SRT
o e 8 A g 62
with “]* mml;lng mark i3
Ratos- oo, o0 S O 10
Rautio, defindtion ., . . . . . . 18
Remetinee: =0 00 a0 e s Bl
Reading sealea . . ., . . . 1
Tteciproel sealies, soe [ 1, D and
CIF seales,
Rteciprocals
definition . | 25
evalustion with Cf and € seales = 25
multiplication or division by . 28
using mated Lon scales | 110, 140
Px[:tana.hnn e o .. 151
Hectilinear figur e L1
Tted Lon ﬂ'-"JL]ll"Jl deﬁmt*m: eyt b |
Fed numbers, on triponometrie
aeales sty 53-56, 66
5
& aealo
deacription i b e
gradustioneon. . .. . 0 .. ad
evaluating sines and cosines . _ 54
design of | . . AR
“Bame Beale” prineiple . . . 113
Boenles
cube root, see K acale,
folded, see OF and DI scales.
how to read | | 1
inverted, son CI DI and CIP
aviles.
[asn, een Lion seales,
reciprocal, see C'F, DF, and (4 F
seales,
sjuare, aee Sgl and Sqf eealeg,
also A and B seales,
trigﬂnﬂrnntrin, eee 8 geale, SRT
I.‘H."H.!E
i":-f‘mndur_v marks . 2
Sevonds, sine of angle gnrmn in . 166
Bignificant zeros
definition . , . . S 2B
in squares of numhr'm ) ..
Bine law, see Law of sines,
Hinee
tabular valuee 54, b, 68
emall anglea 63, 166
Hlide rule
RECUPNOT o oa we e wles A
history | S
Small numbers . . . . . . . . 135




186
Bpherae . o) o sl ainsw wE a1
erlonl triangles . ., . . Bl
Sql mnd Sgf scales
deacription |, S
finding sguare of a pumber . . 35
finding area of elrele . . . . . 37
in computations . . . ., . . U8
finding square roots . ., - 46
explanation . . . . . . . 153
Bouares of numbers
definition
tabular values mth Sq.! ﬂ.mI -‘:’qﬂ
seales . 36, b0
in ﬂum"}utmmns e e . a8
t.u,hulu.r values with 4 and B
siales el e+ 4550
explanation . .. e w e . il
Souars roots of numboers
delinition . 34
tabular values with A “and B
scales . e 40
decimal poich . .. . .2 wie )
in sombined onmtmnﬂ A 41
tabudar values using gl and Sqﬁ
seples | ;M O
in gomirined npalenllﬂ A
explanblon o oo e 151
Square scales, see Sqf snd Sg2
Bealea,
BERT eeale
deseriplion . . . Al bl
tabadar values of umr':— - o4
radians and tangents . . . . . 6l
cxplanntion ., , . . . . . ., 157

FOURTH PRINTING

INDEX

T
T seale
_ for evaluating Lanlnutu . B9, 68
explanation 5 TN SRR 167
Tangenta, see T' sealn,
Tﬂn.gﬂntuucfumntl angles . . .. 63
“Toenth Power” pnm::ple Pl e ) L
Tertiary marks 2
Triangles, solution of, see boxed
guide, page '.H] and vmu.ul BT~
IATY, Doge
Triangles, apimnml L ey Kk
Trigonometrie funetions
bosle formulas , . . . . . - . 62
multlphmtmn and division by . &7
in propertions , . , . . . . 57, 69
ip rﬂur.:uuahlps e i I ' 85
in combined operationa . . . . @6
explunation of seales . . . . . 156
v
Veobors © . . .. HA
F 4
Foros, signifieant. .0 L. L L, a6
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