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FOREWORD

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

DECI-LON was developed to provide students and professionals with
all the familiar seales of the slide rule for basic ealeulations, plus new seales
and arrangements for more advanced mathematical analysis.

The name DECI-LON combines the prefix “deci-", signifying the decimal
division of trigonometric seales first introdueced by K&I in 1929, with the
suffix ““lon”, the pronunciation of the “Lin” symbol for logarithms to the
base e.

The professional engineer or scientist 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 financial and investment
mathematics, as well as in rates of chemieal reactions, decay of radioactive
isotopes, temperature changes in jot engine compressors and turbines, and
the orbits of space vehicles.

Students who gain familiarity with the DECI-LON while studying
mathematics, physies, chemistry or engineering will he better prepared to
use its advanced eapabilities as they move on into post-graduate studies or
professional careers,

The outstanding features of the nesw rule are its expanded computing
capacity, its greater consistency and logie, its convenience and speed, and
its lifetime construction.

1. Expanded computing capacity

A slight widening of one rail of the DECI-LON’s body makes it possible
to locate four Lon seales side-by-side on the front face of the rule, with four
Lon minus (negative exponential) scales together on the reverse face,
With these powerful scales appearing in unbroken sequence and referring
consistently to the ¢ and D seales which nOwW appear on both faces of the
rule, roots and powers of numbers from 1.001 to 30,000, and of deeimal

fractions from 0.00003 to 0.999, can be found speedily and directly without
reversing the rule.

. addition of Lnf and Ln-0 scales brings. the low_er limit of the Lon
L ”1 yper limit of the Lon minus seales ten times eloser to unity
s ﬂmt-t 1? 1:11' ilicic rules. The relationship of these new seales to the D
e plbe'\;:]}l] :ztfes of the rule creates, in effect, an infinite series !?f Lon
Scﬁieg (::{lmal{:le hof bridging the gap between secale limits and unity to
::ﬁaiivn;r decree of closeness may be required.

The two new Lon scales will be found exceptionally useful lin probl;:lc;i
f .Ornetric. progression involving small rates of change and- ong pez :
i g? Siteh problems inelude the eompounding of interest on a dally
Ef's‘;;nlf{1e determination of half-lives of isotopes with slow ra.t.?.s of deeay,
aid' ;abe estimate of the orbits of satellites :acte:l upon by minute forces
such as solar radiation or ion-aceelerator engmes. ‘

Two new scales, Sql and S¢2, constitute a drm.ble—length s.mfle u“;(,ii :':;EL::
the full-length D scale for fast, accurf}tﬂ evalugtion of SC[ljal(‘?n‘: anf( E::l:irdc
roots. Because these new scales ad?om‘ the DF seale, the area o
can be found instantly when its radius is known.

At the same time, the A and B scales 31'.(% re..tained as ..s;c.al‘es 0!' callctrlil:-
tion, for continuous operations of multiplication and division involving
squares or square roots. .

Fourth powers and fourth roots, which octiur in t}:er;rfallrat.ila:;c;:
problems, can be read directly by using the new Sg/ and Sg¢2 scales in
junetion with the A and B scales.

2. Greater consistency and logic

Slide rule operations are easy to learn and easier still to remember if the
rule funetions logically—mnof only in the selection; loeation and arrange-
J;nen-t of the scules_, but also in such important details as their eolor, number-

ing and direction of reading,

On the DECI-LON, new scales as well as tmd.itianal scalcs‘ rr;ftlvn‘.canz
the K&E-pioneered principles of full logic and t:01lsist01le?,'. All sea ‘&.': Ih atatl
directly to the € and D seales. New scales have been given ua@eh W 1;: 1
clc.»;cril;;e their funetions—~Sg for seales that give squares, Ln and L?a? 0“1'
scales which give lons (logarithms to the bawr' e), S for sm_es a.n.dv cn-ﬂn.e?,
T' for tangent and cotangents, and SRT for the scale which giv ?s ::lI];E':‘s,
radiang, and tangents. The traditional seales 4, B, €, D, L, and K remain

unchanged.




On DECI-LON, the use of color has been extended to a more eonsistent
level. The two eolors, black and red, have these preveiling connotations:

BLACK: Lon scales; positive readings; standard left-to-right reading
direction; front face of the rule.

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

This color consistency is evident in the positioning of the black Lon
scales on the front face and the red Lon minus seales on the back face; and
in the trigonometric scales, 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 features have been incorporated in the DECI-LON to
enable the user to perform caleulations more rapidly and easily, Among
them are: providing € and D seales on both faces; extending the calibra-
tions of the Lon, Square, folded and trigonometric scales beyond the
indexes for easier reading of values near the ends; color coding of the
legends of seales; and the use of red hairlines which contrast vividly with
the black graduation lines of the scales.

4. Lifetime construction

The DECI-LON slide rule is made of a special shatter-proof synthetic
material exclusive with K&E. Humidity variations have mo effect on its
operation. The DECI-LON will not warp or stick. Precision molding and
new four-bolt end plates insure aceuracy, rigidity and permanence of align-
ment. Thus DECI-LON, ineluding itsunbreakable indicator, is ecapable
of a lifetime of service 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 compute answers for a large number of
the exercises. The principles involved are easily understood, but practice
is required to build proficiency in using the slide rule easily and aceurately.

Thosewho are already familiar with K&E'’s Log Log Duplex DECITRIGE
slide rule can quickly familiarize themselves with the new features of the
DECI-LON by reading only §§25, 26, 27, and 33, covering the SgZ and Sy2
seales, and Chapter VI, on the Lon secales,

vi
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A unique feature of this manual is the “visual summary” at the end o

sach chapter. The manual also contains special articles o 5°1u_ti'3nﬂ_ o
ations frequently encountered in electrical and eleatx:omc engineering
?g;?,) spherical triangles (§§56-58), and financial caleulations (§71).

Among teachers and students of the s].idle.rule, tlhere hgs a?wai?igziiﬁfli
some difference of opinion on the d.[:sirabll.lty of incorporating s
“theory’’ into the instruetions for using a slide rule.

TFor those who wish the operating rules with'ou.t the thleory, Chﬁ([i)teili
through VI of this manual give straightforward mstmctlonsﬁ on j i ed =~

tings. For those who feel that rules can be bet-ter. underntoo .an‘l s
B'BF dgs if accompanied by an explanation of the umlerlyllng prineiples,
E}g;z:ter VII explains how and why a slide rule w?rks. This cEaptiEc?iz
heen written especially for the slide rule user \Tho is not a mat em;. iy
gi;..el.lgineer. It starts with an elementary review .of expo;e:;fs an alesg
iithﬁia, and proceeds logieally through the explanation of the Lon scales.
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primary marks which are numbered 1, 2, 3, . . ., 9, 1. The space

-‘ - . . - . itk - 5
between any two primary marks is divided into ten parts by nine
secondary marks. These are not numbered on the actual seale except

U seale on the slide rule will show that it is divided into nine parts by

one having a rule of different length will be able to understand his rulein the light

‘ *The description here given has reference to the 10" slide rule. However any-
|‘ of the explanation given.




2 I. MULTIPLICATION AND DIVISION §2

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

I L L L LU DL BB R B F R AT LRI
Dlli“sllllz[wmazieamérﬂ «'1“.‘)&‘3:& 7TRB¥9YR

Fic. 2,

do not appear on the actual scale) 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 secondary mark after 3 is numbered 31, the second 32, ete.
Between the primary marks numbered 1 and 2, the seeondary marks
are numbered 1, 2, . . ., 9. Evidently the readings associated with
these marks are 11, 12, 13, . . ., 19. Finally between the secondary
marks, see Fig. 3, appear smaller or tertiary marks which aid in

Seole O

Fic. 8.

obtaining the third digit of a reading. Thus between the secondary
marks numbered 22 and 23 there are four tertiary marks. If we think of
the end marks as representing 220 and 230, the four tertiary marks
divide the interval into five parts each representing 2 units. Hence
with these marks we associate the numbers 222, 224, 226, and 228;
similarly the tertiary marks between the secondary marks numbered
32 and 33 are read 322, 324, 326, 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
of secondary marks to the right of the primary mark numbered 4,
there is only one tertiary 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 tertiary
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 position half way
between the tertiary marks associated with 222 and 224 is read 223,
and a position two fifths of the way from the tertiary mark representing

MULTIPLICATION AND DIVISION 3

§2

415 to the next mark is read 417. The prineiple illustrated by these
readings applies in all cases.

Consider the process of finding on t-]lG.D seale the position rep-
resenting 246. The first figure on the left, namely .2, t.el]:‘s us Ltih?
t.he. position lies between the primary n}urks. numbered 2) a‘.n 1
Phis region is indicated by the brace in Fig. (a) Tht, ‘oec‘(}m
figure from the left, namely 4, tells us that the position lies between

A

r

i ; : 1

FiG. a.

the secondary marks associated with 24 and 2.5' This region 1s
indicated by the brace in Fig. (b). Now there are four marks between

S O i A 0 T A0 0 W
Di lij |la  ls s ls 7 18 bl L1 1 i
F1a. b.

‘the secondary marks associated with 24 and 25. Wi.t-h these a.rtz_
associated the numbers 242, 244, 246, and 248 respectively. Thus

246
+ il it
Hmﬂmﬁmﬂh@ -,H#EH{Hﬂ{é}ﬂ|{4ﬁ+ﬁ}|{ﬁ§ﬂuﬂl‘gl1|=w%1 AR A

Fi16G. ¢,

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

=, 2

246 LIES BETWEEN 240 AND 250

Fia. abe.
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It is impertant to note that the decimal
point has no bearing upon the position asso-
ciated with a number on the € and D seales.
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 in this chapter.

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

While making a reading, the operator should
have definitely in mind the number associated
with the smallest space under consideration.
Thus between primary numbers 1 and 2,
the smallest division is associated with 10
in the fourth place; between 2 and 4, the
smallest division has a value of 2 in the third
place; while to the right of 4, the smallest
division has a value of 5 in the third place.

The operator should read from Fig 4 the
numbers associated with the marks lettered
A, B, C,...and compare his readings with
the following numbers: 4 365, B 327, C 263,
:? 1;50, E 1347, F 305,G 207, H 1075, I 435,

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 a reading is
one tenth of the smallest interval i'olim\_'iug
the left-hand index of D, we conclude that
the error is roughly 1 in 1000 or one
tenth of one per eent. The effect of the

&4 |. MULTIPLICATION AND DIVISION 5

assumed error in judging a distance is inversely proportional to the

Jength of the rule. Hence we associate with a 10-inch slide rule an
error of one tenth of one per eent, with a 20-inch slide rule an error of
Jone twenticth 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 aceuracy obtainable with the 10-inch slide rule
s5 sufficient for many practical purposes; in any case the slide rule
geryes as a check.

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

LEFT INDEX BODY HAIR LINE RIGHT INDEX

. VAN
.‘“0 / / > \ \ & ©

|}

7 —

'
SLIDE INDIGATOR
G, .

The transparent runner is referred to as the indicator, and the
line on it is called the hairline.

The mark opposite the primary number 1 on the D and C scale is
called the index of the scale. The C and D scales have two indexes,
one at the left end called the left index, the other at the right end
ealled the right index.

A number on one scale is said to be opposite a number on another
seale if the hairline can cover both numbers at the same time. Each
number is said to be opposite the other.

The slide rule is said to be closed when the slide is in such a position
that the left index of the C scale is opposite the left index of the
D scale.

Mathematical 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 deseribed throughout this manual. In these



R 0
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descriptions two expressions, “‘push the hairline” and ‘“‘draw the
number,” will appear frequently. These two phrases are virbually
idiomatie in slide rule language.

The meaning of the first phrase, “push the hairline,” is obvious.
The phrase, “draw the number,” is used to deseribe the operation
of moving the slide to bring a 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.

Such words as “‘close” and “opposite” will be used repeatedly in
this manual. Moreover, 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 location 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 decimal point it could be noted that the answer is approxi-
mately 16 X 8 = 48. Thus the answer is obviously 47.4.

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

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

==
il | e
|
1 4
o |-J|||||C|[I"’[]"'!I |r 1:|F
off P 2 8 |1 |
=

Fie, 6.

§6 1.
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To multiply 3 X 3 (Fig. 7),
to 3 on D set index of C,
push hairline to 3 on C,
at the hairline read 9 on D).

(=]
o l 5
1 3
TN Lo\ D BV !
o TSR T R A | I I = 1 o
oDl 3 2
| E—

10 feratrie

To multiply 1.5 X 3.5, disregard the decimal point and
to 15 on D set index of C,
push hairline to 35 on C,
at the hairline read 525 on D.
By inspection we know that the answer is approximately 5 and is
therefore 5.25.
To find the value of 16.75 X 2.83 (Fig. 8), disregard the decimal
point and

283
L= Y & s
2 4 &
¢l rllll"“‘[‘”"l? 1 |T| L
z D i Tz 5l 's‘s‘r‘alsje 4!.‘ a = |lis 3 1 =
1675 474
Fic. 8.

to 1675 on D set index of C,
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 X 1217,
to 1753 on D set left index of C,
push hairline to 1217 on C,
at the hairline read 2133 on D.
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To place the decimal point, approximate the answer by writing
002 X 10 = .02. Hence the answer is 0.02133.

These examples illustrate the use of the following rule:

Rule. To find the product of two numbers, disregard the decimal
points, opposite either of the numbers on the D scale set the index of
the C scale, push the hairline of the indicator lo the second wnwmber
on the C scale, and read the answer under the hairlive on e D scale.
The decimal poini is placed in accordance with the resull of a mental
approxzimation.

EXERCISES

10305 2. 6. 1.75 X 5.5 11. 1.047 > 3080.
2. 35 % 2. 7. 4.33 X 115, 12. 0.00205 X 408.
3.5 %2 8. 2.03 X 167.3. 13. (3.142)%,

4. 2 X 4.55, 9. 1.536 X 30.6. 14, (1.756)2.

5. 4.5 X 1.5. 10. 0.0756 X 1.003.

7. Either index may be used. It may happen that a product
cannot be read when the left index of the € scale is used in the rule
of §6. This will be due to the fact that the second number of the
product is on the part of the slide projecting beyond the body. In
this case reset the slide using the right index of the C seale in place
of the left, or use the following rule: '

Rule. When a number is to be read on the D scale opposite a num-
ber of the C scale and cannot be read, push the hairline to the index
of the C scale inside the body and draw the other index of the C scale
under the hairline. Then make the desired reading. This operation
18 called “interchanging the indexes.”

This rule, slightly modified to apply to the seales being used, is
generally applicable when an operation ealls for setting the hairline
to a position on the part of the slide extending beyond the body.

If, to find the product of 2 and 6, we set the left index of the
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(¢ scale opposite 2 on the D scale, we cannot read the answer on
the D scale opposite 6 on the C scale. Hence, we set the right index
of C opposite 2 on D; opposite 6 on € read the answer, 12, on D.

Again, to find 0.0314 X 564,
to 314 on D set the right index of C,
push hairline to 564 on C,
at the hairline read 1771 on D.

An approximation is obtained by finding 0.03 X 600 = 18. Hence
the product is 17.71.

EXERCISES

Perform the indicated multiplications:
1. 3 X 5.
2. 3.06 X 5.17.
3. 5.66 X 634.
4, 743 X 0.0567.
5. 0.0495 X 0.0267,
6
7

9. 912 X 0.267.
10. 48.7 X 1.173.
11. 0.298 X 0.544.
12. 0.0456 X 4.40,
13. 8640 X 0.01973.
14. (75.0)%

15. (83.0)2%

16. 4.98 X 576.

. 1.876 X 926.
. 1.876 X 5.32.
8. 42,3 X 3L.7.

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

———

Ols I o5
49
Gla | |
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001 3 y 1 o
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To divide 876 by 20.4,
push hairline to 876 on D,
draw 204 of C under the hairline,
opposite index of €' read 429 on D.

The mental caleulation 800 <+ 20 = 40 shows that the decimal point
must be placed after the 2. Hence the answer is 42.9,

These examples illustrate the use of the following rule:

Rule. To find the quotient of two wumbers, disregard the decimal
pownts, opposite the numerator on the D scule sel the denominator on
the C scale, opposite the index of the C scale read the quotient on the D
scale.  The position of the decimal point is determined from informa-
fion gadned by making a mental caleulation.

I EXERCISES

Perform the indicated operations:

1. 87.6 + 37.7. 0. 3.14 = 2.72,

2. 3.75+ 0.0227, 10. 3.42 = 81.7.

3. 0.685 -+ 8.93. 11. 529+ 565,

4, 1029 = 9.70. 12. 0.0456 <+ 0.0297.
5. 0.00377 = 5.29. 13. 396 + 0.643,

6. 2875 + 37.1. 14. 0.0592 < 1.983.
7. 871 = 0.468. 15. 0.378 =+ 0.0762,
8. 0.0385 -+ 0.001462. 16. 10.05 == 30.3.

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

One per cent (1%) of a number N is N X 1/100: henee 5% of N is
N X 5/100, and, in general, p%, of N is pN/100. Hence to find 839%
of 1872

to 1872 on D set right index of (!
push hairline to 83 on (,
at the hairline read 1554 on D,

]

Since (83/100) X 1872 is approximately X 2000 = 1600, the

80
100

answer is 1554.

To find the answer to the question “A is what per cent of N2 wi
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must find 100 M + N. Thus, to find the answer to the question
47 is what per cent of 184.77” we must divide 87 X 100 = 8700
by 184.7. Hence

push hairline to 87 on D,

draw 1847 of € under the hairline,

opposite index of C read 471 on D.

. 9000 .
Themental calculation 500 45 shows that the decimal point should
be placed after the 7. Hence the answer 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

d =nl, oo = or =

d d
34 [
To find the distance traveled by a car going 33.7 miles per hour
for 7.75 hours, write d = 33.7 X 7.75, and
to 337 on D set right index of C,
push hairline to 775 on C,
at hairline read 261 on D.
Since 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
987 miles in 8.75 hours, write r = 287 =+ 8.75, and
push hairline to 287 on D,
draw 875 of C under the hairline,
opposite the index of € read 328 on D.

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

EXERCISES

1. Find (a) 86.3 per cent of 1826.
(b) 75.2 per cent of 3.46.
(¢) 18.3 per cent of 28.7,
(d) 0.95 per cent of 483,

2. What per cent of
(a) 69 is 187
(b) 132 is 857
(¢) 87.6 is 192.87
(d) 1027 is 28?
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3. Pind the distance covered by a body moving
(@) 23.7 miles per hour for 7.55 hours,
(b) 68.3 miles per hour for 1.773 hours.
(e) 128.7 miles per hour for 16.65 hours,
4, At what rate must a bady move to cover
(@) 100 yards in 10.85 seconds?
(h) 386 feet in 25.7 seconds?
(e) 93,000,000 miles in 8 minutes and 20 seconds?
5. Find the time required to move
(a) 100 yards at 9.87 yards per second,
(b) 3800 miles at 128.7 miiles per hour.
(e) 25,000 miles at 77.5 miles per hour,

10. Use of the scales DF and CF (folded scales). The DF and the
CF scales are the same as the D and the € scales respectively except
in the position of their indexes. The fundamental fact concerning the
folded seales may be stated as follows: if for any setting of the slide, o
nwmber M of the C scale is opposite a number N on the D scale, then the
number M of the CF scale is opposite the number N on the DF scale.
Thus, if the operator will draw 1 of the OF scale opposite 1.5 on the
DF scale, he will find the following opposites on the CF and DF scales

DF 1.5 3 6 7.5 9 1

CF 1 2 4 5 6 6.67

and the same opposites will appear on the € and D scales.

The following statement relating to the folded scales is basic. The
process of setting the hairline o a number N on scale C lo find its op-
posite M on scale D may be replaced by setting the hairline lo N on scale
CF lo find dts opposite M on scale DF. The statement holds true if
letters C' and D are interchanged.

In accordance with the principle stated above, if the operator
wishes to read a number on the D seale opposite a number N on the
C' scale but cannot do =0, he ean generally read the recuuired number
on the DF scale opposite N on the CF seale. For example to find
2 X 6,

to 2 on D set left index of (,
push hairline to 6 on C'F,
at the hairline read 12 on DF.
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By using the CF and DF geales we saved the troulhle c;f_ moving 'f.he
slide as well as the attendant source of error. Tlhas saving, entering
as it does in many ways, is the main reason for using the folded s::a.le:‘s.
The folded scales may be used to perform mnltiplif:ations and Ehv i-

sions just as the C and D seales are used. Thus to find 6.17 X 7.34,
' ta 617 on DF set index of CF,

push hairline to 734 on CF,

at the hairline read 45.3 on DF; or

t0 617 on DI set index of CF,

push hairline to 734 on C,

at the hairline read 45.3 on D.
Again to find the quotient 7.68/8.43,

push hairline to 768 on DI,

draw 843 of OF under the hairline,

opposite the index of CF read 0.911 on DF; or

push hairline to 768 on DF,

draw 843 of O'F under the hairline,

opposite the index of C read 0.911 on D.

It now appears that we may perform a multiplication OF &, division

in several ways by using two or more of the scales C, D, CF, z%nd DI,
The sentence written in italics near the beginning of the article sets
forth the guiding principle.

EXERCISES

Performi each of the operations indicated in the following exercises. Whenever
possible without resetfing, read the answer on D and alse on DI

1. 5.78 X 6.35. 7. 813 X 1.951.

2. 7.84 X 1.065. 8. 0.00755 <+ 0.338.
3. 0.00465 =+ 73.6. 9, 0.0948 + 7.23.
4. 0.0634 X 53,600, 10. 149.0 <+ 63.3.

5. 1.769 = 496. 11. ‘2,718 -+ 65.7.

6. 946 = 0.0677. 12. 1.072 <+ 10.97.

. %=

11. Multiplication and division by 7 using scales CF énd DF. '1%13
symbol 7 (pronounced pi) is used to designate the ratio of the eir-
cumference of a circle to its diameter. The value of & accurale to

four decimal places is 3.1416., : ‘
*The O and b scales on the reverse ('red'”) face of the slide rule have lovating marlks for eanveni-

: T oo == oy {-
ence in multiplying or dividing by, 2, or 3 See Appendiz A Tor an explunation.
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By means of the CF and DF scales operating with seales ¢ and D,
multiplication and division by = 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 pluced in relation to the indexes of the € and
D scales respectively that:

any number on DF s m times its opposite on D
or

any nwmber on D 15 % times its opposite on DF,
The statement in italies applies to the ¢ and CF seales also.
Thus to find the value of 5,
push hairline to 5 on D,
under hairline read 15.7 on DF,

To find the value of %,
push hairline to 4 on DF,
under hairline read 1.273 on D.

Example. The circumference of a circle measures 8.48 inches. Find
its diameter.

Solution. The formula for the circumference (C) of a cirele in terms
of its diameter (d) is
C=xdord=C
T
Therefore, d = % To find d we make the following setting:
push hairline to 848 on DF,
under hairline read 2.70 on D,
The position of the decimal point was determined by the approx-

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

II EXERCISES

Tind the value of the following:

1. 6. 5. 783 8. 15/6m.
2. 8.4T. & 19.6
3. 78.3m. 6. 0.5047. >
g 2 7. 0.0876, 10, 17.14
g T

11. The diameter of a circle is 2,84 inches. Find its circumnference,

r-__
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12. The eircumference of a circle is 19.63 inches. Find its diameter,
13. A eylindrical tube is 13 inches long and has an outside diameter of 234

inches. Find its outside surface area. The formula for the nutside surface area is

§ = ar dh where 8 denotes the surface area, d the diameter and /i the length,

12. Combined multiplication and division.
7.36 X B.44
92 '
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 D,
draw 92 of € under the hairline,
opposite 844 on C, read 0.675 on D.
18 X 45 X 37
T 23X 29
Solution. Reason as follows: (a) divide 18 by 23, (b) multiply the
result by 45, (c) divide this second result by 29, (d) multiply this third
result 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 C,
draw 29 of C under the hairline,
push hairline to 37 on C,
at the hairline read 449 on D.

Example 1. Find the value of

Example 2. Find the value of

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 scale was
used only twice, onee at the beginning of the process and once at its
end; the process for each nwmber of the denominalor consisted in drawing
that number, located on the C scale, wnder the hairline; the process for
each number of the numerator consisted in pushing the hairline to that
nwmber located on the C scale.

If at any time the indicator cannot be placed because of the projection
of the slide, interchange the indexes or carry on the operations using the
Jfolded scales.
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i EXERCISES '7
19X 14 5. 05.6 X 0.842
5 4.63 :
5 874 X 506 6. 766 X 63.4 X 96
75.6 : ’ 3.23 7 i
3, 146.2 X 8.50 y 472 X 183 7
32907 " 826 X 16.4

4 11 X 12 X 27w

g 382 X 6.94 X 7.82 X 4%
7 X 13 ;

77.8 X 0.0822 X 642

9. Multiply r312_, successively by 1.44, 2.62, 3.18, 4.6, 5.12, 6.72, 7.46, 8.12, 9.62.

w4 L
Hint: draw the left index of € to 312 on D, push hairline in suecession to the

given numbers on € or CF and read the answers under the hairline on D or DF
respectively,

13. Visval summary,*

To mudtiply a by b: © =g X b.

L. To & on D set either index of €,

2. atbonC (CF)read abon D(DI).

a
To divide a by b: = = >

]

1. Tomon D (DF) set bon C (CF), 5ol DF Vg?\

2. at index of € read a/b on D. ¢ ]

o
m
1
&
0—4

* In these wvisual sutnmaries, lower case lstters from beginning of alphabet —a, b, ¢, sto. —
reprezent known quantities; letters from end of alphabet — i, y, 2, — represent unknown quantities
to be fourid. Capital letters — 4, B, €, ete., — designate seales:
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b
T'o multipl: wide by =) * = TaA; ® = —.
To maltiply or divide by p -
1. At @on D read ma on DF; %ol DF air b _<
CF
b by
2. at b on DF read . D. o D L / -
i
é
K, ab
Combined multéplication and division: © = —
ab
1. Toaon D (DF)set con C (CF), @\ c >
° o]_DF A
CF ‘E/ b & b (
ab : ,. c 1r /
2. atbon C (CF) read = on D (DI). 2 ) 1 ﬂ—.;b* / <
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CHAPTER 11

THE PROPORTION PRINCIPLE AND
RECIPROCAL SCALES

14. Introduction. This chapter introduces the important concept
of the proportional relationship between numbers on the ¢ and D
scales, and shows how this relationship can be used for solving equa-
tions and converting measurements into their equivalents in other
systems. It also introduces the reciprocal seales CI, DI, and CIF
:‘qld shows how these scales facilitate various types of computationsf
’!‘]ue operating principles of the reciprocal scales are explained in
Chapter V11,

15.. Ru!ilos and proportions. The ratio of two numbers a and b is the
quotient of a divided by b or a/b. A statement of equality between
two ratios is called a proportion. Thus

2 6 & 7 a ¢

= 3 e e =

(5 T | b d

are proportions. We shall at times refer to equations having such
forms as

Cel

10 a ¢ é
—, and = = — =~
2 b

d

c.c
oy | =

as proportions.

) An important setting like the one for multiplication, the one for divi-
sion, ‘u.mi'. any other one that the operator will use frequently, showld be
practiced until ot is made without thought. But, in the process of devising
['._."ff’ best setlings to oblain a particular result, of making a selting used
mfn'_r,rm'}iifg‘f, or of recalling o forgotten setting, the ap};h'cu.tzfma. of pr'§~
portions as explained in the next article 4s very useful. .

1.6. Use of proportions. If the slide is drawn to any position, the
ratio of any number on the D seale to its opposite on the € seale is
- = = - . gl ¥ . - . - . i o a7
m accordance with the setting for division, equal to the number on

18
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the D scale opposite the index on the ' scale. In other words, when
the slide is sel in any position, the ratio of any nuniber on the D seale
10 its opposite on the C scale is the same as the ratio of any other number
on the D scale to its opposite on the C scale. For example draw 1 of (

1.5 25
1 4
C|r|||ll-||.|2||||||:li | .? // f
°l'p | I | | | I=lsalgl 3 \:U
[a} 1 2 3 4 I5 B T 8 91 o
Fra. 10.

opposite 2 on D (sce Fig. 10) and find the opposites indieated in the
following table:

C (or CI) 1 1.5 2.5 3 4 5 —‘
D (or DF) 2 3 ] 6 ] 10 l

and draw 2 of C over 1 on D and read the same opposites. The same
statement is true if in it we replace (' seale by CF scale and D scale
by DF scale. Hence, 1f both numerator n and denominator d of a ratio
in @ given proportion are known, we can set n of the € scale oppostte d on
the D scale and then read, for an equal ratio having one part known, its
unknown part opposite the known part. We could also begin by setting
d on the C seale opposite n on the D seale. 1t is important to observe
that all the numerators of a series of equal raties must appear on one
seale and the denominators on the other. For example, let it be required
to find the value of z satisfying
x 9

56 7
Here the known ratio is 9/7. Hence
push hairline to 7 on D,
draw 9 of € under the hairline,
push hairline to 56 on D,
at the hairline read 72 on C; or
push hairline to 9 on D,
draw 7 of C under the hairline,
push hairline to 56 on C,
at the hairline read 72 on D.
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Figure 11 indicates the setting, The CF and DF scales could have
been used to obtain exactly the same settings and results.

56
°e i g
| c3 t 1 ¢ fdelr e S
oo ] I ¢ v % ogrey
=
Fra, 11.

To find the values of z, y, and z defined by the equations
() 3.15 T 57.6 2

D' 529 435 gy 1834’

note that € and D indicate the respective scales for the numerators
and the denominators, observe that 3.15/5.29 is the known ratio, and
push hairline to 529 on D,
draw 315 of C under the hairline,
opposite 435 on D, read = 2.59 on C,
opposite 576 on C, read y = 96.7 on D,
opposite 1834 on D, read 2 = 109.2 on C.

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

When an answer cannot be read, interchange the indexes. Thus to
find the values of x and y satisfying

¢ @ 14.56  5.78

D" 587 976 Y
to 976 on D set 1456 of C; then, since the answers cannot be read,
interchange the indexes, push the hairline to the index on C, draw
the right index of C under the hairline and

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

opposite 578 on (, read y = 38.7 on D.

Here the positions of the decimal points were determined by observing
that each denominator had to be about six times the associated

numerator.
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When a result cannot be read on the C seale nor on the D seale, it
may be possible to read it on the CF scale or on the DF scale. Thus,
to find = and y satisfying the equations

C (or CF) 4.92 1 Y

D (or DF)) =« _ 323 13.08°

to 323 on D set left index of C,

opposite 492 on CF, read # = 15.89 on DF,
opposite 1308 on DF, read y = 4.05 on CF.

If the difference of the first digits of the two numbers of the known
ratio is small, use the € and D scales for the initial setling; if the
difference is large, use the CF and DF scales. Since in the next
to the last example, the difference between the first digits was great,
the CF and DF scales should have been used for the initial setting.
This would have eliminated the necessity for shifting the slide.

EXERCISES

Find, in each of the following equations, the values of the unknowns:

r 78 2 851 9 285

"5 9 15 & oy
: 3

2__3‘_;.22 o 2k KAl B

120 170 207 613 1.571
5 7 _ 249 o, % __U _ 528 201
TR " 0.204  0.0506 z  0.1034
5 2_ @ : il 0.813 _ 2 0.43:,_

3 7.83 2.85 61 y
s w0y 1 12 it LV, eyl & 2,43
" 1804 25 0.785 © 0429 0789 0.0276°
o T _ 246 _ 28 " x 0743  0.0615
‘709 oy 384° 000560 01 oy

17 1.365  4.86 @ S _ ¥ _375
AT T “y 784 297

15 LN 1.076
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17. Forming proportions from equations. Since proportions are
algebraic equations, they may be rearranged in accordance with the
laws of algebra. For example, if 3

L=y (1)
(&
we may write the proportion 5. g4p
T 2}
1 ¢ (
or we may divide both sides by a to get
x ab T b
——=—y B = = =y (3)
a (18 (L c
or we may multiply both sides by ¢/a to obtain
cx  cab ¢ ab
—=—, o =, (4)
@ xe 1 i

Rule (4). A number may be divided by 1 lo form a ratio. This was
done in obtaining proportion (2).

Rule (B). A factor of the numerator of either ratio of a proportion
may be replaced by 1 and writlen as a faclor of the denominator of the
other ratio, and a factor of the denominator of either ratio may be replaced
by 1 and written as a factor of the nwmerator 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.

: 16X 28 16 X 28
TFor example, to find — o , write @ = , apply Rule
g 2 28
(B) to obtain —: — = — and
D 16 39

push hairline to 35 on D,
draw 28 of € under the hairline,
opposite 16 on D, read @ = 12.8 on C.

Figure 12 indicates the setting.

l2.l8 28
L o] o @
T c :!l o el |5|T|E|92|.-:| |1} |3| 4| T ? T ?
ol 1 TG GGl gkl VNI T ITVTITi 1 s F o
o 1 2 4 5 6 7 189 % o
16 35

Fig. 12.
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To recall the rule for dividing a given number M by a second given
x M

M D
ber N, write @ = —, apply Rule (4) to obtain —: = e
number N, N pply (A) 0 1T N
and push hairline to M on D,
draw N of C under the hairline,

opposite index of C, read x on D.

MN
To recall the rule for multiplication, set © = - i apply Rule (B)
D x N 2
to obtain o -1’ an

to N on D set index of C,
opposite M on C, read x on D.
el 864 7.48 864
Tofindaif — = — —— , use Rule (B) toget — = ——,
z  (7.48) (25.5) x 25.5
malke the corresponding setting and read z = 0.221. The position of
the decimal point was determined by observing that x must be about

1
10 of 8, or 0.2.

EXERCISES l

Find in each ease the value of the unknown guantity:

8 X 12 80.32
" 1 8, 498 = 3
1.4 7 0.563 .
oy 3.05 % 0.707
o e 9. 0874 = - yes
28 T
_ 0.0879
3. 8 = 756 X 9. 10. 0695 = —
" 86 % 70.8 o L _ 07
~¥ =195 " 386 2.85)
AT.5 X 8.76
S DR 12. 2580y = 17.9 X 587.
' 3260
Aratr 5.96
Gy T S S 13. 3.14y = 0.785 X 38.7.
0.502
37 X 86 0.8761
LS R 14, =2 _ wi5g.
1 5.49
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18. Equivalent expressions of quantity.* When the value of a
quantity is known in terms of one unif, it is a simple matter fo
find its value in terms of a second unit. Thus to find the number
of square feet in 3210 sq. in., since 1 square foot = 144 square inches,
write

1 no. of sq. ft. x

—— ; hence
3210

144~ no. of 8q. in,
to 144 on D, set index of C,

) opposite 3210 on D, read @ = 22.3 on (;
that is, there are 22.3 sq. ft. in 3210 sq. in.

’Aga‘in consider the problem of finding the number of nautical
mfles in 28.5 ordinary miles. Since there are 5280 ft. in an ordinary
mile and 6080 ft. in a nautical mile, write l

5280 ft. in naut. mi. @
6080 ft. inord. mi. 285’
make the corresponding setting and read x = 24.8 naut. mij.

l{ EXERCISES

‘ .I_. An inch 1&; equivalent to 2.54 ¢m. Tind the respective length in em. of rods
66 i, long, 98 in. long, and 386 in. long. Note the proportion:
i 166 _ 98 _ 386

em, 254 1z Y %

‘2. One yd. is equivalent to 0.9144 meters. Find the number of meters in a
distance of (@) 300 yd. (b) 875 yd. (¢) 2.78 yd.
yd. 1 300 875 278
‘m 0814 g _?_ z
3. If 7.5 gal. water weighs 62.4 lb., find the weipt 5
. 3162: R > weight of (@) 865 gal. water.
(6) 247 gal. water, (¢) 3.78 gal. water. Sl

4. ?1 sq. m is approximately 200 sq. em. How many square centimeters in
(a) 36.5 sg. in.? (b) 144 sq. in.? (c) 65.3 5. in,?

5. If one ho_rsepower is equivalent to 746 watts, how many watts are equiva-
lent to (a) 34.5 horsepower? (b) 5280 horsepower? (¢) 0.832 horsepower?

6. If one gallon is equivalent to 3700 cu. em., find the number of gallons of

water in a hottle which contains (2) 4250 cu. crm. (b) 9.68 cu. em. (¢) 570 e, om
of the liquid. “fear

*A table of conversion factors appears in Appendix B,
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7. The intensity of pressure due to a column of mercury 1 inch high (1 inch
of mercury) is 0.49 Ib. per sq. in. If atmospheric pressure is 14.2 lb. per sq. in.
what is atmospherie pressure in inches of mercury? What iz a pressure of 286

by per sq. in. in inches of mercury? What is o pressure of 128 inches of mercury
“in Ib. per sq. in.?

8, If Py represents the pressure per square unit on a given quantity of a
perfeet gas and V, the corresponding volume, then for two states of the gas

at the same temperature
- I P Va

P: Vi
The volume of a gas at constant femperature and pressure 14.7 lb. per sq.
im. is 125 cu, in, (e) Find the respective pressures at which the volumes of
the gas are 300 cu. in., 250 ecu. in., 75.0 cu. in. (h) Find the respective vol-
umes of the gas under the pressures; 83 b, per sq. in., 55 Ib, per sq. in,, 23 1b,

Jper sq. in., 10 Ib. per sq. in.

19. The DI, Cl, and CIF (reciprocal) scales. The reciprocal of a

1
number is obtained by dividing 1 by the number. Thus, 5 is the

2 3
reciprocal of 2, 3 (== 5 ) is the reciprocal ol'§ , and — is the
: a

reciprocal of a.

The reciprocal scales CI and CIF, on the front face of the slide
rule, and DI, on the reverse face, are marked and numbered like
the €, CF, and D scales respectively but in the reverse (or in-
verted) order; that is, the numbers represented by the marks on these
seales increase from right to left. The red numbers associated with
the reciprocal seales enable the operator to recognize these secales.

Rule. When ihe hairline is set to a number on the C scale, the reciprocal
(or dnverse) of the number is at the hairline on the CI scale; conversely,
when the hairline 1s sel to a number on the CI secale, its reciprocal is
at the hajrline on the C scale.

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

To fix this relation in mind push the hairline in succession to the

0.5 0.25 0.2 0125 | 01111
D L | (=1/2) | (=1/9) | (=1/5) | (=1/8) | (=1/9)

DI 1 2 4

8 ]

=
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numbers on DT in the second row of the diagram and read on D the
respective reciprocals written in the first row. Also opposite the
numbers 1, 2, 4, 5, 8, and 9 on CI read their respective reciprocals
on (. Again find the same opposites on CI/" and CF.

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

28 , _ 1
— , we may think of it as 28 X - and
7 7

to 28 on D set index of C,
opposite 7 on CI, read 4 on D.

1
Again to find 12 X 3, we may think of it as 12 + 7 and

push hairline to 12 on D,
draw 3 of C' I under the hairline,
opposite index of C, read 36 on D.

When the C'T scale is used in multiplication and division, the position
of the decimal point is determined in the usual way.

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

t0 403 on DF set index of CF,
opposite 904 on CIF), read 4.46 on DF.

Again to multiply 40.3 by 1/0.207,
to 403 on D 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 a seale on one face of the slide rule, the rule may be turned over,
without changing the position of the indicator, to read the opposite
number on a scale on the other face of the slide rule.

EXERCISES

1. Use the DI scale to find the reeiprocals of 16, 260, 0.72, 0.065, 17.4, 18.5, 67.1.

2. Find 18.2 % 21.7 in the usual way and then read 1/(18.2 X 21.7) on DI
opposite the first answer on D. Similarly find the values of 1/(2.87 X 623),
and 1/(0.324 % 0.497).
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3, Using the D scale and the €1 seale, multiply 18 by 1/9 and divide 18 by 1/9.

4. Using the D scale and the C7 scale, multiply 28.5 by 1/0.385 and divide
98,6 by 1/0.385. Also find 28.5/0.385 and 28.5 X 0.385 by using the € scale and
the D scale.

5. Using the D scaleand the CI seale, multiply 41.3 by 1/0.207 and divide 41.3
by 1,/0.207.

6. Perfarm the operations of Exercises 2, 3, and 4 by using the OI1 scale and
the DF scale.

%. Set the hairline to 8.62 on DF, and read at the hairline 8.62/7 on D and
a/8.62 on DI. Also find the values of 1.23/m, 7/1.23, 39.4/m, and w/30.4.

20. Proportions involving the reciprocal scales. The reciprocal scales
may be used in connection with proportions containing reeiprocals.

1 . 1
Since any number @ = 1 + — and since — = — =+ 1, we have
a a @
Rule (C). The value of any ratio is not changed if any factor of s
mumerator be replaced by 1 and its reciprocal be writlen in the denomina-

tor, or if any factor of its denominator be replaced by 1 and its reciprocal

@ 1 1
e written in the numerator. Thusa = q (?} ) = 5 (UG-)l Hence
i x ; 5 x b c 5 5
o= = b, we may wiile — = —— = — ] ar = be, we
a a (1/c) (1/b) ’
b ¢

may write A few examples will indicate

X
(/a) (/e /)

the method of applying these ideas in computations.

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

ot

Rule (C ; D 1 0.785
(C PoEehi e
) toeet o Tor = W37
'Since, when 3.76 of CI is under the hairline, 1/3.76 of € is also under
the hairline,
push hairline to 785 on D,
draw 376 of C'I 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 was nearly 4 X 1 X 4 = 16.
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To find the value of 3 which satisfies 1/(7.89y) = 0.381/0.0645, use
_ D (fy) 0.381
Rule (€) to obtain —: —— = !
(6} 7.89  0.0645
push hairline to 381 on D,
draw 645 of € under the hairline,
opposite 7.89 on C, read y = 0.0215 on DI.

and

The position of the decimal point was obtained by observing that
0.381 is about 6 X 0.06 and therefore that 1/y is about 6 X 8, or 48,
so y = 0.02 approximately.
To find the values of z and y which satisfy 57.6z = 0.846y = 7,
use Rule (C) to obtain
D @ Y
er (1/57.6)  (1/0.846)
to 7 on D set index of (1,
opposite 576 on O, read = = 0.1215 on D,
opposite 846 on C'IF, read y = 8.27 on DF.
The folded secales may also be used. Thus to solve the same equation,
to 7 on DF set index of CIF,
opposite 576 on CIF, read = 0.1215 on DF,
opposite 846 on CIF, read y = 8.27 on DF.

and

’

Tt | oy

EXERCISES

In each of the following equations find the values of the unknown numbers:

75.2 0342 g
33w =44y = - d 4, ——— = = (189) (0.734).
B il > g U0l
111 _ 12,6
2. 761y =344y = ——. 5. 5.83z = 644y = = 0.2804.
22.8 %
Y " 1.83 176
3. 1,837 = —— = (162) (1.75). 6. 3:42x = = —— = (2.78) (13.62).
24.5 Y 7

21. Combined operations involving the reciprocal scales. The
reciprocal seales may be used with scales €, D, CF and DF in com-
bined operations involving a series of multiplications and divisions.
In this connection the application of Rule (€) §20 will be helpful.

A_ - 8
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Example 1. Find the value of 1.845 X 92 X 2.45 X 0.584 X 365,

and of 1 divided by this product.

Solution. By using Rule (C) of §20, write the given expression in
the form
1.843 X 245 X 365
(1/92 )(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) multiply
the third rvesult by 365. This argument suggests that we
push hairline to 1843 on D,
draw 92 of €T under the hairline,
push hairline to 245 on €,
draw 584 of ' under the hairline,
push hairline to 365 on C,
at the hairline read 886 on D), and 1129 on DI.

_ . ; 2 X 2 X400 ;
To approximate the first answer we write —— = §(0,000.
0.01 X 2

Hence the answers are 88,600 and 0.00001129.
Example 2. Find the value of
1/(352 X 621 X 0.0154 X 0.00392).

Solution. This eomputation could be made by computing the
denominator by a series of multiplications and then reading the re-
eiprocal of the denominator on the DI scale. However the use of
reciprocal scales in a combined operation is effective. Hence write the
given expression in the form

(1/352) (1/0.0154)
621 X 0.00392 '
push hairline to 352 on DI,
draw 621 of C under the hairline,
push hairline to 154 on CI,
draw 392 of C under the hairline,
opposite index of €, read 758 on D.

:TO approximate the answer write 1/(300 X 600 X .02 X .004) =
1/14(nearly) = .07(nearly). Therefore the answer is 0.0758.

The following rule summarizes the proecess:
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Rule. To compute a nwmber defined by a series of multinlications
and divisions:

(a) arrange the expression in fraclional form with one more factor
in the numerator than in the denominator (1 may be used if necessary),

(b) push the hairline to the first number in the numeralor on the
D or DI scale,

(c) using the C or CI scale, take the other numbers alternately, draw-
ing each number of the denominator under the hairline, and pushing the
hairline to each number of the numeralor,

(d) read the answer on the D scale,

(e) to gel an approximation, compule the value of the expression
abtained by replacing each numnber of the given expression by a convenient
approximate number involving one, or al most two, significant 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 combined-operation problems always to follow the
operation of pushing the hairline to & mark on C or CF by drawing
a mark of the same seale under the hairline.®

When a problem invelving combined operations contains 7 as a
factor, the statements dealing with = in §11 ean be used in the
solution.

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

=In the combined-operation computation considered above, the seale of operation may be
changed at will from the € scale to the CF spale or vice versa, In general, however, if the answer
ig read on the D scale, the number of times the hairline has been pushed to p mark on OF must
be the same as the number of times o mark on €F has been drawn under the hairline.  If the answer
iz read on D, the process of pushing the hairline to a number on CF must have been used exactlr
one more time than the process of drawing a mark of CF under the hairline,

EXERCISES l1

5 T8 1375 X 0.0642
TS : 76,400
11 x12x1 o B2 X 1124
woSegl o ’ 336
30905 700 218

o =]
8 X (1/5) 423 % 50.8
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235 i 3.97
' 3.86 X 3.54° T 51.2 X 0.925 X 314

8. 2.84 X 6.52 X 5.19, 6, 47.3 X 3.14
0. 9.21 X 0.1795 X 0.0672. 32.5 X 164

7

3.82 X 6.95 X 7.85 X 436

10. 37.7 X 4.82 X 830. 17.
' 70.8 % 0.0317 3 870
65,7 X 0,835 _

3.58 7 18. 187 X 0.00236 X 0.0768 X 1047 X 3.14.
. 362 1o, 0917 X 865 X 1076 X 3152
1% 256 % 9.61° ' 7840 -

241 45.2 X 11247
g —— 20. e
™ 961 % 32.1 336
. 7B X 63.4 X 95 45.2 X 11.24
s 21, —

3.14 3360

In evaluating the exercises numbered 2225, compute the denominations by
straight multiplication and read the reciprocals of the denominators on the DI
seale.

1 1
P 24. .
421 X 632 0.153 X 0.646 X 5.72 X 0.628
1 1
25

Lo S = s
827 X 6.28 X 273 3.14 X 2,72 X 1414 X 1.572
26. Bolve problems 22-25 by using the method of Example 2.

22. Reciprocal scales in electrical engineering calculations. Many

formulas in electrical engineering take the form ; that is; a

lnin
fraction with 1 as the numerator and the product of three numbers
in the denominator. TFor example, radio and television engineers
frequently need to ealculate the reactance of a capacitance to the
flow of alternating eurrent. The formula is:
1
6.28/C
where [ = frequency and C = capacitance.

Reactance =

Expressions of the form can be evaluated by using secales

T
(', CT and D to obtain the produet I X m X n, but instead of reading
this produet under the hairline on D, read its reeiprocal under the
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hairline on DI. The procedure is illustrated in the following setting:
push hairline to I on D,
draw m of C'I under the hairline,
push hairline to # on O,

under hairline on DI read —.
lmn
Suppose, as is often the case, that one wishes to find the reactance
at a given frequency of several capacitances connected in series.
The formula is then:
React 1 1 1
paChANee =i —
6.287C 6.28/C 6.28fCn

This can be written in the form:

- 1 (1 L il L 1)
Reactance = —— | — e voa=—1
6.28f \C: (s Cs
This expression can be evaluated quite simply on the slide rule
by first finding the reciprocal of C,, the reciprocal of Cy, . . . the
reciprocal of Cp, and adding these reciprocals to obtain the sum S.
Then divide S by 6.28f.

To find the value of the reciprocal of Ci,
push hairline to C; on D,
under hairline read on DI the reciprocal of Ci.

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

S
To find the value of 678}"

push hairline to S on D,
draw 628 of € under the hairline,
push hairline to f on CI,
under hairline read answer on D.

Another useful example is computing the total reactance of a
circuit containing inductance L and capacitance C in series. The
equation is:

Reactance = 6.28fL — ——— .
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The procedure is:
push hairline to 6.28 on D,
draw f of C/ under the hairline,
push hairline to L on C,
under hairline read, on D, 6.28fL;
push hairline to C on Seale C,

under hairline read, on DI, —

6.28/C "
Subtract the second result from the first.
EXERCISES
Evaluate the expression
Ilmn—
lmp
for the sets of values numbered 1-6:
1. l= 541, m =314, n =022, p = 00635
2.1 =0.759, m =601, n = 0.154, p = 0.00632.
3.1 =628 m =542 n=00246, p = 0.00542.
4.1=0698 m=632 n=0562 p = 00000653.
5. [l= 628, m =600, n = 0.247, p = 15.00 X 10-5%
6.1 =628 =635 n=0152 p=516X 107

Evaluate the expression
1o 1 1
—3;?'1}3;4—%‘1' v
for the sets of values numbered 7-12:
7.1 =250, wm =401, n
8. [ = 3.65, m =306, m
ng( =nk) = 0.00472.
9. | = 6.28, m = 60.0, nm = 0.000346,
ni( =ny) = 0.000645.
10. | =628, m =613, n
iy ( =) = 5.62 X 107%
11. { = 6,28, m = 624, m = 3.01 X 107§
R C=mn) = 5.81 X 1074

12. 1 =698, m =403, n
ny (=) = 7.51 X 107,

I

0.641, fia { =) = 1.08.
0.00347, na = 0,00297,

Il

nz = 0.000463,

=342 X 1078, mp = 271 X 1075,

I

e = 5.62 X 107,

|

= 521 X 10-% 7: =821 X 1079,

*For an explanation of the powers-of-ten notation, see Article 67.
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23. Visual summary.

|
) a
Proportien: — =

3
3. at won D read —on DI.
a

)

=l

o
—-—=—, CHAPTER III
b & 3 Q @ @®
0 J,{? f@’ -, SQUARES AND SQUARE ROOTS;
! 1. Tobon D (DF) set ¢ on ¢ (CF), of D I =
' _ F haargdd ( CUBES AND CUBE ROOTS
2. at con D (DF) read z on (! (CF), i g ;i ! } /
3. at d on € (CF) read y on D (DEF). 2 24. Introduction. This chapter explains how to use the shde rule
for solving problems involving squares, square roots, cubes and cube
| Be sure to keep all denominators on body and all numerators on slide. zoots. In this ctmnc«;tmr}, the slide rule 1 used n tu-‘-‘._) basic ways:
| — (1) as a table to determine the values of such functions, and (2)
' |‘ ‘as a computer to perform caleulations involving them. The seales
1 here considered are the square scales Sqf and Sg2, the square root
\ Reciprocal: z = —. seales A and B, and the cube root scale K.
a . . E.
‘ | % The DECI-LON slide rule may be used with greater facility and
ll : 1 ;?J 6 sccuracy in certain problems by virtue of having the Sgi and Sg2
laasigion g a Gt b AL < ‘seales in addition to the time-tested powerful A and B seales.
| gl 14y . A =T
ol /’la Seales 4 and B are used for multiplications, divisions, and com-
'|| 2 b gon OF read = o CIF, = | < bjhed operations invlcrlving pl‘in.mrilg.( squiare roots. In addition,
4 @ however, many combined operations involving squares may be per-
j‘ formed by using seales A and B.

Seales Sgi and S¢2 are double unit length seales. They are espe-
eially adapted for obtaining the values of squares and square roots,

‘and are also useful in performing directly certain frequently used

caleulations involving squares, such as finding the areas of cireles.

A complete explanation of the principles of the square, square roof,
and cube root scales is given in Chapter VII, §§ 87 and 88.

25. Sql and Sq2 scales; squares. The square of a number is
the result of multiplying the number by itself. Thus2® = 2 X 2 = 4.
- Seales Sg/ and Sg? together will be referred to as the square scales
(either one singly as a square scale).

The square seales (S¢l, Sg2) are so eonstructed that:

Rule. When the hairline is sel to a number on scale Sql or Sq2,

ke square of the number s found wnder the hairline on scale D.

35
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To gain familiarity with the relations between these scales consider
the following examples:

To find 22, push hairline to 2 on Sqi,
under hairline read 4 on D.
To find 42, push hairline to 4 on Sg2,

under hairline read 16 on D,

To find 278%,push hairline to 278 on Sqi,
under hairline read 773 on D.

To determine the position of the decimal point, round off the given
aumber to 300 and note that (300)2 = 90,000. Hence the answer
is 77,300. In a great many cases the method of approximating the
answer as demonstrated 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.  Let n denote the num-
ber of digits to the left of the decimal point. If the number to be squared
occurs on Sql, the square of the number will contain (2n-1) digits to
the left of the decimal point. If the number oceurs on Sq2, the square
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 and the first non-zero digit are called significant zeros.

Rule 2. Squaring a number less than 1. Let m denote the number
of significant zeros. If the number to be squared occurs on Sql, the
square of the number will contain (2m + 1) signaficant zeros. If the
number occurs on Sq2, the square will contain Zm significant zeros.

These rules are visually summarized in Fig. 13.

Numbers less than 1
with m significant zeros

Numbers greater than 1
with = digits left of decimal point

Sql a ¢
S92 | b { ¢
D & b? ¢t g
(2n — 1) digits 2n digits (2m + 1) 2m
left of decimal left of decimal significant significant
point point Zeros Zeros
FiG. 13.

- T
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Example 1. Find (260)°.
Solution. Push hairline to 26 on Sqf,

under hairline read 67,600 on D,

Note that the given number occurs on Sgf and contains three
digits to the left of the decimal point. Hence n = 3 and (2n-1) = 5.
Therefore the square must contain five digits to the left of the decimal
point.

Example 2. Find (0.0610)%

Solution. Push hairline to 61 on Sg2,

under hairline read 0.00372 on D,
Note that the given number is less than 1, contains one significant
zero, and occurs on Sg2. Hence m = 1, 2m = 2 and the sgquare must
econtain two significant zeros.

26. Area of a circle.® The area of a circle may be conveniently
found when its radius is known by using the square scales in con-
junetion with the DF scale. The formula for the area A of a ecircle
in terms of its radius r is 4 = #r®. Recalling that each number on
DF is 7 times its opposite on D, to find the area of a circle it is only
necessary to

push hairline to radius on an Sg scale,
under hairline on DF read the area of the circle,

Example. Find the area of a circle of 8.7 ft. radius.

In acecord with the above setting,
push hairline to 87 on S¢2,
under hairline read 238 on DF,

Therefore the area is 238 sq. ft.
accord with Rule 1 above.

Solution.

The decimal point was placed in

Engineers generally use the formula for the area A of a cirele in
terms of its diameter d, namely

‘The following example covers this case:

Example. Find the area of a cirele having 3.61 in, diameter.

* Boe Appendix A for an explanation of the use of thtﬁi locating mark as a quick method of inding
Mireas of circles when diameter is given.




