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94 ARITHMETIC

Exaurn 2. Find o = (0.0201)10 ' log 0.0201 = 0.4639 — 2 = — 1.5361
Answer: z = 6.825 X 10~ 141
= 0.006825 15361
61444
15361
logz

To Find the nth Root of a Number by Logarithms. Find from the
table the log. of the number, and divide it by n; the result will be the log. of
the nth root of that number. Then find the root itself from the table.

Exaxere.  Find z = {/4.008 log 4.098 = 0.6126

mswer: z = 1.600 logz = ozmz

In order to avoid
not divisible by n, make it so divisible by adding x,nd subtraclmg a amubla
number before dividing.

Examre.  Find z = £/0,0004590. Tog 0.0004590 = 0.6618 — 4

Answer: = = 7.714 X 10-* 3)2.6618 — 6
= 0.07714 log z = 0.8873 — 2

But if the characteristio is positive, it is simpler to write it in front of the mantissa,

and then divide direotly.

THE SLIDE RULE

The slide rule is an indispensable aid in all problems in multiplication,
division, proportion, squares, square roots, ete., in which a limited degree
of accuracy is sufficient. The ordinary 10-in. Mannheim rule (see below)
costs $3 to $4.50 and gives three significant figures correctly; the 20-in.
mle ($12.50) gives from three to four figures; the Fuller spiral rule (:30)

r the Thacher cylindrical rule ($35) gives from four to five figures.
mnny problems the slide rule gives results more rapidly than a table of logl-
rithms; it requires, however, more care in placing the decimal point in the
answer. In all work with the slide rule, the position of the decimal point
should be determined by inspection (see p. 89), only the sequence of digits
being obtained from the instrument itself. Rapidity in the use of the in-
strument, depends mainly on the skill with which the eye can estimate the
values of the various divisions on the scale; expertness in this respect comes
only with practice. The following expllm;mms should be sufficient to  per-
mit the use of the ordinary slide without previous
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To MurrterLy 4 BY 6. In Fig. 1, starting with point 1 of the fixed scale,
run the eye along from 1 to 4; then set the 1 of the slide opposite this point
4, and run the eye forward along the slide from 1 to 6; the point thus reached on
the fixed scale is 24, which is equal to 4 X 6. This process gives the distance
from 1 to 4 plus the distance from 1 to 6, and is, in fact, a mechanical method
of adding the logarithms of these numbers; hence the result is the product
of the numbers. Conversely,

20 | 3040 %0 w0nend
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To Divioe 4 8Y 6. In Fig. 2, starting with the point 1 of the fixed scale,
run the eye along from 1 to 4; then set the 6 of the slide opposite the point 4,
and run the eye backward along the slide jram 6 10 1; the point thus reached on
the fixed scale is 0.667, which is equal to “This process gives the dis-
tance from 1 to 4 minus the distance from 1 to d is, in fact, a mechanical
method of subtracting the logarithms of these numbers; hence the result is
their quotient.

23 % 5ehash 140 %00 nunwd
L » 6= 0887

Iulnpllclﬁon and Division, Using Only a Single Section of the
Scale. If only the main section of scale D is available (as is usually the case
in prm.me) the result of multiplication may fall beyond the scale, as it does
in Fig. 1. In such cases divide the first factor by 10 before beginning to multiply;
this will bring the result within the scale, without affecting the sequence of
digits.

lo. to multiply 4 by 6. Having found that the ssting shown
o el vest tha side as in Fig. 3, with 10 instead of 1 opporie
backward along t! xu |I|dn from 10 w 1, thu. nnhuu du (unrecorded)
ing to 4 + 10; then, continuing from this point, run the eye for
from 1 to 6, as before; the point ially redohed on the main soale §

o
and without knowledge of logarithms.

Multiplication and Division with & (Theorstioal) Complote Loga-
rithmic Scale. Consider a complete logarithmic scalo (D, Fig. 1), assumed
S e indefinifely in both directibns, only the main seetion, ftom 1 1o
10, however, being usually available, Note that the divisions within the

attached to the

[The distances laid off from 1 are propor-
tional to the logarithms of the corresponding numbers, the distance from 1 to
10 being taken as unity.] Consider alsoa duplicate scale, C, numbered from
1 to 10, and arranged to slide along the fixed scale D as in the figures. By
means of such a scale D, and slide C, any two numbers between 1 and 10
(and hence any two numbers whatever, with proper attention to the decimal
point) can be multiplied or divided, as in the following examples.

jigits as the required value 24. ~ After a little prastice,
sep of dlvldm' by 10 wil be perfornied almost intuitively. Whether or

is necessary in. given case, can be determined only by trial.

The 'cncnl rule for multiplication may be stated as follows, if
ferred: To find the product factors, find one factor on the fixed scale;
opposite this, set (tentatively) point 1 of the slide; on the slide find the seo-
ond factor, and opposite this read the product on the main scale, if possi
If the product falls beyond the soale, begin over ngain, using point 10 of
slide instead of point 1.

In division also, the result mk& L beyond the main section of the mu,
as it does in Fig. 2. In such t suffices merely to multiply the result
by 10 in order to bring it within the .cm this will not affect the sequence of

digits.
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rdin: Mannheim Slide Rule has four scales, 4, B, C, D, as
uh:lv:: lg Fig. ‘5‘1 Scales C and D are essentially the same as the C and D
Soales deseribed above, and the principle just explained shows how they are
\used in multiplieation and division.  The fact that the D scale covers only the
taain section from 10 10 (all decimal points being omitted) is practically no
Tstriction on the scope of the scale, as is seen in the preceding examples.
A runner is provided, so zhu intermediate positions reached in the course
of an extended be indicated on the scale without
the necessity of reading off { their numerical values. Tho best ruiiners are
those which have no side frame to obscure the numerals.

In problems involving successive multiplications and divisions, arrange
the work so that multiplication and division are performed alternately.
axbx

For example, to calulate divide the product a X b by d; multiply this

quotient by ¢; and divide this prndu ot by e. Each operation will {egnire only one shift-
ing either of the slide (for multiplication) or of the runner (for division).

T multiply 8 number of different quantities by a constant mwu-pzm, z set
the point 1 of slide opposite z, and read, by aid of the runner, the prod-
tets of z by all the quantities which do not fall beyond the seale; then e
tho slide, setting 10 instead of 1 opposite z, and read the products of by all

remaining quantities.
e o ivide s mumber of different. quantities by a constant divisor, y, first
find (by ‘the slide rule) the quotient 1 =+, and then use this as a constant

itiplier.

alos  and B are exactly like scales O and D, except that they cover two
sections of the complete logarithmic seale, the graduations being only half
as fine, Either pair of £ onlos may be used for multiplication and division;
@ and D give more accurate readings, but have the disadvantage that in the
oaso of multiplication the slide must often be shifted to the other end in order
to keep, the result on the scale—an inconvenience which is not present when
the less accurate scales A and B are employed.
* By the use of both pairs of scales, problems in squares and square roots
may be readily solved; for every number on 4, except for the decimal poiat
is the square of the number directly below it on D (use the runner).
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A scale of sines, tangents, and logarithms is often printed on the back of
the uhde. For hlrthor details eoncerning the use of the slide rule in various

roblems, see the instruction books furnished with each instrument: W'
L Mnnual of f.hb Munnhelm Slide Rule;” F. A. Halsey, “ Manual of the Slide
Rule;"” ete.

Other Types of Slide Bules. The duplex. slide rule (85 to $18 according
o length) shiows on one face the regular 4, 1, C, D) sosles, and on the other face the

sonles 4, B, C'u D (where B 5 Api C' s G sama s B only numbered in the re-
verse order), with 8 enciroling. the _whole ey arrangement makes
Toalsie tid bolution A o atar probloras Witk To5Se settingn.ot the alida. bk,
if m Tule is to be used only for simple problems, the multiplicity of scales is rather con-
fusing,  Lom complioated jo the Dpolyphase rule, which is like a Mannbeim rule with
the addition of & single javerted spale, C', printed in the middla of the slide. The log
log Quplex stide rule (10 iy 83) s sspocilly adapted for handiing omplex probl
Hamolving feactional powsrs or soots, hyperbolio logarichme, eter . A number of cireu)
Sl Tatas sta.on. B manai. ' bosk of whioh.are operated by & milled thambmity
like the sfem wind of a wateh. " Tho advantage of the eireular rule, aside from ita some

the fact, that the scale

watags i fousd in the necessity o reading the fguresin oblique ‘positions,
o clse eonnnunlly ning,the instrument ss o whole and,. . The Fuller
ned

than can be e i the ordinary rules. . Thero are also many special al

ol pomi e Sappn i Tl g e d.unhnrge of water
through pipes, horse power of engines, dimepsions of lumber, stadia measurements, ete.
One of the most recent, devices of this kind is the Ross meridiograph (L. Ross, San
Francisco, Cal.), which is a ciroular slide, rule for solving. certain cases of spherical
triangles. The Eichhorn trigonometrical slide rule solves any plane triangle.

COMPUTING MACHINES

For certain purposes computing machines have ceased to be luxuries and
have become almost necessities; but they are expensive, and should be selected
with reference to the special work which is to be done. The machines may
be classified roughly into three groups, as follows:

Adding Machines, Non-listing. _Of the machines of this kind, the most convenient
I the hands of & cnreful operator

; $300 to $400 according to size), or the recent B

perfors e with great tivkllt
also after a little practice. Weight, about 15 b, Other operat
tho Barrott adding machine (Philadelphis, Pu,) vith multiplying attachment, and
{he Mechanical Accountant (Providence, R. 1). The Gem (Automatic Adding
Machine Cn New York; $20), and the Ray (Richmond, Va.; $17./ W)mlmlll ‘machines
operated by the use of & .zylu., The Underwood typewriter is now supplied with a
complete “lectrically-driven adding machine attached, and the Wahl adding attach
‘ment is supplied on the nmuu.m. ...a other typewriters. s
Adding and Listing Machines. The machines of this group not only add, but also
print (he lteml, totals and lﬂml‘l The Burroughs (Detroit, Mich.) and the
Wales (Wilkes-Barre, Pa.), resemble each other in having an 8l-key keyboar
Dalton \Ginlanati, 0bio) sad theStndateand (Rookiords TI) havo a 10k
board, admitting of operation by the touch method.
toadd n number, st depr
lectrically driven machines,
Sﬂs to .ll(li)v Aecmdmg to
special commercial p
Machine Co. Philadelph

om
s being constantly devised for
o the Batrett (Lanston M
| ;200) and the new American (American C




