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Part ].—Mannheim Slide Rule

I. INTRODUCTION.

1. APPLICATION.—A slide rule has fixed and movable
logarithmic scales, by means of which arithmetical, algebraic
and trigonometrical calculations may be performed mechan-
ically. The instrument is applicable to nearly all forms of
calculation, and is becoming recognized with increased rapidity
in almost all branches ofg commerce and engineering, Al-
though slide rules have been employed by professional men but
for a comparatively short time, yet their utility is so clearly
marked that their use is now demanded in many places. To
the engineer and student the slide rule is invaluable, while the
merchant, manufacturer, accountant, statistician and almost
everyone connected in any way in a business undertaking will
find it an instrument of material service. In the following text
an attempt has been made to include all that is useful in a stide
rule to the engineer and student, Other readers will find it
necessary to understand only those parts of the book dealin,
with the ordinary examples of multiplication, division an
proportion. ‘ :

2. QUALIFICATIONS.—Let the reader clearly understand
at the outset that the principles which underlie the theory and
practical apé)lica.tion of the slide rule are so few and so simple
that its proficient use may be easily understood and mastered
ny almost everyone. The theory of the slide rule lies in the
elementary principles of logarithms, and its practical applica-
tion involves the ability to read graduated scales.

3. ACCURACY.—The degree of exactness to which results
may be found depends upon the skill of the operator, the
length of the scales and the accuracy of their division. Pro-
ficiency in setting and reading comes naturally to the operator
together with confidence in the results. The principles upon
which the slide rule is based are infallible, but a slight error
enters into computations involving numbers of many figures.
due to the fact that interpolation is then necessary in setting
and reading. Roughly speaking, the accuracy obtainable with
the common ten-inch slide rule 18 equivalent to t-{l& of & three-
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place logarithm table, while a rule twenty inches long will
generally add another Iéijure to the results. This degree of
precision is sufficient for almost all engineering calculations and
is of material value, at least as a check, for the most part of all
other computations of an ordinary nature. With the full-
length pcales of the ten-inch rule, resulta should always be
accurate within three-tenths of one per cent., while a little ex-~
perience and care will better this to two-tenths and often less
even in rapid working. For the upper scales of the ten-inch
rule the error may amount to one-third per cent., while with
a twenty-inch rule it is proportionately (Pecrea.aed. :

4. SAVING IN TIME AND LABOR.—The fact that the
slide rule will just as readily solve problems involving any num-
ber of factors with any combination of fi in each, results
in a time and labor saving device of much importance. Fur-
thermore, it is almost as easy to operate upon numbers of many
figures ag it is to Ezrform the garue operations upon those of the
simplest kind. t the reader but understand the followin
text and then with a little practice, a considerable amount o

time, labor and mental strain will be elimivated from his daily,

valculations.

II. THEORY OF LOGARITHMS.

5. PEFINITION.—To understand the theory and action of

a slide rule it i3 necegsary to be familiar with the elementar,
principles of logarithms. These principles are primarily b.
upon the fact that every number ia equal in value to some
Eower of every other number, the exponent or index of the power

eing greater or less than one. For example, any number, as
49, is equal fo any number, as 10, raised to a certain power, the
exponent of the power in this case being approximately 1.69.
If 10 be chosen as the fixed number which 18 to be raised to a
power to produce any other number, then 10 becomes the base
of this system, the exponent in any case being the logarithm,
In general, the logarithm of any number is the exponent of the
power to which the base of the system must be raised to pro-
duce that pumber. Thua 2 is the Jogarithm of 100 to the base
10, since 10*=100. The whole part of the logarithm which
precedes the decimal point is called the characteristic, while
the decimal part following it is the mantissa. In the loga-
rithm 1.69, 1 is the charaecteristie and .69 is the mantissa.

£fi. COMMON LOGARITHMS.—The system of logarithms
hd¥ng 10 for its base is called the common system. In this
system the characteristic simply determines the position of the
decimal point in the number corresponding to the logarithm,
while the mantissa of the logarithm is identical for the same
geries of figures no matter where the decimal point in the num-
ber is placed, Therefore if the position of the decimal point

\“"
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be neglected, only the mantissa of the common logarithm need
be considered. Herein lies the peculiar advantage of the
common system of logarithma, and for this reason it is always
applied to the slide rule. In the following text wherever
logarithms are mentioned the common system will be under-
stood,

7. RELATION BETWEEN NUMBERS AND LOGA-
RITHMS.-—As stated, the mantissa or decimal part of the
logarithm in a.n’i: case depends only upon the figures comprising

the number. The mantisax of the numbers 1 to 10 are given
in Table 1.

TABLE I
Number........ 1 2 3 4 5 [ 7 8 9 10
Logarithm ... ... 0 301 .477 .602 .690 .778 .845 .903 .054 1.000

The logarithm of any number composed of 2 and as many
zeroa as you please will always have .301 for its mantissa, but
its characteristic will depend upon the number of figures before
the cll)ecimal point; and similarly for any other of the above
pumbers.

8. MULTIPLICATION.—It will be observed from Table I
that the sum of any two logarithms is the logarithm of the
product of the two corresponding numbers. For example, the
sum of the logarithms of the numbers 2 and 3 is .301 +-.477 or
778, which is the logarithm of 6 or 2X3. Similarly the sum
of the logarithm of 3, 5 and 6 is 1.954, of which the mantissa
.954 is the logarithm of 9, the characteristic 1 indieating that
there are two figures in the result before the decimai point.
Hence their product is 90 or 8X5X6. This same relation will
be observed between any two or more numbers and their loga-
rithms. Therefore, by adding the logarithms of any two or
more numbers the logarithm of their product iz obtained,
from which the product itself may be easily found.

9. DIVISION.—From Table I it will also be a}]:-pa.rent that
the difference between any two logarithms is the logarithin of
the quotient of the corresponding numbers. The difference
hetween the logarithms of 8 and 4 is .903 —.602 or .301, which
is seen to be the logarithm of 2 or 8+-4; and similarly for any
two or more numbers and their logarithms. The general rule
then follows that by subtracting the logarithm of one number
from the logarithm of another number, there results the loga~
rithm of the guotient of the two numbers, from which the
quotient itseif may be readily cbtained.

10. POWERS.-~If the logarithm of any number in Table I
be multiplied by 2, the resulting logarithm corresponds to the
second power or square of the number. Thus the logarithm
of 3 multiplied by 2 is .477 X2 or .954, which is the logarithm
of 9or 3% Also if the logarithm of 2 be multiplied by 3 there
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results .903, the logarithm of 8 or 2%,  Since this relation is true
for any number to any power, the rule follows that the loga-~
rithm of a number multiplied 6y any factor gives as a product,
the logarithm of that power of the number of which the factor
is the index. 'The power itself may then be observed.

11. ROOTS.—Apain referring to Table I, it will be seen that
by dividing the logarithm of any number by 2, the logarithm
corresponding to the gquare root of the number is obtained.
Thus the logarithm of 9 divided by 2 is .954 +2 or .477, which
isthelogarithmof 3or /9. Also thelogarithm of 8 divided by
3 is .003 +-3 or .301, which is the Jogarithm of 2 or ¥ 8. Since
the principle is similar for the fourth, fifth or any other whole
or decimal root of any number, the rule may be stated that by
dividing the logarithm of any number there is obtained the
logarithm of that root of the number of which the divisor is
the index. The root itself may then be found.

-12. APPLICATION TO SLIDE RULES.—I+t has been seen
that mult.}p]ica.tion and division reduce to addition and sub-
traction of logarithms, Hence if an inatrument js capable of
mechanically adding and subtracting these logarithms, it may
perform all computations of multiplication and divigion. Like-
wise the second or third powers and roots may be mechanically
determined if the instrument is eapable of multiplying and
dividing the logarithma by 2 or 3.

The elide rule agcomplishes these results by a,pf}lying the
principles of logarithms.  Instead of tabulating the logarit
the slide rule carries them in the form of scales or graduated
lengths, each unit length representing equal garts of the loga~
rithm table. Thus if the logarithm of 10 be chosen as the
unit, then the logarithm of 2, or .301, will be represented by
.301 of that unit; 3 by 477 of the unit; 4 by .602; and soon,
gs shown in Table I. ~ The numbers between 1 and 2,2 and 3,
3 and 4, etc., are represented on this logarithmic scale by
intermediate divisions, the entire scale being graduated as
closely as is convenient for reading. It will be observed, how-
ever, that the values of the logarithma themselves are not
shown on the scales, but instead there will be found the num-

bers corresponding to those logarithms. At%loth part along
the scale on the slide rule will be found 2, not .301; similarly
at the %ﬁh part is found 7. The graduations are not

equally spaced since the numbers and not the lo?a.ri{:hma are

noted on the scales. In this way the process o

logarithm corresponding to the numbers and the numbers

corresponding to the logarithms is entirely eliminated from all
tions.

finding the .
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1. MECHANICAL CONSTRUCTION.
13. MECHANICAL PRINCIPLES.—If two scales be drawn
#o that their divisions are equal throughout, the sum of any

number of units of one secale and any number of units of the
other may be determined mechanically. In Fig, 1, any num-

i
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FIG. 1. ADDITION AND SUBTRACTION WITH LINEAR BCALES.
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ber on peale C is opposite the sum of itself and 3 on seale D.
Thus 3 of C and 6 of D are opposite one another; and similarly
for 4 and 7, 5 and 8, and go on for the full range of the scales.
Conversely for subtraction, any two numbers whose difference
is 8 will be found opposite one another on C and D.  Further-
more, if scale C be turned upside down with respect to D, the
above conditions for addition and subtraction are reversed.

These principles will be obvious to the reader, and they em-
body everything that is necessary for completely understand-
ing the mechanical principles of the slide rule. It will be re-
membered, however, that in adding logarithms of numbers,
the loiarithm of their product results; and in subtracting
them the difference is the logarithm of the quotient.

14. BODY.-The slide rule is composed of the body, slide
and runner, the first two being made of well-seasoned selected
wood. The body is the fixed part, consisting of a base upon ’
which are rigidly mounted two graduated rules exactly parallel
to each other and separated by an opening for the reception of
the slide. ‘The rules are faced with celluloid and have loga-
rithmic scales engraved upon them. The under side of the
base carries reference tables, while along one side is a scale of
inches for linear measurements and zlong the other a scale of
centimeters or a cube scale.

15. SLIDE.—This is a comaparatively thin slip of wood faced
cn the top and bottom with celluioid upon which logarithmie
and other scales are engraved. Along each edge of the slide
is an extended tongue which accurately fits corresponding
grooves in the body of the ruls, This construction allows the
glide to move lengthwige within the base in either normal or
inyverted position and with either face uppermost. The scales
of the fixed rules and slide should lie absolutely in one plane
and no appreciable opening should appear at any poini be-
tween the edges of the scales for any position of theslide. The
slide should move just freely enough so as to neither bind ner
stick and still be secure in every position.
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16. RUNNER.—The runner comprises a small aluminum
frame enclosing a piece of glass. On the underside, aimost in
contact with the scales, is a fine transverse hair-line. The
runner slides in grooves on the sides of the base, while a spring
on one side permits free movement along the length of the
rule, but always holds the hair-line truly at right angles to all
scales. The hair-line should be about as fine as the gradua-
ticng, and uniform throughout. Therunner is used for settings
and readings and for referring from one scale to the other;
it also eliminates the necessity of reading intermediate results.

17. LENGTH OF RULES.—Slide rules are made in five
standard sizes, the full length of the logarithmic scales being
12.5, 20, 25, 40 and 50 centimeters respectively. The rule
generally used has the 25-centimeter scale and is known aa
the ten-inch slide rule. This length combines accuracy and
convenience, although the larger sizes are more accurate
while the smaller ones are more convenient to earry around.
‘The body and slide project beyond the scales to secure a firm
setting of the slide and runner at the ends, and in some forms
the elide is longer than the body for convenience in operation.

18. GRADUATION OF SCALES.—The scales are engine
divided and engraved, the divisions being automatically spaced
by means of a logarithmic screw. is process resulta in

scales of highest accuracy and greatest durability. The lines -

are black on a clear white celluloid background.

19. CARE OF RULES.—It is important that slide rules be
kept in places where excessive changes of temperature or
humidity are not likely as all varieties of wood and celluloid
are liabje to shrink and warp under unfavorable conditions.

20. METHOD OF OPERATION.—It is most convenient
and accurate to operate the slide rule flat down on a table.
The projecting end of the slide is held along both tongues at
the end of the base, between the thumb and index finger,
The index finger of the other hand is kept between the fixed
rules and against the end of the slide, with the thumb and
middle ﬁn%er of that hand along the sides of the base, as in
the cut below. The slide may then be easily and gradually

moved between the fingers of the first hand, which are capa-
ble at any time of reducing, stopping or reversing the slide.

Noration or Scarzs

Iv.
21, DESIGNATION
OF SCALES.— Thera
are six complete loga~
rithmic scales on both
the fized rules and the
%%per face of the slide.

e upper fixed rule car«
ries two scales which are
identical with the two
ecales along the upper
edge of theslide. Along
the lower edge of the
glide and the lower fixed
rule are two complete
gcales. The upper scalea E\
are usually desi o
and B, while the lower *
ones are marked C and
D, as shown in Fig. 2.
Seale A includes the two
complete Jogarithmic &
scales A’ and A", while E
B includes B’ and B". §
The initial graduations 2
at the left-hand end of o
the scales A, B, C and ¥
D are each termed the
left index of the respect-
ive scale, while the cor- B
responding lines at the
right-hand end are called
the right indices. The
middle graduations of g
seales A and B are called g
their center indices, g

22. RELATION OF
DIVISIONS.—Each log-
arithmic scale is laid o
from its left index,
which, being the start-
ing-point, is marked 1
since the logarithm of 1
is 0. {(See Table I)
Each other number is
located at a point corre-
sEonding to that part of
the chosen unit lepgth
that the logarithm of the
number bears to the

ated A 3
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Yozarithm of the chosen unit. Hence, since 10 js taken as the
chosen unit or the base of the system of logarithms used on the
glide rule, the number 2 will be found at the distance ,301 from
the left index of the scale; 3 is located at 477; 4 at .602; etc,
In this way the complete logarithmic scales are laid cut, jt
being cobserved that each number is r:iaresented by a certain
length in terms of the length of the scale.

m what has been said in reference to the common system
of Jogarithms it will be apparent that the left index of any
scale may represent 1, 10, 100, .1, .01, ,001, ete., in which casea
the division marked 2 will represent 2, 20, 200, .2, .02, .002,
etc., respectively; and similarly for all other numbers.

23. SCALES C AND D.—These scales are simila? to each
other in every respect and progress from left toright, Inorder
that they may be graduated as minutely at all parts as is con-
venient for reading, it is necessary to have thres different
values for the smallest division. , With the left index equal to
1, the value of all divisions on scales C and D is shown in

able II for the five sizes of rulea,

TABLE II. VALUE OF DIVISIONS ON SCALES C AND D,

s1z8 OF PART OF | mach Marw | wacm mrvom raca
AMALLEST
RULD BCALE DIVIBION DIVISION DIVISION
5 Inch i1to 2 1.00 10 .02
; 2t0 8 1.00 .10 .05
8 to 10 1.00 g 110
8 or 10 Inch 1t 2 1.00 .10 01
2t0 4 1.00 .10 .02
4 to 10 1.00 .10 .05
38 or 20 Inch 1to 2 1.00 .10 005
2¢t0 B 1.00 .10 .01
51010 1.00 , 10 .02

24. SCALES A AND B.—These comprise the four completa
Yogarithmic scales A’y A, B’ and B” on the upper fixed rule
and along the upper edge of the slide. Each 18 exactly one-
half the length of the C or I seale, and the left indices of A’
and B’ and the right indices of A" and B'/ are engraved accu-
rately in line with the corresponding indices of the lower scales.
In the Mannheim slide rules all these scales progress from left
to right.  The value of the divisions of the uleer scales with
their left index equal to 1 is shown in Table II1.

TABLE IIl. VALUE OF DIVISIONS ON SCALES A AND B,

EACH

BIZE OF PART OF EACH MAIN { BACH MINOR
SMALLEAT
RULE BCALE DIVIBION DIVISION SiviaTen
5 Inch 1to 3 1.00 .10 .05
3to & 1.00 A 10
6 to 10 1.00 .20
8 or 10 Inch 1w 2 1.00 10 .02
2to b 1.00 10 .08,
5 to10 1.00 N .10
18 or 20 Inch Tto 2 1.00 w10 - C.01
~ 2t0 4 . 1.00 S (i © .02 .
41010 1.00 10 - F . .08

i e e e

parts of the upper and lower scales.

Noration or ScaLes 15

On seales A’ and B’ will be found s graduation at 3.1416
which is marked s in each case, and
on scales A” and B’ is located .7854
or mw+4. These graduations are for
convenience in the frequently recurrin
caleulations of areas and diameters o
circles. Soales A and B are usually
employed for computations where
rapidity is the main consideration, and
for finding powers and roots.

25, READING SCALESCANDD.— =3
For proper working with the slide rule #
it is necessary that the operator be

accurate and rapid in setting and read-
ing on the various scales, e C and
D seales are divided and subdivided aa
shown in Table II, and for further
figures it i8 necessary to estimate the
decimal part of the smallest divisions
by eye. Various examples of settings
and interpolations appear in Fig. 3,
along different parts of the scale of &
ten-inch rule with the left index equal
to 1,000. Besides these, the reader
should make the following and many
outher settings and readings, using both
the upper and lower scales: Set 8 on
C to 17 on D, and read 2.125 on D at
the right index of C; set 4on Cto 53 on
D, and st the left index of Cread 13.25
on D; set 68 on C to the right index
of D, and by means of the runner read
825 on D at 561 on C.

26. READING SCALES A AND B.
—The value of the various divisions on
these scales is different from that of
scales C and D, as noted in Table I11.
Various readings along the upper scales
are noted in Fig. 4 (see tJg)a.ge 16) for a
ten-inch rule, and after these have been
carefully eompared the reader should
make many other settings and readings
both with and without the runner
until he is thoroughly familiar with all

L
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27. TEST... OF ACCURACY OF
GRADUATION.—Although the scales
are engine divided, the reader should
test their accuracy. First.éet the left- -
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indices of scales C and I together and note that all other corre-
sponding indices and graduations are in
exact contact. Then by means of the
runner see that the four left indices are
exactly in line, and similarly for the
four right indices, which test will simul-
taneously check the alignment of the
hair-line of the runner, Now set 2 on
scale C to the left index of D and note
that all graduations between 2 and 4 on
scale C exactly coincide with the grad-
uations on D between 1 and 2. Then
set 4 on C to B on D and observe exact
coincidence of divisions from 4 to 5 on
Cwith 8§ t0 10 on D, Finally set 5 on
C to the left index of D and see that
all divisions between 5 and the right
index of C are in absolute contact with
the graduations of scale D.

lllllll|[l!l|llll|llll‘l
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W —y—¥%  To completely check scales A and
1. 2us B, set the left index of B’ to the left
= index of A" and obaerve alignment.of
-0 all corresponding graduations through-
1. 20 out these scales. Then set 2 on B to
=}.——n 4 on A’and note contuct for all divi-
.. o sions between 2 and the right index
= of B".
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V. MULTIPLICATION,

28. TWO FACTORS.—It has been
- 605 explained that the sum of the loga-
rithms of two or more numbers is the
logarithm of the product of those num-
bers; also that the logarithms of num-
bers are mechanically added by meana
........ o of the slide and fixed rules, Hence to

multiply any two numbers, using scales
- J828 C a.ncf D, one index of C is get directly
sbove either factor on D and under
the other factor on C is read their
- 608 product onD. This statement may be
expressed in tabular form as follows for
both the C and D scales and A and B,
— 70 the latter including A’ or A" with either

gy B or B,

— o] | 8et1 | Atother nymber | B
—~——S48) | to one number l read product l A

4000 The tabular etatement reads thus:
Set 1 on C to one numbeér on D, and at

il

¥
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the other number on C read the produet on D, Or, using
scales A and B, set 1 on B to one number on A, and at the
other number on B read the product on A.

It will be observed that but one of the two indices of C can
be used with D for any given problem. If 25 is to be multi-
plied by 31, the left index of C must be set to either 25 or 31,
a3 desired, in order that the other factor on C will be above
scale D; and if 635 is to be multiplied by 2, the right index
of C must be used in order to read the product 1270 under
geale C,  The following examples should be solved, using both
the upper and lower sets of scales, and then chocked by multi-
plying the factors out by hand:

C [Set 1 |At 25 ]' B C HSet 1 ]At 3 ” B
D|lto 636 |read product 15900‘ A D “t.o 259 Ixead product 777 ” A

With the slide projecting on the right the logarithm of one
factor on one ecale 18 added to the logarithm of the other
factor on the other seale, but if the slide projects on the left
of the rule, 10 minus the logarithm of the factor on the slide
igsubtracted from the logarithm of the factor on the fixed rule.
However, the results of these two operations are exactly equiv-
alent, since for the latter case,

log. a — (10 —log. b) = log. a + log. b— 10,

wherein a and b represent any two numbers while 10 representa
the full length of the scale.

29. ALTERNATIVE METHOD.—The following method of
multiplication is sometimes convenient, although the preced-
ing form is usually adopted:

C H 8et one number ' read product H B

D ;i tol l At other bumber “ A

In the above method the two logarithms of the numbers ara
added together, but in g different way from the method of
paragraph 28. :

30. CONTINUED MULTIPLICATION.—The method of
multiplying more than two numbers together is exactly similar
to the method for two factors, the produet of the first two
being in turn muitiplied by the third number, and that product
by the fourth, and so on. In such cases it will be found neces-
sary to use the runner in order to avoid reading off the inter-
mediate products. The following tabular statement for the
multiplication of three factors will be apparent:

| Runner to aec-
oed number

Cc
D

At third number ! B

read final prod- ”A
uoct

Set 1 1 to runper

|tu first number ‘

3l. CONSTANT MULTIPLIER.—By setting the index of
C to any number on D, all products of the factor on D with all
numbers on C may be read off directly on D without resetting
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the slide. This property of the elide rule is convenient in 8- -

:ea of smutltivlications involving a constant factor.  Forsuch
i;l;lgsl‘e?nﬁt ispgenera.lly preferable to use A and B since com-
lete scales are always in contact, thus eliminating the neces-
sity of shifting theslide, a3 may be required for the lower scales.

39. DECIMAL POINT.—The string of fizures in the prod-
uct having been determined, it then becomes necessary to
locate the decimal point. It ia always advisable for the opera-
tor to mentally check the problem, thus locating the decimal

oint at the same time, In many cases this may be done by
inspection, However, rules will be given which are pimple and
cover all cases of multiplication, First it must be understood
that the number of digits in any number greater than 1 is the
same 89 the number of figures preceding the decimal point,
while for numbera less than 1, the number of digits is minus
and equal to the number of zeros which directly follow 1.;he.
decimal point. Thus, 2.693 has one digit; 149.06 three d;g;ts_,
14838, five digits. For decimal numbers .103 has zero digits;
09, minua one digit; 0000238, minus four digits, Where
more than two factors are to be multiplied together, each set-
ting is to be considered separately. e following rules a.ppl;t
only to the method of muliiplication outlined in paragraph 28.

OR SCALES C AND D.-—The number of digils in the prod-
uctF'is equal to the sum of the number of digits in the two Jactors,
except where the slide projecis on the right, tn which case one
anust be subtracted from the sum of the number of digits.

CALES A AND B.—The number of digitsin the prod-
udrglzqtsml to the sum of the number of digits in the two faclors,
except where that scale of B on w ich one faclor 48 taken d
to the right of that scale of A on whick {he product is read, in
which case one must be subtracted from the sum of the number
of digits. . b

n applying the above rules to a decimal factor, remember
thit sﬁlya.ct%ng from a minus number of digits increases the
number of minus digits, while adding to a number Ofed n}mus
digits has the opposite effect. Forexample, 2 subtracted from
—73 digits gives — 5 digits, and 2 added to — 3 digits gives
— 1 digit. .

The %)losition of the decimal point may be determined for all
scales and methods by remembering that where the ﬁr.sé mg;
nificant figure of the produet is less than the first signm caﬁ
figure of either factor, or equal to it, in which case the sucglge_t-s
ing figures are to be likewise compared, the number OE digl'ts
in the product is equal to the sum of the number of A g :
of the two factors; and where it is greater, the num erbo
digits in the produet is one less than the sum of the number
of digits in the two factors. By the first significant
is meant the first figure from the left other than zero.
first significant figure of 309.6 is 3, and of .00298 is 2.
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33. EXAMPLES.—The following examples are appended so
that the reader may become familiar with the metﬁod of per-
forming multiplication and of locating the decimal point. The
solutions are shown for scales C and D, but scales A and Bshould
also be used by the reader in the golution of each proble:a.

Ne. OF
sUM rmes | N9 it
FXAMPLYS or supn 1 METS avewen
DIGITB| PROJECTS
ON RIGET PRODUCT|
BE M40 v vonivaaren e 3 Q 3 253
00039 X1 .41 X41.6.,,....00. 1] 1 —1 .0228
4.75%1.28 X83.3%.0351...... 8 1 2 17.78
L0017 X. 020X 111 X688, ....... —1 2 —3 000372

V1. DIVISION.

84. TWO NUMBERS.—The slide rule mechanically per-
forms division by subtracting the logarithm of the divisor
from the logarithm of the dividend. Using the C and D
geales, the process consists in setting the divisor on C over
the dividend on D, and under one index of C finding the
quotient on D.  To use scalea A and B, set the divisor on B
uner the dividend on A, and over 1 on B read the quotient:
on A.

C | Bet divisor ! At 1l [ B
D | to dividend I read quotient ll A

Where the quotient is found at the left index of either C or
B the logarithms are subtracted directly. In using the right
index, 10 minus the logarithm of the divisor is added to the
logarithm of the dividend, which, however, is exactly equiva-
Jent to the first case, since

log. a 4+ {10 —log. b} = log. a —log. b 4 10,

wherein a is the dividend, b the divisor and 10 represents the
full length of the scale.

The reader should perform the following divisions, using in
turn all sets of scales, and then check the answer by hand:
C|Set B2 JAt1 [[B Cpfet26 [A41 fln

-6 |to 28500 !read quotient 352 “: D E|to 4560 irend quotient 175 | _A-

35. ALTERNATIVE METHOD.—It is sometimes conve-
nient to divide in the following manner:
C ! Bet divisor At Jividend ”B
A

D 1 to 1 read quotient

36. CONTINUED DIVISION.—This operation consists of
& series of divisions, the runner being used to avoid reading
off the intermediate quotients:

Bet, first ’ 8eecond diviser
divisor | Runner to 1 to runner | At1l B
D lito dividend, | | read final quotient{| A
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37. RECIPROCALS.—The reciprocal of a number is cqual
to 1 divided by the number. Thus the reciprocal of 4 ia .25;
of 500 is .002; and of 0625 is 16. The process is simply one
of division, and may be performed by either of the following
methods:

C |! Bet number At 1 !]E
B]‘ to i read reciprocal H A
Cll Betl read reciprocal I] B
EM to number Atl E A
Although the method is seldom used, the above principles
may be applied to division as follows:
C ! 8et dividend 1 read quotient l B
E I to divisor I At ” A

By this process the divisor ig divided by the dividend and the
reciprocal of that quotient found, all at ¢ne setting.

38. CONSTANT DIVIDEND.—With the ordinary position
of the slide, such problems are solved by bringing the runner
to the constant dividend on D, and successively setting the
divisors on C to the hairline. The quotients are read in
turn on D under the index of C.

39, CONSTANT DIVISOR.—Much time ig saved in prob-
lems of this kind by multiplying the reciprocal of the constant
divisor by the series of dividends, The entire set of quotients
may then be read off without vshlﬂsin%| the slide. Where the
accuracy of the upper scale suffices, they should generally be
used so that all numbers will be in contact for any divisor.

C H Set constant divisor f At dividends " B
pll to1 lia

40, DECIMAL AND COMMON FRACTIONS.—Common
fractions may be converted into decimals by dividing the
numerator by the denominator according to the ordinary
method of division, Decimals may be changed to common
fractions by setting 1 on the slide to the decimal and finding
two numbers in contact. If the common fraction is to have
a certain denominator or numerator, the corresponding nu-
merator or denominator, respectively, is then found in contact
with the given term.

41, DECIMAL POINT.—Aflter the string of figures in the
guotient has been found, the decimal point may be located
for the method of paragraph 34, as follows:

FOR SCALES C AND D.—The number of digits in the quo-
tient i3 equal to the number of digils in the dividend less the
number of digits in the divisor, except.where the slidé projecis on

l read quotients
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the right, in which case one must be added o the difference of
the number of digits.

FOR SCALES A AND B.—The number of digits in the guo-
tient is equal to the number of digits in the dividend less the
number of digils in the divisor, except where that scale of B on
which the divisor is taken extends to the right of that scale of A
on which the dividend is taken, in which case one must be added
to the difference of the number of digits.

The decimal point may also be located in & quotient for any
method and either set of seales from the rule that where the
first significant figure of the divisor is greater than that of the
dividend, the number of digits in the quotient is equal to the
number of digits of the dividend less those of the divisor. If
the first significant figure of the divisor is less than that of the
dividend, then one must be added to the difference. Where
the first iigniﬁcant figures are the same, the succeeding figures
must be likewise compared.

42, EXAMPLES.—The reader should solve the following
problems, using both sets of scales in turn:

p— DIF- N0, OF | NO. OF|
prvr- | FrRsT | Gl | rmmp | FER- TIMES | DIGITS,
DEND DIVI- DIVI- DIV~ ENCR HLIDH IN ANBSWER
80R ) SOR oF | erosmers | quo-
p1QITE | ON RIGHT : TIENT
516 32,9 i ] 1 1 2 16.6
122.9 11.11 | 0042 | ..... 2 1 4 3920
L0458 | .1744 7.21 }1.246 | —3 2 1 .0292
.387 4.94 0333 0 1 1 2.51

.938

VII. PROPORTION.

43, DEFINITION.—Proportion is an equality of ratios.
The statement that 3 is to 6 as 4 is to 8 is a proportion in
which 3 bears the same relation to 6 as 4 does to 8.  The solu-
tion of problems in proportion for any of the unknown quan-
tities is an example in combined multiplication and division,
and is conveniently and readily solved with the slide rule.

44, DIRECT PROPORTION.—The general form is,

1st term: 2d term:: 3d term: 4th term,

From well-known principles the product of the two outer
terms, 1st and 4th, equals the product of the two inner terms,
2d and 3d. In examples of this kind three of the quantitites
are given and the remaining term is deterrnined from the fol-
lowing: B

l 2d term I 4th term A

_If one of the terms equals 1, then the process reduces to
gimple muitiplication or divizion of the other two terms.

C]I et term | 8d term
D
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By setting two terms together as indicated above, it will be
noted that all other numbers which have the same relation
are in contact with each other. As an example, congider the
following: At the rate of 60 miles in 2 hours, how far will a
train travel in 15 hours; 25 hours; 30 hours?

T 1|8et 2 hours [At 15 houra |At 25 hours !At 30 hours | B

1 |[to 60 miles (read 450 miles |rend 750 miles |rend 900 miles || A

It will be observed that 60 is first divided by 2 and the
quotient found at one index of the slide, which is the required
setting for the multiplication of this ;iuotient by any numhber
within the range of contact of the scales.

45, INVERSE PROPORTION.—Where more requires less
or less requires more, there exists an inverse form of propor-
tion, With the ordinary position of the slide, such problems
are solved in & manner similar to examples in direct proportion,
provided the problem is stated inversely, so that the product
of the outer terms is equal to the product of the inner terms.
For instance, assume that 8 men perform a piece of work in 3
days, how Jong will it take 6 men working at the same rate to
do the work? . This is a case of inverse preportion in which
more men require less time, and vice versa.

C|| Set 8 men [ find 4 days llB
D

| t0 6 men | At3daye la
46. SOLUTION OF § X x.—Problems of this kind wherein
8, b and x represent any numbers whatsoever, are problems
in npmportion and may be solved in a single setting by the
following method:
. E || Bet b ! At x | B
D I toca I read anawer Il A

If in 4 eet of calculations a and b are each constant num-
bers and x has a series of values, this setting will be found
convenient, especially if seales A and B are used.

. In using a constant multiplier, such as given in the Conver-
sion Ratios, Part III, and in the reference table on the back
of the rule, an equivalent ratio is noted, rather than the mul-
tiplier itself which is usually a long decimal. For example,
instead of stating that the diameter of a circle multiplied by
8.1416 equals its circumference, the relation between (fiameter
and circumference is given as 226 : 710, since the quotient of
these numbers very closely equals 3.1416, and since they are
points of graduation on scales C and D.  The determination
of any circumference from its diameter, or vice versa, is thep
as follows:

C | Bet 226

Dil to720

[ At diameter i]B
| resad circumierence i A

{’:
%
&
H
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47, SOLUTION OF dxex t.—-ProbIems 1§ this form are
solved by a series of mu]ti?ﬁcations and divisions. Instead
of multjplying the factors of the numerator together and then
dividing in turn by the quantities in the denominator, greater
rapidity is usually obtained by the following method:

Set 4 | Runner | e to run-} Runner [f torun-| At1 B
c tob

ner toe ner

toa | [ ! | | read answer la

48, DECIMAL POINT.—The decimal points in the preced-
ing problems are located by the rules for multiplication and
division, each operation being considered separately. 'The
following method of keeping record in multiplication and divi-
sion is recommended for long problems: For each time that
& extra digit is to be added the sign | is noted, and for_each
time an extra digit is to be subtracted the sign — is set down,
the two opposite signs being allowed to cancel each other as

= 042 % 36.9 X147
far a8 they will. In the problem 32.6 X . 00186 X933 ,Per-

formed on the C and D seales, the slide projects on the right
twice in multiplying and three times in dividing, giving the
record + + |, which indicates that the answer contains one
more than the number of digits in the numerator less the num-
ber of digits in the denominator. Hence the final answer has
(—142+3)—(2—2+3) + 1 or 2 digits, and equals 16.2,

49, MULTIPLICATION, DIVISION AND PROPORTION
WITH A AND B.—The upper scales may be used for afl ex-
amples of this kind, according to the methods outlined under
the corresponding operations for the lower scales. In fact, the
preceding text has been made general 5o as to apply to either
get of scales, Due to the fact that all numbers are always in
contact, the upper scales should be used for such examples
where rapid working is desired and where the greater error
due to the decreased length and subdivision of the scales is
permissible. ’

VIaI. POWERS AND ROOTS.

50. RELATION OF UPPER AND LOWER SCALES.—
Each of the upper scales is exactly one-half the length of a
lower acale, ancFethe corresponding indices are accurately in
line. Hence any logarithm on the D scale multiplied by 2
equals the logarithm directly above it on A; and similarly for
scales C and B. Therefore, since multiplying or dividing the
logarithm of a number b{ 2 gives the logarithm of the second
power or root, respectively, of the number, the slide rule gives
a dirgct. means of determining squares and square roots of all
aumbers.

D
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51, SQUARES.—The squares of 2ll numbers on D will be
found directly above on A, and similarly for scales on C and B.

A [| read square || B .
D l Over number | C

Either the runner or an index line of the slide may be used
in referring from D to A, The scglare of an{ number may also
be found by multiplying the number by itself, preferably using
the lower scales for the purpose. By any of these methods
the square of 2 is seen to be 4; 5 squared is 25; 17.2* =206;

and .08312=.,0069.

If & Bquare is read on A’ or B', the number of its digita is
one less than twice the number of digits in the given number;
and if read on A’ or B”, it is twice those in the number.

52. SQUARE ROOTS,—The method of finding square roots
is exactly opposite to that for finding squares, However, 1t
must be observed that any string of figures has two roots, the
proper one for any number depending on its digits. The
- square root of a number having an odd number of digits, as
144, 16,000 or .000,25, is found on the lower scales under A" or
B’, while for an even number of digits, as 14.4, 1600 or .(025,
the root is under A” or B".

¥OB AW ODD NUMBER OF DIGITS

TOR AN EVEN NUMBER OF DIGITS
A’ || Under number A || Under number i B~

D H find square root D BB

If the square root is found under A’ or B/, the number of
digits equala (number of digits in given aumber + 1) x3;
and for a aquare root under A” or B”, the number of digits
is one-half that of the given number.

‘The square root of numbers may also be determined by
setting the runner to the number on the fized rule and moving
the slide until the number at the index of the slide equals the
number on the slide under the runner.

53. CUBES.-~The third power or cube of a aumber may be
found by either of the following methods:

II B
flc

i find square root J

A find cube A ([to number nnd cube

E‘ At number E Bet 1 -
S Set 1 C l | Over number
D ||to number !

Rules may be given for locating the decimal point in a
cube, but it is better to determine its position by inspection
of ihe given number.

54. CUBE ROOTS.—Cube roots are best determined with
the glide inverted, but may be determined by setting che
tuzner to the given number on A and noting the number 20
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D under the index of C equal to the number on B under the
runner. In this way three cube roots of any string of figures
may be found, the correct one in any case depending en the
number of digits in the given number. For numbers contain-
ing —8, —5,—2, 1,4, 7, etc., digits, scales A” and B" and
the left index of C are used; for numbers of — 7, — 4, — 1,
2, 5, 8, etc., digits, scales A” and B” and the right index of C
gre used; and for numbers having — 6, — 3, 0, 3, 6, 9, etc.,
digits, the A’ and B'’ scales are used with the I'igi'lt index of C.
There ia one digit in the cube root for each period of three
figures, or less in the extreme period, contdined in the given
number, counting from the deciinal point toward the left for
numbers greater than 1, and toward the right for numbera
vgholly decimal. For example, the cube root of 2,700 is 13.02;
V'27,000=30; and V.000,27=.0647. It will be observed
from the last case that the perioda of digits in decimal num-
bers indicate minus digita,

55. HIGHER POWERS.—The fourth power of a number
i8 equal to the square of its square, and the sixth power is the
square of its cube, or the cube of its square, Other powers
may be found in this way, but for those greater than the fourth
it is better to use the scale of logarithms, as will be explained
later. The setting for the fourth power is as follows, the
decimal point being located by remembering the rules for
BqQuares:

A find fourth power
C Set 1

D[} topumber

B56. FRACTIONAL POWERS.—In almost all cases frace
tional powers should be solved by means of the seale of loga-
rithmg, although there are a few exceptions, The one-fourth
Eower of a number, which is the same as its fourth rvot, may

e determined by extracting the square root of its square root,
due attention being paid to the number of digits in each setting,

The two-thirds power is determined by setting the runner
to the number on D, and then finding the cube root of the
square on A by the method of paragraph 54, or with the
slide inverted, as will be shown,

The three-halves power is obtained as follows, care being
taken that the answer is found under the proper scale of B:

Over number

B H Under number
C Set 1
D to number read three-halves power

57. POWERS WITH PROPORTIONAL DIVIDERS.—
Where a series of numbers is to be raised to the same power,
whether whole or decimal, this method may be found useful.
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Set the pair of proportional dividers so that the ratio of its
. openings in linear measure is equal to the exponent of the
required power. Then by opening ope side of the dividers
from the left index to any number on the logarithmic scale,
the opening of the other side measured along the same scale
will give the required power.

IX. INVERTED SLIDE.

58. RECIPRCCALS.—The slide may be turned around end
for end go that scale C is in contact with A, and B with D. It
will be observed that all the scales on the slide now progress
from right to left. With this arrangement and with the in-
dices in line, all numbers on C inverted (CI) are reciprocals
of :ihxse directly below on D, and similarly for B inverted (BI)
and A.

59. MULTIPLICATION AND DIVISION.—By setting any
logarithm on CI éscale C inverted) over any logarithm on D,
their sum is found on D under the index of CI, and similarly
for A and BI (B inverted). Also the difference of logarithms
is obtained by placing the index of CI over one logarithm on
D and reading on D under the other logarithm on CI. The
following will now be obvious:

MULTIPLICATION.

CI|i Setone number | Opposite 1 || Bl

D opposite other number | read product ” A
DIVIBION..

CI | . Bet 1 ! Opposite divisor ] BI

D opposite dividend i read quotient | A

Where a constant qll:la.ntity is to be successively divided by
a peries of numbers, this method of division is of value, since
all quotients may then be read off without resetting the slide.

60. INVERSE PROPORTION.-—This operation is best ac-
complished with the slide inverted. For example, how many
teeth must a gear wheel have if it is to turn 300 revolutions
per minute when engag?ing with a gear of 48 teeth making 50
revolutions per minute

Cl|| Bet50R.P.M. | Opposite 300R.P. M. ! BI

D il opposito 48 tocth | read 8 teeth ia-

61. CUBE ROOTS.~~The method with the slide inverted
differs from that of paragraph 54 in that the index of the slide
is set to the given number on A, and the two equal numbers
are found in contact on BI and D. The scales and indices to
be used are the same for each of the three cases, it being kept
in mind, however, that B” now occupies the left-hand side of
(BI), and that the right and left indices are to be congidered
ag interchanged. The method of locating the decimal point
ia the same 8a given in paragraph 64.
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X. COMBINED SETTINGS.

62, LIST OF SETTINGS.—The adaptability of the slide
rule to the ordinary caleulations is exemplified by the following
list of settings. Only those operations requiring a single pet~
ting are given, although the list might be increased indefinitel
by using the runner for intermediate results. The reader wi]y.lv
observe that alternative methods of procedure are possible for
?lllmost every setting, and he is urgetf to become familiar with

em.

In the following settings a, b and ¢ stand for any numbers
whatsoever, while x represents the required number. Care-
ful attention must be paid to the number of digits in the num-
beta of which roots are found. The decimal point may be
located in each problem by properly combining the pre-
ceding rules, or by inspection in most cases.

SETTINGS FOR ONE NUMBER.

x=a’—O0Over a on D and read x on A,

x =a*—S8et 1 on Ctoa on D; at a on B read x on A,

x —a*—Set 1 on C to a on D; over 2 on C read x on A,
x=1+a8etaonCtolonD;atlonCread x on D,
X=1+p*~Set on Ctolon D;overlon C read x on A,
x = Va—DUnder & on A read x on D,

x = v:"—Set 1on CtoaonD; undera on B read x on I,
x = ¥a—S8ee paragraphs 54 and Gl

x=1+Va—Set1lon Btoagon A;atlon D read x on C.

PEHAPARRERDH

SETTINGS FOR TWO NUMBERS.

. x=—axXbhb—Setlon CtoaonD;atbon C read x on D.
1Il. x=a->b—Set bon € to a on D; at 1 on C read x on D,
12, x —a X b*—Set 1 on B to a on A; over B on C read x on A.
13 x =a -+ b*—8et b on C under a on A;atlon B read x on A
14, x = a*+ b—Bet b on B over a on D; at 1 on B read x on A.
15. x = a? X b™—Set 1 on C to a on D;overbon C read x on A.
16. x —a? - b:—Bet b on C to a on D;overlon C read x on A,
T x=a"<-b—Fet b on B to aon A;overaon C read x on A.
1. x=a?+b"—Set hon Ctoaon D; ataon B read x on A,
19. x=at - b*—Set b on Ctoa on D:overaon C read x on A,
20, x =va X b—Setlon Btoaon A;underb on B read x on D.
21 x = Ve = b—Setbon B ton on A; under 1 on B read x on D.
22. X=a X vb—Betlon CtoaonD;under b on B read x on D,
23. x=a+vb—Setbon Boveraon D; at 1 on C read x on D.
24, x = Va = b—Set b on Cundera on A;at 1 on C read x on D.
25, x=Va®*+-b—Setbon Btoaon A;ataon C read x on D,

28, x:\/n.’—:—b—Selt}b on C to aon D; under 2 ohh B read x
on D.
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SETTINGS FOR THREE NUMBERS,

2l.x=aXb<-c—Setcon CtoaonD;ath onCreadxon D.
28, x ' X b+ c—Set c on B tob on A; overna on C read x

on A.

20, x =aX b-+c—Set con Cunder a on A; at b on B read x
on A

0. x == a? X b? - ¢—Set con B over a on I}; over b on C read x
on A

M. x=a?X b3 c>—BetconCtoaonD;atbon B read x on A,

2. x=a>X b*+ ¢"—8et ¢ on C to a on D; over b on C read x
on

B.x=vaXb-+oe—BetconBtoaon A; under b on I§ read x
on

M, x=vaX bxe—N8et ¢ on C under & on A; under b on B
read x on

W, x—a X vb-e—SetconBtobonA;ataon C read x on D,
3G.x:vfxb+wSetco:bC to b on D; under a on I read

x on
U.x—=aXb- Ve—Set ¢ on B gver a on D; at b on C read
x on D. \

XI. SCALE OF SINES.

63. NOTATION OF SCALE.—On the back of the slide are
three scales, each extending the full graduated length. Two
of these are trigonometrical scales and the other is the scale of
logarithms. The scale of sines is arranged above the other
two and is marked for identification bg' the letter S. 'This
scale is graduated from approximstely 0° 35" to 90°, as shown

in Table 1V,
TABLE IV.—SCALE OF SINES.
35 10° 20° 40° 70° 80°
oo, |6 | (g | 2| B8
Number of divisions...... 113 60’ ' 40] I 309 5u ' go
Value of each division.... | & 10 30 1 2! 5

64, NATURAL SINES.—If the slide be turned over so that
the sine scale is adjacent to scale A of the rule, then with cor-
responding indices in line any angle on 8 is in contact with its
natural sine on A, The maximum value of the sine is 1, the
sines read on A’ having — 1 digit, while those on A’ have zero
digits. Thus sine 8° 35’ is .0625, and sine 20° 30’ is .350.

"The sines may also be found with the slide in its normal
position by setting the angle to the upper index mark in the
right-hand recess in the base of the rule. The sine i then
read under either index of A", and the decimal point is located
by rememberin%)that angles between 35’ and 5° 44’ have — 1
digit, and those between 5° 45" and 90° have zero digits. Sines
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of anglés greater than 90° may be determined from the fol-
lowing:

From 90° to 180°, sinc a° =sine (180°—a®),
From 180° to 270°, sine a° =—sine (a°—180°),
From 270° to 360°, sine a° =—sine (360°—a°).

65. SINES OF ANGLES 40° TO 90°.—Tt will be seen iliat
the divisions rapidly diminish in length, making it impossibie
to obtain accurate readings toward the end of the scale.
Hence in most cases it is desirable to calculate the sines of
angles between 40° and 90° using the rclation,

a ]
sine a® =1—2 Xgine? @--2 il

7&0

-]
The angle ﬂz

is get to the index of the recess and on

B under the index of A" is read the corresponding sine, or
x, which is squared without chifting the slide by reading
on B under x on A. This final value on B is then doubled
and subtracted from 1.

°—78° 14

As an example, find the sine of 78° 14, Sct il 5

5° 53’ to the upper index of the right-hand recess and under
cither index of A read .1025 on B, which squared gives .0105
on B under .10250n A”. Hence sine 78° 14’ =1—2 % 0105 or
979,

or

66. SINES OF SMALY, ANGLES,—The sines of angles Iess
than 35’ are almost exactly proportional to the corresponding
angles, s0 that they may be read off directly. For this purpose
there is a graduation on the sine seale designated (") and
another one marked (). (Sce Plate I, Setting 4.} For the
sine of a small angle expressed in seconds, the graduation ()
is placed in contaet with the number on A which is numerically
equal to the given angle, and then over the index of 8 is read
the sine. For small angles expressed in minutes the gradus-
tion ('} is used in the same way. In locating the decimal
pointa of these small angles, it must be noted that the sine of
angles lesa than 2’ has — 5 digits; sine 3" to sine 20’ has —4
digits; sine 21" to sine 3°26" has —3 digits; and sine 827" to
sine 34°23" has — 2 digits,

67. MULTIPLICATION AND DIVISION OF SINES.—
The sines of angles may be multiplied or divided by the ordi-
nary method for numbers, having scale S in contact with A.

. TO MULTIPLY BY BINE, TO DIVIDE BY RINE.
A |'to number  |read product A tonumber  Iread quotient

B | Setindex |ae angle S_l Set angle |At index




a0 MANNHEIM SLpE RULE

To divide the sine of an angle by any number, proceed aa if
dividing the number by the sine, but then read the quotient on
B at the index of the recess. The decimal point ghould be
located by inspection.

68. NATURAL COSINES.—The cosine of any angle a° is
equal to sine (90°—a°). Hence by setting (90°—a®) on the
sine scale cosine a° is determined directly; and it may be
multiplied or divided by the ordinary methods for sines, For
accurately finding the cosines of angles less than 50°, it is usu-~

. ally desirable to employ the following relation:

o
: .. A
cosine 8° = 1—2 Xsine? 7"

The cosines of angles between 89° 25" and 90° may be found

by means of the special graduationa (") and (*) on scale 8, as
noted in paragra E 66 for sines of small angles.

Cosines of angles less than 84° 15’ have zero digits, while for
angles between 84° 16’ and 89° 25’ there is one zero directly
fol owing the decimal point. The cosines of angles greater
than 90° may be determined by means of the following:

From 90° to 180°, cosine a® =—sine (a®—00°).
From 180° to 270°, cosine a® =—sine {270°—a°),
From 270° to 360°, cosine a® =sine (a°—270°).

69. NATURAL SECANTS.—The secant of an angle is equal
to the reciprocal of the corresponding cosine. Hence for any
angle a°, (90°—a®) on 8 is set to the index of the recess, and
over 1 on B is read secant a° on A; or with (90°—a°) on 8 set
to 1 on A, secant a° is read on A over the index of 8. It is
advisable to fix the decimal point by inspeetion.

70. NATURAL, COSECANTS.—The cosecant of an angle
i8 equal to the reciproeal of the sine of that angle, which may
be found directly over the index of B with the angle set to the
index of the recess. If scale 8 is placed in contact with A, then
the angle on 8 is set to the index of A, and at the index of S
is read the cosecant on A. The decimal point should be
located by inspection, remembering the rules for decimals in
sines.

71. NATURAL VERSED SINES AND COVERSED SINES.
—The versed sine of a® equals (1—cozine a°), while the co-
versed sine of a® equals (I—sine &°). These functions are
found by obtaining the cosine and sine respectively, and sub-
tracting the results from 1.

XII. SCALE OF TANGENTS.

72, NOTATION OF SCALE.—AIeﬁg the lower edge of the
under side of the slide is a scale of tangents marked T. It is
used in conjunction with the lower scales, and with them gives
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directly the natural tangents of all angles from a proximately
5° 43’ t0 45°. From 5°45' to 20° there is a total of 171 divi-
gions on the ten-inch slide rule, each having a value of 5, and
l‘rmlr(l] ?0" to 45° there are 150 divisions, each being equivalent
to10".

73. NATURAL TANGENTS.—By placing scale T adjacent
to D of the rule and setting corresponding indices in line, the
natural tangent of any angle on T is found in contact on I}, -
Ta.ngﬁnts may also be read with the slide in its normal posi-
tion by setting the angle on'T to the lower index of the left-
hand recess of the rule and reading on C at the index of D.
Thus the tangent of 13° 30’ is .24, the result always having
zero digits for angles between 5° 43 and 45°. Tangents of
angles greater than 80° may be determined as follows:

From 90° to 180°, tangent a°=—tangent (180°—a°).
From 180° to 270°, tangent a° =tangent {a°~—180°),
From 270° to 360°, tangent a® =—tangent (360°—a°).

The tangents of angles less than 5° 43" are very closely equal
toe the corresponding sines, and hence may be determined di-
rectly from scale 8, For very small angles ex;nressed in sec-
onds or minutes, the special graduations (') or (') respectively,
on geale S give accurate results for tangents also,

74. TANGENTS OF ANGLES 45° TO 90°—For these
angles the natural tangents may be obtained by means of the
relation, .

1

tangent (90°—a®)’

This operation is performed in one setting by placing (90°—s°)
on T to 1 on D, and at the index of T reading tangent a° on D.
Tangents of angles between 45° and 84° 17 have 1 digit; be-
tween 84° 18° and 89° 25, 2 digits; and at 90° the tangent is
infinite.

75. MULTIPLICATION AND DIVISION OF TANGENTS.
~—Problems of this kind are solved by the ordinary methods
of multiplication and division as explained for natural sines
in paragraph 67.

76. NATURAL COTANGENTS.—The cotangent of an an-
gle equals the reciprocal of the corresponding tangent. With
the elide in normal position the angle on T ig set to the index
of the left-hand recess, and at 1 on C is read the cotangent
on D; or with the slide turned over, the angle on T is brought
in contact with one on D, and at the index of T is read the
cotangent on D. The decimal point may be located by in-
spection, remembering the rules for tangents.

77. SOLUTION OF TRIANGLES.—The angles, sides and
areas of right and obtuse angle triangles are readily determined
by the slide rule. The relation of the parts are given in books

tangent a° =
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on trigonometry, while the methods of solution for the un-
known quantities will be apparent from the preceding text.

XIII. SCALE OF LOGARITHMS.

78. GENERAL.—On the back of the slide between S and T
iz & scale of logarithms progressing from right to left the full
graduated length of the slide, and having equally spaced grad-
uations throughout. On the ten-inch slide there is a total of
500 divisions, each representing .002. ‘This scale used in
conjunction with the lower scale gives directly the mantissa
or decimal part of the logarithm of any number. The index
of Cissct to the number on D and at the proper index of either
recess ig read the mantissa on the scale OF logarithma. In this
way the logarithm of 2 is seen to be .301; logarithm of 3 = .477;
and similarly for all numbers. Table 1 may be derived in
this way, i

It finding & series of logarithms it is often advisable to set
scale D in contact with the scale of sines with the indices in
line. The scale of logarithms then progresses from left to
right. By means of the runner the mantiss® are read on the
scale of logarithms directly above the corresponding numbers
on D,

79. CHARACTERISTIC.—In determining powers and
roots attention must be paid to the characteristic or whole part
of the logarithm. According to the common system the char-
acteristic of the logarithm of any number is one less than the
number of its digits. Thus the characteristic of 11.83 is 1; of
487is2; of .00691is— 3. 'The complete logarithm of a num-
ber is the sum of its characteristic and mantissa, the latter
always being positive, while the characteristic may be either
positive or negative. For example, the logarithm of 80,000 is
4.903; of 90 is 1.954; of .004 is 3.602, the — gign above the 3
in the last case indicating the negative characteristic,

80. POWERS AND ROOTS.—From the principles of loga-
rithms explained in Chapter II, s number may be raized to
any power by multiplying the complete logarithm of the num-
ber by the index of the required power, and then finding the
number corresponding to the resulting iogaljlthm. For roots
the complete logarithm of the number is divided by the index,
and for negative powers or roots the logarithm of the recipro-
cal of the number is multiplied or divided respectively, by the
index, Having found the resulting logarithm in any case, the
mantissa on the seale of logarithms is set to the index of either
recess, and at 1 on C is read the correspondininumber on D.
The decimal point in the power or root 18 fixed by the resulting

characteristic. As an example solve \*/ 246, Bet 1 0n C to
24.6-on D, and read .391 on the scale of logarithms at the
index of the recess. The complete logarithm is 1.391, which
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multiplied by 5, the index of the power, and divided by 8, the
index of the root, gives 2,318 ag the resulting logarithm. The
mantissa 318 on’ the scale of logarithms is then set to the
mdex of the recess, and at 1 on éags found 2080, ...on D.
Bince the characteristic of the resulting logarithm is 2, the
answer to the example is 208, ’

In raising & number less than 1 to a power of which the ex-
ponent involves a decimal, care must be taken to keep the
mantissa of the logarithm of the power, which is positive,
separate from its characteristic, which is negative,

XIV. EXAMPLES.

The following examples are intended to illustrate the
plication of the Mannheim slide rule to common probler?l];:
and should be earefully noted by the beginner. The settings
on pages 27 and 28 should then be studied, numbers at randor
being substituted for the letters,

MULTIPLICATION (See Par. 28 to 33),

1. Find the circumference of a wheel 31 inches in diameter.
ince circumference =3.1416 Xdiameter, set the left index of
scale C to 3.1416 on D, and at 31 inches on C read 97.4 inches
on I, (See Par, 28.) This example may also be solved on
the upper acales, where & special graduation is marked at
7=3.1416. The solution may be further simplified by using
-the geometrical ratio between diameter anciJ circumference
given ok page 64, Thus by setting 226 on C to 710 on D, the
;eqll_‘nred circumference 97.4 inches is read on D under 31
inches on C. Any other circumference within the range of
contact of the soales may be read without further shif ting the
slide. The decimal point may be Jocated by inspection of the
problem or by the rules stated in Par. 32,
. 2. What is the cost of 9} yards of cloth at $.45? Set the
gl‘igllng md%r o{ g} 2tso $.4(5_} on PS' and by means of the runner read
.16 on D at 9.25 on C; eo Plate I, Setting 1, Readi
and Par. 28 and 32.) #lpoading,
3. Determine the capacity of a tank 7.3 feet long by 3.9
wide by 4.6 hi Set the rijéht mdex of Ct0.7.3 on 5; ring
the hair-line of the runner to 3.9 on C; shift the right index
of C to the hair-line; then, by means of the runner, read 131
cu}!nc Fi‘}!:ctl 211]1 D :t. 4.6 fon C.  {(See Par. 30.)

; e Interest for 1| year at 4.5% on $2,470; 33,100;
$163; $5,580; $6,500; $72.200; $895, $O0L 000, Lor
right index of C to .045 on D and by means of the runner read
on D at the given amounts on C, $111.20; $1,439; $20.83;
$251.10; $295.20;  $3,249; $40.30; $44,800: respectively,
(8ee Plate I, Setting 1, Readings b, and Par. 31 and 32.)

DIVISION. (See Par. 84 to 42.)

5. At a schedule speed of 34.2 miles hour, in what ti
does & train travel 648 miles? Set th plfrwme to 648 oﬁl%e;
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bring 34.2 on C to the hair-line and at the left index of C
read 18,95 hours on D. (See Plate I, Setting 2, Readings
a, and Par. 34 and 41.)

6. Calculate the brake horse-power of an engine required
to drive a dynamo delivering 96.5 kilowatts at an efficiency
of 89%,. The problem may %e solved as follows:

96.5 o )
Brake H. P'_._ﬂﬁ—X.S_Q' Set the hair-line to 96.5 on D;

bring .748 on C to the hair-line; shift the runner to the left
index of C; set .89 on C to the hair-line and at the right index
of C read 145.2 brake horse-power. (See Par. 36 and 41.)

7. Convert to miles: 1,230 feet; 16,900 fect; 214 feet;
3,220 feet; 49,800 feet; 5,230 feet. Since 5,280 feet =1 mile,
set 5,280 on C to the right index of I and under the given
number of feet on C read on D), .233;3.2; ,0405; .61;9.44; .99;
respectively. (See Plate I, Setting 2, Readings b, and
Par. 39).

8. Find the reciprocals of 120; 25.6; 317; 4,320; 563;
68.2; .0776; 84.9; 9,620. Since the reciprocal of a number
equals 1 divided by the number, the reciprocal of 129 may
be found by bringing 129 on C to the left index of D, and then
et the right index of C is read 00775 on D. Similarly the
other reciprocals are found to be .0391; .316; .0002315;
.001778; .01468; 12,89; .0118; .000104; respectively. (See

Par. 37)) -
PROPORTION. (See Par, 43 to 49.)

9. If a pump delivers 5,300 gallons of water in 28 minutes,
how many gallons will it deliver at the same rate in 1.5 min-
utes; 20; 382; 40; 457 Set 28 minutes on C to 5,300 gallons
on D, and under the given times on C read: 284; 3,790;
72,300; 7,580; 8b.2; respectively. (See Plate I, Setting 2,
Readings ¢, and Par. 44.)

10. A pinion turns a 40-tooth gear wheel 36 revolutions
per minute. ¥ At what rate would the gear revolve if it had
18 teeth? This is a problem in inverse proportion in which
a less number of teeth produces a higher rate of rotation. _ Set
40 teeth on C to 18 teeth on D over 36 R, P. M. on D read
80 R. P. M. on C. (See Plale ¥, Setting i, Readings c,
and Par, 45.)

11, Convert to meters: 982 feet; 87.3 feet; 7.64 feet; 6,560
feet; 546 feet; 43.7 feet; 328 feet. From the Ratios of
Length, gage 64, set 82 on C to 26 on D and under the given
feet on C read the following number of meters: 299.5; 26.6;
2.33; 2,000; 166.5; 13.33; 100; respectively. (See Par. 46.)

POWERS AND ROOTS. (See Par. 49 to B7.)

12. Find the area of circles having diameters of 9.5; .842;
73.4;68.7;.0581; .426; 3.79; 24.3; 1.336. Since the area of a

. circle= ¥ {diameter)? =.7854 (diameter)?, set the right index
of B to the special graduation 7854 on A, and by means of the
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runuer read in line with the diameter on C the areas on A,
respectively as follows: 71; .5538; 4,230; 3,700; .00265;
1425; 11.25; 463; 1.40. (See Plate I, Setting 3, Readings
a, and Par, 51.)

13. Find the square root of 13.33; 24.5; 3.17; 497; 5.09;
63.1; .764; .0832; .00089. Set the hair-line over each num-
ber on A’ or A”, and under the hair-line on D read the square
roots, respectively, as follows: 3.655; 4.95; 1.78; 22.3; 2.255;
7.95; .875; 28857 0995, (See Par. 52.) -

14. Calculate the cube root of 46,700. Invert the slide
80 that scales A and C are in contact; bring the right index
of C {(now at the left end) to 46,700 on A’; read the cube root
36 onlli) in contact with the same number on B”I. (See
Par. 61.

ANGLES AND LOGARITHMS. (See Par. 63 to 80.)

15. Find the natural sines of the following angles: 38° 30';
17° 50°; 6° 15°. Set the given angles on scale S to the index
line in the right recess of the base, and under the right index
of A” read on B: .623; .306; .109. (See Par. 64.)

16. Find the natural tangents of 6° 53’; 21° 40°; 42° 10,
Set the given angles on scale T to the index line in the left
recess of the base, and at the left index of D read in turn on C
;:he rggu)ired tangents: .121; .397; .906; respectively, (See

ar. 73.

17. Raise 13.6 to the 1.83 power. Set the left index of C
to 13.6 on D, and at the index line in the right recess of the
base read the mantissa .134. The characteristic is 1 and the
complete logarithm is 1.134, which, multiplied by 1.83, gives
2.075. Set the mantissa .075 to the index line of the right
recesg, and at the left index of C read 1189 on D. Since the
characteristic of the product is 2, the answer is 118.9. (See
Par. 80.) .

. 18, A right-angle triangle has a hypothenuse of 6.4 inches
with an angle of 25° between it and the base. Find the base
and altitude. Reverse the slide so that scales A and 8 are in
contact. Since base=6.4Xcosine 25° =6.4 Xsine (90°—25°),
get the right index of S to 6.4 inches, and at 65° on 8 read 5.8
inches on A. The altitude =6.4 inches Xsine 25° =2.7 inches.
(See Plate I, Setting 4, Readings a, and Par. 67.) ’

19. Calculate 8 <tangent 26° 15" Set the right index of
Seale T to 8 on D and at 26° 15’ on T read 394 on D). (See
Plate I, Setting 4, Reading b, and Par. 75.)

20. Find the logarithm of the following numbers: 1253;
238.6; 3.97; .628; .00913. Reverse the slide so that scales
8 and D are in contact with the corresponding indices of
fized rule and slide in line. By means of the runner read
the mantisse on the scale of logarithms opposite the numbers
on D. The complete logarithms are, respectively, as follows:;
3.008; 2.373; 0.509; 1.708; 3.96. (See Par. 78.}
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Part ll—Multiplex Slide Rule

PATENTED ATG. 9, 1904} NO, 767,170,

I. INTRODUCTION.

1. APPLICATION.—As its name implies, the Multiplex
alide rule is a ealeulating instrument of many uses. Not only
does it broaden the field of application, but it offers s con-
¥enient means of more rapid working and greater accuracy.
The theoretical and mechanieal principles upon which the
Multiplex slide rule is based are 1dentical in all respects te
thoss underlying the action of the ordinary Mannheim rules.
The operator has but little more to learn to gain a great deal.

Not only does the Multiplex solve all the arithmetical frig-
onometrical and logarithmic examples which are possible wit
the Mannheim, and in the same convenient and rapid manner,
but it further possesses the following characteristic advan~
tages:

1. It multiplies three numbers in one setting,

2. 1t divides one number by two numbers in one saetting,

8. It sclves inverse proportion more conveniently.

4. It solves in a single setting & series of divisions having &
eonstant dividend.

5. 1t gives cubes and cube roots directly,

6. It gives three-halves and two-thirds powers direetly.

7. It wolves in a single setting many combined operations
which require the shifting of the slide of 3 Mannheim rule,

2. ACCURACY.—The division of all scales is practically
perfect, so that the only errors which enter into caleulations
are those due to setting and reading, Hence by reducing the
number of times that the slide must be set and the scales read,
the result of any caleulation becomes more aceurate, even
where shorter scales are employed.

3. SAVING IN TIME.—Next to accuracy of resulta the
calculator is most concerned with rapidity in working. Here
again the Multiplex rule is of advantage, since it eliminates
some of the settings and readings required in many of the
comumon problems,
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4, MECHANICAL ADVANTAGES,—Due to improved de-

gign the Multiplex is & Kerfect acting
and durable slide rule. study of the
following text will reveal to the reader
a simple instrument, of wide applica-
tion, eapable of rapid and accurate re-
sults, and one of superior and lasting
mechanieal properties,

£. NOTE.—All proceases of multipli-
eation, division, proportion, powers,
roots and logarithms, together with the
determination of trigonometrical func-
tions and combined operations, may be
solved with the Multiplex just as with
the Mannheim, ¥ence in the follow-
ing text only those settings which are
applicable to the Multiplex alone will
be considered, the other features and
priucigles common to both types of
rules being understood from Part 1.

il. CONSTRUCTION.

6. GENERAL.—The mechanical con-
struction of the Multiplex is in general
gimilar to that of the Mannheim, there
being the same arrangement of body,
plide and runner. Five sizes of each
of two forma of the Multiplex are now
manufactured, one form having a re-
ciprocal scale but no cube scale, while
the other has both of these features,
The cube scale is located on the side of
one fixed rule, where it ¢cannot confuse
the operator in examples not requiring
its use, but etill is conveniently accessi-
ble when needed. The addition of the
cube scale and the substitution of the
reciprocal gcale for B’ are the only
differences between the scales of the
Multiplex and the Mannheim slide
rules. The scales of sines, tangents
and logarithma are identical m arrange-
ment and wse for both types,

7. RECIPROCAL SCALE.—Alon,
the left-hand side of the upper edge o
the slide there is & complete logarith-
mic scale progressing in the reverse

irection, from the center index of B
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toward the left. This scale will be called the reciprocal
scale of B, or Br. It is exactly one-half the length of C
or D, and hence equal to that of A’, AY or B”, Secales
Br and B” are also identical in every other respect ex-
cept that they progress in opposite directions from the
center index of B, In order to avoid any possible con-
fusion, the numbers on scale Br are colored red. In this
way the attention of the operator is immediately drawn
to the fact that the scale in question progresses in the
reverge direction, from right to left.

8. CUBE SCALE.—This scale is located on the side of that
fixed rule which carries seale D, It is composed of three
identiesl and complete logarithmic seales, E', E” and E, -

rogressing from left to right. Each is exactly one-third the
ength of C or D and two-thirds that of any one of the upper
scales. The outer indices of E are accurately in line with
those of the fixed rules, while the indicator line (1. L.) of the
cube scale is carried on a depending lip of the runner and is
accurately in line with the hair-line.

9. READING SCALE Br.~The division of the recip-
rocal scale is identicat with that of the other upper
scales, as shown in Table I for the righthand index
equal to 1.

TABLE .—VALUE OF DIVISIONS ON SCALE Br.

BIER OF FART OF BACH MAIN | EACH MINOR suiti:sm
RULE BCALE DIVIBION DIVIBIGN Siviaos
5 Inch 10to 6 1.00 ae .20
Gtod . 1.00 W .10
Stol 1.00 .10 .05
8 or 10 Inch 10to 6 1.00 s .10
- btol 1.00 .10 .05
2t01 1.00 .10 .02
16 or 20 Inch 10t04 1.00 .10 .05
402 1.90 .10 .02
2tol 1.00 .10 .01

A little practice will accustom the reader to accurately
and quickly read the reversed graduations and to readily
pass from this scale to others progressing in the opposite
direction. Fig. 1 (see page 40) should he carefully
examined and compared with the ten-inch rule, and
then the -following settings and readings should be
performed with the reciprocal scale. Set 3 on Br to 4
on A’ and at 1 on Br read 12 on A; note that 3 on A’
and 4 on Br are likewise in contact, and that 12 on Br
is at the center index of A, Set 125 on Br to 36 on A’
and at 1 on Br read 4500 on A’. Set 1 on Br to 884
on A" and at 425 on Br read 2,08 on A",
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10. READING SCALE E.—Scale E consists of the three
parta E’, E” and E'”, the first being taken on the extreme left
and B’ on the extreme right. Each of thesc scales progresses
from left to right and is divided in exactly the same way as
the upper scales of the slide and rule.

IITl. MULTIPLICATION.

11. MECHANICAL PRINCIPLES.—By drawing two linear
ecales with equal divisions throughout, but progressing in
opposite directions, the addition of any number of units on
one with those on the other may be obtained mechanically by
setting the two quantities together, as shown in Fig. 2, With

LE A .
SC{I 4 a [ L

N,
|

i 4
SCALE Br

——
—tm

e ]
L ey e 103
B st o B
ot

o L] . 7

FIG. 2. ADDITION AND SUBTRACTION WITH REVERSED BCALE.

0 on Br et to 7 on A, it will be observed that those numbers
whoae sum is 7 are in contact.

12. TWO FACTORS.—From the simple principle of the
preceding paragrag(l)l it will be evident that by setting the roga-~
rithm of any number on Br to the logarithm of any number on
A, their sum, which is the logarithm of the corresponding
product, is found on A at the index of Br. In the manner
shown in the tabular statement below, the logarithms are
added exactly as with scales progressing in the same direction.

A ! 1o second number | read product I Br

Br | Set one number | At 1 li A

13. THREE FACTORS.—One of the many useful advan-
tages of the Multiplex rule is multiplication of three numbers
with but one setting of the glide. It will be observed that the

roduct of two factors, using scale Br, is found on A at the
index of Br, which is then the rcquireci setting for the multi-
plication of that product by any third factor on B”, within the
range of contact,
A’ | to gecond number || A 1 read final product
I

Br I Set one number ;i At third number
The firat and second factors are always taken on Br and A’,
from which it will be observed that the logarithms of the three
numbers are directly added.

14, CONSTANT PRODUCT.—If the index of Br or B” be
vet to a given number on A, all combinations of two factors
whose products equal the given number will be fourd in con-
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tact between Br and A. Similarly if the produet of three fac-
tors is to be a constant quantity, then all seta of the factors
may be determined by setting the runner to the given quan-
€ity on A” and bringing any number on B to the hair line,
the other two corresponding factors then being in contact on
Br and A, These principles are of much importance in en-

ineering design work and are characteristic features of the

ultiplex slide rule. .

15. PROPORTION.—Direct pro rtion is best solved with
the sealea C and D or A and B”. Inverse proportion is most
conveniently performed by means of the rec)grocal scale of the
Multiplex rule, the method being similar to that for the Mann-
heim rule with ita slide inverted. As an examiple, assume that
the electrical resistance of 1,000 feet of copper wire having a
cross-gection of 350,000 circular mils in .030 ohm. What iz
the resistance of 1,000 feet of copper wire of 500,000 c. m.;
800,000 ¢. m.?

A | to .030 ohm 1 read 021 ochm I read .0131 ohm

Br || Bet 350,000 c.m. | At 500,000 ¢. m. | At 500,000 ¢. m.

By this method the problem is solved ae if dealing with direct
proportion on the other scales.

16. DECIMAL POINT.—The ruies for locating the decimal
point in a product obtained by using the reciprocal scale are
simple and may be remembered as follows:

If the first significant figure of the product of two numoers 18
greater than the first significant figures of either factor, the number
f{ digits tn the product is one less than the sum of the number of

igits in the two factors; if less, the number of digits in the product
dsequal to the sum. Where the first significant figures are the
same, the following figures must liketvise be compared.

The number of digits in the product of three faclors oblained
in one seiting is two less than the sum of those in the three factors
if the final product is read on A’, and 18 one less than thetr sum
if read on A",

In multiplying more than three factors together the ahove
rules are combined, or the decimal point is located by inspec-
tion, ¢

17. EXAMPLES.—The reader should work the following
examples, using scale Br, and then compare the operation in
each case with the process required for the lower seales:

FINAL PROD- [ 0 o
BUM OF vCeT 7
EXAMPLES Diarrs HRAD D :;:zeg:% ;: ANBWER
ACALB
24X1.42X18.2.. ..., |53 A’ 3 620
182 X2.85X.087,,,,., 3 A" 2 46.7
S0024 X. 68 XT.1...... -1 A —2 L0054
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IV. DIVISION.

18. MECHANICAL PRINCIPLES.—By using linear scales
progressing in opgosit.e directions, any number may be sub-
tracted from another by seiting one ingvex to the latter number
on the other scale, and reading at the number to be subtracted.
In Fig. 2 (see page 42) the index of Br is set to 7 on A, and at
2on Brisbon A; and similarly for 1 and 6, 3 and 4, ete. In
the same way any two logarithms may be subtracted, giving
the logarithm of the quotient of the corresponding numbers.
Hence for division,

A | to dividend ” read quotient |
Br| Bet 1 Il At divisor |

19. CONSTANT DIVIDEND.—If a constant quantity is
to be divided by a series of numbers, the entire set of quotients
may be read off directly without shifting the slide. The index
of B is set to the constant dividend on A, and at the divisors
on Br are read in turn the corresponding quotients on A.

20. RECIPROCALS.—The reciprocals of all numbers may
be read directly on the Multiplex rule without ehifting the
elide. For this operation the index of Br is set to the index
of A and at any number on Br is read its reciprocal on A, or
viece versa.

.21, CONTINUED DIVISION.—Any number may be di-

vided by twe numbers in one setting of the Multiplex rule.
One divisor on B/ ia set to the dividend on A’ and at the
other divisor on Br is read the final quotient on A.

A’ [ to dividend I A| read final quotient
B"| Set one divisor [l Brl At other divisor

By this method the sum of the logarithms of the two divisors
is directly subtracted from the logarithm of the dividend.

22. DECIMAL POINT.—The number of digits in a quotient

mz}g bhe c};atermme‘gc:s foﬁllowa:f N d P

the first significant figure of the divisor i3 greater than !
of the dividend, the number of digils in the quotient of the two
numbers is equal to the number of digits in the dividend less the
number in the divisor; ¢f less, then one digit must be added to this
di}?’erence; The following significant figures are lo be compared
where the first ones are alike,

When one number is divided by two divisors, the number of
digits in the final quotient iz two more than the difference between
che number of digits in the dividend and divisors if the final
g:aoéient ‘;'s read on A", and one more than the difference 1f

on A,

A
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23. EXAMPLES.—The reader should polve the followinﬁ
problems using scale Br, and then compare this method wit
the operations required for the lower scales:

FINAL NO, OF
DIFFER= QUo- DIGITE
FIRET | BECOND
DIVIDEND ENCE OF | TIENT (IN FINAL| ANSWER
DIVIROR | DIVISOR DIGITS | READ ON Quo-

BCALE TIENT

985 .023 168 1 A 3 255
.0046 .325 .199 -—_2 Al —1 L0712

64200 8.4 3.95 2 A’ 3 187

V. POWERS AND ROOTS.

24. GENERAL.-Since the scales A’, A”, B”, C and D of
the two types of rules are identical, all problems and settings
involving them may be performed in exactly the same way.,
Hence almost all the cases given in Chapter VIIT of Part I
covering powers and roots apply equally well to the Multiplex
rule. The following solutions are best deteymined with the
Multiplex slide rule:

" 25. SOLUTION OF %,.—Problems in this form may be

solved directly by setting the reciprocal seale over a on D, hav-
ing the proper indices of Br and A in line and then reading on

BraboveaonD. For numbers less than 3162 .. . .. -’;1; may be

read on Br directly above a on C. The decimal point in such
problems should be located by inspection,

26. SOLUTION OF v—}.———For numbers having an odd
number of digits, the left index of Br is set to the center index

of A, and under a on Br is read:};:on D. Foraneven num-
ber of digits, v‘/l—a-_may be found on C directly under a on Br.

27. CUBES.—S8ince scale D is three times the length of each
of the scales comprising E, the logarithm of any number on D
i8 directly in line with t%ree times that logarithm on E. Hence
all numbers on D are in line with their eube or third power on E.

D ! Set hair line to number
E

J at I. L. read cube

If read on E’, the cube has two less than three times the
aumber of digits in the given number; if read on E”, it has
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one digit less; and where read on E’”, the number of digits in
the cube equals three times the number of digits in the given

number. Hence the cube of .16 is .0041; 427=74100; and
767 =439,000.

28. CUBE ROOTS.—The cube root of a number may be
read directly by referring from E to D as follows:

D I et hair 1 ne read cube root
E || 8¢t I L. to number

There are three cube roots of any string of figures, the proper
one for any given number depending on the number of its
digits. For numbers containing — 8, — 5, — 2, 1, 4, 7, ete,,
digits, scale E’ ia used; for numberaof —7,—4,—1, 2, 5, 8, ete.,
digits, scale E is used ; and for numbers having—6,—3, 0, 3,6,
9, ete., digits, the given number is taken on E™. There is one
digit in the cube root for each period of three figures, or less
in the extreme period, contained in the given number, counting
from the decimal point toward the left for numbers greater
than 1, and toward the right for decimals. The periods in deci-
mals indicate minus digits. With these principles in mind the

cube root of 9 is seen to be 2.08; </43,000 =35; ¥/.000,125 =.05.

29. THREE-HALVES POWERS.—Since the length of
scale A’ or A” is exactly three-halves times that of either E’,
E"” or E'”, the three-halves i)/?wer of any number may be
determined directly with the Multiplex rule by passing from
AtoE,

A
E

In this process numbers having an odd number of digits are
taken on A’, while those with an even number of digits are
taken on A”. .

The decimal point in the three-halves power may be located
a8 follows: Representing the number of digits in the given
number by Nn and those in the power by Np,

| Set hair line to numher

i at I. L. read three-halves power

For power on E', Np= ( Nn X %) e

2
For power on E”and number on A’, Np = ( Nn X %) + -;—
For power on E” and numheron A", Np= ( Nn % % ) —
For power on E", Np=Nn X %

As examples, the three-halves power of 4 is 8; (933)'=
Tr—— 3
28.500; A/ 0015 = 000,058; and A/ 66 = 536.
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30. TWO-THIRDS POWERS.—This operation is the re-
verse of the preceding, as shown below:

A |} at hair line read two-thirds power

E ] Set I. L. to number

Numbers having — 8, — 5, —2, 1, 4, 7, ete., digits, are taken
on E; for—7, —4,—1,2, 5, 8, etc,, digits, use scale E”; and
for—6,—3, 0, 3, 6, 9, ete., digits, the number is taken on E*.

By referring to paragraph 28 it will be seen that the proper
scale of E to use in finding the cube roct of a given numger
is the same as for its two-thirds power. Hence both the one-
third and two-thirds powers of any number may be determined
from the same setting; and similarly for the seeond and third
powers, and for the one-half and three-halves powers.

The number of digite in the two-thirds power may be found
8 follows, wherein the same notation is used as in the pre-
ceding paragraph:

For number on E', Np = (Nn >< %) + %

For number on E”, and power on A”, Np= (Nn x%) _— %
For number on E”, and power on A", Np = (Nn x%) + -g—

For number on E”’, Np=Nn X%.

31. OTHER POWERS AND ROOTS.—By properly com-
bining the scales of the Multiplex rule and using the runner for
intermediate results, a great variety of powers and roots may
be readily determined. For a sertes of examples involving the
same process such methods are recommended, but for a single
problem it is sometimes better to resort to the scale of loga-
rithms on the back of the slide, using the method outlined in
Chapter XIIT of Part 1.

V1. SETTINGS FOR THE MULTIPLEX SLIDE
RULE.

32. LIST OF SETTINGS.—The following settings are in-
tended to supplement those of Chapter X Part I, all of the
latter being applicable to the Multiplex rule also.” The addi-
tional value of the Multiplex slide rule may be judged from
the great variety of important operations which may be solved
in a single setting. By using tﬁe'run.ner for intermediate re
sults and settings, the list may be enlarged indefinitely.
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The operator must pay attention to the number of digits
(see Page 18, Par. 32) in the given number and the interme-
diate results, in order to determine the part of the upper and
cube scales to be used. The decimal point in the final result
ghould usually be fixed by inspection, although the preceding
rules for digits may be combined for the purpose.

The letters a, b and ¢ represent any numbers whatsoever
while x is used for the required result. It will be remembers
that I.L. stands for the indicator line of the cube scale, while
CI, B”I and BrI designate scales C, B” and Br, respectively,
with the slide inverted.

SETTINGS FOR ONE NUMBER,

1, t=at—Over a on D read x on A,

r=al—Underaon Dread z on E at 1. L.

, 2mat—S8et 1 on C toa on D; over a on Cread x on A,

x =abh—Set & on CI aver a on D; over a on Bri read x on A,

. T=a*—8et 1 on C to a on D; under a on C read x on E.

, 2=l +a=—8ct lon Brtolon A; ata on Brread x on A.

, %=1+a—Bet lon Bto1lon A; over a on D read x on Br.

, x=1-+a*—8et & on Brover s on I; at 1 on A read x on B”,

. X =1 +al—8et a on CI gver a on D; under 1 on A read x on Brl.
10. x=Va—Under s on A read x on D.

11, x=¥a'—Underaon Aread zon E at I. L.

12. 2 =¥a—8et & on CI over a on D; at a on Brl read xon D,

13. x=¥w"—&et 1 on B over a on D; under a on B” read x on E.
14, x =Va%—get a on CI over a on D: under a on Brl read x on E.
15. x =¥ a—Over n on E read x on D with runner,

16. x = P a%—=Over a on E read x on A with runner,

17. 2= ¥ai—8et 1 on Coveraon E; at a on C read x on D,

18 x=7a5Set 1 on Boveraon E; ata on B” read x on A,

19. x =V ai—Set I on B over a on E; over a on Cread x on A,

20. 2=Vall—Set a on Broveraon E; over & on C read x on A,

21 z-]./a_i—Set 1on C overa on E; under a on B* read x on D,

WOt W N

22. x=l:’nTl-—Set.a on Cloveraon E; at a on Brlread xon D,
x=1+Va—8et 1on Brtolon A; undera on Brread zxon D,
x=1+Val-—8Set a on Brovera on D; under 1 on A read x on C,
x=1+¥a—8et lon Coveraon E; at 1 on D read x on C.

. x=1=Vat—3et 1 on Bove aonE; at 1 on A read x on B”.

, xm]1 =P al—Het 1 on CI over a on E; at a on CI read x on A,

., x =1 + 1 ai—Het a on Br over a on E; at 1 on A read x on B”,

5 x-l-&l“l‘——Set 1 on 'C over a'on E; under a on Br read x on D,
- x-1+‘7i_‘:-8étuoﬁ3roverh6nE; at 1l on D read x on C,

EREyERER

Sermives ¥or TAE MurripLex Suipe RuLs 49

SETTINGS FOR TWO NUMBERS.

. x=aXb=S8etlon Ctonon D; atbon C read x on .

. x=a-b-—~SetbonCtoaonD; at 1 on C read x on D,

. x=aXb*—Setlon BtoaonA; over bon Cread xon A,

. x=a+b*—Set b or C under a on A; at 1 on B read x on A,

. x=a+b—Set 1 on Ctoaon D; at b on Br read x on A.

. z=a?Xh*—50t 1 on Ctoaon D; over b on C read x on A,

. 2 =a?+b?-~Set bor Ctoaon D; at 1 on Bread xon A,

. 2=3*Xb—Set a on Broveraon D); at b on B” read x on A.

. x=al+b—Set b on B toa on A; over a on C read x on A,

. x=a++b'—Bet b on C under a on A”; at b on Br read x on A.

- x=a3 Xb>—8et a on Br over a on D; over b on C read x on A.

. x=al+b=—Het b on C toa on D; atn on B read x on A.

. x=at+bi—Bet b on C toa on D; at b on Brrend x on A.

. x=a' Xbt—Bet 1 on C 1o a on D; under b on C read x on I.

. x=a%+blwBet b on Ctoa on D; under 1 on C read x on B.

. x=ai Xb—=8et a on CI over a on D; over b on Brl read 1 on A.

. x=a*<+b—S8et a on Cl over s on D; over b on BT read x on A.

- x=a-+bt—8et b on (I over b on D; under a on A read x on Brl,
- T=al+b*—S8et b on C to a on D; over a on Cread x on A.

. x=1+{aXb)—Beta on Brtobon A; at 1 on A read x on B".

. x=]-+(a? Xb)—Bet b on Br over a on D; at 1 on A read x on B”.
. x=1-(a? Xb?)—Set 2 on Cl over b on D; under 1 on A read x on BrL
. £=VaXb—Set 1 on B to a on A; under b on B read x on D.

. x=Vasb—Setbon B” toa on A; under } on B read x o D.

. x=aX¥b—8et 1 on C to s on D; under b on B” read x on D.

. x=a+¥b—Set b on B" ovcr a on D; under 1 on B read x on D,
5. x=VYa+b—8et b on C under a on A; under 1 on B read x on D.
. =8 X VB —Set 1 on B over a on F; under b on B’ read x on L.
. x=a+¥b:*—Bet b on B” over a on X; under 1 on B read x on E.
. x=a'X¥b*~8et b on Br over a on D; under 1 on B read x on E.
. 2=a% +¥bi—Bet b on B” over s on I; under 1 on B read x on E,
. 2=¥a®+b*—Zet b on C under a on A; under 1 on B read x on E.
; x—l’i’__Yb —SoetnonBrtobon A; ata on Cread x 0n D.

- 2=¥a3+b—Set b on B” toaon A; at s on C read x on D,

. x=VaiXb*~Bet 1 on B to s on A; under b on B” read z on E.

. x=Va?="—Bet b on B” toa on A; under 1 on B read x on E.
.x=aXPb—Set lon Coverbon E; ataon Cread son D,

. x=a+Pb—Betaon Coverbon F; at 1 on D read x on C.
.x=Fa+b—8eth on CoveraonE; at 1 on Cread x on D,

. x=a X P b>-Bet 1 on Boverb on E; at a on B” read x on 4.

. x=Pa?+b—Bet b on B” over a on E; at 1 on B read x on A.

x=a+ b —Set & on B over bon E; 2t ! on A read x on B”.

. x=a?X¥bZ—8et 1 on B aver bon E; over a on Cread x an A,
.z=Far+bBetbon CoveraonE; at 16n Breadzon A

. x=a?+ ¥ bZ—SBet 2 on C over b on E; &t I ob A read 3 0o B”.

. x=1+YaXb—Set o on Brto b oo A; at 1.on D read 5 00 C.
.x=1+(@XVhj—8etaon Ctolon D ynderbon Brreadkon D,




80 ) MurmieLex Supe Rune

SETTINGS FOR THREE NUMBERS.

78. x=aXbX¢—Beta on Brtobon A’; at c on B” read x on A.
7. x=aXb+c—SBetaon Ctoaon D; atbon Cread x on D.
80. x=a-+(bX)—Setbon B” ton on A”'; at 0 on Brread x on A,
81, x=aXbXc*—Seta on Brtob on A; over o on Cread x on A.
82. x=a?Xb-rc—Set b on Br over a on D; at 0 on Brread x on A.
83. x =a Xb +¢t>—8et 0 on C under a on A; at b on B read x on A,
84, x=a'+(bX¢)—Setbon B overaon D; st con Brread x on A.
83, x=a?Xbi-+c—8et ¢ on B” over & on D; over b on ¢ read x on A.
86. x=a?Xb+¢c*—BetoonCtoaon D; at b on B’ read x on A.
87. x=a% +(b*Xc)—Set b on C toa on I}; at ¢ on Brread x on A,
88. z=a*Xb*tct—Setcon CtononD; over bon Cread x on A,
89, x=a3Xb?+c>—8et 0 on C to a on D; under b on C read x on E.
90. x= ¥a Xb Xc—H8et n on Br to b on A’; under ¢ on B” read x on D,
Pl. x= ¥a Xb ~c—Set a on Br to b on A; under ¢ on Br read x on D.
92. x= ¥a +(5__ Xe)—SBetbon B toa on A”; ynder con Brread x on D.
93. x=aX ¥bXc—Set bon Brtocon A; at 8 on Cread xon D.
04. x= VaXb+¢—Setcon Cunderaon A; underb on B readx on D.
05, x=aX ¥b +l:_ﬂ8et con B tobon A; ataon Cread xon D.
06, x=aXbX Ve—Bet con Broveraon D; at b on Cread x on I
07. x=aXb+ Ve—SBet ¢ on B” over a on D; at b on C read x on D.
08. xa ¥a Xb+c—S8et ¢ on C to b on D; under a on B” read x an D-
9. = Va+ (Fb Xc)—Set b mbBrI under a on A; under ¢ on CJ read
xon D,
100. x = ¥a¥Xb¥ Xc™—Set a on Brtob on A’; under o on B read z on E.
101, x= ¥VairXb +c"—Het con B toa on A; under b on B”read xon E.
102, x= Vaf + (P X0 —Set b ﬁn B” to a on A”; under ¢ on Br read x
on

103, x = Vad X +c—Set ¢ mbc under s on A; under b on B” read .x
on E.

104. x=al X Vb +c—Set 0 on B” tob on A; under 2 on Cread x on E.

105. x=aXb1X Ve —Set a miE}C[ over b on ID; under ¢ on Brl read x
on E.

106. x =2 ¥b? +-c*—8et ¢ on C to s on D: under b on B” read x on E.

107, x=ad Xb* +¥ci—Setcon B ove aonD underbon Creadxon E-

VII. EXAMPLES.

The following examples are appended in order to familiarize
the beginner with the operation of the Multiplex slide rule
and to demonstrate its useful and characteristic R/}'operties.
The problems illustrating the application of the Mannheim
rule (page 33) may be solved in exactly the same waﬁz with
the Multiplex and should be studied in conjunction with these
examples. -

MULTIPLICATION AND PROPORTION.
(See Par. 11 to 17.)

1. Calculate the cost of 526 tons of steel rails at $29.50.
Set the hair line of the runner to $29.50 on A’ and bring 526
on the reciprocal scale (Br) to the hair line; at the left index
of Br pead -$15,500-om &’. - (See Plate II, Setting 1, Readings

a, and Par, 312'and 18)- - -
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2, Determine the capacity of a tank 29.5 feet long, 3.25
wide and 5.75 high, Set the runner to 20.5 on A’ and bring
3.25 on Br to the hair line; at 5.75 on B read 551 cubic
feet on A", (See Plate II, Setting 2, Readings a, and Par.
13 and 16.) . .

3. A steel plate is to have a cross section of 1.55 square
inches; what combinations of width and thickness can be
used? By setting the left index of Br to 1.55 on A’, some of
the required combinations of the two dimensions are found
in contact between Br and A ag follows: 2 and .775; 3 and
.517; 4 and .388; 6 and .258; 7 and .222; 8 and .194; 9 and
1722 (See Plate IT, Setting 1, Readings b, and Par. 14.)

4. A certain piece of work requires the services of 12 men
for 8 days, At this rate how many days would be required
for 4 men, 5, 6, 7, 9, 10, or 15?7 This is a case of inverse

roportion in which having more men requires less time.
get the runner to 12 on A’ and bring 8 on Br to the hair line,
At the different number of men read the following number of
days: 24; 19.2; 16; 13.7; 10.65; 9.6 and 6.4; respectively.
(See Plate II, Setting 2, Readings b and Par. 15.)

DIVISION. {(See Par. 18 to 23.)
5. Calculate the electric current which produces a drop of

- 7.3 volts over a resistance of .22 chm. Since current in

amperes equals drop in volts divided by resistance in ohms,
set the left index of Br to 7.3 volis and by means of the runner
read 33.2 amperes on A” at .22 ohm on Br. (See Plate II,
2, Readings a and Par. 18 and 22.)

6. in&_ the ca.pa.citi?r of a pump required to fill a water
tank holding 1,250 gallons in 4; 5; 6; 7; 8; and 9 minutes,
Set the left index of Br to 1,250 on A’, and at the given times
on Brread on A’; 312.5; 250; 208.5; 178.6; 156.3; and 138.9
gallons per minute, respectively. (éee Par. 19 and 22.)

7. Find the reciprocals of 15.8, 2.37, 38.5, 495, 547, 6.79,
0763, 8.84 and 94.9. Set the left index of Br to the left
index of A’, and at the given nmumber on Br read the cor-
responding reciprocals on A’ as follows: .0633; .422; 026;
2.02; .00183; .1475; 13.1; .1132; .01053; respectively.
(See Par. 20.)

8. Bolve i§>5<_08—4 Set the runner to 950 on A”'; bring 13
nn B” to the hair line; at 84 on Br read .87 on A’. (See
rlate II, Setting 3, Readings b, and Par. 21 and 22.)

9, Divide 4,320 by several combinationa of two factors so
28 to obtain 25 as the quotient in each case. 8et the runner
to 4,320 on A’”’; move the slide along, reading one factor on
B! under the hair line and at the same time the correspondmg
factor on Br at 25 on-A’, 85 9 and 19.2; 8 and 21.6; .7 an
%47;2?0)0 and .288; .5 and 345; 40 and 432; efc. (See

ar. 21.)- - T .
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POWERS AND ROOTS. (See Par, 24 to 31.)

10. Find the cubes of 19.3, 3.54 and .671. Set the hair
line to the numbers on D and at the indicator line (I, L.} on
the runner read on scale E, 7190, 44.4 and .302, respectively.
(See Par. 27.)

11. Find the three-halves power of 160, 8.68 and 43.7.
Set the hair line over 169 on A’ and at I. L, read 2,190 on E’;
similarly set to 8,68 on A" and read 25.5 on E"'; get to 43.7 on
A’ and read 288 on E', (See Par. 29.)

12, Determine the one-third {cube root) and two-thirds
powers of 3,860, 53.7 and .749. Set I. 1. to 3,860 on E’ and
under the hair line read the one-third power on D, 15.7, and
the two-thirds powers on A’, 246; similarly set I. L. to 53.7
on E” and read 3.775.and 14.25 under the hair line; then
bring I. L. to .749 on E”* and under the hair line read .09
and .827. (See Plate 1I, Setting 4, Readingg a and Par. 28
and 30.)

In the following examples, numbers are substituted for the
letters in some of the settings shown on pages 48, 40 and
50. The student should become familiar with the entire list
of settings as most of them are applicable to ordinary problems.

1 1 1

.1
13. Bolve the following: (1.063)7; (13.83)%; (.1879)%; (22.8)3
1

Tos0Ta Over ‘the given denominators on C read the

answers on Br as follows: .884; .00522; 28.4; .00192; 1060;
respectively. (See Par. 25 and Setting 7, Page 48.)

14. Solve 1 _ L 1 1 1

) VvZ.15i +/36.9; /4377 +/.68% /0876
For denominators having an odd number of digits (see Paﬁe
18, Par. 32), the left index of Br is set to the center index of A,
and under the given denominator on Br is read the answer
on D). For an even number of digits the answer may be read
on C under the denominator on Br. Hence the above are
equal to .683; .1647; .0478; 1.209; 3.38; respectively.
{See Par. 26 and Setting 23, Page 48.)

15. Divide 7,490 by the cube of 7.67. 8et the runner to
7,490 on A" and bring 7.67 on C to the hair line; at 7.67 on
Br read 16.6 on A’, (See Setting 40, Page 49.)

16. Multiply the cube of 2.78 by the cube of 18.3, Set the
left index of C to 2.78 on I), and bring the runner to 18.3 on C;
at I. L. of runner read 132,000 on E’, (See Setting 44,
Page 49.}

,1'_'_7_. Solve

_I_nve;p tl_lg glide so as to ha.v_e‘

s (3.415X5.07)%" s
scales CI (C inverted) and A in contact. Now set the runner.

iy

e

e ey,
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to 3.415 on D and bring 5.07 on CI under the hair line; at
the right index of D read .00334 on Brl. (See Setting 52,
Page 49.) i 3

. C Ve 03008 :
18. Caleulate =8 * V7 aTxiss 5

former set the runner to 6.03 on A’ and bring .298 on Br to
the hair line; at the right index of D read .745 on C. In
the second case 189.5 on Br is set to 7.81 on A", giving .026
for the answer. A’ is used in the first ease since the product
in the denominator has an odd number of digits, and hence
its root must be found under A’. In the second case the
product has an even number of digits and its root is under
A", (See Setting 76, Page 49.)

19. Solve +/373X2.01 405, Set the runner to 3.73 on
A’ and bring 2.91 on Br to the hair line; under .405 on B”’
read 66,4, If the last factor were 40.5 the final product under
the root sign would contain an odd number of digits instead
of an even number, and then it would be further necessary to
bring the right index of B’ to the last position of the runner
and read the answer, .21, under the center indax of B. (See
Setting 90, Page 50.)

_ (ve3.1p | "
20, Solve V@.19%2 80" Set the runner t0 83.1on A

and bring 3.19 on B" to the hair line; shift the runner to 2.87
on Br and at I. L. of runner read 27.4 on E”. If the number
of digits in the final quotient on A is even, the reading to E is
made under A”, (See Setting 101, Page 50.)

For the
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(See Example 12, page 52.)

PLATE 1I.
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(Sze Examples 2 and 4, page 51. )
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