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o .~ NOTICE.

1
THE MaNuaL oF THE MANNHEIM SLiDE RULE APFLIES PARTICULARLY TO
RULES NOS. 4031 TO 404I, AND DOES NOT COMPLETELY COVER QUR NEWER RULES,
Nos. 4041 F 70 4051, WHICH HAVE A SLIGHTLY DIFFERENT ARRANGEMENT OF
THE SCALES ON THE SLIDE, NECESSITATING THESE SPECIAL DIRECTIONS.

Qur Slide Rule Manual, when originally written, was intended for use
with our 5, 8 and 10 inch Mannheim Slide Rules, Nos. 4031 to 4041. We have
since added to our stock a 16-inch- (No. 4045) and a 20-inch {No. 4051)
Mantheim rule, which are graduated more closely than the others, having
‘from 200 to 20 subdivisions hetween numbers, whereas Nos. 4031 to 4041 have
from 100 to 10. We have also added a 10-inch rule, No. 4041 F,, which is
graduated as closely as the 2o-inch rule. With these more finely graduated
rules reading is closer by at least one figure. The arrangement of the trigo- .
nometrical scales on the slide of these rules is different from those described
in the Manual, necessitating the following different directions for their use:

The scale of equal parts on the slide is placed in coincidence with the D
scale of the rule, hence the logarithms of any number ¢n the D scale may be
read directly opposite it on the scale of equal parts withiout changing the
position of the slide. The tangent scale is placed in the middle of the slide,
and the sine scale coincides with the A scale of the rule.

: TO FIND SINES.
The scale of sines is used in connection with the A scale, as in Rules

- Nos. 4031 to 4041. Set the left hand index of the S scale to coincide with

the left hand index of the A scale. Opposite any angle on the S scale will
be found its sine on the A scale. The characteristic of any sine found on the
left hand scale of A is —1; those on the right hand have the characteristic 0.

. TO FIND TANGENTS,

The slide is set the same as for sines, and the tangent scale is used with
the A scale. By means of the indicator the tangent of any angle on the T scale
will be found opposite it on the A scale. The characteristic of any tangent
found on the left hand scale of A is —1; those on the right hand have the
characteristic o.

Sines and tangents may also be found with the slide in its normal position,

-1, e, with the A and B scales coinciding. Set the angle of which the sine

‘or tangent is sought under the index on the under side of the rule; the sine or
tﬁngent is then read on the B scale and under the right hand index of
the A scale.

SINES AND TANGENTS OF SMALL ANGLES.

Gauge points are placed on the sine scale for reading sines of angles
smaller than those given on the regular scale. Nenr thel® 10" division is the
“gecond ¥ gauge point and near the 2° division is the “minnte’ gauge point.
By placing one of these gauge points opposite any number on the A geale, the
corresponding sine of that number of minutes or seconds is read over the in-
dex of the sine scale on A. Xn order to poing off, it should be remembered that
sine 1" ig about .000005, (5 zevos, 5} and sine 1’ is about 0008, (3 zeros, 3).

The sines and fangents of samall angles being practically identical, these
gauze points, ag well as the portion of the sine scale below 5° 45, may also be
used for the tangents.

TO FIND LOGARITHMS.

The scale of equal parts is used in connection with the D scale. Set the
feft hand index of the scale of equal parts to coincide with the left hand
index of the D scale, The logarithm of any number on the D scale is then

R

read directly above it on the scale of equal parts.

Logarithms may also be found with the slide in the normal position.
Set the number on the C scale of which the logarithm is sought to coincide
with the right hand index on the D scale, and read the logarithm on the scale
of equal parts on the under side of the rule, N
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THE SLIDE RULE.

BY WM. COX.

1.~INTRODUCTION,

As the usefulness of the Slide Rule for facilitating the working out of complicated
eslculations is not confined to the Engineer alone, but may be equelly talken ad.
vantage of by the Merchant, Importer, Exporter, Spinner, Manufacturer, etc., we
purpose in these introductory remarks to explain as briefly and simply as poasx‘ble
the principles upon whose basis this instrument is constructed. To those who Bre
in the habit of using tables of logarithms, these principles will be self-evident. We
therefore request them to excuse the introduction of this, to them irrelevant
matter.

There is a very general impression that the acquirement of a facile use of the Slide
Rule is both tedious and difficult. This, however, is not the case. It may be easily
learnt in spare moments, advantage being taken of these to attain to proﬁciency by
frequent practice.

The construction of the Slide Rule is based upou logarithms, but the principles
which require mastering are few. and simple, and a little attention to the following
observations will enable any one to understand them. Each step of the ladder once
firmly gained will then become, not only an incentive, but an opening up of the way
to mount higher, by showing the logical consequences of the knowledge already
scquired.

Two general principles must at the outset be clearly understood, viz:

1st. A wnif may be represented hy a space of any length measured off from
given point : and a number composed of two or more units may be represented by a
psTaxce composed of the same number of spaces. These distances may be
increased by adding or joining on to them other spaces or distances, or decreased by
taking from them some of the spaces or distances of which they are composed.

2d. Logarithms are a series of numbers in Arithmetical Progression (as 0, 1, 2,.
8, 4, otc.), corresponding to another series of numbers in Geometrical Progressmn
(az 1, 2, 4, 8, 16, etc.)
We will take two such serieg and place them together, thus:— .
0. 1 2 3 4 5 6 7 8 9 10
1 2 4 8 i6 32 64 128 256 512 - 1024
Here the first line is a series of numbers in A. P. and they are the logarithms of
the corresponding numbers in the second line, which is a series of numbersin G. P,
A little examination of the peculiar properties of these two series will enable ua te




understand how these properties have been taken advaniage of and applied to the
Slide Rule.

1st. If we add together any two numbers of the first line a4 3 and 5, their sum 8
corresponds with 256 of the second line. Now 256 will be fonnd to be the product
of the two factors § and 32, which on the second line correspenrd with 3 and 5 on the
first line, -

2d. I we subtract one figure of the first line from any other figure of the
same line, 88 9 minus 6, their difference 3 corresponds with 8 of the second lins, and
8 will be found to be the quotient of 512 - 64, which on the second line correspond
with 9 and 6 on the first line.

3d, If we mu-ltiply eny figure of the first line by 2, as 3 x 2, the product 6 corre-
sponds with 64 of the second line, which is the square of 8, which on the second line
corresponds with 3 on the first line,

4th. If we divide any figure of the first line by 2, as 8 = 3, the guotient 4 corre-
sponds with 16 of the second line, and this 16 is the sgquare root of 256, which on

the second line corresponds with 8 of the first line, ’ 5

5th, Likewise, if we multiply or divide by 3, 4, ete., we obtain the 3d, 4ih, eta.,
power or root,

These are the peculiar properties of logarithms, which are of such immense advan-
tage in the working out of abstruse caleulations, and they have been applied to the
Slide Rule by means of our first general principle.

A series of egnal spaces are taken fo represent the numbers of the series in arith-
metio progression, and to these ure affixed the corresponding numbers of the
goometrie series,

If we thus take any given length, say ten incheg, and divide it into 1000 equal parts,
and if agrinst the starting point or zero we place the figure 1, then at the end of 301
patts we place the figure 2; at the end of 602 such parts we place the figurs 4; and
et the end of Y03 parts we place the figure 8, we obtain a logarithmie scale, which,
to complete it, merely requires assigning to it the exact position of the other and
intermediate figures up to 10. Such a scale is found on the Slide Rule; the Slide,
which is marked like the Rule, being for the purpose of adding or joining a given
number of spacea on to any other given number of spaces taken on the Rule, just as
if we marked off three inches on a sheet of paper, and teking two inches in the
opening of a puir of compasses or on a glip of paper, joined these on to the former
three, thus indicating on the sheet of paper the position of 5, or the sum of 3 and 2;
but with this difference, that on the Slide Rule the adding of 2 spaces to 3 gives the
produc! 6 and not the sum 5. In the same way, the Slide serves to take any number
of spaces from any other given number on the Rule, the result of w hich, equivalent
to subtraction in ordinary arithmetic, becomes division when n logarithmic scale
-18 used.

‘The various operations therefore of Multiplication, Division, ete., are performed
exnctly as described in the ease of two series of numbers in arithmetical and geo-
metrical progression.

2.—DESCRIPTION OF THE MANNHEIM SLIDE RULE.

The Slide Rule, as recently perfected by Mabnheim, an officer of Artillery at Metix,
i# ganerally "made of well-seasoned box-wood, and is about 10 inches long, 1} mohe!

broad, and } to § inches thick. In a later form introduoed by us, and embodying the
pame improvement, it i3 made of mahogsny and faced with celluloid, on which are
engraved the graduations, the strong contrast between the white ground of the cellu.
foid and the black lines rendering the “reading ” easier than in the case of the less
distinot graduations on wood. Along the centre a slip of the same material slides
enaily from left to right and right to left, in a groove to which it is accumtely fitbed,
ita face being perfectly level with the Rule. This ia the Slide,

Relercace to the accompanying figure will make the following explanations clean
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*0On the Rule will be seen, along ite whole length, and close to the uppse adge of
the groove, & series of graduations, with an identically similar series along the upper
edge of the Blide, These form the upper scales, called for easy reference 4. and B,

Another series of graduations will also be seen on the Rule along the lower edge of
the groove, with a corresponding series on the Slide. These are called O and D, and
ars the lower soales, The starting or initial points of each scale on the ieft hand,
marked 1, are the lefi indices, and the terminating points on the right, marked also
1, are called the right indices. It will be seen that the scales C and I sre numbered
1,2, 3, ste., from the left o . . . 9, 1 on the right. (The reason why this
Iatter is not marked 10 will be explained shortly.) As would be gathered from our
introductory remarks, it will be found that the space from 1 to 2 is the same length
a8 that from 2 to 4, and also from 4 to 8. It is therefore a logarithmic scaley and
joining on the distance 1 to 2 to itself by means of the elide, gives the product of
2x2 ord. So also joining on the distance 1 to 2 to the distarce 1 to 4, gives the
product of 4 x 2, or 8.

That portion of the seales on G and D between 1 and 2 will be seen to be again
divided into ten parts, also marked 1, 2. 3, etc., and each of these parte is again
divided into ten other small parts. These subdivisions would be carried throughout
{f the spaces admitted of it, but on account of their decreasing size, they are after-
wardg divided into ten parts and subdivided into halves or fifths, which must be
eonsidered as decimal divisions and not fracticnal ones,

It must now be clearly understood that the figures as marked are arbitrary, and
that the initial 1 or left index may have any value which is a deoimal part or a
multiple of 1, assigned to it, such as 10, 100, .1, .01, ete,, bat this same ratio
must be ebserved throughout the whole scale, which then becomes 20, 30 ; 200,
800; .2, .3; .02, 03, ete. All the subdivisions are consequently decimal ones, and
have their real value assigned to them Dby the fizxing of the position of the decimal
pom.t which depends upon the primary value given to the initial 1. If, for example,
we give the left index the value of 100, the other figures will be 200, 306 . . -

- *Bee front iy leaf regarding graduation of 16 * and 20” rules.
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900, 1000. The divisions between the left index and 2 will be 110,120. . . 180,
200, and the subdivisions between the initia]l 1 and the following small 1 will

be 101, 102 . . . 109, 110. The subdivisions between 2 and 8 wili be 202
208 . 208, 210, and the divisions will be 200, 210, 220 . . , 290, 300.
From 4 onwards there are ten divisions between esch two figures, which are again
subdivided into halves. Assuming the left index to be still 100, these become
400, 405, 410, 4156 . . . . 485 490, 495, 500, and so on to the right index.
It will therefore be seen that “vom 1 to 2 there are graduations which indicate
the exmet position of numbers composed of three fignres; from 2 to 4, for num-
bers of two figures and fifths; and from 4 to the end of the scales, for numbers
of two figures and halves. As we have stated, the value of the initial 1 may vary,

so any of these numbers, such as 485, may have the value of 48.5; 4.85; ,485;

48500, etc. This real value is entirely dependent upon the problem to be solved,
If a number of more than three figures be needed, the position of the others must
be *“estimated ” by the eye; and a little practice will soon render the operator pro-
ficient, mo that he will be able without difficalty to read off all numbers of three and
four figures. (See note regarding sub-divisions, page 12.);

If lines A and B of our illustration be now examined, it will be at once noticed that
there are on the Rule, as also on the Slide, two distinet but similar seales, each marked
exactly alike from the left index 1, 2, 3 9, 1, to the middle index, and then
commencing again1, 2,3 ., ., , 9,1, ending at the right index. If we give to the
left index on the upper and lower scales the value of 1, we shall have on A and B,
scales from 1 to 10, and from 10 to 100, each space of which is exactly half of the cor-
responding space on G and D. It will further be seen that 2 on the lower scales coin-
cides with its square 4 on the upper scales, 3 with its square 9, and 10 on the lower
scales with its square 100 on the upper scales. The seales A and B, being (numerically
considered) twice as long as the scales C and D, are by reason of their graduations,
end according to the third and fourth properties of logarithms, as explained in the
introduction, scales of squares of all their coinciding numbers on C and D. In like
wanner scales 0 and D form square roofs of all their coinciding numbers on A and B,

Each Instrument is provided with a Runner, which enables coinciding points
to be found on any of the scales, and also permits of extensive calculations
being worked oul without the necessity of ‘‘reading off'’ the intermediate
resnits, thus securing a greater degree of accuracy in the final one.

Such is the complete Mannneim Slide Rule. Its suceessful use lies largely in the
ability to read the graduations rapidly and correctly. This can only be acquired by
actual practice. Ii must ever be horne in mind that whatever value is assigned to the
left index, all the graduations are decimal ones whose real value depends upon that of
the index ; also that a fixed relationship exists between the upper and the lower scales.
and that whatever be the initial value of C and D, the initial value of A and B musi be
its square,

3—HOW TO USE THE SLIDE RULE,
MULTIPLICATION, D:ivisioN, PROPORTION.

All caleulations in multiplication, division and proportion are worked out on seales

C and D, a8 by reason of the grenter space allotted to each of the divisions, the results

obtained are more accurate. We shall commence with proportion, as into it are

resolved in reality, and with the Slide Rule, in actual praclice, all sums of multiplica-
tion and division.

A loading prineiple of the Slide Ruls ig that, place the Slide as we will, all the pum-.
bers on the Slide bear the same proportion to their coinciding numbers on the Rula,
Let us take the proportion or ratic of 2 to 4, We draw out the Slide towards the right
until 2 on C is exactly over.or coincides with 4 on D. It will then be seen that this
ratio of 2 to 4 exiaste between every pair of coinciding numbers as1:2, 3 : 6, 42 : 84,
115 : 230, etc. So with any other ratio, It is evident, therefore, that if we set the two
first terms of a proportion against each other on the Slide and Rule, we shall find the
third term on the Slide coinciding with the fourth term on the Rule. We have,
therefors, the following general statement ;

Any humber | , { The number } .. Any other . | Thenumber
on C *lunderit on Dy "} uwnber on C | ° 7 underit on D

We will now give the rule, and that in a diagrammatical form, which appeals to the
8ye, and simplifies the putting of it in practice, thus:

| Under third term
Find fourth term;

-Q | Set first term
D I Over gecond term

the full meaning of which is, set the number corresponding to the first term on Slide
O over the number correspending to the second term on Rule D, and nnder the num-
ber corresponding to the third term on Slide C will be found the number correspond-
ing to the fourth term on Rule D,

The reader is requested to take note of this formula or manner of stating a rule, as
the same plan will be adopted throughont. It shows graphically the method of pro.
gedure, and is much simpler than a long statement in words,

2180
Example: 12:81::30: X, or == 52.5.
C ’ Set 12 ‘ Under 30
D On 21 Find 52.5—Answer,

’

‘We shall not give here the rules for the position of the decimal point, or for ascer.
taining of how many figures the integral portion of the answer is compogéd, ag they
will be given in full further on. In most cases in actual practice it is self-evident, or
eagily determined by a glance at the figures of the problem.

This prineiple of similar proportions or ratios is one of the most important advan-
tages of the Side Rule, as it enables a vast mumber of caleulations to be made in the
simplest manner posgible. Thus, to find the circumference of a circle from its
diameter, :

Undor ANY diameter

b | On 710 | Find corresponding circumference.

C ’ Het 226 - |

The figures 226 and 710 express the ratio which alwsays exists between the diameter

of a circle and its circumference, and is equal to 1:3.14159, being correct to six

Places of decimals. Such ratios are termed Equivalents or Gauge £oints, and being |

given in this form are much ensier to set on the Slide Rule than the ordinary form of
Teciprocals. These equivalents may be worked out for any class of trade, for the




§| KEUFFEL & E 0. NEW YORK. | §

Engineer, the In:porter, the Exporter, et¢. Thus a ratio or gauge point may be tound
to express in dollars per yard the price of French sitks at 50 many francs per metre.

Example : What would be the price, in dollars per yard, of goods bought at 4 francs
per metre, exchange being taken at $3.80 for 20 francs?

Under 4
On 139 l Find 695=69) cents per yard.

e} } Set 800
D

A table of values in dollars per yard could thus be made out with the greatest
‘facility and exactitude,

We have said that Murriericatron and Drvision resolve themeselves into proportion,
for what else is the proportion 1:4:: 3 : 12 but a simple sum in multiplication, 4 and
3 being the two factors, and 12 being their product. With the Slide Rule this becomes

8} | Set 1
D | On 4

TUnder 3
Find 12—the product.

The rule for MuvrreLicaTION is therefore

C ‘ Bet 1 i Under the other factor
D ’ On one factor t Find their product,

8o of Division, which is merely the reverse of the above, and the propertion
becomes 3 :12 ::1 ; 4, and on the Slide Rules

C Set 3 Under 1
D Omn 12 Find 4—the quotient

The rule for Drvisiox is therefore

C Set divisor Under 1
D On dividend

Tind the quotient.

In thess two examples the expressions “Set 1" and *Under 1" refer to either the
loft or the right index, according as the circumstances of the case require,

It will be found in some cases that the result of an operation lies beyond the rule
either to the right or the left. For instance, the full working out of the example
giving the price of French silks wouid be
Draw slide to the right until

left index is under Runner I Under 4

I Find 695.

C | Set 800
D | On 139

Bring Runner to right index

With the ordinary §lide Rule, the result of the first getting, which is the quotient of
139800, would have to be “*read off,” and the left index of the Slide set to it, so that
the multiplication of this result by 4 might be effected. ‘The nse of the Runner does
away with this, and consequently diminishes the chances of error which might be

caused by an incorrect reading or re-setting of the Slide. The Runneris also of immenss
advantage when several factors have to be multiplied together, the final result being
alone noted, '

Example: 12 3 4 >( 5 3 = 720 is worked thus:

C ‘Setl IB.u.n.nerto4|1boRunner
DlOn12

Under 3

i
Runner to 5 I 1 to Runner
1 . i l Find 720—Answer.

-‘In the same way several divisions can be easily performed, and also a combinatior
of multiplications and divisions, as in the case of a train of wheels, ag

71X 91.4 3 35 X 17
8.5 < 42 X 5.8 X 20

= 21.8, which is worked thus:

20to R ‘ Under 17
21.8-Answer.

C ’SetB5|Runnerto214,42toR}Rto 35I5StuR’ Ritol
D'On71. ' ’ ‘ 1
|

A little practice will enable similar problems to be worked out with eass, No notice

- has so far been taken of the real position of the decimal points, the finding of which

has been left to inspection, which in many problems is all that is necessary. We now
give the rules in full with exomples and explanations.

4—THE POSITION OF THE DECIMAIL POINT,

The following are the rules for sscertaining the number of digits or figures of which
the integral portion of any result is composed, or, in other words, the position of the
decimal point. The number of figures in the integral part of a number is called its
eharacteristie, thus ;

2 ig the characteristic of 24.135.

1« ¢ o 2.730.
0 = L 0,583,
ey i £ i 0.0749,

NULTIPLICATION If the product is obained with the Slide projecting to the lefl, jta

shareteristic is the sum of the characteristics of the two factors ; but if the Slide pis
jects to the right, the characteristic of the product is the sum of the characteristics of
the two factors less 1,

Example: 45 X 2.5 = 112.5.

The sum of the charncteristics of the two factors is 3, and the Slide projects to the
left, therefore the integral portion of the product is composed of three figures.

Example: 3.3 18 =594,
The sum of the characteristics of the two factors is 3, but to obtain the result, the

Blide projects to the right. The product containg, therefore, 3—~1, or two figures
only in the integer.

Drvision.—If the quotient is obtained with the Slide projecting to the left, its
sharacteristic is the charscteristic of the dividend, minus the characteristic of the
divisor ; but if the Slide projects to the right, this difference must be increased by 1.
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Example: 33 --T.5=4.4

The characteristic of the dividend, less the characteristic of the divisor, is 1, and aa
the Slide projects to the left, the integral part of the guotient containg one figure.

Example: 651 — 21 — 3.1,

The characteristic of the dividend, less the characteristic of the divisor, is 8, but as
the Blide projects to the right, the quotient contnins ¢ 4- 1, or one digit in its integral
portion.

These four rules mny be put into the following form, so that the eye may ¢ ecatch”
them &t once.

When the SLIDE Projects to the

LEFT RIGHT

the CEArACTERISTIC of the RESULT is the

SUM of the Charncteristics of { SUM—1 of the Characteristics of

MuLrirrnicaTIiON {
the 2 factors. the 2 factors,

DIVISIGS o oo { Characteristic of DIVIDEND, { Characteristic 41 of DIVIDEND,

less char'e of DIVISOR. less Char'e of DIVISOR.

PrororTron,—8pecial rules might be given, but we believe the simplest plan is to
adopt the preceding oncs. The first operation being division, the characteristio of the
quotient is easily chtained ; this gnotient being then one of the factors in the suceeed-
ing multiplieation, the final characteristic is found by the rule already given,

Example: 12 : 21 :: 30 : 52.5.

1t operation, 21 — 12.  Slids on right gives (2 4- 1} — 2 = characteristic 1.

2d operation, quotient > 80, Slide on right gives 1 4 (2 — 1) = characteristic 2,
that is, thero are two figures in the integral part of the answer. In ordinary practice,
and especially in the case of combinations of multiplications and divisions, the
characteristics would be set dewn in the order in which they oceur. Thus in the
example of combinations, we havel 2 —2 £ 2-— 124141 =75 =2 fig-
ures in the integral portion of the resulf, which becomes 21.8. A little study and
practice will mmnke these rules sclf-evident, and their application very easy,

5—THE INVERTED SLIDE,

It frequently happens that in proportion more requires less, or lass requires more,
This is Inverse Proportion, and is most simply worked ont by tnverting the Slide, so
that C shall lie along A, and B along D.  The lines ¢ and D then form throughout a
series of inverse ratios, the ‘readingoff” of which is effected by means of the
Runner.

Example : If 6 men can build a wall in 4 days, how long will it take 12 men to build
it? .
) 4

[
This becomes 6 : 4 ::12: 2, or = 2, and on the Slide Rule

-

EKEUFFEL & ESSER CO. -NEWYORK.

¢ Inverted | Set 6 [ Under 12
D 1 To 4 | Find 2—Answer.

As proportion is composed of the two operations of multiplication and division, it
naturally follows that these can be slso worked out with the Blide invertea. The
following are the formulss :

MULTIPLICATION. C Inverted ' Set cne factor Under 1
D ’ To other factor Find prodact,
Drvision. C Inverted l Set 1 Under Divigor

D ‘ To Dividend ‘ Find Quotient.

It will be noticed that the product of all the coinciding numbers on 0 and D {4 equal
to the number found on D, under either index on C, thus:

4.3‘4[3'2.4‘2
48'60'79

C. Invd| Setl ’ Find 9 8 6
D ’ To 144 } 15 | 18 ’ 24 | 30 ‘ 36
[ .

In this way a series of factors is obtained whose product is always the same. A
great many other caleulations are worked out with advantage with the Slide inverted,
illustrations of which are given further on. The rules for the position of the decimal
puint are just the reverse of those already given. ;

It may be interesting to some readers if we add a few words respecting the Inverted
Shide. If the Slide is thus placed in the Rule with the right and left indices corre-
sponding, it will be found that the produet of every number on the Slide and its
coinciding numwber on the Rule is always 10 or unity: whence it follows that the
numbers on the Slide are the resiprocals of their coinciding numbers on the Rule,
and vice-versa.

The rule for multiplication, with the Slide in its ordinary position, requiring one
factor to be taken on the Slide, it follows that that factor, if the Slide be inverted, is
the reciprocal of some other number, and mnltiplying by it in the ordinary way be-
comes consequently equivalent to dividing by that other number, Hence, the Tules
for multiplication, division and the decimal point are exactly reversed when the Slide
is inverted.

6 —THE UPPER SCALES, AND SQUARES AND
SQUARE ROCTS.

It has already been shown that all the numbers on scales A and B are the squarea
of their coinciding numbers on C and D, and also that the numbers on scales O and D
are the aguare roots of their coinciding numbers ou A and B. When a square or
square root is sought, all that is necessary is to place the Runner to the given number




on A or I, and the coinciding number on D or A will be the square root or the square,
But combinations, such as a? X b, 82 -~ b, ete., can also be solved with the uimost
facility, thus:

2t > b =x A l Find x. A ‘ Find 320—Answer.
B| Betl | Over b B Betl | Over 5
Example :
BB C C
D l To a D| To 8 '
!
A - b=Xx A I Find xz. A , l Find 9—Answer.
B| Betb | Overl B | Set 16 | Over 1
Example ;
12¢ — 16 C C

D‘Toa D‘To]?‘

The formula a# > b= x is the one which gives the area of a circle when its diameter
is known, The following setting, which is rather different, gives a complete table of
diameters and sress,

A 1 Under 205 ‘

B Set 161 Find corresponding area.
C
D

i | Over any diameter

ilere 205 : 161 is equal to the ratio 1 :.7854, but is easier to set on the Slide Rule,
A blue line on scale B gives the position of .785, and another that of 3.14186.

In the same way the CuBe of n number is easily found by means of the formuia
a? > a=—agl

Exampls ; A Find as. A | Find 125,
i B Betl | Over a B Setl | Over 5
5 = 195 i
C s i
D] Toa % D | To & 1

The finding of Cusk Roors is almost as simple. Tt ﬁay be done in two ways.

1st. Move the Slide from left to right, or from right to left, until the same figure is
found, on B under the given number ¢n A, and also on D under the left or right index
of C. This figure is the cube root sought. This is clearly the inverse of the method
ror finding the cube of a number.

2d. Invert the Slide, set 1 on C nnder the given number on A, then look for the

number on B which coincides exactiy with the same number on D. This number 18
also the cube root sought.

Example : Find the cube root of 216.

A ' Under 216 A ‘ Under 216 ’
" B | Fina 6 o] Setl
Or Inverted .
C and over 1 1B Under 6

D l | Find 6. D | F‘ind 6~Anawer.

7 ~TRIGONOMETRICAL COMPUTATIONS.

On the under side of the Slide three scales will be found, the upper one, marked 8,
being n seale of natural sines, and the lower one, marked T, a scale of natural tangenta.
Between these is a scale of equal parts which gives the logarithms corresponding to
the series of numbers on scale D,

Tn order to use these, place the Slide in the groove with the under side uppermost,
and the left and right indices coinciding, On A will then be found the Smvms of the
angles given on 8, those on the left scale A having the characteristic —1, and those
on the right scale A the characteristic (t; thus we find

Sine 3° = 0.0523, on left scale A.
Sine 15° 10 = 0.262, on right scale A.

Wao have on D the TanoExTs of the angles given on T, the characteristic being always
0, thus:
Tangent 25° — 0.466 on scale D,
The scale gives the tangents as far as 45 degrees unlv those for larger angles must

be found by the formula
1

tan a =
tan (90 — a.)

Multiplication and division of sires and tangents are executed in the game manner
a8 for ordinary calculations, thue:

Find 2.875—Answer.
Over 3° 40/

To 45
s| Set 1

Sine 3° 40’ »{ 45.

T | Set 14° 30" ! Under 1
D To 565 | Find 2183—Anawer.

565 — Tan, 14° 30",

‘ 1 1
Tan 75° 15" X 175. Heye tan 76° 15’ = = ——w—, therefore
tan {90 — T5° 15'). 14° 45/

* See p, 14 1egarding cube scale of Polyphase rule.

* Ses notice on front fly leaf rogarding Tangent scales on 10 and 20 in. rules.
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175
tan TP F X1 =
tan 14° 45’
T | SBet 14° 45 | Under 1
D

To 175 ‘ Find 665-—Anawer.

The sines of angles may be found without reversing the 8lide, by setting the given
engle on scale 8 to the upper index on the under side of the Ruls, and reading off
the sine on B under the right index of A.

* The LogariTEMs of numbers are found in a similar manner by setting the left, index
of C to the given number on D, and reading off the logerithis on the scale of egua’
parts against the lower index on the under side of the Rule.

Example: What is the logarithm of 57

C ’ Set 1 1
D

Find on scale E, P, 699%—Answer.

To & “-;\gﬂinst index on nnder ;ide of Rule
!

With the seale of equal parts the cube and other roots or powers may be extracted,
auch g5 X3, X7, etc,

Example: Find 4§ or 4/45,

By above method log 4 =602, and log 4% — .602 ¢ 3 =1.505. Now by placing
503 against the index on the under side of the Rule, we find 32 on scale D under the
left index of C, which is therefore equal to 43, the logarithmic index Leing 1.

“The position of the decimal point in all these eases will be easily ascertained by
those accustomed to this ciass of caleulations. We do not give rules, as they would
probebly be found too tedions.

Sub.’ivisions

Wemake a 10-inch rule (No. 4041 F.) which is graduated as closely as our 20-inch
ruls, so that it may be read to four places and another accurately estimated.

. Patented Adjustment

The New K & E Patented Adjustable Slide Rufe embodies; an important im-
provement which prevents the slide becoming too tight or too loose from
expansion or shrinkage of the rule or slide, even under extreme climatic
variationa.

AN

Cross section of Nos. 4031 to 4051.

7

.

In the ordinary slide rules the stoek and guide pieces are made integral, but
in our patented slide rules one of the guide pieces is adjustable. Tt is firmly
beld in place by set-screws which pass through oblong holes, and is adjusted by
loosening the screws and bringing the guide piece up against the slide, accord-
ing to the friction desired, when the screws are again tightened. The adjust-
ment of the slide can thus be readily corrected if it should at any time require
it in consequence of atmospheric changes or seasoning.

* Bec front leaf regarding Log. Scale on 16 and 20 in. rules.
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THE POLYPHASE SLIDE RULE.
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No. 4058-3. (Patent pending.}

The Polyphase Slide Rule is especially devised for the solution of
problems containing combinations of three factors and problems mvolvmg
squares, squate roots, cubes, cube roots, and many of the higher powers an
roots. Furthermore, it offers in many cases a more ready and accurate means
of performing the calculations which are possible with the ordinary
Mannheim 8lide Rule and it is especially adapted for electrical and hydraulic
work. '

Ag the principles underlying the operation of the Polyphase and
Mannheim slide rules are identical, and are already set forth in the Manual
furnished with every rule, only the special applications of the Polyphase
will be considered here.

DrsorierioN. The Polyphase Slide Rule has in addition to the regular
scales of the Mannheim, a scale of cubes (K) on the vertical edge of the
rule, and an inverted scale (CI) on the face of the slide, )

The cube or “ K scale consisis of three consecutive and identical
logarithmic scales, so placed that the extreme right and left indexes coincide
with the right and left indexes of the ** D" scale. Each of these three scales
is graduated like the ** A" and ** B* scales and is one-third the length of the
“ (0 or ** D scales. .

The Inverted Scale (CI) consists of a complete logarithmic scale placed in
reversed order, that is, prime 1 is at the right index, the scale progressing

towards the left.
MULTIPILICATION.

Two Facromrs: Set one of the factors on the Cl scale to the other
factor on D seale. Under the index on C find the product on D. )
Example: 25 86 —=900.
Set 25 on CIto 86 on D Under the right index of C find the pro-
duct, 900, on D.
TrrEE Facrors: One of the many useful advantages of the Polyphase
is the multiplication of three factors with only one setting of the slide.
Example: 65X 24 x 125 =195,000.
Set 65 on Clto 24 on D.  Under 125 on C read 195,000 on D.
DIVISION.
Place the index of C opposite the dividend onI).  Under the divisor on
CI find the quotient on D.
Example: 625+ 25.
Bet the right index of C to 625 on D. Under 25 on CI find the

: 2 D.
quotient, 25 on PROPORTION.

Direct Proportion iz solved by means of the scales C and D or A and B.
INVERSE PROPORTION.
Inverse Proportion is easily solved by means of the CIand D scales.
RECIPROCALS.

The Reciprocal of any number on the CI scale will be found directly
opposite on the C scale.
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POWERS AND ROOTS.

Cusgs. Bince scale D is three times the length of each of the three scales
which comprise the K scale, the values of the readings on th. K secale are cubes
of the coinciding values on the D scale, and conversely, the values on the D
scale are cube roots of the coinciding values on the K scale. Therefore to find
the cube of a number, set the runner at the given number onD, when the coin -
ciding numbper on K willl be its cube.

If tue result were found on the left scale of K it would consist of three
times the number of digits in the given mumber less 2. If found on the middle
scale the result would consist of three times the number of digits in the given
number less 1, and if found on the right scale would contain three times as
many digits as in the given number.

Cusk Roors, To find the cube root of a number, place the runner to the
given number on K when the coinciding number on D will be the cube root. To
decide the proper scale to use when extracting the cube root, point off the

number into periods of three figures each (as in arithmetic) beginning at the

right-hand or unit place and proceed towards the left, Ifthe first period of
figures beginning from the left consists of 1 figure, the left-hand scale of Kis
used; if {t consists of two figures the middle scale of K is used, and if of three
figures the right-hand scale is used. To determine the number of digits in the
cube root it is only necessary to note that when the number is pointed off in
the manner above stated, there is one digit in the cube root for every period
into which the number has been divided, whether the first section consists of
one, two or three digits. For example, to find :
1,728
Pointirg off in the manner above deseribed, it is seen that thereis one figure
in the Ieft-hand period, 7. ¢., 1. Set the number to 1,728, on the left-hand
scale of K. The result, 12, which is read on the D scale, will consist of two
digits because there are two periods in the number whose cube root is sought.
HIGHER POWERS AND ROOTS.

The fourth root of a number is obtained by extracting the square root
twice. The sixth root is obtained by extracting the cube root, and then ex-
tracting the square root; the eighth root by extracting the square root
three successive times.

The easy and rapid soluticn of the following problems illustrates the
application of the Polyphase slide rule to all kinds of calculations. The
letters @ and 4 represent any numbers, and X the unknown guantity,

EXPRESSIONS WHICH MAY BE DIRECTLY READ BY MEANS OF
THE INDICATOR, WITHQUT SETTING THE SLIDE:
X—=a®, gset Runnertoc e on D, read X on A.

X=a?, set Runner to 2 on D, read X on K.

X=1/"a, set Runner to @ on A, read X on D,
X=17"a, set Runner to « on K, read X on D.
X=1"a%, set Runner to @ on A, read X on K.

X=1"a*, set Runner to 2 on K, read X on A.
RECIPROCALS.

L s

1

7. X=a, set Runner to a on CI, read X on C.

1 .
8. X-—a*, set Runner to a on CI, read X on B.
1 :
9. X=1 a, set Runner to 2 on B, read X on CL.

WITH RIGHT AND LEFT INDEXES OOINOIDING,
1

10. XzaT,lset Runper to 2 on CT, read X on K.

11. X:ﬁ/a_,set Runner to a on K, read X on CL

25,
26,

27,
28.
29,

30.

81.
82.
83.
84.

85.
8s.
87.

88.
89.

0.,

41,

EXPRESSIONS SOLVED WITH ONE SETTING OF SLIDE.
ONE FACTOR.
X—g+,getltoazonD, overaon C, read X on A,
1
X=a*, set 2 on CI to @ on D, under 1 on A read X on B. -
X=a® setaonCltoaon D, overaon Bread X on A,
1
X—g5, set 4 on C to @ on K, under a on CI read X on K.

X—a® set1on CtozonD, under @ on Cread X on K.
X=a", set 2 on CI to 2 on K, under @ on C read X on K.
X—a*, set ¢ on CI to 2 on D, under 2 on C read X on K.
X:]/T“, set 1to 2 on K, under 2 on Bread X on K.
X=—1""a®, set 1 to a on A, under @ on C read X on K.
X=1""a1, set a on CI to a on K, under 2 on B read X on K.

X=1"4%¢, set 2 on CI to 2 on D, under # on B read X on X.
1

X=1a% set 1to 2 on K, under 1 on A read X on B.

K=P ¢ set 1 to 2 on K, under 2 on Cread X on D.
1

X=pai set aonCltoaon K, over 1 on D read X on C.

X1 2% set1to @ on K, over 2 on B read X on A.
1

X=1a%, set 2 on ¢ to @ on X, under 2 on CL read X on D.
X— a7, set 2 on CI to @ on K, under 2 on ¢ read X on D.

X=]Va7,' set 1 to 2 on K, over 7 on C read X on A,
1

X—1%a®% set 2 on CI to 2 on K, under 1 on A read X on B,
1

X=?_T;T":, set @ on C to a on K, over 2 on Cl read X on A,
X=pP"a1, set @ on CI to @ on K, over 2 on Bread X on A.
X— a4 set aon CL to 2 on K, over @ on ¢ read X on A,
X=—}/a,setaon Btoaon K, over 1 on D read X on C.

1

X—=1""a, set 2on B to a on K, under 1 on C read X on D.

X—1/a%, set 1 to a on K, under @ on B read X on D.

X='i/a_", geta on Btoaon K, over a on D read X on C.
1

X.=|'/Eset aon Btoaon K, over 2 on D read X on (I,

X=%"a'%, set a on CI to 2 on K, under a on B read X on D.
SETTINGE FOR TWO FACTORS.
X=ab, set 1 to @ on D, under & on C read X on D.

XI,% set @ on CI to & on D, over 1 on D read X on G,
?

X=—f—, get & on C to ¢ on D, under 1 on C read X on D.

1
X—"q, set 5on Ctolaon D, over 1 on D read X on C.
s
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We now give, by kind permission of ExcmesriNg NEws, a number of settings
| 44. X=as*® set 1t0o aon A, over 4 on Cread X on A. for complicated formule, and also a very useful aud complete table of Equivalents or .
1 i i ted to Slide Rule practice.
485. X:% ,8et & on CI to @ on A, under 1 on A read X on B. i Gauge Points, specially adapted to P . ; ;
¢ These will probably enable any one to work out similar Equivalents for any special
48, X:;—, ,set fonCtoaon A, over1on Bread X on A. <lnes of calenlations,
2
47, X=:—, set@on C to # on A, under 1 on A read X on B. FORMULAZE, SETTINGS.
48. X=a®"/4*, getlonCtocon D, over #on Cread X on A.
49, X:T}&T, set ¢ on CIto # on D, under 1 on A read X on B. A Find X.
: a? a X b B Set ¢ Over b
' 80, X:";{, setaon Ctodon D, under 1 on A read X on B. = X
S ¢ C
51. X=a )/ 4, set 1to 2 on D, under 4 on B read X on D.
1 D To a
52. X-=-=a1”6,set 2 on CIto & on A, over 1 on D read X on C.
Vvia
58. X:T' set Hon C to 2 on A, under 1 on C read X on D.
a
54, X:]/—T ,8¢t # on B to g on D, under 1 on C read X on D, A Te b
R C Under e
55, X=a* )4, setaon Clto aonD, under 4 on B read X on_D. VaxXhb - % Inverted
2 &
56. X=l/i~b_- , 8¢t & on B to & on D, under a on C read X on D. ¢ B hekia
D Find X.
57. X:l/_b‘: , 8et £ on O to a on A, under 4 on CI read X on D,
68. X=a/? set 1 on CtoagonK, under # on C read X on K.
a
59, X=F,- set & on C to 2z on K, under 1 on C read X on K. A . Under b
r at
80. X=W, set 2 on Cl to @ on A, over # on CI read X on A. —_ ’ - ¢ Set & Under e
a‘/i =X Inverted
6. X—2 5 8 B ;
1. =71 .8etéon Btoaon D, over 6 on Clread X on A. D Find X.
83, X—=g®4% setbonCltoaon D, over 4 on B read X on A.
63. X-=a P % set1onCtodon K, under @ on C read X on D.
64, X=1-+ a4 setaonCltodon K, over1on D read X on C.
85. X—=a -+ 1 %, setaonCtobonK, over 1 on D read X on C." A |l Underb
66. X=p 2 + &, set#on Ctowaon K, under 1 on C read X on D, ) x Inverted "o ¢ to R" Under 1
67, X—=a® 4% set 1 on CtodonD, under 2 on Cread X on K. 01/ a - )
as B Set a Rtod
88 X-_——ba- ,8et # on C to 2 on D, under 1 on C read X on K. D Find X.
69. X—ad' setbonCltoaon A, ever b on Cread X on A."
J0. X=#"1"a% set & on CI to @ on A, under & on C read X on K.
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A {| Undera
B Set d Rtob | 1toR
oL
c Under ¢
D Find X.
A
y | Under ¢
Inverted
B Seta
D Tosa Find X.
N
B Rtob
C Set 1 1toR | Underc’
H Tob Find X.
A || Undera Find X.
— C Set b Overe
(\/_aﬁ)s mX Inverted {
¢ B
D
A |
1 C Set b
Inverted {
B Under
D | To a Find X.

To.find the Geometric Mean, or Mean Proportional between two numbers, or

a:x::x:b

| |

Set leas No. a Below b

A
B
C
D

” To leas No. a l Find X —=G. M.

To reduce fractions to declmalg,

” Ser numerstor | Find equivalent decimal.
“ To denominator Above 1
To reduce decimals to fractions.
9] | Bet decimal ‘ Find equivalent numerators.

D “ Tol \ Find equivalent denominators.

EQUIVALENTS FOR SCALES C AND D.

GEOMETRICAL.

Set 226 = Diameters of cireles.

hTo 710 — Circumferences of ciicles,

79 — Diameter of circle.

70 = Side of equal square.

99 — Diameter of circle.

70 = Side of inscribed square.

39 — (Circumference of circle.

11 = Side of equal square.

40 — Circumference of circle.

9 = Side of inscribed square.

70 — Bide of square.

99 = Diagonal of square.
205 = Aren of square whose side = 1.

161 = Area of circle whose diameter — L
322 = Area of circle.

205 == Aren of inscribed square.
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ARITHMETICAL.
100 =Links 12 == Links.

86= Feet 05 == Inches

191 = Square links.

44 = Square feet.
6 = U. 8. gallons.

5 == Imperial gallons.

1 == U. 8. gsallons.
231 = Cubie inches.
800 = T. 8. gallons.

107 = Cubic feet.

22 — Imperial gallons,
6100 — Cubic inches,

430 == Imperial gallons.
69 = Cabic feet.

METRIC SYSTEM.

26 = Inches. 82 == Feet.

66 = Centimetres. m

82 = Yards. 87 == Miles.
m 140 = Kilometres.
4300 = Links, 43 = Chains.
" 865 — Metres, 865 = Metres.

31 = 8quare inches.

200 = Square centimetres.

140 = Square feet.

13 = Bquare metres.

61 = Bquare yards.

51 = Square metres.

42 = Acres.

17 = Hectnreé.

22 — Square miles.

57 = Bquare Kilometres.

5 = Cubic inches.

82 = Cubic centiniétré?

$00 = Cubic feet.

17 = Cubic metres,

85 == Cubic yards.
65 = Cubic metres,

6 = Cubic feet.

170 = Litres.
14 = U, 8. gallons.
53 = Litres.

46 = Imperial galtons.

209 = Litres.
108 = Grains. i = Ouneces.
7 — Grammes. 170 = Grammes.
75 = Pounds. 63 = Hundredweighta.
34 == Kilogrammes. 3200 = Kilogrammes.

83 — English Tons.

64 — Metric Tonnes.

PRESSURES.

640 — Pounds per square inch.

45 = Kilogs per square centimetre.

51 = Pounds per square foot.

249 — Kilogs per square wmetre,

59 = Pounds per square yarl.

32 = Kilogs per square metre,

= Inches of mercury.

28 = Pounds per square inch.

82 = Inches of mercury.

5800 = Pounds per square foot.
720 = Inches of water.

26 = Pounds per square inch,

74 — Inches of water.

385 = Pounds per square fool,

60 = Feet of water.

26 = Pounds pe; _square inch.

5 == Feet of water.

312 = Pounds per square foot.
15 = Inches of mercury.
17 = Feet of water.
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99 = Atmospheres.
2960 = Inches of mercury.

34 = Atmospheres,

500 = Pounds per gquare inch.

34 — Atmospheres.

7200 == Pounds per square foot,
30 = Atmospheres.

31 = Kilogs per squarc centimetre.
23 =— Atmospheres.
T80 = Feet of water.

3 == Atmospheres.

31 = Metres of water.
29 — Pounds per square inch.

67 = Feet of water.

1 = Kiloga per square centimetre.

10 = Metres of water,

COMBINATIONS.

43 = Pounds per foot.

64 = Kilogs p-er metre.

127 = Pounds per yard.

63 = Kilogs per metre.

46 — Pounds per square yard.

25 = Kilogs per square metre.

49 — Pounds per cubie foot.

785 = Kilogs per cubic metre.

27 — Pounds per cubie yard.

16 = Kilogs per eubic metre,

89 = Cubic feet per minute.

42 = Litres per gecond.

760 = Imperial gallons per minute.

53 = Litres per second.

840 = T. 8. gallons per minute.

63 = Litres per second.
38 — Weight of fresh watet.

39 = Weight of sea water.

ER CO. NEW Y

ESS. RE,

B = Cubic feet of water.
312 = Weight in pounds.
1 = Imperial gallons of water.
10 — Weight in pounds,
3 = TU. 8. gallons of water.
25 = Weight in pounds,
50 = Pounds per U. 8. gallon.
6 = Kilogs per litre.
10 = Younds per imperial gallon,
1 = Kilogs per litre.
30 == Pounds per U. 8. gallon,
25 = Pounds pé; imperial gallon,
3 = Cubic feet of water.
856 = Weight in kilogs.
46 = Imperial gallons of water.
209 — Weight in kilogs.
14 = TU. 8. gallons of water.
53 = Weight in Kilogs.
44 == Feet per second.
30 = Miles per hour.
88 = Yards per minute.
3 == Miles per hour,
. 41 = Feet per second,
750 = Metres per minute.
82 = Feet per minute,
25 = Metres per minute,
340 = Footpounds.
47 = Kilogrammetres.
72 = British horse power.
73 = Freach horse power.

8700 = One cubic toot of water per minute under one foot of head.

7 = British horse power.

75 = One litre of water per second under one mefre of head.

1 = French horse power,

In no oase does the departure, in these equivalents, from the exzact ratio attain

1 per thonsand.
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EXAMPLES.

‘What is the pressure in pounds per square inch equivalent to a head of 34 feet
of water?

C H Set 60 Under 34
D “ To 26 Find 14.75 pounds—Answer.

What head of water, in feet, is equivalent to a pressure of 18 pounds per square
ineh?

c “ Bet 26 Under 18
D H To 60 l Find 41.5 feet—Answer.

How many horse power will 50 cubic feet of water per minute give under a head
of 400 feet?

C H Set 3700 t Runner to 400 ‘ 1toR J Under 60
D H To 7 | | | Find 37.8 H. P.—Answer.

METHODS OF WORKING OUT

MECHANICAL AND OTHER FORMULAZ.

"

1,—~THAMETERS AND AREAS oF CIRCLES, A= 7854 D2
A To 2056 Ajf Toll
B || Set161 | Find Areas, B | Set6 | Find Aress in square feet.
or
C C
D Above Diameters D | Above Diametersin inches

2. —To Carcurate SELLING PBICES or Goops, with Percentage of Profit
on Cost PRICE.
a .| Set 100 [ Below cost price.
D ” To 100 plus percentage of profit | Find selling prise.

3.—To CircutaTe SELLING Prices oF Goops, with Peroentage of Profit
on Szrrive PRICE.

c H Set 100 less percentage of profit ’ Below cost price
D H To 100 | Find selling price.

Example : If goods cost 45 cents a yard, at what price must they bae sold to realise
15 per cent. profit on the selling price?

|
c ” Set 85 (=100—15) | Below 45

D “ To 100 ! Find 53— Answer.
4,—To FIND THE AREA OF A RIvNa. h(_D'}'d)X(D_d)
1.2732
C Il Set sum of the two diameters l Find area.

D “ Té 1.273 | Above difference of the two diameters

5,~~CoMPOUND INTEREST.

Set the left index of C, to 100 plus the rate of interest, on D, then take the corre-
sponding number on the scale of Equal Parts, and multiply it by the number of
years. Set this product on the scale of E. P. to the index on the under side of the
Rule, then on D will be found the amount of any coinciding sum on G for the given
years at the given rate.

Example: Find the amount of $150 at 5 % st the end of 10 years.

< l Set 100 || E. P.—21.2x10=212 | 212toX || © H Below $150

D H To 105 || Under side of Rule and | Slide. D H Find $244.35—Aunswer.

We thus obtain on D, below i on C, a gauge-point for 10 years at 5 %, and can
cbtain in like manner similar ones for any other number of years and rate of interest.

6. —LEVEES.
Find power or weight
transmitted

R !I Set distancs from fulerum to power or weight applied

D || To “ A £ £ *¢ transmitted l Above power or weight
: - applied.
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7.—D1amurEr oF PuriEys or TrETE oF WHEELS.

4

Diameter or teeth of Derven

In'd C H Set diameter or teeth of Drrvine

D ” To revolutions of Drrving ‘ Revolutions of DRIVEN.

o] H Set diameter or teath of DrIvING i Revolutions of Drivex

or,
D H To diameter or teeth of DrIvEN Revolutions of Driving.
8. —IMAMETER OF TWO WHEELS TO WORE AT GIVEN VELOCITIES.

C ” Set distance between their centres Tind diameter

b H To half Sum of their revolutions i Above revolutions of each,

Example : A ghaft makes 21 rovolutions, and is to drive another shaft which should

make 35 revolutions. The distance between their centres is 48 inches. What should
be the diameters of the gears?

cl Set 48 ‘ Find 36 I Find 60.
DI To 28 (=214-35—2) l Above 21 ‘ And sbove 35

The two wheels must therefore be 36 and 60 inches diameter.

p—VH

9.—SreeNerHE or Teere or WHERLS.

Ola Wk

0.8V
To H. P. to be tranemitted ‘
Het gauge-point 0.6 Rtol | Veloeity in ft. per second to R Under 1
‘ Pitch in inclves.
10.—DnMETER AND PITcH OoF WHEELS, Nz%t

o “ Bet 226 | Rtol ' Pitch to R I Under diameter of pitch cirele

D Il To 710 ’ I [ Find number of teeth.
: 1

11,—BrRENGIH OF WROUGHT IRON SHAFTING.

3
D=| 7 83_N}£ for crank shafts and prime movers.

g e
]):1/ 65NH for ordinary shafting,

To 83 or 65 J
Set revolutions per min. | R toInd. H. P. | Number coinciding with R==diameter.

Under 1

Same coineiding number—=diameter.

Jiae w| -

Nore.—In this, ag in other cages, the coefficients (83 and 65) may be altered to suit
individual opinions, without in any way eltering the methods of solution.

12.—-To Fixp THE CHANGE WHEEL IN 4 ScREW-CUTTING LATHE,

[ N=Number of threads per inch to be cut,

N—Tilx T Where | T = & i o on traverse screw,
X M= % teeth in wheel on mandyil.
MXP W= xe *“  stud wheel (gearing in M),
We=Nrp s Tx8 P—= i e stud pinion (gearing in S).
8 == i & wheel on traverse screw,
0” Set T |Rt0P|StoRL Under M

D “ To N ' ‘ l Find number of teeth in W ar stud wheel.

600 or 375 H. P.

13.—Rures ror Goop Learser Brrrmvg. W= ,
V ft. per min.

C Set 600 Find width in inches

D || To velocity in feet per min. | Above actual horse power

for SmoLE BELTS.

Set 375 Find width in inches

(@]

for DousrE BELTS.
D || To velocity in feet per min, | Above actual horse power
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14.—Besr Mavoxa Rore Darvixe,

A || To velocity in fest per min, | Find Arruar Horse Powsn.
B Set 307
(4] Above diameter in inches
D

A Tod Find BrernaTa v Tows.

B

C Set 1 Above diametar in inches

= .

A To 107 Find Workrna TeNsIoN I8 PoUNDSs.

B

¢ Set 1 Above diameter in inches

o

A || To 0.28 Find Weranr rer Foor v Povums.

B

C Set 1 Above diameter in inches

D

15.—WElsHT OoF IRON Bams IN Pounps pER Foor LENGTR

A | Tol Weight of Square Bass.
B| Set3

C Above width of side in inches.
D

A To 55 Weight of Rouxo Baga,

B Set 21

C Above diameter in inches

D

.29

C “ Set 0.3 ‘ Below thickness in inches

D ” Breadth in inches l Weight of Frar Bans.

16.—~WererT oF Irow Prartes 1n Pounps PER Square Foor.

c H Bet 32 { Below thickness in thirty-seconds of an inch.

D |‘ To 40 ’ Tind weight in pounds per square foot.
!

17.—WrreHTs OF OTHER METALS.

*iE ‘i Set 1 i Below (. P. for other metals

D v To weight in iron L Find weight in other metals.

Giauge-points of other metals, and weight per cubic foot.

Cast  Steel Cast
W.I, (.1  Steel. Plates. Copper. Brass. Twead.  Zinc.
G Po...... 1 93 1.02 1.04 115 1.09 1.47 92

Weight ....480 450 490 500 550 525 710 440 pounds

Example: What iz the weight of a bar of copper, 1 foot long, 3 inches broad and
2 inches thick?

C “ . Set 0.3 ‘ R to 2 inches thick i 1o R ‘ Below G. P. 1,156
D || 'To 3 inches broad ~ ‘ l Find 23 pounds—Answer.
18.—WxionT or CasT Imon Prees.
‘ Below Dirrerrnce of inside and outside
o Set 40756 ‘ diameters in inches
D || To Sox of inside and outside dismeters | Fiud weight in pounds per lineal foot.
in inches
I
@. P. for other metals ........ Brass. Copper. Lead. W. Iron.

355 333 .259 .38
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19.—8a¥E Loan on CHamns.
c I Set 4 Degrees REatMUR
i ” ‘ it ol B D To 9 l Degroes+-32—=FsnRENHERIT,
B | Set 36 | Abovel
) C l Set 4 | Degrees REAUMUR
5_“ To diameter in sixteenths of an inch l i D) Tob | Degrees CENTIGEADE.
20, —GRAVITY, 23.—Force or Winp,
c H Set 1 t Below 32.2 A
D ” To seconds | Velocity in feet per second, B Bet 10 Find pressure in ponnds per square foot
C
A Space fallen through in feet L4 D To 66 Velecity in FeET per second.
B
C Set 1 Under 8 A
D Velocity in feet per second, B Set 10 Find pressure in pounds per square foot.
c
A } Space fallen through in feet, D To 45 Velocity in MiLEs per hour.
B ‘ Above 16.1
o Set 1 ' f 24 —DiscHARGE From Puumes.
D || To seconds [
{ A Gallons delivered per stroke.
B Set 294 ‘ Stroke in inches
21 —OSCILLATIONS OF PENDULUMS. & l e ——
i l D || To diameter in inches i
B Bet length pendulum in inches ‘ &
- 1
o i Below 1 20, ~Diar TER oF SINGLE-ACTING PuMps.
D Ta 375 Number oscillations per minute.
22.—ComparisoN oF THERMOMETERS. . A o ’ :
E || Set length stroke in in.| R to gallens to be | No. strokes per min.
delivered per min. to R
C H Set 5 ‘ Degrees CENTIGRADE C Below 1
B ” To 9 | Degrees|-32—FAERENHEIT. D | [ Diam. pump
' ir inches
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26.—Hogse POWER REQUIRLD FOR PUMES. 30.—DiscHARGE FroM PIPES WHEN REAT, VELOCITY IS KNOWN.

Height in feet to which the water

C ” Bet G. P. is to be raised A ‘ Discharge in cubic feet per minute.
D || To cubic feet or gallons to be raised Horse pewer required. C i Above 1.75
per minute Invertad { |
B 1 Velocity in feet per second
Gauge Points with different Percentages of Allowance. D 1 Diameter in inches
Percent . . . . None 10 20 30 40 50 iy 70 80
For Gallons, Imp . 8300 3000 2750 2540 2860 2200 2060 1940 1885
u« C.Feet ...... 528 480 440 406 37T 852 880 811 204 - 1/ D*
“« TU.B Gallons 8960 8600 8800 8050 9830 2640 2470 2880 2200 dle=Dmuesz. or, Waremmnon. Buns: =ty ==
Eytelwein’s Rule.
27.—THEORETI¢ VELOCITY OF WATER FOR ANY Hmar 5 [
C Bet 1 | EPxs=x | ato] |
A Head in feet ‘ D To diameter in inches Under gide of Rule. |
B v "‘ 1 (Continue fo next line.)
c Setl |  Under8 A } i z‘
D l i Velocity in feet per second. B [ Set 1 ‘ —
C || Rto 1! Length in feet to R | Under head in feet } Under 4,71
28, —THEORETICAL DISCHARGE FROM AN ORIFICE 1 INCH SQUARS, D Tipd 7 “ Cubic ft. per min.
A This is worked out similarly to Formula 5, which is explained in full,
: If the hole is round
der h £
B Bet 1 Under head in feet and 1 inch dinm-
a ;tz;’ the G. P. is 32, —GaveiNg WaTER WITH Ao WEIR.
Dl To@ P. 3.34 Discharge in cubie feet per minute. o : l
| | N
g g
29, —Bmar. DiscEARGE FrRoM OrIFICE IN & Tang; 1 INOH SQUARE. ) Inveried {
B || Depth in inches Under 4.3
A e 1 . D ‘ Depth in inches | Discharge in cubic feet per minute from
B Set 1 Under head in feet If:f:; }1022:; rou.nc'f each foot width of sill.
C ater, the G. P. i : SO
- - e - 1.65, | : . 33.—Di1scHARGE oF A TUBBINE. VHX V=D
D|| Te21G. P Discharge in cubic feet per minute - 0.8
with coefficient .63. ‘
s |
(tauge Points for other coefficients. ’ C ' Under 0.3
Inverted {
Coofficient. .. .60 .66 .69 .72 .75 .78 .81 .84 .87 .90 .98 .96 i B Head in feet : '
G: P. Squazs, 2. 22 23 24 25 26 27 28 29 3 a1 32 | D ” Square inches water vented | Cubic feet discharged per minute.
“ Rouxp, 1.57 1.73 1.80 1.88 1.96 2.0¢4 213 220 2:28 2.36 244 2R | . .
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3¢ —Revorurions oF s TURBINE
|
A To head in feet,
B
¢ || Set diameter in inches | R to 1840 | 1 to R | Under rate of peripheral velocity
‘“ \ Find revolutions pér minute.
35.—Horse Power or & TURBINE.
(o) “ Bet 530 ‘ R to discharge perec. fi. per min. ‘ 1 to R | Percentage useful effect. REVERSE FACE OF 8 INCH '‘DUPLEX’ WITH TRIG. SCALES (NO 4065T) SHOWING THE
+ i INVERTED SCALES WITH TANGENT SCALE BETWEEN
D H Head in ft. i ] \ Horse power.
i 1
Under THE "DUPLEX” SLIDE RULE
A || headin ft. f
B
o Rio R to Under K & E ADJUSTABLE, PATENTED
A :
C Set 1 head in ft. [158toR | ventin sq, in, [ 1to B | useful effect J .
D 1 \ Horse power. 1.~ DESCRIPTION.
The DUPLEX SLIDE RULE is 3o named becanse it is graduated on both faces, thus
giving practically two rules in one. It is formed of three parts, the two outside
36.—Horsg POWER OF A STEaM ENGINE. pleces constituting the body of the rule, and the other the slide. The two parts of
. the rule are held rigidly together by metal end pieces which have a patent adjustment
that allows any desired friction of the slide to he obtained, The siide being the same
Set R to R to iR to rev. Mean pressurs thickness as the rule, the surfaces of both are flush, and all the graduations are on the
8} 21,000 | diam. ;1 to R | strokeinft. |1toR lper min.| 1to R | persq. inch. exterior, where they may be readily seen and utilized by merely turning the rule over.
D |[To diam. : Horse power. The front f_u,ce of the ]E)ITPLEX BLIDE R.L'LE i gt:a.duated like the Mannheim ruls,
it inakiss with all the scales progressing from left to right, while the reverse face has the A and
D scales progressing from left to right in the uwsnal mannoer, and the B and ¢ sesles
trverted, i. e., progressing from right to left. The indexes of the scales on one face
! | I H are in slignment with those on the other face, and an indlcator (runner) encireling
A I OIS pRwer the whole rule enables coinciding points on any scales of either face to he found
B || 8et 21,000 | Rtostrokeinft. |1to R R to 1to R | Mean pressure. at onece,
revolutions The principal advantage of the inverted scales lies in their reduction of the opera~
or, :
C tions required to perferm many problems, with a consequent saving in time and in-
- creage in accuracy. The reason for this is that when setting to guantities on the
D “ '_I‘O_ diam. l l | | inverted secales, the reciprocals of these values, with respect to the regular scales, are
in inches f in fact given, so that the operations of multiplication and division are reversed, and
what i3 a dividing operation with the regular scales becomes o multiplication process
with the inverted ones. Thus in compound multiplication the solution may be effected |
37.—Dywamonerer ; To Estivate TEE H. P. 1NDICATED BY. by a combination of multiplication and division operations by using the regular and
inverted scales, with a consequent reduction in the number of settings. A similar
T to length of lever in feet Under rev. of method may be employed in the case of a division where there are a number of factors
C H Set 5252 ‘ from centre of shaft 1to R | ghaft per min. in the denominator, as the multiplication by a reciprocal performs a division process.
Rl With a little practice in the use of the inverted scales, they will be found a great
D Weight app]ied at end of OL convenience. i
leverin pounds, includ- horse power.
ing weight of scale
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The following examples illustrate the use of the inverted scales, and may be done
on the Duplex rule with one setting of the slide, as compared with two settings neces.
gary on the Mannheim,

14.75 X 57 x 3.36 = 2825,
Bet 57 on CI to 14.75 on D, under 8.36 on C read 2825 on D,
1270 .
wexae %
Set 19,5 on O to 1279 on D, under 42 on CI read 1,55 on D, .

To still further increase the value of the DUPLEX SLIDE RULE it is also made with
scales of sines, tangentsand a scale of equal parts, in addition to the scales shumerated
above. In this form the scale of sines Is on one face between the B and C scales, and
the scale of tangents on the other face of the slide between the Bl and CI scales. The
scale of equal parts is on the vertical edge of the rule. The tangent scale may be used
in conjunction with the CI scale to read cotangents direct, or tangents of angles from
45° to 84° 177, These three additional scales are read by means of the indicator, and
rules having these are designated as “ with trig. scales.”

2—ADVANTAGES.

All gradunations are on the exterior, where they may be readily seen and utilized.

The combination of the inverted scales with the regular logarithmic scales reduces
the number ot operations reqaired for tnany problems involving three or more factors.

It is often more convenient to read off the final result of a computation opposite
one of the indexes of the slide than to read it in coincidence with some number whose
exact position may have to be estimated. This can be done by using the reverse face
for multiplication, and the ordinary face for division.

The B inverted scale of the slide lies next to the A seale of the rule, and the C
inverted scale is next to the D scale of the rule, The various operations are therefore
much simpler than with the silde inverted in an ordinary rule, in which BI lies along
D, and CI along A, and all settings have to be made and results read off by means
of the runner.

The figures denoting the values of the graduations are in an upright position,
instead of being turned upside down, as is the case with the slide inverted in the
ordinary rule.

If in the same computation with a Mannheim Rule, the slide is used in its ordinary
and in its inverted positions, there is a possibiiity of incorrect setting after the inver-
sion, but with the Duplex this is not the case, as both ordinary and inverted scales are
available without moving the slide,

8.—TRIGONOMETRICAL CALCULATIONS,

These are much simplified, because all the scales are so placed as to be easily read

without removing the slide, The solution of a formula such as I)—&-?—EM giving
the area of a triangle, is very readily obtained, as the facior sin 4 may be used di.
rectly as a factor in performing the operation.

4. —-HOW TO USE THE DUPLEX.

As the principles underlying the operation of the DupLEx Spin2 RULE are the
same as those already given in the Manual of the Slide Rule, they will not be entered
into here, Some graphic demonstrations showing how various calculations are per-
formed on the Duplex will be given instead. These are put in the shape of formulas
which may be easily applied to the solution of any particular problem whose terms are
similarly composed, and following these are given a few practical examples of the
working out of mere extensive computations.

The face to be used in the case of each dewonstration will be at once seen by the
designetion B or C for the slide scales on the ordinury fnce, and by B.T or C.Ion
the reverse face, while any change of face requiring to be made during the working
ont of & formula will be indicated by prefizing the scale designation, as shown in
formula 2. When an operation involves neither powers nor roots, and can conse-
quently be effected on seales O and D, these scales alone will appear in the demeon-
siration; in other eases the four acales A, B, ¢ and D will be given.

MULTIPLIGATION.
. aXb=x CL1 Seta \ Under 1L
D | Tob | Findx
2, ax¥bxoe=x QGLj SBeta || C | TUnderc
D| Tob | b | Find x

This example of two succesive multiplications shows how the two faces of the
rule aud slide are used conjointly, The factors @ and 4 are multiplied together on
the reverse face, 5o that their product is found on seale D of the rule under one of
the indices of the slide. As the scales D on both faces of the rule, and the indices
on both faces of the slide coincide, this same product is likewise found on scale D of
the ordinary face of the rule under the corresponding index of the slide. The pro-
duct of the three factors is therefore then found on this face on scale I under the
third factor on scale C.

Formula 2 is very useful for obtaining on scale D, with one single setting, the
Cube of a number, by taking the same number to stend for the three factors a, b
and e, thus:

CuBr, or 8p Power.

3. axXaXa=x—a® CI| 8ctan || C} Under a
Dy Toa || D | Find x = a*

On account of the fuller graduations of scales C and I¥ the result can be thus
nscertained with more precision than if obiained in the usunl way on scale A, thus:

A : Find x = a?
BIT Over a
CT] Seta
D { Ton |

With slight wodifications demenstration 3 may afso be used to obtain with one
and the same setting the fourth, fifth snd sizth powers of numbers, as also the square
root of the fifth power, thus:

4. a'=x Ay | Find x = a*
B Over 1
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5 a®=zx _A Find x = a8
B.I B Qver a
C.I Set a
D To a
6. al=x A| ‘ Find x = af
B.I B
o } Seta C Overa
) Bl To & :
T yaFeex A
B.1 B Under a
C.I Set a le}
D Toa | Findx = 4"

It will be noticed that in formule 3 to 7, the setting is the same, the only differ.

ence in the working out being the positions of the third and fourth terms.

Division.

8. GI| Betl ! Underh

D} Toa | Find x

=l
It
b

Formula 8 is the one used to ootain the Square Root of &4 number, with the
simple difference that the terms b and x must be the same number, thus:

SqQuark Roort,

9 a_ X A C1j Set 1 | Under x
By gl = .
X Dl T'oa | Fmdxz‘/a
10. a C || Setb || CI | Under ¢
bxe =™ D[ Tea || D | Findx

Formula 10, which is the reverse of No. 2, is used to find the Cube Root of a
number, by making b and ¢ equal to x, but the operatior is somewhat altered to
render it simpler, thus :

Cuse Roort.

11. s 5‘/._ _A, Toa
xxz_ *Fo VA B.I| " Set1 Onder x
I
oI
‘D Find x = %4/a

PrororTION i3 direct or indirect. Both kinds may be performed with the slide
inverted as with the slide in its ordinary position. In the case of direct proportion the

operation is carried ouf ag in arithmetie, the second and third terms being firet multi-
plied together and their product then divided by the first term, thus:—

b ©
12. a:b=c:x or >f<¢ = x.
CI || Set?2ndterm, I» | Under 1st term, a
"D [ 7To 3dterm, ¢ | Find 4th term, x

For direct proportion we maturally recommend the nusual method withont
inverted slide, as it shows at a glance the given ratio and at the same time en in-
definite number of equivalent ratios. It will be self-evident that the * Duplex™
Slide Rule is as suitable for this method as iy the ordinary form of slide rule.

In the ease of indireot proportion,, if the terms are placed in the order of their
sequence, the first and second terms are multiplied together and their produet then
divided by the third term, thus:—

3 b
i3. aXb—c¢cXx or >§ =3
c.1T | Set 1st term, a | Under 33 term, ¢
D I To 2d term, b | Find 4th term x,

It will be noted in the above demonstrations of direct and indirect proportion,
that the number on geale I under the slide index is always the same as the number
which 15 found on scale C.I of the slide over the rule index; also that the fourth
term may be taken on the rule under the first or third terms on the slide respectively,
a8 well as on the slide over the first or third terms on the rule, and this, because the
product of all the coinciding numbers on the slide and rule is equal to each other,
snd also to the number on the rule under the slide index, or to the number on the
slide over the rule index. :

A very familiar and useful illustration of this equality of the produets of coin-
ciding numbers is furnished in the ease of two pulleys or wheels, one transmitting
power to the other, and i which their diameters or the number of their teeth are
inversely proportionate to the number of their revolutions; and the products of their
diameters or the number of their teeth with their respective number of revolutions
are alwayr equal. For instance, suppose a 40 inch pulley making 36 revolutions a
minute drives another one €0 inches diameter, what will be the number of revolutions
of the latter?

14. Diameter Driving X Revolutions Driving — Diameter Driven X Revolutions
Driven.
C.I || To Diam. Driving, 40 | Under Diam. Driven, 60
D | To Revs. Driving, 36 | Find Revs. Driven, 24

The product of the two driving factors is thus equal to the preduet of the iwo
driven factors, namely 1440, and any other coinciding numbers on C.I and D, as
48 and 30, 45 and 32, 72 and 20 or 80 and 18 would give the same result, their
products being alsc 1440. The same formula applies equally to toothed wheels, the
number of teeth taking the place of the diameters. ;

l
|
|
*1
w‘
1
1
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5. axbXo_ CI| Seta | Rtod | ctoR | Underl 20, (a X by=x A || — | Fmdx
d - D | Tob | [ | Find 'z i B. I !
|
C. I‘ Seta | Over1
OI || Seta || C | Rtoe | dtoR | Under 1 D | Tob |
D || Teb || D | { | Find x.
: 21. ( ay:_ A Find x
Note. In above and following examples R stands for Runner, but it will not b/ B. 1
always be found pecessary to make such use of it, especially if an intermediate
result falls upon & distinet graduation, to which the index or another distinct grad- G 1 | Set1 | Over b
uation can be easily set. Dl Toa
By using one or other of the above demonstrations the solution may be had
sither on the ovdinary or on the reverse face. T'his formule, a8 well as many of the 92, afX b=—x A Fipd x

others given, may of course be worked out entirely on the ordinary face if preferred,
althongh in many cases the number of operationa would be therely increased.

B. I Seth | Overt

I
D || Toa
16. a umurse Ci 8etb | CI| Rtoe || C | dtoR | Underl
bXeXd ™ DI Toa| D | i D | Find x
- 23. (axXbXe)l=x A A} Findx
— i
C |l Sethb || C.I| Rioe | 1toR | Underd B 1 B
Di Toa || D | ! i Find x C.I.j| Seta || C|Over ¢
’ D i Toeb ;D
This formula, if worked out entirely on the ordinary face, would require five
operations instead of three. With the first demoustration the snswer is obtained 24, (axb2®Xe—=x A l A ] Find x
under the slide index ; and with the second, under the last factor of the dividend. B I Bl Over o
‘ C.I| Seta | C
17. axh_x CI) Setn | Rtoe | 1toR | Underd D Tob | D il
exd D || Tob | | | Find x.
25. a? A Find
18, a_)(b_)(c_x CIL || Seta | Rtod | cto R | Undere - == B i Overl};
dxXe D || Tob | | | Find x ’ '
C.I| Setl
D To a
19, aXhb - C i Sete || C.I. || Rtodore | btoR | Undereord, .
eXdxe T DJfToaf]l D |\ | | Find x.
26. a“xb*xa_‘x A “A [ Fied x
The combination of the ordinary and reverse faces snables the numerator & to be d B.L ; Bl Rtoc dtoR | Over 1
divided by the two factors ¢ and ¢ of the denominator with one settivg. This G1 |l seta || ©
operation is the same as that of formula 10, G ; . =X which is equivalent to . D Tob D I ’
a=Dh X ¢ X x, 5o thot the operatior is in reality composed of two consecutive
multiplications as in formula 2. . a7 a AP Toa | Findx
We have given as the sccond operation “ Runner to & or . When there are e B.L|l Setl
two or more factors, one may be more convenient for the position of the glide than !
the other, and it iy immaterial which one ia taken first, A little practice will soon E_Ii___i RELC R
D

emable the operator to perceive this and to select the most snitable one.




42 43
e| KEUFFEL & ESSER CO. NEW'YORK
28,  af Al A | Find w2 = g
: ind = =% T BT
=x i S L ; B Setb ||B.L} Undere
bXe B Betb [[B.L|Over ¢ ViXe
< C.L
£ Uil D To a D |Findx
DI Yoa D | :
29. vaxb=—x A To b 87. 4/a . Al Toa )l A
B.T| Seta bXe B B. L
CL Under1 G| Bet b ||C.L|Undero
D H Findx D D [Fird x
This formula gives the Geometric Mean of any two numbers, It will also bé) ——
seen that 2 is the G. M. of aif coinciding numbers on A snd B, L 8. Yaxb) .- A—
S e B. L Under ¢
30 ‘J_ﬂ_ i A To & | C.L| Seta
b B.L || Set1 | Underb D Tob | Find x
C. L
D Tind x 8% Vet =x A | B
B.1.i| Seta | Underl
31 b\/a—=x _.i\_.. & o1
B. L ¥ , "D || Toa [Findx
C.I.| Betb | Underl
D Find x 40, by a¥ =X A A
B.I. || Seta || B
82. vaxXbxo=x A Tob 1A C. 1. C | Underb
B.I|| Beta || B |Undere "D | Tea |D Findx
C.TL C
D D | Find x 4. 4/ A
T B.1 || Beta
38. axXb —
VaXbxe=x o]k | A C.L Underb
s RS D || Toa |Findz
C. L O | Underc
D DI Find x s s
8¢ ‘/ z =-x ﬁ %L R The following are & few ezamples, out of many which might be selected, of the
o i applieation of these formula to the solution of practical problems. The case of
CI Under b pulileys and wheels has already been given, but the following modifieation may not
D Find © be without interest.
85. 8 ==X A 42. To find the diasmeter of a wheel in inches and the number of revolutions
1/;— B.T.| Sett |[Under b per minute to give a required peripheral velocity or belt speed in feet per minute.
CL C. I. || Set Velooity | Under Diameter in inches.
D Tz | Foax D | To G.P.3.82 | Find Revolutions per minute.
L




45

KEUFFEL & ESSER CO. NEW YORK.

Hrample. Required the diameter of n pulley and the number of revolutions
per minute which will give a belt speed of 250 feet per minute.

C.I | Bet 250 feet | TUnder 18 inches | or Under 18 inches.
D || ToG. P.3.82 | Find 734 revs, | Find 53 revolutions.

and similarly, all other coineiding numbers on C. Inverted and on D give, the former,
diameters, and the latter, revolutions; all giving the required belt epeed of 250 feet
per minute, and allowing choice of a suitable .. mbinetion to be at once made.

If the belt speed is giver in fect per second then the G. P, 229 ruust be used.

48. Levenrs are another instance of inverse proportion, the long leverage
multipiied by the power applied, being equal to the ghort leverage multiplied by the
power itrgnsmitted. We have therefore the following demonstration based on
formula 14 ;—

C. T} Set Long Arm | Under Short Arm
1y [| 'To Power applivd | Find Power transmitted.

The superiority of the inverse method in the case of levers lies in the fact that
eny possible combibation of arms and power producing the same result is seen by
mere ingpection.

44, PrrcE oF I'ExtH oF WHEELS., A formula often used is P = 3/5% where
P ig the pitch of the teeth in inches, H the nctual horse power to be transmilted by
the wheel and V the velocity of the pitch line in feet per second. It is the same as

demonstration 37, so that we have

A [| To Horse Poawer. A

B ; “B.L

C Set 0.6 C. L Under Velocity

D i D Find Pitch in inches.

The advantage of this method is thal we can see at a glance » snitable pitch for
any velocity of the pitch line.

V' H X 382
DiamxReva
is given in inches, and the revolutions per minute. We have by demonstration 12
modified

The piteh may also be found by means of P = , where the diameter

R to Diam. 1to R Under Revs,
i” Find Pitch,

D To 382

45. Honrsk Power oF 4 Fann or Warer. Tke formula is

Theor : H. P. = Head X Cub. ft, water , for which we have by demonstration 12

- Constant 530

C. T, || SBet Head in feet ! Under Qonstant 530
D. | To eyb. ft. per min. | Find theoretic Horse Power.

This setting shows also at a glance all other combinations of Head and Volume of
Water which will produce the same horse power. To find the real effective horse
power, we have : —

. Head X Cub, feet X Efficiency
Effective H. P. = Constant 530

which is solved by demonstration 15.

C. L | Set Head | Rto 530 | Efficiency to R | Underl
D [ Ta Cub. ft. | [ | Find I, T.

The above may be solved with one setting by replacing in the first demonstration
the Constant 530 by the following Guage Points nccording to the percentage of

efficiency,
Per Cent. b0 60 70 75 80 85 90 95
G. P, 1660 883 757 70T 660 620 590 538

This demonstration also serves for obtaining the horse power of a Turbine or
other Water Motor, when the Head, Disclarge and rate of efficiency are known.

46, VELocITY oF WATER For a¥y HesD. 'The theoretic Velocity is obtained
by the well-known formuls ¥ — 8.025 4/H, for which we have according to
demonstration 31

A To Head in feet

B. L
¢ I Set 8.025 | Under 1 )
D 'Find Vel in feet per second.

"T'o find the real velooity of discharge with sny coefficient, the formula hecomes
V=0 X 8.025 4/H, for which we have the following demonstration.

A To Head in feet | A .
BT B ; B
C.I | Het 8.025 | ¢ Under Coefficient.
Dol "D 1 Find real Velooity.

47. Frow oF WareER 1x CmanNELs on Prems.  The well-known formmula is

V= C 4R XS, the terms of which are the gsame as demonstration 33; wo have

therefore
. A | ToSineof Slope | A o
B. L |[Set Hyd. mean Depth . B |
i feet |
C.1L i G Under Coefficient

D. |Find Vel. in feet per second.

R
'

D
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The coefficient C varies according to different hydraulicians, but the above very
simple method of obtaining the real velocity of the water cannot be equalled.

48. Wems. Fraveis' forrunka is I — 200 4 H? where D = Discharge in cubic
feet per minute over each foot width of sili, H = Height of surface of water above
sill in feet,

According to demonstration 40 we have

% A
B.I1 || Set Height B
i
C.L|l C | Under 200
|” To Height 1+ |Find Discharge,

D

49, AVERAGE Pressune or StEaM. The calculation of the average pressure of
steam in an engine cylinder with any 1atio of ent-off can be advantageocusly effected
with the slide rule by means of the following original formula ;—

LP. XA GP
AP =""70a7p.

where A. P. == Mean Pressure during the stroke in lbs. per square inch, including
atmosphere;
I. P. == Initial Pressure of steam in pounds per square inch including
atmosphere ;
A. G, P. = Average Gauge Point as per table ;
1. G. P. == Initial Gange Point as per table.
The demonstration is as follows: —

C.IL || SetLP. | Underl G.P,
D. || ToA.G. P, | Find Average Pressure.

The following are the Gange Points for the various portiona of the stroke at
which steam is ent off.
Catoff 5/8 3/ 6/8 172 %/8 174 1/8 /6 2/3 1/3 1/6

.G . P. 250 55 37 13 31 57 65 68 16 10 43
A G P 2 53 34 11 23 34 25 67 15 7 20

Cutoff  9/10 8/10 7/10 /10 4710 3/10 g/l 1/10

I.G. P. 200 139 139 167 214 3 23 100
AG. P 199 136 132 151 164 2 12 33

Example, Given an initial pressnre of 80 1bs. with cut-off at 6/8 of the stroke;
find the average pressure for the whole atroke.

C. L || Set801lbs. | Under 37,
D. | 'Fodt | Find 73.5 lbs.

These various examples could be extended indefinitely; those given will

‘show clearly how any kind of calculation may be worked out on the *Duplex”

Slide Rule.  We add twe rather more complicated ones, which are, however,
aolved very easily by the combined use of the ordinary and reverse face of
the “Duplex.”

0. Horse Power or o Steam Exeive. The formula is

D2 0.7854 X 28X R XP

B & 38000

where D == Diameter of the piston in inches;
8 = Length of Stroke in feet;
R = Revolutions of fly-wheel per minute;
P = Average pressure of the steam.
We, however, reduce the formula to the simpler one y—

D2xXSxXRXP

H P = 21608
which we demonstrate thus :—
A : A Find H P
B. L Set 8 X to 21008 RtoX B Over P
C. L C
D To D | D

If we wish to ascertain the horse power with a given cuf-off, we use the Gauge
Points given in the previous table, and proceed as follows : —

A A Find H. P.

BL i Bet 8 | Xt02i008 | RtoX || Bl XtoP LG.P.to X|Overa.G.P.
C.1 C
D ToD | D |

Note. In these two demonstrations we use the letter X to signify the Runner, to
avoid confusion with the Revolutions.

Example. Required the horse power of s steam engine whose piston is 20
inches in diameter, stroke 3 feet, initial pressure of steam 40 lbs., and cut-off af
half stroke, and making 70 revolutions per minute, :

A A Find 185.4 H. P.

B. 1L {{Setto 3] Xto21008 |T0to X || B |X to40 |13 to X [Over 11
C. L N C
D. || To 20 - D | |

51. HomsE Powzn oF o Turring, calculated from the square iuches of water
it vents. The formula is

B P wmBEX VH X 8025 x 12 X 60 X623 X VXE
_ 1728 % 83000
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whera H = the head or fall 1n feet;
¥ = the number of square inches water vented ;
E == the percentage of usefnl effect.
We reduce this to the following simple form

HXVHXVXE

H P —
158
and operate thus
A 3ToH A
B L i f’ B ’
C.L |l Set HIR t0158/V 1o 8l o |[onder B
D ! N D Find H. P,

Eromple. Head 22 feet ; Vent T0 squere inches; Fificiency 0.85; then we
have

To 23 A
B. 'I ‘ B
C.7 |8t 231K to 158|7040 k| O [TUuder 0.85
T T i D |Find 41.5 H. P.

5. 7Toe Positiown oF THE DErcrvan Porst,

The following are the ruoles for ascertaining the number of digits or figures of
which the integral portion of any result is composed, or in other words, the position
of the decimal point.

MurrreLtoation. If the produst is obirined with the slide projecting to the
" #ight, its characteristie is the sum of the characteristics of the two factors,
If the siide projects to the ef%, the characteristic of the produet is the sum of the
characteristios of tho two factors fess 1,

Drviston. If the quotient is obtained with the slide projecting to the right, its
characteristic is the characteristic of the dividend, minus the characteristic of the
divisor,

If the slide projects to the lzfY, the characteristic of the quotient is the charac-
teristic of the dividend pins 1, minus the characteristic of the divisor.

When g caleulation is effected involviug the use of both faces of the *‘Duplex,”
the characteristic of the result is & combination of the above rnles and of those for
the ordinary slide rule, which are the reverse of those for the inverted slide.

A little study snd practice will make these rmles self-evident, although in many
cagen tha position of the decimal polnt is more easily deteumnul by inspection of
the figures of the problem.
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15 eXbXe_ x " b X ¢ 3 plane trigonometry, including the more difficult solutions of oblique triangles,
d (2 X bt can be made with one setting of the ordinary 8lide Rule.
a 38, o e e = X s %
1’ . —— ==x [ - It is proposed here to take up the different cases usually treated in plane
bxexd
a % b 39, PR trigonometry, giving an illustration of each,
17. == X
¢ Xd 40. b\/a?"-—- X .
5, 8X bxe _ % V! E 1. GiveN Drerggs, 1o F18p TR CORRESPONDING RADIAN MEASTRE OF
’ dXx e 41. = X AN ANGLE, OR THE REVERSE.
aXxXhb
19. e X 42.  Belt Speed.
i W EXE—2 ﬁ ?iet::;rif Teeth of Wheels ; i ki Readany sudiang
a : ;
2 (—iT)’E =* 45, H. P. of a Fall of Water, B Set 180 Rcad any degrees
46. Velocity of Water for any Head. :
22, a?Xb=x 2 i
47, Flow of Water in Channels or Pipes, C
8. (aXbXe)y =1z 48, Weirs, ! '
_ 24 (aXb)! Xe==1x ) 49, Average Pressure of Bteam. _ D ! !
25. at_ - 50. Horae power of a Steam Engine . :
b 51. Horse power of & Turbine,




0. NEW YORK. 3

. 2. The Privorran Varves or Axanzs will be read with reversed slide
in what follows, for example

Al To 7 "Under 5

5 ‘ Set 1 (sin 90°) i Read answer 45°.5

arc sin (%)

A To 8 i Under 2

5 | Set 1{8in 90°) | Read answer 41°.8
are ese (§)

are tan (2) ;
. T . Set 1 (tan 45°) | Read angwer 8327

D To 3 i Over 2

A‘\!

8
|
arc ctn (13) |
T Bet 1 (tan 45°) 'Read (90°—answer) 58°.3

D To 21 iOver 13

|
To % 'Under 2

. 5l Bett {sin 902
4re cos {$)

Read (90°—answer) 78°.4

T

Dl

A To 10 ‘Under T

& | Set 1 (sin 90°) | Read (90°—answer) 43°.5

a g 1n
arc sec (L)
P’L‘

D ‘ i

PLANE RIGHT TRIANGLES.

8. Given Two Lres To Sowvi. Using the usual notation 4, 2, €, for
angles ; @, &, e for sides opposite

Let a=0.0227, b=0.084, ¢ =90°

A

&

T  Set1(tan45%) Read A

D Over 84 |Over297

A-—15°7
B =90°—(16°7) ="T74253" Toygcte

A Under 227 | Read answer ¢=0.087

S| Set19°7  Over1(sin90)

T

D
If either angle is lexs than 6° the sine may be used for the tangent as
tollows:

4, Let a=164.4 b —=5.99

A To G4.4 Under 5.99

|
3 1 Set 1 (sin 90°) Read answer 3 =519

T \
—
|

B =519 A =90° — (5° 19y = 84° 41’




5. GIVEN & LEa aNp g HYPOTENUSE.

Let ¢ —17.48 b= 0,847

| H
A‘ Under 746 Under 647 |‘ Read «

8 | Set1(sin90°)  Read B Over85°1'
| !

D { o
B =4° 59’
A =90° (42 50) = &5° 1/
=743

6 IHa only is requlred in the last example it may be better to use the

A \ To 8.107 ‘
B ‘ Set 1 TUnder difference 6.813
‘| |
D ‘ ‘ Read answer ¢ = 7:43

7. When 5 is nearly equal toc, we can find 4 more accurately by the

formula
A e—0b
Sint = —=""_"
Sin 3 5

Let &= 7.4169 ¢ == T.4451

A |To ¢—5=0.0282 Index to 2.295
B

‘Set 2148902 Read answeré: 20 29°

u]o

| Read 2.295

8. GiveN A LEG AND aN AcUTE AXNGLE,
Let &= 0.084 A=1579
whence B — 74¢ 517

A % To 0.084 Read e =0.087 h Read e = 0.0227

S | Set74o5U' 'Over 1 (sin 90°)| Over 1509’

T
P | |
If only a is desired we read more accurately
. |
g | |
T | Set 1 (tan45°) | Under 15° ¥
b | Over 0.084 ’Read a= 0.0227

9. G1veEN THE HYPOTENUSE AND AN AOUTE ANGLE.
Let e = 426 A=84°15
whence B = 55° 45'

A On 420 Read a=240 | Read & — 853

Set 1 (sin 90°) | Over 84°15' || Over 56° 45

T

D

10. Latitude and departure of plane surveying is a epecial case of right
triangles

A { On “distance” | Read “departure"” Read “latitude”

Set 1 (sin 90°) | Over “course” | over (90°—course)

P I

1. Projecting a line (or stress) on another line.

A On length | Read projection

8 | Set 1 (sin 90°) | Over (30°—angle)




Let a force of & 1bs, act at an angle of 59° to another line. Determine
its resolute.

A ‘ On 5 ‘ Read answer = 2.58

8 | Set 1 (sin 90°) | Over 81°

| |

PLANE OBLIQUE TRIANGLES,
12. GrvEN A SIDE AND TWO ADJACENT ANGLES.
Using the formula @: 8in A =:%; 8in A=¢:sin O
Let ¢ =25, B=150°, —=460° whence 4 =70°

=

A On 25 ‘ Read b == 20.6 l Read ¢ =28.2
8 Set 70° Over 50° Over 60°
T
[ .

7 D '
: I

13. GivEN Two SIDES AND AN ANGLE OPPOSITE ONE OF TITEM (case of
double solution).*

Let A =48°34", a—46.24, »=60.02,

A ’ To 46.24 Under 60.02 ’ Read ¢=05(.586 ” Read ¢,—29.08
S J Set 490 34/ Read B | Overbgode ] Over 28° 8’

. B,=180°—(76°42")| B, =76°4%, €', 54044’ R, —103°18,
] ‘ ‘ 1, —2808"

p| | |

14. Sometimes in the double solution case we have only one solution.*
TLet 4 =182°43% =988, »=4672.
Here A is acute and @ > &, hence we have only one solution as follows:

A On 988 Under 672 H Read e=1484
5 Set 32° 48 Read B O\-rer 54217
T
D

B=21°34

C=180° — (A4 B) =180° — (54° 17",

15. GivEN Two SipE8 AND THE INCLUBED ANGLE.

Use the formula

; B—C 4
Tan 2 _ctnd
b—e b4

The fact that the tangent scale runs only to 45° makes two cases.

Case 1, % rreater than 45°

A e, BEC A
Let &= 6.24, e=2.35, A =110° 32", whence 5 = 55° 16°, S 0 — 7=
34°44', b+ c=18.59, & — ¢ — 8.80.
3
]
—
T Set 84° 44° Read il g — 179 26’
D \ On 8.59 ‘ Over 3.89
. B+OC B--C
Adding and subtracting — g
B =521
C=17° 18
Case I11. %1 loss 45°
A | |
s ‘ “
4 B —
T | Set1 (tan 45°)| Runner to o | Read — =

D ‘ On b-{e¢ ‘ Index to runner i! Over b—e
Let 6= 2262, o=1387, A-=059°18, whencedF+e=35649, b—c=487.0,
—apose, ¥ 4 Y gooo.

T ’ ]
| ||
i || 0 ,
Runner to 29° '36' ) Ruld s - 23054

w0l b

| -

T |Set 1 (tan 45°)

- D k 0;1“364 9 ‘ Indt X to runner OH,r 87 5

: . +¢ B C
Adding and subtructmg 2 g Fog
B =88518
=37 30

* The minutes of arc can not be read correctly to the unit with the slide rule.
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16. CHVEN TUE THREE SIDES.

) The common selution requires first the finding of the radius of the in.
scribed circle, by the formula

Tzz(.s——a) (s— b (g—¢) 8:a+b+a
¢ 2
and then the angles by the formulas
A4 r n 7
tan e tan BT T etc.

Th'is is the only problem of plane triangles which requires several settings
of the slide rule for its solution. But after r is found one setiing gives any
angle, as follows:

Leta=260, 5-=280, ¢=3800, whences—=420, s-~a2—160, 3 —b = 140, s—es= 120.

A ’ On 160 | 1 to runner H
B Set 420 Runncr to 140 Under 120
C
D 1 ii Read »=17.99
Reverse the scale
A ‘
‘ i
i |
i - i A
T | Set 1 |Read ;) =264
D|  On 160 ‘Over (=799

A — G ow

This completes the solution of all cases of plane triangles.
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Slide Rules of All Kinds.

We are the only manufacturers of slide rules in America and have
the largest assortment. Some of the best known of our slide rules

are shown below.
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Mannheim Slide Rules can be used to advantage in every line of
business. They have our patent adjustment for obtaining any desired
friction of the slide. Made in 5 in., 8 in., 10 in., 16 in., and 20 in.

sizes.

DUPLEX

i
2 9 ‘
Py TR RN SPURT IR R A SUPT Y P PAT]

Duplex Slide Rules are practically two rules in one, with all the
scales on the exterior faces, where they may be readily seen and
utilized by merely turuing the rule over. Madein 5in., 8in., 101in.,
16 in., and 20 in. si:_s, with and without trigonometric scales.

POLYPHASE

The Polyphase Slide Rule is of the Mannheim type, but has an
inverted C scale and a scale of cubes in addition to the regular Mann;
heim scales. This arrangement facilitates the solution of many
problems involving three factors, as well as many powers and roots.

Made in 8 in., 10 in., and 20 in. sizes,
K & E STADIA SLIDE RULE

This form of Stadia Slide Rule is remarkable for its simplicity.
By one setting of the slide, the horizontal distance and vertical
height can be obtained at once when the stadia rod reading and

elevation of the telescope are known.




The K & E Slide Rule Magnifier greatly increases the accuracy
with which slide rule results may be rcad, as the magnification of the
graduations enables one to read them easily, and to estimate the
spaces with great exactness. :

The lens is always in position for reading and is always in focus.
The magnification is ample for even the finest graduations, the field
covers the full area of the indicator and there is no distortion of the
lines. This device is so constructed as to be readily applicable to the
indicators of all K & E Slide Rules. [t can be snapped on or off the
indicator as desired.

The K & E Magnifier is a high-grade article and should be a part
of the equipment of every slide rule user. '

4085-A, Magnifier for Mannheim Slide Rules 5 in., 8 in. .each $2 00

4085-B. Magnifiers for Mannheim 10 in., 16 in., 20 in., Poly-
phase, Favorite, and Duplex, 5 in., 8 in., 10 in.,
Shde Rules. ... ... .. ... .. . .. . . . .. .. .. 200

4085-C. Magnifiers for Duplex 16 in., 20 in., Log Log and

Universal 10 in., 16 in., Slide Rules. .. .. .. 250

THE K & E CALCULATOR.

Circular Slide Rule. Watch Pattern.

The K & E Calculator is a circular slide rule of ordinary watch
size. [t solves practically all the problems possible with the regular
straight slide rule, over which it has the advantage that no reading
lies beyond the scale. The instrument is entirely of metal except the
glass faces, and is therefore not affected by atmospheric changes,
thus assuring the continued accuracy of the scales.

WE ARE THE ONLY MANUFACTURERS OF SLIDE RULES IN AMERICA.






