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No. 767,170

UNITED STATES

Patented August 9, 1904,

PaTent OFFICE.

LEON WALTER ROSENTHAL, OF NEW YORK, N. Y.

ENGINEER’S SLIDE-RULE.

SPECIFICATION forming part of Letters Patent No.'768'7,170, dated August 9, 1904.

) Application filed March 4, 1904, Serié,l No, 196,581, (No model.)

To all whom it may concern:

Be it known that I, Lrox WALTER Rosex-
THAL, 4 citizen of the United States, residing in
New York, borough of Manhattan,and State of
New York, have invented certain new and use-
ful Improvements in Engineers’ Slide-Rules,
of which the following is a specification.

In the well-known Mannheim slide-rules in
general use it was impossible to find the prod-
uct of more than two numbers at one setting.
To enable engineers to find the product of
three numbers at one setting, a rule has been
proposed, known as the *‘ duplex” rule, hav-
ing scales on both sides of the same, which,
however, increase the cost of such rules, de-
crease their scope of application, and, fur-
thermore, require the inverting of the entire
rule in order to obtain the final reading in
each case.

My invention relates to engineers’ slide-
rules, and more particularly to improvements
on the Mannheim rules, and has for its object
to provide a rule whereby the product or con-
tinued quotient of three numbers may be more
readily and accurately determined, a solution
of many common and useful problems facili-
tated and made possible, and .the results ob-
tained with convenience and accuracy, and yet
the general physical characteristics of the
Mannlhieim type of slide-rule retained.. For
this purpose the invention consists of an en-
gineer’s slide-rule having two fixed bars con-
nected with and arranged parallel to each
other by across-piece the under face of which
is adapted for the usual table of constants, one
of said bars having a logarithmic scale pro-
gressing from the left to the right, the other
having a scale progressing from the left to
the median point of the graduated length of

the rule and the other scale from this point,
toward the right of the rule, and a movable’

slideinterposed between these barshaving one
scale in juxtaposition with the scale of the

bar progressing from the left to the right for

the graduated length of the rule and having
two other logarithmic scales each progressing
from the median point of the graduated length
of the slide toward the énds of the same; and
the invention consists, further, of a slide-rule

hereinafter as the.“‘scale of cubes,” arranged
in cubical relation to the scale of one of the
fixed bars of the rule and in three-half-power
relation to the two scales of the other fixed
bar; and the invention consists of certain
novel features by the use of which many cal-
culations may be greatly facilitated and addi-
tional computations made possible, as will be
more fully described hereinafter and finally
pointed out in the claims.

In the accompanying drawings, Figure 1
represents an upper face view of my improved
slide-rule. Fig. 2 also shows an upper face
view of the same with the slide entirely re-
moved, so as to show the scale of cubes. Fig.
3 shows an upper face view of the slide. Fig.
4 shows a transverse section taken on line 4
4, Fig. 1. Fig. 5 is a detail view of the end
of the slide arranged so as to facilitate the
readings when the scale of cubesis used, and

Fig. 6 is a detail view showing a modified.

form of the end of the slide.
- Similar letters of reference indicate corre-
sponding parts.

Referring to the drawings, A represents the
main piece of my improved slide-rule, which
main piece consists of two fixed parallel bars
G and H and a member or cross-piece I, con-
necting the under faces of the fixed bars, and
having a plane under face provided with a
table of constants or other frequently-occur-
ring and useful information in the usual man-
ner. The bars G and H are provided at their

inner edges with longitudinal grooves /4, in

which is guided a slide M, that is provided at
1ts edges with longitudinal tongues m. The
slide M is guided in the longitudinal depres-
sion of the main piece A between the fixed
bars G and H. The fixed bar H is provided
with a logarithmic scale D, progressing from
the left toward the right for the graduated
length of the rule, and the bar G is provided
with two logarithmic scales, the scale A’ pro-
gressing from the left-hand end to the median
point of the bar and the scale A® from the
median point toward the right-hand end of
the bar.

R represents a runner, similar-to that of the
ordinary rules, provided with a piece of glass

having a series of logarithmic scales, known | or other transparent material, having a fine
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distinet line marked across the under side of
its face and placed arbitrarily at the center of
Lhe glass.

The under face of the slide M is arranged
with three scales, well known in slide-rules
and not shown in the drawings. One of these
scales is for the purpose of trigonometrical
computations involving the sines of angles
and is ordinarily used in conjunction with the
scales A’ A% of the fixed bar (+, known as the
*“scale of squares.” The second scale on the
under face of the slide is for the purpose of
trigonometrical computations involving the
tangents of angles and is ordinarily used in
conjunction with the scale D of the fixed bar
H. The third scale on the under face of the
slide M is generally arranged intermediately
between the trigonometrical scales just men-
tioned, has equally-spaced divisions, and is
ordinarily used in conjunction with the scale
D for the solution of problems in which actual
mantisse of logarithmic numbers are to be
noted.

The parts so far deseribed are the same as
in the well-known Mannheim slide-rule. The
slide- M is provided on its upper face on. one
side of its longitudinal center line with a loga-
rithmie scale C, progressing from the left to-
ward the right of the slide for the graduated
length of the same and in juxtaposition with
the scale D of the bar H; but instead of hav-
ing two additional scales on the other side of
the longitudinal center line of the slide pro-
gressing in the same direction and in juxta-
position to the scales of the fixed bar G, as
heretofore, theimproved slide M hastwologa-
rithmic scales B’ B?, each progressing from
the median point of the graduated length of
the slidein opposite directions to each other to
the ends of the same. By this arrangement
my improved slide has two logarithmic scales
both progressing from the median point to-
ward the ends of the -slide, the scale B* pro-
gressing from the median point toward the
right-hand end of the rule and the scale B’
progressing from the median point toward
the left-hand end of the rule, whereby the
right-hand scale B* is in exact coincidence
with the right-hand scale A* of the bar G,
while the left-hand scale B’ is in reverse with
respect to the scale A’ of the bar G: By this
arrangement one is enabled to find the prod-

~uct of three numbers at one setting of the

slide or the continued guotient of three num-
bers—that is, one number divided by the
product of two numbers—Ilikewise at one set-
ting of the slide, manipulations which require
two settings with the ordinary Mannheim rule,
together with additional time and labor and
decreased accuracy connected therewith.

In the drawings the scale B’ is shown to
progress in opposite direction to that of scale
A’. Instead of this arrangement the scale B’
may equally well be arranged so as to be in
juxtaposition to scale A’, and the direction of

767,170

the scale B* be made opposite to that of scale
A% or the slide M may be provided with two
scales progressing in the same direction and
either one of the scales constituting half the
graduated length of the rule arranged so as
to progress in opposite direction to either of
the scales of the slide. The arrangement of
one of the scales of the slide, either as shown
in the drawings or else with the reversed scale
in the position there given to B°, would require
the least change in the ordinary rule and
would be the preferable form.

By the proposed arrangement of the scale
B’ with respect to the scale A’ the reciprocal
of numbers is dealt with instead of the num-
bers themselves. Thus by setting the left-
hand index of the scale B’ in coincidenee with
the left-hand index of the scale A’ or A® it
is found that in coincidence with all numbers
on the scale A’ or A* will be directly found
the respective reciprocals on the scale B'.
Thus the reciprocal of two is .5, of four is
.95, of five is .20, &c., as may be seen by com-
paring scale A’ of Fig. 2 with scale B’ of
Fig. 3. : ‘

The product of two numbers is exactly
equivalent to the quotient obtained by divid-
ing either factor by the reciprocal of the
other, and the division of one number by an-
other is exactly equivalent to the product ob-
tained by multiplying the dividend by the re-
ciprocal of the divisor. Hence to multiply
two numbers either one of the factors on scale
B’ is placed in coincidence with the second
factor on scale A’ or A% and over one index
of B’ is found the product on A’ or A”>. Thus
in Fig. 1 where **4” on scale B' is in coinci-
dence with ‘*86” on scale A’ their product
1447 is read on scale A’ above the left-hand
index of'scale B’. Similarly, to divide one in-
dex of B'is brought under the dividend on
either scale A’ or A” and the quotient is read
on A’ or A®above the divisor on scale B'.
Thus to divide one hundred and forty-four by
two the left-hand index of scale B’ is placed
in coincidence with ““144” on scale A’ and
over ““2” on scale B’ is found the quotient
**727 on scale A'.

In practice it has been found easier and
more accurate to multiply than to divide, be-
cause with the Mannheim or ordinary arrange-
ment of the scales it is necessary to set the di-
visor in coincidence with the dividend, nearly
always requiring the use of the indicator-line
of the runner as a guideto the setting, where-
as in multiplication one index is used in the
initial setting. With the arrangement of
scales as forming part of my improved slide-
rule the process of division becomes one of
multiplication, thus obviating the disadvan-
tages of the common method of division. ,

Withmy improved slide-rule multiplication
of three factors isaccomplished at one setting,
since in using scale B’ the product of two fac-
tors is found over its index, which is the re-
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quired setting for multiplication of that prod-
uct by any number on scale B®. Thusthe prod-
uct of two multiplied by seventy-two multi-
plied by four will be found in the following
manner: Set 727 onB to‘2” on A’ and over
“4”on B*find ““576” on A% Similarly, in the
division of one number by two others the time
and labor is much reduced, while the accu-
racy .of the final result is increased. For ex-
ample, the solution of thirty-six divided by
twenty-five multiplied by six would be ob-
tained in this manner: Set ““25” on B’ to
*“36” on A’ and over **6” on B’ read ‘*.24”
on A'.

The multiplication or division of more than
three factors may be performed by the same
methods with a propor tionate saving of time
and labor and an Increase of accuracy ineach
case. Thus the product of four or five factors
may be determined in two settings instead of
three or four, as with the Mannheim type of
slide-rules hitherto in use. Similarly, the di-
vision of one number by three or four factors
is found in two settings instead of in three or
four as heretofore.

Proportion 1s either direct or inverse, the
latter necessitating for its most rapid and con-
venient solution with the ordinary arrange-
ment of scales that the slide be withdrawn
from between the fixed bars and turned end
for end before replacing. This operation re-
quires a certain amount of time and is liable
to subject the slide to wear and damage and
in a short time render the rule unfit for accu-
rate determinations.  Furthermore, the read-

ings are not so accurate, owing to the fact
that the numbers on the slide are then upside
down. By the use of scale B’ asarranged in-
verse proportion is as readily solved as direct.
The following problem illustrates this method:
What will be the speed of rotation of a pul-
ley six inches in diameter when driven by a
belt from another pulley having a diameter
of thirty-six inches and making four hundred
revolutions per minute—that is, 86:6::X:
400¢ Solution: Set ““36” onB’ to 4007 on
A’ and over ““6” on B’ find ““2,400” revolu-
tions per minute on A

Also in many common problems of design
where the product of two factors 1s a fixed
quantity all possible combinations which will
give that product are directly found in coin-
cidence on scales B’ and A’or A* when one
index of B’ is set on the constant quantity on

‘A’ or A%

For the determination of cubes and cube-
roots of any number I arrange the scale E,
consisting of three logarithmic scales B ¥’
I?, which are similar and in every respect
identical to each other,
pression of the main piece A, intermediately
between the fixed barsG and H.  These scales
are of such relation to the scales D of the bar
H that any number of the bar H is in line
with its cube found on scale E', E* or F’.

on the face of the de-

The.scales E' E? E’ are in such relation to the
scales A’ and A® of the bar G that any nam-

ber of the bar G is in line with its three-half -

power found on thescales E', B?, or E’. Thus
the cube or. third power of twelve is found to
be ““1728” on scale E' in line with ““12” of
the bar H. Conversely, the cube-root of
twenty-seven is found to be **3” on scale D

in line with **277 of scale E*.  Similatly, the.

three-half power of four is found to be ‘*8”
on E in line with ‘“4” on scale A’ of bar
G. Conver selv the two-third power of eight
1S found to be 47 on scale A’ in line with

87 of scale E

In using the scale oi cubes it is found de-
sirable to provide each end of the slide with
a recess X, extending from the extreme end of
the slide as far as the line of the nearer in-
dex of the scales on the slide, as shown in Fig,.
3 and enlarged in Fig. 5. When the scale of
cubes is used in the course of solving a prob-
lem, the innermost edge of the recess X, in
line with the index of the slide, becomes the
indicating edge N. In place of a recess the
slide may be provided withaslot Y, having a
transverse indicator - thread Z in alinement
with the index of the scale on the slide, as
shown in Fig. 6, so as to obtain an accurate
setting of the numbers of any other logarith-
mic scale on the rule or slide when used in
conjunction with the scale of cubes.

When a slide is provided having a recess

X, as shown in Fig. 5, the ends of the slide

are preferably provided with a metallic cross-
band T, so as to facilitate the manipulation of
the slide and render it less liable to injury.
Instead of the recess X orslot Y the ends of
the slide may be left intact, in which case the
edge itself of the slide would be used. In
this case allowance for the distance between
the end of the slide and the index-line would
have to.be made for each setting, which is ac-
complished by providing the runner with a
short parallel line R* on each side of the in-
dicator-line R’ of the same. The recess X or
slot Y permits, however, the direct use of
“constant-demarkations,”- which represent
the fixed points corresponding to the con-
stants in most general use.
cating edge N or line Z would be set on o
) ¢ d, &c., representing values of constants
and the product of the same with any factor
obtained at one setting. The constants them-
selves may be designated directly as 7 or a
system of symbols as ¢’ ' ¢ ', &c.; used,
the interpretation of which would be found
on the under face of the cross-piece K.

In using the scale of cubes with all num-
bers having one, four, seven, or ten, &c.,
digits scale K is used, for numbers having
two, five, eight, or eleven, &c., digits scale
E? is used, and for those numbers having
three, six, nine, or twelve, &c., digits scale
I? is used.

The following are some of the many prob-

Thus the indi-.
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lems which may be solved at a single setting
by the use of the reversed scale B’ or the scale
of cubes in conjunction with the other scales
as arranged and located.  More complicated
problems requiring more than one setting are
readily solved with the proposed rule with a
proportionate saving in time and labor and
with increased accuracy over the ordinary
slide-ruile. ‘

1. 38 =38"%x3x8=% Over‘3”onscaleD
set *“3” on B and over ‘“3” on B’read ‘81”7
on A*—that is, the factor three is squared by
reading directly from scale D to scale A’ and
the produect multiplied by the two other fac-

tors all at one setting.

9. VaxXbXe=t SeﬁaonB’tobonA’or
A% and under ¢ of B*find va X b X ¢on D.

Z =9
C

under ¢ of B’ find \/5 on D.
¢

3. Setd on B*to @ on A’ or A*and

4. ¥ ZLE =% Set the indicating edge N or
b :
line Z of the slide to @ on scale E and over b
on B read &% on A’ or A%
‘ b ,

5.0 Y@ =7 Set the indicating edge of
slide to # on scale E and over b on B* read
b¥a? on A’ or A%

6. * Va* =7 Set the indicating edge of
slide to @ on scale E and above b on C read
b ¥’ on A’ or A%

T. v (@ xb’=% SetaonB tobon A or

A? and at edge of slide read v/(z X b)* on
scale K

8. \/@ =% Set b on B*to« on A’ or A*
b

and at edge of slide read \/@ on E.
b

9. ¥&* =% Setthe indicating edge of slide
to @ on scale E and over ¢ on B* read ¥« on

A’ or A%

50

55

6o

10. ¥Y@* =% Settheindicating edge of slide
t0 @ on scale E and under @ on B’ read &4
on D.

11. 1 =% Setthe indicating edge of slide

Ya
to @ on scale B and under ¢ on B’ read 1
Va
on D. ,
12. 1 =% Settheindicating edge of slide

Y

to @ on scale E and over index on D read

.1 onC.
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It is fonnd in processes of multiplication,
division, &c., that the slide-rule is most con-
venient, rapid, and acccurate for the engi-
neer, architect, or merchant if graduations be
placed on the logarithmic scales correspond-
ing to fractional parts, such as sixths, eighths,
twelfths, &. Thus when each unit is divided
into twelve parts on scales C and D the op-
erator is at once enabled to calculate square
measure or cubical contents when one or all
of the individual lengths are given in both
feet and inches, so the merchant can more
easily and readily calculate the cost of mer-
chandise when the price or length, or both, are
given in fractional parts of their respective
units, such as three and one-eighth cents per
yvard or ten and one-eighth yards at five and
three-eighths cents.  Similarly total weights
are estimated more rapidly and to a greater
nicety when the factoris givenin both pounds
and ounces. In order to adapt the slide to
more varied uses without confusing the scale,
it has been found more preferable to divide
the scale D into graduations of sixths or

twelfths and the scale C into graduations of

eighths, or vice versa, using different-colored
markings for them for the sake of clearness.
These graduations are clearly shown in Figs.
2 and 3 and are designated by P and S, respec-
tively. '

The additional cost of manufacture, the ab-
sence of the table of constants and other use-
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ful information usually found on the back of -

the ordinary Mannheim slide-rule, and the im-
possibility of making trigonometrical and
other computations without the aid of an ad-
ditional slide, together with many inherent
disadvantages, lack of adjustability against
warping, &c., arve the. reasons that the Du-
plex rule did not find the favor with calcu-
lators. that it would seem to merit. These
disadvantages become the advantages of my
improved rule and will serve to commend it
at once to engineers and calculators.

I claim as new and desire to secure by Let-
ters Patent—

1. A slide-rule, consisting of a main piece
having two fixed bars, one bar having a single
logarithmic scale the graduated length of the
same, and the other bar having two scales
each of half the graduated length of the rule,
said scales progressing in one and the same
direction, and a movable slide between said
bars and provided with a single logarithmic
scale on the side adjacent to the single scale
of one of the fixed bars and with two scales on
the opposite side progressing in opposite di-
rection to each other; substantially as de-
seribed. B

2. A slide-rule, consisting of a4 main piece,
and two fixed bars, one bar having a logarith-
mie scale progressing from the left-hand end
toward the right-hand end of the bar for the -
graduated length of the same and the other
bar having two scales each progressing from
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the left toward the right, one from the left-.
hand end to the median point of the graduated
length of the bar and the other from the me-
dian point toward the right-hand end of the
bar, and ‘a slide movable between the fixed
bars having a logarithmic scale on one side of
its longitudinal center line in juxtaposition to
the single logarithmic scale of one of the fixed

. bars, and two logarithmic scales on the other

side of the longitudinal center line, one pro-
gressing from the median point toward the
right-hand end of the slide and the other pro-
gressing from the median point toward the
left-band end of the slide, substantially as.de
scribed. '

3. A slide-rule, consisting of a main piece
and two fixed bars, one bar having a logarith-
mic scale progressing from the left toward
the right of the rule for the graduated length
of the same and the other bar having two
logarithmic scales each progressing from the
left toward the right, one from the left-hand
end to the median point of the graduated
length of the bar and the other from the me-
dian point toward the right-hand end of the
bar, and a slide movable between the two fixed
bars having a logarithmie scale on one side of
its longitudinal center line in juxtaposition to
the single scale of one of the fixed bars, and
two logarithmic scales on the other side of the
longitudinal center line and progressing in op-
posite directions, one scale progressing in the
same direction as one of the two scales of one
of the fixed bars and the other progressing in
the opposite direction to the other of the two
scales, substantially as described.

4. In a slide-rule, the combination, with a
main piece provided with two fixed bars, one
bar being provided with two contiguous loga-
rithmic scales, one progressing in one direc-
tion from one end of the bar toward its me-
dian point and the other scale from said me-
dian point in the same direction to the oppo-
site end of the bar, the other bar having a
logarithmic scale progressing the graduated
length of the bar in the same direction as the
scales of the first bar, of a slide guided be-
tween said fixed bars and provided at the edge
adjacent to the last-named bar with a logarith-
mic scale extending through the graduated
length of the slide and at the opposite edge
with two logarithmic scales one progressing
in one direction from the median point of the
slide to one end of the same, while the other
scale progresses in the opposite direction
from the median point to the other end of the
slide, substantially as described.

5. Inaslide-rule, aslide provided along one
edge with a logarithmic scale progressing in
one direction from one end of the slide to the
other and at the opposite side with two loga-
rithmicscales, one progressing in one direction

.and the other progressing in the opposite di-

rection, substantially as described.

e

6. Inaslide-rule, the combination of a main
piece consisting of a cross-piece provided with
two fixed bars, each of said fixed bars hav-
ing logarithmic graduations, and logarithmic
graduations arranged on the cross-piece rep-
resenting the cubes of numbers on one of the
fixed bars and the three-halt powers of the
numbers on the other fixed bar, and a slide
guided between the fixed bars and provided
at each edge with a recess, substantially as
described.

7. Inaslide-rule, the combination of a main
piece consisting of a cross-piece having loga-
rithmic graduations and provided with two
fixed bars, each having logarithmic gradua-
tions, the graduations of the cross-piece being

"in cubical relation to the graduations ofone

of the fixed bars and a slide having a recess
at each end movable between the fixed bars,
the edge of which recess serves to place either
end of the graduated length of the slide in
alinement with the graduations on the cross-
plece, substantially as described.

8. Inaslide-rule, the combination of a main
plece consisting of a cross-piece having loga-
rithmic graduations and provided with two
fixed bars, each having logarithmic gradua-
tions, the graduations of the cross-piece being
in three-half-power relation to the gradua-
tions of one of the fixed bars, and aslide hav-
ing a recess at each end movable between the
fixed bars, the edge of which recess serves to
place either end of the graduated length of
the slide in alinement with the graduations
on the cross-piece, substantially as described.

9. A slide-rule,comprising amain piece con-
sisting of a cross-piece having demarkations
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and two fixed bars provided with logarithmic

scales, and a slide guided between said fixed
bars, said slide being also provided with loga-
rithmic scales and having a recess at each end
of the graduated length of the saime, the edges
of which recess serve to place either.end of
the graduated length of the slide in alinement
with the demarkations arranged on the cross-
piece, substantially as deseribed.

10. A slide-ruole, consisting of a main piece
composed of a cross-piece and two fixed par-
allel bars, and a slide guided between the fixed
bars, said fixed bars, slide and the cross-piece
between the fixed bars being provided with
logarithmic graduations and each end of said
slide having a recess, the inner edges of which
serve to place it in alinement with the loga-
rithmic graduations arranged on the cross-
piece, substantially as described.

In testimony that I claim the foregoing as
my invention I have signed my name in pres-
ence of two subscribing witnesses.

LEON WALTER ROSENTHATL.

‘Witnesses:
GeoreE F. SEVER,
Hexry J. SUHRBIER.
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