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This invention relates to mechanical calcula,-
especially multiplication and division,
whereby two or more independent quantities are
each proportioned to the movement of parts, such
for example as arms or the like movable around
given centers and generating angles each in pro-
portion to the numerical value of one of the vary-
ing quantities, while by means such as a system
of links the angles of movement corresponding to
the respective quantities are combined to produce

a new angle or other function, whose magnitude -

is proportional to the product (or other function)

of the respective angles corresponding to the in-.

dependent quantities.

Multiplication devices and the like of various
kinds as now current in the art practically all
embody either the principles of logarithmic ad-
dition or of repéated addition. The former are
inconvenient for many uses inasmuch as they Te-

quire irregular scales, so that for example it is-

~exceedingly difficult to use them in indicating and

recording: instruments and the like. They are
also limited to the multiplication of two factors

" at a time. That is, the multiplication of three or

40

e
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more quantities cannot conveniently be made .

simultaneously but is made as a series of sepa-
rate operations involving only two factors at a
time. The mechanical devices operating on the
principle of repeated addition are complicated
and expensive; and do not give simple direct-

reading results which adapt them for use as parts.

of various devices which require movements pro-
portional to both of two quantities (and there-
fore to their product).

It is an obJect of the present invention to en-,
.able the simultaneous multiplication of more than -

two quantities at once as well as to perform the
operation of multiplication (or division) of two
or more quantities with scales having move-
ments' with ~equal increments for -the same

changes in the quantities, and therefore suitable

for use in various types of instruments. It is
moreover an important object to provide a simple,
fool-proof, and inexpensive apparatus for multi-

‘plying (or dividing) two or more quantities in a

certain and accurate manner. Ancther object is
to make the motion of each element of the ap-

paratus independent of the motion of all the

other elements representing the quantities, so
that mechanical means can ‘be readily utilized to
move or be moved by all ‘the various elements
simultaneously or at intervals to the proper po-

sitions on the scales and to obtain their product

(or quotient) on an equally divided natural scale.
Having these objects in view, one form of appa-

(Cl 235—61)

ratus comprises two or more parts, for example '

angularly-movable arms pivoted in a,'novel rela=
tionship explained below, movable proporticnate-
ly to the quantities to be multiplied, and arranged
to actuate an indicating or actuated part propor-
tionately to the product of those quantities. In
the illustrated arrangement all of these parts
move over graduated scales so that the product
may be read from the position of the indlcating
part on its scale, but the mechanism is also suited
for uses in which such secales are not required.
We prefer to so arrange the apparatus that
each of the scales is graduated in o uniform man-
ner from a gero position at one end to a position
at the other end representing unity, or one hun-
dred per cent. That is, the decimal pgint in the
illustrated scales is disregarded the same as on
an ordinary slide rule, and all numbers are re-
garded as being represented by unity (one hun-
dred per cent) or a decimal fraction thereof.
By this arrahgement all products also fall between

zero (0 x 0) and unity (1 x 1), or (if regarded as

percentages) between 0% and 100%.
In one simple and effective arrangement, the

invention is embodied in a simple linkage or the
like, shown sas including pivoted arms movable to .

represent the quantities being multiplied be-
tween zero positions and positions represénting
unity (or one hundred. per cent). These arms,
in the arrangement shown in the drawings, are

mounted at opposite ends on. pivots whose axes
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respectively substantially intersect the opposite

arms when in the positions representing unity.
From & slightly different point of view, the frame

of the apparatus may be regarded as the equiva-

lent of a fixed link connecting the two pivots.
These arms may be connected, as shown, ‘by
links or the like to a part which is moved in a
sector-shaped. area in accordance with the move-
ment of both of the pivoted arms. The move-

ment of this part is transferred, by means such

as another connecting link, or by an equivalent
geared arrangement, to s third pivoted.arm form-

‘ing the indicating or actuated member, and

which preferably moves over a scale from which
the product can be read, or which is connected
to suitable indicating or recording means in va-
rious instruments in Which the apparatus may
bhe used.

In the arrangement which at present we con-
sider the simplest, this last or actuated arm is

mounted with its pivot coaxial with thé pivot of

one of the first two arms, and generally at a pre-
determined -angle such as a right angle to one

of the arms when both are in their 50% positions,
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and with its scale having its zero coincident or
in line with the zero of the scale of the other of
the first two arms, the two scales being there-
fore intersecting arcs in the arrangement illus-
trated.

Thus the actuated arm and its link, and the
above-mentioned arm of the first two together
with its link, form in this particular embodiment
& parallelogram linkage, with the above-men-
tioned - part movable in its sector arranged to
serve as the connection between the two links.
This part is also connected by a link te the mov-
able end of the other one of the first two arms,
and is actuated thereby to swing the parallelo-
gram in such a manner as to transfer the desired
product to the seale of the actuated arm. '

The above operation can of course be reversed,
in the case of dividing one quantity by another,
the quotient being read on one of the first two
arms, the actuated arm being set (either directly
or by manipulating said one of the other arms)
for one of the two quantities and the other of the
first two arms being set for the other (the
divisor).
scription and claims, wherever multiplication is

_ spoken of, to include division by this obvious
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reversal of the manner of reading.

The above described linkage may be com-
pounded, as fully explained below, to include fur-
ther elements operating -on the same principles
and giving the product (or quotient) of three or
more quantities. Further, by suitable manipu-
lation hereinafter described, the powers and roots
of numbers may be obtained, this being a special
case of multiplication or division where two or
more of the quantities are the same.

Another feature of the invention relates to con-
necting the arms or their equivalents by gearing
or the like, so that they move together to extract
roots and raise to powers directly. Preferably
the connecting means is disconnectable so that
the apparatus may also be used for ordinary
multiplication and division as described above.

The above and other objects and features of
the invention, including various novel combina-
tions of parts and desirable particular construc-
tions, will be apparent from the following descrip-
tion of the illustrative embodiment shown in the
accompanying drawings, in which:

Figure 1 is a perspective view' of the illustra-
tive form of apparatus, with the parts in the
positions they would occupy in multiplying .6
by 4 (or, in percentages, 60% by 40%), or in
dividing .24 by either .6 or .4 in reading back-
wards o divide instead of multiply;

Figure 2 is'a diagram, on a larger scale, of the
sector-shaped area traversed by the part which
connects the links from the first and third arms
and which is connected by another link {o the
movable end of the second arm;

Figures 3, 4, 5, and 6 are diagrammatic views
of the apparatus of Figure 1, with the parts in
different positions;

Figure 7 is o perspective view of a modifica~
tion for multiplying (or dividing) three cuan-
tities;

BFigures 8 and 9 are diagrams used in one ex-
planation of the operation. of the apparatus;

Figure 10 is' a view corresponding to Figure 7,
but showing disconnectable gearing for causing

the parts to move together to extract roots and

raise to powers;
Figure 11 is a plan view diagram of the mechg-
nism of Figure 10; and

It is the intention, throughout the de- -
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Figures 12, 13, and 14 are views, in three differ-
ent positions, of a lever-and-gear arrangement
which can be substituted for the actuated arm
and its link in Figure 1. .

The apparatus in the particular embodiment 5
shown in Figure 1, regarded as a mechanical
structure, includes an arm {8 having a pointer
12 at its upper end and mounted at {4 at its
lower end on a pivot or shaft for angular move-
ment to carry the pointer {2 between a zero posi- 10
tion at the left end of a scale {6 and a position
at the right end of the scale representing 100%
or unity.

Mounted on 2 pivot or.shaft {8, which is in
line with the arm 0 adjacent its movable end at 15
the time pointer {2 is at its 100% (or unity) po-
sition on scale 8, is a second arm 20 having a

pointer 22 at its lower end. 'The pivots or shafts

14 and 18 are shown mounted in suitable sta-
tionary brackets or other supports 24 and 26. 22
The pivots 14 and ¢8§ may be regarded as con-
nected by a rigid link or other connection, which
in this case is the frame of the apparatus.

The pointer 22 swings along a scale 28 having
its zero position at the right in such a position 23
that the arm 20 at zerc is parallel fo the arm
(8 at zero, and having its 100% (or unity) posi-
tion. at the left.

- It will be seen that this brings the 100 on scale
28 in line with the axis of the shaft or pivot 14, 5
or at least on a line intersecting this axis and
drawn from the axis of the shaft or pivot 8. Ac-
tually, of course, the scale 28 may be moved up
or down and at the same time made shorter or
longer, so long as the zero represents the position
of arm 20 when parallel to arm (8§ in- its zero
position and the 100 represents the position of
arm 28 when it lies along a line connecting the
two shafts or pivots 4 and (8.

The third or indicator arm, indicated at 30, is 40
mounted horizontally (1. e. generally perpendicu-
lar to the arm (@) on a shaft or pivot 32 which
is coaxial with respect to the shaft or pivol 14 and
which is shown mounted on an arm 34 of the
bracket or support 2. Arms {8 and 38, in this 45
embodiment, are only exactly perpendicular when
both are in their 50% positions.

The indicator arm 38 has a pointer &6 moving
over a vertical scale 88. The zero of the scale
38 is determined by the position of the arm 30 50
when both arm [0 and arm 20 are in their zero
positions. The 100% (or unity) position of the
scale 38 is determined by the position of the arm
30 when the arms {8 and 28 are in their 100%,
(or unity) positions. In the arrangement illus- 53
trated, the scale 38, like the scale [§ and the
scale 28, is an arc of 30°.

The first arm {0 and the third arm 38 are con-
nected by two links 40 and 42. The link 49 is

9

- connected to arm 18 at the intersection of that 60

arm with the axis of the shaft or pivot {8 when
the arm is at 100 on its scale {6, and the length
of the link 48 is equal to the length of arm 30
between the axis of its shaft or pivot 32 and 1ts
point of connection tc the link 42,

The link 42 is equal in length to the length of
arm (0 between its shaft or pivot §4 and its point
of connection with link 408, and it is connected
to arm 30 at such a point that arms (0 and 30 w0
and links 40 and 42 form a true parallelogram.

‘The two links 48 and 42 are connected by a part
such as a floating -shaft or pivot 46, to which is
also connected a third link 48, equal in length to
link 42. The lower end of the link 48 is pivot- 75
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ally connected to the lower end of the arm 20,
The upper ends of links 42 and 48 at all times
move about the same axis (i. e. the axis of the.
floating shaft or pivot 46) ; their pivots at their
lower ends are coaxial so long as both srms 20
and 30 are in zero positlon
For convenience in the following descnptlon

although not necessary to the manipulation of
the apparatus, link 48 is provided with a pointer
50 which is alined with the axis of the floating
shaft or pivot 46 and which therefore indicates
the position of that part regardless of the angu-
lar movements of link 48 about that axis.

" * The pointer 50, to facilitate the description of
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the operation of the apparatus, is shown movable
over a sector-shaped diagram 52, shown jon an en-
larged scale in Figure 2. 'This diagram is con-
structed by describing horizontal arcs with the
pointer 50 by moving arm {8 from zero to 100,
with arm 20 at each .10 points on its scale (. e.
10, 20, 30, 40, 50, 60, 70, 80, 90, and 100), and
then describing vertical arcs with the pointer 50,
by similarly moving arm 20 from 0 to 100 with
arm {0 at each 10 points on its scale.

It will be seen that the parts of the apparatus
in this embodiment have in general, four limiting
positions shown respectively in Figures 3, 4 5,
and 6.

With arms 10, 20, and 30 all at zero (Figure 3).
the arm 20 and links 48 and 42 are all parallel,
one behind the other, the axes of the pivots con-
necting link 42 and arm 30 and link 48 and arm
20 are coincident, and the axis of the pivot con-
necting links 40 and 42 is coincident with the
axis of the shaft or pivot 18 on which the arm 20
is mounted.

Now if arm {0 is moved to bring pointer {2 to
100 on its scale 16, we have the parts in the po-
sitions shown in Figure 4. Arm 20 has become
the diagonal of the paralielogram {0—40—42-—30;
pointer 50 has moved to the upper righthand

corner of its sector 52; but links 42 and 48 re- -

main parallel, one behind the other. The pointer
36 has not moved, this being correct as indicat-
ing the product of 100 on the scale 16 and 0 on
the scale 28. .

The arm 20 may now be moved to carry its
pointer 22 to 160 on its scale 28, giving the ar-
rangement shown in Figure 5. The link 48 is
now the diagonal of parallelogram 10—40—
42—30; arm 10 and link 20 are now parallel, one
behind the other; pointer 50 has moved to the
lower righthand corner of its sector-shaped ‘di-
agram 52; and pointer 36 of arm 30 Has moved
to 100 on its scale 38. This is correct, of course,
as (disregarding the decimal point) pointer 36
now shows the product of 100 on the scale 16
and 100 on the scale 28.

Arm i0 may now be moved to carry its pointer
12 back to 0 on ifs scale 18, giving the arrange-
ment of Figure 6. Both arm 20 and link 48 now
lie along the diagonal of the parallelogram

_10—4#0—42—30, and they are arranged parallel
" to each other, one behind the other; pointer 50

has moved back to its starting point at the apex
of its sector-shaped diagram 52; and pointer 36
has moved back to zero., This obviously is cor-
rect, as the pointer 36 now indicates the prod-
uct of 0 on scale I8 and 100 on scale 28.

Moving arm 28 to carry its pointer 22 back to

zero on its scale 28 would put the parts back in .

the positions shown in Figure 3.
It will be seen, by a comparison of the above-
described four figures, that so long as, pointer 12

. its scale 38.

3

is set at 0, no movement ot arm 20 wﬂl move
pointer 36 away from 0 on its scale 38, as arm
20 and link 48 merely swing idly about their
coincident axes at their upper ends. Similarly,
so long as the pointer 22 is at 0, the paralielogram
10—40—42—30 merely swings idly beiween the
positions of Figures 3 and 4, without moving

- pointer 36 from its zero position, since links 42

and 48 remain parallel, one behind the other, a.nd
merely swing idly back and forth. : 10
Figures 1 and 2 illustrate the multiplication of
numbers where both the pointers 12 and 22 are
in intermediate positions between 0 and 100 on
their respective scales.. In Figure 1 the pointer .
12 is at 60 and the pointer 22 is at 40, thereby 15
moving pointer 50 to the intersection of the hori- .
zontal “40” arc with the vertical “60” arc..and
moving pointer 36 to 24 (. e. to 2400, after allow-
ing for the correct position of the decimal point).
A comparison of Figures 1 and 2 shows that
pointer 36 will remain at 24 so long as pointer 56
is at any position on an arc 56 which is the locus
in the diagram 52 of all intersections of horizon-

20

" tal and vertical arcs representing members whose

products give 2400 (e. g. 30 and 80, 40 and 60, 60
and 40, 4nd 80 and 30).

Similarly each position of the poinber 36 on its
scale represents a& curve across the diagram 52
which is the locus of all the intersections of hori-.
zontal and vertical arcs representing quantities
whose product is represented by that position.
Thus by setting ‘pointer 12 for one quantity, and
pointer 22 for the other quantity, the product of
any two quantities will be shown by pointer 36 on

25

35
It is believed obvious without further descrip- :

tion that, in the case of division, the dividend

may be set on the scale 38 and the divisor on
either-the scale 28 or the scale 16, whereupon
the quotient will be shown on the other scale 16
or 28. It will sometimes be found convenient, in
dividing one quantity by another, to set the di-
visor on scale 28 (or 16), and then move the arm
10 (or 20) until pointer 36 is opposite the dividend
on scale 38 (instead of directly manipulating the
arm 30 to move pointer 36 to that position),
whereupon it will be found that pointer 12 (or
22) shows the quotient on its scale lh (or 28). In
the claims, especially, where multiplication is .
spoken of it is intended that the terms used be 50
construed broadly to include this ‘obvious re-
versal of .operation by which division is accom-
plished or other equivalent functions obtained.
The device will be seen on mere inspection to
be mathematically accurate in the four extreme
positions shown in Figures 3, 4, 5, and 6. We .
have not as yet devised any simple geometrical
demonstration to show the degree of accuracy in
intermediate positions. Empirically, by actual
test, we have however shown that any inac- 60
curacy which may bé inherent in the construc-
tion is at least so much smaller than errors in
reading the scales, back-lash and other me-
chanical inaccuracies (no matter how carefully -
the device is built), and the like, that any in- 65
herent inaccuracies that there may be do not
affect the practical result. ~
__As explained above, the device Is ordinarﬂy

40

45

55

- used by disregarding decimal points, the same as

a slide rule. However, for some uses where the 70
quantities to be multiplied always come between
0 and 100 and may therefore be read directly on
the scales 16 and 28, the scale 38 may be gradu-
ated from 0 to 10,000 and will therefore show the
products directly, including the posftion of the 75
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decimal point. Similar t{ypes of graduation for
other special purposes will be readily apparent.

Securing the square of a quantity merely means
setting the quantity on both of the scales 16 and
28. ’'The instrument could be modified for this
purpose, if desired, by gearing the arms 10 and
20 together or otherwise connecting them so that
they will move through equal arcs (preferably by
gearing or other means which can be discon-
nected to permit ordinary multiplication). In
this case the setting of the quantity to be squared
on the scale 16 (or 28) would automatically give
its square on the scale 38. In this case, also,
square roots could be obtained, since the setting
of any quantity on the scale 38 would automati-
cally show the square root on the scale {6 (or
28). Such obtaining of sguares, and square
roots; are special cases of multiplication and di-
vision respectively, and are intended to be in-
cluded in the scope of my claims,

- In the illustrated apparatus, each of the scales
I6, 28, and 38 is 30° of arc about its center.

In Figure 7 the apparatus is compounded to
give the product (or quotient) of three quantities.
The part of the instrument for muliiplying the
first two quantities is the same as previously de-
scribed, except that for convenience of manipula-
tion the arm 130 is made somewhat longer than
the arm 30, so that its scale 138 (while of the
same length as scale 38 in ‘degrees) is linearly
somewhat longer.

In the compounded part of the apparatus, arm
130 is connected up and has the functions of the
arm {0 in the multiplication of the first two quan-
tities. 'That is, the product (as indicated by
pointer 136 on scale 138 and determined by the
position of arm 130) of the first two quantities,
and the third quantity, are to be regarded as two
more quantities to be multiplied.

The third quantity (illustrated as being the
number 30) is set by means of a pointer (22
movable over a scale 68 shown graduated from
0 to 100. The pointer {22 is mounted on a fourth

arm {20 horizontally mounted on a-shaft or pivot

118 carried by a bracket or support {26 arranged
near the 100 end of scale 138.

The movable end of the arm (20 is connected
by a link 148 to a floating shaft or pivot {46. The
link 148 may if desired have a pointer (58 in the
axis of the shaft or pivot (46 and movable over
a sector-shaped diagram (52 corresponding to
the diagram 52.

The floating shaft or pivot 146 is coaxial with
respect to the shaft or pivot § {8 when the pointer
150 is at the apex of its sector, this being at the

" time the arm 130 is at zero, and forms the con-

60

75

nection between two links 180 and {42 forming
two sides of a secondary parallelogram. Link 142
is equal in length to that part of arm {30 between
the axis of its pivot and its point of pivotal con-
nection to the upper end of link §48. XLink 140
is equal in length to the effective length of a
fifth, or secondary indicator, arm 230 extending
downwardly from a shaft or pivot 232 on the
bracket 34 and coaxial with respect to pivots (4

“and 32. Arm 230 forms the fourth Slde .of the

secondary parallelogram.

Arm 230 is provided at its end with a pointer
236 moving along a final scale 238 on which the
product of the three quantities is shown. To dis~
tinguish it conveniently, in use, from scale {38 the
scale 238 is shown graduated from 0 to 1000. In
the drawings, the three guantities 60, 70, and 30
are being multiplied to give 126,000. Disregard-

2,045,621

ing the decimal point, this shows as 126 on the
scale 238,

"If the quantities are to be read (decimal points
and all) on the seales, just as scale 138 would have
to be graduated from 0 to 10,000, so would scale 3
238 have to be graduated from 0 to 1,000,000.

The modification shown in Figure 7 of course
also can be operated in reverse order to divide
instead of multiply. Also, by gearing or otherwise
connecting arm 120 to the arms 16 and 20, so that 19
they all three move angularly in unison, it can

“ be used to secure the cube or the cube root of a

quantity.

Figure 8 is a diagram which may be used in ex-
plaining one theory of operation. In this dia-
gram, 80 is a rigid link connecting the fixed cen-
ters 14 and 18, or an equivalent connecting means
such as the instrument casing in which the pivots
14 and 18 are mounted. The reference character
82 indicates a line from the pivotal connection 20
of arm {0 and lirikk 40, to the uppermost end  of

the vertical arc in sector 52 on which the pointer

50 rests. It will be noted that in any position of
the arm 10, the line 82 is parallel to the origir-1
position of link 40 when arm 10 is at zero. 'The 25
other reference characters indicate the same parts
as in Figure 1, in their zero positions, primes and
seconds being used to indicate the same parts in
other than zero positions.

It will be seen that the angle between arm 10 30
and line 80 is indicated as the angle «. In the
illustration, angle « is 30°, When arm {0 is moved
to a new position 10’, it moves through an angle
Ae, corresponding to one of the quantities fo be
multiplied, and which decreases the original angle 35
« by that much.

The angle between arm 20 and line 89 is indi-
cated as B, and in the illustration is also 30°.
The angle through which arm 29 is moved to a new
position 20’ is indicated as Ag, and corresponds to
the second of the two quantities to be multiplied.

The original position of the link 40 relatively to
the fixed reference line 88 is indicated by the angle
«. Moving arm 10 to position 18’, and moving arm
20 to position 20’, shifts link 40 ‘to a position 40°,
the angular movement of the link (which corre-
sponds to the product of the two quantities) be-
ing the angle A«. Since line 82 is parallel to the
original or zero position of link 40, it will be seen
that the angle between this line 82 and the link in
its position 40’ will also be angle Aa.

Since. the angle A« is proportionate to the re-
quired product, the arcuate distance from line 32
to pointer 50 is of course also proportionate to
that product. This is the distance which is trans-
ferred {o the indicating arm 30 by means such as
the link 42 or its equivalent, and is finally indi-
cated on the scale 38.

From the point of view of this explanatlon, it
will be seen that the principal parts of the appa-
ratus comprise a link or casing or other support
80 fixing the relative positions. of two pivots 14
and 8, two levers mounted on said pivots and
preferably parallel to each other in their zero posi~
tions, and two links (40 and 48) connected to 85
each other and to thé movable ends of the levers.

For the sake of clearness, the initial positions
of the parts, with arm 30 and link 42 added, are
shown separately in Figure 9.

In Figure 10 is shown one arrangement for con- 70
necting the levers 10, 20, §20, etc., for extracting
roots and raising to powers. In this arrangement,
arm [0 is provided with an arcuate rack 319, arm
20 has a similar arcuate rack 320, and arm 129 has
a similar arcuate rack 420. These three racks all 75
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mesh with teeth on & segmental connecting pinion
84 mounted on an oscillatable shaft 86.

By this arrangement, when the described rack-
and-pinion gearing is in mesh, the three levers 10,
20, and {20 must all move in unison, and all show

the same quantity on their respective scales..

Pointer 136 of course then shows the square of this
quantity, pointer 236 shows its cube, and so on.
Conversely, each pointer 12 or 22 or 122 shows the
square root of the quantity on scale 138, the cube
root of the quantity on scale 238, and so on.

The shaft 86 is mounted in its bearing. (not
shown) so that it may be shifted axially to the left
to disengage pinion 84 from the three racks, so
that the device may be used for ordinary multipli-
cation and division.

In Figure 11 is shown a diagram of the mecha—
nism of Figure 10, with the levers 10, 20, and (20,
and their three racks 3(0, 320, and 420, together
with the segmental pinion 84, shown in plan, and
the other parts indicated diagrammatically by
lines ’

" In Figures 12, 13, and 14 there is shown, in three
positions, a gear mechanism which may be sub-

 stituted for the link 42 and the arm 30. This

mechanism is mounted on, and carried by, the
arm 0.

In the ﬂlustrated form this gearing includes
a right-angle bellcrank lever 540, the upper arm

. of which corresponds to and is connected in ‘the
same manner as link 40, and which is formed at -

its lower end with an arcuate rack 88. At the
lower end of arm {6, on the pivot 14, is mounted
another right-angle bellerank lever 530, the low-
er arm of which corresponds to the lever 30 and
carries a pointer 536 corresponding to pointer 36.
The upper arm of the bellcrank 530 is equal in
length to the lower arm of bellcrank 540, and
carries an arcuate rack 90. The racks 88 and
90 both mesh with a pinion 582 journaled on the
arm 0, so that they must always move oppo-

.sitely and in equal amounts.

Thus the angular motions of the bellcrank 540,

"which are proportionate to the desired product,

are transferred to the pointer 536 in a manner
which is the geared equivalent of the transfer of
this product to the polntet 36 by means of the
link 42.

_Figures 12 and 13 show arm 10 at zero and 100,
with arm 20 at zero, showing that pointer 536
remains at zero. These figures correspond re~
spectively to Figures 3 and 4. Figure 14 cor-
responds to Figure 5, and shows the positions
of the parts when arm 20 is moved to 100,

One advantage of this geared construction is
that the pointer arm of bellcrank 5§30 is not
necessarily parallel to the upper or link portion
of bellecrank 540 as is the case with a paral-
lelogram linkasge. As shown in dotted lines in
Figure 14, the pointer 636 .and its poinfer arm
630 may be at any desired angle relatively to
bellcrank 540 and will always be maintained at
that same relative angle, so that the angular
movements of bellcrank 540 will still be trans-
ferred to the pointer 636. This facilitates placing

the scale 38 anywhere on the instrument that it»

may be desirable or convenient to have it.

“While several particular illustrative embodi-
ments haye been described in detail, it is not our
intention to limit the 'scope of the invention to
that particular apparatus, or otherwise than by
the terms of the appended claims.

As pointed out above, in considering the clalms
the term multiplication is intended to include

the reverse operation of division, as well as the

S

special cases of raising to powers and extracting
roots. 'The scales are spoken of in some of the
claims as extending from a zero position to a
100% position, but it is not intended to imply
thereby that they are necessarily graduated in 5
that manner, but merely that they operate func-
tionally as described.

We claim:

1. An instrument comprising a base, an arm
pivoted at one end on said base and swingable
about said pivot, the free end of said arm be-
ing  movable through an arc from a first posi-

- tion representing 0% to a 'second position rep-

resenting 100%, a second arm pivoted at one end
on said .base on a pivot underlying said first 15
arm when it is in its second position and with -~
its free end movable through an arc from a
first position representing 0% to a second posi- -
tion representing 100%, a third arm pivoted at
one end to the free end of the second arm, a 20
link pivoted to the free ends of said first and
third arms, said first, second and third arms
being of equal length hetween their pivotal con-
nections, a fourth arm pivoted at one end on said
base on a pivot coaxial with the pivot of said 25
first arm and with its free end swingable through -
an are from a first position representing 0% to a
second position representing 100%, and a second
link pivoted to the free ends of the third and
fourth arms, said fourth arm and first link being 30
of equal lengths between their pivots and said
second link being equal in length to said first,
second and third arms.

‘2. An' instrument comprising a first arm
mounted on a fixed pivot and swingable through 33
an arc about said pivot, a second arm mounted
on a fixed pivot spaced from the first pivot, a
third arm pivoted at one end to the free end of
the second arm, a link pivoted to the free. ends
of the first and third arms, a fourth arm mount-
ed on a fixed pivot coaxial with the pivet of said
first arm, and a second link pivoted to the third
arm coaxially with the pivotal connection there-
to of the first link, the first link and fourth
arm being of equal lengith and the second link
and first, second and third arms being of equa,l
length,

3. An instrument comprising a pair of arms
pivoted at one end on coaxial fixed pivots, a third
arm pivoted at one end on a fixed pivot spaced
from the first pivot, and three links coaxially
pivoted at one end on a floating pivot and hav-
ing their free ends pivotally connected to the
free ends of said arms respectively.

4. An instrument comprising four links piv-
otally connected at their ends to form a paral-
lelogram linkage, one of the pivot points being
fixed, & fifth link connected to the pivot point di-
ametrically opposite to the fixed pivot, and ‘a
sixth link pivoted at one end to the free end 60,
of the fifth link and at its other end to a fixed °
pivot spaced from the first fixed pivot.

5. An instrument comprising four links plv-
otally interconnected at their ends, alternate ones
of said links being of equal length to form a par-
allelogram linkage and one of the pivots being
fixed, a fifth link connected to the pivot di-
ametrically opposite the fixed pivot and equal in
length to one of the adjacent links, and a sixth.
link equal in length to the fifth link and pivoted 59
to the free end of the fifth link at one of its
ends, the other end of the sixth link being con-
nected to a fixed pivot spaced from the first fixed
pivot a distance equal to the length of the sixth
link, . o
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8. An instrument comprising two spaced piv-
ots, the line between said pivots forming a datum
line, two arms pivoted to said pivots respectively,
a third sarm pivoted to the free end of one of
said first named arms, all of said arms being
equal in length to.said datum line, and a link
connecting the free ends of said third arm and
the other of said first named arms, whereby
the link will be moved angularly proportionately
to the product of the angular movements of said
first two arms.

7. An instrument comprising a pivot, an arm

-mounted on said pivot, a second pivot spaced

. from said first pivot a distance equal to the length
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of said arm, a second arm mounted on said second
pivot and equal in length to said first arm, a third
arm equal in length to said first and second arms
and pivated at one end on the free end of the sec-~
ond arm, and a link connecting the free ends of

the first and third arms.

8. An instrument comprising a pivof, an arm

mounted on said pivot, a second pivot spaced from,,

said first pivot a distance equal to the length of
said arm, a second arm mounted on said second
pivot and equal in length to said first arm, a
third arm equal in length to said first and second
arms and pivoted at one end on the free end of
the second arm, and a link connecting the free
ends of the first and third arms, a fourth arm

pivoted coaxially with said first pivot, and means

connecting said link and said fourth arm to move
the fourth arm angularly proportionately to
angular movement of the link.

9. An instrument comprising a pivot, an arm

mounted on said pivot, a second pivot spaced -

from said first pivot a distance equal to the
length of said arm, a second arm mounted on
said second pivot and equal in length to said first
arm, a third arm equal in length to said first
and second arms and pivoted at one end on the
free end of the second arm, and a link connect-

ing the free ends of the first and third arms, a’

fourth arm pivoted coaxially with said first pivot,
and gearing carried by said first arm and con-
necting said link and said fourth arm to move
the fourth arm angularly proportionately to an-
gular movements of the link.

© 10. An instrument comprising a pivot, an arm
mounted on said pivot, a second pivot spaced from
said first pivot a distance equal {o the length of
said arm, a second arm mounted on said second
pivot and equal in length to said first arm, a
third arm equal in length to said first and second
arms and pivoted at one end on the free end of
the second arm, and a link connecting the free
ends of the first and third arms, a fourth arm
pivoted coaxially with said first pivot, gear seg-

.ments carried by said fourth arm and said link,

and a gear carried by said first arm and meshing
with said segments to maintain the fourth arm

“and the link in parallelism.

11. An instrument comprising a pivot, an arm

‘mounted on said pivot, a second pivot spaced from

said first pivot a distance equal to the length of
said arm, a second arm mounted on said second
pivot and equal in length {o said first arm, a third
arm equal in length to said first and second
arms and pivoted at one end on the free end of
the second arm, and a link connecting the free
ends of the first and third arms, a fourth arm
‘pivoted coaxially with said first pivot, and a sec~
ond link conneeting said first link and said fourth
arm to move the fourth arm angularly propor-
tionately to angular movements of the first link.

2,045,621

12. An instrument comprising a pivot, an arm
mounted on said pivot, a second pivot spaced from
said first pivot a distance equal to the length of
said arm, a second arm mounted on said second
pivot and equal in length to said first arm, a
third arm equal in length to said first and sec-
ond arms and pivoted at one end on the free end

‘of the second arm, and a link connecting the free

ends of the first and third arms, a fourth arm
equal in length to said link pivoted coaxially with
said first pivot, and a second link equal in length
to said first three arms connecting the first link

.and fourth arm to maintain the same in parallel-

ism. .

13. An instrument comprising a pivot, an arm
mounted on said pivot, a second pivot spaced from
the first pivot a distance equal to the length of
the arm, a second arm equal in length to the first
arm and mounted on the second pivot, a third
arm equal in length to the first and second arms
and pivoted to the free end of the second arm, a
link connecting the free ends of the first and
third arms, and means connecting the first and
second arms for simulfaneously moving them
through equal angles. ' )

14, instrument comprising a pivot, an arm
mounted on said pivot, a second pivot spaced
from the first pivot a distance equal to the length
of the arm, a second arm equal in length to the
first arm and mounted on the second pivot, a
third arm equal in length to the first and second
arms and pivoted to the free end of the second
arm, a link connecting the free ends of the first
and third arms, a fourth arm pivoted coaxially
with said first arm, means connecting said fourth
arm to said link to move the fourth arm angular-

-1y proportionately to angular movements of the

link, a third pivot spaced from said first pivot a
distance equal to the length of the fourth arm, a
fifth arm equal in length to the fourth arm and
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pivoted on said third pivot, a sixth arm equal in

length to said fourth arm and pivoted to the free
end of the fifth arm, and a link connecting the
free ends of the fourth and sixth arms.

15. An instrument comprising a pivot, an arm
mounted on said pivot, a second pivot spaced
from the first pivot a distance equal to the length
of the arm, a second arm equal in length to the

45

first arm and mounted on the second pivot, a -

third arm equal in length fo the first and second
arms and pivoted to the free end of the second
arm, a link connecting the free ends of the first
and third arms, a fourth arm pivoted coaxially
with said first arm, means connecting said fourth

arm to said link to move the fourth arm angularly !

proportionately to angular movements of the
link, a third pivot spaced from said first pivot
a distance equal to the length of the fourth arm,
a fifth arm equal in length to the fourth arm and
pivoted on said third pivot, a sixth arm equal
in length to said fourth arm and pivoted to the
free end of the fifth ‘arm, a link connecting the
free ends of the fourth and sixth arms, a seventh
arm pivoted coaxially with said first pivot, and
means connecting the seventh arm and the last
named link to move the seventh arm angularly
prc;{portionately to angular movement of the said
link. . .

16. An instrument comprising a pivot, an arm

50
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mounted on said pivot, a second pivot spaced from 70

the first pivot a distance equal to the length of

_the arm, & second arm equal in length to the first

arm and mounted on the second pivot, a third
arm equal in length to the first and second arms

and pivoted to the free end of the second arm, a 76
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link connecting the free ends of the first and
third arms, a fourth arm pivoted coaxially with
said first arm, means connecting said fourth arm

to said link to move the fourth arm angularly .

proportionately to angular movements of the link,
a third pivot spaced from said first pivot a dis-
tance equal to the length of the fourth arm, a
fifth arm equal in length to the fourth arm and
pivoted on said third pivot, a sixth arm equal in

length to said fourth arm and pivoted to the free.

7

end of the fifth arm, a link connecting the free
ends of the fourth and sixth arms, and means
for simultaneously moving the first, second, and
fifth arms through equal angles whereby the last

named link will be moved through an angle pro-

portionate to the cube of the angular movement
of said arms.
ALBERT F. SPITZGLASS.
OTTO T. HBANDWERK.
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