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This invention relates to a calculating instrument
which operates on the basic principle of a slide rule to
record the sum or difference of two logarithmic values,
and makes possible the direct reading of either the
quotient or the product, depending upon the result de-
sired and the selective manipulation of the mechanism.
More particularly, the invention consists in new and
useful improvements in a calculating device wherein the
motion of a pinion, operatively connected between two
ring gears or the like, is employed as the basis for de-
termining the result, coupled with compensation for the
orbital translation of the rotating pinion.

An object of the invention is to provide a calculating
instrument of this nature which may be operated either
manually or automatically, in either case arriving at any
result within the range of the imstrument, without re-
quiring interpretation or allowing for the possibility of
error, thereby making the instrument desirable as a direct
reading instrument which may be used by persons with-
out special training or skill.

Another object of the invention is to provide a calcu-
lating instrument wherein a common rotating member,
coacting with two other movable members, is adapted to
directly indicate the sum or differences of the displace-
ments of the last-named members from an initial posi-
tion, said displacements bearing a logarithmic relation-
ship to the inputs to said moving members, said instru-
ment including means for indicating the amount of rota-
tion of the rotating member and means for compensating
for the bodily displacement of the rotating member so
that it does not affect the final reading of the instrument.

A further object of the invention is to provide a calcu-
lating instrument of this nature, adapted for such use as
in calculating the average speed of a vehicle beiwesn two
points, the average flow of fluids over a given time, the
average production of a machine and similar calculations.

With the above and other objects in view, which will
appear as the description proceeds, the inventicn consists
in the novel features herein set forth, illustrated in the
accompanying drawings and more particularly pointed
out in the appended claims.

Referring to the drawings in which numerals of like
character designate similar parts through the several
views:

FIGURE 1 is a front elevational view diagrammatical-
ly illustrating one embodiment of the invention;

FIGURE 2 is a side elevational view taken at right
angles to FIGURE 1;

FIGURE 3 is a graphic view designed to illustrate the
principle of operation of the invention and showing the
two movable members and the interconnected rotating

ember in initial positions;

FIGURE 3A is a similar view illusirating the relative
positions of the parts of the instrument upon the move-
ment of one of the movable members with the other
movable member remaining staticnary;

FIGURE 3B is a similar view showing the relative po-
sitions of the parts upon movement of both movable
members in the same direction;

FIGURE 4 is a graphic view of a still further manipu-
lation of the insirument, showing the relative positions
of the parts when the two movable members are moved
in opposite directions; and

FIGURE 5 is a graphic view along the lines of FIG-
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2
URES 3-4, illustrating the method of imparting move-
ment to the two movable members as illustrated in FIG-
URES 1 and 2.

In the drawings, referring to the illustrative embodi-
ment of the invention shown in FIGURES 1 and 2, a
pair of spaced, parallel ring gears 10 and 11, identical in
size, are coaxially mounted for coaction with an inter-
vening pinion 12. A cylindrical housing 13 is coaxially
interposed between the ring gears 18 and 11 and one
end thereof is affixed as at 14 to a hollow shaft 15 which
projects coaxially through and rotates freely within the
ring gear 11. The opposite end of the housing 13 is af-
fixed as at 16 to a coaxial shaft 17 which projects freely
through the opposite ring gear 19, so as to permit rela-
tive rotation.

A neck portion 18 projects at right angles to the hous-
ing 13 and rotatably receives a shaft 19, the upper end
of which carries the pinion 12. The inner end of the
shaft 19 carries a bevel gear 26 which meshes with a
complemerntary bevel gear 21 fixed to the inner end of a
shaft 22 which is rotatably supported within the hollow
shaft 15 and carries at its outer end an indicator 23. A
calibrated dial 24, arranged coaxially with the shafts 22
and 15, is affixed to the latter for rotaticn therewith.

Thus, relative rotation of the ring gears 16 and 11
is reflected by the rotation and orbital translation of pin-
ion %2 through the respective engaging gear teeth and
in turn, through the shaft 19, bevel gears 26 and 21, and
central shaft 22, by the rotation of indicator 23 relative
to dial 24. At the same time, any angular movement of
the pinion 12 about the axis of the ring gears 10 and 13,
caused by the relative rotation of the ring gears, is trans-
lated through the housing 13 and hollow shaft 15 to the
calibrated dial 24. The rotation of the pinion 12, being
proportional to the difference of rotation of the ring
gears 18—11, it is necessary that the dial 24 be cali-
brated logarithmically so that the answers may be read
directly.

Although various means may be employed for affect-
ing relative movement or setting of the ring gears 1% and
i1, one such means contemplated by the preseat inven-
tion comprises a pair of parallel, horizontally disposed
racks 25 and 26 having a series of teeth on their upper
faces for operative engagement with the peripheral teeth
of the ring gears 19 and 13, respectively. The racks 25
and 26 may be supported by any suitable means for hori-
zontal reciprocating movement and their front faces 23a
and 264, respectively, may be calibrated for indicating
their exient of movement in either direction, as best seen
in FIGURE 1,

Beneath the respective racks 23 and 26 are located
cylindrical drums 27 and 28, arranged parallel with the
racks and with each other. These drums are supported
on shafts 29 rotatably mounted in brackets or trugnions
The peripheries of the drums are provided with
logarithmic spiral recesses 31 and 32, respectively, ex-
tending to opposite ends of the drums, from a central
groove portion 33 extending around the periphery of each
drum in a plane at right angles to the axis of the drum.
A depending lug 34 is fixed to the underside of each of the
racks 25 and 26 and carries a downwardly projecting
finger 35 which is adapted to ride in the peripheral
grooves of the respective drums 27 and 28.

Thus, rotary movement of either drum is translated
into longitudinal shifting movement of its associated rack
which in turn causes rotary movement of the respective
ring gears 10 and 31, The peripheral dimensions of the
ring gears 1§ and 11 and of the pinion 12 are so related
to the logarithmic scale on the dial 24 that the latter in
conjunction with the indicator 23, directly reflects the
sum or differences of the displacements of the ring gears
from an initial position and compensates for the angular
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displacement of the pinion 12 about the axis of the ring
gears 19 and 11, thereby indicating the result directly.

In order to gauge the horizontal shifting movement of
the racks 25 and 26, fixed upright markers 25b and 265
may be provided adjacent the calibrated faces of respec-
tive racks. Also, in order to automatically return the
drums 27 and 28 to their starting points, an over-riding
spring 3¢ may be provided on each of the shafts 29.
These springs are shown diagrammatically in the draw-
ings but it will be understood that rotation of the drums
in either direction develops a corresponding temsion on
the respective over-riding springs 36, so that upon re-
lease of the drums, the springs automatically reverse their
rotation until the fingers 35 depending from the respec-
tive racks reach the central grooves 33, when the racks 25
and 26 are returned to their starting points.

in order to simplify the explanation of the operation
of this instrament, FIGURES 3-5 are designed to present
@ ‘graphic illustration of the various steps and resulis.
Referring first to FIGURE 3, let us consider the ring gear
16, previously referred to, as having infinite radius and
appearing as scale 10avin FIGURE 3. Similarly, ring
gear X1 would appear as scale 11z and pinion 12, as dial
12a. The reading at the beginning and at the conclu-
sion of the operation is indicated by the pointer P. Thus,
in FIGURE 3, scales 18a and 1ig are set to position 1
and since 1X1 equals 1 and 1 divided by 1 equals 1, dial
124 and pointer P must read 1.

In FIGURE 3A, scale 10« has been advanced to the left
a distance equal to log 2 while scale 11a has not been
moved and remains at log 1. It will be seen that dial 12«
has undergone rotation proportional to the distance scale
194 has been moved and dial 12z has undergone transla-
tion equivalent to one-half the distance from 1 to 2 on
scale 10a. It is this translation that must be compensated
in the design of the instrument. Disregarding translation,
dial 12« indicates the quotient

lia
10a

or one-half, In FIGURE 3B, the scale 184 has been ad-
vanced to the left to log 4 while scale 11a has also been
advanced in the same direction to log 2. As a result, the
dial 124 still reads quotient

11a 1o 2 . 1

Tog Bduals 7 equals 5
although it has undergone twice as much translation.
Here again, translation had to be compensated.

In FIGURE 4, it will be seen that scale 10¢ has moved
to the right a distance equal to log 2 while scale 11g has
moved to the left a distance equal to log 2. Dial 124 has
suffered rotation proportional to the sum of log 2 plus log
2 and therefore indicates the result of the addition as the
product of 2X2 or 4. In this case, no translation hap-
pens to be present, as scales 10a and 11s have moved
equal distances in opposite directions and dial 124 has
been Totated without angular displacement.

It will be apparent that if the motions of the scales 18a
and 11aq are in the same direction, the difference in the
magnitudes of their motions results in a quotient, while if
‘same motions were in opposite directions, the sum of
their motions is indicated by the dial 12a as a product.
1In either case, the logarithmic calibrations on the dial are
50 related to the degree of movement of the scales and
the angular movement of the dial 12a as to reflect the
logarithmic difference in the magnitude of movement of
the scales and compensate for angular movement of the
dial.

FIGURE 5 is a generally similar graphic illustration
showing the drum means 27 and 28 for affecting relative
movement of the scales 18a and 11a. The groove 31—32
in the periphery of the drum is so designed that one re-
volution of the drum advances the scale cooperating there-
with, a distance cqual to log, 2, 3, 4, etc. as the drum
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makes successive revolutions. The straight central por-
tions 33 of the grooves allow adjustment to enable the
drum to rotate a distance from log 0 to log 1 without
moving the scale, since log 0 would be infinite. This
portion of the grove also provides for O setting. As be-
fore stated, the over-riding sprmgs 36 urge the drums
to their 0 positions.

Input to the drums 27, 28 is through the respectxve
shafts 22 and clutches 37 may be provided for causing
the rotation of the shafts 29 from any suitable sounrce.
Upon disengagement of the clutches 37, the drums may
be manually operated by knurled dials 38. The clutches
37 may be so constructed as to be manually or automati-
cally disengaged to allow the drums 27 and 28 to au-
tomatically. return under the tension of their respective
springs 36 when the drums reach the limit of their design.

TFrom the foregoing, it is believed that the invention
may be readily onderstood by those skilled in the art,
without further description, it being borne in mind that
numerous changes may be made in the details of construc-
tion without departing from the spirit of the mventxon as
set forth in the following claims.

I claim: :

1. A calculating instrument, comprising, two main gear
members coaxially mounted in laterally spaced relation
for independent rotary movement, logarithmically op-
erated racks operatively connected to respective main gear
members for causing rotation of the latter in either direc-
tion, a differential gear interconnecting said main gear
members, a shaft perpendicular to the axis of rotation of
said main gear members supporting said differential gear,
a bevel gear on the opposite end of said perpendicular
shaft, a second shaft arranged coaxially with respect to
said main gear members, and extending freely through

‘one main gear, a complementary bevel gear on one end

of 'said second shaft and operatively engaging said first
named bevel gear, a housing enclosing said bevel gears
and rotatably supporting the adjacent ends of said shafts,
said housing being rotatable independently of said main
gear members upon the angular displacement of said dif-
ferential gear resulting from the differential rotation of
said main. gears, tubular -dial supporting means fixed co-
axially to- sald housing and rotatably surrounding said
second shaft and projecting freely through said one main
gear member, a calibrated dial fixed to and rotatable with
the projecting end of said tubular dial supporting means,
a movable pointer fixed to the outer end of said second
shaft and adapted to coact with the calibrations on said
dial, said dial being graduated for directly reading in
coeperation with the pointer the desired result of the
computation as produced by the amount of rotation of
respective main gears in either direction and simultaneous-
ly compensating for the bodily angular displacement of
said differential gear, caused by the differential rotation
of said main gears.

2. A calculating instrument, comprising, two main gear
members coaxially mounted in laterally spaced relation
for independent rotary movement, a differential gear in-
terconnecting said main gear members, a shaft perpendicu-
lar to the axis of rotation of said main gear members sup-
porting said differential gear, a bevel gear on the opposite
end of said perpendicular shaft, a second shaft arranged
coaxially with respect to said main gear members, and
extending freely through one main gear, a complementary
bevel gear on one end of said second shaft and opera-
tively engaging said first named bevel gear in a one to
one ratio, a housing enclosing said bevel gears and ro-
tatably supporting the ad]acent ends of said shafts, said
housing being rotatable independently of said main gear
members upon the bodily angular displacement of sa1d
difierential gear resulting from the differential rotation
of said main gears, tubular dial supporting means fixed
coaxially-to said housing and rotatably surrounding said
second shaft and' projecting freely through said one main
gear member, a calibrated dial fixed to and rotatable with
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the projecting end of said tubular dial supporting means,
a movable pointer fixed to the outer end of said second
shaft and -adapted to coact with the calibrations on said
dial, said dial being graduated for directly reading in co-
operation with the pointer the desired result of the compu-
tation as produced by the amount of rotation of respective
main gears in either direction and simultaneously com-
pensating for the bodily angular displacement of said dif-
ferential gear, caused by the differential rotation of said
main gears,

3. A calculating instrument, comprising, two main gear
members coaxially mounted in laterally spaced relation for
independent rotary movement, means Operatively con-
nected to respective main gear members for causing rota-
tion of the latter in at least one direction, a differeniial
gear interconnecting said main gear members, a shaft per-
pendicular to the axis of rotation of said main gear mem-
bers supporting said differential gear, a bevel gear on the
opposite end of said perpendicular shaft, a second shaft ar-
ranged coaxially with respect to said main gear members,
and extending freely through one main gear, a comple-
mentary bevel gear on one end of said second shaft and
operatively engaging said first named bevel gear, a housing
enclosing said bevel gears and rotatably supporting the ad-
jacent ends of said shafts, said housing being rotatable
independently of said main gear members upon the bodily
angular displacement of said differential gear resulting
from the differential rotation of said main gears, tubular
dial supporting means fixed coaxially to said housing and
rotatably surrounding said second shaft and proiecting
freely through said one main gear member, a calibrated
dial fixed to and rotatable with the projecting end of said
tubular dial supporting means, @ movable pointer fixed
to the outer end of said second shaft and adapted to co-
act with the calibrations on said dial, said dial being
graduated for directly reading in cooperation with the
pointer the desired result of the computation as produced
by the amount of rotation of respective main gears in at
least one direction and simultaneously compensating for
the bodily angular displacement of said differential gear,
caused by the differential rotation of said main gears.

4. A calculating instrument, comprising, two main gear
members coaxially mounted in laterally spaced relation for
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independent rotary movement, logarithmically operated
racks operatively connected to respective main gear mem-
bers for causing rotation of the latter in either direction,
a differential gear interconnecting said main gear members,
a shaft perpendicular to the axis of rotation of said main
gear members supporting said differential gear, a bevel
gear on the opposite end of said perpendicular shaft, a
second shaft arranged coaxially with respect to said main
gear members, and extending freely through one main
gear, a complementary bevel gear on one end of said
second shaft and operatively engaging said first named
bevel gear, a housing enclosing said bevel gears and ro-
taiably supporting the adjacent ends of said shafts, said
housing being bodily rotatable independently of said main
gear members upon the angular displacement of said dif-
ferential gear resuiting from the differential rotation of
said main gears, tubular dial supporting means fixed co-
axially to said housing and rotatably surrounding said
second shaft and projecting freely through said one main
gear member, a calibrated dial fixed to and rotatable with
the projecting end of said tubular dial supporting means,
a movable pointer fized to the outer end of said second
shaft and adapted to coact with the calibrations on said
dial, said dial being graduated for reading in cooperation
with the pointer the amount of rotation of said differential
gear about the axis of said perpendicular shaft as pro-
duced by the amount of rotation of respective main gears
in either direction and simultaneously compensating for
the bodily angular displacement of said differential gear,
caused by the differential rotation of said main gears.
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