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Slide-rules and the like used for logarithmic
calculation have various drawbacks resulting, in
particular, from the limitation of the length of
the calculation base and from the complication
arising from the absence of any decimal indica~-
tion and stationary reading marks, which prevent
them from being used on a large scale.

This invention has for its object a calculating
machine of simple construction based on
logarithmic principles which overcomes said
various drawbacks.

The calculating machine, according to the pres-
ent invention comprises logarithmic seales carried
at the periphery of at least three co-axial revolu-
tion surfaces, e. g. drum, moving with respect
to a stationary index, said co-axial revolution
surfaces being connected with each other through
differential gears. Opposite each revolution sur-
face there is a transversely movable index, the
transverse displacement of the index of one drum
being the sum of the transverse displacements of
the indices of the other drums.

It is possible to design g 3- or 4-term calculat-
ing machine., In a 3-term machine two drums
hereinafter called “factor-drums” are ezch in-
tegral with one sun-wheel of a differential gear.
A drum hereinafter called “result-drum?” carvies
a toethed disc constituting, together with a simi-
lar disc fixed with respect to the frame of the
machine, and planet-wheels ecarried by the
planet-wheel-carrier of the angle-adding differ-
ential gear, a second differential gear; in. this
embodiment the rotation angle of the. result-
drum is equal to and has the same sign as the
sum. of the rotation angles of the two factor-
drums.

This machine may be adapted. for effecting 4-
term calculations. The differential device con-
stituting the basis of the calculating machine, as
hereabove stated, comprises four sun-wheels co-
operating pairwise through planet-wheels: In
order to permit of entering a fourth term, that
sun-wheel whieh is fixed with respect to the
frame is released therefrom and made integral
with g fourth drum carrying a logarithmie scale,
of direction opposite to those carried by the three
other drums. Said sun-wheel may also be made
integral with the frame solely through. a. de-
clutching device; the result drum. may then. be
released from the factor drums and a. first term
of the operation to be effected may be entered
on said result-drum. This last device may be
more especially interesting where a compact ma-
chine.is aimed at, but it requires a shift between
the drums involving difficult zero re-~setting be-
tween the different operations.

8 Claims. (Cl 235—79.5)
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In this machine there is preferably added to
the so-called result drum and 4th term drum a
device permitting one or the other of said drums
to be locked.

The logarithmic scale may be helically wound
on. the periphery of the drum, one revolution of:
the drum. corresponding, e. g. to the base 10, the
hase 100 corresponding to two drum revolutions,
and so: on; bhut the base 10 of the logarithmic
scale may also be developed over any desired

number of drum revolutions.
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The characteristic of a number may, when the
logarithmic scale wound on: ohe drum: revolution
corresponds to the base 10, be represented by a
number of drum revolutions zn equal to said char-
acteristic, and when the mantissa, corresponds to
a, fractional revolution 0.m, said drum revolutions
may be represented by a linear displacement
along a generatrix equal to the pitch of the wouad:
helix; the characteristic # of a aumber thus cor-
responds to a linear displacement of 7 times the
helix pitch and: a. mantissa egqual to 0.m corre-
sponds to a displacement of 0.n times the helix
piteh; a. displacement of n plus 0.m times the
helix pitch along the generatrix thus character-
izes the number, This marking of the number is
far less accurate however than the marking
through the rotation angle of the drum; it is, in
effect a function of the ratio of the helix pitch
to the circumferential development of the drum,

The marking device with separate control may
be used. for indexing the concerned column in
the drums using wound logarithmic scales.

The linear displacements of the indices may
also be used to determine the decimal points.

Tor this purpose, if the logarithmic scale of
bage 10 is wound on a drum over one revolution
it is. necessary that for a variation of one unit in
the characteristic, i. e. for a. displacement equal
to the. revolution pitch, a shift be produced from
one figure column. of the number representing
the mantissa fo the next column.

The figures constituting the decimal numbers
corresponding to the divisious of each graduated
logarithmic scale are thus arranged in the deci-
mal order at the intersection points of & helix
wound on the drum with the generatrix of the
cylinder. The point should be put in for each
factor and the point mark of each one of the
three drums should be able to effect a correla-
tive transverse displacenient corresponding to
the correlative angular displacement of that
druni to which it corresponds. For this purpose,
the point is represented by a mark moving along
the result generatrix. The three marks corre-
sponding to the three drums have displacemernts
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related to each other and such that the displace-
ment, along the result generatrix, of the mark
of the result drum, is the sum of the displace-
ments along their respective generatrices of the
marks of the factor drums. If the point mark
of one factor drum is brought into a position cor-
responding to a logarithm #n’--0.m’ the mark of
the result-drum will assume the same position;
if the point mark of the second factor-drum is
then brought into a position corresponding to
n’'+04n’" the mark of the resuli-drum wil] as-
sume the position corresponding to n'4-n’’4-
0.m’--0.m’’. It will then be understood that with
the above mentioned arrangement of the figures,
if the mark is set between two figure columns
on each one of the two factor-drums, the posi-
tions of the two marks representing the point will
also represent the logarithms of the factors and
that the mark of the result drum will indicate
the point on the resuit-number of said last drum.
© Said linear displacements of the indices may
even be used for indicating the position of the
point on a logarithmic scale helically wound
over several drum revolutions. The displace-
ment of the marking index will then be the
sum of a displacement of comparatively large
amplitude which will correspond fo the man-
tissa 0.m’ of the number logarithm, and of a
displacement of smaller amplitude corresponding
to the characteristic of said number, i. e. f(n).
It is thus only necessary to arrange the figures
constituting the graduation of the scale mark
at constant intervals from the helix constituted
by the- logarithmic scale, the point interval
which gives characteristic 1- being spaced from
the unit interval of the helix and the other
figures being arranged in the following inter-
vals; so -as to obtain both the indexing of the

2,572,811
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point.

" The movable mark for indexing the turn
of the logarithmic scale may be constituted by
the point of intersection of two helices plotted
on two -co-axial cylinders. These  cylinders
carry, along a length equal to the overall width
of the logarithmic helix on the drum, helical
turns of which the piteh is such that the num-
ber of helical turns on one of the cylinders is
equal to one more than the number of the
helical turns on the other cylinder. Said cyl-
inders are rotatively driven by toothed wheels
co-operating with one or more toothed-wheels
carried by the drum, and so designed that the
relative rotation of the cylinders with respect
to one another is equal to one rotation for a
number of drum rotations equal to the number
of rotations of the logarithmic helix of base 0.
This device offers the advantage over the screw-
driven devices in that it is shifted from one end
point to the other automatically as soon .as the
width of the drum has been traversed.

‘However, with this movable indicating device,

the displacement of the movable mark is related
to the motion of the drum. This correlative
drive requires for putting down one of the fac-
tors the rotation of the drums by a number of
turns varying according to the number of turns
on which the logarithmic scale is helically
wound, but in any case propoirtional to the char-
acteristic of the number to be put down.
" It is possible to make the indicating device
independent of the drums. The movable indi-
cating device is, to this effect, driven by a differ-
ential system independent of the arc-addmg dlf-
ferential system of the drums.
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Finally each of the logarithmic scales may,
instead of being helically wound on a drum, be
located on a tape driven by each of the drums.
In order to avoid the error which might result
from the sliding and resiliency of the tape,
there is interposed between said tape and the
drum, a driving device known, inter alia, for
driving cinematographic films, which consists in
providing said tape with punchings adapted to
be engaged by lugs carried by the drum. More-
over, 50 as to obtain the same accuracy as with
the machine which is not provided with a tape
and to make use of the width reduction which
is made possible by the plotting of the figures
on a tape, there are arranged scales plotted on
the drum and the tape is provided with longi-
tudinal sighting-slits which successively expose
the various scales, the visible scale correspond-
ing to the logarithmic notation carried by the
tape opposite. said sighting-slit. )

In the accompanying drawings, illustrative
embodiments of the calculating machine ac-
cording to the invention have been shown.

In these drawings:

Tig. 1 is a general front view of the calculat-
ing machine;

Figure la is an end view of Figure 1 with the
end of the casing removed;

Fig. 2 is a longitudinal sectional view taken
on the rotation axis of the mechanism; )

Figs. 3 and 4 are elevational views of parts
of the indicating device;

Pig. b is a view of a portion of the scale car-
ried by one drum of a machine using the point-
indexing device; @ .

Pig. 6 is a longitudinal sectional view of a
point-indexing device;

Fig. 7 is a cross-sectional view taken -on the
line VII—VII of Fig. 6;

Fig. 8 is a view of a device as shown in Fig, 6,
adapted to a machine in which the base log-
arithmic scale is helically wound over several
drum turns;.

Pig. 9 is a partial plan view of the device
showin in Fig. 8;

‘Fig. 101s a cross sectional view of Fig. 9 on an
enlarged scale

Fig. 11 is a detail perspective view of the dis-
appearing index;. -

Fig. 12 is a cross-sectional view correspond-
ing to Fig: 2 of a machine adapted to 4-term
calculation;

Pig. 13 is a cross sectional view of the brake
control in a machine derived from Fig. 12;

‘Fig. 14 is a longitudinal view with parts
broken away, of the machine shown in Fig. 13;

Fig. 15 is a v1ew similar to Pig. 6 of a 4- term

. machine;
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Pig. 16 is a detail view of Fig. 15;
Fig. 17 is a sectional view along the line
XVII—XVII of Fig. 16;°
Fig. 18 is a section through a tape-machine;
Figure 18¢ is a plan view of Figure 18 with
parts of the casing removed;
Fig. 19 is a detail view of Fig. 18;
" Figure 19¢ is a fragmentary plan view of por-
tions of the tape showing the disposition of the
opening therein;-
Fig, 20 is an alterna,tlve embodiment of a de-
vice for driving the point-indexing marks;
Figure 20a is a perspective view of Figure 20;
Figure 20b is a diagrammatic view of the pul-
leys,rules and cord, to facilitate an understand-
ing of Figures 20 and 20a;-
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. Pig. 21 is a detail view of a pulley-carrying
rule of the machine of Fig. 20;

Fig. 22 is a sectional view along the line
EXIT—XXI1 of Pig. 20.

The machine is secured on a wooden base i
surmounted by a sheet metal frame 2 carrying
bearings 3 which constitute the end bearings
of the machine shaft; intermediate bearings 5
and 6 co-axial with bearings 3 are also carried
by said base. In the front portion of frame 2 are
provided sighting-slits T in which. appear the
indicating devices of each. drum, which. devices
will be described hereinafter, and sighting-slits 8
and 9 for the turn-counting devices, the opera-
tion of which will also be described hereinafter.

The calculating device of the machine com-
prises essentially three drums 10, 11 and 12 on
the surface of which are engraved three similar
logarithmic scales, 10a, I1e and 12¢. Said scales
correspond in the example described to a
logarithmic division of base 10 and are helically
wound over 4 drum turns. Said drums are cen-
tered on the general axis of the machine and
rotate with respect to a stationary mark consti-
tuted by a glass strip 13 carrying on its face
nearly in contact with the drum an index {4,
and the upper face of which is such that the
glass strip acts as a magnifying lens for reading
the graduations.
by frame 2 of the machine.

Drums I8 and 12, called factor-drums, are re-
spectively integral with the shaft members L5 and
16, mounted in the bearings 3 and 5 and 3 and
6. Said shaffs 15 and {6 carry respective toothed-
discs {7 and {8 opposed to one another, housed
within drum I and constituting the sun-wheels
of a differential gear. The two planet-wheels 19
of said differential gear are diametrically opposed
and mounted on a spindle 20 freely mounted hy
means of a collar 21 formed in its mid-portion
on the adjacent ends of shafts 15 and 16.

A bevel gear 22 is secured on the inner face
of drum 11 and meshes with two bevel pinions 23,
diametrically opposed and freely rotatively

mounted at the ends of the spindle 20, which in

turn mesh with a bevel gear 24 opposed to the
bevel gear 22. The members 22, 23 and 24
constitute the second differential gear, said:bevel
gear 24 being integral with bearing 6 and there-
fore fixed with respect to the frame.

On a sleeve 25, integral with the gear 24, and
on a sleeye: 28, integral with: bearing 5 (thus both
stationary, and surrounding shafts. 15 and 18
respectively) are secured drum: brakes each
constituted by two leather pads 21 secured at both
ends of a resilient blade 28 blocked between: two
nuts 29. The shape of blade 28 is: such that said
pads are forced against the bottoms of the drums
and resist their free rotation.

Besides, spindles 15 and 16 are hollowed and
carry on their contiguous ends, in the same plane
of orientation of the drums 10 and 12, the longi-
tudinal slots 30. A rod 31 inserted into shaft 15
carries a movable cotter 32 which may make said
spindles integral with one another by being en-
gaged simultaneously into both slots 30.

The drums also carry on their side faces the-

toothed-wheels 42 which will have; e. g. four
hundred and twenty teeth. Each. of these
toothed-wheels meshes; with a small clearance,
with two toothed-wheels 33 and 34 having twenty
and twenty-one teeth respectively, integral, one
with a.-hollow cylinder 35, the other with.a cylin-
der 36 adapted to bhe telescoped into cylinder
35 to.bring the toothed wheels 33 and. 34 together

The glass. strip I3 is carried.
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6
s0 as to mesh with one of the toothed wheels
42. On cylinder 36 are represented along a length
equeal to the width of the four logarithmic helices
on any one of the drums, sixteen helical turns
31, e. g. black, separated by white helical turns.
On the transparent portion of cylinder 35 and
along a similar length are arranged fifteen
opaque helical turns separated by fifteen trans-
parent helical turns. Said cylinders are intro-
duced into each other and the whole assembly is
mounted on the machine frame by means of
spindles 39 and 40 so that the portion provided
with the helix is located opposite a sighting-slit
1 of frame 2 and so that wheels 33, 34 mesh with
a wheel 42, the gear clearance being sufficient.
for permifting this mounting. The cylinders
being thus telescoped, the helical turns of dif-
ferent pitches overlap more or less. The white
turns of cylinder 36 coincide only at one point
with the transparent turns of cylinder 35; it is
this coincidence which is used as an indicating
means for indexing on what helical turn of the
helix the reading is to be made as shown at 41
in Figure 1. It will be understood that there is
an assembly as described above for each of the
drums 10, i1 and 12. :

Finally, a device of revolution-counter type,
known per se, the face of which appears in the
sighting-slits 8 or 9 is combined with each as-
sembly and is such that at each fourth revolution
of the corresponding drum effected in the in-
creasing direction of the logarithmic scale, the
visible marking figure is shifted from the column
in which it is then located to the next left~-hand
column as shown in the fisure and vice-versa.

The assembly and the fixing of the drums are
so effected that the zeros of the three drums
originally coincide and that the indicia 41 are
then located, as well as the indicating figures of
sighting-slits 8 and 9, fully on the right of their
respective sighting-slits.

Let us assume that a multiplication is to be
effected; drum {90 is rotated in the direction of
the increasing logarithmic scale, so as to bring
into the corresponding sighting-siit 8, the
decima] order in which said figure is located,
e. g.; 100 if the multiplier is comprised between
100 and 999 (for this purpose, the drum should
be rotated by eight consecutive revolutions).
Drum {2 being locked by its brake 27, sun-wheel
{8 remains stationary and drum il rotates also
by 8 revolutions; number 100 thus also appears
in sighting-slit 9. Said figures transliate into deci-
mal fractions the characteristics of the loga-
rithms of the figures. From this moment, drum
10 is further rotated so as to bring the gradua-
tion of scale {Ba corresponding to the number
opposite the index 14; for this purpose, the drum
should be rotated by a.number of revolutions plus
g certain arc. Now, index 4{ of the correspond-
ing sighting-slit is always in coincidence with
the logarithmic turn which is concerned; in
effect, the toothed-wheels driving the cylinders
of the indicating device and wheel 32 have such
numbers of teeth that both said cylinders are
imparted with a relative displacement of one
revolution when the drum has been rotated by
four revolutions, and therefore the coincidence
point of the helices describes the whole helix~
length for four drum revolutions.

‘The multiplier being put in on scale [8a, drum
{08: locked by its brake 21 is left alone and the
multiplicand is put in on scale {2a. This drum
must. first be rotated a number of turns so as

5 to bring into the corresponding sighting-slit 8
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the decimal ordei'.' However, druni fi driven by

the differential gear describes the same number
of revolutions, If, as in the shown assembly,
the multiplicand is comprised between 1000 and
9999, number 1000 will be brought into the corre-
sponding sighting-slit and the figure appearing
in sighting-slit 9 will be:100,000.. Drum {{, once
this operation is completed, will have effected

twenty revolutions plus an arc from zero to 1440

degrees proportional to the mantissa of the mul~
tiplier. The division of the graduation i2¢ corre-
sponding to the multiplicand-number is then
brought opposite to index 14 and for this pur-
pose, said drum must be rotated by a certain arc
ranging from O to 1440 degrees; during this op-
eration, drum {I rotates by the same arc.. At the
end of the operation, the value of the result is
directly read on scale |la, opposite the mark 41,
the demical order of said value being read in
sighting-slit 9. It is to be noted that if the
sum of the mantissae of the multiplier and mul-
tiplicand is higher than unity, the marking figure
in sighting-slit 9 will have been shifted by one
column from the position shown in PFigufe 1,
while the value of the multiplicand was put in
said marking figure will thus index the million
order and the result will be comprised between
1,000,000 and 9,999,999.

To square a number, it is clear that it is pos-
sible to operate as described above, but it is
preferable to make the drums 10 and 12 infegral
with one another by means of the cotter 32.. The
drum (i will then rotate at a speed double that
of either factor-drum. It is then sufficient to put
in the figure on either one of the drums I8 or
{2 to read its square on drum il. The same
operation, but putting in the figure on drum if
gives its square root on either one of the drums
10, 12,

The machine described above as in illustra-
tion is adapted to be modified in many ways.

The arrangement of the scales permits an easy
inscription of auxiliary or special graduations
(such as 100—n, e. g. for the calculation of com-
mercial discounts) besides the normal gradua~
tions. Besides the logarithmic scales, arithmetic
scales for addition and subtraction may be ar=
ranged.

The graduated scale portion shown in Figure
5 comprises a logarithmic graduation 50; it is
constituted by a usual logarithmic graduation of
base 10 helically wound on one cylinder turn and
engraved on the left end of said cylinder. On
the periphery of the cylinder is plotted a helix
(not’ shown) starting from a point selected on
the generatrix 5{ of the cylinder corresponding
to the origin of the graduation. On the scale
portion shown said helix is wound on four com-
plete turns. But any number of turns may be
selected according to the width of the cylinder
and the helix pitch. The figures constituting
the decimal number corresponding to each loga-
rithmic graduation are engraved in the decimal
order from left to right at the points of intersec-
tion of the helix with the generatrix of the cylin-
der corresponding to said graduation.

In the example shown, the decimal numbers
will thus have four figures and all figures will
be located along the above defined helix. In the
helix interval formed by the figures, is engraved
a helix 52 in broken lines. If the circle passing
through point 58 is looked upon as an origin,
the distance between the point of intersection
of any generatrix with the spiral to said circle 53
will be proportional to the logarithm of the deci-
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mal number read on the numbered scale, $aid
point of intersection being taken as a point.
Thus if a calculating machine of the above de-
scribed type provided with drums as described
above is:associated. with three indicia so related
that the displacement of the indication of the
result-drum be .the sum of the positive or nega-
tive displacements of the indicia of the factor-.
drums, and if the indicia of the factor-drums are:
movable independently of said drums, it may be
operated in the following manner: The divisions
of the logarithmic scale corresponding. to the
factors to be put in are brought into coincidence
with the index lines i4 by rotating the factor-:
drums in either direction. The logarithmic re-
sult appears on the result-drum. Each of the
point marks of the factor-drums is then brought
to that point of intersection of the helix §2 with
the index line {4 which corresponds to the posi-
tion of the point on the particular factor. The
mark of the result drum then comes to a posi-
tion giving the poinf on the result-number.

The index driving device is shown in Figures 6
and 7. Itcomprises essentially two threaded rods
55 and 56 controlled by knurled knobs 57 and 58
and braked by 4-arm springs 5% and 8. Said’
threaded rods co-operate respectively with the
nuts 61 and 62 locked against rotation by the lug.
63 and 64 which slides in a longitudinal slot 65
provided along a generatrix of a tube 66 within
which the device is enclosed.

The rotation of rod 55 moves nut 61 and the
index hereinafter called “point-mark” 67 integral
therewith with respect to drum 12 of the machine
carrying the logarithmic graduation described
above. .

The rotation of rod 56 similarly moves an index
68 with respect to drum 18 similar to drum 12
mentioned above. :

The threaded rod 5% is drilled axially with a
square bore and rod 56 is threaded interiorly. In
the inner thread of rod 58 is screwed a threaded
rod 69 extended by a square spindle which pen-
etrates into, and is capable of non-rotative longi-
tudinal sliding movement with respect to the
square bore of rod 55. .

The pitches of the threads of rod 55 and of rod
69 are equal and of opposite directions. Thus
when rod 55 rotates in one direction while driving.
rod 69, nut 63 and rod 89 move in the same direc-
tion by the same distance. The pitches of the
threads of rod 56 and of rod 69 are equal and of
the same direction so that, when rod 56 rofates
in one -direction, nut 64 and rod 68 still move in
the same direction by the same distance.

A eylindrical ring 70 is freely mounted on said
rod 69 and locked against relative longitudinal
movement. It is provided with an index 71 sim-
ilar to indices 67 and 68, and has g Iug 12 similar
to the lugs 63 and 64 sliding in the same slot 65
of tube 66. )

The longitudinal displacements of said three
indices are consistent with the rule stated above;
they constitute therefore one of the devices which
may be used for embodying the invention. How-
ever it is clear that other devices may be substi-
tuted therefor and, inter alia, that described

" above in connection with Figures 3 and 4, modi-

70

(]

fied so as to make its control independent of the
rotation of the drums. Itis however to be noted
that in this case one of the tubes, 35 or 36 may be
made stationary in the devices co-operating with
the factor-drums, the tubes 35 and 36 of the
result-drum device being respectively connected
with the movable tube of each one of the factor~
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drum devices, one of the tubes rotating in the
game direction as that which controls it and the
other in the opposite direction, so that hoth tubes
35 and 36 are movable tubes in the result-drum
device.

- The device shown in Figure 8 co-operates with
a calculating machine on each one of the three
drums of which is engraved a helix 13 having a
logarithmic scale 74 engraved on the right side
thereof. The scale numbers are engraved from
left to right with digits spaced by the same inter-
val d, the first digit being spaced by half an
interval from helix 13. It is known that if the
logarithmic divisions of the factors of two end
drums are brought opposite the index line (4; the
logarithmic division of the central drum which
is located opposite to the index line is the divi-
sion of the result. This is true, without it being
necessary to rotate the so-called factor-drums
by a determined revoluiion, the position being
the same, with any number of revolutions. It
remains to determine the turn concerned. Now,
the spacing of said turn from helix 13 at the left
end of the drum (origin circle) is equal to the
logarithm of the number. The device described
above and shown in Figurs 6 permits to add the
approximate logarithms or the mantissa and
thence, by bringing the indices of the factor-
drums on the helix opposite to the logarithmic
division, the index of the result-drum will be
brought into coincidence with the conecerned turn
of helix 13 of the result-drum. From this posi~
tien, if the indices of the factors are imparted
with displacements nd and n’d proportional to
the characteristics of the numbers, the result-
index is disrlaced by (n-+n’)d, i. e. by a distance
proportional to the characteristic of the result.
Due to the arrangement of the graduations de-
seribed above, the indices will thus indicate the
concerned turn of helix 73 and on number 14, the
position of the point.

The device shown in Figure 8 has been modified
to avoid giving to the central drum a width double
that of the factor-drums. This device comprises
the same control parts 57/, 58’, 59’ and 60’ similar
to the like members shown in Figure 6 controlling
threaded rods 5% and 58’. On rod 55" moves a
nut 61’ carrying an index 63’, 67’ sliding in 'a
slot 65’ of a tube 66’. The threaded rod 55’ is
extended by a square rod 15 terminated by a
cylindrical spindle 716 penetrating into a bore in
the threaded rod 56’.

The threaded rods 55 and 56’ are threaded
with the same pitch and in the same direction.
On threaded rod 56’ is mounted an internally and
externally threaded sleeve 18 which carries at
its end towards the control parts an index 627,
68’ also sliding in slot 65’ of tube 68>, On said
sleeve 18 is engaged another internally threaded
sleeve 19 which is externally threaded with a
pitch equal and of opposite direction to that of
the external thread of sleeve 78. Said sleeve has
2. square hole engaging the rod 15 and is thus
rotatively driven by rod 8%’. Finally sleeve 79 eo~
operates with a sleeve 80 internally threaded and
slidable but non-rotatable and which carries the
eclipsable indices which will be described herein~
after. .
- It may be seen that if threaded rod 56’ is
rotated, sleeve T8 glides longitudinally and drives
in the same direction sleeves 18 and 88, and there-
fore the indices integral with the latter. If the
threaded rod 55 is rotated it drives rotatively
gleeve 19 which moves in the same direction as
nut 6{" but by half the distance, but simultane-
olisly to the screwing of sléeve T9 by half sald
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distance on sleeve 18, sleeve 80 also screws by
half said distance on sleeve 19 and the overall dis-
placement of sieeve 80 and thence of the indices
carried thereby is equal to the displacement of
nut 61°.

Sleeve 80 carries on one of its generatrices and
at a distance apart equal to the development,
along the generatrix of the cylinder, of the
logarithmic helix of base {0 reduced by d, two
indices 8! and 82. Said indices are pivoted on
yokes 83 integral with sleeve 80. They are held
in vertical position by springs 84 and each of
them is integral with a finger 85 which turns it
down horizontally against the action of the
spring when it comes into contact with the top
face 87 of passage 88, Said passage 88 which
surmounts the tubular casing 6%’ is intended to
act as a guide for the indices 81 and 82 and also
for their yokes 83, thus preventing sleeve 80 from
votating. Tt is clear that, with devices of this
type, the possibility of having the point device
shifted past the range of the mark number of
the logarithmic division must be taken into ac-
count. TIn this ease, it will be necessary to add
at the right of this numbher as many zeros as
there are widths d between the end right figure
and the point mark.

The caleulating machine shown in Figure 12
is modified to permit the introduction of a fourth
term. 'The principal parts of the machine de-
scribed above may be found again in said figure
with the same reference numbers, suffixed by
double primes viz. the three drums 107, {{’* and
12’7 carrying the logarithmic scales, the drums
10’ and 12’’ being integral with shaft mem-
bers 15’ and 18’’ carrying toothed discs 17"’ and
{8’’ opposed to one another and which consti-
tute the sun-wheels of a differential gear; the
planet-wheels 19’ and 23", the planet-wheel
23’" co-operating with sun-wheel 22’' integral
with drum (. But for the stationary sun-wheel
cooperating with the planet-wheel 23’/ there is
substituted a sun-wheel 100 rotatively mounted
in a sleeve 101 and integral with an additional
drum {02. Said drum is controlled by a crown
i63. A brake 104 constituted by a spring (05
having four arms provided with shoes, similar to
brakes 21 but stronger, locks drum 192. A half-
ball {66 carried by a spring 107 and adapted to
be engaged into a notch of the rear flange of
sun-wheel 108 permits a slight locking of drum
102 when graduation 10" is on the index line.

The logarithmic graduation carried by drum
{82 is helically wound in the direction opposite
to that carried by the other drums. The first
factor is put in on said drum (02. The two
other factors may then be put in on drums 10’
and 12’7 and the result is read on drum {1’’,

‘The 4-drums machine described above is
adapted to multiple calculations but for effecting
these calculations it is necessary to be able to
lock alternately one or the other of the central
drums. Brake 104, 105 is then substituted for
by the following device (Figures 13 and 14).

This device is constituted for each drum by a
shoe 108 carried by a lever 108 pivoted at 110 on
the frame, said shoe being forced against the
inner wall of the drum by a spring 111. Each
lever carries a heel 112 which projects into the
gap between the two end drums and the two
central drums. A lever ({3 rockingly mounted
at (14 co-aperates at its ends 115 and 116 with
said heels. A lever [iT co-operates with the
cam-like portions 118 of lever 113 and ensures
the rocking thereof as well as the correlative
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lifting -of -either one of shoes 108. Said portion
108 has such a shape that it ensures the end-
of-travel locking in either direction.

"~ A machine - provided with this locking device
permits the performance of a series of multipli-
cations and divisions. It is possible, in effect, to
block the resulf, on either drum and reset to
zero one of the factor-drums.

- Assiiming the operation:

aXbXe
dXe

is to be effected. Drum {{’’ is locked by moving
lever {11- towards the right, then by rotating
drum .10”’ in the backward direction, that loga-
rithmic division of drum {02 which corresponds
to a is brought opposite the index line {4’’; drum
102 is then locked by pivoting lever -{11 toward
the left; drum {0’ is then brought to the
jogarithmic division corresponding to b, and
there is obtained on drum {1°’ the result aXb.
Putting- the factor ¢ in on drum 12’' there is
obtained on drum 1’/ the result e XbXe. Drum
{i’’ is then locked and the drums 10’ .and. (2"’
are brought back respectively to the logarithmic
divisions d and e and there is then read directly
on drum 102 the desired result; in effect, this
drum has been rotated in the direction. of its
logarithmic scale by an arc.the length of which
corresponds to +a and then by arcs correspond-
ing to b—d and c¢—e. 'This calculation is only
given as a-mere illustration and it is obvious that
it may be-varied at will.

It is obviously possible to adapt the point-~
indexing device described above to the 4-drum
machine which has just been described. An ex-
ample of such a device is shown in Pigures 15 to
17. -This device comprises as previously the same
threaded rods 55’’’ and 56’’’ with their actuating
means and their brakes.57’"*, 58’’' and 59'', 60"’*
respectively as in Figure 6 driving the indexes
61’’', 63’’/, 671’’’ and 62’’’, 64’’’, 68’"" opposite
to. drums 10 and 12 as in Fig. 6.  With these
threaded rods co-operates a rod 69’’’ one end of
which of square cross-section is engaged into an
axial square bore of rod 55’’’ and the other end
of which is engaged in the axial inner thread of
rod.-858’'’. The threads are similar to those of the
device of Figure 6 and there is thus obtained a
displacement of rod 69’’’ which is the sum of the
displacements of the indices 67’’’ and 68’’’

Around rod 69’'’, between the threaded rods
55’’’ and 56’’’ is mounted a sleeve [20 threaded
in its portion 121 which.is located opposite to
the additional drum 162 (Figure 12). Said sleeve
may be rotated by a toothed-wheel 122 formed at
its surface and which co-operates with a toothed-
wheel [23 integral through a spindle (24 with
another toothed-wheel 125 which may be rota-
tively driven by toothed-wheel {26 integral with
the knurled knob 127 braked by brake 128. On
portion 12/ is secured a nut 129 carrying an in-
dex 130 which is rotatively locked by the edges
of slot 65/’ of casing 66’’, in which slot it may
slide. Sleeve {20 is provided with two diametri-
cally. opposed slots extending along ifs non-
threaded portion and acting as a guide for two
parts i831—{32 which are engaged into an abut-
ment. constituted by two flanges 133 on spindle
69’7 and integral with an outerly threaded sleeve
134. On said sleeve is mounted a nut {35 with
an index 136 similar to nut 129 and index (30
described above.

..'Threaded sleeve 134 will be then driven longi-
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tudinally by the displacement of rod 69'’’, parts
131, 132 sliding in the slots of sleeve 120.  This
displacement will be equal to the sum of the dis-
placements of indices 67’’’ and 68’’’ and index
§36 will be imparted with the same displace-
ment; moreover, if sleeve 120 is rofated which
displaces index 130, sleeve {34 will be also ro-
tatively driven and nut (35 will be displaced by
the same length as nut i29. The displacement
of nut 135 and thence of index 136 will thus be
the sum of the dlsplacements of indices 61"’
68’’’ and 130.

A calculating machine has been’ d1agrammat1—
cally shown in Figures 18, 18a, 19 and 19a, on
which the logarithmic scales are plotted on the
drums while the figures are carrled over on end-
less tapes.

The machine then comprises three or four
drums 1408 interconnected by a differential de-
vice such as described above. Over these drums
run endless tapes such as 141 which are wound on
cylinders 142 freely rotatably mounted in the
casing (43 located at the rear of drums 140; in
front of these drums is disposed a glass strip 13"
carrying an index line and, if required, a point-
indexing device diagrammatically shown at i44.
On each drum are engraved side-by-side, and
over one drum revolution, fragments of logarith-
mic scales without numerical marks, the assem-~
bly of these scale fragments giving the whole
logarithmiec scale. Drum 140 comprises, on the
other hand, near its edges, teeth 145 which co-
operate with perforations carried by the tape.
The tape also carries numerical marks 146 the
spacing of which corresponds to the logarithmic
scale used; the length of the tape may be any
multiple of the length of the logarithmic scale,
but it is sufficient that it is equal to said length.
Moreover, in this tape are provided transparent
sighting-slits such as 147 which expose at each
moment that fragment of logarithmic scale 148
which corresponds to the numerieal graduation
catried by the side portion of the tape. °

*An angular rotation of drum {40 carries away
a length of tape equal to the arc described; the
device giving an addition of the angles and hence
of the arcs, thus ensures in this case an addition
of the tape lengths. The drawbacks which might
result from the flexibility of the tape are over-
come, on the one hand, by the driving system
with téeth and perforations, and on the other
hand by the fact that the logarithmic divisions
are carried by the drums proper.

This tape device may be modified for using
tapes wound on a drawback cylinder or tapes
carrying a logarithmic scale wound on several
lengths of endless tapes according to the above
adopted principle for the logarithmic scales en~
graved on the cylinders; there will then be ob-
tained across the width of the tape several marks
of the logarithmic scale.

There may be substituted for the index-driving
device shown in Figures 6 to 11 the cable dev1ce
shown in Figures 20, 20g, 21 and 22.

This device comprises essentially a longitudinal
cable 150 integral with the index-carrying rule
151 of the result-drum. Said cable runs at its
ends over two pulleys. 152, i53 carried by two
rules 154, 155, respectively which carry at their
other end another pulley 156, {571.  Cable 150 is
wound over two pulleys 158, {59 fixed with respect
to the frame and then over pulleys (57 and (56,
its ends being anchored at 160 at a fixed point of
the frame. The needles 161 and 162 of the fac~
tor-drums are secured on the portions 150’ of the;
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cable located between the pulleys 156 and 158,
and 157 and 159 respectively.

It may be seen that if rule 155 is moved in one
direction, and thence pulleys (53 and 156, the
portion {59’ of the cable located between puileys
158 and 157 and thence needle 154 integral there-
with is displaced in the same direction by a
length double thereof, this displacement of a
point of said length {50’ of the cable corre-
sponds fto an equal displacement of any point
of cable portion 150, thence of needle (5{. The
same is true for rule 154. This device thus pro-
vides the displacement of the result needles,
which displacement is the sum of the displace-~

ments of both factor-needles, required for the 3

indicating device described above.

The rules {54, 155 are actuated by a threaded
screw 163, 164, respectively controlled by a knob,
not shown, and co-operating with a nut 165 of
the rule and the rotation of which is limifed by
an abutment (86, {67.

In this device the indices of the center drum
disappear without resorting to needles pivoted
on their base.

The disappearance, in effect, is obtained,
thanks to the downward shift (by % cm., e. g.)
of the mark line of the center drum, the points
of the concerned indices 151 being vertically
shifted by % cm. with respect fo the point of
the indicies 161 and 162 of the end drums. Two
masks 168, 169, arranged horizontally in front
of the end drums only, about % cm. under the
mark line, mask the indices (51 of the center-
drum during their travel in front of the end

drums, while providing under the mark-line a :

gap sufficient for permitting the normal reading
of the indices 161, i62.

What I claim is:

1. A calculating machine hased on the principle
of logarithmic calculation and comprising at
least three co-axial revolution surfaces connected
together by at least one differential device im-
parting to one of said revolution surfaces a rota-
tion equal to the sum of the rotations of the other
revolution surfaces, logarithmic scales plotted on
said surfaces, a stationary mark and movable
indices moving in the neighborhood of said sta-
tionary mark, each in front of one of said revolu-
tion surfaces and means for relating the displace-
ments of said indices so that the displacement of
that one which is in front of said one of said
revolution surfaces is the sum of the displace-
ments of the others.

2. A calculating machine based on the principle
of logarithmic calculation and comprising three
co-axial drums, each one of two of said drums
being each integral with a sun-~wheel of one dif-
ferential gear, the third drum carrying a toothed
disc constituting, together with a fixed disc two
sun-wheels of a second differential gear, the
planet-wheels of said two differential gears being
rotatively mounted on the same frame, logarith-
mic scales plotted on said drums, a fixed mark
parallel to the axis of the drums, movable indices
moving parallel to, and in the neighborhoog of
said fixed mark, each in front of one drum, and
means for relating the displacements of said in-
dices so that the displacement of the index lo-
cated in front of the third drum is the sum of the
displacements of the indices located in front of
the two other drums.

3. A calculating machine according to claim 2,
in which each one of the movable indices is con-
stituted by the point of intersection of two helices
plotted on two co-axial cylinders constituting an
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indexing device, the number of turns of the {wo
said helices differing from one another by one
unit, means being provided to set into rotation one
of the cylinders of each of the indices correspond-
ing to the two first drums, and means for impart-
ing to one of the cylinders of the indexing device
of the third drum a relative rotation equal to the
sum of the rotations of the movable cylinders of
the two other indexing devices.

4. A calculating machine according to claim 2,
in which each one of the movable indices is con-
stituted by one finger, each of the fingers corre-
sponding to the two first drums being carried
by a nut locked against rotation and co-operat-
ing with a threaded rod, the finger corresponding
to the third drum being secured on a base ro-
tatively mounted on a rod rotatively driven but
longitudinally movable with respect to one of the
threaded rods and screwing into a thread ro-
tatively fast upon the cther rod.

5. A calculating machine according to claim 2,
in which each one of the movable indices is con-
stituted by one finger, the finger corresponding
to the third drum being integral with a longitu-
dinal eable running over two first pulleys inte-
sral with two rules, then over two pulleys integral
with the frame and then over two other pulleys
secured at the other end of the said rules, the
fingers corresponding to the two first drums be~
ing each secured on one of the cable portions
comprised between the fixed pulleys and the first
pulleys integral with the rules, and means for
moving both said rules.

6. A calculating machine based on the principle
of logarithmic calculating and comprising four
co-axial drums, each one of two of said drums
being integral with a sun-wheel of one differen-
tial gear and the two other drums with the sun-
wheels of a second differential gear, the two
planet-wheels of both said differential gears be-
ing rotatively mounted on a common frame,
logarithmic scales arranged in one sense for three
of said drums and reversed in sense for the fourth
one, plotted on the surfaces of said drums, a fixed
mark parallel to the axis of the drums, movable
indices moving parallel to and in the neighbor-
hood of said fixed mark, each in front of one drum,
and means for relating the displacements of said
indices so that the displacement of that one which
is in front of said fourth drum is the sum of the
displacements of the indices located in front of
the three ofther drums.

7. A calculating machine according to claim 6,
in which each one of the movable indices is con-
stituted by one finger, the fingers corresponding
to three of the drums being each carried by a nut
locked against rotation and co-operating with a
threaded rod, the finger corresponding to the
fourth drum being carried by a nut locked against
rotation and co-operating with a threaded mem-
ber rotatively mounted on one of said threaded
rods rotatively driven but movable longitudinally
with respect to another of the above mentioned
threaded rods and screwing into a thread inte-
gral with a third threaded rods, said threaded
member being besides relatively connected with
said one of said threaded rods

8. A calculating machine based on the principal
of logarithmic ealculation and comprising at

least three co-axial drums connected together by

at least one differential device imparting to one
of said drums a rotation equal to the sum of the
rotations of the other drums, tapes winding on
said drums and carrying logarithmic scales, a
fixed mark, and a movable index moving in front
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of each one of the tapes carried by said drums,

and means for relating the displacements of sald

indices so that the displacement of that one which

is in front of said one of said drums is the sum of
the displacements of the other.

- PIERRE JULES LOUIS JULLIEN.
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