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PROVISIONAL _SP]LCIFIGATION .
A New or Improved Calculator.

I, EnnsT LL])ER, of 47/48 Berliner Strasse, Rixdorf near Berlin, ]]m}me of
Grelmany, Merchant, do hereby declare the nature of this invention to be as

follows : — .

M mventlon consists of a new or improved calculator or arlthmetlcal machine
which is capable.of performing arithmetical operations, such as additions, sub-
tractions, multiplications, divisions or other calculations. -The operation of
this machine is most simple. -It comprisés a key board for one. figure or
quuantily, a-slide key -board for another figure or quantity, a plurality of slides
mevable between the key board and the slide key board and each provided with
a pair of rollers having various series of teeth on their peripheries, a carriage
movable over the slides and containing registering mechanism adapted to be
operated by the teeth of the rollers, a mechanism controlled from the key board
for adjusting the several slldes, and a hand-crank with a driving mechanism
for adjusting the -dials 'in the registering mechanism. For performing an
arithruetical operation, for example a multiplication, first the respective lkeys
of -the key board are depressed in accordance with the single figures of the

multiplicand, whereby the correspondmg slides are shifted and ad;usted '

then either of the slide keys in accordance with the wunit of - the
multiplicator is pushed to the rear to shift and adjust the carriage, next a
hand-crank is turned once so as to once turn all the rollers in the slides, whereby
the operameter in the carriage is operated, so that the result, that is the
product, will be shown in the windows of the carriage. Thereupon the carriage
18 pulled to.the front for returning the said slide ‘key to its initial position,
after which either of the slide keys in accordance with tlie tens of the multi-
plicator is pushed to the rear to shift and adjust the carriage and 'the hand-
crank is turned once more, when the new product will appear in the windows.
If the multiplicator has ]mn(heds, thousands and so on, of course the eanmge
will have to be pulled repeatedly to the front for returning the shiffed slide
keys to their initial positions, after which the respective slide keys correspond-
ing to the figures in the hundreds, thousarids and so on of the multiplicator
are one after the other pushed to the rear and the hm}d—cmnk is once turned
each time, when at last the final product W111 appear in the windows of the
carriage.

I will now proceed to describe my invention with reference to the drawmgs
accompanying this my Provisional Specification.

Fig. 1 is a plan of the complete calculator which is for example arranged
for multiplications,

Plg 2 1s a front view of the same,

Fig. 3 is a vertical cross section through-the same on the line »—w in Fig. 1
Seen flom the front in the direction of the arrows,

Fig. 4 is a part of Fig. 1, the top beibg twrned to the left side and the Lcy e
board on the left being shown paltly in plan and pfxrtly in a horizontal sectign’
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through the line z—z in Fig. 5, and the slide key board on the right being
omitted, : . . _

Fig. b is a vertical section through the line y—y in Fig. 4, .

Tig. 6 is a rear view on an enlarged scale of part of the calculator, seen in
the direction of the arrow in Fig. 5,

Fig. 7 is a side view of the same part seen from left to right in Fig. 6,

Fig. 8 is an elevation on an eularged scale of the operameter contained in
the carriage and shows in section the several rollers co-operating with the gear
wheels in the operameter,

Fig. 9 is a. plan of the operameter, .

Fig. 10 is a front view on an. enlarged scale of the hand-crank aid the
driving mechanism for operating the rollers,

Fig. 11 is a plan of the same,

Fig. 12 is the development of one roller in either pair, and

Pig. 13 is the development of the other roller in the same pair.

The calculator. shown comprises a box « (see I'ig. 5), on which two side
rails 1, 1 (see Fig. 3) and several (here seven) parallel rails ¢ g of hexagonal
section ave fastened. Several (herc six) parallel slides f f are mounted to move
.on the top of the box @ while they are guided by the rails ¢ g. The slides f f
are shown as each consisting of two end plates f1 and /2 (see Fig. ), which are
rigidly connected with one another by suitable stays not shown. The box a is
shown as containing a special compartment 2, to the rear wall of which the
soveral slides f f are elastically attached by means of helical springs I 7, so
that they are constantly pressed to the front. The rear end plate fi of each
slide f (see Fig. 6) is provided with two holes for the rear pivots of two
rollers m and m'. 'The latier are hollow and are made to slide on two shafts ¢ ¢
which are mounted to turn in the rear wall of the box 2. The rollers wu and !
are prevented from turuing on the shafts ¢ # by means of screws » engaging in
longitudinal grooves of the latter. In the compartment 2 two parallel drums K
and F (Figs. 10 and 11) are mounted to turn, which ave connected with each
other by mieans of an eundless band H placed over them and provided with
three parallel rows of square holes, in which corresponding teeth G G on the
two drums K and F engage. The endless band H is divided by two parallel
long slots into three sections, which are connected with one another by two
short pieces provided with several square holes O and O! respectively, these
holes being on two different places of the band. The front ends of the above
mentioned shafts £ ¢ are provided with gear wheels T and 1" which can
periodically and one after the other engage in the two series of holes O and O!
_respectively. Guiding rollers 3, 3 are provided for supporting the wupper
branch of the endless band H and thus assuring the proper meshing of the
gear wheels T and T? with the endless band . Fastened on the front end
of the shaft of the right drum 1" is a gear wheel E, which meshes with a larger
gear wheel I). The latter is by its shaft rigidly connected with a smaller
gear wheel C, that engages a larger gear wheel 13 fastened on the shaft of a
hand-crank A. The ratio of the gear wheels B, C, D and E is so proportioned,
that for every complete revolution of the hand-crank A the endless band H
will’ make one complete turn round the two drums K and F, so that after
each revolution of the hand-crank A a certain point on the band H will return
to its initial position. The rollers mn and m! in the several slides £ f have on

their peripheries a:plurality of teeth, which are disposed in varying orders in !

parallel planes, as is illustrated in Figs. 12 and 13, which show the develop-
ments of the two rollers. These teeth will be referred to later on.

On the rear end of the box a (Fig. 5) is disposed the key board (see“Fig. 1),
which comprises two superposed horizontal plates ' and ! and a plurality of

keys 4'. The two plates &' and b are supported by four studs o' on the hox a 5

and serve for guiding the vertical square shafts d of thé keys d', which are
arranged in the verfical planes of the several rollers m and m!. The keys 4t
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in the vertical plane of each roller m carry the even numbers 2, 4, 6 and 8 and’
those in the vertical plane of cach roller m! the odd numbers 1, 3, 5, 7 and 9.
The keys d' are pressed upwards by helical springs shown in Tig. 7. as usual.
The lower euds of their shafts 4 carry cranked arms ¢ of varying Jengths, which
are provided with downwardly projecting hooks ¢!, as is clearly shown in
Figs. 6 and 7. Between the two plates B! and b the shafts 4 are each provided
with an arm ' which is adapted to depress a rocking plate A. The latter is
placed parallel to the slide f and has at its ends two pivots A!, which engage in
suitable bearings on the lower plate 4. Each rocking plate A is pressed
upwards against the arms 4! of the two parallel rows of key shafts ¢ by means
of two helical springs A", so that normally it is placed at an angle of about 45°
to the horizontal plate 4, as is shown on the left in Fig. 6. Jach rocking
plate has on its rear end a downwardly projecting arm < with a hook ¢t. Kach
slide f has on its rear end plate fY a projection f*! of any suitable shape, on -
which a horizontal cross rod e is fastened. A carriage S passing over the
several slides f £ is guided in the two side rails 1, 1, as 1s'shown in Fig. 3 and
is adapted on being pushed to the rear to strike the projections ! of the
several slides f and to take along with it the latter. Then the cross rods e of
the slides f will snap over the hooks ¢! of the arms ¢ respectively, so -that the

. slides f will be thereby locked and prevented from shifting on the carriage

being moved to the front. When either key d' is depressed, see Fig. G, the
arm d' of its shaft 4 will depress the rocking plate %, so that the arm 7 of the
latter will be turned upwards and its hook 4! will release the slide f, whereupon
the helical spring / will pull the slide f to the front. Now, however, that
the hook ¢' on the arm ¢ of this key d' engages in the path of the cross rod e, of
course this hook ¢! will catch the_cross rod ¢ and prevent the slide f from
moving further (see Fig. 5). The several arms ¢ of the keys 4! are made of
different lengths, as already mentioned above, so that their hooks ¢ will
severally stop the corresponding slides f on different points of their paths.
The keys 4! in the exireme pair of rows on the right in Fig. 1 correspond to
the units of the multiplicand. The keys &' in the next following. pair of rows,
when counting from right to left, correspond to the tens of the multiplicand,
and those in the third pair of rows t{o the huudreds, those in the fourth pair of
rows to the thousands of the multiplicand, and so on. It is evident, that when
a key ' has been depressed and its hook &' has caught the cross rod e of the

-slide f, the key &' will be prevented from vetwmning fo its upper position on

being released by one’s finger. Ouly when the earriage S on. being. pushed to
the rear strikes the projection 1! of the slide f! and takes along with it the
latter, so that the cross rod ¢ will get out of the hook ¢!, will the key d' be
permitted to return to its initial positiom. _

On the front over the compartment 2 is disposed the slide key board, which
comprises a horizontal plate p and nine keys n with the numbers 1, 2,73, 4, 5,

6, 7, 8 and 9. The plate p is provided with nine parallel slots p' of different
‘lengths and with guides beneath these slots for-slides », which are rigidly con-

nected” with the keys » and are provided with bent euds »! (see Fig. 1). The
bent ends 7' are adapted to severally bear against the carriage S, so that by .
means of their slides » the keys = are adapted to severally push the carringe S
to the rear through a .distance corresponding to the length of the respective
slot pl. ' ) -
‘Within the carriage S registering mechanism shown at Figs. 8 and 9 s
disposed, which may in any known manner be arranged to be longitudinally
shifted through a small distance. The operameter comprises two vertical
parallel plates St 8! with four stays S* 811 a géries of gear wheels U and above
them a series of parallel and horizontal shafts 4, 4 with gear wheels and dials.
As already mentioned above, the several rollers mu and m* have on their
peripheries several rows of teeth in parallel planes, as is shown at Figs. 12
and 13. The number of teeth in the several rows varies. About one fourth.of
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the periphery of each roller ‘m of m! is left without teeth and these ‘large
spaces (seé Fig. 8) aré tormally at the top, so.that all the large gear wheels U
remain out of engagemeént with ‘the ‘tollets sn and m! below. " Only during the
rotation of either roller m or m' those of its teeth, which are inthe plane of the
gear wheel U, can éngage in the teeth of the latter for turing it through a
certain angle. Owing to the arrangement shown of the holes"O and O! in the
band H the two rollers wu and m! in each slide f are turned one after the other,
so that they do ‘not disturb each other in turning the" corresponding: gear
‘wheel U. IHach gear wheel U meshes with a smallér gear wheel V, which has
ten teeth and.is by its shaft 4 rigidly connected with a dial” W-without and a
disk X within, which lattér has a single tooth'5. On the several shafts 4, 4

are disposed like gear wheels V and 7 and like disks W. " Each dial W carries

. the numbers 0, 1, 2, 3, 4,5, 6, 7, 8 aud 9, either of which can appear in a
window G in the carriage S, see Figs. 2 and 3. ~The todth 5 of the exireme
disk X on’ the right in Figs. 8 and”9 can engdge in aii. iutermediatc gear
wheel 'Y only once for every rotation of the shaft 4, so as to thereby turn the
following gear wheel Z' one 'tooth forward: As’each gear wheel /4 has ten
teeth, it follows, that after every rotation of either dial 'W the following
dial W on the left ‘will be turnéd onie number forward, as usual. From this
arrangement it follows, that after ten revolutions of the first dial 'W on the

right in Fig. 9 the second dial W' will be turned one number forward, that

after one hundred revolutions of the first dial W the second dial W will have
made one complete revolution, while the third dial W will have been turned
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one number forward, and so on. This transmission of motion from the first -

dial W on the right to the following dials ‘W is well known and does not form a
part” of this invention.” I also do not’ show or describe any device for return-
ing all the disks W into their initial positions, in which they show all their
zeroes, as this device forms no part of my invention and may be of any known
construction: : '

All the rollers m and m! have the same diameter and length, and the rolless m
in the several pairs are made perfectly alike and different from the other
rollers m!, which in turn are made perfectly alike. With regard to the
arrangement of the teeth on the peripheries of the several rollers, each roller
may be assumed to have 87 division circles in parallel planes at like. distances
from each other according to the scale on the left in Fig. 12. On some of
these division circles are placed teeth of varying numbers, while on other
division circles no teeth at all are placed, as is shown. The numbers of
the teeth in the several division circles are arranged in a certain orvder and
correspond to from 1 to 9 and to the products obtained by the multiplication of
any two of the former figures, the products being expressed by units and tens.

On the 1% division circle of the roller s 1 tooth is disposed, see Tig. 12, on
the 6® division circle are disposed 2 teéth, on the 15% divigion circle 3 teeth,

on the 44th division circle 7 teeth. In this manner the remaining numbers of

teeth are disposed. ' .

As an example-the places for the teeth for the number 15 may be ascertained.
16 is like 3 times 5. According to the above explanation the tecth for the
number 3 are disposed on the 15 division circle of the roller m and are
therefore at a distance of 14 pitches from the 1% division ecircle; and the
teeth for the number 5 are disposed on the 18% division circle, that is -at a
- distance of 17 pitches from the 1°** division circle. The teeth for the product

of 3 %5 =15 are disposed on the division circle at a distance like the sum of the
said two -distances, that is 14 +17 = 31 pitches from the. 15t division eircle,
therefore on the 32t division circle. One of the said two distances is to he
determined by the arm ¢ of the respective key d! and the other distance by (he
stroke of the respective slide key n. : - )

After the above explanations the matter may be expressed in general terms
as follows: TIf the teeth for a number x he on the a™ division circles of the
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two rollers em and m!, those for a second number y be on the bt division circles,
then the teeth for the product x y will be on the (a—1) + (b—1) + 1 =
(a + b— 1) division circles of the two rollers m and m'. Thus if the teeth for
the number 7 are on the 44% division circle of the one roller m as mentioned

5 above and the teeth for 3 on the 15t division circle of the roller m, then the

10

above formula will furnish the place of the teeth for the product 7 x3 = 21 as
the 44 + 15— 1=58%" division circle of the two rollers-m and wn!, and this is

actually the case, as Fig. 12 will prove, 1 tooth being on the roller m and

2 teeth on the roller m?.

The following table calculated from the above formula will show the number

of pitches for the distance from the 1% division circles of those division circles
oof the two rollers m and m', on which the teeth for the product from 2 values,

each ranging between 1 and 9, will be found. The crossing point of -either

vertical column for the multiplicand with either horizontal column for the

15 mu].tiplica.tor will show the number of pitches for the distance from the first

20
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40

division circles of those division circles on which the feeth for the product

will be found. - - '

1 2 3 4 5 6 T 8 9

1 1 5 15 9 1& 19 44 13 "29
2 5 9 19 13 22 23 48 17 33
3 | 15 19 29 23 327 33 58 27 43
4 9 13 23 17 26 27 52 21 37
5 18 22 32 26 35 36 61 30 46
6 | 19 23 33 27 36 37 62 31 47
7 44 48 58 52 61 62 87 56 72
8 | 13 17 27 21 30 31 56 25 41
9 | 20 33 48 37 46 47 T2 41 57

For ascertaining the division circles, on which the teeth for the number 63
are disposed, this number may be regarded as the product of 7 X 9, therefore
the crossing point of either the 7" vertical column with the 9% lhorizontal
line or the.9™ vertical column with the 7% horizontal line will give 72 as
the numeral of the division circles on which the teeth for 63 are disposed,
that is to say 3 teeth on the unit roller m and 6 teeth on the tens roller m!,
which is actually the case, see Figs. 12 and 13.

From the above formula and table the following distances of the respective
division circles from the first division circles are determined:

1 pitch  for the number 1
5 pitches ,, , .

15 . » » » »

9
18 » ” » »
19 2
44
13
29

- ° » HE] » »

» » » »”

3 ” ”»
” L] » »

12 3 2 »

C LT o Y

In accordance with these distances the lengths of the arms ¢ of the keys d!
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and those of the slots p! for the slide keys n are proportioned. That is to
say the slide f is to be stopped on such.a peint of its stroke by depressing
the key «', that when the carriage S occupies the right position, 1ts respeciive
gear wheels U and V will be in the same vertical plane as the corresponding
division circles on the two rollers % and m'; and farther if the carviage S
is pushed to the rear by either slide key =, it will occupy such a position in
which its gear wheels U and V will be in the same vertical plane as the
corresponding division circles on the two rollers m and m/!, their distance from
the first division circles being like the sum of the two. distances to be found
in the above table.

‘When the scale for the teeth in Figs. 12 and 13 is examined with a pair
of compasses, it will be found, that the sum of the distances for any two numbers
from the first division line will give the distance for the product. For example
take the vertical distance between the horizontal division lines for 1 and 4
with the compasses and put one poiut of same in 2, then the other point will
fit in the division point for 8 (4 x 2= 8), or put cne point of the compasses
in 9, when the other point will fit in the division point for 36 (4 X O = 306)
and so on. . - '

- From the above it will be seen, that each slide f can be brought into nine
different. positions by depressing the corresponding keys d' which carry the
numbers 1, 2, 3, 4, 5, 6, 7, 8§ and 9. When depressing the key with the
number 1 in the first pair of rows on the right in Tig. 1, also the key with

[5]

)

the number 2 in the second pair of rows (when counting from right to left), - .
the key with the number 3 in the third pair of rows, the key with the number 4 °

in the fourth pair of rows, and the key with the number 6 in the fifth pair
of rows, of course the first five slides f f will be pulled to the front through
varying distances according to the scale shown in Fig. 12. After the above
explanations it will be obvious, that when the carriage S 'is pushed to the rear
by means of the slide key = carrying the number 1, there will be in the
vertical plane of its gear wheels U and V 1 tooth’on the roller m in the first
slide f, 2 teeth on the roller m in the second slide £, 3 teeth on the roller m
in the third slide f, 4 teeth ‘on the "roller m in the fourth
slide f, and 5 teeth on the roller m in the fifth slide f. If further
the carriage S is pulled to the front for returnming the slide key = with the
number 1 to its initial position and afterwards it is pushed to the rear hy
means of the slide key » carrying the number 2, of course there will be in the
vertical plane of its gear wheels U and V 2 teeth on- the roller w in
the first slide f corresponding to the product of 1 x 2= 2, 4 teeth on the roller m
in the second slide f corresponding to the product of 2 x2 = 4, 6 teeth on
the roller wu in the third slide f corresponding to the product of 3 x 2 = 6,
8 teeth on the roller s in the fourth slide f corresponding to the product of
4 x 2 = 8, and the teeth for the product of 5 x 2 =10, that is to say 1 tooth
on the roller m! in the fifth slide f. It will be now clear, that after the hand-
crank A has been once turned, thereby the several rollers s and m! carrying

teeth in the plane of the gear wheels U and V will have turned the gear :

wheels V as many teeth forward as there are teeth oi them, so that the first
dial W will show the number 2 in its window, the second dial. ' W the numbher 4,
the third dial W the number G, the fourth dial W the number 8, the fifth
dial W the number 0 and the sixth dial W the number 1. Then the whole
number shown in the several windows will be 108642, which is the product
of 54321 X 2, ' Co ’ ' '

For mnultiplying say 4321 by a mnultiplicator larger than a unit, say 72, it is to
be remembered. that according to the well known forinula (v + d) e =a ¢+ b ¢
the product of 4321 x 72 will be erqual to 4321 x 70 = 302470

4321 x 2= RG22
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From this it will be seen, that these two sums require to be added up for
obtaining the total product. For this reason after the first multiplication the
registering mechanism requires to be shifted to the right through one tooth

. pitch of the gear wheels U, so as to prevent the teeth on the rollers m and m!

% from engaging in the wrong teeth of the gear wheels U, when the second
multiplication is effected. Therefore the registering-mechanism is provided
with a device, by means of which it is automatically shifted during the rest
of the hand crank revolution in the direction in which this crank is turned
and for a distance that is equal to the interval of the axles of two neighbouring
gear wheels U and V respectively. I do not show or describe this device, as
1t is immaterial to my invention and may be of any known construction.

The calculator is operated as follows:

I# for example 365 is to be. multiplied by 175, than push the carriage S to

°the rear so as to bring all the slides f into their extreme rear positions and
15 return the carriage S to the front, so that it bears against the plate 2; next
depress in the direction from right to left in Fig. 1 the keys carrying the
numbers 5 in the first pair of rows for unmits, 6 in the second pair of rows
for tens and 3 in the third pair of rows for hundreds, when the first three
slides £ will be pulled to the front and stopped at varying points of their paths,

20 afterwards push the slide key n carrying the number 6 to the rear and thereby
also the carriage S; thereupon turn the hand-crank A once, so that all the
rollers mu and m' will all make a complete rolation one after the other, but
only the teeth on the first three pairs of rollers m and m!, which are in the
vertical plane of the gear wheels U and V will engage the same for turning

D their dials W W through certain angles. Af this moment in the first four
windows 6, 6 of the carriage S the number 18256 will appear as the product

of 366 x 5. Then the carriage 8 is pulled to the front for returning the slide
key m with the number 5 to its initial position and afterwards it is again
pushed to the rear by means.of the slide key n carrying the number 7, next

30 the hand-crank A is once turned, when first the operameter will be automatic-
ally shifted in the longitudinal direction by one figure to the right and back

to the left as explained above, so that in the several windows there will appear
the number 27375 as the sum of the two products (366 x 70)+ 1825 = 25560 x

_ 1825. Thereupon the carriage S is pulled to the front for returning the slide
33 key m with the number 7, and next it is again pushed to the rear Ly means
of the slide key n carrying the number 1, and at last the hand-crank A 1is
once turned, when in the windows of the carriage S there will appear the
number 63875 as the sum of the products (3656 x 100) + 27375 = 36£00 + 27375,
The calculator ean be arranged for performing other arithmetical operations,

4) in which case it is only necessary to arrange the teeth on the rollers m and m!

accordingly. -
Dated this 23rd day of March 1907.

BROWNE & Co,
Agents for the Applicaut,
9, Warwick Court. Gray’s Inn. London. W.C.

COMPLETE SPECIFICATION.
A New or Improved Calculator.

I, Erxust LEDER, of 47/48 Berlinerstrasse, Rixderf, neat* ‘Berlin, in the
Empire of Germany, Merchant. do hereby declare the nature of this invention
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and in what manner the same is to be performed, to be particularly described
and ascertained in and by the following statement:—-

My invention consists of a new or improved calculator or arithmetical machine
which is capable of performing arithmetical operations, such as additions, sub-
tractions, multiplications, divisions or other calculations. The operation of this
machine is most simple. It comprises a key board for one figure or quantity,
a slide key board for another figure or quantity, a plurality of slides movable
between the key board and the slide key board and each provided with a
pair of rollers having various series of teeth on their peripheries, a carriage
movable over the slides and containing a totalizing counter adapted to be
operated by the teeth of the rollers, a mechanism controlled from the key
board for adjusting the several slides, and a hand-crank with a driving
mechanisin for actuating the counting wheels in the totalizing counter. Ior

- performing an arithmetical operation, for example a multiplication, first the’

respective keys of the key board are depressed in.accordance with the single
figures of the multiplicand, whereby the corresponding slides are shifted and
adjusted, then the slide key that corresponds to the unit of the multiplier is
pushed to the rear to shift and adjust the carriage, next a -hand-crank is turned
once so as to turn all the rollers in the slides, the one after the other, whereby
the totulizing counter in the carriage is operated, so that the result, that is
the produet, will be shewn in the windows of the carriage. Theréupon the
carriage is pulled automatically to the front for returning the said slide key
to its initial position, after which cither of the slide keys in accordance with
the tens of the multiplier is pushed to-the rear to shift and adjust the carriage

and the hand-craunk is turned ounce more, when the whole product will :1})1.1(5&1"

in the windows. If the multiplier has hundreds, thousands and so on, of course
the carriage will be pulled repeatedly to the front for returning the shifted
slide keys to their initial positions, after which the respective slide keys corre-
sponding to the figures in the hundreds, thousands and so on of the multiplier
are one after the other pushed to the rear and the hand-crank is onee turned
each time, when at last the final product will appear in the windows of the
carriage. ,

I ’W%l.l now proceed to describe my invention with reference to the drawings,
accompanying the Provisional Specification, in which—

Fig. 1 18 a plan of the complete ealeulator,

Fig. 2 is a front view of thec same, :

Fig. 3 is a vertical cross section through the saine on the line x—u in Fig. 1
seen. from the front in the direction of the arrows, ' .

Fig. 4 is a part of Fig. 1, the top being turned to the left side and the key
board on the left being shown partly in plan and partly in a horizontal section
through the line z—=z in Fig. b, and the slide key board on the right being
omitted, : ,

TFig. 5 is a vertical section through the line y—y in Fig. 4,

Fig. 6 is a rear view on an enlarged scale of part of the ealculator, secu in
the direction of the arrow in Fig. 5, -

Fig. 7 is a side view of the same part seen from left to right in Fig. G,

Fig. 8 is an elevation on an enlarged scale of the totalising counter or
registering-mechanism contained in the carriage and shows in section the
several rollers co-operating with the gear wheels in the totalising counter or
registering-mechanism,

Tig. 9 is o plan of the totalising counter or registering-mechanism,

‘Fig. 10 is a front view on an enlarged scale of the hand-crank and the
driving mechanism for operating the rollers,

Fig. 11 is a plan of the same,

Fig. 12 is the development of one roller in cither pair, and

Tig. 13 is the development of the other roller in the swme pair.
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Similar characters of reference refer to similar parts throughout the several
views: : L ;
The calculator shown comprises a box @ jsee Fig. 5/, on which two side
tails 7, [ [see Fig. 3/ and several fhere seven/ parallel rails g ¢ of hexagonal
section, are fastened. Several fhere six/ parallel slides f f are mounted to move
on the top of the box @ while they are guided by the rails g . The slides f f
are shown.as each consisting of two end plates f! and f! [see Fig. 5/, which are
rigidly connected ‘with one another by suitable stays not shown. The box @ is
shown as containing a special compartment 2, to the rear wall of which the
several slides f f are elastically attached by means of helical springs [, 7, so
that they are constantly pulled to the front. The rear end plate /' of each
slide f [see Fig. G/ is provided with two holes for the rear pivots of two
rollers m and ml. The latter are hollow and are made to slide on two shafts ¢ ¢
which are mounted to turn in the rear wall of the box 2. The rollers m and n?
are prevented from turning on the shafts ¢ £ by means of screws » engaging in
longitudinal grooves of the latter. In the compartment 2 two parallel drums K
and ¥ [Figs. 10 and 11/ are mounted to turn, which are connected with each
other by means of an endless band H placed over them and provided with
three parallel rows of gquare boles, in which correspoiiding teeth G G on the
two drums K and F engage. The endless baud H is divided by two parallel ,
long slots into three sections, which are conuected with one another by two
short pieces provided with several square holes O and O! respectively, these
holes being on two different places of the band balving the length of the latter.
The front ends of the above mentioned shafts f ¢ are provided with gecar
wheels T' and T! which can periodically and one after the other engage in the
two series of holes O and O! respectively. Guiding rollers 3, 3 are provided
for supporting the upper branch of the endless band H and thus assuring the
proper meshing of the gear wheels ' and T! with the endless band H. Fastened
on the front end of the shaft of the right drum F is a gear wheel B, which
meshes with a larger gear wheel D. The latter is by its shaft rigidly connected
with a smaller gear wheel C, that engages a larger gear wheel B fastened
on the shaft of a hand-erank A. The ratio of the gear wheels B, C, D and E
is so proportioned, that for every complete revolution of the hand-crank A. the
endless band H will make one complete turn round the two drums K and P, so
that after each revolution of the hand-crank A a certain point on the band H
will return to its initial position. The rollers m and m! in the several slides f f
have on their peripheries a plurality of teeth, which are disposed in varying
orders in parallel planes, as 1s illustrated in Figs. 12 and 13, which show the
developments of the two rollers. These teeth will be referred to later on.
. On’ the rear end of the box @ /Fig. 5/ is disposed the key board [see Fig. 1/,
which comprises two superposed horizontal plates d' and & and a plurality of
keys d'. The two plates ' and "' are supported by four studs «'* on the box «
and serve for guiding the vertical square shafts ¢ of the keys !, which are
arranged in.the vertical planes of the several rollers m and m!. The keys ¢ in
the vertical plane of each roller m carry the even numbers 2, 4, 6 and 8 and
those in the vertical plane of each roller m! the odd numbers 1, 3, 5, 7 and 9.
The keys d' are pressed upwards by helical springs shown in Fig. 7 as usual. .
The lower ends of their shafts d carry cranked arms ¢ of varying lengths, which
are provided with downwardly projecting hooks ¢, as is clearly shown in -
Figs. 6 and 7. Between the two plates # and 3% the shafts d are each
provided with an arm 4% which is adapted to depress a rocking plate A. The
latter is placed parallel to the slide f and has at its ends two pivots Al, which
engage in suitable bearings on the lower plate #. Each rocking plate 7 is
pressed upwards against the arms d' of the two parallel rows of key shafis o
by means of twe helical springs %', so that normally it is placed at an angle
of about 45° to the horizontal plate 4%, as is shown on the left in Fig. 6. Fach
rocking plate has on its rear end a downwardly projecting arm ¢ with a hook 4.
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Tach slide £ has on its rear end plate 1! a projection f"'f of any suitable shape,
on which a horizontal cross rod ¢ is fastened. In the initial position of the
slides the cross rods ¢ of the slides f will snap under the hooks ¢! of the arms 2
respectively, so that the slides f will be thereby locked and prevented from
shifting on the carriage being moved to the front. 'When ecither key &' is
depressed, see Fig. 6, the arm 4! of its shaft « will depress the rocking plate £,
g0 that the arm < of the latter will be turned upwards and its hook 2! will release
the slide f, whereupon the helical spring [ will pull the slide f to the fromt.
Now, however, that the hook ¢! ou the arm ¢ of this key 4! engages in the path
of the cross rod ¢, of course this hook ¢! will catch the cross rod ¢ and prevent
the slide f from moving further /see Fig. 5/. The several arms « of the keys d*
are made of different lengths, as already mentioned above, so that their hooks ¢!
will severally stop the corresponding slides f on different points of their paths.
The keys ! in the extreme pair of rows on the right in Fig. 1 correspond to
the units of the multiplicand. The keys 4! in the next following pair of rows,
when counting from right to left, correspond to the tens of the multiplicand,

10

15

.and those in the third pair of rows to the hundreds, those in the fourth pair of i

rows to the thousands of the multiplicand, and so on. It is evident, that
when a key @' has been depressed and its hook ¢ has caught the cross rod e of
the slide £, the key d! will be prevented from returning to its upper position
on being released by the finger. e

On the front over the compartment 2 is disposed the slide key board, which
comprises a horizontal plate ¢ and nine keys n with the nwwbers 1, 2, 3, 4, 5,
6, 7, 8 and'9. The plate p is provided with nine parallel slots p! of different
lengths and with guides beneath these slots for slides », which are rigidly con-
nected with the keys n and are provided with bent ends ' [see Fig. 1. The
bent ends 7' are adapted to severally bear against the carriage S, so that by

means of their slides = the keys n are adapted to severally push the carriage S

ti) théi rear through a distance corresponding to the length of the respective
slot pt. :

‘Within the carriage S registering mechanism shown at Figs. 8 and 9 is
disposed, which may in any known manner be arranged to be longitudinally
shifted through a small distance. The totalising counter or registering-
mechanism comprises two vertical parallel plates S' S! with four stays S1t S,
a series of gear wheels U and above them a series of parallel and horizontal
shafts 4, 4 with gear wheels and dials. As already mentioned above, the several
rollers 7 and m! have on their peripheries several rows of teeth in parallel
planes, as is shown at Figs. 12 and 13. The number of teeth in the several

rows varies. About one fourth of the periphery of each roller m or m! is

left without teeth and these large spaces /see Fig. 8/ ave normally at the top,
so that all the large gear wheels U remain out of engagement with the rollers m
and m! helow. Only during the rotation of either roller m or m!' those of its
teeth, which are in the plane of the gear wheel U, can engage in the teeth of
the latter for turning it through a certain angle. Owing to the arrangement
shown of the holes O and O! in the band. H the two rollers m and m! in each
slide f ave turned one after the other, so that they do not disturb each other in
turning the corresponding gear wheel U. Each gear wheel U meshes with a
smaller gear wheel V, which has ten teeth and is by its shaft 4 rigidly con-
nected with a dial W without and a disk X ‘within, which latter has a single
tooth 5. On the several shafts 4, 4 ave disposed like gear wheels V and Z and
like disks W. Kach dial W carries the numbers 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9,
any one of which can appear in a window 6 in the carriage S, see Figs. 2 and 3.
The tooth 5 of the extreme disk X on the right in Figs. 8 and 9. can engage in
an intermediate gear wheel Y only once for every.rotation of the shaft 4, so as
to thereby turn the following .gear wheel Z one tooth forward. As each gear
wheel Z has-ten teeth, it follows, that after every rotation of either dial W the
following dial 'W on the left will be turned one number forward, as usual.
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From this arrangement it follows, that after ten revolutions of the first dial W.
on the right in Fig. 9 the second dial W will be turned one revolution forward,
that after one hundred revolutions of the first dial W the second dial W wiil
have made ten complete revolutions, while the third dial W .will have been
turned one revolution forward, and so on. This transmisgion of motion from
the. first dial W on the right to the following dials W is -well known and does
not form part of this invention. I also do not show or deseribe any device for

-returning all the disks W info their initial positions, in which they show all

their zeroes, as this device forms no part of my invention and may be of any
known - construction. - - ' :;
All the rollers m and m' have the same diameter and length, and the

. rollers m in the several pairs are made perfectly alike and different from the

15
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other rollers m! which in turn are made perfectly alike. With regard to. the
arrangement of the teeth on the peripheries of the several rollers, each roller
may be assumed to have 87 division circles in parallel planes at like distances
from each other according to the scale.on the left in Fig. 12. On.some of these
.division cireles are placed teeth of varying numbers, while on other division
circles no teeth at all are placed, as is shown. The numbers of the teeth in
the several division circles are arranged in a certain order and correspond to
the numbers from 1 to 9 and to the products obtained by the multiplication. of
any two of these numbers, the products being expressed by units and tens:
In the 1%t division circle of the roller m 1 tooth is disposed, see Fig. 12, on
the 5% division circle are disposed 2 teeth, on the 15t division circle 3 teeth,

on the ‘44t division circle 7 teeth. In this manner the remaining numbers of .

‘teeth are disposed. - , , ]
As an examplé the places for the teeth for the number 15 may be ascertained.’
15 is equal to 8 times 5. According to the above explanation the teeth for
the number 3 are disposed on the 156%™ division circle of the roller m and are
therefore at a distance of 14 pitches from the 1** division circle, and the teeth
for the number 5 are disposed on the 18th division circle, that is at a distance
of 17 pitches from the 1%t division cirele. The teeth for the product of 3 x 5 — 15

.are disposed .on the division &ircle at a distance equal;to the sum of the said two

distances, that is 14 + 17 = 31 pitches from the 1% divigion circle, therefore
on the 32" division circle. One of the said two distances is to be determined
by the arm ¢ of the respective key ! and the other distance by the stroke of
the respective slide key =. ‘ _

After the above explanations the matter may be expressed in general ierms
as follows: If the teeth for a number x be on the ath division circles of the two

- rollers m and m!, those for a second number y be on thie b* division cireles, then

40

the teeth for the product x y will be on the ja—1j4 /b—1/ 4+ I'= /a+b-— 1/t
division circles of the two rollers m and m!. Thus if the teeth for the number 7

~are on. the 44t divigion circle of the one roller m as mentioneéd above and the

teeth for the.number 8 on the 15t division cirele of the roller m, then the above
formula will furnish the place of the teeth for the product 7 x 3 = 2% as the
44, + 156 —1 - 58% division circle of the two rollers m and m!, and this is
actually the case; as Fig. 12 -will prove, 1 tooth being on the roller m and
2 teeth on the roller ml. o .

The following table calculated from the above formula will show the number
of pitches for the distance from the 1** division circles of those division cireles
of the two rollers m and m!, on which the teeth for the product from 2 values,
each ranging beiween 1 and 9, will be found. The crossing point of either
vertical column for the multiplicand with either horizontal column for the
multiplier will show the number of pitches for.the distance from the first
division circles of those division cireles on which the teeth for the preduct.
will be found.
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1 2 3 4 5 6 % 8 9

1 |1 5 15 9 18 190 44 13 29
2 5 9 19 13 22 23 48 17 33
3 | 15 19 29 23 32 33 58 27 43
4 9 .13 23 17.26 27 52 21 387
5 18 22 32 26 33 35 61 30 46
6 | 19 23 .33 27 36 37 62 31 47
v | 44 48 58 52 6l. 62 87 36 72
8§ | 138 17 2r 21 30 31 56 25 41

9 | 29 33 43 37 46 47 72 41 &7

"~ For ascertaining the division circles, on which the teeth for the.number 63
_are disposed, this number may-be regarded as the product of 7 x 9, therefore
" the crossing point of either the 7™ vertical column with the 9% horizontal line
‘or the 9% vertical column with the 7*" horizontal line will give 72 as the
numeral of the division cireles on which the teeth for 63 are disposed, that is
to say 3 teeth on the unit roller m and 6 teeth on the tens roller m!, which is
actually the case, see Figs. 12 and 13. _

From the above formula and table the following distances of the respective

division circles from the first division circles are determined:

1 pitch  for the number 1
5 pitches ,, " 2
15 1 » » » '3
9 b33 . 33 ” » "l:
18 ” » » 3 5
19 i) n » T 6
44 " » I} 7
l 3 " > A 11 8
29 [ [T ’ 9

In accordance ‘with these distances the lengths of the arms ¢ of the keys d!
and those of the- slots p! for the slide keys n are proportioned. That is to say
the slide £ is to be stopped on such a point of its stroke by depressing the key d!,
that when the carriage S occupies the right position, its respective gear
wheels U and V will be in the same vertical plane as the corresponding
division circles on the two rollers m and m!, and further if the carriage S is
pushed to the rear by either slide key =, it will occupy such a position that its
gear wheels U and V will bé in the same vertical plane as the corresponding
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division circles on the two rollers m and m', their distance from the first -
division circles being equal to the sum of the tw¢ distances to be found in the

above table.

~ When the scale for the teeth in Figs. 12-and 13 is examined with a pair of
compasses, it will be found, that the sum of the distances for any two numbers
from the first division line will give the distance for the product. For example
take the vertical distance between the horizontal division lines for 1 and 4
with the compasses and put one point of same in 2, then the other point will
fit in the division pointfor 8 /4 x 2 = 8/, or put one point of the compasses in 9,
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when the other point will fit in the division point-for 36 /4 x 9 = 36/ and so on.
From the above it will be seen, that each- slide f can be brought into nine
different positions by depressing the corresponding keys d' which carry the
numbers 1, 2, 3, 4, 5, 6, 7, 8 and 9. When depressing the key with the
number 1 in the first pair of rows on the right in Fig. 1, also the key with the
number 2 in the second pair of rows jwhen counting from right to left/, the
key with the number 3 in the.third pair of rows, the key with the number 4
in "the fourth pair of rows, and the key with the number 5 in the fifth pair of *
rows, of course the first five slides f f will be pulled to the frout through varying
‘distances according to the scale shown in Fig. 12. After the above explana-
tions it will Le obvious, that when the carriage S is pushed to the rear by
means of the slide key n carrying the number 1, there will be in the ‘vertlca_l.
plane of its gear wheels U and V 1 tooth on the roller mi-in the first slide £, 2
teeth on the roller m in the second slide £, 3 teeth on the roller m-in the third
slide #, 4 teeth on the roller m in the fourth slide f, and 5 teeth on the roller mx
in the fifth slide f. If further the carriage S is pulled to the front for return-
ing the slide key » with the number 1 to its injtial position and afterwards. it
is pushed to the rear by means of the slide key n carrying the number 2, of
course there will be in the vertical plane of its gear wheels U and V 2 teeth
on the roller m in the fivst slide f corresponding to the product of 1 x 2= 2
4 teeth on the roller m in. the second slide f corresponding to the product ‘of
2x 2= 4, 6 teeth on the roller s in the third slide f corresponding to the
product of 3 x 2 =.6, 8 teeth on the roller m in the fourth slide f ¢orresponding
to the product of 4 x 2 = 8, and the teeth for the product of 5 x 2 = 10 that is to
say I ‘tooth on the roller m! in the fifth slide f. It will be now clear, that after

- the hand-crank A has been once turned, thereby the several rollers m and -m!
_garrying teeth. in the plane of the gear wheels U and V will have turned

the gear wheels V as many teeth forward as there are teeth on them, so that
the first dial W will show the number 2 in its window, the second dial W the

~number 4, the third dial W, the number 6, the fourth dial W .the number 8§,

the fifth dial W the number 0 and the sixth diil W the number 1: Then the

whole number shown in the several windows will be 108642, which is the
product of 54321 x 2. : T . ' '

For muliiplying say 4321 by a wultiplier larger than a unit, say, 72; it is to
be reinembered, that according to the well-known formula (@ + b)e =a c + be
the product of 4321 x 72 will be equal to 4321 x 70

= 302470. -
4821 x 2= 8642
" 311112

From this it will be seen, that these two sums require to be addéd up for
obtaining the total product. For this reason after the first multiplication the
registering mechanism requires to be shifted to the right through & distance
equal to the interval between the axes of any two neighbouring gear wheels U,
so.as to prevent the teeth of the rollers m and m! in any particular pair from
engaging with the same wheels as in the last revolution of the crank aud to
make them gear with the corresponding wheels in the next group to the right.
Hence the registering mechanism, that is the totalising counter; is, by some
suitable device, shifted to the right between each revolution of the crank.
‘Whilst for the purposes of multiplication this shifting between each.revolution
1s made to the right, for the purposes of division it would be made to the left.
I do not describe any device for shifting the totalising counter to the right
or to the left as it forms no part of -my invention and may be of any well-

known type of mechanism used for this purpose. in ‘connéction with  ather
caleulating machines. ' Co

The calculator is operated as follows;—— : : - :
1t for example 365 is to be miultiplied by 175, then depress in the direction
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from right to left in Fig 1 the keys d carrying the numbers 5 in the first pair

of rows for units, 6 in the second pair of rows for tens and 3 in the third .

pair of rows for hundreds, when' the first three slides f will be pulled to the
front and stopped at varying points of their paths, afterwards push the slide

key n carrying the number 5 to the rear and thereby also the carriage S: there-

upon turn the hand-crank A once, so that all the rollers m and m! will make
one complete rotation one dfter the other, but only the teeth on the first three
pairs of rollérs m and m! which are in the vertical plane of the gear wheels U
and -V will engage the same for turning their dials W, W through certain
angles. At this moment in the first four windows G, 6 of the carriage S thé
number 1825 will appear as the product of 3656 x 5. Then the carriage S is

.automatically pulled to the front for returning the slide key =» with- the.

number 5 to its initial position and afterwards it is again pushed to the rear
by means of the slide key n carrying the number 7, next the hand-crank A is
once turned, when, first the totalising counter or registering mechanism will be
sutomatically shifted in -the longitudinal direction by one figure to:the right
as ‘explained above, -so that in the several windows there will appear ‘the
number 27375 as the sum. of the two products 365 x 70 - 1825 — 25550 4 1825.
Thereupon the carriage S is pulled to the front for returning the slide key n
with the number 7, and next it is again pushed to the rear by means of the

slide key » carrying the mumber 1, "and. at last the hand crank A is once

turned; when in the windows of the carriage S there will appear the number
. 63875 as the sum of the products 366 x 100 + 27375 = 36500 4 27375. -

The -calculator may be varied in many respects without departing from the
spirit of my invention. '

"Having now. particularly described and ascertained the nature of my said
invention and in what mapner the same is to be performed, I declare that
what I claim is;— . _

1. A calculating machine comprising a totalising counter, the counting wheels
of which are actuated by a series of pairs of rollers representing units, tens,
hundreds and so on, each pair being furnished with teeth, arranged in such a
" manner that the numbers 1, 2, 3, 4, 5, 6, 7, 8 and 9 and every product that can
be obtained by multiplying two of such numbers together appear once and
once only on. the peripheries of the rollers. : )
* 2. A calculating machine of the type claimed in Claim 1, comprising a frame;
n key board, a slide key board, slides movable in the said frame between the
said key board and the said slide key board and each provided with a pair of
rollers having various series of teeth on their peripheries, a carriage movable
in the said frame over the said slides and containing a totalising counter or
registering mechanism adapted to be operated by the teeth of the said rollers, a
mechanism controlled from the said key board for shifting and adjusting the
several slides, a mechanism controlled from the said slide key board for shifting
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and adjusting the said carriage and a hand-crank with a driving mechanism for

turning all the rollers once, one after the other, for every. arithmetical
operation and thereby actuating the dials in the totalising counter or register-
ing mechanism. g

3. In a calculating machine of the type claimed in.Claim 1, the particular
construction of the rollers carried by the slides enabling the rollers to lbe moved
with the slides, wherein each roller whilst fixed in the slide slides over its
actuating spindle so that it can be actuated by means of the actuating band at

whatever- position the roller is stopped substantially as. set forth. .

4. In a calculating machine of the type claimed in Claim 1, a slide key
"board provided with slides for determining the position of the totalising counter
or registering mechanism substantially as set il:)rth. .

9. In o calculating machine of the type claimed in Claim 1, the method of

50
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operating one after the other the rollers which actuate the fotalising counter
or registering mechanism substantially as herein described and shewn on the

accompanying drawings at Figs 10 and 11.

6. In a calculafing machine ‘of the type claimed in Claim 1, the means for
pulling each slide carrying its pair of units and tens rollers fowards the. slide
key board in combination with means in connection with the key board for
releasing the slides and stopping the same at various points in their sirokes for
the purpose set forth. .

7. In =« calculating machine of the type described, the particular way of
marking the rollers herein described and shewn on the accompanying drawings
at Figs 12 and 13.

8. A ‘calculating machine coustructed and operating substantially as set forth.

Dated this 9th day of August 1907.

BROWNE & Co,,
Agents for the Applicant.
-9, Warwick Cowrt, Gray’s Tun, W.C.

Redhiil: Printed for His Mﬁjesty’s Stationery. Office, .by Love & Malcomson, Ltd.—1908.
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[M Drawing vs a fullystze repmdum'oriof the Original ]~

-~ AD. 1907. Marca 23. No 7018.
LEDER'S PROVISIONAL SPECIFICATION.
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[T has Drawing is areproductionof the Orginalonareduced scale.
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