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The present invention relates to a calculating machine, 
preferably of the type wherein the result of a mathemati 
cal operation is printed on a tape, having means for the 
performance of divisions as well as other operations such 
as addition, subtraction and multiplication. 

It is known to perform divisions on an automatic 
calculator by successively subtracting the value of the 
divisor from that of the dividend which has been stored 
in a totalizer; the number of such subtractions, deter 
mined by a suitable counter, represents the quotient of 
the division whereas the final difference stored in the 
totalizer (generally of a value lower than that of the 
divisor) is printed or otherwise indicated as the remain 
der. 

in a conventional calculator of this type, to which the 
present invention is particularly applicable, the total 
izer causes the sense of the operation to be reversed (i.e. 
changed from subtractive to additive) as soon as its 
capacity is exceeded, i.e. whenever the subtrahend is 
larger than the stored minuend so the the calculated dif 
ference would be of negative sign. The ensuing additive 
cycle restores the positive balance existing in mediately 
prior to the final subtraction step; at the same time the 
movable register for the storage of the divisor, such as 
the usual pin carriage, is displaced by one step so as to 
shift the divisor by one digital column toward the right 
with respect to the dividend. The same sequence of 
operations is then repeated until the final position is 
reached in which the rightmost digit of the divisor is 
operatively aligned with the units column of the dividend; 
after the final arithmetical operation in that position, the 
machine stops and displays the quotient as well as the 
remainder, if any. 
The number of cycles performed by the calculator in 

each position of alignment exceeds thus by two the num 
ber of legitimate subtractions, this excess creating dif 
ficulties in the control of the printer or other display 
mechanism which must give the true number of such sub 
tractions. It should be noted that the same two super 
numerary cycles occur also if the value stored in the 
totalizer after a succession of subtractions is exactly zero; 
in such case the machine will perform one further sub 
traction, in order to exceed the capacity of the totalizer 
and to give rise to the signal of a reversal of operations, 
and one further addition to restore the totalizer to zero. 
An important object of my present invention is the 

provision of improved and simplified means for suppress 
ing the extra cycles in the control of the quotient indica 
tor. 

Another object of this invention is to provide means 
selectively operable to foreshorten a division operation 
by halting the step-by-step return of the control carriage 
in a position in which the units digit of the divisor is 
operatively aligned with a column other than the units 
column of the dividend, the machine then indicating in 
mathematically correct fashion a quotient along with a 
remainder which is larger than the divisor. This ab 
breviated mode of division will be advantageous particu 
larly in those cases where only the highest decade or dec 
ades of the quotient are of interest. 
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A further object of the instant invention is the provi 

sion of means to accelerate the display of the quotient 
in all those casest in which the dividend has one or more 
terminal Zeros and the division is performed without re 
mainder, i.e. whenever the register is at zero prior to the 
return of the control carriage to its units position. 

In accordance with a principal feature of the inven 
tion I provide, in a calculating machine of the general 
character outlined above, a lost-motion connection be 
tween a counting wheel and a driving member therefor 
which is advanced by a predetermined number of steps 
(preferably a single step), under the control of the total 
izer, in response to each calculating cycle irrespective of 
sign. The lost-motion connection, which may be in the 
form of a pin-and-slot coupling between two disks on the 
shaft of the counting wheel, is so arranged that the count 
ing wheel is not stepped until the third operating cycle 
of each carriage position; this compensates for the two 
Supernumerary cycles at the end of each counting se 
quence. As the carriage is shifted by one column under 
the control of a back-spacing mechanism known per se, 
a restoring device such as a spring re-establishes the 
initial position of the lost-motion connection so that the 
same two-step lag occurs in the following sequence of 
cycles. In a preferred embodiment, the re-establishment 
of the initial position is effected by a resilient force which, 
in the first two cycles of the next operating sequence, is 
overcome by the driving member while the counting wheel 
is held in position by a yieldable indexing device. 

In accordance with another feature of the invention 
there is provided, in combination with the aforementioned 
back-spacing mechanism, a linkage controlled by the 
totalizer for converting the operation of that mechanism 
in an off-normal carriage position into a sequence of end 
of-division steps similar to those normally performed 
when the back spacer is actuated in the units position of 
the carriage. This mode of operation can be brought 
about in either of two ways, i.e. either manually with the 
aid of a suitable selector (such as the conventional cor 
rection key of the machine) or automatically if the total 
izer is in Zero position at the end of a columnar sequence 
of calculating cycles. For this purpose I advantageously 
use a link which is normally displaced at the end of the 
division by a slidable Support for the counting wheel, 
serving to align the latter successively with the respective 
digital quotient pinions, in the terminal position of the 
support; such displacement interposes an operating mem 
ber for the initiation of the end-of-division sequence in 
the path of a reciprocal element periodically displaced 
by the back-spacing mechanism. As this mechanism. 
operates in response to the two supernumerary cycles 
which drive the totalizer first negative and then again 
positive or to zero, a special sign indicator controlled by 
the totalizer renders the reciprocation of the element 
ineffective if the totalizer shows a positive balance at the 
end of the second cycle; if, however, that balance is zero, 
the sign indicator causes the second reciprocation to be 
communicated to the operating member for the end-of 
division sequence whereby the quotient so far computed 
will be printed immediately along with the necessary 
number of zeros as determined by the number of steps 
which the carriage and the counting-wheel support, both 
Suitably interconnected, had yet to take to return to nor 
mal. Furthermore, a depression of the correction key 
acts in similar manner to establish a link between the re 
ciprocating element and the end-of-division operator to 
foreshorten the calculation and to cause a printing of the 
incompletely determined quotient along with the cor 
rect remainder. 
The above and other objects, features and advantages 

of my invention will become more fully apparent from 

  



3 
the following detailed description of a preferred embodi 
ment, reference being made to the accompanying draw 
ing in which: : 

FIG. 1 is a fragmentary perspective view of a set of 
sector-shaped digital gears and associated elements in 
cluding a counting-wheel support; 
FIG. 2 is a perspective view of a linkage between one 

of the sector gears of FIG. 1 and a stop mechanism for 
the counting-wheel support; 

F.G.3 is a view similar to FIG. 1 but showing an as 
sembly of quotient pinions adapted to co-operate with 
the counting wheel; 

FIG. 4 is another fragmentary perspective view show 
ing details of the lost-motion coupling for the drive of 
the counting wheel; - . . . . . 

FIG. 5 is a side-elevational view of the assembly of 
FIG. 4, drawn to a larger scale; 
FIGS. 6 and 6A are side-elevational views of part of 

the coupling of FIGS. 4 and 5, shown in two different 
positions of operation; 

FIG. 7 is a perspective illustration of a linkage for in 
terconnecting the counting-wheel support with the mov 
able carriage of the machine; 

FIG. 8 is a similar view of another part of the same 
linkage; 

FIG. 9 is a sectional elevation taken substantially on 
line IX-X of FIG. 1 but showing some of the parts il 
lustrated in FIG.8; 

FIG. 10 is a further perspective view illustrating de 
tails of the mechanism for rendering effective the link 
age of FIGS. 7-9; Ym 

FIG. 11 is a perspective view of an assembly serving 
to foreshorten the calculation of the machine; 
FIG.11A is a detail view, in elevation on line XIA 

XIA of FIG. 11, of part of the assembly shown there; 
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the printing of the result of the previous operation on the 
tape 63, whereupon the dividend is registered by means 
of the keys 65 and is transferred to the totalizer through 
actuation of the dividend key to 6. . Alternatively, the 
-repeat key 08 may be operated to re-enter a total ob 
tained in a preceding operation, such total being then 
again stored in the totalizer in the usual manner. It 
should be noted that the two keys 106 and 106 are equiva 
lent for purposes of the present invention in that the 
depression of either of them initiates the same sequence 
of operations. - 
When the dividend has been stored with the aid of key 
G6 or 18, the divisor is registered by means of the same 

keys 195, whereupon the divisor key 97 is depressed. 
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FIG. 12 is a similar perspective view illustrating a re 
lated assembly which serves to accelerate the end of 
division with zero remainder; - 

FIGS. 13, 14 and 15 are elevational views of part of 
the assembly of FIG. 12 in three different stages of opera 
tion; 
FIG. 16 is a side-elevational view taken substantially 

on the line XVI-XVI of FIG. 3; 
FIG. 17 is a perspective rear view of part of the system 

shown in FIGS. 8-10; . 
FIG. 18 is a perspective view similar to FIG. 2 but 

showing the parts in a different position; 
FIG. 19 is a side-elevational view taken substantially 

on the line XIX-XIX of FIG. 18; 
FIG. 20 is a fragmentary elevational view taken sub 

stantially on the line XX-XX of FIG. 2; 
FIG. 21 is a further perspective view illustrating an as 

sembly for the control of the sliding carriage by the 
mechanism of FIG. 10; and 

FIG.22 is a perspective view of a physical embodiment 
of a calculating machine incorporating the elements 
shown in FIGS. 1-21. 

Reference will first be made to FIG.22 for a descrip 
tion of the overall features of a machine to which my 
invention is applicable. 
The machine shown in FIG. 22 comprises a housing 

100 provided at its front with the usual keyboard 101 
and having at its rear a holder 102 for a roll of tape. 103 
on which the results of the performed calculations are 
printed by conventional type bars 104. 
The keyboard 01 comprises the usual numerical keys 

105 (including a key for the digit 0), a dividend key 106, 
a divisor key 107, a repeat key 168, a correction key 109. 
and a variety of other keys which pertain to mathemati 
cal operations other than divisions, being therefore of 
no further interest in connection with the present inven 
tion. . . . . . . - - - - - 

In the performance of a division, the totalizer may 
first be cleared in the usual manner, concurrently with 
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The machine, having printed both the dividend and the 
divisor on the tape i63, then operates automatically to 
compute the quotient and the remainder, if any, which 
are also recorded with distinctive marks on the tape. 
The mode of operation of the machine in the perform 

ance of these tasks will now be described in details with 
reference to FIGS. 1-21, it being understood that such 
conventional elements as the usual driving motor, the 
totalizer proper, as well as various shafts, linkages, re 
storing springs and similar elements have been omitted 
(except where necessary for an understanding of the in 
vention) in order to simplify the disclosure. 

FIG. 1 illustrates a set of digital sector gears 1 which 
are rotatably mounted on a common shaft (not shown) 
in alignment with a similar set of quotient pinions 5, the 
latter being juxtaposed for independent rotation on a 
shaft 6 with interposition of suitable spacers not shown. 
The shaft 6 is lodged in the arms 2, 2’ of a swingable 
yoke which are interconnected by a bar 4, the pivotal 
axle of the yoke being shown at 3. 
A rod 4 extends parallel to shaft 3, to the rear of the 

latter, and serves as a sliding rail for a generally U 
shaped support 9. This support has a rigid extension 11, 
of inverted-U shape, which is guided on a square shaft 
E3 with the aid of suitable bushings 2. The bushings 
2 flank a four-pointed counting wheel 13 which, like the 

bushings, has a square internal profile mating with that of 
the shaft E3'. A rack it is rigid with the support 9 and 
extends laterally to the left thereof. The entire assembly 
shown in FIG. 1 is mounted in the rear part of the hous 
ing 101 of FIG. 22, thus in the vicinity of the tape printer 
E04, with the shafts 3, 6, 3' and 24 extending in trans 
Verse direction. 

Shaft 6 projects leftward beyond arm 2' and engages 
an eye in a SWingable arm 15 whose pivot has been indi 
cated Schematically at 15'. A link 16, urged clockwise 
about its pivot 6' by a spring 7 (FIG. 3), is displace 
able under the control of a cam 10 which acts through 
a Swingable crank member 20 having a fulcrum at 111'. 
-The arm 5 can thus be swung by means of its pin 15', 
received in a camming slot 16' of link 16, between its 
Solid-line position, in which the pinions 5 are maintained 
out of contact with the sector gears A, and an alternate 
position shown in dotted lines in which the pinions mesh 
With the Sector gears. It will be understood that the cam 
Eli and the member 20 are so controlled that no mesh 
ing will occur between the toothed elements 1 and 5 for 
the duration of the calculating operations described here 
inafter, the link 16 being held at such time in its pinion 
disengaging position by the force of spring 17. 
The yoke 2, 2', as best seen in FIG. 16, is provided at 

its bottom with a comb-shaped plate 112 having its in 

70 

terstices traversed by the pinions 5 and associated re 
taining. Springs i3. The springs 1:3 act upon the teeth 
of the pinions with light pressure so as not unduly to 
impede the rotation thereof. One of the teeth of each 
pinion is somewhat enlarged, as shown at 5, to be blocked 

75 

by the comb 12 so as to define the zero position to which 
the pinion is eventually restored by the respective sector 
gear i, in a manner known per se, when the quotient 
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stored in the pinion assembly is transferred to the type 
bars 104 (FIG. 22) via these sector gears. 

in the initial stage of operation, if the selector keys 
195 (FIG. 22) are actuated to register the value of a 
dividend, such value is initially stored on a pin carriage 
39 shown in FIGS. 7 and 21. From there the dividend 
is transferred, by conventional means not further illus 
trated, to a totalizer (not shown) located in a box at the 
bottom of the machine housing 160; this transfer takes 
place under the control of the dividend key 186 and 
through the intermediary of the sector gears . In this 
particular embodiment there are shown thirteen such sec 
tor gears of which all but the first and the last one are 
provided with individual links 114 articulated to respec 
tive levers 18. Each of these levers has an upstanding 
arm. 19 engaged by an associated stop bar. These bars 
have been designated by the numeral 26, except for the 
last one on the extreme right which bears the numeral 
28; see particularly FIGS. 2, 18, 19 and 20. At 26a the 
bars are provided with a notch adapted to be engaged 
by a slotted bottom plate 22 which forms part of a frame 
2 supported on a transverse shaft 29. The bars have 
slotted upper extremities 23a through which the shaft 29 
passes with clearance enabling a generally downward dis 
placement thereof from the position illustrated in FIG. 
19; the bars are continuously urged into this position by 
respective springs 24 anchored to the frame 21, The 
lower extremity 23 of each bar forms a hook which in 
the position of FIG. 19 is overlain by a ledge 9 of arm 
19. Moreover, each of the bars 20 is formed at the top 
with a lug 23b which overlies the extremity 23a of the 
adjacent bar on its right so as to interconnect all the 
bars in cascade whereby a lowering of any bar 26 will 
simultaneously lower all the bars positioned to the right 
thereof. Bar 26, being on the extreme right, lacks the 
lug 23b but is otherwise identical with the bars 20. FIG. 
19 also shows a guide comb 22 for the bars. 
A swingable bridge 25, pivoted on the shaft 29, over 

lies all the stop bars 29 and 20' to keep them normally 
depressed against the action of Springs 24 whereby, as 
illustrated in FIG. 19, the notches 28a thereof are main 
tained disengaged from the slotted plate 22. In this posi 
tion the levers 3, is are free to oscillate under the con 
trol of their respective sector gears it without entraining 
any of their associated stop bars. If, however, bridge 25 
is lifted off the bars by a counter-clockwise rotation about 
shaft 29, a reciprocation of the arm 9 in first a counter 
clockwise and then a clockwise sense will move the ledge 
19' away from lug 23, thereby allowing the latter to 
rise, and will then cause the entire bar to be drawn down 
wardly, as indicated by the arrow 15 in FIG. 19, by 
reason of the interlinking of ledge i9 with lug 23. Such 
a reciprocation of arm 9 occurs whenever the Sector 
gears 1 are restored to normal during the transfer of the 
dividend to the totalizer. As a result, a stop bar 20 or 
20' will be lowered for each significant digit of the divi 
dend and, owing to the cascaded arrangement illustrated 
in FEG. 20, also for any zero digit to the right of a sig 
nificant digit. The bars so lowered are held in their new 
position by the engagement of plate 22 with the notches 
20a thereof, this being the position illustrated for bars. 20 
and 22' in F.G. 2. 

Since the sector gears 1 intervene during every transfer 
of a dividend, whether the same be a new number or a 
previously registered total, the aforedescribed sequence 
of operations will be initiated by the actuation of either 
key 06 or key 108. Each of these keys is adapted to 
displace rearwardly a lever 16, as indicated by arrow 
17 in FIG. 2, whereby a counter-clockwise rotation is 
imparted to a crank 28 through the intermediary of a 
member 16' pivoted to lever 16 and a resilient link 118. 
Member 16 has a pin a 6' which plays in a slot of a 
bar 158', forming part of the link 18, and is under pres 
sure from a spring 118'' also forming part of that link. 
Crank 28 interposes itself between a continuously rotating 
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6 
cam 28 and a hook 27, attached to a yoke 26, which nor 
mally engages a stationary fork 9 (see also FIG. 18) 
but is now lifted out of it by the crank 28 which bears 
upon an apron 27' thereof under the properly timed pres 
sure from the cam 23 upon a pin 28' on crank 28. Yoke 
26, swingable about shaft 29, has a bifurcate extremity 
30 which within frame 25 engages a pin 25' of bridge 25; 
thus the assembly 25, 26 is now able to swing counter 
clockwise on shaft 29, e.g. under the urging of springs 
24, to an extent sufficient to hold the hook 27 withdrawn 
from fork 19 and to allow the Subsequent entrainment 
of one or more stop bars 20, 20' by the corresponding 
arms 9. Assembly 25, 26 remains in this released con 
dition until, upon the completion of the subsequent cal 
culating steps, the crank 120 (FIG. 18) is interposed via 
a resilient linkage 21, 22 between the aforementioned 
cam 3 (cf. FIG. 3) and an extension 26 of yoke 26 
whereby the latter, along with bridge 25, is rotated clock 
wise to re-engage the hook 27 with fork 19 as the cam 
i28 bears upon the stud 120' of crank 129. 
The cams 23' and 8 may be keyed to a common 

shaft, indicated at if in FIG. 3, along with other cams 
whose functions will be described hereinafter. 
The first calculating cycle of the machine, i.e. the trans 

fer of the dividend digits to the totalizer, has also cleared 
the carriage 39 during the return stroke of the affected 
sector gears 1 whereby the carriage becomes available 
for the registration of the divisor. Since such carriages 
are well known, its operation will be described but briefly. 
it comprises a plurality of digital columns of numerical 
pins, such as those shown at 23 (“0”) and 123' (“1”) 
in FIG. 21, which can be selectiveiy raised by the actu 
ation of the corresponding keys 105 (FIG. 22); the num 
ber of columns, here twelve, corresponds to the maximum 
number of digits in a divisor. The zero pins 23 also 
control the displacement of the carriage toward the left 
relative to a fixed stop not shown; they are, therefore, 
settable not only by the "zero” lever 124 but also by a 
control rod 25 which serves for the initial leftward dis 
placement of the carriage 39 into an extreme digital posi 
tion from which it is subsequently recalled, column by 
column, after each additive cycle which terminates each 
Sequence of calculating operations by the totalizer. This 
final additive cycle occurs whenever the capacity of the 
totalizer has been exceeded by a subtraction step in which 
the amount remaining stored in the totalizer was less than 
the value of the divisor as weighted by the digital position 
of the carriage, i.e. as multiplied by a factor of 10n where 
n is the number of steps by which the carriage is displaced 
from its units position; thus, as the carriage is returned 
from a higher-ranking denominational order to the next 
lower-ranking one, the value of the weighted divisor is 
reduced to one tenth of its previous magnitude. When 
the units position is reached, the divisor as registered on 
the carriage has assumed its true value and any balance 
left in the totalizer must be discharged therefrom as a 
reinainder, to be recorded as such by the type bars 64 
on the tape G3 (FIG. 22). 
The pin carriage 39 is being continuously urged toward 

the left with reference to the position of a user and as 
viewed in FIG. 7, by a spring 40 acting through the inter 
mediary of a lever 42 pivoted at 4:...'. A bar 42 connects 
the lever 4, with a gear sector 43, pivoted at 43', which 
meshes with a complementary gear sector 44 having a 
curved extension 44 articulated onto a linkage consisting 
of a pair of short arms 44'', 47 hinged together at 47. 
The eccentric pivot stud 45 with hexagonal head facilitates 
the relative meshing of the two gear sectors 43, 44' which 
are biased, by spring 40 as well as a supplemental spring 
126 anchored to a pin 126' on sector 44, in the direction 
indicated by the arrows whereby a slider 48, fastened to 
arin 47, is urged toward the left along its supporting shafts 
49 and 50 which extend parallel to shaft 4 (cf. FIG.9) 
to the rear of the latter. The leftward movement of 
slider 48 is limited by the carriage 39 with which it is 



positively coupled and whose locator pins 123 (FIG. 21) 
are normally in line with the aforementioned fixed stop. 

Shaft 49, as seen in FIGS. 8-10 and 17, also supports a 
pair of interlinked yokes 51, 53 which are interconnected 
(as described below) so as to be jointly swingable on the 
shaft but axially fixed thereon. Slider 48, which is sim 
ilarly swingable, is internally provided with a bracket 48 
to which the arm 47 is secured and which does not partake 
of the angular oscillations of the slider 48 since it is freely 
rotatable on the shaft 49 between slider portions 48a, 48b. 
Shaft 50, which spans the arms of yoke 5i, is urged for 
wardly by a spring 28 coiled around a further shaft 27 
within a bracket 52; this spring engages the bifurcate 
left-hand end 53' of yoke 53 which straddles a pin 51 on 
the right-hand arm of yoke 51. Normally, however, any 
counter-clockwise rotation of the assembly 5, 53 is pre 
vented by a spring 129 anchored to the right-hand arm of 
yoke 53. In such normal position, i.e. before the divisor 
key 107 is depressed, a lug 56 swingable on Shaft 14 
(FIGS. 4, 10 and 17) engages the counting-wheel Support 
9 by means of its hook 56' to define a starting position for 
this support. 
The slider 48, whose movement across the width of 

the machine is proportional but not necessarily equal to 
that of carriage 39, has a forwardly protruding dog 57 
which is aligned with one of the gaps of rack 10 (FIG. 
17) in each stop position of the carriage. 
The yoke 53 carries two hooked levers 54, 55 which 

are normally ineffectual, being held out of contact with 
other parts of the mechanism by a pin 58' on an arm 
58 which is rigid with shaft 49 on the right-hand end 
thereof. The left-hand end of this shaft carries a link 
130 which is caused to swing counter-clockwise, as in 
dicated by arrow 131, upon the actuation of key 107. 
This action lifts the pin 58' off the levers 54, 55 and 
places the hooked end 64 of the former in the path of 
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alignment with the fixed-carriage stop as is necessary 
for a leftward movement of the carriage to the limiting 
position determined by the encounter of a lug. 48' (FIG 
9) on slider 48 with the first stop bar 20 of 20' which 
has not been lowered. In this manner there occurs the 
proper alignment of the highest denominational orders 
of the divisor and of the dividend, preparatorily to the 
beginning of the first series of calculating cycles. 
The following operations of the totalizer proceed in 

the manner already set forth. As the weighted divisor 
(as heretofore defined) is repetitively subtracted from 
the amount stored in the totalizer, this amount progres 
sively diminishes and ultimately assumes a negative 
value. When this occurs, a sign indicator 138 (FIG. 12) 
swings clockwise, under the control of a bifurcate arm 
39 responsive to the position of the totalizer, to ini 

tiate a series of operations including the switching of 
the calculating mechanism from a "subtract' to an "add 
ing' position. If the resulting addition of the weighted 
divisor completely discharges the totalizer to give a zero 
reading, indicator 138 remains in its displaced (-) posi 
tion; if the totalizer is restored to positive capacity, this 
indicator returns to its original position. 
A rod 65, elastically linked with a lever 65 through 

a spring 140, is periodically reciprocated by a cam (not 
shown) and tends to swing lever 65 counter-clockwise 
but cannot do so as long as the upturned end 138 of 
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indicator 138 opposes the displacement of a member 72 
linked with the lever. When the indicator 38 has been 
swung out of the way of member 72 upon a reversal in 
the sign of a lug 72 on the totalizer charge, the next 
reciprocation of rod 65’ displaces the lever 65 to re 
move an obstruction from the path of another cam 
operated member or escapement device, not shown, which 
in the next cycle returns the carriage 39 by one step to 
the right in the manner of conventional back-spacing 

a pin 132 (FIG. 10) carried on a bell crank 63 which 
is fulcrumed on the stationary wall plate 163. - An arm 
58 (FIG. 10), depending from the pin 58', is raised 
by this operation to remove a pin 133 from above a 
finger 134 which is articulated to a lever 59 swingable 
about an axis 59'; simultaneously, arm 61 elevates a 
hook 60 into engagement with a cross-piece 59' on 
lever 59, hook 60 being articulated to a cam-follower 
member 61 which is periodically acted upon by a cam 
62. Cross-piece 59' is also engaged by a bar 63 which 
is coupled, as shown in FIG. 21, with the control lever 
125 for the escapement of the carriage 39. 

Bell crank 63 is periodically oscillated by a further 
cam 135. Upon the rise of lever 54 its hook 64 becomes 
entrained by the pin 132 as the bell crank swings clock 
wise, this motion imparting a counter-clockwise rota 
tion to the assembly 51, 53 which is subsequently held 
in its rotated position by the hook of lever 55 engaging 
pin 58'. ... Arm 59 is drawn clockwise by the hook 60 
and is arrested in its rearward position by the engage 
ment of a fixed pin 136 by its finger 34. Bar 63 is 
pulled rearwardly by the swing of arm 58 from which 
it is subsequently released by a pin 135' on the cam 
135; thus this rod is displaced only once. . 
The aforedescribed rotation of assembly 5,53. has 

also caused a clockwise swing of lug 56 on its shaft 14, 
owing to its connection with yoke 5 through a pin 137 
(see FIGS. 10 and 17); this movement frees the slid 
able support 9 which at the same time becomes coupled 
with slider 48 through an engagement of its dog 57 with 
the rack 10. It will be understood that the position of 
slider 48 is at this instant determined by that of the 
carriage 39 which in turn depends on the number of 
digits in the divisor registered thereon. Immediately 
thereafter, the displacement of rod 63 by the arm.59. 
exerts pressure, via pivotally displaceable link 63', upon 
the right-hand end of lever 125 (FIG. 21) whereby a 
beveled tip 125 at the opposite end of the lever is raised 
to withdraw, successively, as many of the pins 123 from 
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mechanisms. The series of repetitive subtractions and 
one final addition is thereupon repeated. 
When the counting-wheel support 9 and the carriage 

39 have finally arrived in the units position at the ex 
treme right, the long hump 9' of support 9 strikes a 
projection 141' of a bridge piece 141 (FIG. 11) which 
is rigid on a shaft 142. The resulting rightward dis 
placement of this shaft causes a similar displacement, 
parallel to itself, of an actuating rod 66 which is re 
ciprocated by the lever 65 (FIG. 12) whenever the latter 
Swings to initiate the aforedescribed operation of the 
back-spacing mechanism. Normally, rod 66 is disaligned 
from a lug 77 on a crank 77 which is fixed to a shaft 
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143 and has articulated to it two levers 88 and 97. Shaft 
143 extends across the machine housing in the vicinity 
of shaft 142 and at its opposite end carries an arm 144 
linked to a rod 145. When the rod 66 has been shifted 
to the right by means of shaft. 142, as indicated by 
the arrows 146 and 147, its next reciprocation brings it 
into contact with lug. 77' and causes the assembly 77, 
143, 144 to swing counter-clockwise, against the force 
of a spring 148, whereby the rod 145 is lowered and 
engaged by a spring-loaded latch 149. This lowers a 
camming pin 150' on a bracket 150 into the path of 
a finger 151, articulated on bell crank 63 (FIGS. 10 
and 11), whereby this finger is deflected upwardly, on 
the subsequent clockwise swing of the bell crank, and 
latches with its notch 51' onto the pinto maintain itself 
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and the bell crank 63 out of the path of other elements 
Serving to restore the system to normal. The printing 
of the quotient and of the remainder (if any), the dis 
charge of the totalizer, the clearance of the pin carriage 
39 and the return of the other parts to their original 
position also take place at this time. - 

I shall now describe the specific features of the present 
invention which have been outlined more generally at the 
beginning. Reference is first made to FIGS. 4, 5, 6 and 
6A which illustrate my improved system for counting 
only the legitimate subtraction cycles in each digital posi 
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tion of the carriage 39. Square shaft 3', on which the 
counting wheel 13 is mounted, has rigidly fixed to it a 
peripherally notched coupling disk 33 adjacent a smaller 
disk 34, the latter being freely rotatable on a cylindrical 
extension of the shaft. Disk 34 has four peripheral pro 
jections 34 which form recesses between them; they, like 
the notches 31' of disk 3i, are spaced 90° apart and thus 
correspond in number and relative position to the teeth 
of counting wheel 13. 
The larger coupling disk 31 is formed with an arcuate 

groove 33", extending over substantially 180°, engaged 
by a pin 33 of smaller disk 34 whereby the two disks may 
rotate relatively to each other over an angle correspond 
ing to two tooth divisions of wheel 3. A coil spring 
35, anchored to both disks, tends to keep them aligned 
in a starting position (FIG. 5) in which the disk 34 is 
free to make half a turn without entraining disk 32 and 
wheel 3. A spring-loaded arm 32 bears upon the pe 
riphery of disk 31 to index it in any of its four equispaced 
angular positions defined by the notches 31'; a pawl 36, 
also spring-loaded, normally prevents clockwise rotation 
of disk 34 under the urging of spring 35. 
A pusher member 37 is periodically operated by a cam 

37, which plays in a generally rectangular cavity 37' 
of member 37, to displace the latter along a sweeping 
path in a clockwise motion whereby successive projec 
tions 34’ of disk 34 are engaged and displaced sufficiently 
to advance the disk through an angle of 90°, such rota 
tion enabling the lip 36' of pawl 36 to fall behind the 
next projection. The first such step, starting from the 
normal position shown in FG. 5, is illustrated in FiG. 6 
where the disk 31 has remained stationary while the 
spring 35 has been tensioned; the next step is illustrated 
in F.G. 6A where further stretching of the spring has 
occurred. In this position the pin 33 has reached the 
limit of the groove 33' so that the two disks are now 
positively interconnected; thus, any further rotation of 
the disk 34 is communicated to shaft 3' and to wheel 13 
which takes one step to rotate the particular quotient 
pinion 5 (FIGS. 1, 3 and 16) then in mesh with it. 
will thus be seen that each quotient pinion takes only the 
correct number of steps corresponding to the number 
of legitimate subtractions so that the final subtraction 
and the subsequent compensating addition are not in 
cluded in the count. 
An arm 38, pivoted at 38', is adapted to disengage the 

lip 36 of pawl 36 from the projections 34’ of disk 34 
upon being swung counter-clockwise; this occurs when 

- the machine is not set to perform a division, and also at 
the end of each series of calculating cycles in any digital 
carriage position under the control of the back-spacing 
mechanism previously described. Thus, the position of 
F.G. 5 is restored whenever the counting wheel 13 en 
gages a new quotient pinion 5. 

FIGS. 12-15 illustrate the mechanism for accelerating 
the printing of the result in the case of an exact quotient 
with one or more terminal Zeros. A three-armed lever 
69 has one of its arms linked with the crank 77 via the 
aforementioned lever 97; another arm is pivoted on a 
stud 69' which passes through a slot 70' in a stepped 
lever 70. The latter has two staggered shoulders 73a, 
70b of which the first one, 70a, is normally in the path 
of a rod 67 which is joined to the reciprocable element 
66 and has a hook 68 pivoted to it by a pin 68'; stud 69 
also traverses a slot 67 in rod 67. A brace 152, like 
wise fulcrumed on stud 69, is normally urged into con 
tact with a fixed pin 70' by a spring 53 anchored to the 
third arm of lever 69. Another spring 72 biases the lever 
70 forwardly with respect to hook 63. 
When the rod 66 moves rearwardly under the urging 

of rod 65' after the indicator E33 has released the mem 
iber 72, pin 68 on rod 67 impinges upon shoulder 76a 
to displace the lever 78 from its normal position (FEG. 
13) into an ineffectual intermediate position (FIG. 14) 
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in which this shoulder engages the stationary stop 70'; 
lever 69, however, has not been moved since the slot 70' 
still clears the stud 69'. After the rod 67 has moved 
forwardly again to withdraw the pin 68' to the right as 
viewed in FIGS. 13-15, spring 71 swings the lever 70 
clockwise about its pivot whereby shoulder 7Gb is lowered 
into the trajectory of pin 68'. It will be noted that the 
lever 70 is sandwiched between the members 67 and 68 
to insure its engagement with this pin. 
The actuating rod 65" is also resiliently linked, via a 

Spring 154, with an oscillatable arm 55 articulated to a 
member 73. Also joined to arm 155 is a rod 75 which 
receives a rearward thrust from rod 65", in a manner 
'analogous to that described for rod 66, whenever the oscil 
lation of member 73 is not blocked by the indicator 138 
in its “minus' position in which its upturned end 138 
faces a lug 73' on that member. Thus, if the sign of the 
totalizer is positive in the final cycle of the sequence, i.e. 
if there is a finite remainder, rod 75 is displaced rear 
Wardly to impart a counter-clockwise motion to a lever 
76 to which it is hinged. The last-mentioned lever has 
an extremity 76' which strikes the lever 70 from below 
to lift its shoulder 70b out of the path of pin 68’ and to 
restore the system to the position of FIG. 13, in readiness 
for the next sequence of arithmetical operations. If, 
however, the balance in the totalizer is zero, the move 
ment of member 73 will remain blocked and lever 76 
will not operate, hence the next rearward stroke of rod 
67 will bring about the position illustrated in FIG. 15 
wherein the brace 452 hooks onto the pin 70' and the 
lever 69 is swung clockwise. This action displaces the 
crank 77 to establish the end-of-division conditions pre 
viously described. At the same time a linkage 156, con 
necting the lefthand arm of lever 69 with a cradle 98, 
rocks a shaft 99 to transmit a "no-addition” signal to the 
totalizer whereupon the quotient is printed on the tape 
i03 With as many terminal Zeros as correspond to the 
number of additional steps necessary to take the carriage 
39 back to units position. 

Let us assume, by way of example, that the machine 
has been set to divide 625,000 by 5. In the first digital 
position of the carriage, the single-digit divisor will have 
been aligned with the highest-ranking digit of the div 
idend, thus: 

625000 
500000 

After the carriage 39 has taken two steps backward, 
upon the completion of two sequences of calculating 
cycles, the amount Stored in the totalizer and the weighted 
value of the divisor will be equal, thus: 

5000 
5000 

After the first cycle of subtraction, the totalizer is 
fully discharged; this, however, has not yet had any 
effect since the indicator 133 is still in “plus' position at 
the end of that cycle. The next subtractive cycle, how 
ever, produces a negative balance and with it a reversal 
of sign so that the carriage is displaced by one step and 
the assembly of lever 76 is brought into the position of 
FIG. 14. After the following additive cycle, the totalizer 
is again at Zero and the lever 70 assumes the position of 
FIG. 15, with consequent termination of the division and 
the printing of the result as follows: , 

625,000 (divisiend) 
5 (divisor) 

125,000 (quotient) 
--- (remainder) 

Suppose, now, that the dividend had been 625,001. 
The operation would then have been carried to comple 
tion, showing '1' as the remainder. The operator, how 
ever, in such case may wish to foreshorten the calcula 
tion after the first three digits of the quotient have been 
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determined. For this purpose there is provided, as 
shown in FIG. 11, a lever 79 which responds to actuation 
of the correction key 109 and, through a crank 80, ro 
tates a shaft 8 whereby an arm 82 thereon is swung 
clockwise to lift a pin 84 on a lever 83. A pin 83' at 
the top of that lever plays in a slotted extension 85' of an 
arm 85 to which a lever 57 and a hook 86, intercon 
nected by a spring 58, are articulated. Hook 86, on 
being elevated by the pin 83', latches onto a lug 59' of 
a member 59 which is controlled by the divisor key 
107. The spring 158, through the intermediary of lever 
157, urges upwardly the aforementioned rod 88 which is 
articulated to that lever and has a lug 88 alignable with 
a projection 66 on the reciprocable rod 66 (see also 
FIG. 11A). In its raised position, therefore, the lug 
88 is effectively interposed between the rod 66 and the 
crank 77, which is pivotally connected with rod 88, 
even if the rod 66 is in its normal disaligned position 
relative to the crank. Thus, the thrust of rod 66 is now 
transmitted via rod 88 and crank 77 to shaft 43 whereby 
the normal end-of-division operations will be initiated. 
The result of the operation will then be indicated by the 
printer in the following manner: 

625,001 (dividend) 
5 (divisor) 

125,000 (quotient) 
1 (remainder) 

In the illustration just given, the remainder is smaller 
than the divisor and is equal to that which would have 
been printed if the calculation of the machine had not 
been terminated prematurely. This, however, will not 
usually be the case. Consider, for example, the follow 
ing division in which the calculation was terminated after 
the establishment of the first two quotient digits: 

55,555 (dividend) 
1 (divisor) 

55,000 (quotient) 
555 (remainder) 

Again, as in the preceding instances, the result is 
mathematically correct. 
The resiliency of the linkage which actuates the arm 

88 is designed to prevent jamming in the event the cor 
rection key 109 is actuated at the instant when the pro 
jection 66 overlies the lug 88. It will also be apparent 
that the system controlled by lever 79 will be ineffectual 
if the divisor key 107 had not been operated to displace 
the associated member 159 since then the hook 86 would 
not have come to rest against the lug 159. In this 
connection it may further be mentioned that the member 
159, as shown in FIG. 12, has connected to it a rod 
160 which is linked to lever 76 and, if key 107 was 
not depressed, maintains the extremity 76' thereof raised 
so as permanently to inactivate the two-stroke assembly 
of FIGS. 13-15. 

I claim: - - 

1. In a calculating machine having a movable register 
for the storage of a divisor, a totalizer, automatic means 
for performing divisions by successively subtracting the 
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number of said cycles in any columnar position of said 
register, drive means for said counting means positioned 
to be advanced by said impulse means a predetermined 
number of steps for each of said cycles, resilient means 
tending to maintain said drive means and said counting 
means in an initial relative position, lost-motion coupling 
means interconnecting said drive means and said count 
ing means, yieldable indexing means adapted to hold said 
counting means stationary during an initial displacement. 
of said drive means by said impulse means against the 
force of said resilient means and to the extent permitted 
by said lost-motion coupling means, said coupling means 
being adapted to establish a positive connection between 
said counting means and said drive means upon a dis 
placement of the latter by a number of steps correspond 
ing to two of said cycles whereby said counting means is 
advanced a number of steps corresponding to said total 
number of cycles diminished by two, and release means 
controlled by said back-spacing means for disengaging 
said impulse means at the end of each sequence of operat 
ing cycles, thereby enabling said resilient means to restore 
said drive means and said counting means to said initial 
relative position. 

2. In a calculating machine having a movable register 
for the storage of a divisor, a totalizer, automatic means 
for performing divisions by successively subtracting the 
divisor from a multi-digit dividend stored in a plurality 
of digital columns of said totalizer, back-spacing means 
for displacing said register column-by-column with re 
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Spect to said totalizer toward a position of alignment 
between the respective units digits of said dividend and 
said divisor, and automatic means for operating said 
back-spacing means at the end of a sequence of operating 
cycles including at least one subtractive cycle and a 
single additive cycle, said additive cycle occurring when 
ever the capacity of the totalizer is exceeded by a 
preceding Subtractive cycle whereby the totalizer is re 
Stored to a non-negative reading of at least zero, in 
combination: impulse means responsive to subtractive 
and additive cycles of said automatic means, counting 
means for determining a respective quotient digit from 
the total number of said cycles in any columnar position 
of said register, drive means for said counting means 

50 

positioned to be advanced one step by said impulse means 
for each of said cycles, resilient means tending to main 
tain said drive means and said counting means in an 
initial relative position, lost-motion coupling means in 
terconnecting said drive means and said counting means, 
yieldable indexing means adapted to hold said counting 
means stationary during an initial displacement of said 
drive means by said impulse means against the force of 

55 

60 
divisor from a multi-digit dividend stored in a plurality 
of digital columns of said totalizer, back-spacing means 
for displacing said register column-by-column with re 
spect to said totalizer toward a position of alignment 
between the respective units digits of said dividend and 
said divisor, and automatic means for operating said 
back-spacing means at the end of a sequence of operating 
cycles including at least one- subtractive cycle and a 
single additive cycle, said additive cycle occurring when 
ever the capacity of the totalizer is exceeded by a preced 
ing subtractive cycle whereby the totalizer is restored 

- to a non-negative reading of at least zero, in combina 
tion; impulse means responsive to subtractive and addi 
tive cycles of said automatic means, counting means for 
determining a respective quotient digit from the total 

said resilient means and to the extent permitted by said 
lost-motion coupling means, said coupling means being 
adapted to establish a positive connection between said 
counting means and said drive means upon a displace 
ment of the latter by two steps whereby said counting 
means is advanced a number of steps equal to said total 
number of cycles diminished by two, and release means 
controlled by said back-spacing means for disengaging 
said impulse means from said drive means at the end 
'of each sequence of operating cycles, thereby enabling 
said resilient means to restore said drive means and said 
counting means to said initial relative position. 

65 
3. The combination according to claim 2 wherein said 

counting means comprises a profiled shaft, a toothed 
wheel matingly carried on said shaft and slidable thereon, 

70 

a plurality of digital gears positioned alongside said 
shaft for meshing with said toothed wheel in different 
axial positions of the latter, and link means interconnect 
ing said toothed wheel and said register for concurrent 
rectilinear displacement thereof by said back-spacing 
means whereby said toothed wheel is moved into suc 
cessive engagement with said gears. . . . . 

4. The combination according to claim 3 wherein said 
counting means further comprises a first disk rigid with 
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said shaft, said drive means including a second disk ro 
ta?tably mounted on said shaft, said lost-motion coupling 
means comprising a projection on one of said disks, the 
other of said disks being formed with an arcuate recess 
receiving said projection. 

5. The combination according to claim 4 wherein said 
first disk is provided with a plurality of equispaced 
peripheral notches and said second disk is provided with 
a like plurality of peripheral projections, the number of 
said peripheral notches and of said peripheral projections 
being equal to the number of teeth on said wheel, said 
indexing means comprising a spring-loaded member bear 
ing upon the periphery of said first disk, said impulse 
means comprising a pusher member engageable with 
said peripheral projections. 

6. The combination according to claim 5 wherein said 
pusher member is provided with a generally rectangular 
cavity, said impulse means further comprising a rotatable 
cam received in said cavity for imparting a sweeping 
motion to said pusher member. 

7. The combination according to claim 3 wherein said 
toothed wheel is provided with a slidable support dis 
placeable along said shaft, further comprising a plurality 
of independently rotatable gear elements respectively 
facing said digital gears, means including said gear ele 
ments for transferring the value of said dividend to the 
totalizer whereby each gear element correlated with a 
significant digit of the dividend is rotated from an off 
normal to a normal position, a plurality of stop bars 
respectively linked with certain of said gear elements 
for displacement relatively to the path of said support, 
selector means operable to initiate the transfer of the 
dividend to the totalizer, and escapement means con 
trolled by said selector means for shifting said register 
and said support to a starting position determined by 
the displacement of a stop bar linked with that gear ele 
ment which is farthest from the gear element associated 
with the units digit of the dividend. 

8. The combination according to claim 7 wherein all 
but the lowest-ranking one of said stop bars are provided 
with extensions adapted to entrain an adjacent stop 
bar associated with the next-lower digital order, said 
stop bars being provided with restoring means normally 
maintaining them in the path of said support, said ex 
tensions interconnecting all of said stop bars in cascade 
whereby the displacement of any higher-ranking stop 
bar by the gear element linked to it will similarly dis 
place all lower-ranking stop bars out of the path of said 
support. 

9. The combination according to claim 7, further com 
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prising indicator means and mechanism responsive to the 
operation of said back-spacing means in the units posi 
tion of said Support for initiating a sequence of end-of 
division steps and actuating said indicator means to 
register a quotient along with any remainder, said mech 
anism including means for respectively meshing said 
digital gears with said gear elements, means for trans 
ferring the quotient stored by said digital gears to said 
indicator means by restoring said digital gears to normal 
while in mesh with said gear elements, and means for 
discharging the totalizer by transferring any remainder 
stored therein to said indicator means. 

10. The combination according to claim 9, further 
comprising Supplemental means interposable between said 
back-spacing means and said mechanism for operating 
the latter at the end of a sequence of operating cycles in 
a position of said support other than said units posi 
tion. 

11. The combination according to claim 10 wherein 
said supplemental means comprises a manually controlled 
element whereby the calculation of the quotient can be 
foreshortened for registration of a partial quotient on 
said indicator means along with a remainder greater than 
the divisor. - 
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4. 
12. The combination according to claim 10 wherein 

Said Supplemental means comprising means responsive 
to a state of complete discharge of the totalizer for trans 
fering to said indicator means a quotient with at least 
one terminal zero and no remainder. 

13. In a calculating machine having a totalizer and in 
dicator means for displaying quotients and remainders 
from division operations, in combination, transfer means 
for storing a dividend in said totalizer, a movable register 
for the storage of a divisor, calculating means for repeti 
tively subtracting said divisor from said dividend in suc 
cessive digital positions of said register until the amount 
stored in the totalizer in each of said positions is of a value 
less than that of said divisor in its corresponding decimal 
order position, back-spacing means controlled by said 
register in response to a diminution of said amount to 
Such value for shifting said register from a higher-rank 
ing digital position to the position of next-lower rank, 
displaceable counting means coupled with said register 
for computing successive digits of a quotient by deter 
mining the number of subtractions in each of said posi 
tions, storage means engageable by said counting means 
in each of said positions for registering a respective 
quotient digit, end-of-division means operable by said 
back-spacing means in a units position of said register for 
transferring the stored quotient digits to said indicator 
means along with any remainder stored in the totalizer, 
and division-terminating means operable in any position 
of said register other than said units position for actuating 
said end-of-division means upon the first actuation of 
said back-spacing means. 

14. The combination according to claim 13 wherein 
said division-terminating means comprises a linkage 
including a member controlled by the totalizer for opera 
tively coupling said back-spacing means with said end 
of-division means upon the complete discharge of the 
totalizer whereby an exact quotient with at least one 
terminal Zero is displayed by said indicator means upon 
a determination of the last significant digit of such 
quotient. 

15. The combination according to claim 14 wherein 
Said calculating means is adapted to perform in each 
cligital position a final subtraction exceeding the capacity 
of the totalizer, whereby a negative value is read thereon, 
and Subsequently thereto a single addition of the weighted 
value of the divisor whereby the capacity of the totalizer 
is restored to at least a zero reading; said member be 
ing adapted to assume a first position in response to a 
positive reading of the totalizer and a second position 
in response to any other totalizer reading including zero; 
Said back-spacing means including escapement means for 
said register, a reciprocable element coupled with said 
escapement means and a source of motive power period 
ically operative for yieldably urging said element into an 
off-normal position for the actuation of said escapement 
means upon each operation of said calculating means, 
said element being positioned to be blocked by said mem 
ber in said first position of the latter whereby said escape 
ment means remains inactive; said linkage comprising an 
abutment in the path of said element displaceable in 
response to two consecutive escapement-actuating strokes 
of the latter. 

16. The combination according to claim 15 wherein 
Said abutment comprises a stepped lever with two 
shoulders, said linkage further including Spring means 
tending to maintain said lever in a normal position 
against the motive force of said reciprocable element, 
fixed stop means for arresting said lever in an ineffectual 
intermediate position upon its displacement by said ele 
ment bearing upon one of said shoulders, means including 
Said Spring means for aligning the other of said shoulders 
With said element in said intermediate position whereby 
a Subsequent reciprocation of said element displaces said 
lever into an effective off-normal position, and release 
means yieldably coupled with said source of motive 
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power for periodically executing a motion tending to dis 
lodge said lever from said intermediate position for re 
turn to said normal position by said spring means, said 
member being adapted to block said release means in said 
second position thereof. 

17. The combination according to claim 13 wherein 
Said back-spacing means comprises a reciprocable ele 
ment, said end-of-division means being provided with 
an operating member normally disaligned from the path 
of said element and with means controlled by said count 
ing means in the units position of said register for rela 
tively aligning asid element and said operating member 
Whereby the latter is displaced by a reciprocation of the 
former, said division-terminating means comprising a 
link selectively interposable between said reciprocating 15 2,905,382 

aligned position thereof. 
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16 
element and said operating member for causing dis 
placement of said member by said element in the dis 

18. The combination according to claim 17 wherein 
said division-terminating means further comprises man 
ually operable selector means and a resilient connection 
between said link and said selector means. 
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