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The present invention relates to apparatus for storing
the quotient of a division in a register of a calculator, and
more particularly in the register of a calculator of the ten
key type which is provided with a pin carriage and a mul-
tiplication carriage which can be coupled with the pin car-
riage for step-wise moving with the same during the opera-
tions required for carrying out a division.

In calculators of the type with which the present inven-

tion is- concerned, a dividend is first entered into the pin-

carriage, and then transferred into a counter, or may be
stored in the counter as the result of a preceding calcula-
tion, such as an addition, subtraction or muitiplication.
The divisor is stored- in the pin carriage by operation of
the keyboard, and is then order by order subtracted from
the dividend starting with the highest order “until the
counter wheels are turned beyond the zero position where-
upon an impulse is produced controlling the pin carriage
to move to the order below the highest order whereupon

subtractions are again repeated. These operations are con- .

tinued until a quotient having the desired number of orders
is formed. :

In a caleulator of the type with which the present inven-
tion is ¢concerned, the counter is controlled to perform an
additive operation before the pin carriage is moved to the
respective higher order to start a series of subtractive oper-
ations, so that the counter has again a positive position,
representing a mumber higher than zero, when. the re-
peated subtractions start.

The number of repeated subtractions required for each
order of the dividend is counted and constitutes the quo-
tient of the division. Since the counter always performs
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for each order of the quotient, a step to a negative position -

below zero, and then an additive step back to the last posi-
tive position, it is necessary to ‘deduct two steps from the
number of counter steps in each order to obtain the cor-
rect digit in the respective order of the quotient register.

The devices of the.prior art serving this purpose are
complicated, and require very precise machining of the
parts. . ’

It is the object of the invention to improve apparatus
for storing the quotient of a division in a register of a cal-
culator, and to provide an apparatus serving this purpose
which is of very simple construction, and operates reliably.

Apparatus is known in which a special counter, which
is shiftable, rotatable, or mounted for movement along a
curved path, is used during the storing of the quotient of a
division for counting the subtractive operations.

It is another object of the invention to provide a simple
apparatus for forming and storing the quotient of a divi-
sion without a movable counter. )

With these objects in view, one embodiment of the in-
vention comprises a quotient register having a series of
ordinal register elements; control means, preferably in-
cluding a series of ordinal control elements; and being
operated by cyclically operating drive means to move be-
tween an inoperative position and a control position in
which the ordinal control elements respectively cooperate
with the register elements of the register; and order selector
means for successively connecting the control elements
with corresponding register elements while the control
means is in the control position:

The control means in the control position are operable
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by the drive means to move to an actuating position so that
the control element which is connected with the respective
ordinal register element, shifts the same to the next fol-
lowing digital position when the control means is moved
to the actuating position. i

In the preferred embodiment of the invention, the reg-
Ister elements are wheels movable in the same direction in
which the contro} elements.move to the actuating position.
The control means move in a direction transverse to this
direction between the inoperative and the control posi-
tion. The order selector means move along the series of
register elements and control elements in a third direction
transverse to both previously mentioned directions.

As explained above, two additional operational steps are
required for one subtraction beyond zero, and for one
addition to again establish the correct number of subtrac-
tions for a particular order of the quotient. In order to
compensate these two additional operations, the control
means of a preferred embodiment of the invention include,
in addition to the series of ordinal control elements, also
timing means which are operated: by the drive means and
connected with the series of control elements for moving
the same to said control positon only after the drive means
have performed a predetermined number of cyclical opera-
tions, and more particularly two revolutions before mov-
ing the control elements to the actuating position so that
time is afforded for the necessary additional steps.

A multiplication carriage is preferably used as order
selector means. In the calculator with which the present

‘invention is concerned, the multiplication carriage can be

coupled with the pin carriage for step-wise movement with
the same during the dividing operation. In the preferred
embodiment of the invention, the ordinal control elements

- are double-armed levers, only one of which is pivoted to

engage the corresponding register element by engaging a
projection of the multiplication carriage while all control
elements are moved to the control position. -

By using the multiplication carriage for connecting con-
trol elements  with corresponding register elements, the
provision of a counter required by prior att constructions
for counting the subtraction operations, becomes unnec-
essary. Such counters frequently operate inaccurately due
to inertia caused movements beyond the correct position.
It is very difficult to drive the quotient counter of the
prior art to count in a great number of orders, for exam-
ple eleven orders, It is a particular advantage of.the in-
vention that the existent multiplication carriage.can be
used with a minor structural change, for carrying out all
functions for which a complex counter is required in ‘the
prior art. ’ .

The novel features which are considered as character-
istic- for the invention are set forth in particular in the
appended claims. The invention itself, however, both as
to its construction and its method of operation, together
with -additional objects and advantages thereof, will be
best understood from the following description of specific
embodiments  when read in connection with the accom-
panying drawings, in which: .

FIG. 1 is a fragmentary side view, partly in section,
illustrating an embodiment of the invention in a position
of rest;

FIG. 2 is a fragmentary side view illustrating a. detail
of FIG..1 on a larger scale in another operational position;

FIG. 3 is a fragmentary side view of the embodiment
of FIG. 1 in the operational position of FIG. 2; and

FIG. 4 is a fragmentary plan view illustrating a detail
of FIG. 2. .

Referring now to the drawings, and more particularly
to FIG. 1, a division key 2 has a stem 3 passing through
a corresponding opening in a cover plate 4. Ten digit keys
are provided in a standard keyboard, not shown, in the
region 1. A pin carriage 5, or other input storage means,
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is mounted below cover plate 4 for movement along a
pair of guide rails in the form of shafts 9 and 10. Pin
carriage 5 has a pair of parallel walls 6 and 7 in which an
" ordinal series of rows of pins § is mounted for shifting
movement between normal positions and displaced posi-
tions indicating the storing of a number in the respective
order. Pin carriage 5 is biassed by a spring, not shown, to
move along rails 9 and 10 step by step, or in a tabulating
motion to a higher order.

When 2 pin 8 is set by operation of a digit key in the
respective ordinal position of pin carriage 5, it projects
farther from wall 7, and can be sensed in the usual man-
ner by the sensing fingers of the conventional series of
ordinal transfer elements 11 which are respectively pro-
vided with teeth 13 cooperating with corresponding ordi-
nal gears 17 or 18 of a counter 16 which is turnable about
a shaft 19 between an additive position in which gears 17
and a subtractive position in which gears 18 are driven
by teeth 13 of transfer members 11, respectively.

In order to carry out a division, the dividend is entered
in counter 16 by the transfer members 11, whereupon
the divisor is stored in the pin carriage 5.

A register means 20 has a series of ordinal register
elements, shown to be gear wheels 21 rotatable on a shaft
22. Fach register wheel 22 has outer teeth 23 having the
same-pitch as teeth 13 of transfer members 11, and inner
teeth 24 cooperating with a corresponding series of ar-
resting levers 26 which are mounted on a shaft 27 and are
urged by springs 29 to move to an arresting position in
which a catch portion 28 engages the inner teeth 24 of the
respective register element 23 to arrest the same. Shaft 22
is movable relative to transfer members 11 so that a mesh-
ing engagement between teeth 23 and 13 can be obtained.

Each register gear 23 has a projecting portion 25 for
cooperation with pawls, not shown, mounted on a multi-
plication carriage 45 which is movable along a pair of
guide rails 48, 49 parallel to the axis of rotation of regis-
ter gears 23, The arrangement is described in my copend-
ing application Ser. No. 452,026, and does not form part
of the present invention which is concerned with division.
As described in my copending application Ser. No. 452,-
027, the multiplication carriage 45 can be coupled by
operation of a function key to pin carriage .50 that the
coupled carriages are tabulated together to the highest
order of the dividend, and then move stepwise order by
order toward the lower order. At the beginning of the
division, register 2 is cleared.

‘As shown in FIGS. 1, 2 and 4, control elements 36
shown to be double-armed pawls, are mounted on a shaft
34 which is supported by links 65 on an operating mem-
ber 66. Bach control element 36, for example control
elemerts 30a to 30f, as shown in FIG. 4, is located above,
and cooperate with a register element 21a to 21f. A spring
72 holds operating member 66 in the position iltustrated
in FIG. 1 in which portions 32 of control elements 3§ are
located spaced from gear teeth 23 of the respective regis-
ter wheels 21. A rigid frame 46 has side walls with slots
41 and 42 forming comb-like guides for the two arms of
control elements 30. A spring 35 urges each contro] ele-
ment 30 to the position illustrated in FIG. 1 abutting with
edge 31 the bottom of the corresponding slot 41, When
carriage 45 is moved between ordinal positions, a selector
projection 44 successively engages the edge 33 of each
control element 30 to support the same as best seen in
FIGS. 1, 2 and 4.

If operating member 66 is turned about a stationary
shaft 67 from the position of FIG. 1 to the control posi-
tion shown in FIGS. 2 and 3, all control elements 30 are
lowered to a control position, and the one control element
30 which abuts selector projection 44 is turned from a
position abutting the bottom of slot 41 to the position of
FIG. 2 in which coupling portion 32 is in the position 32
engaging a pair of teeth 23 of register wheel 21 of the
same selected order. As shown in FIG. 4, control element
30c is engaged by selector projection 44 and consequently
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coupled with register wheel 21c in the lower control posi-
tion of operating member 66, links 65 and shaft 34 with
control elements 30.

Selector projection 44 moves with carriage 45 from
the highest order of register 20 to the lowest order while
being coupled with pin carriage 5. While a quotient digit
is formed in an order by repeated subtraction of the
divisor from the dividend stored in counter 17, carriage
45 remains in the same ordinal position, and is. then
shifted to the next lower ordinal position whereby se-
lector projection 44 supports control element 3¢ of the
next lower order. Consequently, register element 21 of such
next lower order is repeatedly moved step by stey by
the respective control element 30 in the coupled position
shown in FIG. 2 when shaft 34 with all control elements
is shifted by a link 50 toward the left as viewed in FIG.
2 to an actuating position in which coupling portion 32
has moved to the position 32". Carriage 45 has a top wall
46 formed with selector projection 44 and resting on walls
47 in which pawls, not shown, are mounted which per-
form a function during multiplications.

Cyclically operating drive means are provided for mov-
ing link 50 with shaft 34 and all control elements 30
in the lower control position to and from the actuating
position. A rotary drive member 61 is driven by a main
drive shaft 60 and carries on one side a roller 62 on a
pivot 624, and on the other side a roller 620 carried by
a pivot 620a. A first drive lever 51 is rockably mounted
on a shaft 53 and has an engaging portion 54 and a
restoring portion 59 cooperating with roller 62. A pivot
52 connects drive lever 51 with link 50. Drive lever 51
has an arresting portion 55 cooperating with an arrest-
ing spring 58 on a stationary support 56 which has an
opening 57 through which an arm of drive lever 51
passes.

When drive member 61 is rotated in the direction of
the arrow 63, roller 62 first abuts engaging portion 54
and turns drive lever 51 to the position indicated in
chain lines in FIG. 3 which shows roller 62 in the posi-
tion 62’ and engaging portion 54 in the displaced posi-
tion 54’. At the same time, arresting portion 55 is shifted
to resiliently displace arresting spring 58 whereupon the
same arrests drive lever 51 in the displaced position until
roller 62 engages restoring portion 59 in the displaced
position 59’ and turns drive lever 51 in clockwise direc-
tion as viewed in FIGS. 1 and 3 to the initial position
shown in solid lines. During the passage of roller 62
over portions 54 and 59, drive lever 51 performs a stroke
to the left and a return stroke to the right, displacing
all control elements first to the left and then back to the
right so that a selected control element 30 which - is
coupled by selector portion 44 with the corresponding
register wheel 21, is shifted to an actuating position for
displacing the register wheel one digital step, provided
that operating means 66, 65, 34, 32 are in the lower
control position shown in FIG. 2. If the operating means
are in the higher inoperative position shown in FIG. 1,
the displacement of the control lever will have no effect
on register 29. Since spring 72 pulls the operating means
to the higher inoperative position in which end portion
70 abuts a fixed frame portion 69, it is necessary to turn
control member 66 in counterclockwise direction to the
position of FIG. 2 before a control element 30 cooperates
with a register element 21.

The turning movement of operating member 66, and
the corresponding lowering of control elements 30, is
obtained by shifting an actuating member 75 from the
position shown in FIG. 1 to the position shown in FIGS.
2 and 3 in solid lines. Actuating member 75 has slots
76a and 76b in which a guide pin 77, and shaft 67 of
operating member 66 are respectively located. A spring
85 is secured to a projection 84 and urges actuating mem-
ber 75 to the normal position shown in FIG. 1 in which
a stop portion 79 abuts a stop 80 while an actuating por-
tion 83 of actuating member 75 is spaced from the op-
positely located portion 68 of operating member §6.
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When actuating member 75 is shifted toward the left
as viewed in the drawing, actuating portion 83 moves first
to the position 83" engaging portion 68, as shown in
FIG. 2, and then to the position 83" in which portion
68 is turned to position 68’ to displace operating mem-
ber 66 so that its portion 79" is spaced from the abut-
ment 69.

The shifting of actuating member 75 is carried out
under control of drive member 61. A second drive lever
86 is mounted on a pivot 87 for rocking movement, and
has a free end connected to a spring 89 which urges drive
lever 86 to abut a stop 88. Drive lever 86 carries a shift-
ing pawl 92 on a pivot 91. Pawl 92 has a nose 93, best
seen in FIG. 3, which is urged by spring 94 acting on
pawl 92 into engagement with a rack portion 81 of actu-
ating member 75 which includes a plurality of teeth 82a
to 82e.

Drive lever 86 has an engaging portion 98 which is
engaged by roller 62 during rotation of drive member 61
so that drive lever 86 is angularly displaced in counter-
clockwise direction together with shifting pawl 92. if
shifting pawl 92 is located in the recess between two
adjacent teeth of rack portion 81, actuating member 75
is shifted a step corresponding to the spacing of two rack
teeth to the left whereby. actuating portion 83 which ap-
proaches portion 68 of operating member 66.

Rack teeth 824 1o 82e also cooperate with the nose
104 of a holding pawl 161 which is mounted on a pivot
102 carried by a start lever 96 turnable about guide shaft
9 of pin carriage 5 and cooperating with the stem 3
of the division key 2. A spring 183 acts on a pin 185 of
bolding pawl 101 to turn the same in counterclockwise

direction to a position in which nose 184 is located in a

recess of rack portion 81, but a spring 98, see FIG. 1,
urges start lever 97 to turn in clockwise direction to the
normal position shown in FIG. 1 in which edge 108 of
start lever 96 engages noses 104 and 93 of pawls 101 and
$2 to hold the same spaced from the teeth of the rack
portion 81 of actuating member 75.

Holding pawl 161 can also be operated by a releasing
lever 186 which is mounted on a pivot 107 and urged
by a spring 111 connected to a hole 109 to turn in coun-

terclockwise direction into abutment with a fixed stop

188. The end portion 110 of releasing lever 166 is lo-
cated on the side of drive member 61 remote from the
side on which drive levers 86 and 51 are located, -and
cooperates with the roller 620 on-drive member 61. When
roller 620 engages portion 116, releasing lever 106 is

angularly displaced in clockwise direction and engages"

pin 165 of holding pawl 101 to turn the same in clock-
wise direction to a position in which nose 184 releases
rack portion 81. ’

The clearing lever 1312 is mounted on the stationary

pivot 113 and has an end portion 114 abutting a’ movable
stop 115 under the action of a spring 116 which is secured
to clearing lever 112. Every time when the repeated sub-
tractions have been completed in one order, and pin car-
riage 5 is moved one step to the right to the next lower
ordinal position, stop 115 is operated to turn clearing
lever 112 in counterclockwise direction so that the same
engages pawls 181 and 92 and moves the same to a posi-
tion releasing rack portion 81 so that actuating member
75 is pulled by spring 85 to.the right as viewed in the
drawing to the normal position of rest shown in FIG. L.
At the same time, carriage 45 with selector projection 44
is shifted to the next lower order since it is coupled with
pin carriage ‘5.
Operation. .

At the beginning of a division, the dividend is stored
in counter 16 either as the result of an addition, subtrac-
tion or multiplication, or transferred by transfer members
11 from pin carriage 5 into which the respective number
was entered by operation of the ten digit keys, not shown,
of the calculator,

The divisor is entered in the same manner into pin car-
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riage 5 and repeatedly subtracted from the dividend,
starting - with the highest order until the capacity of
counter 16 is exceeded and the samé assumes a position
representing a negative number, When counter 16 maves
below the zero position, an additive operation adding the
divisor once is automatically carried out, and at the same
time, an impulse for shifting pin carriage 5 is given which
effects the carrying out of repeated subtractions of the
divisor from the second lowest order of the dividend.
Calculator apparatus for carrying out a division in this
manner is not an object of the present invention,

Drive member 61 performs a revolution during each
cycle of the calculator. During the first revolution, roller
62 displaces drive lever 55 by engaging portion 54 and
then returns the same to its initial position by engaging
restoring portion 59. This reciprocating motion is trans-
mitted by link 50 to shaft 34 so that all control clements
30 are displaced however; since in the inoperative posi-
tion of operating means 66, 65, 34, 30, conirol elements
30 are located spaced from register 20, the movement is
without effect;

Division key 2 has been operated and causes coupling
of pin carriage 5 with carriage 45 so that the same can
move stepwise together in the direction of lower ordinal
positions after having been tabulated to the left to the
highest -ordina] position.

‘The. coupling of pin carriage § with carriage 45, which
normally serves as. multiplication carriage, is .disclosed
in detail in my copending application Ser. No. 452,027.
As described in this application, the coupling is effected
by operation of a multiplication key, and the division key
2 of the present application is positioned in relation to the
structure disclosed in my- copending application to have
the same effect as the multiplication key.

Stem 3 of division key 2 also displaces start lever 96
so that. its abutment portion 97 moves away from cover
plate 4, while edge 109 releases the pawls 92 and 161 so
that the same are turned by springs 163 and 81 to opera-
tive positions in which shifting nose 93 and holding nose
104 are located in recesses between the teeth of rack por-
tion 81 and actuating member 75.

During the . following rotation of -drive ‘member 61,
roller 62 erngages portion 90 of the second drive lever
86 so that shifting pawl 92 is shifted one step fo the left
as viewed in the drawing and shifts actuating member 75
one step so that actuating portion 83 approaches portion
68 of operating member 66. Nose 104 of holding pawl
161 passes over tooth 82d and snaps into the next follow-
ing notch of rack portion 81,

When roller 62 moves beyond portion 99, drive lever
86 is moved by spring 89 to its normal position, and
shifting pawl 92 makes one step to the right into the next
following notch of rack portion 81. When roller 629 then
engages portion 118 of releasing lever 166, holding pawl
181 releases the rack portion, but shifting pawl $2 holds
actuating member 75 in the same position. At this mo-
ment, roller 62 is substantially in the position 62’ of FIG.
3, and portion 54 is in the displaced position 54’,

During the second cycle and revolution of drive mem-
ber 61, the operations are repeated and actuating member
75 is shifted a second step toward portion 68 of operating
member 66, and then held by holding pawl 161. Upon
return of the second drive lever 86 to its position of rest,
nose 93 of shifting pawl 92 engages the next following
notch of rack portion 81 following tooth 825 and holds
actuating member 75 when holding pawl 101 shortly re-
leases the rack portion while releasing lever 106 is oper-
ated by roller 620. -

After the second revolution, actuating portion 83 is in
the position-83” shown in FIG. 2 and abuts portion 68.
Consequently, actuating member 75 has performed two
steps without any action on operating member 66, 63
while two machine cycles take place. The two cycles are
required in order to prevent operation of register 20 for
the two cycles required for the last subtraction by which
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the zero position of counter 16 was exceeded, and for
turning back the counter to a positive position, before
the next series of subtractions is started one order lower.
Tt will be seen that members 93, 182, 81, 75, 83 and the
related elements, constitute last-motion timing means
which are operated by the drive means 6Z, 86 and con-
nected with operating means 66, 68, 65, 34, 39 for mov-
ing the latter affer a predetermined number of cycles
of the drive means 62, 86, §1 to the control position
shown in FIG. 2.

The shifting of the operating means, and more par-
ticularly of control elements 30 to the control position
cooperating with register 20 as shown in FIG. 2, is ob-
tained during the following third cycle of the machine
when drive member 82 performs its third revolution dur-
ing which roller 62 engages portion 99 and shifts drive
lever 86 so that shifting pawl 92 shifts actuating member
75 a third step to the left. Nose 23 now engages the
right hand edge of tooth 8Za, as shown in FIG. 3, and
that no further tooth is provided on the rack portion 81.
Nose 164 of holding pawl 101 engages the notch be-
tween teeth 82a and 82b. When roller 62 passes beyond
portion 90 of drive lever 86, the position of FIG. 3 is ob-
tained. Drive lever 86 has returned to its normal position
abutting stop 88, nose 93 of shifting pawl 92 has been
moved away from the edge of tooth &2a and is located
one step to the right spaced from tooth 82a. Nose 104
engages the notch on the left of tooth 82a so that rack
portion 81 with actuating member 75 is held in the posi-
tion of FIG. 3 in which actuating portion 83 has moved
to position 83" pushing the porticn €8 to position 68’
and turning operating member 66 in counterclockwise
direction to the position shown in FIG. 2 in which the
operating means 68, 65, 34, 38, are lowered to a control
position.

Due to the action of springs 35, all control elements
30 tend to remain in the position in which edge 31 abuts
the bottoms of slots 41 as shown in FIG. L. However,
one control element 38 engages with its edge 33 the selec-
tor projection 44 of carriage 45, and this conirol element,
shown to be control element 38¢ in FIG. 4, is turned to
the coupling position illustrated in solid lines in FIG. 2
in which its coupling portion 3% in the position 32" en-
gages a recess between teeth 23 of the corresponding
register wheel 21c.

Drive member 61 -continuing its third revolution in
the direction of the arrow 63 arrives in a position in
which roller 62 engages portion 54 of drive lever 51 and
turns the same to the position 54’ indicated in chain
lines in which drive lever 51 is arrested by arresting
spring 58. The movement is transferred to link 5¢ which
moves to the left and shifts the control element 3fc,
together with ail other control elements 38, to the actuat-
ing position 32" so that the respective register wheel 21¢
is turned ome step to the next digital position in which it
is locked by arresting lever 28, 28.

Roller 620 now engages portion 118 of releasing lever
106 which turns in clockwise direction about shaft 107
and engages with its portion 109 pin 105 of holding pawl
101 so that nose 184 releases the rack portion &1 momen-
tarily. Actuating member 75 is pulled by spring 85 to
the right one step until the right hand edge of tooth 82a
is stopped by nose 93 of shifting pawl 92.

Since actuating member 75 performs one step to the
right, actuating portion $3 moves from the position 83"
to the position 83" permitting spring 72 to return operat-
ing member 66 to its normal inoperative position in
which portion 78 abuts the stationary abutment 69.. The
other elements of the operating means move to the in-
operative position so that control levers 36, including the
actuated control lever 30c, are located in a higher posi-
tion -in which selector projection 44 permits spring 35
to pull the respective control element 38¢ to the normal
position in which its edge 31 abuts the bottom of the
respective slot 41, as indicated in broken lines at 32",
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In the meantime, roller 62 releases portion 54 and en-
gages restoring portion 59 of drive lever 51 so that the
same is turned in clockwise direction and pushes through
link 50 shaft 34 fo its initial position shown in FIG. 1.
The return motion of the previously actuated control
lever 30c has no influence on register 28, since the cou-
pling portion 32 is now spaced from the teeth 23 of the
respective register wheel 21c. In this position, coupling
portion 32 is located above the next notch of gear teeth
23 following the previously engaged notch.

The arrangement is such that edge 33 engaging selector
portion 44 holds coupling portion 32 in position 32’ en-
gaging the gear teeth of the respective register wheel dur-
ing the entire time control elements 29 are lowered so
that the respective register wheel cannot turn by inertia
beyond the desired position.

The above described cyclical operations are repeated
for each order of the quotient. After exceeding the ca-
pacity of counter 16, an additive correcting operation,
and the return of the pin carriage are effected. At this
time, a complete digit of the quotient is stored in the
register wheel 21 which was selected by the position of
carriage 45 moving with pin carriage 5 since selector
projection 44 was placed in the region of the control
element 30 of the respective order.

Pin carriage 5 is returned one step against the action
of its spring, not shown, to move carriage 45 coupled
therewith to the next following lower order in which
selector projection ¢4 cooperates with control element 30
of the next lower order. During this stepwise movement
of pin carriage 5, the movable stop 115, actuated by the
pin carriage 5, moves clearing lever 112 against the action
of spring 116 in counterclockwise direction so that the
shifting paw! 92 and holding pawl 101 release the rack
portion 81 so that actuating member 75 is returned by
spring 85 to the initial position shown in FIG. 1 in
which stop portion 79 abuts stop 8a.

With carriage 45 and selector projection 44 located at
the next lower order, the above described cyclical opera-
tions are repeated, and drive member 61 performs three
revolutions. During the first two revolutions, the timing
means including actuating member 75 are operated by
the drive means, but do not actuate the operating means
by turning operating member 66.

During the third revelution, operating member 66 is
turned by actuating portion 83, as described above, so
that the operating means including control elements 39
are lowered to the control position in which control ele-
ments 30 are adapted to cooperate with register 26, only
one control element being actually coupled by selector
projection 44 with the respective register element 21, and
shifting the same to the next following digital position
when roller 62 shifts drive lever 51 and link 50 to the
1eft to move the coupled control element 39 to an actuat-
ing position.

1t will be seen that the timing means 92, 102, 81, 75,
83 and the operating means 68, 65, 30 together constitute
control means operable by the drive means 61, 86, to
move between the higher inoperative position and the
lower control position cooperating with the register 26,
and also operable by the drive means, particularly drive
lever 51, in the control position to move to an actuating
position as described with reference to FIG. 2. Carriage
45 and selector projection 44 constitute order selector
means for successively connecting the control means in
the control position with the ordinal register elements
since carriage 45 travels from order to order in a step-
wise movement between ordinal position for connecting
the respective control elements 30 of the control means
with the corresponding ordinal register element 21.

In the above description of the operatiom, it was as-
sumed that the dividend is greater than the divisor. If the
dividend is small than the divisor, corresponding to the
remainder of the dividend in the normal division where
the dividend is greater than the divisor, the machine per-
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forms only two ‘machine cycles, namely a subtractive
cycle in which the capacity of counter 16 is exceeded in
a negative sense beyond zero,.and an additive correcting
operation for again entering the divisor in counter 16 so
that a positive remainder remains stored. In this case,
no quotient digit is formed and stored in register 20 since
during the two inoperative steps of the timing means with

actuating member 75, the operating means are not moved

to the control position in which control elements 30 co-
operate with register 20.

If the dividend, or the remainder of the dividend is
equal or greater than the divisor, -the ‘machine performs
one to nine division cycles, a subtractive operation dur-
ing which the capacity of the counter 16 is ‘exceeded in
the megative sense, and an. additive correcting operation
during which the divisor is again once added. In the reg-
ister 20, the correct digit in the respective order is formed
and stored, since the control elements 30 are ineffective
during the two operations which have to be carried out
in addition to the operations required for' obtaining the
correct digit., Consequently, the. correct. digits are stored
in the orders of register 20, and no corrective operations
of register 20 are required.

When all orders of a quotient have. been entered into
register 20, the quotient is automatically printed in the
usual manner. :

It will be understood that each of the elements de-
scribed above, or two .or more together, may also find
a useful application in- other types of calculators differ-
ing from the types described above. ' )

While the invention has been illustrated and described
as embodied in an apparatus for storing the quotient of
a division in a register without corrective register opera-
tions, it is not intended to be limited to the details shown,
since various modifications and structural changes may
be made without departing in any way from the spirit of
the present invention. , ‘

Without further analysis, the foregoing will so fully
reveal the gist of the. present invention that others can
by applying current knowledge readily adapt it for vari-
ous applications without omitting features that; from the
standpoint ‘of prior art, fairly constitute essential char-
acteristics of the generic or specific aspects of this inven-
tion and, therefore, such.adaptations should and are in-
tended to be comprehended within the meaning and
range .of equivalence' of the following claims.

What is claimed as new and desired to be secured by
Letters Patent is: .

1. In a calculator, in combination, apparatus for stor-
ing the quotient of a division, comprising register means
including a series of ordinal register elements movable
between a plurality of digital positions for storing the
quotient of adivision; means stepwise movable during
the formation of a guotient along said seriés of register
elements to successive ordinal positions registering with
successive register elements; ‘control fmeans including an
ordinal series of control elements respectively registering
with said register elements, and being movable between
an inoperative position and a. control position, the one
control element which registers with said stepwise mov-
able means being coupled by the same in said control
position with the respective register element, said control
elements being mounted for movement in said control
position to and from an actuating position; cyclically op-
erating rotary drive means connected with said control
means for moving said series of control ‘elements during
each revolution to and from ‘said actuating position; and

lost-motion timing means connecting said drive means -

with said control means for actuating said control means
only after two revolutions of said drive means to ‘move
from said inoperative position.to said control position
so that said one coupled control element, when moved
to said actuating position, moves said register element
coupled therewith to successive digital positions during

10

20

25

30

35

40

45

50

55

60

65

the third and the following revolutions -of said drive
means.

2. A calculator according to claim 1 including means
supporting said control means for movement in 2 first
direction from said inoperative position to said control
position, means supporting said control elements for
movement in a second direction transverse to said first
direction to and from said actuating position, and means
supporting said control elements for turning movement
to and from a position coupled with the respective regis-
ter element.

3. A calculator according to claim 1 wherein said con-
trol elements are control levers, wherein said control
means include a shaft supporting said control levers for
turning movement in said control position to and from
a coupled -position engaging the respective register ele-
ment; wherein said stepwise movable means includes a
selector portion providing a fulerum for. the respective
registering control lever so that the same turns to said
coupled position during movement from said inoperative -
position to said control position; and wherein said drive
means moves said shaft with said control levers to said
actuating position so that said lever in said coupled posi-
tion ‘moves the respective register element to the next
following digita! position.

4. A calenlator according to claim 3 including a frame
portion having comb-shaped walls formed with slots for
guiding said levers for turning movement about said
shaft; and a spring for urging each lever into a position
in which one end thereof abuts the bottom of the respec-
tive slot in said frame, while the respective lever in said
coupled position is turned by said selector portion away
from said bottom,

5. A calculator according to claim 1 wherein said drive
means .include a rotary member, a first drive lever re-
ciprocated by said rotary drive member and connected
with said control elements for. moving the same to and
from said actuating position, and a second drive lever re-
ciprocated by said rotary drive member and connected
with said lost-motion timing means for actuating the same
and thereby said operating means to move to 'said control
position after two revolutions of said rotary drive member.

6. A calculator according to claim 5 wherein said first
and second drive levers are mounted for turning move-
ment about parallel” axes, wherein each drive lever has
an engaging portion, said engaging portions being suc-
cessively engaged by said rotary drive member, and where-
in said first drive lever includes a restoring -portion en-
gaged. by said drive member to restore said first drive -
lever to its initial position after displacement of the same
by said drive ‘member engaging ‘said engaging  portion
thereof whereby said control elements are reciprocated
to and from said actuating position by said first. drive
lever, S ‘

7. A calculator according to claim 5 wherein said op-
erating means includes a turnable operating. member
having an inoperative position and a displaced " position
for placing said control elements in said control position;
and wherein said lost-motion timing means include an
actuating member, and stepping means for moving said
actuating member stepwise toward said operating mem-

ber and finally to a position in- which said operating

member is turned by ‘said actuating member from said
inoperative position to said displaced position; said step-
ping means being operated by said second drive lever
during each revolution of said drive member.,

8. A calculator according to claim 7 including a spring

_ for urging said actnating member to a normal inopera-
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tive position spaced from said operating member two
steps; a spring urging said operating member to said in-
operative position;.and a stop limiting movement of said
actuating member; wherein said actuating member in-
cludes a rack portion having teeth and notches; and where-
in said stepping means include a spring biassed . shifting
pawl mounted on said second drive lever and a holding
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pawl cooperating with said rack portion; and including
a releasing member controlled by said drive member for
releasing said holding pawl.

9. A caleulator according to claim 8 wherein said ac-
tuating member has an actuating portion and said operat-
ing member has a portion cooperating with said actuat-
ing portion and being spaced from the same two steps
in said inoperative position of said operating member
and in said normal inoperative position of said actuating
member.

10, A calcutator according to claim 8 and including a
division key; a start lever turnably supporting said hold-
ing pawl; a spring urging said holding pawl to engage
said rack portion; a spring urging said start lever to a
position for holding said shifting pawl and said holding
pawl in an inoperative position spaced from said rack
portion; and wherein said division key is operable to turn
said start Jever to a position permitting engagement of
said rack portion by said holding pawl! and shifting pawl.

11. A calculator according to claim 2 wherein said
stepwise movable means is a carriage means including
a pin carriage.

12. In a. calculator, in combination, apparatus for
storing the quotient of a division, comprising register
means including a series of ordinal register gears turnable
between a plurality of digital positions for storing the
quotient of a division; carriage means stepwise movable
during the formation of a quotient along said series of
register gears to successive ordinal positions registering
with successive register gears; control means including a
control member, a shaft supported on said control mem-
ber, and an ordinal series of double-armed control levers
mounted on said shaft for turning movement and respec-
tively registering with said register elements, said control
member and said shaft with said control levers being
movable in a first direction between an inoperative posi-
tion and a control position, the one conirol lever which
registers with said stepwise movable means being en-
gaged by the same during movement from said inopera-

tive position to said control position and turned about |

said shaft to a coupled position coupled with the corre-
sponding register gear, said shaft and said control levers
being movable in a second direction transverse to the
first direction in said control position to and from an

10

15

20

25

30

35

40

12

actuating position so that said coupled control lever
turns the respective register gear one step o the next
following digital position; cyclically operating drive means
including a rotary drive member and first and second -
drive levers reciprocated by said rotary drive member,
said first drive lever being connected with said control
shaft for moving said series of control levers during each
revolution of said drive member to and from said actuat-
ing position; and lost-motion timing means connecting
said second drive lever with said operating member for
actuating said operating member to move with said shaft
and control levers to said control position only after two
revolutions of said drive member so that said one coupled
control lever, when moved to said actuating position by
said first drive lever, turns the respective register gear
coupled therewith to successive digital positions during
the third and the following revolutions of said drive mem-
ber.

13. A calculator according to claim 12 wherein said
lost-motion timing means include an actuating member
having a rack, and stepping means including pawl means
mounted on said second drive lever and cooperating with
said rack for stepwise moving said actuating member
toward said operating member, said actuating member
and said operating member having normal positions in
which they are spaced from each other a distance corre-
sponding to two steps of said actuating member shifted
by said pawl means so that said operating member is
engaged by said actuating member and moved to said
control position during the third and following revolu-
tions of said drive member.
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