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The present invention relates to a division apparatus
for calculators, particularly of the ten-key type having 2
pin carriage and at least one counter mechanism.

In the four operation calculator disclosed in the co-
pending U.S. patent application Ser, No. 765,916 filed
September 29, 1958, and described also hereinafter, the
dividend is entered during the step of arithmetical division
into the calculating mechanism. Thereafter the divisor is
entered into the storage mechanism. The diviscr is in
the storage mechanism repeatedly subtracted from the
dividend in the calculating mechanism. The quotient,
namely the number of subtractions effected, appears in
the counter mechanism.

In order that the quotient will be carried to the maxi-
mum number of decimal places, four operation calculators
of the prior art require that the dividend be entered such
that the first (left) number of the dividend is registered
in the furtherest (left) digital space of the calculating
mechanism,.

In the calculator of the patent application Ser. No.
765,916, pressing the division key to enter the dividend
causes the computer carriage to travel completely to the
right, This allows the highest (left hand) digit of the
calculating mechanism to be brought into engagement
with the highest (left hand) digit of the storage mecha-
nism,

Simultaneously the pin carriage moves to the left,
so that the highest (left hand) digit ©of the entry value
in the pin carriage is in position to engage the highest
(left hand) space of the storage mechanism. In the
subsequent operation the entry value in the pin carriage
is transferred to the storage mechanism, and from there
to the calculating mechanism. The left hand digit of
the entry value therefore coincides with the left hand
digital space of the calculating mechanism. The com-
puter carriage remains in its extreme right position. After
entry of the divisor, a second function key is pressed.
This aliows the pin carriage to move to the left, so that
the left hand digit of the eniry value again can engage
with the left hand digital space of the storage mecha-
nism. Since the computer carriage is still in its extreme
right position, the left hand digital space of the caiculat-
ing mechanism is also in the same engagement position.
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An object of the present invention is to provide two
keys to be used to enter the divisor into the storage
mechanism. These keys can be selectively actuated. The
first function key allows the pin carriage to complete
its passing motion before the operational sequence for
division is commenced. The second function key, upon
depression, actuates commencement of the division opera-
tion, without {irst requiring the pin carriage to execute its
leftward travel. Therefore, when the last mentioned
key is depressed, the left hand (highest) digit of the
entry value is not transferred to the left hand (highest)
digital space of the storage mechanism. Further, since
the computer carriage is at the extreme right of its travel,
the left hand (highest) digit of the entry value is not
subtracted during the division operation from the value
in the left hand (highest) digital space of the calculating
mechanism. Instead, the (lowest) right hand digit of
the entry value is transferred to the (lowest) right hand
digital space 1of the storage mechanism. Since the com-
puter carriage is at the extreme right, this right hand
digital space of the storage mechanism is in an engage-
ment position with a digital space in the middle region of
the calculating mechanism. If the divisor would appear
in this position of the caloulating mechanism, its (lowest)
right hand digit would be a certain distance from the
right hand edge of the calculating mechanism, namely
that distance which would correspond to the distance that
the computer carriage has traveled relative to the cal-
culating mechanism. Insofar as the number of digits
of the divisor is smaller than the capacity of the calculat-
ing mechanism, there would remain a few digital spaces
empty between the highest digit of the divisor and the
left margin of the calculating mechanism.

Thus another object of the invention is to make it
possible that the divisor engages the calculating mecha-
nism in its central region in such a manner that a few
digits remain empty between its lowest digital space and
the right margin of the calculating mechanism.

Still another object of the invention is to provide a
calculator permitting to directly divide the result of a
division or multiplicaticn, or the tctal obtained by an
addition or subtraction, or the total of two results of
multiplications by a dividend entered while the result
iof the preceding calculation remains stored in the ma-
chine, and is not cleared and re-introduced.

This may be mathematically expressed by the following
equations:

abatbtcabted
z z z

wherein «, b, ¢, d are numbers multiplied, added or sub-
tracted to result in a dividend remaining stored in the
machine and being directly divided by a divisor z.

For example:

6412
9
In the following, in particular, solutions of the first

mentioned equations are discussed. However, the same

applies equally to the later equations, During this mixed
division the individual numerals of the dividend are added
or multiplied in the right hend margin of the calculating
mechanism the same as in conventional addition and sub-
traction. The spaces between the highest decade of the
dividend and the highest decade of the calculating mecha-
nism, which remain empty, serve as reserve positions,
available for possible additions or multiplications.
Normally the dividend does not fill the full capacity
of the calculating mechanism; therefore its highest digit
is not in the left margin of the calculating mechanism.

When in such a case the divisor would be entered into

the storage mechanism by conventional means in such

2.343.4 _18_,
9 9T
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a maaner that its highest digit would stand in the high-
est digit of the storage mechanism there would appear
in the counter mechanism during the divisional opera-
tion a plurality of zeros until during calculation the high-
est digit of the divisor would appear under the highest
digit of the dividend in the calculating mechanism. At
such a time however the capacity of the counter mech-
anism for digital positions may be almost exhausted so
that only a small number of digital positions of the quo-
tient remain available. When however upon the entry
of the divisor the above mentioned second key is de-
pressed, the digits which contain the divisor in the stor-
age mechanism come into engagement with the central
digits of the calculating mechanism. Thus during sum-
ming up only a few empty digits appear in the counter
mechanism. The advantage of this method of calcula-
tion is particularly apparent when the dividend has a
relatively high digital number and when the digital
number of the divisor is not less than the number of

digits at which the dividend is larger than the capacity 2

of the storage mechanism since conventionally during
the movement of the counter carriage to the right the
calculating mechanism is moved to the right a distance
equal to the total capacity of the storage mechanism.
In accordance with apparatus of the invention, prefera-
bly the capacity of the storage mechanism comprises
eight digits and upon movement of the counter car-
riage to the right the lowest digit of the storage mecha-
m:sm engages the eight digits of the calculating mecha-
nism.

Thus in accordance with the embodiment of the in-
vention hereinabove described the divisor may be en-
tered selectively either in the conventional manner into
a digital position adjoining the left margin of the mech-
anism or into a position adjacent to the right margin
of the storage mechanism. If the dividend is adjoin-
ing the left margin of the calculating mechanism, the
divisor also must be entered adiacent to the left hand
margin of the storage mechanism. If the dividend, how-
ever, is in the right margin of the calculating mecha-
nism, since it is the result of previous additions, subtrac-
tions, or multiplications, the result of which is to be
divided by the divisor, the divisor is entered then in
such a case in the lowest orders of the storage mecha-
nism, without the pin carriage passing to the left. There-
after, when the computer carriage has passed to the ex-
treme right for purposes of division, the divisor is en-
tered in the central region of the calculating mechanism.
Thus, a relatively high digital number is achieved in the
counter mechanism. ’

Thus the depressicn of the above-mentioned second
key is only then not useful, when the digital number
of the dividend which exceeds the digital number of the
storage mechanism, is greater than the digital number
of the divisor. The calculator of the application Ser.
No. 765,916 has in the storage mechanism a capacity
of eight digital numbers and the counter carriage at
the beginning of the divisional operaticn is moved so
far to the right that the lowest digital number of the
storage mechanism is in engagement position with the
eighth digit of the calculating mechanism. The above
mentioned calculating operation therefore is not useful
any more when the dividend, for instance, has twelve
positions while the divisor has only three, two, or one
position.

Hereinabove situations were discussed in which either
the dividend during conventional division is situated on
the left margin of the calculating mechanism, or by uti-
lizing the possibility of the ‘present invention’s engag-
ing the divisor when the dividend is in the right margin
of the calculating mechanism. It may be, Lowever, also
useful not to enter the dividend adjacent to the right
or left margin of the calculating mechanism, but in the
middle region thereof instead; that is, in the region in
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which the divisor is entered by depression of the above
mentioned second key. Ifi an embodiment of this in-
vention therefore the calculator has a tabulator-key,
which moves the computer carriage so far to the right
as it is moved automatically during the entering of the
divisor in the center region of thé calculatiig mecha-
nism. An advantage of this embodiment is that it is
possible to perform the four operations upon the move-
ment of the computer carriage to its right end posi-
tion in the central region of the calculating mechanism.
This may be done the same as if these operations
were performed on the right margin of the calculating
mechanism as long as there is a sufficient number of
higher orders. If however, according to this embodi-
ment a divisor is entered which has the same or a greater
number of orders than the dividend, the capacity of the
counter- mechanism is substantially better utilized. In
order fo bring the highest digit of the divisor under the
highest digit of the dividend and to make the digital
sums appear thereby in the counter mechanism, only a
few apparatus operations are required. Compared with
the calculating method by which the dividend is en-
tered in the right margin of the calculating mechanism
and the divisor in the central region of the calculating
mechanism, while simultaneously mixed divisions are car-
ried out, the entry of the dividend in the ceniral re-
gion of the calculating mechanism permits utilization
of the capacity of the counter mechanism to a greater
advantage.

In the following now a further development is dis-
cussed which permits even a better utilization of the
capacity of the counter mechanism to its fullest extent.
It is hereby assumed that the number of orders of the
dividend is greater than the number of orders. of the
divisor. In the explanation of the embodiments discussed
above, it becomes clear that conseécutive addition and
division may be carried out only when the dividend is
eniered adjacent to the right margin of the calculating
mechanism or in the center thereof. In both instances
when the order number of the dividsiid is greater tharp
that of the divisor, the capacity of the counter mecha~
nism is not particularly well utilized, and a greater orv
der number of the quotient is desirable. JIn order to
utilize fully the capacity of the counter mecharism
when the order number of the dividend is greater than
that of the divisor, without giving up the possibility of
carrying out divisions in which the dividend is the
result of additions or subtractions, in accordance
with the invention the dividend is entered in the cen-
tral region of the calculating mechanism, and the di-
visor is entered in the storage mechanism in such a
manner that its highest order is placed at the highest
order of the dividend. This in accordance with the
invention is accomplished by letting the pin carriage
pass to the left until the highest order of the divisor
entered in the pin carriage is positioned for coopeta«
tion with the highest order of the dividend in the cal-
culating mechanism. In an embodiment of the inven-
tion this is simply accomplished by causing the pin car-
riage to sense, upon movement of the counter carriage
to its upmost right position, parts which are controlled
by the highest occupied orders of the calculator mecha-
nism. )

As an example of such means, a stop in the path of
the pin carriage stop may be actuated by the calculating
mechanism to block movement of the pin carriage.

Additional objects of the invention will become ap-
parent from the following description of an embodiment:
of the invention. The various features may be employed:
in different embodiments of the invention independently
or jointly.

FIGURE 1 is a plan view of the calculator of the parent.
invention with the cover in place.

FIGURE 2 is a side assembly view in cross-section of
the calculator.
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FIGURE 24 is a plan view of a gear and gear projection
of a gear set in the storage mechanism shown in FIG-
URE 2.

FIGURE 3 is a plan view of the entire assembly of
the calculator and is composed of four portions FIG. 3A,
FIG. 3B, FIG. 3C and FIG. 3D.

FIGURE 4 is a sectional view of the addition and gear
set clutch-drive and their connection with the addition and
multiplication keys.

FIGURE 5 is a view of the control mechanism for
engaging and disengaging the gear-sets with gears of the
main counter-mechanism.

FIGURE 6 is a view of the pawl drive of the storage
mechanism.

FIGURE 7 is a view of the coupler and uncoupler of
the two gears of a gear set.

FIGURE 8 is a view of the mechanism of the main
drive clutch.

FIGURE 9 is a view of the value entry rods, showing
their different forms and spacings.

FIGURE 10 is a plan view of the parts of the mecha-
nism shown in FIGURE 9,

FIGURE 11 is a view of the division clutch and its
constection with the division key.

FIGURE 12 is a view of a mechanism for disengage-
ment of the counter carriage.

FIGURE 13 is a view of the calculating mechanism
clutch and associated members.

FIGURE 14 is a view of the conirol guide with the
entry- and multiplication-hooks and of the division guide.

FIGURE 15 is a view of the mechanism for the com-
puter carriage drive,

FIGURE 16 is a view of the carriage return clutch to-

ether with the actuating mechanism for the multiplica-
ticn key.

FIGURE 17 is a plan view of the computer carriage.

FIGURE 18 is a view of the subtraction assembly.

FIGURE 19 is a cross-sectional view of the pin carriage
together with the setting mechanism.

FIGURE 20 is a plan view of the parts shown in
FIGURE 19.

FIGURE 21 is a view of the computer carriage raichet
with a part of the subtraction mechanism.

FIGURE 22 is a view of a mechanism for disengaging
the apparatus to its original position upon completion of
the calculating operation.

FIGURE 23 is a view of the return drive clutch and
associated mechanism.

FIGURE 24 is a view of the accumulator mechanism
on the counter carriage for re-entry of a constant facter.

FIGURE 254 to p inclusive are schematic diagrams of
several positions of the storage mechanism.

FIGURE 26 is a schematic diagram of the position of
the computer carriage, ceaiculating mechanism, storage
mechanism and pin carriage upon depression of the divi-
sion key for entry of the dividend.

FIGURE 27 is a schematic presentation of the continu-
ation position of the pin carriage inio position engaging
the left margin of the storage mechanism.

FIGURE 28 and 28b are schematic presentations of
positioning individual numerals of the dividend during
mixed division.

FIGURES 2%z and 29b are schematic presentations
similar to those of FIGURES 28a and 285b.

FIGURE 390 is a fragmentary plan view of a part of
the structure shown in FIGURE 2.

FIGURE 31 is a front view of the structure shown in
FIGURE 30.

FIG. 32 is a side view showing the carriage detenting
mechanism of the invention.

With the above and other objects in view, as will herein-
afier more fully appear, reference is now made to the fol-
Iowing description taken in connection with the accom-
panying drawings.

The 10 key board of the parent application is shown
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in the center of FIGURE 1 as a conventional key-board.
On the right hand side are positioned function keys, the
multiplication “X” key, 265, which serves the multiplica-
tion; the “X==pos” key which serves to add the multipli-
cation result to a number appearing on the indicator of the
calculating mechanism 215; the multiplication negative
key “X==neg” which serves to subtract the multiplication
result from a number appearing on the indicator of the
calculating mechanism; the conventional addition and
subtraction keys 188 and 254 resp.; the first division key
“:” (345) which serves the purpose of setting the various
operating mechanisms to the propar position to begin a
division calculation; the second division key “:=" (481)
which serves to initiate the division calculation after the
divisor and the dividend have been entered into the ma-
chine.

Above the ten-key board is a register window marked
also I which records the number which was keyed in on
eniry numeral disks 76. Above the register window is
the computer carriage $3 having a left hand portion,
marked II, which is the plan view of the calculating
mechanism and having a right hand portion, marked 111,
which is the counter mechanism 217. Underneath of the
two sections are manually operable decimal markers.
The levers 414 and 417, shown in the upper right hand
corner are levers to controi multiplication by constant
factor.

Cn the left hand side of the ten-key board are keys
243 marked I, 11, and I which serve to clear the nu-
merical values appearing in the corresponding windows
I, I1 and I, respectively, mentioned above.

The left and right arrow keys move the computer car-
riage to the right or left any desired amcunt for the pur-
pose of limiting the number of digital positions in which
the calculation is performed to that required by the num-
ber of significant digits desired in exactitude of the answer
desired.

The key marked RU with a downward pointing arrow
is the transfer key 365, which serves to transfer a value
appearing in the computer carriage into the gear sets 31
and 12 for future use.

In FIGURES 2 and 3 are shown the principal parts of
the caloulator. The computer carriage 93 with its asso-
ciated parts appears at the top of FIGURE 2,

At the right hand side of FIGURE 2 and in FIGURES
3B and 3D is shown the key board region with its asso-
ciated parts. To the left of the key board in FIGURES
2 and 33 and 3D is shown the pin carriage 63.

To the left of the pin carriage in FIGURE 2 and in
FIGURES 3A and 3C is shown the storage mechznism
with its gear sets 11 and 12 and other associated parts.

In FIGURE 2 underneath the storage mechanism are
the value entry rods 9 and betwsen the value entry rods
and the pin carriage are the setting pin gear racks 67.

In FIGURE 3D appears the main drive motor 8%.

The varicus clutch mechanisms are generally shown
in FIGURES 3A and 3C.

The details of the above figures and the other figures of
the drawings of this application are discussed in areater
detail as follows.

E—ENTERING VALUES INTO THE SETTING
MECHANISM AND INTO THE STORAGE MECH-
ANISM

By depression of number keys 58, setting pins 62 are
guided upward into the pin carriage. Spring loaded gear
racks 67 are contacted by the pins. The motion is trans-
mitted through the teeth of the gear racks to the number
wheels of the pin carriage. The positions of the racks
67 are sensed by value entry rods 9, whose teeth in turn
position the lower gears of the gear pairs 11, 12. The
lower gears 11, in which the entry mumber is entered, are
then lifted from the value entry rods 9 and brought into
engagement with the upper gears 12 of the storage mecha-
nism. The latter in turn are brought into engagement
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with ons of the portions of the computer carriage. Thé
value set up in the lower gears 11 of the storage mecha-
nism is thereupon iransferred through the upper gears
12 of the storage mechanism to the computer carriage by
simultaneously restoring the lower gears to their starting
position. * The entry value is now set up not only in the
computer carriags, but also in the upper gears 12 of the
storage mechanism.

Next, the engagement of the computer carriage with the
gears 11 and 12 is broken. The upper gears 12, which
stiil hold the originally selected entry value, are returned
to their starting position, thereby re-transferring that value
again to the lower- gears 11, with which they are still in
engagement. Thus the upper gears 12 store an entry
value simultanieously with the transfer of the value to the
computer carriage. As soon as the comnection with the
computer carriage is broken, this value again is trans-
ferred immediately from the upepr gears 12 to the lower
gears 11, This is particularly important in the multipli-
cation operation, which in this type of calculator is car-
ried out by effecting a series of additions corresponding
to ihe numerical value of the multiplier. The number
is then immediately and continuously available in the
storage mechanism for repetitive entry into the computer
carriage, that is, for repetitive addition. When it is not
necessary -to keep the entry value available (for example,
in the case of a simple addition of two numbers) the
eniry value will be cleared by a separate operation.

The number keys 58 run vertically in a key housing
£1 and traverse 52. The keys have two buffer tangs 53
and 54, between which is a buffer 55 of sound-damping
material. Each number key also carries an extension
56, mounted to engage one of the rocker arm projec-
tions 59. As shown in FIGURES 2 and 3 each pro-
jection 59 is mounted on a double setting pin rocker arm
87, the rocker arms 57 being pivoied about suitable bear-
ings on a common shaft 58. Each extension 56 also
operates on a projection 82 on a shift pin rocker arm
81 mounted parallel to rocker arm 57. Rocker arm 8i
also pivots on a bearing on shaft 58. Each rocker arm
57 and 81 is kept in neutral position by a spring 66. On
the ends of the rocker arms 57 which are away from
extensions 56 are nibs 61. On depression of a number
key the appropriate nib pushes against the bottom of one
of the setting pins 62 of a pin carriage 63. Each rocker
arm 83 has a nib §8, which engages a shift pin 73. The
shift pins 73 are arranged in front of setting pins 62 and
in the same manner as the latter in the pin carriage 63.
The pin carriage 63 is mounted on two cross-shafts 64
and 65. The pin carriage has several rows of setting
pins 62, the number of rows corresponding to the capacity
of the seiting mechanism for numbers 0 to 8. A fixed
stop bar 62’ is provided for digit 9.

Each setting pin 62 has a catch spring 66, so shaped
that the setting pin is held in the pin carriage 63 in either
the upper position or the lower position. The number
of racks 67 corresponds to the number of positions in
the set up mechanism and to the number of rows of set-
ting pins. These racks are arranged side by side in the
pin carriage. The racks 67 have slots 68 in which rides
the guide rod 6% of pin carriage 63. The racks 67 also
have U-shaped extensions on top, (see FIG. 2) which
slide along the upper guide plate 79. These racks are
further guided by slots 71 cut in the pin carriage 63.
As shown in FIGURES 3 and 19, the racks 67 engage
gears 74, mounted on a common shaft 75 in the pin car-
riage. To these gears 74 are attached numeral disks 78,
the surfaces of which carry numerals from 0 through 9.
These numerals are visible to the operator through a slot
in the case, thus enabling direct reading of entry values.
As shown in FIGURE 2, racks 67 are drawn by springs
77 against the seiting pins 62. When in a neutral posi-
tion, the racks rest with surface 72 against the front shift
pins 73, These shift-pins, in an. arrangement similar to
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that of the setting pins, have a $pring 78 for holding the
pins in either the upper or lower position.

When an entry valus digit is selected by depressing
one of the number keys 58, the shift pin 73 is pushed
upward, thereby releasing the setting pin gear rack 67.

Spring 77 draws the rack forward towards the setfing
pin 62 until its lower striking surface 79 contacts the
selected setting pin.

As shown in FIGURES 2 and 20, on the end of rocker
arm 81 which is away from number key extension 56
(i.e., towards the rear of the calculator) an extension
hook 83 is mounted, which engages an arm of shift
ratchet 85.  The shift raichet is mounted so as to rotate
about shaft 84. The ratchet teeth 86, on the side to-
wards the pin carriage 63, engage with the shift exten-
sion 87 of the pin carriage. As shown in FIGURES 3
and 20, to the pin carriage is fastened a spring 88 which
tends to move the pin carriage axially aleng the shafts
64 and 65, bringing the pin carriage shift extension into
contact with one of the teeth 86 of the shift ratchet 85.

Depressing a number key 58 rotates the corresponding
setiing pin rocker arm 57 and shift pin rocker arm 81.
This in turn actuates the appropriate setiing pin 62 of
the row which, corresponding to the position of the pin
carriage, is positioned over the rocker arm nib 61. Set-
ting pin 62 is lifted into the path of the rack 67 involved.
The shift pin rocker arm nib 80 simultaneously lifis the
shifting pin 73 and thus releases the setiing pin gear rack
67. The rocker arm hook 83 simulianecusly lifis the
engaged shift ratchet tooth 86 out of the path of the pin
carraige shift extension 87 by rotating the shift ratchet
§5, so that the pin carriage (under the tension of spring
88) jumps a short distance.

This movement is terminated by impact of shift pin
73 of the next row on the shift pin rocker arm nib 89.

A new entry value digit may now be selected. The
nib 80 thus serves to limit the advance of the pin car-
riage as well as to actuate the shift pins 73. The touch-
selection of entry value digits occurs in the manner con-
ventional to ten key apparatus, by selection of the highest
number first, followed by the successive digits of the entry
value number.

Thus the position of the setting pin gear racks 67 cor-
responds to the selected entry value as it appears in the
setting mechanism. This position of the racks 67 is trans-
ferred to the storage mechanism through the value entry
rods 9, which are held against the rear end of racks 67
by the value entry rod springs 8. The distance between
the several orders in the setting mechanism being smaller
than that in the storage mechanism, an auxiliary value
eniry rod 9’ is associated with each value eniry rod 9.
As shown in FIGURES 9 and 190, each pair of rods is
connected by bow-type connectors 427. The transverse
spacing of the auxiliary rods 9 corresponds exactly with
the spacing of the setting pin gear racks 6¢7. Contrary
to the prior art method of accomplishing the transition
from one spacing to another by bell cranks, this side by
side arrangement of value entry rods 9, each connected
with an auxiliary rod ¢, has the advantage of substan-
tially decreasing the space reguired.

Each auxiliary rod 9’ carries at its rear end a tang
198. Over these tangs 195 rides the hooked front portion
of a stop plate 7, which is mounted pivotaily and which
holds the rods @ and 9’ in the rest position. When the
stop plate is lifted, the rods $ and 9 move forward un-
der the tension of spring 8 until the front ends of the
auxiliary rods 9 contact the rear end of the gear racks
67. This motion is transferred by the teeth of the gear
rack on value entry rod 9 fo the lower gears 11 of the
storage mechanism. Thus the entry value is transferred
to the gears 1. In addition to the eleven-tooth lower
gear set 41 the storage mechanism has an upper gear set
12, which functions as a storage device. This upper gear
set may be brought into engagement with the lower gear
set 11. The individual gears of these gear sets iurn freely
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on shafts 13 and 14 respectively. As shown in FIGURES
2 and 25, each gear has a lateral projection 15 and 16
respectively in its side at the height of a tooth. Pawls
17 and 18 are fastened to shafts 13 and 14 respectively.
As these shafis rotate the pawls engage the projections
15 and 16, and during subsequent rotation can cause ro-
tation of gears 11 and 12 respectively. The upper eleven
tooth gear set 12 may be brought into engagement with
the primary gears 221 or 226 of a computer carriage 93.
The shafis 13 and 14 are mounted to rotate in frames 23
and 24 respectively. These frames themselves are piv-
otally mounted on shaft 18. The frames 23 and 24 have
flanges 25 and 26 respectively, runping parallel to the
shafts 13 and 14. The flanges have nibs which engage
with the projections 15 and 16 of the gears 11 and 12 and
the pawls 18 and 19 respectively.

As shown in FIGURE 23a, in the rest position the
pawls 17 of the lower gear set 11 are in contact with the
upper side of the flange 25 which functions as a stop and
the projections 15 of this gear set are in contact with the
underside of flange 25 which functions as a stop. In
the rest position the projections 16 of the gears 12 are
held against the underside of the stop 2% by pawls 18.
The gear sets 11 and 12 are out of engagement and spaced
from each other in the rest position.

The entry value is transferred in this position to the
lower gear set 11 ag outlined earlier.

Referring now to FIGURE 25h: During the rotations
of gears 11 in counter-clockwise direction through angles
the projecticn 15 on each of these gears moves in cor-
responding rotation away from its stop 25. By means
to be described later, gear set 11 is lifted until its gear
disengages from vaiue entry rod 9 and engages with the
upper gear set 12. This is shown in FIGURE 25¢.

As indicated in FIGURE 23d, the upper gear sot 32
also engages counter carriage primary gears 229 and 221,
Shaft 13 is then clockwise rotated. Pawls 17, which are
fastened to shaft i3, also rotate clockwise, while gears
12 are rotated counterclockwise, sse FIGURES 25¢ and
25f.  After rotation through varicus angies, determined
by the previous positions of gear wheels 11 in the various
orders, each pawl 17 comes in contact with projection 15
of its appropriate gear wheel 11. Henceforward, as
shown in FIGURE 23¢, gear wheel 11 is forced to 1o-
tate clockwise until projection 15 comes into contact with
stop 25. The gear 13 thus moves only through an angle
of rotation equal to its initial angular displacement, ie.,
the angle between the projection 15 and stop 25 pricr to
the start of rotation of shaft 13. This clockwise rotation
of gear 11 is transferred counterciockwise to gear 12 with
which it is engaged, and simultancously clockwise to the
respective main gear 228 of the counter carriage. Thus
the initial entry value is now enterad into the main coun-
ter mechanism. Shaft 14 is driven counterclockwise si-
multanecously with shaft 13. The pawls 18 of shaft 14 do
not engage the projections 16 of upper gears 12, how-
cver, since these pawls 18 first move away from projec-
tions 16 which are at a standstill between the position of
FIGURES 25¢ and 254, and then move at the same angu-
lar speed as projections 16 when gears 12 are turned
counterclockwise by gears 11 from the position of FIG-
URE 25f to the position of FIGURE 25g. As shown
in FIGURRE 254, after completion of transfer of the ini-
tial entry value into the counter carriage by the engaged
gear sets 11 and 32, gears 12 are disengaged from the
primary gears 226 while remaining engaged with gears 11.
Shafts 13 and 14 are then driven in the opposite direction
so that paw! 17 turns counterclockwise and pawl 18 ciock-
wise. As shown in FIGURE 25k, each pawl 18 of up-
per gear set 12 soon contacts projection 16, after which
gear 12 is also rotated. Since the gear sets 1t and 12
are muinaily in engagement, the last mentioned rota-
tional movement of the gear 12 is transmitted to gear 11
unti! projections 16 abut stop 26 (FIGURE 251). Thus
the value is again entered into the lower gear. Pawl 17
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during this movement rotates at the same speed as pro-
jection 15, and does not contact it. As seen by compari-
son of FIGURE 25/ with FIGURE 25¢, at the end of this
movement both gear sets 11 and 12 again have the same
position they had immediately after the transfer of the
Initial entry value into the lower gear pair 11 throngh
value entry rod 9. Thereby the initiai entry value is again
immediately available. This makes it possible to add it
anew during multiplication to the value entered into the
counter carriage. For this purpose the operational cycle
described with reference to FIGURES 254 to 251 inclu-
sive is immedately repeated.

The above described arrangement has the particular
advantage in that each movement which causes the trans-
fer of a numerical value is limited by a fixed stop. Thus,
even at the highest speeds of calculation no movement
can be driven by inertia beyond the point assigned to it.
During value entry into the storage mechanism the value
entry rods 9 rest firmly against the rear ends of setting
pin gear racks 67, which in turn are held against the set-
ting pins 62. During the transfer of a value from a
lower gear 11 to an upper gear 12 and to the counter car-
riage the transfer movement is limited by the contact of
projection 5 against the corresponding stop 25. The
movement which effects the re-transfer of this value to
lower gear 11 again is limited by abutment of projections
16 and pawl 18 on the corresponding stop 26.

Referring now to FIGURE 25m: When the entry value
is to be erased from the storage mechanism, both gear seis
11 and 12 wili be disengaged, since the upper gear 12
already is in its cleared position. As shown in FIG-
URE 23n, the pawl 17 of th lower gear 11 will be driven
in clockwise direction to come into contact with projec-
tion 15 and to drive gear 1% into its original position
shown in FIGURE 250. Thercupon (FIGURE 25p) the
pawl 17 is again returned to its original position.

The calculating machine of this invention is fully auto-
matic in its operation. From the foregoing it is evident
that, for the purpose of feeding eniry vaiues into the
counting carriage, the following control and drive ele-
ments are required:

(1) A drive mechanism for moving pawls 17 and 18.

(2) A control mechanism for lifting and lowering the
gear sets to cause the lower gear 11 to engage the valus
entry rod 9, and to cause the upper gear 12 to engage the
primary gears 220 and 221 of the counter carriage.

(3) A control mechanism for bringing both gear sets
into mesh.

L. 1.—Drive Mechanism for the Siorage Pawls

The pawls 17 and 18 are mounted on shafts 13 and 14,
at the right end of which, as shown in FIGURE 6, are
mounted gear wheels 19 and 29, respectively. The lower
gear wheel 19 is in permanent engagement with a rack 21,
which is provided with a slot 27. In this slot rides guide
pin 28 of gear frame 23. The rear end of the rack has
a wide fork-shaped slot, which rides over the main drive
shaft 1%. On rack 21 is an extension 29 which serves as
a cross-stide. Roller 39, on the end of crank 31 mounted
on shaft 18, moves in this cross-slide. During a constant
speed rotation of crank 31 rack 21 remains initially at
rest, due to the particular shape of the cam-slot in the
cross-stide. The rack is then moved rearwards, rests
momentarily, and then moves forward. During this back
and forth movement the pawls 17 rotate through 350°
about shaft 13, first one way and then back.

L 2—Comntrol Mechanism for Lifting and Lowering
the Shifting Gear Sets of the Storage Mechanism

As shown in FIGURE 5, to provide for engagement or
disengagement of the upper gear set 42 with the primary
gears of the computer mechanism or of the counter mech-
anism, a gear set lifting lever 36 mounted on shaft 37 is
provided. At the free end of lever 36 a pin 94 pivotally
supports a toggle 38, which is also linked to shaft 14
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of the upper gear set 12. On the main drive shaft 10
is mounted the lifting cam 39 with a cam groove in which
runs a roller 92 mouated on a slide bar 99. The slide
bar has a slot at its rear end which fits over shaft 19.
Its front end is pinned to lever 36 at 91. Lever 36 and
toggle 38 form a toggle lever, which is driven by cam
3% via slide bar 92. When gear set 12 is in the fully lified
position, pin 94 lies on a straight line between shafts
14 and 37.

This toggle lever control has the particular advantage
that the storage mechanism can always be brought firm-
1y and surely into engagement with the counter carriage.

1. 3—Control Mechanism for Coupling of
Gear Sets 11 and 12

Referring to FIGURE 7: On shaft 143 is mounted the
gear set coupling crank 32. On upper gear set shaft
14 is mounted the coupling cam 49, with its cam slot
riding on lower gear set shaft 13. The free eands of cou-
pling crank 32 and coupling cam 48 are articulated to op-
posite ends of link 34. At one end of the travel of cou-
pling crank 32, the two gear sets 11 and 12 are uncoupled.
When crank 32 is at the other end of its travel shaft 13 is
moved such that the gear sets 11 and 12 are in engage-
ment. Detent pawl 44, biased by spring 46, locks the
coupling crank 32 at either end of its path of travel.
When gear sets 11 and 12 are not in engagement, drive
gear 29 (which drives pawl 18) is secured againsi un-
intentional rotation by a slide 45 engaging the teeth of
this drive gear. This slide 45 runs along frame 24, and
is controlled by a cam surface 48 on coupling cam 4§.
When the gear sets 11 and 12 are coupled together,
the cam follower 145, riding on cam surface 48, pushes
slide 45 back out of engagement.

IL—AUTOMATIC CONTROL OF THE PARTS
WHICH ENTER THE ENTRY VALUES INTO THE
COMPUTING MECHANISM

Referring now to FIGURES 4 and 5: Depressing of
the addition key 100 closes the motor start switch 115
and simultaneously engages the addition cluich 122. A
bolt mounted on a rotating portion of the clutch, by op-
eration through rod 153 and associated linkage, actuates
the input main cintch 134, Shaft 137 driven by clutch
134 unlocks the value entry rods 9, which then enter
the selected entry value into the lower gear set. As will
be described with reference to FIGURE 4, rotation of
shaft 137 causes motion of notch plate 138, pin 142, arm
144, shaft 143, and lever 32 to shift coupling cam 48

(FIGURE 7) in the proper direction to cause engage- |

ment of gear sets 11 and 12 of the shifting storage mech-
anism. As shown in FIGURES 3 and 4, a pin 151 on
disk 158 ((also driven by shaft 137) via other linkages
actuates the main storage controlling clutch 161, shown
in FIGURE 8. This causes rotation of the main drive
shaft 19, and also of the storage mechanism lifting cam
3% (FIGURE 5) which is mounted on the main drive
shaft 10. This lifts upper gear sets 12 through toggle
38, together with the lower gear sets 11 with which they
are already held in mesh by number 48 (FIGURE 7),
into engagement with the gears 229 and 221 of the counter
carriage 93. As explained with reference to FIGURE 7,
coupling cam 48 connects shafts 13 and 14, so that the
raised shaft 14 takes along shaft 33 with gears 11 in the
position of FIGURE 25¢.  As already described with ref-
erence to FIGURE 25, main shaft 19 also drives the
pawls 17, 18 through racks 21 and gears 19, 26 (FIG-
URE 6) to enter the entry values into the computer
mechanism. The gear seis 11 and 12 are disengaged
from the computer mechanism in the same manner, and
the pawls 17 and 18, sece FIGURES 2 and 25, are driven
again to transfer the eniry value from the upper gear
set 12 into the lower gear set 11. During this operation,
as soon as the lower gear set 11 is lifted from the value
entry rods 9 (FIGURE 235¢), the value eniry rods are
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returned into their original positicn by the action of cam
184 mounted on input clutch shaft 137 as shown in FIG-
URE 2. At this point the clearing operation (to return
the above components to their original position) has be-
gun. This will be described later, in Section II1L.1.

As shown in FIGURE 4, depression of the addition
key 1689 causes pivoting of two rocker arms 184 and 334,
which are mounted on a common shaft 103, Rocker
arm 104 controls the addition clutch 122 to initiate the
operation by which the entry value was entered into the
computer mechanism since first input clutch 134 and then
storage controlling clutch 161 are operated, as described
above. Rocker arm 334 disengages detent 344 (see FIG-
URE 4) which is operative only during multiplications
and divisions and has no function during additions and
subtracticns.

Referring also to FIGURE 12: Depression of key 186,
which causes a pivoting movement of the rocker arm
334, also resulis in movement of crank 335. This crank
is attached to a connecting rod 336, on the opposite end
of which is linked a bell crank 337, which is in turn
mounted outside the apparatus sidewall on peg 338. On
an upper traverse 339 of the apparatus housing is mounted
a spring loaded slide 348, This slide is provided with
tangs 341 and 342, which serve to prevent movement of
the detent 344 (see FIGURE 4) into the counter mecha-
nism. A tension spring 428 (FIGURE 4) puils the detent
lever 429 (mounted in the counter mechanism) into
counter clockwise direction. This lever 42% controls
another lever 439 to which is linked the addition detent
344 as shown in FIGURE 4, This detent 344 is con-
nected with lever 42% by siot 431. A pin on lever 429
projects into slot 431 of detent 344. Detent 344 is raised
by lever 430. When lever 429 is located between projec-
tions 341 and 342, see FIGURE 12, the arm of lever 42%
carrying pin 513 is forwardly positioned and detent 344
can engage wheels 220 or 221. If the upper end of lever
429 abuts projections 341 or 342, as shown in FIGURE 4,
the lever arm with pin 513 is inwardly turned and detent
344 cannot engage wheels 228, 221, When tanks 341 and
342 on slide 340 prevent movement of the detent lever 429,
the addition detent 344 is also prevented from entering
the counter carriage primary gears 220 or 221, and the
counter mechanism is not driven. Addition detent slide
340 projects through the apparatus side wall. At its end
is a pin 432, which is guided in slot 433 of the bell crank
337. Detent lever 42% is effective when the result of a
multiplication is added to an amount registered in the
counter mechanism, and when detent 344 is located op-
posite the subtraction wheels 221. As shown in FIG-
URE 12, two levers 429 are provided, one of which is
inactivated by projection 341, or 342 of slide 349.

In this embodiment of the invention two detents are
utilized—one for positive and the other for negative
calculating operations.

As shown in FIGURE 4, the rocker arm 184, which
serves to engage the addition ciutch 122, is mounted on
the same shaft 183 as the addition detent rocker arm 334,
The rocker arm 184 acts on one arm of a bent lever, which
is mounted on a sleeve on shaft 263, This sleeve, which
can oscillate relative to shaft 183, also carries crank 195.
Crank 185 is linked to a pull rod 288, which has a hook
shaped front end 189. This rides over pin 11§ on lever
111. One arm of this lever contacts one arm of bell
crank 1312, which rotates with shaft 113. Another arm
1314, mounted on shaft 113, actuates the electric switch
115 in the circuit of the main drive motor $¢. By way
of several transmission gears the motor drives the main
power shaft 116. Several gears are keyed to this shaft,
including the gear set clutch drive pinion 117. By means
of a gear train of gears 118 and 119, gear 12€ is driven.
Ratchet wheel 122, a part of the addition clutch, is secured
to gear wheel 12¢. Both rotate on shaft 121. This of
itself prior art clutch has a clutch housing 123, and a
clutch plate 124, which is rotatable relative to the ratchet
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wheel 122. On the clutch plate 124 is mounted a ratchet
pawl 126 pivotally on pin 125. The ratchet pawl 126 is
held against the toothed periphery of the ratchet wheel
122 by a leaf spring. Tn its at rest position, the motor
start switch actuating lever 111 mentioned above keeps
the ratchet pawl 126 out of engagement with the teeth of
the ratchet wheel 122. As soon as lever 111 is rotated
free of ratchet pawl 126, the pawl 126 drops into the
ratchet-whee! 122, so that clutch plate 124 also rotates.
A bolt 128 is mounted on plate 224; and during the rota-
tion of cluich plate 124 it contacts a trip 13¢ mounted
on a shaft 122, causing limited rotation of this shaft.
This rotation is transferred to the gear set clutch actuating
lever arm 131, which is thereby swung forward, releasing
the ratchet pawl 133 of the input main clutch 134. As
with the previously described clutch, ratchet pawl 133 is
mounted on a clutch plate 132. In its engaged position
pawl 133 falls into ratchet wheel 134, which is fixed to
gear 135 (see FIGURE 3), driven by a pinion 136
mounted on shaft 116. Referring again to FIGURE 4.
When the actuating lever 131 is swung out and the clutch
132,133 and 134 thereby engaged, the shaft 137 is rotated.
This shaft 137 carries a notch plate 138, whose nib 139
rotates a lever 149, mounted on shaft 141. On shaft 141
is mounted the stop plate 7 for value entry rods 9. Stop
plate 7 is therefore lifted immediately upon engagement
of the input main clutch 134 so that the value entry rods
9 can pick-up the entry value recorded into the pin car-
riage. Notch plate 138 also carried a pin 142, in the path
of which is mounted an actuating arm 344. As shown in
FIGURES 3 and 4, arm 144 is mounted on coupling crank
shaft 143. Upon a predetermined rotation of shaft 137
actuating arm 144 is swung out by pin 142. As explained
above under L3 the gear set coupling crank 32 swings
coupling cam 4% so that gear sets 11 and 12 are coupled
together.

As described in paragreph L2, the storage conmtrolling
main clutch 161 controls the lifting and lowering of the
gear sets 12 into engagement with the primary gears 228
and 221 of the counter carriage. This clutch is actuated
through input main cluich 134. As shown in FIGURES
3 and 4, on the hub of clutch plate 132 is mounted another
plate 158, which carries a pin 351, One arm of a bell crank
152 is positioned in the path of pin 153. The bell crank
is mounted pivotally on shaft 129, The cther arm of the
bell crank is linked to push rod 153, which runs forward
toward the function keys. An extension 167 is provided
on rocker arm 184, which is pivoted on shaft 183. On
another arm of this extension 187 a spring 106 is provided.
This maintains the rocker arm 184 in its rest-position.
The extension 167 reaches under the front end of the
push rod 153, such that this end is lifted upon depression
of the addition key 180. A tang 154 on push rod 153 is
thereby brought into contact with the tang 155 of lever
arm 156 mounted on shaft 157. When pin 151 is driven
by input main clutch 134 into contact with bell crank 152,
push rod 153 is moved forward, moving lever arm 15§
and transmitting a rotation to shaft 187. As shown in
FIGURE 8, on the other end of shaft 157 is mounted
crank 158. This operaies on pull rod 189, which is
linked to the trip lever 266. When pin 151 contacts the
arm of the push rod bell crank 152, the trip lever 158
releases the main drive clutch pawl 1631’, which rests
against it. Thus the pawl engages the teeth of the ratchet
wheel 162. This ratchet wheel 162 is connected to the
drive gear 163, which is driven from the main power
shaft through gear 164. When the mein drive clutch 161
is engaged, clutch plate 165, on which pawl 161’ is
mounted, drives the main drive shaft 18. As shown in
FIGURE 5, to this shaft is connected lifting cam 39,
which conirols the lifting and lowering of upper gear set
12, as described in I.2.

As described in paragraph 1.1, the pawls 17 and 18 are
driven by the main drive shaft 18, over paw! drive rack
cross-slide 29. The lifting cam 36 and the cross-slide
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29 are arranged relative to each other on the main drive
shaft 19 in such a manner, that, depending on the angular
position of the main shaft 18, the following operational
steps occur:

Rotation up to 30° ~The coupled gear sets 11 and 12
are brought into engagement with the gears 229, 221 of
the main counter mechanism.

Rotation up to 150° —The pawls 17 and 18 are rotated
in the proper direction to transfer the entrv value imto
the main counter mechanism as explained with reference
to FIGURE 25.

Rotation up to 180° —The gear sets 11, 12 are disen-
gaged from the main counter mechanism.

Rotation up to 366°.—The pawls 17, 18 rotate in the
opposite direction. The upper gears are thereby returne
to zero setting and the entry value is re-transferred to
the lower gears 11.

III.—CLEARANCE OF THE STORAGE MECHAMISM
AND RETURN OF THE VARICUS MEMBERS INTO
THEIR ORIGINAL POSITIONS

I 1.—Clearing the Storage Mechanism

Upon completion of a calculation, the storage mech-
anism is in the position shown in FIGURE 25I. The eniry
value has been re-entered into the lower gear set 1%;
the pawls are in the original positions; gear sets 11 and
12 are coupled together, but are out of engagement with
the computer carriage primary gears 228 and 221. Tn
order to clear (or camcel) the value entersd into the
lower gear set 11, the clearing main clutch 175 is used.
As shown in FIGURE 8, this is actuated from pin 189
on the clutch plate of the storage controlling main cluich
i61. Pin 186, via an attached crank, causes rotation of
shaft 143, which actuates coupling cam 40, which in
turn causes uncoupling of the two gear sets 1% and 12
as shown in FIGURRE 25m. During uncoupling, how-
ever, the lower gear set 11 engages the value entry rods
9. Therefore, the uncoupled gear sets 11 and 12 must
be lifted, as shown in FIGURE 25n, in order to bring the
upper gear set 12 into engagement with the gears 229,
221 of the calculator carriage. The lower gear set 11 is
now free and may be returned to zero position by the
lower pawl 17, as shown in FIGURE 250. The gear sets
are again lowered until the lower gear set 11 again en-
gages the value entry rods 9. Thus the value entry rods
are ready to receive a new entry vaiue, which in the
meantime has been entered via the number keys into
the pin carriage. Meanwhile, the pawls 17 of the lower
gear set return to their initial position, as shown in FIG-
URE 25p. Automatic cancellation occurs generally as
follows (refer to FIGURES 3 and 8):

There is a pin 166 on the clutch plate 165 of the main
storage controlling clutch 261, In the path of this pin
166 is beveled surface 367 of lever arm 168. Arm 148
is pivotally mounted on shaft 143 and is linked to rod
162, which carries a square projection 178. This projec-
ion is in close proximity to tank 172 on push rod 171.
Tang 172 runs transverse to parallel rods 169 and 171.

As shown in FIGURE 3¢, the ead of push rod 171 is
inked to trip lever 173 of clearing main clutch 175, which
Leeps the ratchet pawl 174 out of engagement with the
ratchet wheel 175°. This ratchet wheel 175 is driven by
the main power shaft 116 via gears 177 and 178. On the
hub of the cancellation clutch plate 376 (which carries
the ratchet pawl 174) is also keyed a cam 179, which

1

carries the uncoupling actuating pin 189, shown in FI&-
URES 3 and 8. In the path 189 is arrangad an arm 183,
keyed to shaft 243. Thus, as shown in FIGURE 7, the
engaged clutch 175 rotates shaft 143, which actuates the
shaft uncoupling cam 4§, and thus uncouples gear sets
i1 and 12.

As shown in FIGURES 3 and 8, trip lever 168 of the
main drive clutch 181 has a perpendicular tang 183,
which protrudes into the path of projection 182 of the
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cam plate 179. As the ciearing main clutch 175 turns
and the cam plate projection 182 actuates the trip lever
169, the main storage controlling clutch 161 is again en-
gaged. The operation described in part II above is re-
peated, except for the difference that the two gear sets 11
and 12 remain disengaged from each other. Thus, in
szquence, both gear sets are lifted, the pawl 17 is driven,
the gear sets are lowered again, and the pawls 17, 18 are
in their original positions. Since the gear sets 11 and 12
are discngaged the gears 19 and 29 are also disengaged
and pawl 18 is not driven.

IIL. 2. Return of the Value Entry Rods 9 to Their
Original Positions

As soon as the lower gear set 11 is lifted from the
value eniry rods 9, these rods are returned to their
initial positions. Thus a new value may be entered into
the pin carriage, as long as the machine is in operation.
The return of the setting pin gear racks 67 is accomplished
via shaft 137, which is driven by the gear set clutch
134. The value entry rod return cam 184 is mounted on
shaft 137 as shown in FIGURE 3 and in broken lines in
FIGURE 2. On the periphery of cam %84 rides a roller
184’, mounted on a double armed lever 185, which is
pivotally mounted on pin 186 in the housing of the
apparatus. On the end of lever 185 away from roller
184 is linked a connecting rod 187, the other end of which
in turn is linked to crank 188 mounted on shaft 189. As
shown in FIGURE 2, two other arms 199 are mounted
on shafi 189, These end in open slots 181, in which
ride pegs 192 of yoke 123. This yoke 193 is so shaped
that it can engage the tangs 194 of the setting pin gear
racks 67 of the pin carriage. Thus when the gear set
clutch 134 is engaged, yoke 193 is moved backward by
arms 199, cairying with it tangs 194 of the setting pin
gear racks 67. Value entry rods 9 ride against the rear
ends of gear racks 67; hence these too return to their
original positions. After arrival in their original positions,
value eatry rods & are retained by engagement of stop
plate 7 over tangs 195.

The setting pin gear racks 67 have a slant surface under-
neath their front ends, which serves to push the shift
pins 73 downwards to their original positions. In this
position the upper striking surfaces 72 of the gear racks
67 rest against the shift pins 73 since the recess, through
which these ends of the gear racks 67 had moved in the
operating position, has now been pushed downwards.

I, 3.—Return of the Pin Carriage to its Initial Position

On shaft 137, which is driven by gear set clutch 134,
is mounted still another cam 1%8, shown in FIGURE 2
in dotted lines, and in FIGURE 3. A cam follower on
crank 197 rides on this cam. Crank 197 is pivotally
mounted on pin 198 and a push rod 189 is linked to it.
The other end of push rod 199 is linked to an arm of a
bell crank 286. To the other arm of bell crank 206 is
linked a pin carriage return rod 281 as shown in FIG-
URE 3. The exiremity of this rod is bent over 90°,
through which is a hole in which rides the pin carriage
cross shaft 65. Afier a predetermined rotation of shaft
137 a movement is imparted to the cam follower crank
197. This is transferred by the bell crank 289 to the
return red 291 in such a manner that the pin carriage is
Teturned to its initial position by the bent over portion of
the return rod 291.

As best seen in FIGURE 19, the setting pins 62 are
Towered to their original positions by means of a wiper rail
284, whose end 285 is bent at an appropriate angle to
depress. the setting pins to their original positions during
the return of the win carriage.

1II. 4—Clearing a Depressed Function Key

Referring to FIGURES 4 and 8: A depressed func-
tion key rests in a catch 218. The funciion keys are re-
deased only when cancellation clutch 178 is engaged.
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Actuating pin 189, which via appropriate linkages initiated
uncoupling of the gear sets, later runs against an angular
arm of lever 212, mounied on pin 21%. On the other
arm of lever 212 is linked a pull rod 213, which extends
from front to rear of the entire calculator. The other
end of pull rod 213 is linked to crank 214 mounted on
shaft 215. Function key catch 219 is mounted on shaft
215, so that when this shaft is rotated, the function key
is released.

M. 5—Electric IMdotor Switch Operation

In II above was described a sequence of operations for
closing the electrical start switch 115 of motor %9. It
was outlined that this switch was actuated by actuating
lever 131 on the addition clutch 122 by rotation cf shaft
113. In a similar maaner, all other function keys of the
apparatus work upon other cranks mounted on shaft 113.
Actuating levers are driven by on the clutch %81, clntch
178, and all other clutches of the apparatus control shaft
113, so that start switch 115 remains closed as long as
any one of these clutches is engaged.

IV.—THE COMPUTER CARRIAGE

As shown in FIGURES 2 and 17, the computer car-
riage 83 consists of the calculating mechanism 216 and
the counter mechanism 217. The computer carriage is
mounted on a shaft 218 and oa rollers 219. It has a
bent sheet metal frame, in which is mounted shaft 247
with its primary gears and two cams 22. Alternately on
shaft 247 are arranged the primary gears 229 for addi-
tion and primary gears 221 for subtraction. Refer to
FIGURES 2 and 17. The teeth of primary gear 229
mesh with gear 222. The two gears 222 and 224 are con-
nected by a common hub, mounted to rotate on shaft 223.
Gear 224 meshes with the number wheel gear 226 on
shaft 227. MNumber wheel gear 226 is fastened to the
number wheel 225. Pawl 229, actuated by spring 223
engages a tooth of gear 226 to guard against unintentional
rotation of the number wheel and the gears connected
therewith. Primary gear 221 for subtraction meshes with
the intermediate gear 231 mounted on shaft 238. Gear
231 rotation is transmitted finally to one of the gears-224.
With gears 228 and 221 rotating in the same direction, the
intermediate gear 231 reverses the rotation of the num-
ber wheel 225, as compared to the direction in which it
rotates during additicn.

The cancellation of the values entered into the calculat-
ing mechanism and the counter mechanism is accom-
plished by clearing gears 233 known to the prior art.
The clearing gears are mounted on shaft 232 and engage
the gears 231. In addition, gears 234 are also mounted
cn shaft 232. A very long idler gear 235 is mounted
in the apparatus housing, such that it engages gears 234 in
every position of the carriage. Gear 235 is coupled with
gears 236, 237 and 238 by means of a clutch similar to
those previously discussed.” Clutch shaft 239 is driven
directly from the motor drive shaft 242 by means of worm
gears 240 and 241. As shown in FIGURE 13, depres-
sion of clearing key 243 for the calculating mechanism is
transmitted via crank 244 and pull rod 245 to cause rota-
tion of the trip lever 247q4. Thus the clutch plate 248
and the gear 237 connected therewith are rotated and the
calculating mechanism is returned to zero via the above
described gears and linkages.

A corresponding mechanism is provided for the counter
mechanism.

A spring 251 pulls the computer carriage to the left, as
viewed from the front of the machine. ‘As shown in FIG-
URES 2 and 21, a ratchet pawl 252 is mounted pivotally
on the computer carriage. The pawl 252 engages ratchet
teeth 253 of ratchet 246, mounted on the apparatus case.
This holds the carriage in a steady position against the
pull of spring 251.
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V.—ADDITION

As shown in FIGURE 21, during an addition the com-
puter carriage is in a position in which pawl 252 rests
against the largest tooth 253, at the end of the carriage
return ratchet 264. By depression of the addition key 169
the entry value is transferred to the primary gears 229,
as described above in paragraphs I and II. The clearing
operations described in paragraph III follow thereafter.
This restores the pin carriage and the storage mecha-
nism to zero position, but retains the entered value in the
calculating mechanism.

The next number is then entered into the pin carriage,
transferred to the storage mechanism, and again trans-
ferred to the calculating mechanism. This last step adds
the new number to the already existing number in the
calculating mechanism.

The addition cycle requires the actuation of four
clutches. This occurs automatically, however, upon de-
pression of the addition key. Contrary to the prior art
calculators, which require a separate electrical contact for
every engagement of a clutch, the embodiment of the
present invention requires only a single switch for all
operational cycles of the apparatus.

VI—SUBTRACTION

Subtraction is accomplished in substantially the same
manper as addition, except that the computer carriage
must be moved so that instead of the addition gears 229,
the subtraction gears 221 engage the upper gear sets 12
of the storage mechanism. This movement of the com-
puter carriage is accomplished as follows (see FIGURE
18): Depressing the subtraction key 254 engages a sub-
traction clutch 257 by means of rod linkages similar to
those previously described. The subtraction clutch 257
drives a cam 259, which causes an appropriate movement
of the ratchet 264, thus moving the counter carriage.
Simultancously, the same transfer and cancellation func-
tions are accomplished as were accomplished by the de-
pression of the addition key 109.

The movement of the computer carriage in such a man-
ner as to permit engagement of the subtraction main
counter gears 221 with the upper gear set 12 occurs as
follows (refer to FIGURE 18): Depression of the sub-
traction key 254 swings bell crank 255, causing a puil rod
256 linked to bell crank 255 to disengage the pawl trip
for subtraction clutch 257, clutch rotation drives the cam
259, which is fixed to clutch plate 258.

A roller cam follower 269 rides on cam 259. As shown
in FIGURES 18 and 21 the free ead of cam follower 268,
adjacent to the roller, actuates a push-rod 261 running in a
horizontal direction. The push rod 261 has a slant sur-
face 262 on which rides a roller 263 mounted near the
end of the slide ratchet 264. The ratchet teeth, of which
the end tooth 253 is largest, are on the end opposite roller
263. Pawl 252 of the computer carriage engages this
ratchet 264. When the cam follower 260 is moved out-
wards by cam 259, this motion is transferred to ratchet
264 through push rod 261 and its wedge-shaped slant sur-
face 262. The ratchet 264 thereby moves the computer
carriage into the subtraction position. The slide ratchet
264 is guided by means of a guide slot over the fixed
guide pin 149. Depression of the subtraction key 254
simultaneously actuates the switch crank 105 (FIGURE
16) so that the same operations described above under
paragraph V for the addition operation are performed.

VIL—MULTIPLICATION

The main advantage of the calculating machine of the
present invention lies in the fact that multiplication is
folly automatic.

The machine is so controlled that first the multiplier is
entered into the counter mechanism and thereafter the
multiplicand into the storage mechanism. Since the ap-
paratus of the present invention performs multiplication
by repetitive addition, the multiplicand is entered into
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the calculating mechanism as many times as is demanded
by the multiplier in the counter mechanism. 1t is advan-
tageous to begin the multiplication with the highest order.

To enter the multiplier into the counter mechanism the
computer carriage is moved to the left until the upper
gear set 12 engages the gears 22¢ of the counter mech-
anism. To accomplish this, the ratchet teeth 253 of
ratchet 264 (FIG. 21) are removed from the path of
ratchet pawl 252 to permit movement of the carriage to
the left until a fixed stop 288 (FIG. 17) terminates this
movement. Thereafter the multiplier is entered into the
counter mechanism by the operation cycles previously
described.

In the following operation cycle, the computer car-
riage is returned to its original position by means of a
drawstring driven by the carriage return clutch 296. The
entry value (multiplicand) is then entered into the storage
mechanism, and from there into the calculating mechan-
ism as many times as the multiplier in the counter mech-
anism demands. The counter carriage is actually re-
turned a small distance past its original position to permit
initiation of the multiplication by the highest actuated
multiplication lever 328 (FIG. 14) on the notches 319
of multiplication hook 312.

In contrast to the operation cycles previously described,
during multiplication the main clutch 161 is not actuated
by the input clutch 134 but rather by rod linkage from
the computer carriage. The multiplicand is now trans-
ferred into the calculating mechanism as often as the ini-
tial digit of the multiplier in the counter carriage de-
mands; that is, until a detent 344 (FIG. 4) returns the
several orders of the counter mechanism to its zero posi-
tion. The computer carriage tends to be drawn to the
left by spring action, but is held in position by a multipli-
cation hook 312, which is positioned by the outer end
of one of multilevers 328. As soon as the respective
order of the counter mechanism returns to zero, the en-
gaged multiplication lever 32& releases the noich 319 of
the multiplication hook 312; and the computer carriage
jumps to the next digit position.

Upon completion of the calculation operation at the
last digit position, a precancellation clutch 327 is actuated,
which returns the computer carriage, which was moved
to the left by the calculations at the various digit posi-
tions, back to its original position. Thereupon the can-
cellation clutch 175 is actuated whereby the previously
described cancellation operations are initiated as follows:

VIL 1.—Entry of the Multiplier

Referring to FIGURES 3 and 4. Upon eniry of the
multiplier into the pin carriage, the multiplication (x)
key 265 will be depressed, which causes pivoting of the
rocker arms 266 and 267. An extension 268 of rocker
arm 267 actuates the bent lever 269, whose other arm
engages the computer carriage ratchet slide 264, swinging
the toothed end out of engagement with the ratchet pawl
252. This allows the computer carriage 93 to be drawn
to the left by a siring drive actuated by spring 251. Stop
288 on the computer carriage (see FIGURE 17) engages
hook 274 (see FIGURE 14) which is positioned in the
path of the stop. This arrests the leftward movement
of the computer carriage 93. Hook 274 was moved
into the path of the stop bar as follows (refer also to
FIGURE 4):

Upon depression of the X key 265, another arm of
rocker arm 266 actuates linkages 270 and 271, which
further actuate the ratchet hook 273. Hook 273 is
mounted pivotally on a control guide 272 which is mov-
able in its longitudinal direction. The engagement sur-
face of the free end of the hook 273 is designated in
FIGURE 14 as 274.

The rocker arm 267 is so designed that it will contact
an angular projection of crank 165, in order that the
entry value (multiplier) will be entered into the shifting
mechanism,
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Engagement of the storage controlling main clutch 161,
however, is not initiated by action of the clutch push rod
153 on lever arm 156, since push rod 153 has not been
lifted by the rocker arm extension 107 of clutch 122 to
enable push rod 153 to engage tang 155 of lever arm 156.
Instead, for the multiplication operation, the main clutch
161 is actuated directly from the computer carriage. Re-
ferring to FIGURE 14. When stop 288 of the computer
carriage engages the contact surface 274 of the arresting
hook 273, the control guide 272 (on which hook 273 is
mounted) is moved a short distance to the left, in the
direction of the movement of the computer carriage.
Guide rail 272 has a small slot 278, in which rides the
end of an arm of the actuating crank 276. Movement of
control guide 272 rotates crank 276. The other arm of
crank 276 engages a tang on pull rod 159, which thus
draws trip lever 160 from under the clutch pawl 161’ of
the main clutch 161. Thus the clutch 161 is engaged,
the gear sets 11, 12 are lifted and lowered as described
in paragraphs 1.2 and 1.3, and the pawls 17 and 18 are
driven. The clearing main clutch 175 is then actuated
by the storage controlling main clutch 161, so that the
multiplier is cleared from the storage mechanism.

V. 2.—Entry of the Multiplicand

Referring now to FIGURES 3 and 16. Upon entry of
the multiplicand into the pin carriage the multiplication
(X=) key 290 is depressed. This rotates two rocker
arms 291 and 292. Rocker arm 291 actuates pull rod
293, which is linked to trip lever 294 for ratchet pawl
285 of the carriage return clutch 296. This clutch is
driven by shaft 116 via gears 297 and 298. Gear 309,
mounted on the hub of clutch plate 299, drives gear 3¢1
on shaft 362. As shown in FIGURE 15, a pulley 305 is
driven by a pair of gears 303 and 304 mounted on the
side of the apparatus housing as shown in FIGURES
3 and 15. Over pulley 3865 and guide pulleys 367 and
308 runs a rope 306 which returns the computer car-
riage 93 from its position after entry of the multiplier to
its original position. Towards the end of the return
movement, bolt 3¢9 mounted on the computer carriage
engages lever 310 mounted on the apparatus housing as
shown in FIGURE 16. The other arm of lever 310
rides in a slot of a pull rod 293 and lifts it so that trip
lever 234 can enter the path of pawl 295 of the carriage
return clutch 296 and terminate the return movement of
the carriage.

Rocker arm 292 is fashioned in such a manner that
it is linked via arm 311 and a bridge to rocker arm 184
of clutch 122. Thus when the multiplication (X=)
key 299 is depressed rocker arm 104 is also actuated and
the addition clutch 122 and thereafter input main clutch
134 are actuated in the manner previously described.

On actuating rocker arm 292 there is an additional
arm 313 which actuates crank 315 mounted on shaft 64.
Shaft 64, which runs transversely across the entire ma-
chine, is one of the shafts on which the pin carriage 63
is movably mounted. At its other end is mounted a
crank 313, with a 90° tang which contacts the push rod
171 of clearing main clutch 175. Depression of the mul-
tiplication key (X=) 290 thus also actnates push rod
171 so that the linkage between the main drive clutch 161
and main clutch 175 is disconnected, and main clutch 175
is therefore not actuated by the clutch 161. The entry
value thus remains in the storage mechanism after its
transfer to the calculating mechanism and after re-transfer
from the gear set 12 to gear set 11 in the storage mecha-
nism,

‘As shown in FIGURES 3 and 16, rocker arm 292 also
has an extension 318 which contacts one arm of a lever
317. The other arm of lever 317 projects upwards to
engage multiplication hook 312, mounted pivotally on
control guide 272 as shown in FIGURE 14. Multiplica-
tion hook 312 has a tooth 319 which enters the path of
the first multilever 320 when the member 312 is turned.
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The term “multilever” is an abreviation of “multiplica-
tion lever,” and multilevers 328 are best seen in FIGS. 2,
14 and 17.

The multilevers 328 are operated in a similar manner
as lever 252 which is arranged at the mechanism 216
while multilevers 326 are provided at the mechanism 217.
Multilevers 32¢ are operated whenever the respective
number wheel moves from zero to nine or from nine to
zero during a division, and moves to zero during a mul-
tiplication.

Bvery counter gear 220 (see FIG. 2) meshes with a
gear 222 which is connected to a gear 224 meshing with
the gear 226 of a number wheel 225. Every subtraction
counter gear 221 meshes through an intermediate gear
231 with a gear 224. A cam 321 is connected to gear
231 -in each order and cooperates with a corresponding
multilever 320 so that every time an order of the mecha-
nism 217 is returned to zero position, the respective mul-
tilever 320 is operated and angularly displaced.

When the multilever is displaced, the calculator car-
riage can move ‘one order to the left until the multilever
329 of the next order abuts hook member 312 and stops
the calculator carriage. Consequently, the multilevers
serve the purpose of causing a step of the calculator car-
riage when the calculating operation has been completed
in an order. Furthermore, the multilevers 329 maintain
the clutch 161, which provides the drive for the multi-
plication operation, in operative condition, since the
bridge 272 on which hook member 312 is mounted is
urged to the left by a multilever 320 abutting under
spring pressure on hook member 312. The computer
carriage, upon entry of the multiplier into the counter
mechanism, is brought back into its original position by
means of the carriage return clutch 296.

As soon as the carriage return clutch 2%6, see FIG-
URE 16, is disengaged the carriage return spring 251 is
effective and pulls the counter carriage 93 to the left
by means of the pulley and rope drive 305, 306 as best
seen in FIGURE 15. Consequently the first multilever
328 engages the multiplication hook tooth 319. Since
tooth 319 is mounted on control guide 272, the rail is so
moved that the main drive clutch 161 (see FIGURE 8) is
actuated by means of the actuating crank 276 as best seen
in FIGURE 14.

While main clutch 161 is closed (FIGURE 8), motor
switch is closed since lever 168 of clutch 161 acts with its
arm 321 on an arm 322 secured to shaft 123. Turning of
shaft 113 turns lever 114 which closes switch 115,

As described in paragraph III, gear sets 31 and 12 of
the storage mechanism are disengaged by rotation of a
crank mounted on shaft 143, actuated by pin 180 on the
clutch 175. However, since the clearing clutch 175 can-
not be actuated by clutch 161, due to interruption of the
connecting linkage 171 by depression of the multiplica-
tion key, gear sets 11 and 12 of the storage mechanism
remain in engagement. Thus, during each rotation of the
main shaft 16, the entry value is again added into the
calculating mechanism, and then again transferred into
the lower gear set 11 by the upper gear set 12, The en-
try value thus again stands ready for entry into the cal-
culating mechanism and simultaneously into the storing
gear set 12 during the next rotation.

As best seen in FIGURE 4, while clutch 161 is en-
gaged, an actuating pawl 344 is actuated once each re-
volution, in a manner known to the prior art, unless, as
during addition and subtraction, it is disengaged. Thus,
upon each revolution this pawl turns a stepping wheel
in the respective order of the counter mechanism and
reduces by one the number represented in the order of
the counter mechanism until the counter wheel of the
order back to zero. As shown in FIGURE 2, a project-
ing member 321 on an intermediate wheel 231 of
counter mechanism 217 (FIGURES 1 and 17) turns the
multilever 32¢ (FIGURES 2 and 14) so that the free end
of this multilever 320 is thus disengaged from tooth 319
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of the multiplication hook 312, This permits the con-
trol guide to move back to its rest position, thereby op-
erating (by actuation of actuating lever 276 and pull rod
15%) the trip lever of main clutch 161 to disengage clutch
161. The computer carriage is pulled a bit further by
spring 251, so that the next multilever engages tooth 319
of the multiplication hook 312. Refer now to FIGURES
3, 17 and 22.

After the calculation in the last position of the multi-
plier is completed, the computer carriage makes one more
small step so that the tang 323 mounted near the left end
of the counter carriage (in the vicinity of ratchet pawl
252) engages one arm of bell crank 324, which is piv-
otally mounted for movement about a vertical axis as
shown in FIGURE 3¢ and FIGURE 22.

The other arm of bell crank 324 rides in a slot in a
pull rod 325 hinged to the trip lever 328 of the precancel-
lation clutch 327. The pre-cancellation clutch 327 drives
a cam plate 328 on which rides cam followsr 329, to
which push rod 33¢ is linked. One arm of a second bell
crank 331, mounted on a vertical axis, rides in a slot in
push rod 339. The other arm of bell crank 331 engages
a tang 332 on the computer carriage and returns the com-
puter carriage to its at-rest position. In the same man-
ner as described earlier for the clearing main clutch 175
the pre-cancellation clutch 327 releases the function keys.
This, however, also causes the return of the bent lever
269 to its original position so that the computer carriage
ratchet 264, and, in particular, tooth 233, are again
swung into position to engage the ratchet pawl! 252.

The clearing main clutch 175 is immediately released
by the pre-cancellation clutch 327. Cam follower 328,
which rides on the cam plate 328 driven by the-cancella-
tion clutch 327, has a tang 333 which engages trip lever
173 of the cancellation clutch 175. The cancellation
clutch is thus engaged, which initiates the clearance of
the shifting mechanism, as described in paragraph 7.
The multiplication result is read from the calculating
mechanism nuniber wheels.

VHI—DIVISICN

For division the dividend is entered into the calculating
mechanism and the quotient appears in the counter mech-
anism. The basic difference between the division opera-
tion and the multiplication operation is that the value
(divisor) entered in the storage mechanism is repeatedly
deducted from the value (divided) entered in the cal-
culating mechanism. The number of these subtractions
(quotient) appears in the counter mechanism. Other
changes relative to the muitiplication operation result
from the fact that the dividend is entered on the left side
and not on the right side of the calculating mechanism.
Further, instead of the addition primary gears 229, the
subtraction primary gears 221 of the calculating mech-
anism are engaged; and finally an addition operation is
interposed between the subtractions at each movement of
the counter carriage to a new digital position.

The sequence of movement of the computer carriage
93 and of the pin carriage 63 during a division, will now
be described with reference to FIGS, 26 and 27. When
the division key 345 is actuated, the computer carriage
53 moves from its left end position shown in FIG. 26
to its right end position shown in FIG. 27 so that the
storage mechanism 11, 12 is located in the region of the
higher orders of the calculating mechanism. The pin
carriage 63 is released to move from its normal end posi-
tion to another end position in which the ordinally ar-
ranged rows of pins cooperate with the respective orders
of gears i1, 12, and therethrough with the respective
orders of the calculating means. During the following
machine cycle, the dividend is entered into the highest
orders of the calculating mechanism, whereupon the input
carriage is returned to the right and the divisor entered.
The input carriage 63 is then again placed in the position
shown in FIG. 27, and the divisor entered into the
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highest order of the calculating mechanism, since the
computer carriage 93 is still in the end position shown in
FIG. 27.

VIIL.1.—Entry of the Dividend

Referring now to FIGURE 11. The division key 345
actuates the rocker arms 334, 346, 266 and 291.

During the entry of the dividend into the calculating
mechanism, in the manner previously described in para-
graph I, the addition detent for actuation of the counter
mechanism is held out of operation by rocker arm: 334.
This arrangement avoids the additional operation by a
lever subsequent to the entry of the dividend, which is
required by calculators of the prior art.

The dividend is entered on the left side of the calculat-
ing mechanism in order to provide a sufficient mmmber of
decimal positions during the division operation. To
this end the pin carriage 63 is brought into its extreme
left position and the computer carriage into its extreme
right position.

Rocker arm 346, actuated by the division key 345, re-
leases a division clutch 349 which moves the pin car-
riage 63 to its extreme left position. To accomplish
this, rocker arm 346 actuates pull rod 358, the other end
of which is linked to trip lever 347, which trips pawl 348
of the division clutch 349. The lower arm of trip lever
317 engages bell crank 352 mounted on shaft 113, By
rotation of the shaft 113 the electric switch 115 is ciosed
in a manner known to the prior art. Thus the clutch 349
is driven by the main power shaft 116 via intermediate
gears. As shown in FIGURES 3 and 11 the djvisicn
clutch 349 drives a cam plate 353 on which rides the
cam follower 354. Cam follower 354 rotates a shaft on
which crank 355 is mounted. Crank 355 engages one
arm of ratchet 85, rotating it in such a manner that the
ratchet teeth 86 are moved out of reach of shift exten-
sion 87 of the pin carriage.

Spring 88 then pulls the pin carriage longitudinally
on the two shafts 64 and 65 to its extreme left position.

The division key also actuates rocker arm 291, which
in turn actuates the carriage return clutch 286, as de-
scribed in peragraph VI.2. Thus the computer car-
riage is moved all the way to the right, until the carriage
return clutch 296 is opened by contact of the computer
carriage with the carriage return termination lever 319,
as described in paragraph VIL2.

Meanwhile, rocker arm 266, which also is actuated by
the division key 345, operates via connecting rod 27¢ and
actuating lever 271 to swing out the carriage arresting
hock 273. (Referring to the description of paragraph
VIL1.) In contrast to the multiplication operation, this
hook is not engaged by the fixed stop at the left edge of
the counter mechanism, but rather by ratchet pawl 252
at the left edge of the calculating mechanism, as the com-
puter carriage is drawn to the left by spring 251 when
the carriage return clutch 225 is disengaged. Contact of
pawl 252 on contact surface 274 of the arresting hook 273
slides the control guide 272 towards the left again,

This actuates the main clutch 181, and thereafter the
clearing clutch 175 in the manner already described in
paragraph VIIL1.

Rocker arm 266 is connected with the crank 1085, as
previousty outlined, so that depression of the division key
345 also actuates the addition clutch 322 and input clutch
134. Thus the entry value is transferred from the pin

carriage into the storage mechanism.

VIHI.2.—Entry of the Divisor

Upon completion of the entry of the dividend, the pin
carriage is returned to its original position. The com-
puter carriage remains in its right-hand position. When
the divisor has been entered into the machine via the
number keys, the division key 489 is depressed, thereby
actuating rocker arms 348, 267 and 359. Rocker arm 346
again actuates engagement of the division clutch 347, so
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that the pin carriage 63 can slide to its extreme left-
hand position.

Actuation of rocker arm 267 rotates the computer car-
riage ratchet out of the path of pawl 252, as previously
described in paragraph VILI1.

As previously described, rocker arm 267 also actuates
switch crank 195, so that the addition and gear set
clutches are engaged. Thus the entry value is entered
into the extreme left-hand side of the shifting mech-
anism.

Rocker arm 359 actuates pull rod 36¢ and crank 361,
the latter two of which are similar to parts 27¢ and 271
shown in FIGURE 4. This swings the division ratchet
358 (which is mounted on. a wertical axis on the control
guide 272) into the path of pawl 252 on the computer
carriage. Prior to this the computer carriage had been
driven to its extreme right position by the carriage return
clutch in the manner above described.

As shown in FIGURE 16, a rocker arm 359 has an arm
362 which runs parallel to arm 313, and which operates
on crank 315 on the pin carriage main shaft 64. Rota-
tion of arm 362 breaks the linkage by which the main
drive clutch 161 actuates the cancellation clutch 175.

The first tooth of the division ratchet 358 is offset rela-
tive to contact surface 274 of the carriage arresting hook
273 in such a manner that when contact is established
between pawl 252 and the first tooth of the division
ratchet 358, the subtraction primary gears 221 of the
calculating mechanism are positioned over the gears 12
of the storage mechanism.

Contact of pawl 252 with the division ratchet 358 will
Jongitudinally displace the control guide 272 such that
the main drive clutch is engaged, as had been previously
described. Referring now to FIGURES 2, 14 and 17.
The numerical value (divisor) present in the storage
mechanism is now repeatedly deducted from the numeri-
cal value (dividend) present in the calculating mech-
anism, until the tang 364 mounted on gear 363 rotates
the ratchet pawl 252 out of contact with the first tooth
of the division ratchet 358. (The shape of the ratchet
pawl 252 and of the tang 364 correspond to the shape of
multilevers 320 and tang 321.) The counter carriage 93,
under the tension of spring 151, can now make a step
to the next tooth of the division ratchet 358. This re-
sults in bringing the addition gears 220 (of the same
digital position as the subtraction gears 221 formerly in
operation) into line with the upper gear set 12 of the
storage mechanism. The value in the storage mechanism
is now positively entered into the counter mechanism.
The tang of gear 363 immediately again actuates pawl
252, so that the computer carriage jumps into the sub-
traction position of the next lower order.

Subtraction takes place in a given order until the
zero position has been passed. In manual division with
pencil and paper, when one sees that he has subtracted
the divisor from the initial digits of the dividend as often
as possible without obtaining a remainder less than zero,
he must bring an additional digit into play; similarly, the
mechanism of the present invention must shift to the next
order when it arrives at a similar point. Since the ap-
paratus, however, cannot anticipate whether the num-
ber (divisor) transferred from the storage mechanism
to the calculating mechanism will bring the remainder
in the calculating mechanism below zero, this subtrac-
tion operation is also performed. As the gear passes
through zero, pawl 252 is rotated. Then the number
just subtracted is again added, so that the same remainder
is present in the calculating mechanism as was present
just before the last subtraction operation in which a gear
passed through the zero point. Passing through the zero
point the second time again actuates pawl 252, and the
computer carriage jumps to. the next lower order. The
subtraction operation now takes place in this next lower
order.

The entire subtraction operation then proceeds by repeti-
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tion of the above processes, and the number of subtrac-
tions in each order are recorded in the counter mech-
anism.

IX.—THE RE-TRANSFER OPERATION

During the re-transfer operation, a numerical value
in the calculating mechanism or the counter mechanism
is to be transferred to the storage mechanism. During
the operation, the apparatus carries through the following
operational steps:

(1) Gear sets 11 and 12 of the storage mechanism are
engaged with each other (by means of the input main
clutch 134).

(2) The storage mechanism, with the gear sets 11, 12
coupled together, is brought into engagement with the
subtraction gears 221 of the computer carriage.

(3) Pawls 17 and 18 rotate approximately 180° in order
that the projections 15 and 16 on gears 11 and 12 have
no obstacles in their path during their later run. To
accomplish this, the rotation of the storage controlling
main clutch 161 is stopped after approximately 150°
of rotation, by help of a return drive clutch.

(4) The gear sets 11 and 12 are disengaged from each
other.

(5) The numerical values present in the computer car-
riage mechanisms are transferred to the upper gears 12
by driving the meshing cancellation gear 235 and gears
234. According to the position of the computer carriage
either the value from the caiculating mechanism or the
value from the counter mechanism is thus retransferred.

(6) The gear sets 11 and 12 are again coupled to each
other.

(7) The storage mechanism is disengaged from the gears
of the computer carriage by again engaging the main
clutch 161.

(8) By rotation of the pawls 17, 18, the upper gears
12 are set back to zero, thereby transferring the numeri-
cal value to the lower gears 11. This value can then be
uvsed in further addition, subtraction, multiplication or
division operations. To accomplish any one of these fur-
ther operations, as soon as the retransfer operation is com-
pleted, one need only depress the appropriate function
key, without the necessity of entering a new value via
the number keys 59.

These operational steps are controlled as follows:

As shown in FIGURE 23, the re-transfer key 365 op-
erates on rocker arm 366, which is mounted on shaft 367
and has a shape similar to that of rocker arm 292. The
rocker-arm has two extension arms 368 and 381. Arm
368 operates on a crank 369 mounted on shaft 64. An-
other crank arm 316 on the same shaft lifts push rod 171
80 as to interrupt the linkage through which the main
clutch 161 actuates the clearing cluich 175.

Re-transfer key 365 has another tang which operates
on rocker arm 372 mounted on shaft 370. Shaft 370
carries on its other end, on the opposite side of the
apparatus, an arm 371 (see FIGURE 18) which rotates
rocker arm 255, whereupon the addition operation de-
scribed above under section VI is carried out. The
counter carriage 93 is thereby pushed into the subtraction
position, and the addition clutch 122 and the input main
clutch 134 are actuated through crank 105. During
this operation stop plate 7 for the value entry rods 9
is also lifted. However, the value entry rods 9 are blocked
by the zero rail 373 of the pin carriage. This is shown
in FIGURE 3. The subtraction position is required be-
cause the drive direction of the release gears is fixed,
and also because the gears of the upper gear set 12 may
be rotated only in one direction during the re-transfer
operation, due to the position of the wheel projections
13 and 16 relative to the tangs. Main clutch 134 also ac-
tuates the main clutch 161 through push rod 153, so that
as already described, the gears 12 of the storage mech-
anism engage with the subtraction primary gears 221 of
the calculating mechanism or of the counter mechanism.
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As outlined above, the main clutch 161 does not turn a
fuli revolution, but comes to stop after a rotation of
approximately 150°. This interruption is accomplished
by the return drive clutch 375.

The return drive clutch 375 is actuated in a manner sim-
ilar to that of the other clutches. A pull rod 382 is
mounted on the extension arm 381 of the rocker arm
366. On the free end of the pull rod 382 is linked a
crank 384 mounted on shaft 383. Also on shaft 383 is
mounted a trip lever 374 of the return drive clutch 375.
The lower arm 385 of the trip lever serves, in the same
manner as with all the other clutches, to actuate a crank
386 mounted on shaft 113 to operate the start switch 115.

The gears 387 and 388 drive the return drive clutch
375. Three cam plates 390, 392 and 404 are driven
by the return drive clutch.

The temporary opening of the main clutch 161 is con-
trolled by the cam plate 3%0. On cam plate 399 is
mounted a pin 393 which contacts a V-shaped lever 386.
Lever 38¢ is mounted on shaft 379, to which a detent
lever 378 is also keyed. This detent lever 378 hooks
over a pin on locking lever 377 on the main clutch 281,
When cam plate 399 rotates the V-shaped lever 389, de-
tent lever 378 releases the locking lever 377 so that it
can swing into the path of the ratchet pawl 161’ of the
main clutch 161. When the main drive clutch 161 ro-
tates, locking lever 317 lifts ratchet pawl 361’ so that the
clutch 161 is disengaged. The locking lever 377 is pivot-
ally mounted on shaft 143. Cam plate 382, which is
driven by the return drive clutch 375, carries a pin 394,
which operates on lever 385 keyed to shaft 143. When
the pin 394 contacts lever 385 a rotational movement is
transmitted to shaft %43, which uncouples the gear sets
11 and 12 from each other. This is shown in FIGURE 7.

The drive of the clearing gears on the counter carriage
is similarly initiated by cam plate 392. ‘As shown in
FIGURE 3, cam plate 392 carries an additional pin 386
which actuates slide 397. .As shown in FIGURE 13, this
slide acts through arm 398, crank 399 and rod 406 to
transfer a motion to arm 244. Thus the clutch for the
calculating mechanism, and in the present embodiment
of the invention also the clutch for the cleating of values
in the counter mechanism, are actuated. The cancelled
numerical value is thereby entered into the upper gear
set 12 of the storage mechanism.

Referring now to FIGURE 21. Upon further rotation
of the cam plate 398, a pin 405 mounted thereon con-
tacts the surface 481 of the V-shaped lever 395. The
resulting rotation is transferred to shaft 143, to which
lever 3%5 is keyed. Rotation is in such a direction as
to cause the gear sets 11 and 12 of the shifting mecha-
nism to again become coupled.

Cam plate 464 which also is driven by the return drive
clutch 375 has a projection 402 which rotates the V-
shaped lever 308 in such a manner that the slant surface
483 of the detent lever 378 pulls the locking lever 377
away from the main clutch 161, so that this clutch is
engaged again, and the interrupted rotational movement
of the main clutch 161 is resumed. The numerical value
in the upper gears 12 is thereby entered into the lower
gears 11 of the storage mechanism.

At the end of the revolution the main clutch 161 dis-
engages itself automatically by virtue of the ratchet pawl
161’ engaging the trip lever, without initiating engage-
ment of the clearing main clutch 175.

X—MULTIPLICATION BY A CONSTANT FACTOR

The apparatus of the present invention provides an
arrangement whereby during the multiplication operation
a constant factor can be immediately entered again into
the multiplier mechanism, without the necessity of re-
keying the multiplier every time. This is accomplished
by transferring the multiplier from the counter mecha-
nism into gear racks during the multiplication and clear-
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ing operations. The multiplier can be re-transferred
from the racks back to the counter mechanism. Refer-
ring now to FIGURES 17 and 24. The several number
wheels 217 are mounted to rotate on shaft 418. To each
number wheel is fixed a small ten tooth gear 489, which
can engage a gear rack 4306. FEach gear rack 495 is
guided between a separation plate 411 on one side and
a number wheel 217 on the other. The racks 486 are
also guided on their lower halves between two horizonial
rods 467 and 4¢8. In addition leaf spring 4315 presses
against the lower part of each rack 484,

As shown in FIGURE 24 the leaf spring 415 tends to
rotate the rack clockwise about the pivot between the
rods 467 and 408 and thus to keep the rack out of engage-
ment with its corresponding gear 489. To counteract
this tendency, a horizontal rod 412 runs across the
upper halves of the racks. Rod 412 is mounted with
both ends on eccentric levers 413, which in turn are
mounted on an eccentric 424 on shaft 425. Shaft 425 is
mounted to rotate in the housing of the counter carriage.
A lever (not shown for sake of clarity) allows moving
shaft 425 in such a manner that the rod 41% may occupy
selectively a position corresponding either to that of the
shortest distance from shaft 428 or to that of the greatest
distance from shaft 425.

When the rod 412 occupies the position corresponding
to the shortest distance from shaft 429, the racks 496 are
engaged with the corresponding gears 489, When the
rod 412 occupies the position corresponding to that of
the greatest distance from shaft 4235, racks 486, in response
to action of spring 435, pivot such that they are disen-
gaged from gears 489,

As shown in FIGURE 14, upon entry of the multiplier
into the counter mechanism racks 485 are engaged with
gears 489 by the manual pivoting of a lever parallel to
lever 414, which transmits a rotation to shaft 425, Dur-
ing the following multinlication operation the multiplier
is returned to zero. Racks 465 are advanced in the same
proportion, so that the multiplier at the end of the multi-
plication operation is recorded in the racks,

In FIGURE 17 are shown the sidewalls 419 of the
counter mechanism with slots running paraliel to rods
496. A horizontal rod 42 passes through the slots, with
connecting straps 421 linked to its ends. The other ends
of straps 429 are in turn linked with arms 417, mounted
on shaft 416, The manual lever 414, maintained in its
rest position by spring 423, is mounted on the outer end
of arm 417.

When it is desired to re-enter the value present in the
racks back into the counter mechanism the rod 428 is
moved by the manual lever 414 longitudinally downward
in slots 418 in the direction of the racks 486. Thus the
rod 428 engages the front ends 422 of the rods 466 and
returns them to their original positions. The value pres-
ent in the racks is thus re-transferred to the number wheels
217 in the counter mechanism.

The apparatus has another special feature in that the
result of a multiplication operation may be added to
a value appearing in the counter mechanism, or sub-
tracted therefrom. When the positive multiplication key
(X =pos) is depressed the muitilevers 328 become en-
gaged with the tooth 319 of a lever mounted on control
guide 272, in the manner described above,

When the negative multiplication key (X =neg) is
depressed, a lever corresponding to the lever 312 shown
in FIGURE 14 is swung on the control-guide 272 in such
a manner that its tooth 428 is interposed into the path
of the multilevers 328. The tooth 426 is displaced rela-
tive to the tooth 319 in such a manner that instead of the
addition gears 229 the subtraction gears 221 of the calcu-
lating mechanism engage the shifting mechanism.
Thereby the result of a multiplication operation is de-
ducted from a number entered in the calculating
mechanism.
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XI—THE SPECIFIC EMBODIMENT OF THE
PRESENT INVENTION

The embodiments of the invention shown in FiG-
URES 1, 2, 35 and 28a to 31 present an imiprovenierit
over the calculator of the parefit paterit application. In
accordance with the present invention, two function keys
are provided for carrying out divisions. The first func-
tion key effects simultaneous moventent of the coﬁputer
carriage 93 to the right, and of the pin carfiage 63 to the
left to the position shown in FIG. 27. Ths second func-
tion key 481 effects moveirent of the computer carriage
93 from the left end position to the right end position, as
shown ih FIGS. 28a and 285 without, however, effecting
movement of the ifiput carriage €3. In conirast to the
operation described with reference to FIGS. 26 and 27,
the divisor is not subtracted in the highest orders of the
calculator. Assuming that the dividend is entered in the
lowest orders of the calculator, as shown in FIG. 284,
and the input carriage 63 remains in the position of FIG.
28a after the computer carriage 93 has been shifted to
the right end position shown in FEG. 285, the divisor will
be entered in orders of the calculating mechanism which
are neither the highest nor the lowest orders, assuming
a certain relationship between the order numbers of the
dividend and divisor. If the numbers of orders of the
divisor is not as great as the number of orders of the
storage mechanism 11, 12, the highest orders of the cal-
culating mechanism 93 will be free, as shown in FIG. 285.

This arrangement has a particular advantage, if the
divisor was not purposely entered in the lowest orders of
the calculating mechanism, but is there as a result of
previous additions or subtractions which are carried out
in the lowest orders of the calculating mechanism. If in
this event, the operation described with reference to
FIGS. 26 and 27 would be carried out, the divisor would
be entered in the highest orders of the calculator, and
during the successive subtractions, the first orders of the
quotient indicated by the counter mechanism would be
zero, and when the highest order of the divisor is located
at the highest order of the dividend, the orders of the
counter mechanism may be used up by zeros, so that few
or even a single order would appear in the quotient.

In the arrangement of FIGS. 28« and 285, this is
avoided, since due to the entry of the divisor in the mid-
dle orders of the calculating mechanism, only a few zero
positions will appear in the highest orders of the counter
mechanism.

The advantage particularly is apparent if the dividend
has a great number of orders, and if the number of orders
of the divisor is not smaller than the number of orders
by which the dividend exceeds the number of orders of
the storage mechanism. This is due to the fact that dur-
ing the shifting of the calculator carriage 93 to the right,
the calculating mechanism is shifted a distance corre-
sponding to the number of orders of the storage mech-
anism 11 and 12. In the calculating machine of the in-
vention, the storage mechanism has eight orders, and
after the shifting of the calculator carriage to the right,
the lowest order of the storage mechanism cooperates
with the eighth order of the calculator mechanism.

The arrangement of the present invention permits the
operator to enter the divisor either in the highest orders
of the calculating mechanism, or in middle orders of the
calculating mechanism, according to the position of the
dividend, whereby the highest number of meaningful or-
ders of the quotient can be obtained. It will be under-
stood that the operation described with reference to
FIGS. 28a and 28b is not advantageous if the number
of orders by which the dividend exceeds the number of
orders of the storage mechanism 11, 12 is greater than
the number of orders of the divisor. The function key
480 actuates the rocker arms 267, 346, 359 and 291.
When key 480 (FIGURES 1 and 3B) is operated, arm
268 (FIGURE 4) of rocker arm member 267 turns lever
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269 which méves addition rail 264 (FIGURES 4 anid 21)
out of the path of division lever 252, so that tack bar
end 253 of rail 264 canndt erigage lever 253. By ds:
pressing the key 480 the addition rail is displacéd until
stops thereon are carrled out of the path of the computer
carfiage ratchet pawl 252. In addition the caitiage fe-
lease rocker arm 267 comunences the Operation of thi¢
apparatus. As desciibed with fefefencs to FIGURE 38
and FIGURE 11, actuation of the divisional récket arm
346 perniits linear movement of the pln cqrnage 63 Wthh
passes by under the influence of spring iearis to thc left
until the highest digit comies into engagement with the
plane of the highest digit of the storage mechanism 11,
12 as shown in FIG. 27. The depression of key 480 also
swings the ratchet rocker arm 359, whereby a second di-
vision rail is swung through a rod system into the path
of a pin on the carriage 93 wherein a clutch prevents can-
cellation of the values entered into the storage mecha-
nism. The carriage return cluich actuating rocker arm
291 fits in cooperation with the carriage return clutch
which pulls the computer carriage 93 to its extreme right
position, whe1eby the highest digit of the calculating
mechanism is in a plane of engagement with the highest
digit of the storage mechanism 13, 32 as shown in FIG.
27. All the above patts and elements are desciibed here-
inabove. o o _

As best seen in FIG. 3b; the function key 481 of the
embodiment here described actuates only rocker arms
267, 359 and 291, but not the rocker arm 346. There-
fore upon eniry of a number into the pin carrlage, the
pin carriage does not pass to the left, but remains in the
position into which it arrived. Therefore, the lowest dlglf
tal position occupied by the number which was entered
is in an engagement position with the lowest digit in the
storage mechanism.

By depressmg function key 488 the divisor, entered
into the pin carriage, is entered in the extreme left mar-
gin of the storage mechanism i1, 12. However, by de-
pressing the function key 481 (division key), the value
entered in the pin carriage is transferred into the right
margin digits of the storage mechanism as shown in
FIG. 28a.

In the event that a divisor has the same number, or a
greater number of orders than the dividend, it is most
advantageous not to enter the dividend in the highest
orders of the calculating mechanism, as described with
reference to FIG. 27, or in the lowest orders of the cai-
culating mechanism as described with reference to FIGS.
28a and 285, but in the middle orders of the calculating

_mechanism 93, as will now be described generally with

reference to FIGS. 2%9a¢ and 29b, and then specifically
with reference to FIGS. 2, 30 and 31.

A tabulator means is provided which effects shifting
of the calculator carriage to its right hand end position
as shown in FIG. 29, and this tabulating means is used
before the dividend is entered into the calculator mecha-
nism so that the relative position between the storage
means 1%, 12 and the calculating mechanism is as shown
as in FIG. 294. The dividend is first entered into the input
carriage §3, then transferred to the storage mechanism
11, 12, and from there transferred into the calculating
mechanism, and since the value is entered into the lower
orders of the storing mechanism, it will be entered into
the middle orders of the calculating mechanism. Conse-
quently, the calculating operations can be carried out
where sufficient higher orders are available. If a divisor
is entered into the calculating mechanism, as shown in
FIG. 29b, the operations take place at the center of the
calculating mechanism, and if the divisor has the same
number of orders, or a greater number of orders than the
dividend, the orders of the storage mechanism 11, 12 are
better utilized, and a smaller number of machine cycles
will be necessary until the highest order of the divisor is
entered into the order of the calculating mechanism where
the highest order of the dividend was entered. Conse-
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quently, the counter mechanism will be better utilized to
indicate in its orders meaningful digits of the quotient.

Assuming, for example a dividend of four orders, and
a divisor of four orders, the quotient will have a single
meaningful order, in addition to zeros, if the arrangement
of FIGS. 28a and 28b is used. In the arrangement of
FIGS. 28a and 285, however, the quotient will have eight
meaningful orders, which, in the arrangement of the pres-
ent invention, are all the orders of the counter mecha-
nism.

Bowever, 'if the number of orders of the divisor is
smaller than the number of orders of the dividend, then
an idle run of the machine can only be avoided if the
divisor is entered into the calculating mechanism in a
position in which its highest order is located in an order
of the calculating mechanism which is higher, or the
same order as the order in which the highest order of the
dividend is entered.

This can be effected in two ways. Either the dividend
is entered in the lowest orders of the calculating mecha-
nism and the operation is carried out as described with
reference to FIGS. 28a and 28), or the tabulating means
i3 used as described with reference to FIGS. 294 and 295,
and the dividend is entered in the middle orders of the
calculator mechanism, while the pin cairiage is shifted to
its left end position, as described with reference to FIG.
27.

Assuming a storage mechanism of eight orders, the two
possibilities are not exacily equivalent since in the right
ead position of computer carriage 93, the lowest order of
the storage mechanism 11, 12 already cooperates with the
eighth order of the calculating mechanism. In the oper-
ation of FIG. 28b, a five order dividend and a three order
divisor will produce a three order quotient, and in the
arrangement in which the dividend is entered, as shown
in FIG. 29¢, and the divisor is entered in the highest or-
ders of the calculator, the quotient will have five orders.

In order to obtain the position of the pin carriage 63
shown in FIG. 29b, the calculating mechanism is pro-
vided with an ordinally arranged set of calculator stops
which are so arranged and consiructed that oaly the cal-
culator stop of the highest order in which a number,
namely the dividend, was entered, projects into the path
of movement of a stop on the pin carriage 63. In this
manner, the pin carriage is stopped so that its highest
order cooperates with the highest order of the calculator
mechanism in which the dividend was entered.

FIGURES 2, 30 and 31 show the arrangement which
is used to hold the pin carriage during passing at the
highest occupied digit of the calculating mechanism.

A slide 565 is movably mounted on the pin carriage as
shown in FIG. 2. The slide 585 may be elevated by the
pin carriage shift ratchet 85. This shift ratchet 85 is pro-
vided with a toothed rod 86 cooperating with an exten-
sion 87 of pin carriage 63, as shown in FIGS. 2 and 20
and when the toothed rod 86 is retracted from exiension
87 of the pin carriage, the pin carriage is free to pass to
the left. This turning movement of ratchet 85 raises the
slide 585 in FIGURE 2. Thereby its upper end comes
into a position for engagement with stop rods 561 which
are controlled by the calculating mechanism. The lever
85 is turned by member 81 in counter-clockwise direc-
tion when a key 58 is depressed, and turns clockwise
when the key is released. When after entry of the di-
visor function key 489 is operated, a clutch (not shown)
is actuated and turns lever 85 while holding slide 595 in
raised position until slide 5¢5 has moved so far left that
the upper end of slide 585 is engaged by bars 501 which
are controlled by the counter mechanism. Slide 585 re-
mains in raised position to the end of the division. Then
member 81 is returned by spring 82, and slide 5@5 drops
down.

This control occurs in such a manner that always only
the stop rods of the highest order occupied by a digit pro-
trude into the path of the slide 585 while the stop rods
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of the lower orders occupied by digits and the rods of
the higher orders unoccupied by digits do not protrude
into this path. The stop rods are linked together in such
a manner that the rod which is in position of engage-
ment is pushed out of the path of the pin carriage when
the rod of a higher digit enters into a position of engage-
ment.

A lever 503 is mounted pivotally on the cancellation
gear shaft 232, The lever 503 has an arm 503’ which
cooperates with a curved disk 584, mounted on the
counter carriage intermediate gear 231. The curved disk
594 is notched, the position of the noich corresponding
to zero position so that at the zero position the arm 503’
engages this notch. In this position les also a stop rod
581, pivotally mounted on lever 583 to pin 585. In the
zero position lever 581 is not in the path of the elevated
slide 535 passing when the pin carriage 63 is moved to
the left. Since the curved disk 584 only has one notch
indicating the zero position, when a number other than
zero is applied to this corresponding order of the calcu-
lating mechanism, the lever 583 is moved counterclock-
wise and the stop rod 581 is pushed forward into the
path of the slide 585. In order to permit the pin car-
riage to move to the last occupied order, it is necessary
that only the stop rod of the highest occupied order is
operative while the stop rods of the next lower orders
do not project into the path of the pin carriage.

This is accomplished by providing each lever 503 with
a side piece 582 aitending at an angle from lever 563.
The arm 582 extends into the vicinity of the stop rod
501 of the nmext lower dilgt and engages an angled ex-
teasion 588 of its corresponding stop rod. Therefore
when a number from one to nine of the next digit moves
the lever 583 out of the notch of the curved disk 584 the
stop rod of the next lower digit is moved thereby towards
and out of the path of edge § of the slide 585. Then the
pin carriage can move to the left until the edge of slide
805 strikes against the stop red 501 of the highest occu-
pied digit. In different embediments of the invention a
counter stop fized to the pin carriage may be subsiituted
for the slide 585.

If one or several zeros appzar in the numerals of the
dividend, for instance, when the dividend comprises the
number 8007, an additional arrangement is necessary to
permit lifting out of the path of the pin carriage the stop
rod corresponding to the number 7 over the two zero
positions by the highest digit occupied by the number 8.
This is because the stop rod 581 of the next lower digit
is elevated by the side piece 582 of the digit occupied by
the number 8, the lever $93, however, is not moved by
this next lower digit in view of the fact that there is only
a zero in this lower digit. Therefore the stop rod of the
second next digit and also the stop rod of the next lower
digit which is occupied by the number 7 are not lifted.

For such a purpose the stop rods themselves are pro-
vided with an angular member 587, which always reaches
under the stop rod of the next lower digit. When key-
ing in the given example number, 8007, the side piece
582 of the lever 503 of the numeral 8 lifts the stop rod
561 of the numeral 0. The angular member 582 of this
last mentioned stop rod in turn reaches under the stop
red 561 of the next lower digit and so on. Thus all stop
rods up to the highest occupied digit are moved out of
the path of the pin carriage. This assures that each next
higher digit causes the moving out of the stop rods also
when there are zero positions in between the numerals.

In another embodiment of the invention the mecha-
nism which causes the holding of the pin carriage on its
last occupied digit is developed so that the stop rods do
not reach into the path of the pin carriage upon the entry
of a numeral from 1 to 9, as it is in the previous embodi-
ment, but only when the numeral is zero. Since above
the highest occupied order there are always only addi-
tional zeros, the pin carriage passes through until it hits
the stop pin of the first zero past the highest cccupied
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digit. To prevent the pin carfiage from stOppmg against
the stop rod of a zero, when such occurs i between the
Hufflerals of the dividend, the stop rod for such a purposs
is riiade integral with the lever 583 and provided with an
angular Portion which reaches urder the stop rail of the
lower dxglt so that all stop rods which are behind an
occupled digit are pushed out of the path of the pin
carriage.

Int still another embodiment of the invention care is taken
to urtilize tiiily thie capacity of the counter mechanism also
wheii the d1g1ta1 numbér of the divisor is greater than that
of the dividerid. In stich a case, as already described here-
iflabove, the dividend is entered in the middle of the calcu-
Iatmg méchiahisii. Upon entfy of the divisor into the pin
camage the sécond key is depressed and the comrmcr
carriage is brought at first further to the rlght out of the
position into which the dividend is brought in the middie
of the calculating mechanism. Thereafter the computer
carriage falls back again into this position and from this
position out it counts the individual digits. The manner
of moving the calculating carriage also has been described
hereinabove,

In this last mentioned embodiment it is not required
to count the unoccupied digits of the calculating mecha-
nism iti view of the fact that the catriage is not stopped at
the stops corresponding to ah unoccupied position. These
stops are rémoved out of the path of the stop of the com-
putér carriage so that only that stop must be counted as
the first stop in which the calculating mechanism is oc-
cupxed The last two mentioned embodiments of the in-
vention in combination produce a calculator with which
it 1§ possible to carty out mixed divisions and 1rresper‘tlve
of whethet of not the digital number of the divisor is
gréater than the digital number of the d1v1de*1d the ca-
pacity of the counter mechanism always is fl.lly ex-
ploited and thereby always the highest possible mimber
of digits past the decimal point may be obtained.

It should be understood, of course, that the foregoing
disclosure relates to preferred embodiments of the inven-
tion and that it is intended to cover all changes and modi-
fications of the examples of the invention herein chosen
for the purposes of the disclosure, which do not constitute
departures from the spirit and scope of the invention set
forth in the appended claims.

We claim:

1. In a calculator, in combination,

an input carriage having a set of ordinally arranged

input means and being movable between a first end
position and a second end position;

i calculator carriage including a set of ordinally ar-

ranged calculating means and being movable between
a first end position and a second end position, the
input means of the highest order being aligned with
said calculating means of the highest order in said
first end positions of said input carriage and calcu-
lator carriage;

control means for effecting movement of said calculator

carriage and of said input carriage from said second
end position to said first end position thereof to ob-
tain entry of a dividend by said input means in calcu-
lating means of selected orders; and

calculator stop means disposed on said calculator car-

riage and being operable to block movement of said
input carriage in a selected position in which the in-
put means are respectively aligned with calculating
means of selected orders between the highest and
lowest orders to cause entry of a divisor in said calcu-
lating means of said selected orders so that the divisor
can be repeatedly subtracted from the dividend dur-
ing a division for obtaining a quotient having a de-
sirable number of orders.

2. In a calculator, in combination,

an input carriage having a set of ordinally arranged in-

put means and being movable between a first end posi-
tion and a second end position;
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calculator carriage inciuding a set of ordinally ar-
ranged calculating means and being movable between
a first end position and a second end position, the in-
ptt means of the highest order being aligned with
said calculating means of the highest order in said
first end positions of said input carriage and calculator
carriage; '

first control means for effecting simultanecus move-

ment of said calculator carriage and of said input car-
riage from said second end positions_ to said first end
positions so that a dividend and a “divisor .can be
successively transferred frem said input means to said
calculator means of the highest orders; and

second contrcl means for effecting movement of said

3.

calculator carriage from said second end position to
said first end position thereof to obtain entry of a
dividend by said input means in calculating means
of seiected orders, and for placing said input car-
riage in a selected position in which the input means
are respectively aligned with calculating means of
selected orders between the highest and lowest orders
to cause entry of a divisor in said calculating means
of said selected orders so that the diviscr can be re-
peatedly subtracted from the dividend during a divi-
sion for obtaining a quotient having a desirable num-
ber of orders.

In a calculator, in combination,

an input carriage having a set of ordinally arranged

input means and being movable between a first end
position and a second end position;

calculator carriage including a set of ordinally ar-
ranged calculating means and being movable between
a first end position and a second end position, the
input means of the highest order being aligned with
said calculating means of the highest order in said
first end posmons of said input carriage and calcu-
lator carriage;

first control means for effecting simultaneous move-

ment of said calculator carriage and of said input
carriage from said second end positions to said first
end position so that a dividend and a divisor can
be successively transferred from said input means to
said calculator means of the highest orders; and

second control means for effecting movement of said

4.

calculator carriage from said second end position to
said first end position thereof after entry of a divi-
dend by said input means in calculating means of the
lowest orders, and for maintaining said input car-
riage in the position assumed thereby after entry of
the dividend so that the input means are respectively
aligned with calculating means of selected orders be-
tween the highest and lowest orders to cause entry
of a divisor in said calculating means of said selected
orders so that the divisor can be repeatedly sub-
tracted from the dividend during a division for obtain-
ing a quotient having a desirable number of orders.
In a calculator, in combination,

an input carriage having a set of ordinally arranged

a

input means and being movable between a first end
position and a second end position;

calculator carriage including a set of ordinally ar-
ranged calculating means and being movable be-
tween a first end position and a second end position,
the input means of the highest order being aligned
with said calculating means of the highest order in
said first end positions of said input carriage and
calculator carriage;

a stationary storage mechanism including a set of ordi-

nally arranged storage means for respectively trans-
ferring numerical values from said input means to
said calculator means, and for re-entering the values
in said input means, the calculating means of the
highest order being aligned with said storage means
of the highest order in said first end position of said
calculator carriage;
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first control means for effecting movement of said cal-
culator carriage and of said input carriage from said
second end positions to said first end position so that
a dividend and a divisor are successively transferred
from-said input means to said calculator means of
the highest orders; and

second control means for effecting movement of said
calculator carriage from. said second end position
to said first end position thereof after entry of a
dividend by said input means in calculating means
of the lowest orders, and for maintaining said input
carriage in the position assumed thereby after entry
of the dividend so that the input means are respec-
tively- aligned with calculating means of selected
orders between the highest and lowest orders to
cause entry of a divisor in said calculating means of
said selected orders so that the divisor can be re-
peatedly subtracted from the dividend during a di-
vision for obtaining a quotient having a desirable
number of orders.

5. In a calculator, in combination,

an input carriage having a set of ordinally arranged
input means and being movable between a first end
position and a second end position;

a calculator carriage including a set of ordinally ar-
ranged calculating means and being movable between
a first end position and a second end position, the
input-means of the highest order being aligned with
said calculating: means of the highest order in said
first end positions of said input carriage and calcula-
tor carriage;

first control means for effecting simultaneous movement
of said calculator carriage and of said" input car-
riage from said second end positions to said first end
positions so that a dividend and a divisor can be
suceessively transferred from said input means to said
calculator means of the highest orders 5

second control- means for effecting movement of said
calculator carriage from said -second end position to
said’ first end . position thereof to obtain entry of a
dividend by said input.means in calculating means
of selected orders, and. for maintaining said input
carriage in the position assumed thereby after entry
of a dividend; and

stop means controlled by the calculating means of the
highest order in which a digit of the dividend is
stored to stop movement of said input carriage in a
selected position in which the input means of the
highest order is aligned with the calculating means
of the highest order in which a digit of the dividend is
stored to cause entry of a divisor in said calculating
means of said highest orders so that the divisor can
be repeatedly subtracted from the dividend during a
division for obtaining a quotient having a desirable
number of orders.

6. Ina calculator, in combination,

an input carriage having a set of ordinally arranged
input means and being movable between a first end
position and a second end position;

a calculator carriage including a set of ordinally ar-
ranged calculating means and being movable be-
tween a first end position and a second end position,
the input means of the highest order being aligned
with said calculating means of the highest order in
said first end positions of said input carriage and
calculator carriage;

first control means for effecting movement of said cal-
culator carriage and of said input carriage from said
second end positions to said first end position so that
a dividend and a divisor can be successively trans-
ferred from said input means to said calculator means
of the highest orders;

second control means for effecting movement of said
calculator carriage from said second end position to
said first end position thereof to obtain entry of a
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dividend by said input means in calculating means
of selected orders; and

blocking means for blocking movement of said input
carriage in a selected position in which the input
means of the highest order is aligned with the calcu-
lating means of the highest order in which a digit of
the dividend is stored, said blocking means including
stop means controlled by the calculating means of
the highest order of the dividend to stop the move-
ment of said input carriage in said selected position
whereby a divisor is entered in said calculating means
of ‘said highest orders so that the divisor can be re-
peatedly subtracted from the dividend during a di-
vision for obtaining a quotient having a desirable
number of orders.

7. In a calculator, in combination,

an input carriage having a set of ordinally arranged
input means and being movable between a first end
position and a'second end position;

a calculator carriage including a set of ordinally ar-
ranged calculating means and being movable between-
a first end position and a second end position, the
input means of the highest order being aligned with
said . calculating means of the highest order in said’
first end positions of said input carriage and calcu-
lator carriage;

control means including a' control key for effecting
movement of said. calculator carriage and of said
input carriage from said second end positions to said
first end position so that a dividend and a divisor
can be successively transferred from said input means
to said calculator means of the highest orders;

tabulator ‘means including a tabulator key for effecting
movement of said calculator carriage from said sec-
ond end position to said first end position thereof to’
obtain entry of a dividend by said input means in
calculating means of selected orders between the
highest and the lowest orders; and

calculator stop means disposed on said calculator car-
riage and being operable to block movements of said
input carriage in a selected position in -which the in-
put means of the highest order is aligned with the
calculating means of the highest order in which a
digit of the dividend is stored:to cause entry of a
divisor in said calculating means of said highest
orders so that the divisor can be repeatedly sub-
tracted from the dividend during a division for ob-

taining a quotient having a desirable number of
orders.

8. In a calculator, in combination,

an input carriage having a set of ordinally arranged

Input means and being movable between a first end
position and a second end position,

said input carriage including a stop;

a calculator carriage including a set of ordinally ar-
ranged calculating means, and set of ordinally ar-
ranged calculator stops,

the calculator stop of the highest order in which a num-
ber is entered being located for engaging said stop
of said input carriage during movement of said pin
carriage for stopping said input carriage in a position
in which the input means of the highest order is
aligned with the calculating means of the highest
order in which a number is entered,

said calculator carriage being movable between a first
end position and a second end position, the input
means of the highest order being aligned with the
calculating means of the highest order in said first
end position of said input carriage and said calcula-
tor carriage,

first control means for effecting movement of said
calculator carriage and of said input carriage from
said second end pesitions to said first end positions
s0 that a dividend and a divisor can be successively
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transferred from said input means to the calculating
means of the highest orders;

and second control means for effecting movement of

only said calculator carriage from said second end
position to said first end position thereof to obtain
transfer of a dividend from said input means to the
calculating means of selected orders between the
highest and lowest orders,

said calculator stop means of the highest order of the

calculator means in which a number is entered
blocking said input carriage in a position in which the
input means of the highest order is aligned with the
calculating means of the highest order in which a
digit of the dividend is stored to cause entry of a
divisor in said calculating means in the orders in
which the dividend is stored so that the divisor can
be repeatedly subtracted from the dividend during a
division for obtaining a quotient having a desirable
number of orders.

9. A calculator as set forth in claim 8 wherein said
calculator carriage includes a set of ordinally arranged
cam discs engaged by said calculator stops, respectively
and holding said calculator stops in an inoperative posi-
tion not cooperating with said stop of said input carriage
when the respective calculating means are in zero posi-
tion and effecting movement of said calculator stops to
an operative blocking position cooperating with said stop
of said input carriage when a number is entered in the
respective calculating means, said calculator stops being
operatively connected so that each calculator stop in
operative blocking position holds the calculator stops of
the lower orders in said inoperative position so that only
the calculator stop of the highest order in which a num-
ber is entered is in said operative blocking position.

10. A calculator as set forth in claim 9 wherein each
calculator stop includes a lever means cooperating with
the respective cam discs, and a stop member pivotally
mounted on said lever means, each lever means having
an arm cooperating with said stop member of the next
lower order.

11. A calculator as set forth in claim 10 wherein each
stop member has an arm cooperating with the stop mem-
ber of the next lower order for holding the same in an
inoperative position.

12. In a calculator in combination,

an input carriage having a set of ordinally arranged
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input means and being movable between a first end
position and a second end position;

. astop on said input carriage;

a calculator carriage including a set of ordinally ar-
ranged calculating means and being movable between
a first end position and a second end position, the
input means of the highest order being aligned with
said calculating means of the highest order in said
first end positions of said input carriage and calcula-
tor carriage;

tabulator means for effecting movement of said calcu-
lator carriage from said second end position to said
first end position thereof to obtain entry of a divi-
dend by said input means in calculating means of
selected orders between the highest and ine lowest
orders; .

first control means for effecting’ movement of said
calculator carriage and of said input carriage from
said second end positions to said first end position;

so that a dividend and a divisor are successively entered
by aid input means in said calculator means of the
highest orders; and

second control means including calculator stop means
on said calculator carriage and being controlied by
the calculating means of the highest order of the
dividend to move to a position engaging said stop
for stopping said input carriage in a selected position
in which the input means of the highest order co-
operates with the calculating means of the highest
orders to enter a divisor in said calculating means of
said highest orders so that the divisor can be re-
peatedly subtracted from the dividend during a di-
vision for obtaining a quotient having a desirable
number of orders.
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