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For purposes of disclosure, the invention will be shown 
and described as embodied in a square root machine of 
the type disclosed in my joint patent above-mentioned, 
which, in turn, is embodied in a machine of the type dis 
closed in the three patents to Carl M. Friden above 
mentioned. It will be understood, however, that the in 
vention is not limited to incorporation in such a machine 
for it can be incorporated in, or applied to, other com 
mercial calculating, machines on the market, and does 
not need to be associated with a mechanism for the ex 
traction of square root. Therefore, the machine" shown 
in the accompanying drawings and described herein is to 
be considered as a preferred embodiment, used only for 
the purpose of exemplification, for the invention is not 
limited to the machine so shown. • 

Parts of the mechanism disclosed in the above patents 
which are associated with the mechanism of this inven 
tion, are disclosed herein in order to show the environ 
ment of the novel structure of the present invention. It 
will be understood that in these views many mechanisms 
and parts not associated with the mechanism of my inven 
tion, are eliminated for simplification-only those 
parts being retained which cooperate with the novel mech 
anism of my machine. Such conventional mechanisms 
will be described as briefly as possible and yet explain the 
novel mechanism of my invention and to illustrate its 
operation. For a full disclosure of any of these mecha 
nisms shown and herein briefly described, or for related 
mechanisms not shown or described, reference is made to 
the afore-mentioned patents, or others which may be men 
tioned hereafter. 

It is believed that the invention will be more readilly 
understood by a reference to the drawings which form, a 
part of this specification, and in which: 

FIG.1 is a plan view of a preferred form of a machine 
with which my invention can be associated. 

FIG. 2 is a cross-sectional view through one order of 
the actuating mechanism and register of the machine 
shown in FIG. 1. 

FIG, 3 is a left side view of the right-hand control plate, 
with certain mechanisms pertinent to my invention shown 
thereon. 

FIG. 4 is a plan view of the shifting and clearing mech 
anisms conventional in the machine shown in FIG. 1. 

FIG. 5 is a rear view of the machine shown in FIG. 1. 
FIG. - 6 - is a longitudinal cross-sectional view of the 

multiplier selection and operating mechanism, such as 
taken allong the longitudinal vertical plane indicated by 
the line 6-----6 of FIG. 1. • 

FIG. 7 is a longitudinal cross-sectional view of a por 
tion of the multiplier control mechanism, such as taken 
along the longitudinal vertical plane indicated by the line 
7----------7 of FIG. 1. 
FIG.8 is a detail of one of the conventional operating 

mechanisms of the machine with which my invention is 
associated. \\ 

FIG. 9 - is a cross-sectional view looking toward the 
right and taken immediately to the right, or inside, of the 
left side control plate, as along the longitudinal vertical 
plane indicated by the line 9-9 of FIG. 1, and shows a 
portion of the multiplication control mechanisms. 

FIG. 10 is a left side view of the left side control plate, 
being taken immediately to the left of the plane indicated 
by line - 9-9, showing additional mechanisms associated 
with the multiplier mechanism. ... 

FIG. 1:1 is a left side view taken from substantially the 
same plane as FIG. i 10, but showing thereon the mecha 
nisms of the present invention, and in effect, can be con 
sidered as superimposed over FIG. 10 to show the rela 
tionship between the conventional and new mechanisms. 

FIG. 12 is a plan view, on am enlarged scale, of mecha 
nisms associated with my invention, and, in effect, is taken 
along the plane parallell to the keyboard indicated by the 
line 12-12 of FIGS, 9 and 11. - • - : 

FIG. 13 is a longitudinal cross-sectional view through 
the multiplying feed mechanism of my invention, and 

4 
shows particularly the similarity of the mechanism of the 
present invention to the square root mechanism of my 
joint patent, above-mentioned, as will be obvious by 
reference to FIG. 42 of that patent. 

5 FIG. 14 is a detail, an enlarged scale, of the feed 
mechanism for the cam, or ordinal selection, shaft. 

FIG. 15 is a front view of the multiplying (and square 
root) control assembly of my invention. 

FIG. 16 is a cross-sectional view, taken on a longitudi 
10 mal vertical plane, of the multiplier storage mechanism 

and the means for controlling a multiplication operation 
therefrom. 

FIG. - 17 is a left side view, on a somewhat enlarged 
scale, of control mechanisms associated with my inven 

15 tion, taken on a vertical longitudinal plane intermediate 
the left-hand - auxiliary - and frame plates, as , along the 
plane indicated by the line 17-17 of FIG. 1. 

FIG. 18 is a detail of the keyboard clearing mecha 
nism, being a view taken of the left side of the right side 

20 frame plate. \ 
FIG. 19 is a front view of certain mechanisms shown in 

part in FIG. 18, relating particularly to the clearing of the 
multiplication mechanism. 

FIG. 20 is a side view of the conventional selection bars 
25 and the auxiliary, or feed, slide of the second embodiment 

of my invention, with the parts in the “0” position. 
FIG. 21 is a view similar to FIG. 20 but showing the 

relationship of the parts when a value of “5” has been 
entered by the auxiliary, or feed, slide. 

30 FIG, 22 is a left side view of the“1” to “5” selection 
bar with the interponent member mounted thereon. 

FIG'. i 23 is a detail plan view of the parts - shown in 
FIGS. 20 and 21. 

FIG. 24 is a partial plan view of the mechanism asso 
35 ciated with the second embodiment of my invention for 

locking the selection slides registering a “0” value in their 
“0” position. 

FIG. - 25 is a front view of the mechanism shown in 
FIG. 24. 

40 i FIG. - 26 is a cross-sectional view through the “0” 
blocking mechanism of FIGS. 24 and 25, such as taken 
along the plane indicated by line 26-26 of FIG. 25. 

II. GENERAL DESCRIPTION 
45 The present invention, in its preferred form, is an im 

provement on a calculating machine of the type disclosed 
in the above-mentioned Patent No. 2,229,889, issued to 
Carl M. Friden on January 28, 1941. The invention is 
shown, for purposes of exemplification, -as combined with 

50 the multiplier mechanism shown in the patents to Carl 
M. Friden, Nos. 2,371,752 and 2,399,917 issued on March 
20, 1945 and May 7, 1946, respectively. The present in 
vention is also shown as being applied to the machine for 
the extraction of Square root shown and described in my 

55 joint : Patent No. 2,736,494, issued February | 28, 1956, 
above-mentioned, as I prefer that the mechanism of the 
present invention utilizes many of the parts shown in that 
patent. It will be understood, however, that the multi 
plying mechanism of the present invention and the square 

60 root extraction mechanism of my said patent, are not 
necessarily - associated one with the other for, although 
many of the same parts are used, the two mechanisms 
operate separately and do not necessarily have to be as 
sociated with the mechanism of the other. Neither is it 

65 i necessary that the multiplying mechanisms of the Friden 
patents be combined with the present mechanism, for the 
present invention, per se, constitutes an improved multi 
plying mechanism. - - - 
The complete machine with which my invention is pref 

70 erably associated is shown in FIG. 1. The machine com 
prises a body portion 50 containing the actuating, select 
ing and control mechanisms of the machine, and an ac 
cumulator and revolutions counter carriage :51, which is. 
mounted for endwise shifting movement transversely of 

76, the body, or frame, portion 50. The carriage 51 has 
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mounted therein a series of accumulator dials 52 and also 
a series of revolutions counter dials 54, which are view 
able through suitable windows, or apertures, 53 and 55, 
respectively, provided in the cover 56 of the carriage. 
The carriage may be shifted by power in either direction 
across the machine by manipulation of a left shift key 57 
or a right shift key 58, both of which are preferably 
located on the right-hand side of the machine frame 50. 

Numerical values may be selected for entry into the 
accumulator dials 52 of the machine by depression of 
appropriate numerall keys 60 of a conventional “full” key 
board. The keys are arranged in a plurality of orders, 
each order containing value keys of from “1” to “9,” 
inclusive. The values so set on the keyboard may be set 
into the accumulator register dials 52 either additively 
or subtractively, as by depression of the plus bar 61 or 
the minus key. 62, respectively. Values set into the key 
board may be erased, or cleared, therefrom by depression 
of another key in the same order, and particularly by de 
pression of the aligned “0” key 59; or by manipulation 
of the keyboard clear key 63; or, if it is desired that the 
keyboard be cleared after each cycle of digitation, an 
add key 64 may be operated forwardly and latched in the 
operated position, as is well-known. Division operations 
are initiated by depression of divide key 68 and the extrac 
tion of square root is initiated by depression of the Square 
root key 69 aligned with the decimal point of the radicand 
(as explained in my said joint patent). 
The accumulator dials 52 and the revolutions counter 

dials 54, may be cleared, or reset to “0,” by manipula 
tion of the manually operable reset knobs 65 and 66, re 
spectively, these knobs being mounted for lateral sliding 
movement in the framework of the carriage. Alterna 
tively, either one or both of these accumulator or counter 

* registers may be zeroized by power through the depres 
sion of a carriage clear key 67. 
The machine with , which my invention is preferably 

associated, is also provided with a multiplying mecha 
nism which comprises the auxiliary ten-key keyboard con 
taining a single value key 70 for each of the values of 
“0” and “1” to “9,” inclusive. The auxiliary, or multi 
plier, keyboard is placed on the lower left-hand corner 
of the front of the machine, as shown in FIG. 1, and is 
operable to insert values into a multiplier mechanism by 
depression of value keys, digit by digit. The multiplier 
mechanism set by the depression of the value keys 70 
is shifted to the left as values are inserted therein, dis 
playing check dials which show the values so inserted 
through a window 71 - located above the value key 70. 
The keys 70 preferably are arranged in a square, 3 x 3, 
with the “0” in front and below the value keys, as 
shown. Multiplication operation controll keys preferably 
are located adjacent the multiplier keyboard 70 and in 
clude: a multiply key 72, which is operable to shift the 
carriage to the extreme left-hand position shown in FIG. 
1, to then Zeroize the register dials. 52 and the counter 
dials | 54, or ; either of them, depending upon setting of 
control mechanisms not here pertinent, and to then multi 
ply the value set in the keys 60 by the values set on the 
keys 70; an accumulate multiply key 73, which is effective 
to shift the carriage to the extreme left-hand position 
shown in this figure and to then initiate a multiplication 
operation (without clearing the registers), whereby the 
products of various multiplication operations can be ac 
cumulated in the accumulator dials 52; and a negative 
multiply key 74, which initiates the operation of the ima 
chine through the same Steps as the accumulate multiply 
key 73 (i.e., shift the carriage to the extreme left-hand 
position and then initiate a multiplication operation) with 
the difference that the value standing in the full keyboard 
60 is entered into the accumulator register dials 52 sub 
tractively instead of additively, in order to subtract one 
product from another. The multiplier mechanism and 
the controls associated therewith will be more fully de 
scribed hereafter. 
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1. Selecting and actuating mechanism 
The main operating i mechanisms of the machine are 

supported, for the most part, on or from a frame which 
comprises a base plate 80 (see FIG. 6) to which is 
rigidly secured a right side frame 81 (see FIGS. 3 and 
4) and a left frame plate 82 (see FIGS, 2 and 6). The 
right and left side frames are interconnected by means 
of various crossframe members including crossbars 83, 
84 and 85 shown in cross-section in FIG. 2, and the 
front crossbar 87 shown in FIG. (16. • 

It was mentioned previously that the value keys 60 of 
the keyboard are ordinally arranged, the keys of each 
order representing the values “1” to “9,” inclusive, and 
a clear, or “0,” key 59, as shown. The various keys 60 
are arranged for vertical movement in the machine, as 
by means of key slots 90 (FIG. 2) embracing tie rods 
91, and are resiliently biased to a raised position by 
Suitable springs, not identified. There is a latching slide 
92, associated with each order of the keyboard keys. 
These slides are provided with a pertures 93 through which 
the key stems 60 extend. The latching slides 93 are nor 
mally urged toward the front of the machine (toward the 
left in FIG. 2) by means of conventional springs, not 
shown. Each key stem 60 carries a cam projection 94 
and a notch. 95 associated with each aperture 93 of the 
associated Iatch slide. Whenever a key is depressed, the 
cam forces the latching slide rearwardly (to the right in 
this figure), thereby releasing any key in that order which 
may have been latched in a depressed position. When 
the key reaches its fully depressed position, the notch. 95 
registers with the latching slide 92, whereupon the latch 
slide Snaps forwardly from the force of its spring, so 
that it engages the notch and locks the slide in the 
depressed position. It can be mentioned here, that if 
the latching slide is locked against rearward movement, 
by any Suitable means, the keys of that order cannot 
be depressed. 
The values to be entered into the accumulator dials 

52 may be determined by means of a plurality of simi 
lar selecting mechanisms associated with each order of 
the value keys 60. In the preferred form of my inven 
tion, there is a pair of similar value selecting, or V-notch, 
bars 96 associated with each order of keyboard keys 60, 
as shown in FIG. 2. These bars are mounted for end 
wise movement by means of a suitable parallell linkage, 
including links 97, and extend through suitable slots pro 
vided therefor in the crossbar 83. Each selecting bar 96 
is provided, at its rear end, with a yoke 98 that engages 
a grooved collar on a ten-tooth selection gear 99, slida 
bly and nonrotatably mounted on a longitudinally ex 
tending square shaft 100 journalled in the crossbars 83, 
84 and 85. The forward portion of the selection bars 
are provided with differentially set cam faces i 10, which 
cooperate with pins 1:02, mounted on the lower end of 
the key stems, whereby the selection bars 96 are trans 
lated, and selection gears 99 are moved allong square 
Shaft 100, a differential amount determined by the value 
key operated. Hence the depression of a value key 60 
results in a differential translation of the associated selec 
tion bar 96, which, in turn, serves to differentially posi 
tion the Selecting gears 99 axially along the square shaft 
100. The lower portion of the V-notch is provided with 
a Socket 103 i adapted to receive the pin 192, so that when 
the related key is locked in its operative position, the 
Selection bar is locked against displacement. 
The differential movement of the selecting gears 99 on 

the Square shafts 100 serves to position the gears in the 
path of a Series of stepped teeth provided on an actuating 
cylinder 1995 Secured to an actuator shaft 166, all of the 
actuator Shafts being driven in unison by means of miter 
gearing connecting them with a main drive shaft 107. 
The shaft 497 is cyclically and unidirectionally operated 
by means of a clutch-controlled driving means, herein 
after to be described, so as to provide a single path of 
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power ffow from the electric motor, not shown, to the 
various power-operated mechanisms of the machine. All 
of the actuators • cycle in unison with rotation of the 
drive shaft 107, and hence are operative to rotate the 
selection gears 99 and the square shaft 100 on which 
the latter are mounted, differential amounts depending 
upon the differential i axial position of the gears on the 
square shaft 60. 
Each of the square shafts 60 is provided on its rear 

end with a slidably but nonrotatably mounted spool 110, 
which ... is formed with an integral plus gear 1 if and a 
minus gear 112. The plus and minus gears are adapted 
to a cooperate with a similar i gear 113 mounted on the 
lower end of each of the accumulator dial shafts 114, the 
shafts being rotatably journalled in the carriage frame 
bar 115. When the machine is in its idle, or full-cycle, 
position, the accumulator gears 113 llie approximately 
halfway between the add and subtract gears 111 and 112, 
respectively, so as to permit lateral shifting movement 
of the carriage without registration of the related gears. 
In order to enable an amount set up on the keys 60 to be 
added into the accumulator dials 52, the spools 110 and 
the integrall gears are shifted toward the rear of the ima 
chine to cause gear 11 to i mesh with gear 113. Con 
versely, when the amount set in the keyboard is to be 
Subtracted from a value standing in the register, the 
Spools 110 are shifted forwardly so I as to cause engage 
ment of the minus gear 12 with the accumulator gear 
113. Both shifting movements can be accomplished by 
means of a fflat bar, or gate, 116 (often referred to as 
a digitation control gate), extending transversely of the 
machine and lying within the space provided between 
the add and the subtract gears 111 and 112. The gate 
116 is supported at either end by a pair of similar arms 
117 - which are affixed to a transverse digitation control 
shaft 118. The shaft may be rocked either clockwise or 
counter-clockwise by means hereinlafter mentioned, so 
as to cause engagement of the add gear 141 or subtract 
gear 112 with the accumulator gear 113 and thereby con 
trol digitation in the machine. 

It will be understood that the machine with which my 
invention is associated will be provided with a conven 
tional tens-transfer mechanism, so as to effectively trans 
fer a value of “1” to an adjacent higher order, additively 
or subtractively, every time the dials of a lower order 
pass through the “9” to “0” position. In the machine 
preferred for cooperation with my invention, the tens 
transfer mechanism will be of the type shown in the 
afore-mentioned patents, and for other types of calculat 
.ing machines, the conventional transfer mechanisms of 
Such machines could be used. As such a transfer mech 
anism has no particular connection with the mechanism 
of my invention, it will not be described. 

2. Revolutions counter 

It is conventional to provide a revolutions counter, or 
a quotient register, in all calculating machines. In the 
preferred form of my invention, this counter comprises 
the ordinally arranged dials 54 which are viewable 
through the windows 55 in the carriage cover 56. In 
their preferred form, the dials 54 are mounted upon longi 
tudinally extending: shafts 14:23, which are journalled at 
their rear : ends in the carriage frame bar 115 and at 
their forward ends in a channel 124; which forms the 
front part, or raill, of the carriage framework. A counter 
gear 125 is rigidly secured to each counter shaft 123 and 
is adapted to be operated by a counter actuator 126 of 
conventional construction. This mechanism is operable 
to provide a count of the cyclic operations of the calculat 
ing machine, and also for causing a unit to be transferred 
from a lower order to a higher order each time a wheel 
54 passes through the “9” to “0”; position. The revolu 
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- 'tions counter shown i is fully described in the above:- . 
mentioned Patent No. 2,229,889 to which reference may 75 

8 
be had for a more complete disclosure of this part of 
the machine. 

3. Motor drive . \\ 
It is conventional, in machines of the character de 

scribed, to provide a power-operated driving means for 
effecting registration in the accumulator of the value set 
on the amount keys, or, in other words, to drive the 
drive shaft i 107. The drive shaft 107 is operated in a 
cyclic fashion and, in the preferred machine with which 
my invention is associated, in a unidirectional manner, by 
means of a clutch-controlled drive from an electric motor, 
not shown. As shown in FIG. 3, a motor driven shaft 
130, which may be the armature shaft or a stub shaft 
connected thereto by a suitable flexible coupling, carries 
a pinion 131 rigidly mounted thereon. The pinion 131 
meshes with an idler i gear y 132, which gear, in turn, 
meshes with a larger gear 133 rotatably mounted on the 
transverse drive shaft 107. The gear 133 is provided with 
a hub on which is formed a driving clutch element, or 
ratchet, not shown. A driven clutch element 134 is 
rigidly secured to the drive shaft 407 and carries , a 
spring-urged pawl i 135 , which is provided with a tooth, 
adapted to engage the teeth of the ratchet for establish 
ing a driving connection between the gear 133 and the 
driven disk 134 and its shaft 1067. The pawl i 35 is mor 
mally spring-urged into drive engaging relationship with 
the ratchet, but is restrained in the open, or disengaged, 
position by means of a clutch control lever, or dog, 136 
pivotally mounted on the right side frame 81 by some 
suitable means, such as stud 137. . It is conventional in 
machines of the character described, to provide the clutch 
control lever 136 with a roller 138 which seats in a de 
pression formed on the periphery of the driven disk 134, 
in the full-cycle position thereof, and in i all other posi 
tions of the disk i 134 maintains the control lever 136 in 
its disengaged (i.e. clutch engaging) position. It is obvi 
ous, therefore, that one or more cycles of the drive shaft 
107 can be determined by proper operation of the clutch 
control lever 136. 

It is preferred that the electric circuit for the driving 
motor be established simultaneously with the movement 
of the clutch control i dog 136 (in a counter-clockwise 
direction, as viewed in FIG. 3), so the clutch is engaged 
and the motor started at the same time. For this purpose 
the upper end of the clutch control lever i 36 is connected 
to the rear end of a link 140 by any suitable means, such 
as a long stud 141. The forward end of the link 140 is 
pivotally supported on a lever 142, as by means of stud, 
or pin, 143. The lever 142 is pivotally mounted on the 
frame plate 81 by any suitable means, such as stud, or 
screw, 144. . The lower end of the lever 142 carries a long 
pin, or stud, 145 which extends through a suitable aper 
ture in the frame plate 81, and, on its inside end, I sup 
ports the front end of a long switch link 146. It will be 
obvious that the switch control link 146 is translated for 
wardly in the machine (to close the motor switch, not 
shown), simultaneously with the rocking of the clutch con 
troll dog 136 to its clutch-engaging position. It will also 
be obvious, as seen in FIG. . 3, that the lever 542 is 
rocked, and hence the clutch diog 136 and the switch link 
146 are moved to their operative positions, by the rock 
ing of the lever 374 (clockwise in this figure), as I will 
hereinlafter be described under the heading of “Multiplier 
Mechanism.” . It will be observed, likewise, that the roller 
138, in maintaining the clutch control lever 36 in its 
clutch-engaging position throughout the machine cycle, 
will also serve to maintain the switch controll link 146 in 
its - operative position, so that the motor circuit can be 
interrupted only in the full-cycle position of the parts. 

4. Carriage shift: mechanism 
Calculating machines of the character described con 

ventionally are provided with means for shifting the car 
riage 51 selectively, in either direction, a through one or 
more ordinal spaces. In the preferred form of machine, 
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the shifting means is operated from the an actuator 
shaft 106 under the control of the manually depressible 
shift keys 57 and 58, and certain automatic means, one 
example of which will be described in connection with 
the multiplier mechanism. The shift keys, and the mech 
anism controlled by them, are fully shown and described 
in U.S. Patent No. 2,380,642 issued to Carl M. Friden 
et al., on July 31, 1945, as modified by the shift clutches 
shown in the patent to Matthew, No. 2,679,916 issued 
June 1, 1954. The manually controlled shifting mecha 
nism is not only conventional, but has no particular con 
nection with the mechanism of my invention. It suffices 
to mention that the left shift key 57 causes a rearward 
translation of left shift rod 160 (FIG. 4), and depression 
of the right shift key 58 causes rearward translation of the 
right shift rod 161. The push rods 160 and 161 are nor 
mally maintained in their forward, or inactive, positions 
shown in FIG. 4, by suitable compression springs 162, 
while the rear ends of the rods carry clutch control arms 
163. A pusher link, or shift interponent, 158 engages the 
forward end of left shift rod 160, and, when operated, 
pushes the rod 160 rearwardly. Similarly, a pusher link, 
or shift interponent, 159 engages the forward end of the 
right shift rodi 161, and can be operated to push the rod 
161, rearwardly. The respective clutch control arms 163 
cooperate with the driving clutch member 164 and 165, 
respectively, located on the rear ends of the second and 
first actuator shafts 106, these shafts being extended to 
the rear of the machine for this purpose. Cooperating 
with the driving elements 164 and 165 are the i driven 
elements, or clutch disks, 166 and 167, respectively. 
These disks are affixed to sleeves 168 and 169, respec 
tively, which are i rotatably, mounted at the rear of the 
machine. Sleeve i 168 carries a pinion 170, which meshes 
with a gear 171, as shown in FIGS. 4 and 5. The idler 
171 meshes with a gear 172; rigidly mounted on the rotat 
able sleeve 173. The right-hand drive sleeve 169 is pro 
wided with a pinion 174 which meshes with a wide idler, 
or pinion, 175 which, in turn, meshes with the large idler 
171. Thus, when push rod 160 is moved toward the rear 
of the machine, thereby causing the left shift clutch ele 
ment 164 to engage the driven disk 166, the gear 172 and 
sleeve 173 are rotated in one direction, while the rearward 
translation of push rod i 161 and the consequent enable 
ment of the clutch 165, 167 causes rotation of the gear 
172 and sleeve 173 in the opposite direction. The sleeve 
173, as shown in FIG, 4, carries a drive disk 176, which is 
provided with four equildistantly spaced pins 177 adapted 
to engage in the notches 178 in the shift rack 179 mount 
ed on the rear of the carriage frame bar 115. Thus the 
operation of the push rod 160 is i effective to shift the 
carriage to the left while the operation of the shift rod 
161 is effective to cause a shift of the carriage toward the 
right. Preferably the gear, trains are so designed that 
each revolution of the actuator shafts - 106 will cause a 
90° rotation of the drive plate 176, whereby the carriage 
will be shifted in each machine cycle through a distance 
equal to the spacing between the notches 178 (which is 
equal to the distance between the numeral wheel shafts 
1090). In other words, the carriage will be shifted one 
ordinal space in either direction, on... each cycle of opera 
tion of the power shaft 107, as determined by the opera 
tion of the push rods 160 or 161. - . . . 

It is customary, in machines of the character described, 
to provide some means for disabling the control of the 
shift rods 160 and 161 whenever the carriage reaches 
either of its extreme end positions. -- It is conventional in 
the machine shown to achieve this purpose by providing 
means for lifting the shift interponents 158 and 159, re 
spectively, out of engagement with their respective shift 
clutch control rods 160 and 161 when the carriage reaches 
its extreme left-hand or extreme right-hand position. It 
can be mentioned that the mechanism of my invention 
will be operative, upon depression of a controll key, to 
first shift the carriage to the extreme left-hand position 
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10 
(and, on some operations, to clear the accumulator rég 
ister while in this position), and then to initiate the multi 
plication operation. For this reason I will describe the 
mechanism which will disable the carriage shifting means 
when the carriage reaches its extreme left-hand position, 
but will omit a description of the automatic means which 
is operative to terminate a shift in the other direction at 
the extreme right-hand position. The mechanism for 
this purpose is shown particularly in FIGS. 4 and 5. 
The terminal notch 178 on the right end of the shift 

rack 479 (at the left side of FIG. 5, as the true right 
hand direction is indicated by the arrow R) is formed, in 
part, by an override pawl 190 pivoted on the rack 179, 
as by stud 191. The pawl is resiliently biased into shift 
position by a suitable spring 189, in which position its 
nose i92, forms a part of the end notch 178. The lower 
edge of the pawl 190 is provided with an arculate cam 
Shoulder 1493 adapted to be engaged by a rotating pin 177 
when the drive plate - 176 attempts to move the carriage 
to the left beyond the extreme terminal position, thereby 
rocking the override pawl on its pivot (counterclockwise 
in FIG. 5). The outer, or right-hand, end of the pawl 
190 is formed as a nose 194 which, in that position of the 
carriage, overlies an ear 195 of the upright portion 196 of 
a long Ll-shaped lever 197 pivoted near the center of 
the machine, as by Screw 198. The upright portion 196 
is held from rearward displacement, or bending, by means 
of a fflatheaded screw 199 which extends through a slot 
2009 in the upright portion. The right end of lever 197 
overlies the horizontal arm of a bellcrank 20:11, which is 
pivotally mounted on the digitation control shaft 118. 
The forward vertical arm of the bellcrank 201 is pivotally 
connected to a forwardly extending link 2012 (FIGS. 4 
and 5). The forward end of this link is pivotally con 
nected to an upstanding arm 203 of a transverse bail 
204. The baill 204 is pivotally mounted on a transverse 
Shaft 205, and carries a curved arm. 206, which curves 
around the shaft 205 and extends rearwardly under the 
left shift control pusher arm. 158. The rocking of the 
override pawl 190, by means of the linkage shown and 
described, translates the link 202 forwardly, rocking the 
baill 2004 (counterclockwise when viewed from the right 
Side of the machine), thereby causing the arm 206 to lift 
the left shift controll link 158 from engagement with the 
push rod 160, and thus disabling the left shift clutch. It 
can be noted at this point that the baill 204 is formed as 
Shown in FIG. 4, and is provided with a leftwardly ex 
tending arm 207 which underlies an interponent arm 390 
of a left shift control mechanism operated by the multi 
plying mechanism, to be described hereafter. The ex 
tension 207 also underlies a pusher link, or control a Tim, 
239 which controls operation of the clutch that drives the 
power-operated clearing mechanism, likewise disabling 
that mechanism when the bail is rocked. Thus the rock. 
ing of the baill 204 llifts both interponents - 158 and 
398 to disable all controls of the left shift clutch, and 
also disables the register clearing mechanism. 

5. Register clearing mechanism 
It is also conventional in machines of the class de 

Scribed to provide means for clearing the accumulator 
register dials and the counter dials to “0.” The conven 
tional mechanism, for the machine with which my inven 
tion is preferably associated, comprises a pair of clearing 
rackS 229 (See FIG. 2) for the accumulator dials 52. 
These racks are slidably mounted in the carriage frame 
bar 115 and cooperate with a multilated clearing gear 221 
mounted on each of the dial shafts 114. Movement of 
the clearing racks 2:20, llengthwise of the carriage frame 
bar 115, causes them to engage any of the mutilated gears 
221 displaced from a “0” position and to rotate the dial 
Shaft and dial to the “0” position, as fully explained in 
the patent to Friden No. 2,229,889. These clearing racks 
can be operated manually by means of knob 65 shown 
in FIG. 1. Similarly the counter register dials 54, can be 



8,000,557 
- 11 

returned to a cleared, or “0,” position by means of the 
counter clear racks 222 which cooperate with mutilated 
clearing gears 22:3, one of which is mounted on each of 
shafts 123. The counter clearing Iracks 222 can be oper 
ated manually by means of the knob 66 shown in FG. 1. 
Either , or both registers can also be cleared by a power 
operation which is initiated by the depression of the car 
riage clear key 67, or automatically in certain programmed 
operations, by means of the operation of a power-operated 
clear slide i 224 (shown in FIGS. 1 and 5). This clear 
ing slide is enabled to reciprocate the clearing knobs 65 
and 66 by means of interponents 228 and 229 (FIG. 1) 
which are rigidly secured to the knobs 65. and 66, respec 
tively. These interponents are adapted to engage pins 
230 and 231, respectively, mounted on the slide 224 and 
can be rocked away from engaging position by rotation 
of the knobs 65 or 66. Thus either one or both of the 
registers can be cleared from operation of the power slide 
224, the operation of which will now be described. 
The power-operated, clear slide 224 is mounted for 

lengthwise movement on the frame bar 15 of the car 
riage frame, as shown in FIG. 5, by any Suitable means, 
such as slots 225 in the power bar engaging pins 226 car 
ried by the frame member 115. The power slide is nor 
mally biased to the left (to the right in FIG. 5), by means 
of a strong spring 227 tensioned i between a pin 226 and 
a stud 232 on the power bar 224. 
The mechanism for operating the power bar 224 is 

shown particularly in , FRGS. 4 and 5. A push rod 240, 
shown at the left of FIG. 4, - controls the operation of the 
clearing mechanism. This rod is normally biased to its 
forward, or in operative, position by means of a compres 
sion spring 24 compressed between the cross-member 83 
of the machine and , a collar on the push rod, as shown. 
The clutch control rod 240 can be shifted rearwardly by 
suitable means, such as pusher link, or interponent, 239. 
This link 239 is pivotally mounted on an arm 238 rigidly 
secured to the cross-shaft 205, the operation of which is 
controlled by various means, some of which will be here 
after mentioned. The push rod 240, at its rear end, car 
ries a yoke 242 which embraces an annular slot formed in 
a clutch collar 243 llongitudinally shiftable but nonrotat 
ably mounted on the highest order actuator shaft 406. 
The collar 243 forms the driving portion of a conventional 
jaw clutch, the driven portion comprising a sleeve 244 
rotatably mounted on the rear cross plate: 85 and a bracket 
245 mounted on plate: 85. The sleeve 244 carries a cam 
246 rigidly mounted thereon, the profile of the cam being 
shown in FIG. 5. Associated with the cam 246 is a foll 
lower arm 247 and a roller | 248, which engages the pe 
riphery of the cam, the arm being pivotally mounted on 
the back of the machine, as by pin 249, and being biased 
into - engagement with the cam 246 by a Suitable Spring 
250. The upper end of the arm 247 is slotted, as at 251, 
the slot embracing a pin | 255 mounted on a slide 256 
which is slidably mounted on the rear cross plate: 85 by 
any suitable means, such as brackets 257. The slide 256 
carries a forwardly projecting ear 258 which is adapted 
to engage the free end of an interpoment 259 pivotally 
mounted on bracket 261 attached to the power slide, 224. 
The interponent 259 is normally lifted above the plane 
of the ear 258 by means of a conventional live pawl 262 
engaging a bracket 263 mounted on cross-member 85, 
when the carriage is in the ordinal position adjacent the 
extreme left-hand, position. The construction is i Such. 
that as the live pawl moves off of the bracket 263, the in 
terponent 259 drops into a position in which it will be 
engaged by the ear 258 simultaneously with the carriage 
moving into the extreme left-hand position. 
The recking of the baill 204, from the operation of the 

override pawl 190 as previously described, is also opera 
tive to disable the clutch 243, 244 of the register clear 
ing mechanism. It was previously mentioned that the 

i bail. 204, is formed as shown in FIG. 4, the left-hand por 
tion 207 thereof; underlying the interponent 239 which 
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moves the push rod 240 to its clutch-engaging position. 
Thus the rocking of the baill 204 llifts the interponent 239 
from its engagement with the forward end of the rod 249, 
the interponent being biased downwardly into engagement 
with the frod by means of a suitable spring, not shown. 
By means hereinlafter mentioned, the clear clutch can be 
set in its operative condition simultaneously with the ini 
tiation of a left shift operation, both the left shift and the 
clear clutch being held in the operative condition through 
out the shifting operation. When the carriage reaches the 
extreme left-hand position, the clearing mechanism is 
operated simultaneously with the rocking of the override 
pawl 190, whereupon the baill 204 is operated to disengage 
both of said clutches. 

6. y Multiplier selection mechanism 
It has been mentioned that, in the machine with which 

my invention is preferably associated, the multiplier 
mechanism includes an auxiliary keyboard comprising the 
keys 70, located in the lower left-hand corner of the 
machine. It is conventional, in the machine of this make, 
to arrange the multiplier keys in a small 31 x 3: square 
for the value keys “1” to “9,” inclusive, with a large “0” 
key in front of the grouping. The mechanism controlled 
by these keys is shown particularly in FIG. 6. These keys 
are mounted in a multiplier, or auxiliary, keyboard frame 
270 and - are biased to their raised position by springs, not 
shown. Each of the value keys is provided with a formed 
arm. 275, each so formed as to overlie an escapement bar 
272. Each of the formed i arms 274 is provided with a 
downwârdly projecting mose 273, which noses are arranged 
in a staggered relationship projecting through the lower 
plate of the keyboard frame 279. The downwardly pro 
jecting noses 273 on the value keys “1” to “8” register 
with an upWardly projecting mose 274 on a value selec 
tion lever, or bellcrank, 275. The selection levers 275 
are arranged in a compact lateral position, and each is 
pivoted upon a common shaft i 276. The bell cranks 275 
are provided with a lower projecting mose 277, these noses 
being differentially spaced, in an inverse relationship, from 
the pivot shaft, 276 according to the value of the respective 
key. All of the moses project through a common - aligning 
slot, not shown, formed in a guide plate 278, and are nor 
mally biased to theirinoperative position shown by springs 
280 which cause them to rest upon a bracket member 
279. 
The operation of the various noses 277 of the selection 

bell cranks 275 are operative to set selection, or control, 
segments mounted in a shiftable multiplier carriage 290. 
The carriage comprises a pair of base plates 29. and a 
pair of end plates 292, the whole unit tied together by 
Suitable tie rods 293. The carriage is mounted for trans 
Verse movement in the machine, as upon shaft: 294 and a 
carriage raill, not shown. The multiplier carriage 290 is 
normally biased toward the left of the imachine by a lever 
295 pivoted to the base plate 80, as at 298 (see FIG. 9), 
and strongly biased by a heavy spring 297. The carriage, 
in its in operative position, is to the right of the window 71 
in FIG. 1, and is normally held in that position by an es 
capement mechanism, not shown, but which is operated 
by the escapement bar 272. 
The lower plates 291 of the multiplier carriage support 

a plurality of orders of pins 300, corresponding to the 
values “1” to : “8” in each order. The pins, in their re 
tracted, or "inoperative, position, lie slightly above the 
noses of the in operative bellcranks 275. Thus, when a 
bellcrank 275 is rocked, projecting the nose, 277 -up 
Wardly, the corresponding pin i 300 is shifted from the 
position shown in FIG. 6, upwardly to a second adjusted 
position. Associated with each order of pins 300 is a 
differentially settable segment 301 pivotally mounted on 
a shaft 302. Each of these segments carries a dial section 
303 - which is viewable through the window 71, as the 
carriage 290 is shifted, order-by-order, toward the left 
with the insertion of multiplier values into the machine. 
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gagement with the rack - 296, , although the eccentric 
mechanisms associated therewith will be operated idly in 
all operations. As indicated, I prefer to use the conven 
tional multiplier controll keys 72, 73' and 74 to initiate the 
present multiplying operation, and it is therefore neces 
Sary to understand the operations of these keys, and the 
mechanisms which they control, and these will now be 
described, referring first to the mechanisms controlled by 
the multiply key 72. M. W. 

It was indicated above that the depression of the multi 
ply key 72 is operative: (a) to initiate a cyclic shifting 
of the carriage to the left until the carriage reaches its 
extreme left-hand position; (b) to condition the power 
clearing mechanism, for operation when the carriage 
reaches the extreme left-hand position; and (c) to initiate 
a multiplication operation with the carriage in the ex 
treme left-hand position (the carriage 51 shifting to the 
right, order-by-order, in synchronism with the shifting of 
the multiplier carriage 290). X 
The key 72 (FIG. 7). is mounted for vertical move 

ment in the machine, and is biased to a raised position 
by spring 350. The multiply key 72 is latched in the de 
pressed position by means of a suitable latch arm - 360, 
the ear 361 of which engages over a shoulder 362 on the 
key stem, when the key is depressed. The datch arm 360 
is rigidly mounted on a short transverse shaft 363, which 
also ...carries the latching arms for the keys 73 and 74, as 
will be mentioned hereafter. A roller 351, on the lower 
end of the key stem, is embraced within a slot i 352 i in 
the forward end of a formed lever 353. The lever 353 is 
pivotally mounted on the intermediate frame plate 88 by 
any suitable means, such as stud 354. It will be obvious 
that the lever 353 is rocked (counterclockwise in FIG. 7) 
by the depression of the multiply key 72, and is held in 
the rocked, or depressed, position by the latching of key 
72 by , latch 360. X 
The lever i 353 carries a roller: 355 - that engages the 

forward edge of an arm 370, which is rigidly mounted on 
a transverse shaft - 371. The shaft - 371 extends across 
the machine and is journalled in the right-hand frame 
plate 81 (see (FIG., 3). Adjacent the right-hand i frame 
plate, the shaft 371 carries an arm 372; rigidly, secured 
thereto. A stud 373, carried by the arm 372, engages the 
forward end of a lever 374 pivotally mounted on a trans 
verse I shaft 205. The rear arm of the lever 374 extends 
rearWardly and upwardly, and terminates, in a hook 
formation 376 which engages the long stud 45 connecti 
ing the , clutch control lever 142 and the switch control 
link I 146. . . Thus the depression of the multiplier key 72 
is effective to . rock the shaft - 371. (clockwise in i FIG. 7 
and counter-clockwise - in FIG. 3), and to hold it in the 
rocked position. The lever, 372, a mounted on shaft i 371, 
rocks the lever member 374 (clockwise - in i FIG. . 3), 
thereby pulling the switch link if 46 forwardly to close the 
motor switch, and to rock the clutch control levers 1442 
and 136 (counterclockwise in FIG. 3) to cause engage 
ment of the clutch. By this means the depression of the 
key 72, is effective to initiate machine operation, and as 
the key is latched in its depressed position, the machine 
runs until the latch 360 is released at the end of the multi 
plying operation, automatically, as will now be described. 
The short . shaft 363, on which the latch is located, 

extends from the intermediate frame plate 88 to the left 
hand auxiliary, or control, plate. 86 (FIG.10). Adjacent 
its left end it carries a latch arm 364 (FHG. 9), fixed there 
to, the upper end of which is provided with a latching ear 
365. The lower end, or tail, 366 - of the latch lever 364 
terminates adjacent the base plate: 80 and is associated 
with a lever, member 367. The lever 367 is riveted to, 
and therefore rocks with, lever 295, so its angular posi 
tion corresponds to the ordinal position of the multiplier 
carriage 299. When the carriage is returned to its home 
position, the lever 367 barely engages the lower end 366 
of the latch arm 364. Then, when the multiply carriage 
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is shifted to the extreme right during the overshift cycle, 
following the last ordinal multiplication operation, the 
lever 367 is rocked rearwardly, thereby rocking the latch 
lever 364 (clockwise in FIG. . 9), to : release both latches 
364 and 360 and thus terminate the multiplication opera 
tion. 
The rocking of the shaft 371 from depression of the 

multiply key 72 is also utilized to controll the operation 
of the left shift clutch and the clearing clutch, in order 
to first shift the carriage to the extreme left-hand position 
and to then clear the register. - The : mechanism for this 
purpose, which is similar to that shown and described in 
the patent to Machado No. 2,650,761 issued September 
1, 1953, is shown particularly in FIGS. 4 and i 8. The 
shaft 371 : carries an arm 380 - located approximately 
midway between frame plate 81 and intermediate plate 
88. The upper end of the arm 380 - carries a link 381, 
the rearward end of which is pivotally connected to re 
ciprocating hook member 382. The hook member 382 
is mounted on an eccentric carried by a power-operated 
shaft 383, which is geared to drive shaft i 107, whereby, i 
the hook | member is i reciprocated in each - cycle of 
machine operation. In the arrangement of the parts 
shown in FIG. 8, the reciprocation of the hook - 382 is 
an idle operation. However, when the shaft 371: , is 
rocked (clockwise in FIG. 8) and the hook member 382 
is rocked to the right from the position shown, then the 
hook 384 on the outer end thereof engages a pin 385 of 
bell crank 386. In that situation, the hook, 384 rocks the 
lever 386 - (clockwise in this figure) and the shaft, 205 
to which it is rigidly secured. The lower end of the bell 
crank 386 carries a pin 387 which engages the latch 
shoulders of a latch, member 388, thus holding the shaft 
205 in the rocked position. - The shaft, 205 also carries an 
arm i 389, the upper end of which pivotally supports a 
pusher link 390. A shoulder formed on the rear end of 
link 390 engages a pin 391 on an arm. 392. formed on a 
sleeve 393. The sleeve 393 is rotatably mounted on a 
shaft 394 and carries a second arm. 395 (see FIG. 4), on 
the outer end of which is a long pin 396 that, engages 
the left shift clutch push i rodi 160. Thus the rocking of 
shaft 2005, by means of the pusher link 390 and sleeve 
393, moves the push. Trod 160 rearwardly to its clutch 
engaging position. It will be recalled that the shaft 205 
is latched in its adjusted position, so that the mechanism 
just described is held in its operating position to cause a 
continued 'cycling of the left shift clutch. 
The shaft 205, which is thus rocked from the depres 

sion of the multiplier key 72, and held in the rocked posi 
tion, is also operative to cause the engagement of the 
clear clutch and thereby operate the clearing mechanism 
as soon as , the carriage is reaches the extreme - left-hand 
position. This can be accomplished by means of the arm 
238 (FIGS. 4 and 7), which is also rigidly, mounted 
on shaft 205. This arm . carries the clear clutch pusher 
link 239 - that 'engages the push rod i 240, as previously 
described. Thus the rocking of the shaft 205 causes the 
rearward translation of the clear clutch control rod, 240, 
and thereby causes engagement of the clear clutch and 
operation of the clear clutch mechanism, as previously 
explained. -- 

It was mentioned that the latch. 388 holds the bell crank 
386 and shaft 205 in the rocked position. The latch is 
released by means of a pin 397 mounted on the bell 
crank 380, which is effective to lift the latch to disen 
gaging position when the shaft, 371 is returned to its 
normal position by the release of the multiply key 72. ~ 
The shifting mechanism just mentioned, however, is 

disabled after the carriage has reached the extreme left 
hand position by the mechanism previously described, 
including the link 202 and baill 204. The bail. 204 - is 
formed, as shown in FIG. 4, so I as to underlie the link 
390, whereby rocking of the bail lifts the link390 away 
from the pin 391. Thereupon the spring 162 of the 
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clutch push rod 160 will return the parts to their normal 
position, and thereafter the lower i edge of the link 390 
will ride upon the pin 391 - until the parts are returned 
to their normal condition at the end of the multiplication 
operation. The clearing clutch is disabled in a similar 
manner by the rocking of the baill 204. It will be seen 
in FIGS. 4 and i 7, that the formed end 207 of baill 204 
underlies a bell crank 401, which, in turn, has an ear 
402 underlying the pusher link 239. By this means, the 
rocking of the bail lifts the rear end of crank 401, (rocks 
it counter-clockwise in FIG. 7), which lifts the pusher 
link away from push rod 240 and spring 241 thereupon 
disables the clear clutch. When the bail returns to its 
normal position, the clutch control rod 240 will be in its 
normal (forward) position, so thereafter the interponent 
239 will ride upon the rod but will be ineffective to oper 
ate it. Thus, although shaft 205 is latched in its rocked 
position, and consequently the pusher links 239 and 390 
are held in their rearward positions, they are ineffective 
to position clutch control rod 240 o'r 160 in the succeed 
ing revolutions of the machine. 
The rocking of the arm 401, caused by the operation 

of the override pawl, previously mentioned, is also effec 
tive to initiate a multiplication operation. As shown in 
FIG, 7, the lever 401 is formed as a bellcrank, the lower 
arm of which carries a pin 410. The pin 410 normally 
registers with, and is embraced by, a motch, 411 in a 
longitudinally extending link 412. The link 412 is pivot 
ally mounted on a pin 413, and i biased in a downward 
direction (clockwise in FIG. 7) by means of a spring 
414 tensioned between a seat on the bellcrank 401 and 
an aperture in a projection on the link, as shown. The 
pin 413, which forms the pivot for the link 412, is mount 
ed on the upper end of an arm 415 which is pinned on, 
or otherwise rigidly secured to, a short transverse I shaft 
486. Thus, the rocking of the bellcrank 401 (counter 
clockwise in FIG. 7) from the operation of the baill 204, 
207, pulls the link 412 rearwardly to rock the shaft 416 
(clockwise in FIG. 7, and counter-clockwise in FIG. 10). 
The shaft 416 extends from the intermediate frame plate 
88 leftward to the auxiliary frame plate 86, as shown in 
FIG. 10. At its left end, to the left of the auxiliary 
frame plate 86, it carries a latch arm 417 provided with 
a shoulder 418 that registers with a pin 419 on the for 
ward end of a two-armed lever 420. . . The latch, 417 and 
shaft 416 are biased to the latching position shown in 
FIGS. 7 and 10 by means of a springi 421 tensioned be 
tween the latch arm 417 and a stud on the auxiliary 
frame plate spring 86, previously mentioned, thereby 
biasing the parts to the position shown. 
The lever 420 (FIG. 10) controls the operation of 

the multiplier mechanism, i.e., the mechanism which 
controls the feeding of the segments 301 to their “0” 
position, and the shifting of the multiplier carriage or 
dinally from o left to right. Y Normally the lever 420 is 
1atched in its inoperative position shown by means of 
two latches: the latch, 417 just mentioned, and a second 
1atch arm 430, pivotally mounted on the auxiliary frame 
plate 86 by any suitable means, such as screw 431. The 
latch member 430 has an upwardly extending mose 432 
which normally underlies an ear 433 formed on the for 
ward end of lever 420. The latch, member 430 is mor 
mally biased into latching engagement with lever 420 
(counter-clockwise in FIG. 10) - by any suitable spring, 
such as 434 tensioned between the latch, member and a 
suitable shaft 441. The latch, member 430 is moved to 
releasing position by means of a U-shaped lever 440 
which is pinned, or otherwise rigidly secured, to a trans 
verse shaft 441. The lever 440 is provided with a pin 
442 which overlies the forward arm of the latch arm - 430, 
whereby the counter-clockwise rocking of shaft 441 and 
lever 440 rocks : the latch member 430 clockwise - to re 
lease the forward end of lever 420. It can be mentioned 
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plication operation, thereby releasing the lever 420 to 
the sole control of latch member 417, which, as pre 
viously mentioned, is operated by the override pawl 
when the carriage reaches the extreme left-hand position. 
The means for rocking shaft 441, in order to disable 

latch 430, will now be described, the mechanism therefor 
being shown primarily in FIG. 3. It will be recalled 
that the depression of the multiplier key is effective to 
operate the mechanism shown in FIG. 8, particularly 
the reciprocating hook member 382 which engages and 
rocks the bellcrank 386 rigidly mounted on the shaft 205 
(clockwise in FIG. 8, counter-clockwise in FIG. 3). 
The shaft 205 extends to the right, as shown in FIG. 3, 
and adjacent the frame plate 81 carries a rigidly mounted 
arm 445. This arm is connected, by means of link 446, 
to a rocking arm , 447 mounted on the frame plate 81. 
A link 448 is pivotally mounted on the upper end of the 
arm 447, the forward end being supported by an arm 
449 rigidly mounted on the right end of the shaft 441. 
Thus, in the first cycle of machine operation, when the 
mechanism previously described operates the hook 384 
to power-set the left shift and clearing mechanism, the 
shaft 441 is rocked (counter-clockwise in FIGS. 3 and 
10) by the same power-operated mechanism to rock 
U-lever 440 (FIG. 10) and thereby release the latch 
member 430. 
The control lever 420 (as shown in FIG. 10) is pivot 

ally mounted on the left side control, or auxiliary, plate 
86, by any suitable means, such as screw 455. The rear 
ward end of the lever 420 is provided with a pin 456 
which is embraced within a slot 457 formed on the for 
ward end of a bellcrank 458. This bellcrank is pivotally 
mounted on the auxiliary frame plate by any suitable 
means, such as large-headed screw 459, and is biased 
to an operative, or counter-clockwise, position, by means 
of a strong spring 460 tensioned between the rear end 
of the bell crank 458 and a suitable seat on the frame 
plate. The force of spring 460 is sufficient to rock the 
bell crank 458 (counter-clockwise - in FIG. 10), and thus 
rock the control lever: 420 (clockwise in this figure) when 
the two datches are released. 
The rear end of the lever, 420 is formed as an ear 464, 

upon which is mounted a roller 465. The rocking of 
the control lever 420 causes the roller 465 to engage the 
lower cam end of a lever 466, thereby rocking the lever 
(clockwise when viewed from the front of the machine) 
about its pivot 467. The upper end of the lever 466 lies 
against the left face of a gate-setting cam 468 (see FIG. 
9) slidably but nonrotatably mounted on the power shaft 
107. The cam 468 is normally biased to the left to an 
inoperative position by means of a spring, not shown, 
and is pushed into an operating position by the rocking 
of lever 466, as the result of the rocking of the control 
lever 420. When the gate-setting cam 468 is shifted as 
described, its periphery is moved into the plane of a 
roller: 475 mounted on the upper end of a follower mem 
ber 476, whereby the high point of the cam 468 will 
rock the follower 476 (counter-clockwise in FIG. 9) 
immediately after the start of the next cycle of machine 
operation (the release of initiating : arm 420 taking place 
about halfway through the clearing and override cycle, 
after the clearing operation is completed). The follower 
arm (476 is pivotally - mounted on the control plate 82 
by any suitable means, such as upon a transverse shaft 
487. When rocked to the operative, counter-clockwise, 
position by the cam 468, the follower arm 476 is latched 
in the '' operative position by means of a latch arm 477 
engaging a stud 478 on the follower arm. 
The upper end of the follower member 476 is provided 

with a stud 479 which pivotally supports an additive set 
ting arm 480 and a subtractive setting arm 481. The 
rearward end of these additive and subtractive setting 
arms, or links, 480 and 481 is provided with shoulders 
482 and 483, respectively. It can be mentioned that these 

that the shaft 441 is rocked in the first cycle of a multi- 75 links normally lie in the inoperative position shown, but 
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that the former is resiliently lifted upon depression of the 
multiply key 72 or the accumulate multiply key 73 and 
that the link 481 is lifted upon depression of the negative 
multiply key 74. The shoulders 482 or 483, respectively, 
are adapted, when their respective links are lifted, to en 
gage pins 484 and 485, respectively, which are mounted 
on the upper and lower ends, respectively, of a two-armed 
lever 486 rigidly mounted on the i gate-Setting Shaft (118. 
Links 480 and 481 are lifted, as mentioned, by depression 
of their respective operating keys so that their respective 
shoulders will engage the associated pin, and then, when 
the follower arm, 476 is rocked, rock the lever 486 and 
shaft 118 to the proper operative position. Normally, 
however, the follower arm, 476 is disabled as the cam 468 
lies to the left of the roller i 475. The cam, of course, 
rotates constantly with the rotation of the drive Shaft 107, 
and thus is rotating while the carriage is being shifted to 
the right. The operation of the override pawl, in operat 
ing latch, 41.7 to release control lever 420, is effective, 
among other things, to shift the cam 468 to the right, 
whereupon the rotation of the cam, shortly after the start 
of the next cycle of machine operation, rocks the follower 
476 (counter-clockwise in FIG. 9), to cause either link 
480 or 481 to rock the lever 486 and shaft i 118. Upon 
depression of the multiplier key 72, the additive link 480 
is lifted to engaging position, whereby . rocking of bell 
crank 476, when the override pawl is operated, will rock 
the upper end of the lever 486 rearwardly (counter 
clockwise in FIG. 9), to cause the add gears 111 of the 
digitation controll spool 110 to engage the accumulator 
gears 113. The follower member 476 is latched in its 
operative position by means of the latch, member 477, 
thereby holding the digitation control Shaft 118 in the 
adjusted position and thus causing additive operation of 
the accumulator dials. On the other hand, depression of 
the negative multiply key 74 llifts the link 481. So that 
operation of bellcrank 476 will rock lever 486 in the 
opposite direction to initiate repeated cycles of subtractive 
operation. — 

The rocking of the control lever 420 - is also effective 
to enable the operation of the multiplier segment feed 
pawl 320, shown in FIG. 6. . It is seen in FIG. 10 that a 
link 490. is also pivotally mounted on the pin 456 carried 
by the lever 420. A - slot 491, in the upper o end of the 
link, embraces a pin. 492 on the outer end of an arm, 493 
which is rigidly secured to shaft 324. A suitable spring 
494, tensioned between the pin. 492 and a suitable Stud 
on the frame plate, not shown, urges the arm . 493 and 
shaft 324 to an operative position (clockwise from the 
position shown in FIG. 10 - and counter-clockwise from 
the position shown in FIG. 6)). When the lever 420 is in 
the in operative position shown in FIG. 10, it pulls the link 
490 downwardly, thereby rendering the feed pawl 320 
inoperative. The slot 491, in link 490 permits the rocking 
of the feed pawl 320 to an in operative position at the 
end of each ordinal operation, by means which will 
shortly be described, although the control lever 420 re 
mains in its rocked position until the multiplication oper 
ation is completed. However, for the moment it can be 
noted that the rocking of control lever 420 releases link 
490 and permits the rocking of the shaft 324 under the 
force of spring 494, so that the check pawl 323 and feed 
pawl 320 are rendered operative. It will be recalled that 
the feed pawl is cyclically operated with each machine 

y cycle, as it is connected to the constantly rotating drive 
shaft 107. Y Normally, however, the feed pawl 320 is 
rocked away from engagement with the rack 311 of seg 
ment 301 by the check pawl 323, so that the lifting of 
link 490 permits the enablement of operation of the feed 
pawl and the step-by-step rocking of the aligned segmen 
391 to the “0” position. 
When the segment reaches the “0” position, it engages 

ear 326 on the forward end of the shift control lever 327 
which is pivoted on a stub shaft 501. The rocking of this 
lever - operates a mechanism, which is effective to return 
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position, - to... disable ... the operations of the segment feed--> 
pawl 320, and to enable a shift of the multiplier carriage - 
290. and the accumulator carriage 51 for a single and 
Simultaneous, ordinal shift to the right. The mechanism 
for. this purpose will now be described. In the conven 
tional multiplier mechanism, the lever 327 is a single 
|member, but in my preferred form of construction it is 
made in two sections, as shown in FIGS. 9 and 12, in 
cluding the main lever member 327 and a forward section, 
or live tip, 502 which carries the ear 326. The two sec 
tions 327 and 502 are connected by a suitable pin-and 
slot mounting comprising pins 500 on lever 327, engaging. 
slots 503 in live tip 502. The forward section is urged. 
forwardly so as to engage the segments 301 by a spring 
504 tensioned between a projection 505 (see FIG. 12) 
on the forward part, or resilient tip, 502 and one of the 
pins, 508. Thus, normally, the lever 502, 327 will be 
rocked by the return of a segment 301 to its “0” position, 
but this lever can be disabled to prevent operation from 
restoration of the segments by moving the forward por 
tion 502 rearwardly against the force of spring 504. 
The lever 327, at its rearward end, is provided with a 

pin 510 (FIGS. 6 and 9) which overlies portions of the 
two controll links 480 and 481. Thus, one effect of the 
rocking of the lever 327, 502 is to return whichever i link 
480) or 481 is in operative position to a disengaged posi 
tion. This is possible for, as will be explained hereafter, . 
the positioning of these controll links is through springs 
which permit the members to yield even though the con 
troll keys are latched in a depressed position. -- 
A link 515 (FIG. 9) is mounted on the rear end of the 

lever 327, and, at its lower end, supports a hook member 
516, one end of which is pivotally mounted on an arm 
517. The arm 517 is rotatably mounted on the transverse 
Shift pawl positioning shaft 518, and extends upwardly to 
an elevation lying in the path of travel of a pin 519 on the 
cam 468, when the latter is translated to its effective posi 
tion. Thus, when the cam 468 is shifted to its effective 
position, it rocks the arm - 517 idly with each cycle of 
operation, thereby reciprocating the hook 516. This oper 
ation is, an idle one, as the hook - 516 is normally, in its 
elevated, or ineffective, position. However, when the 
lever 327, 502 is rocked (to the counter-clockwise posi 
tion shown in FIG. 9), the hook member 516 is dropped, 
So that the hook portion thereof engages a stud. 520 on a 
latch, member 521 which is rotatably mounted on a trans 
Verse shaft 522. . The latch 521 has a shoulder 523 which 
normally engages a transversely formed portion of an 
arm 530. Normally the arm 530 is latched in its raised, 
ineffective position by the latch member 521, but the re 
ciprocation of the hook 516, when the latter is in its low 
ered position, pulls the latch, member from underneath 
the arm 530, thereby permitting the arm 530 to be rocked 
downwardly (counter-clockwise in FG. 9) by a strong 
Spring, not shown. The dropping of the arm 530 is effec 
tive to centralize the digitation control shaft 118, as the 
rearward end of the arm 530 is connected to a link 531, 
which, in turn, is pivotally connected to a bellcrank cen 
tralizer 532 - provided with a slot 533 that is adapted to 
engage the pin 485 on the lower end of the control lever 
486, thereby locking it in the neutral position. 
The spring-operated arn. 530 is pinined to, or otherwise 

rigidly secured on, the shaft 518, so that the rocking of 
the arm is also effective to rock the shaft 588. This rock 
ing of the shaft 518 controls the disabling of the segment 
feed pawl 320, the enablement of the right shift of the 
multiplier carriage 290, and enablement of the right shift 
of the accumulator carriage 51, as will now be described. 
An arm 540 (FIG. 9) is likewise rigidly mounted on 

the shaft 518, so that it is rocked (counter-clockwise in 
this figure) when the arm 530 is released. This arm 540 
is provided with a pin 541 which is embraced within a 
slot 542 of a link 543. The link 543 is pivotally connect 
ed to an arm 544 rigidly, mounted on the shaft i 324 at 
a point intermediate the frame plate 82 and the control i 

the digitation control shaft 118 and the gate 116 to neutral 75 plate 86, i.e., between arm, 493 (FIG. 10) and pawl 323 
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(FIG. 6)). Thus, the shaft 324 is rocked to its blocking 
position (counter-clockwise in FIG. 9 and clockwise in 
FIG. 6) to disable the feed pawl 320 by either the res 
toration of control lever 420 to the inoperative position 
shown in FIG. 10, or by the unlatching of arm 530 as a 
result of the rocking of shift control arm 327. 
The rocking of the shaft 518 is also operative to cause 

the multiplier carriage 290 to be shifted one order to the 
right. It will be recalled that the multiplier carriage 290 
is shifted by means of a shift pawl 335 (see FIG. 6), 
which i engages, during the shifting operation, the teeth 
of Irack 296 on the multiplier carriage. The shift pawl 
is continuously operated, as it is mounted on the con 
stantly driven shaft 337. However, normally, the feed 
tooth on the ratchet arm, or pawl, 335 llies below the 
plane of the rack 296, so as to disable the shifting of the 
carriage. However, the shift pawl is i lifted into the 
plane of the rack 296 by means of the arm 339 rigidly 
mounted on the shaft 518, as previously mentioned. 
Thus the rocking of shaft 518 rocks the arm 339 (clock 
wise from the position shown in FIG. 6) into the plane of 
the feed rack 296, and is therefore effective to initiate 
shifting or the multiplier carriage 290. 
The rocking of the shaft 518 is also effective to initiate 

a single shift of the carriage 51 a single step to the right, 
as is fully explained in said patents to Friden Nos. 2,371,- 
752 and 2,399,917, previously mentioned. The shaft 518 
extends entirely across the machine, its right end being 
journalled in the right frame plate 81, as shown in FIG. 
4. Adjacent its right end it carries a collar 551 that is 
axially shiftable but nonrotatably mounted on the shaft. 
The collar 551 is biased toward the left by a Suitable com 
pression spring 552 encompassing the collar and I shaft. 
An arm 550 is securely mounted on the collar 551, and 
carries a pin 554. The assembly of the collar and arm 
is held in the right-hand position (shown in FIG. 4) by 
a flag, or bail, 553 which is mounted on the shaft 518 and 
extends to the left to a point where the tip of the flag is 
engaged by the carriage shift rack 296 whenever the car 
riage is in its home or its first adjusted position. An arm 
555 is rotatably mounted on the shaft 518, to the left of 
the arm 550 a distance equivalent to two steps of the 
multiplier carriage, so that the arm i 555 is engaged by 
the pin 554, whenever the collar and arm are permitted 
to shift to the left two steps under the bias of Spring 552. 
The arm 555, in turn, carries a pin 556, which engages 
an arm 557 carrying a pin 558 engaging the front end 
of the right shift clutch bar 161. Thus the rocking of 
the shaft 518, when the multiplier carriage is in the Sec 
ond, or higher, ordinal position, operates the right shift 
control rod 161 to cause a right shift of the carriage. 
As the multiplier carriage 290 shifts one step to the 

right as a result of rocking of shaft 518, the shift control 
am 327, 502 and the ear 326 on the forward end there. 
of, is enabled to drop if the newly aligned segment 301 
registers a value other than “0.” Dropping of the sensung 
ear 326 llifts the hook 516, thereby enabling the resetting 
of the arm 530 and shaft 518 in their normal positions 
by means of the pin 519 (see FIG. 9) on cam 468 engag 
ing the upper end of arm 540 (which is fast on Shaft 
518). The rocking of arm 540 and shaft 518, releases 
link543 to enable shaft 324 to rock to operative position i 
and thus enable the operation of the feed pawl 320. The 
return of shaft 518 to its normal latched position disables 
the carriage shift clutch 165 by rocking carriage shift arm 
550 and thereby releasing arms 555 and 557, whereby 
spring 162 forces clutch control rod 161 to its inopera 
tive position; and also disables : the multiplier carriage 
shifting mechanism by rocking the arm 339 (counter 
clockwise in FIG. 6), thereby permitting spring 338 to 
force the pawl 335 to its inoperative position. Thus the 
machine is enabled to carry forward a multiplying oper 
ation in the newly aligned order. These repetitive cycles 
in the various order continue until the multiplier car 
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riage reaches its extreme right-hand position, which is a 
Step beyond its normal, inactive, position. 
The depression of the multiplier key 72 is also opera 

tive to set the digitation control mechanism for additive 
operation. The mechanism for this purpose is shown 
particularly in FIGS. 7 and 9. It will be seen in FIG. 7, 
that a bent arm. 560 of a bail 561, carries a roller 562 
that underlies the key stem 72. The bail. 561 is rotat 
ably mounted on the shaft 441, previously mentioned. 
Thus the depression of the key 72 rocks the arm and bail 
(clockwise in FIG. 7 and counter-clockwise in FIG. 9). 
The bail. 561 has an integrall arm 563 (FIG. 9), which 
armi supports the forward end of a long link 564. The 
rear end of the link 564 is supported by a bell crank 565, 
pivotally mounted on a transverse shaft 566 adjacent the 
rear of the machine. The forward arm of the bell crank 
565 is pivotally connected to a depending link 567 hang 
ing from an additive control arm 568 pivotally mounted 
on a transverse I shaft 569. The rearward end of the 
armi 568 is provided with an aperture, or spring seat, in 
which is inserted a spring 570, the other end of which 
is seated on a stud. 571 on the additive controll link 480. 
Thus the depression of the key 72 rocks the bail. 561 
(clockwise in FIG. 7 and counter-clockwise in FIG. 9), 
thereby pulling the link 564 forwardly to rock bellcrank 
565 and lift the arm 568. The lifting of the arm 568 
(by means of spring 570), resiliently biases the additive 
controll link 480 upwardly so that its shoulder 482 is 
adapted to engage the pin 484 and, upon operation of 
the cam follower 476, as heretofore described, to power 
set the digitation control mechanism including the shaft 
118. 
The depression of the accumulate multiply key 73 is 

effective to initiate the same sequence of operations de 
scribed in connection with the multiply key 72, except 
that the clearing mechanism is disabled so as to permit 
the accumulation of the products in the accumulator reg 
ister 52. For this purpose the accumulate multiply key 
73 is provided with a pin 580 (FIGS, 9 and 10) which is 
embraced within a slot 581 in the forward end of a long 
lever 582. The lever 582 is pivoted at approximately 
the middle of the machine on a pivot screw 583, and 
extends rearwardly therefrom to a point adjacent the end 
of the control lever 568. The rear end of the lever 582. 
is provided with a suitable pin, or roller, 584 embraced 
within a slot 585 in the rear end of the lever 568. By 
this means, the control lever 568 is lifted by the depres 
sion of the accumulate multiply key 73, as well as by the 
depression of multiply key 72, as previously described. It 
will be recalled that the lifting of the lever 568 causes the 
resilient positioning of the additive controll link - 480 in 
an Operative position. Thus the machine is conditioned 
for additive operation. 
An operating arm 590 (FIG. 10) is also pivotally 

mounted on the screw 583, and is provided with a pin 591 
at its forward end which underlies the lever 582. Thus 
the rocking of the lever 582 is also effective to cause 
rocking (clockwise in FIG. 10) of the lever 590. The 
lever 590 is provided with a downwardly projecting arm, 
592, the lower end of which abults against a pin 593 car 
ried by a formed arm 594 rigidly mounted on the shaft 
371. It will be recalled that the multiply key 72 also 
rocks shaft 371 (see FIG. 7) and that this shaft controls 
the program of shifting the carriage, and clearing the 
register, as previously described. Thus, the rocking of 
the Setting lever 590 is effective to rock the shaft 371 
(counter-clockwise in FIG. 10 or clockwise in FIG. 7) 
to cause the initiation of machine operation and to pro 
gram the machine for repeated shifts to the right to the 
extreme end position. The operation so initiated foll 
lows the cycles of operation described in connection with 
the operation of the multiply key 72, except that the clear 
ing mechanism clutch is disabled by means which will 
now be described. 
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The lever 590 - (FIG. 10), is also provided with a pin 
595 which is embraced within the slot, 596 of an up 
wardly extending link 597. Link 597 is pivotally mounted 
on an arm 598 which is rigidly mounted on a shaft 599. 
This assembly is resiliently biased upwardly against the 
pin 595 by a suitable spring 600. Shaft 599 extends from 
the control plate 86 to the left side frame plate, 82, as 
shown in FIG. 7. On its right-hand end, the Shaft 599 
carries an arm. 604 that is provided with a pin 602, as 
shown. The pin 602 abults against a bellcrank arm 603 
integrall with the pusher link 239 that operates the clear 
ing clutch rod 240. Thus, the depression of the lever 
590, rocks the shaft 599) (counter-clockwise in FG. 10 
and clockwise in FIG. 7) to rock the pusher link 239 
(counter-clockwise in FIG. 7) to disengage it from the 
clutch push rod 240. This disables a clear clutch opera 
tion. With this exception of disabling the clear clutch 
operation, the program initiated by the depression of 
the accumulate multiply key 73 is the same as that in 
itiated by depression of the multiply key 72. 
The lower end of the key stem of the negative multiply 

key 74 (FIGS. 9 and . 10) is provided with a pin (610 
which is embraced within a slot 611 formed in the for 
ward : end of a control i lever 612 which conventionally 
lies between the accumulate multiply lever 590 and the 
auxiliary, or control, plate 86. This lever is also pivoted 
on stud. 583, and also overlies the pin. 591 on the setting 
lever 590. Thus, depression - of the negative multiply 
key 74 is also operative to rock the lever 590, which, in 
turn, initiates the multiplication operation by the rocking 
of the . shaft 371 - and also disables - the clear, clutch by 
rocking shaft 599 (both of which have been previously 
described). The lever 612 also extends rearwardly of 
the pivot point 583 and is provided with a stud 613. (see 
FIG. 6) which serves as a spring seat for the tension 
spring 614, the lower end of which is connected to the 
subtractive setting link 481. . . By this means, the rocking 
of the lever 612.resiliently biases the subtractive setting 
link 481 upwardly, so that its shoulder will engage the 
pin 485 on the lever 486 when the power setting mecha 
nism, which includes - the cam 468 and follower 476, is 
operated. 

II. STORAGE REGISTER: MULTIPLYING 
MECHANISM 

The mechanism of the present invention is particularly 
designed to cause a multiplying operation in which : the 
multiplier value is taken from a storage register, such as 
the storage dials 75 (FIG. 1) arranged across the front 
of the frame, and preferably in front of the square root 
keys 69. These - dialis preferably are viewable through 
suitable windows 76 and preferably I will be aligned with 
value keys 60. . . The values registered in the dials 75, 
and utilized as a multiplier factor, may be secured by 
setting the multiplier value into the keyboard keys - 660 
and then directly transmitting it into the register i dials 
75, as described in my Patent No. 2,714,989, issued Au 
gust 9, 1955; or may be set in the multiplier dials by an 
interregister, transfer from the imboard accumulator dials 
52 as described in the last-mentioned patent or in Patent 
2,909,320 of Arthur Malavazos, issued October 20, 1959, 
or my copending application S.N. (486,323, filed February 
7, 1955. . It should be noted that the present invention is 
concerned primarily with a multiplying mechanism which 
utilizes the factor registered in the storage dials 75, and 
is only incidentally concerned with the mechanism by . 
which a value is set into those dials. In this connection, 
it can be mentioned that the dials 75 can correspond to 
the dials 237 of my Patent No. 2,714,989, or the dialis 
60 of the Malavazos application just mentioned. -- It will 
be - understood that the multiplicand value will be set 
into the keyboard keys 69 and retained there until the 
multiplication operation is completed. It will also be 
understood by those. skilled in the art that this mecha 
nism is not limited to use in the Friden, type machine, 
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but can be used in connection with any calculating mai 
chine used differentially set selection bars or slides. 

. The mechanism of the present invention is primarily 
designed to perform a multiplication operation is using 
the value in the keyboard I as the multiplicand and the 
Value in the storage dials 75 as the multiplier. As the 
multiplier value can be entered from the keyboard, if 
desired, the mechanism affords a convenient means for 
multiplying a value by itself, i.e., squaring the keyboard 
Value. In Such an operation, the value in the keyboard 
is transmitted into the register dials 75 and is also re 
tained in the keyboard as a multiplicand. In a secondary 
form of the present invention, the mechanism can be used 
as a Squaring mechanism for the conventional machine, 
utilizing the multiplying mechanisms of the Friden 
patents previously mentioned. In the latter event, the 
mechanism of the present invention would necessarily be 
an auxiliary control to the conventional “Friden” ma 
chine described in said patents, while in the former . case, 
the multiplying mechanism could be substituted for the 
conventional | multiplying mechanism, if desired. It has 
been mentioned previously that the invention, as , illus-- 
trated herein, is i added to a “Friden” multiplying ima 
chine of conventional construction, although it will be 
obvious to those skilled in the art that the conventional 
multiplying mechanism could be discarded and the pres 
ent invention used in its place. 

In connection with the present invention, I prefer to 
use the conventional multiplication controll keys of the 
“Friden” machine, such as the multiplication key 72, ac 
cumulate multiplication key 73, and the negative multipli 
cation key 74, to initiate similar types of multiplying - 
Operations. These keys will set the digitational control 
gate as described in connection with the conventional 
multiplier mechanism, and will operate the shifting and 
clearing mechanism in the same programs as in conven 
tional multiplication. However, means will be provided 
to i disable the rocking of the conventional multiplier 
control Shaft i 324, so that the feed of the multiplier con 
trol Segments will be disabled throughout the operation; 
and to disable the shift control arm 339. and the shift 
pawl 335, so that the multiplier carriage shift will also 
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be disabled. In my preferred form, however, I will utilize 
the rocking of the shift control lever 327, 502 - to ter 
minate an operation in one order of the machine, to 
temporarily : centralize the digitation control shaft 118, 
to cause a shifting of the register carriage a single step, 
toward the right, and to reinitiate multiplication opera 
tion under the control of the storage dial 75 of the next 
higher order. s • • 

Needless to say, in the multiplication operation of the 
present invention, operation is controlled by a value set 
in the main keyboard 60 and transferred directly into the 
Storage dials i 75, or by the transfer of a value from the 
accumulator dials 52 into the storage dials 75, rather than 
Values set into the conventional multiplier keyboard 70. 
In order to accomplish this purpose, I provide auxiliary 
Slides associated with each order of the machine, which 
Slides are set forwardly a single step with each cycle of 
machine operation until forward movement is blocked 
by the auxiliary slide engaging the stopping face of a 
Step cam, or in the Second embodiment, until movement 
is blocked by the auxiliary slide engaging the depressed 
key in that order. The engagement of the auxiliary slide 
with the cam stop, or with the depressed key, as the case 
may be, results in rocking the shift control arm 327 to 
thereby initiate the conventional program, including cen 
tralizing the digitation control i shaft 148 - and initiating 
a single shift of the carriage to the right. The auxiliary 
Slide, the method - for feeding it forwardly step-by-step. 
with each cycle of machine operation, and the means for 
Selecting the order in which the slide is to be fed, is 
Strikingly similar to that utilized in my joint Patent No. 

a 2,736,494, previously mentioned, for the extraction of 
Square root. As a matter of fact, in its preferred form, 
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fny present invention can be associated with the mecha 
Inism of that patent so that a single machine will be 
capable of extracting the square root and either multiply 
ing or squaring factors, for the most part utilizing the 
same feed mechanisms shown and described in that 
patent. 

1. Method of operation 
It has just been indicated that the multiplication of 

the present invention is accomplished by use of an auxil 
lliary slide associated with each order to the keyboard, 
an operative one of which will be fed forwardly in single 
Steps, or increments, with each cycle of machine opera 
tion untill such movement is blocked by the engagement 
of such slide with a value, or step, cam, the angular posi 
tion of which is representative of the value standing in 
the dials 75; or, in the mechanism designed particularly 
for squaring shown in the second embodiment, by engage 
ment with the depressed key stem of that order. It is be 
lieved that the mechanism of my invention will be more 
readilly understood if first the theory of operation is fully 
explained. \\ 

The inventive concept in my invention lies in provid 
ing an auxiliary slide associated with the selection slides 
of each order, the auxiliary slide being fed forwardly a 
single step with each cycle of operation, including, in the 
lowest order, the cycle in which the override pawl is 
operated at the end of the leftward shifting of the car 
riage, and, in the higher orders, each shift cycle. Such 
movement of the auxiliary slide continues until it is 
blocked by a value cam, or, in the second embodiment, 
by a depressed value key in that order. It can be men 
tioned here that in the preferred form of my invention, I 
provide one of these auxiliary slides for each order of the 
keyboard, but it will be obvious that if it is desired to 
limit multiplying to a portion of the keyboard, it will be 
necessary only to provide such slides in the selected or 
ders. In my invention the auxiliary slides are activated 
order-by-order from right to left, by means of a cam 
shaft 850, similar in form and mode of operation to the 
cam shaft of the square root patent, No. 2,736,494 above 
mentioned. 
The auxiliary slides herein mentioned are similar to 

the auxiliary slides utilized in the square root patent previ 
ously mentioned. These slides are fed a single step for 
wardly with each machine cycle a number of steps, or 
increments, determined by the value standing in the cam 
(or key) of that order. If, for example, a value of “5” 
stands in the multiplier dial 75 of a particular order, five 
forward steps will cause the auxiliary slide to engage the 
“5” face, or stop, on the cam. However, such mere en 
gagement normally will not provide sufficient force to 
operate the shift control arm 327, which force can best be 
secured when movement of the slide is blocked by the 
cam, i.e., in the next, or sixth, feed. For this reason it 
is necessary to feed the auxiliary slide one step, in each 
order, prior to the initiation of digitation in that order. 
This preliminary I feed can readilly be secured by giving 
the lowest order: slide its first step of movement during 
the operation of the override pawl, and by giving the 
higher orders their first step of movement during the shift 
of the carriage into the associated ordinal position. By 
this means, the slide is given a single step prior to digita 
tion in the particular order, so that the slide will just touch 
the value cam after a number of cycles of digitation equal 
to one less than the value standing in the value cam or 
the value of the depressed key (after the fourth digita 
tion cycle in the above example). Then in the next ma 
chine cycle, the digitation mechanism, still being In op 
erative position, enters the value an additional time and 
during this cycle the auxiliary slide will again. start to 
move. However, during this cycle, operation, will be 
blocked by the firm engagement of the slide with the re. 
spective value face, or block, on the cam. This will 
create a back-pressure sufficient to release the shift con 
trol arm 327, but the digitation cycle must be completed 
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due to the coffhventional interlocks in the machine. The 
back-pressure created by this blocking of the feed of the 
Slide then causes operation of the shift control arm 327, 
Which disables the digitation control links 480 or 481 and 
initiates a single shift of the carriage, as previously 
described. 

It is necessary to provide a mechanism associated with 
the auxiliary slides and the means for feeding them for 
wardly, which is effective to select one, and only one, 
Slide for operation. This can preferably be done by a 
Series of ordinally arranged cams on a single cam shaft 
850, similar to the cam shaft of the square root machine 
above referred to, but working in the opposite direction. 
In Square root the cams are effective to select ordinal op 
eration beginning with the highest order and progres 
sively moving order-by-order to the right. In a multiply 
ing operation, on the other hand, it is preferable to work 
from the lowest order toward the highest. I have adapted 
the mechanism of my machine to work in conjunction 
with the Square root mechanism of the square root patent 
above-mentioned, and for this purpose provide an addi 
tional cam Shaft and ordinally arranged cams thereon 
while using the auxiliary slide and auxiliary slide feed of 
the Square root machine. 
At the end of the multiplying operation, I prefer to 

operate the keyboard clearing mechanism and the mecha 
nism which has retained the auxiliary slides in their ad 
justed position so that the machine is cleared for another 
operation. It will be obvious that if the auxiliary slides 
were held in their adjusted positions, after the end of a 
multiplying operation, the attempt to initiate a second 
multiplication operation would cause misoperation or 
jamming of the machine. Therefore, as a safety factor 
only, it is preferred that the last cycle of machine opera 
tion be effective to clear the keyboard and to reset the 
auxiliary slides. 

In connection with my invention, it will also be obvious 
that as the auxiliary slides are fed forwardly with each 
cycle of machine operation, it will be necessary in the sec 
Ond embodiment, to provide a zero latch which will block 
these slides against operation in all orders in which no 
value has been inserted. This can be accomplished by a 
variety of means, but I prefer to provide a mechanism 
which will be operated by the override pawl to insert a 
block in all orders in which no value has been inserted, 
which block will be effective to prevent any feed of the 
auxiliary slides. 

2. Conditioning key 

Preferably the machine of my invention will be pro 
vided with a conditioning, or controll key, such as key 625 
(FIG. 1) marked “IREG MULT,” which is an abbrevia 
tion for “Register Multiplier.” This key can be moved 
forwardly from the position shown in FIGS. 1 and 11, 
and latched in the forward, or operative, position. The 
movement of the key 625 to its forward position, condi 
tions the multiplying mechanism of my invention by dis 
abling the normal multiplying operations of feeding the 
segment feed pawl 320 (FIG. 6) and multiplier carriage 
shift pawl 335; conditions the multiplier shift control arm 
327 for operation by means other than the return of a 
segment 301 to its “0” position and sets a control mecha 
nism which will be operative, when one of the multiplier 
controll keys is depressed, to feed an auxiliary slide for 
wardly a single step with each cycle of machine operation, 
order-by-order, from right to left, until the movement of 
the auxiliary slide is blocked by engaging the stop shoul 
der of a value cam, or, in the second embodiment, one 
of the depressed keys 60. These various mechanisms, in 
cluding the key 625, will now be described in detail. 
As shown in FIG. 11, the conditioning key i 625 is 

preferably mounted on a bellcrank member 626 which 
is pivotally mounted on a setting slide 627 by any suit 
able means, such as screw stud, 628. The slide 627 is 
mounted for substantially longitudinal movement allong 
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levers 458 and 420 which are connected to the link - 490. 
In this connection it should be remembered that the 
mechanism of FIG. 11 is superimposed upon that shown 
in FIG. 10, so that the rocking of the arm 672 will move 
the lower blocking end 675 thereof over the pin. 492, 
and block operation of the parts mentioned. 

4: . (d) : Disable multiplier carriage shift pawl 
The lower end of the lever 657 abuts against a pin, 

or stud, 680 mounted in the upper end of an arm 681. 
that is rigidly secured to a transverse shaft 682. Thus 
the manipulation of slide 627 to its forward, or effective, 
position, rocks the two-armed lever 657 (clockwise in 
FIG. 11), and the latter, in turn, rocks the arm 681 and 
shaft - 682 - in the opposite direction. The Shaft 682 
extends to the right from the auxiliary frame plate 86 
to a bracket 683 (see FIG. 4) located adjacent the right 
frame plate 81. The shaft 682, among other things, 
carries an arm 684 (see FIG. 6) located in a plane adja 
cent the .hub 336 which mounts the multiplier carriage 
feed pawl 335. -- An ear, or bracket 685 is integrall on 
the free end of the arm 684, which ear underlies the hub 
336. The movement of the ear 685 from the rocking of 
shaft 682 is sufficient to lift the feed pawl 335 above the 
plane of the rack 296 of the multiplier carriage 290, so 
that the pawl cannot engage the rack. This condition 
is maintained as long as the multiplication conditioning 
key 625 is in its effective position, and therefore dis 
ables the operation of the multiplier carriage shifting 
mechanism throughout all multiplication operations under 
control of key 625. It should be noted that shaft 518 is 
free to rock from operation of the shift control lever 
327, 502, but that such rocking will not effect a multiplier 
carriage shift, for the pawl is latched in a position above 
that to which it is lifted by pin 340. 

(e) Condition the machine for right shift on each 
operation of the shift control arm 

It will be recalled that in conventional multiplication, 
when the multiplier segments 301 return to their normal, 
or “0,” position, the shift: control arm 327 is rocked 
thereby. The rocking of the shift control arm, whether 
caused by the mechanism previously described, or by the 
new mechanism to be described i hereafter, controls the 
unlatching of the arm 530 (FIG. 9), and shaft 518. Shaft 
518 carries the shift control arm . 550 (FIG. 4) which is 
nonrotatably but slidably mounted thereon. When the 
multiplier carriage is in its normal position, to the right 
of the feed pawl 320, this arm is pushed to the right by 
the bail, o'r flag, 553 shown in FIG. 4, so as to disable 
the connection between the arm 550 - and the right shift 
control mechanism. It is only when the carriage has 
been shifted two orders to the left that this arm shifts 
into a position to become operative upon the rocking 
of shaft 518. This disabling of the right shift is required 
in order that rocking of the shaft will not cause a shifting 
when the multiplier carriage has not been shifted out 
of its home position by the entry of values into it, or 
when only one value has been entered (which is an opera 
tion sometimes desired). 

However, in the preferred form of my invention, it 
is necessary that the carriage be shifted with each opera 
tion of the shift control arm 327 and shaft 518, and for 
this purpose I prefer to use a mechanism controlled by 
the rocking of the shaft 682. As shown in FIG. 4, the 
right end of shaft 682 carries an arm 700 rigidly secured 
thereto by any suitable means, such as a pin or set screw, 
not shown. This arm i 700 extends rearwardly and its 
free, or distal, end overlies the lower arm of a bellcrank 
member i 701 which is pivotally mounted, as by pivot 
stud 703, on a collar 702 rigidly secured to the shaft 518. 
Whenever the shaft 682 is rocked (counter-clockwise in 
FIG. 11), the arm 700 rocks the bellcrank 701 (clock 
wise in FIG. 4), so that a nose 704 on the upper end of 
the bellcrank lies in front of the arm 557 which is pivotal 
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lly mounted on the shaft 518. It will be recalled that 
this arm carries a long pin, or stud, 558 which lies in 
front of the clutch control rod. 161. In normal multipli 
cation operations, the arm 557 is operated by the arm 
550, which is rigidly mounted on the collar 551 that 
shifts to the left two spaces as the multiplier carriage 
290 is shifted to the left with the entry of the first two 
values thereinto. Thus the arm 557 is operated in con 
ventional multiplying operations by the arm 550, and 
in a register multiplying operation is operated by the 
bell crank 701. The bell crank is first rocked (clockwise 
in FIG. 4), so that its mose 704 llies in front of the arm 
557 and then, upon operation of the shift control arm 
327 and the consequent rocking of shaft 518, is rocked 
rearwardly to push the clutch control rod 161 to its rear 
ward, or effective, position. Thus the rocking of the 
shaft 682, by the setting of the conditioning key 625, 
is effective, among other things, to condition the machine 
for a right shift of the accumulator carriage 51, when 
ever the shaft 518 is rocked as a result of the rocking 
of the shift control arm 327. 

It is thus seen that the setting of the conditioning key 
625 to its forward, or operative, position has been effec 
tive to first disable certain normal multiplication opera 
tions which would interfere with the present program 
of multiplication operations: by retracting the projected 
tip of the shift control arm 327, so that the operation of 
this arm will not be affected by any setting of a multi 
plier control segment 301; by placing blocking lever 
672 over pin 492, and thereby blocking rotation of shaft 
324 - and operation of the multiplier segment feed pawl 
320; and by rocking shaft 682 to i lift the multiplier 
carriage shift pawl 335 above the plane of the shift rack 
on the multiplier carriage. The operation of condition 
ing key 625 also conditions the machine for a right shift 
of the carriage upon each operation of the shift control 
Shaft 518, regardless of the position of the multiplier 
carriage. Finally, the setting of the conditioning key 
625 to its operative position conditions the mechanism 
of my invention for operation, as will next be described. 
For the moment, however, it can be noted that when the 
machine is So conditioned, operation of any of the multi 
plier controll keys 72, 73 o'r 74, initiates a multiplication 
operation in which the value set in the storage register 
dials 75 is used as a multiplier factor. 
(f) Conditioning the register multiplier feed mechanism 
Another effect of the movement of the squaring key 

625 to its forward, or effective, position is to condition 
the present multiplying mechanism for operation. It can 
be mentioned at this point that the operation of the pres 
ent multiplying mechanism is under the control of the 
cam Shaft 850 (the left end of which is seen in FIG. 11), 
the shaft being resiliently biased toward the right side of 
the machine by a spring, as will hereinafter be described. 
This shaft is latched in the right-hand, ineffective, posi 
tion to which it is biased in all operations except multi 
plication, from the register dials 75; and in the present 
multiplying operations, is shifted to the left by the op 
eration of the override pawl at the termination of the 
leftward shifting of the carriage to the extreme end posi 
tion. The leftward movement of the shaft 850 normally 
is blocked by an arm, 720 (shown in FIG. 12). The arm 
is pivoted on a screw stud 721 and is operated from the 
operation of the override pawl, by a yieldable linkage, as 
will hereinlafter be described. At this point, however, it 
can be noted that the lower end of the lever 720 is pro 
vided with a stud 722, which, in the normal, or rearward, 
position of the slide 627, engages a tail 637 on the rear 
end of the slide 627, thereby preventing operation of the 
blocking lever 720 and consequent unblocking of shaft 
850, ... and i hence operation of the present multiplying 
mechanism. When the slide is moved forwardly to con 
dition the machine for a register multiplying operation, 
the tail 637 moves sufficiently forward to release the stud 
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722, whereupon the blocking arm, or lever, 720 can be 
operated. 

3. Auxiliary slides 
In the preferred form of my invention, I provide an 

auxiliary slide 730 Ilying immediately to the right of the 
Selection bars of each order of the machine (see FIG. 
15). The auxiliary slides 730 - (FIGS. 2, 13 and 15) are 
Slidably mounted in i slots, not shown, in the crossbar 
member 83 and a comb 732 (FIG. 16) at the forward 
part of the selection i mechanism. These slides are re 
siliently biased toward the rear to an in operative posi 
tion by any suitable means, such as a spring 734 ten 
siomedi between a spring seat on the comb 732 and a nose 
733 projecting from the forward end of the slide. Each 
of these slides is provided with a nose, or shoulder, 731. 
adapted to engage a multiplier value cam. 980, described 
in the next section. 

It will be recalled that it has been mentioned that the 
i'r mechanism of the present invention is designed partic 
ularly to use parts and mechanisms of the machine for 
the extraction of square root described in my joint Patent 
No. 2,736,494 previously : mentioned. The second em 
bodiment, which discloses a squaring mechanism as dis 
tinguished from a multiplying mechanism, is particularly 
adapted to be combined with that machine. However, 
where the present mechanism, is designed for use in any 
multiplication operation, the auxiliary slide i 730 is pref 
erably modified so that the shoulder i 731 will cooperate 
with the cam 980) rather than the ordinally related selec 
tion slides 96, as in the square root machine. It can be 
noted that in the extraction of square root, the auxiliary 
slide 730 is moved forwardly by the machine step-by-step 
with each cycle of machine - operation to progressively 
move the selection bars to the proper differential position. 
for the extraction of square root. It is obvious that the 
ear 731 could not be used to both set the selection slide i 
and to cooperate with the cam. 980, for a value standing 
in the multiplier cam 980 might prevent proper operation 
of the square root mechanism, and conversely, a value 
standing in the selection mechanism, or keyboard, might 
interfere with multiplication operations. For this rea 
son, it is preferred, insofar, as the present invention re 
lates to a multiplying mechanism which can be utilized 
for any type of multiplication operation, that this slide 
be disassociated from the square root mechanism; . al 
though it is obvious that means could be provided which 
would selectively control, slide operation with one or the 
other, but not both, at the will of the operator. . . 
The - auxiliary slide (730 in the operative order is given 

a single step of forward I movement with each cycle of 
machine operation by means of, a rack - 735 formed on 
the rear end of the slide, which rack meshes with a drive 
gear 750 which is given the necessary step operation, i as 
will be described in the second i Succeeding section en 
titled “Slide Feeding Mechanism.” 

4. Multiplier control cam 
A multiplier control cam suitable for the present in 

vention is shown particularly in FIG. 16, which corre 
sponds to . FRG. I. 1 - of my Patent No. 2,714,989 already 
mentioned. Each step cam 980 (there being one for each 
order), is mounted on a longitudinally extending shaft 
981 (which corresponds to shaft i 245 - in said patent). 
The shaft 981 is journalled in the intermediate cross 
frame member 83 and the front crossframe member 87. 
It is provided on its forward end with a gear 1982, which, 
through idlers 1983 and 984, is connected to a dial gear 
985 which is attached to, or ... formed integrall with, the 
multiplier dials i 75. . . This train of gears 1982, 983, 984 
and 985 are preferably all of the same size, so that both 
the shaft 981 and the dial 75 will simultaneously make 
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tion, Shaft 100 by any suitable means, such as by driving 
clutch member 986, which is slidably but nonrotatably 
mounted on the forward end of square shaft (100, and a 
driven clutch member 987. formed on one end of a sleeve 
rotatably mounted on the forward end of the shaft 100. 
This clutch assembly (corresponding to the parts 256 to 
263, inclusive, of the patent above-mentioned), is con- y 
trolled by the rocking of shaft 991, in order to selective 
lly clutch the shaft 981 to the square shaft, as required 
by the operator. The sleeve 987 is connected to the as 
sociated shaft 981 by means of suitable gears 988 and 
989, as explained in said patent. When the clutch mem 
bers 986, 987 are engaged, any rotation of the square 
shaft 1999 will drive I shaft 981 and dial 75 the same 
amount. Thus a value set by a value key 60 can be run 
directly into the ordinally aligned multiplier dial 75 in 
a single cycle of the machine - operation, the value also 
being set into the accumulator dials 52 if the digitation 
control gate 116 is i set to an operative position. Simi 
larly, a value standing in the in board register dials 52 can 
be run into the multiplier dials 75 by causing engagement 
of the 'clutch members 986, 987, a moving the digitation 
control gate 16 forwardly (FIG. 2), so that the subtract 
gear 112 meshes with the accumulator dial gear 113, and 
then clearing the dials 52, as was also fully explained in 
my aforesaid patent. Thus a value can be set directly 
into the multiplier dial 75 either from the keyboard or 
from the register, as desired. 
The cam. 980, as shown in FIG. 16, is preferably a 

cylindrical one, having ten equiangular spaced shoulders 
990 differentially spaced longitudinally of the cam. These . 
steps correspond to the values of “0” and “1” to “9,” read 
iing from back to front of the machine, and the longitudinal 
Spacing corresponds to the incremental steps of movement 
of auxiliary slides 7309 and the selection bars 96. . These 
shoulders are associated with the mose 731 on the slide 
730, the mose aboutting the rear end of the cam, or the 
“0” face thereof, when the multiplier dial 75 stands at 
“0.” . Thus forward movement of a slide i 730 - will be 
blocked whenever the associated dial 75, and consequent 
lly cam 980, stand at “0.” ... Any rotation of the dial 75 to 
the various values rotates the cam corresponding incre 
ments, and thereby permits the forward translation of the 
Slide corresponding amounts until the ear 731 i abults one 
of the faces 996 of the cam. It will be recalled that the 
auxiliary slide 730 in the operative order is given a single 
Step of forward movement with each cycle of machine 
operation, as will be described in the next section. This 
feed is continued until the ear 731 is blocked from further 
movement by engaging the faces, or steps, 990 of the 
cam. 989-the back pressure created thereby being utilized 
to terminate the multiplication operation in the operative 
order, to cause the necessary shift of the carriage (which 
simultaneously shifts the multiplier control to the next 
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a complete revolution. Therefore, the angular position . 
of the cam 980 and shaft 981 will always... correspond to 
the value position of the dial, 75. . 

higher i order of the mechanism), and to again initiate a 
multiplication operation, • 

5. Slide feeding mechanism 
It has been mentioned previously that the auxiliary, 

slides 730 are fed, as required by the operation of my 
invention, by a feed gear 750 which meshes with a rack 
735 on the auxiliary slide 730. . . In the preferred form of 
my invention I provide a drive assembly, shown particu 
larly in FIG. 13, in each order of the machine. - This 
mechanism is mounted in a frame, indicated i generally. 
by 751 (see also FIG. 15), which is provided with a plu 
rality of separator plates 752 which also serve to strength-. 
en and brace the frame. The drive gear 750 is preferably 
formed integrall with a larger idler gear 753, the two gears 
being rotatably mounted on a transverse shaft 754, which 
extends across the control frame 751. The gears are held 
in properly spaced position on the shaft 754 by means of 
spacing collars 755 and 756. 
A drive shaft 760 is mounted in the frame 751, prefer 

The shaft 981 can be clutched to the square, or selec- 175 ably being square, as shown in FIG. 13. In each order 



8,000,557 
33 

of the machine, a driving gear 761 is slidably mounted on 
the shaft and is normally biased to the right, out of mesh 
with the idler 753, by a suitable compression spring 762 
compressed between the gear 760 and the separator plate 
752 to the left thereof. It can be mentioned at this point 
that the shaft 760 is given a single step of rotational move 
ment in all cycles of a multiplication operation, thereby 
rotating all of the gears 761 (which are slidably but non 
rotatably mounted thereon). Normally, however, the 
gears 761 do not mesh with the gears 753, so that the 
rotation of the shaft 760 is ineffective to move the auxil 
iary slides 730, and can operate upon an idler and slide 
730 only when a driving gear 761 is cammed to the left 
by means which will be described under the heading of 
“Order Selection Mechanism.” . . . . . .' ..." 

It can be mentioned at this point that the idler gear 
753, and consequently the auxiliary slide 730, are held in 
each adjusted position by I means of a detent bellcrank 
770. (FIG. (13) , pivotally mounted on a transverse I shaft 
771. The bell crank 770 is provided with an ear, 772 
which normally latches behind a tooth of the idler gear 
753, against which it is pressed by means of a torsion 
spring 773. The ear is so formed that it is cammed out 
of engagement with the idler when it is driven by the drive 
gear 761 (the idler being driven clockwise in FIG. 13), but 
blocks return movement of the idler. The detent bell 
crank 770 is provided with a tail 774 which can be lifted 
by the clearing cam 1111, hereinafter described under the 
heading “Clearing Mechanism,” to release all of the gears 
753 and permit the auxiliary slides 730 to be returned to 
their normally inoperative position by their springs 734. 
The means for feeding the drive shaft 760, a single 

increment of motion with each cycle of machine opera 
tion, is shown particularly in FIG: 17. . . The power for 
operating the feed shaft 760 is derived from a feed cam 
780 mounted on the power shaft (107, immediately to the 
left of the left side frame plate. 82. The cam is shown in 
FIG. 17 in its full-cycle position, the shaft 107 rotating 
counter-clockwise in this figure as indicated by the arrow. 
Associated with the cam 780 is a three-armed follower 
lever 781, pivotally mounted on the frame plate 82 by 
any suitable means, such as on a stud 784. This lever has 
a forwardly extending: arm 782 carrying a roller.783 on its 
free, or distal, end, the roller being located so - as to en 
gage the periphery of the cam 780. The follower roller 
783 is biased into engagement with the periphery of the 
cam 780, and the lever member 781 is biased in an opera 
tive direction (clockwise in FIG. 17) by means of a rela 
tively strong spring 785 tensioned between the upper arm 
786 of the three-armed lever, and a suitable stud on the 
frame plate, not shown. - Thus, when the follower mem 
ber 781 is released for operation, the relatively strong 
spring 785 biases the follower member (in a clockwise 
direction in FIG. 17) into engagement with the periphery 
of cam 780. It is obvious, from the shape of the cam, 
that the follower member is permitted to rock (clockwise 
in FIG. 117) slightly before the 180° position of the shaft 
and cam, has completed its stroke in another 45° to 60°, 
and is restored to the full-cycle position at approximately 
the end of the cycle of operation. \\ 
The forward rocking of the upper arm 786 of the foll 

lower member is effective to rotate the shaft 760, a single 
step of movement. : For this purpose the upper arm 786 
carries a live pawl 790, which is pivotally mounted there 
on by any suitable means, such as stud 791. The pawl 
790 is resiliently biased to an effective position by a suit 
able spring 792, tensioned between studs on the arm 786 
and the pawl 790. The forward end of the pawl is adapt 
ed to engage the teeth of a ratchet gear 793 - mounted on 
the left end of the feed shaft 760. Thus the operation 
of the follower member 781, from the force of strong 
spring 785, and as controlled by the rotation of cam 780, 
is effective to rotate the ratchet wheel 793 a single step 
with each cycle of machine operation, whenever the foll 
lower member is released for operation. 
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ratchet gear 793 and shaft 760 occurs at approximately 
the mid point of each cycle-in fact, within the first por 
tion of the third quarter of each cycle. It can be noted 
at this point that when the auxiliary slide 730 of the 
operative order of the machine, has firmly abutted a 
shoulder 990 of cam 980, and is therefore unable to move 
forward, such blocking of the slide, through the idler 
753 and feed gear 761, blocks rotation of the shaft 760, 
which, in turn, blocks the normal rocking of the follower 
member 781 from the force of its spring. This blocking 
of the operation of the follower member 781 will be 
utilized to controll the carriage shift mechanism, through 
the medium of the shift control arm 327, as will presently 
be described. ~ 

It can be mentioned at this point, also, that in all opera 
tions of the machine, except in a multiplication operation 
with the multiplication controll key 625 in its forward, or 
effective, position, the operation of the follower member 
781 will be latched against operation. This can be se 
cured by any suitable means. A preferred form is shown 
in FIG. 17, and comprises a rearwardly extending link 
800, the forward end of which is pivotally mounted on 
the lower arm 787 of the follower member 781. The 
rear end of the link 800 is pivotally secured to a latching 
arm 801. The arm 801 is pivotally mounted on a trans 
verse shaft 802 extending through the left frame plate 82. 
The upper end of the latching arm 801 carries a stud 803 
which is engaged by the latching shoulder 804 of a latch 
member 805. The latch arm 805 is part of a bail, or gate, 
assembly including a second, and downwardly extending, 
arm 806, both of which are rigidly mounted on a common 
sleeve, or hub, 813 which rotates on shaft 807, whereby 
both levers rock in unison. A link809 is pivotally mount 
ed on the rear end of arm 805 by any suitable means, 
such as pivot stud 808. The lower end of the link is 
pivotally connected to a second latch arm 890, by any 
suitable means, such as stud 810. A spring 811, ten 
sioned between the stud 810 and a stud, not shown, on 
the machine frame, biases the latch assembly, including 
the latch lever 805, into latching position (the position 
shown in FIG. 17). 
The latch, assembly just described is released by opera 

tion of the override pawl 190 (FIG. 5) previously de 
Scribed. A strong spring. 820 (see FIG. 5) connects a 
stud. 821 on the lower arm of the bellcrank 2011 (which is 
rocked by the angular lever 1966, upon operation of the 
override. pawl 190) and a stud 822 on an arm. 823 which 
is rigidly mounted on a shaft 824. Thus the rocking of 
the override pawl strongly biases the arm 823 and shaft 
824 - (counter-clockwise as viewed in FIG. 17). . . Ar slot 
ted stop link 834 may be mounted on studs 821 and 822 
in order to prevent over-rocking of shaft 824 beyond the 
position shown. The left end of the shaft 824 carries an 
arm 825 (FIG. 117) rigidly mounted thereon. A cam 
operating link 826 is pivotally mounted on the free end 
of the arm 825 and extends forwardly to a cam member 
902, the construction and operation of which will be more 
fully described in connection with the description of the 
order: selecting mechanism. At this point it can be noted, 
however, that the link 826 is provided with a stud. 827 
which abults against the forward edge of the lower end 
of the arm 806. Thus the rocking of the override pawl 
rocks shaft 824 (counter-clockwise in FIG. 17), when the 
machine is conditioned for multiplication by the mech 
anism of the present invention, whereupon the stud. 827 
rocks the latch assembly, including the arms 806 and 805 
(clockwise in this figure), to delatching position. It can 
also be noted that the link 826 carries a second stud. 828 
which may become engaged by the shoulder i 829 of a 
latch arm 830. The latch arm is mounted on a stud 831 
mounted on a bracket attached to the left frame plate 82, 
and is urged into latching position by a suitable spring 
832. Thus the operation of the override pawl, acting 
through spring 820, resiliently biases the shaft 824 to an 

This feed of 75 operative position (counter-clockwise direction in FIG. 
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17, which includes a second, or shift control, cam 879 mounted on the main drive shaft 107, adjacent the feed 
cam 780. Associated with the shift cam 870 is a tWor 
armed follower 871 pivotally mounted on a tranSVCESC; 
shaft 872. The forward arm of the follower lever 871 
carries a roller 873 which engages the periphery of the 
cam 870. The follower roller is stronglybiased into en." 
gagement with the periphery of the cam 870 by a relative 
y strong spring 874 tensioned between the lever and a 
stud, not shown, on the frame plate 82. The cam, 870 
is provided with a single, and rather sharp, depression 
875 which begins about 200° from the full-cycle position 
and terminates at about the 270° position. Thus the 
follower lever will be biased into engagement with the 
periphery of the cam, and will be enabled to rock sharply 
(counter-clockwise in FIG.17), beginning at about the 
200° position, and some 20° or 30° behind the rocking 
of the feed follower 781. In the form illustrated herein, 
the sensing arm 871 is restored at about the 270° posi 
tion while the feed arm 781 is not restored until shortly 
before the end of the cycle. However, the timing of 
restoration is not critical although the time of the opera 
tive stroke is critical-it is necessary that the feed arm 
reach the extreme of its stroke before the sensing arm 
becomes effective. 
The rear end of the follower lever 871 overlies a pin 

880 mounted on an arm 881. This arm 881 is rigidly 
mounted on an elongated hub, or sleeve, 886, rotatably 
mounted on the hub, or sleeve, 813 upon which is mount 
ed arms 805 and 806. The other end of the sleeve 886 
carries a bellcrank member 882, the forwardly extending 
arm 883 of the bellcrank 882 overlying the pin 510 on 
the shift control arm 327. Thus, whenever the follower 
lever 871 is rocked by the force of its spring, the conse 
quent rocking of arms 881 and 883 will tend to depress 
the shift control arm 327 to initiate a shifting operation. 

This shifting operation, resulting from the rocking of 
the bellcrank 882, is blocked in all conventional opera 
tions of the machine by means of a latch including the 
datch arm - 890, controlled from arm 805. This latch arm 
is pivotally mounted on a short shaft 891, and carries a 
pin 892, which is adapted to engage the latching shoulder 
893 formed in the rear arm of the bellcrank 882. The 
datch arm 890, as has previously been indicated, is con 
nected to the link 809 by means of the pivot stud. 810, 
and is, therefore, i lifted to disengage the bellcrank 882 
whenever the override pawl is operated in a register mul 
tiplying operation to shift link 826 and rock latch arm 
805. It will be recalled that in a multiplying operation, 
the "cam shaft shifting link 826 is free to move and there 
fore the bail, including the arms 806, 805 and the link 
809, can be operated. However, when the multiplying 
control: key 625 is in its in operative position, movement 
of the cam shaft 850 is blocked, so that link 826 cannot 
be moved, latch arm. 890 - will remain in latching position, 
and bellcrank 882, remains in operative. 
The operation of the arm 883, from the strong bias of 

spring 874 of the shift cam follower 871, is also blocked 
whenever a feed of the feed shaft 760 is permitted. As 
shown in FIG. 17, the arm 883 carries a pin 884 slightly 
above, and to the , rear of, the upper i edge, or blocking 
face, 1812 of the arm i 801. The arm i 801 is obviously 
rocked synchronously with the rocking of the feed foll 
lower 781, so that whenever a rocking of the feed foll 
lower is permitted, the arm 801 will be rocked rearwardly 
(counter-clockwise in FIG. 117), whereupon the blocking 
face | 812 of that : arm will underlie the pin. 884. When 
this condition occurs, the arm 883 cannot rock, and the 
shift control arm i 327 will not be operated. However, 
when rocking of the shaft 760 is prevented by the feed 
of the operative auxiliary slide being blocked by its en 
gagement with a block, or stop shoulder, 1990 of cam 
980, as previously outlined, the operation of the feed foll 
lower 781 will be temporarily blocked, and (if the ma 
chine is conditioned for a register multiplying operation) 
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the shift follower 871 will be free to move under the bias 
of its spring 874 to follow the contour of the shift cam 

In that event, arm 883 will be rocked, which will 
rock the shift control arm 327 and thereupon initiate a 
carriage shifting operation in the next machinlle cycle, as 
previously outlined. The entry of the value standing in 
the keyboard 60 will continue during the cycle in which 
the shift follower 871 and control arm 327 are rocked, 
but, of course, will not take place in the following shift 
cycle. • 

By the means thus described, the bellcrank 882 is oper 
ated by cam follower arm. 871 and the force of its spring 
874 whenever the control arm 801 is not operated to 
place the upper edge. thereof; under the pin 884 of the 
arm 883. That is, the bell crank 882 is operated when 
ever a feed is blocked in the feed mechanism. The bell 
crank 882 is latched in the rocked position, until the foll 
llowing, or shift cycle of operation, for the follower arm 
871 is immediately restored, but the shift control arm 327 
must be held in its operative position until the shift cycle 
begins. This can be accomplished by means of a pin 
885 on the rear end of the arm 882 engaging a shoulder 
960 of a latch arm 961. This latch arm can be pivoted 
on any suitable point, such as the shaft 891 previously 
mentioned. The latch arm is biased into engagement 
with the pin. 885 by any suitable means, such as spring 
962. This latch is effective to temporarily hold the bell 
crank 882 in its rocked position, thereby holding the shift 
control arm 327 depressed until the shift is initiated, al 
though the follower arm. 871 is immediately restored to 
its in operative position by the cam 870. 

Immediately after the shift is initiated, the latch. 961 
is released by mechanisms shown principally in FIG. 5. 
A plurality of ordinally spaced rollers 963 are mounted 
on the rear side of the left end of the accumulator car 
riage 115 (to the right side of FIG. 5). Associated with 
the ordinally spaced rollers 963 is a cam link 964 pro 
vided with a sharply pointed nose 965. In any ordinal 
position of the carriage, the nose 965 lies against the 
right side of the ordinally related roller 963, so that the 
link will be operated at the start of any right shifting 
operation. The cam link 964 can be mounted for verti 
cal movement in the machine by any suitable means, 
such as by being mounted upon the left end of a two 
armed lever 966. The lever can be mounted on the rear 
of the machine by any suitable means, such as screw 
stud 967, and is biased by a suitable spring 968 into 
lifting the cam link 964 into engagement with the rollers 
963. The lower end of the link 964, as shown in FIG. 
17, is attached to the datching arm 961, as by stud 969. 
Thus, immediately after the start of a shifting operation, 
the latch. 961 is released, whereupon the bellcrank 882 
is restored to its normal position by the force of a suit 
able light spring 887. 
When the bellcrank 882 is in its operative position, 

operation of the feed mechanism is blocked, not only 
by a blocking of an auxiliary slide, but also by the rear 
face of the arm 801 engaging the stud. 884 on the arm 
883. It will be recalled that immediately after a shift 
operation is initiated, the order: selection mechanism is 
operated, so that the feed shaft - 760 is un meshed from 
the formerly operative auxiliary slide 730 and en meshed 
with the auxiliary slide of the next higher order. This 
takes place early in the shifting cycle, thereby releasing 
the feed shaft 760 for operation. At approximately the 
same time the bellcrank 882 is released from its latch 
961, and, as it is immediately returned to its in operative 
position, a feed of the feed shaft can take place, which 
forces the auxiliary slide of the higher order a single step 
prior to the first digitation cycle in that order. The 
sequence of these operations is as follows: 

(1) In the next to last cycle in an order the auxiliary 
slide engages stop face, or shoulder, 990 of the step 
cam. 980 at the end of the feed operation, but this mere 
engagement has no effect on the control mechanism. 
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the keyboard of the machine at this stage of operation, in 
order that the machine will be ready to receive another 
problem. Incidentally, this operation in the square root 
machine above-mentioned, will release the detents 770 
(FIG. 113) to permit the Ridler gears 753 - and auxiliary 
slides 730 of the feed mechanism to return to their neu 
tral, or in operative, position. This clearing can be secured 
by means of a link-1090 (FIG. (11), the rear : end of 
which is provided with a slot 1091 that 'embraces the pin 
1055 which joins the link 1045 to the arm. 1046. Thus, 
the rearward translation of the link 1045 will also cause 
translation of the link £1090, although permitting that 
link to be operated in other operations. The forward end 
of the link 1090 is supported by a depending arm. 1092 
which is rigidly, mounted on a shaft i 1093. The shaft 
1093 extends - across the front of the machine, and its 
right end is shown in FIG. 18. Adjacent the right side 

| supportingplate | 81, the shaft 1093 carries an arm. 1094 
which is adapted to engage a clearing baill 1095. The 
clearing bail is mounted between the frame plates 81 and 
82 by any suitable means, such as on shaft 1096, as is 
conventional in machines of this character. It is con 
ventional in the machine mentioned, to provide the ord 
inal i latch slides 92 (see also FIG. 2) with depending 
ears 1098, which are adapted to be engaged by the rear 
wardly extending fflange 1097 of the clearing baill 1095. 
It is evident that the rocking of the baill 1095 will be 
effective to move all of the locking slides 92 rearwardly, 
thereby releasing any of the keys of the keyboard which 
have been locked in a depressed position. Thus the 
rocking of the shaft (1093, caused by operation of the 
override pawl 1000, will be effective to operate the clear 
ing bail i 1095 and, among other things, clear the key 
board of the machine. -* '' :~ ... --w X 

"(e) Normalize the auxiliary slides.--It is more im 
portant that the rocking of the shaft 1093 be utilized to 
clear the idler gears 753 - (FRG. I. 13), in order to return 
the auxiliary slides 730 to their normal position. I pre 
fer to utilize for this purpose, the clearing mechanism. 
shown in the square root machine, Patent No. 2,736,494 
above-mentioned. As shown in that machine, this is ac 
complished by means of a lever 1100 (FIG. 1:8) pivotally 
mounted on the right frame plate 81 by any suitable 
means, Such as shaft (1101, which lever is operated by 
rocking of the clearing baill 1095. . . The lever 1100 Sup 
ports the forward end of a rearwardly extending link 
1102, the rear end of which is provided with a slot 1103 
which embraces a shaft (1104. The link is biased to its 
retracted, or in operative, position by means of â suitable 
spring 1107, as shown. . s s 
A bracket 1105 on the rear :end of the link 1102 carries 

a roller 1,106, as shown in FIGS. 18 and 19. . The roller 
1106 i abults against the angled end, or , cam projection, 
1110 of the transverse : slide 1111... This slide is provided 
with guide slots 1112 which embrace guide pins 11:13, 
thereby providing for transverse movement of the slide. 
Normally this slide is biased toward the left by a resilient 
means, such as a spring, not shown. The upper edge of 
the slide 1111 is provided with a plurality of notches 
1114 within which lie the tails - 774 of the detent members 
770. One edge of the notches 1114 is slanted to form a 
cam face 11:15, so that the translation of the slide 1111 
(to the left in FIG. 19) from the translation of the slide 
1102, causes the cam faces 11:15 to lift the tails 774 
(counter-clockwise in FIG. 13) of the detent members, 
thereby releasing the idler gears • 753 and the auxiliary 
slides i 730. In this manner, the auxiliary slides are en 
abled to return to their a normal, llinoperative, I position 
from the bias of their respective springs 734, and the 
multiplying mechanism is returned to its normal condi 
tion. 

~Y 9. Operation, • • • 

* It is believed that the operation of the multiplying 
mechanism of the present invention is obvious - from the 
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very briefly. The multiplier value is set into the multiplier 
register dials 75, either directly from the keyboard keys 
60 or by an interregister transfer from the inboard ac 
cumulator dials 52, and the multiplicand value is set into 
the keyboard I keys 60. The setting of the value in the 
keyboard keys 60, of course, locks the operated keys in 
their depressed position by operation of the ordinal lock 
ing slides 92. The multiplier controll key 625 - is moved 
to its forward, or operative, position-------which can be done 
either before or after setting of the values in the keyboard 
and multiplier register dials 75. Thereafter, one of the 
multiplier keys 72,73 or 74 is depressed, depending upon 
the program of operation desired. In any event, the de 
pression of any one of these keys results in the rocking 
of the shaft 371 (FIGS. 7 or (10), which initiates a con 
tinuous left shift of the carriage and simultaneously tends 
to condition the power clearing mechanism for operation 
when the carriage reaches the extreme left-hand posi 
tion. It will be understood, of course, that if either key 
73 o'r 741 has been , depressed, the rocking of arm - 590 
(FIG. 10), "through link - 597 and arm 598, rocks shaft 
599 to disable the register clearing clutch and the mecha 
nism controlled thereby. When the carriage reaches the 
extreme left-hand position, the override pawl 190 (FIG. 
5) is operative, through bellcrank 2011 and link202 (FIGS. 
4 and 5), to rock the baill 204, and thereby disable the 
left shift clutch and the clear clutch and simultaneously 
to enable the multiplier mechanism by means of link 412 
(FIG. 7), arm 4:15, shaft 416, and latch, 417 (FIG. 10). 
The operation of the override pawl 190, through opera 
tion of bellcrank 201, the force of spring 820 - (FIG. 5), 
arm. 823, shaft 824, and arm. 825 (FIG. 17) also operates 
the link 826 to rock cam 902 to its operative position and 
thus displace the cam shaft 850 to the left so as to effect 
operation of the ordinal setting cams - 840 (FIG. 13) in 
Sequence-the joint operation of the key 625 and the rock 
ing of shaft 371 having moved blocking : arm, 720 to its 
unblocking position. The shifting of the carriage to the 
extreme left-hand position has placed the cam tooth 852 
of the lowest order of the machine, in operative position, 
So that the translation of the shaft to the left: causes the 
engagement of the drive gear 761 of the lowest order with 
the idler 753 of that order to cause the step-by-step feed 
of the lowest order auxiliary slide 730. The slide is fed 
one Step during the override cycle, during which time the 
digitation control gate 116 remains in its neutral position. 
At the end of this cycle, the gate 116 is set for registration 
and the value set in the keyboard is registered in the 
accumulator with each cycle of machine operation. 
Simultaneously therewith the auxiliary slide 730 is fed 
forwardly untill, in the next to the last cycle of operation 
in that order, the ear 731 on the auxiliary slide just en 
gages the proper value shoulder 1990 on the cam. 980. 
Then in the next (last ordinal'): cycle, the forward move 
ment of the auxiliary slide 730 is blocked by the engage 
ment with the associated stop shoulder on the cam, which 
action takes place after the digitation phase of the cycle 
has started, and, therefore, too late to centralize the 
digitation control gate in that cycle and the conventional 
interlock prevents neutralizing of the digitating control 
gate 116 until the end of the cycle. T. However, in that 
cycle, the back pressure on the auxiliary slide, operating 
through idler 753, feed gear 761 and shaft 760 (FIG. 13), 
prevents operation of the feed pawl 790 (FIG, 17), there 
by holding the follower lever 781, link 800, and control 
lever 801 in the full-cycle position shown. The holding 
of the control arm. 801 in the full-cycle position enables 
the operation of the bellcrank 882, under the control of 
cam. 870, from the force of spring 874. The operation of 
bellcrank 882 rocks the shift control dever 327 to centralize 
the digitation control shaft at the end of that cycle of 
operation and to initiate a shift in the next cycle. - Later 
in the shift cycle, the shifting controll linkage is released, 
which causes the disengagement - of the feed gear 1761 
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tiplier feed pawl; (d) disable the multiplier carriage shift: 
pawl; (e) condition the machine for right shift from any 
operation of the shift control arm, regardless of the mul 
tiplier carriage position; and (f) condition the squaring 
feed mechanism of the present form of this invention un 
der control of the conventional multiplication keys 72, 
73 or 74, all as described in connection with the previous 
embodiment. - 

I . 3. I Auxiliary slides 
In the second, or squaring, form of my invention, I 

provide an auxiliary slide 730-a associated with the se 
lection bars 96 of each i order of the machine. In the 
form shown in the drawings (FIGS. 20 to 22, inclusive) 
the auxiliary slides - 730-a are slidably, mounted in slots, 
not shown, in the crossbar member 83 (see also FIG. 2) 
and the comb, 732 at the forward part of the selection 
mechanism... (FIGS. 20), and 21). . . These slides are resil 
iently biased toward the rear, to an inoperative position, 
by any suitable means, such as a spring 734-a tensioned 
between a spring seat on the comb, 732 and ar nose 733-a 
projecting from the forward end of the slide. Each of 
these slides is provided with a projecting ear, or bracket, 
731-a passing laterally through notches i 736 formed in 
the lower edges of the ordinally related selection slides. 
It will be recalled that in the machine shown in the draw 
ings, there are two selection bars 96 for each order of the 
machine, one serving the “1” to “5” keys and the other 
the “6” to : “9” keys. In such a machine the forward 
movement of the auxiliary slide - 730-al will first move 
the “1” to “5” selection bar forwardly through its five 
differential positions before engaging the “6” to “9” bar, 
after which the “1” to “5” bar will remain stationary 
while the “6” to “9” bar moves. This is best accom 
plished by means of a slide 737 (see FIG. 22) mounted 
on the right side of the “1” to “5” selection slide by pin 
and-slot mountings 738 and i urged to the rear by a suit 
able spring 739 tensioned between a stud, not shown, on 
the selection bar and a stud 741 on the yieldable inter 
ponent 737. The interponent is provided with a down 
wardly projecting mose 742 which is engaged by the brack 
et 731-al of the auxiliary slide, whereby movement of the 
auxiliary, slide - 730-a directly moves the interponent 
737. Movement of the interponent, by the force of the 
spring 739, translates the “1” to “5” selection bar - for 
wardly untill forward motion of the selection bar is 
blocked as by abutting against the front crossframe | 87, 
for it cannot exceed forward movement equivalent to five 
differential positions, , or values, after , which the spring 
yields. ^ 4 x - R 

It will be recalled that it has been mentioned that the 
mechanism of the present invention is designed particu 
larly for use with the machine for the extraction of square 
root described in my joint patent above-mentioned. It 
can be mentioned that in the , extraction of square root, 
the auxiliary slide 730-a is moved forwardly by the ima 
chine step-by-step with each cycle of machine operation, 
and that this forward movement is utilized to place the 
selection i bars in the proper differential position for the 
extraction of square root. It is desirable to provide an 
auxiliary slide 730-a that will serve both for the extrac 
tion of square root and for the squaring operation. In 
this invention the selection bars are moved forwardly 
differential amounts, depending upon the value of keys 
depressed, and the auxiliary slides 730-a will be moved 
forwardly step-by-step with each cycle of machine opera 
tion until the bracket o 731---a i abults against the blocked, 
Selection slide, and when forward motion is so i blocked 
it operates the yieldable connection to terminate opera 
tion in that order of the machine and cause a shift of 
the carriage to initiate repetitive operation in the next 
higher i order. For this reason the interponent 737 is 
modified from that shown in the square root machine by 
providing thereon noses 743 (FIG. (22), which, in the mor 
mal position of the interponent 737 with respect to the 
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selection bar, lie adjacent the notches 103 provided at 
the bottom of the cam faces 101 on the “1” to “5” selec 
tion bar. - Thus the depression of a value key “1” to “5”. 
will cause a similar forward movement of the interponent 
737, which causes the key pin 102 to - abut against the for 
ward face of the associated nose 743, thereby blocking 
the interponent 737 against forward motion beyond this: 
position... ... It is necessary to provide such . notches in the 
interponents 737, for without them the spring 739 (which 
is necessary to enable operation of the “6” to “9” selec 
tion bar). I would permit the interponent to move for 
wardly beyond the value position of the “1” to : “5”. selec 
tion bar; thereby enabling a false. operation, for it is the 
back-pressure on the auxiliary - slide 730-a caused by 
either the interponent or the “6” to : “9”. bar, which termi 
nates the squaring operation in that order... -- It will be 
obvious that no such interponent is necessary on the “6” 
to “9” bar as there is no yieldable connection between the 
auxiliary slide 730-a and that selection bar. -- 
The auxiliary slide in the operative i order is given a 

single step of forward movement with each cycle of ma 
chine operation by means of the rack 735 formed on the 
rear :end of the slide, which rack meshes with a drive 
gear 750 which is given the necessary step operation, as 
was previously described in Part III, sections i 5 to 7, in 
clusive. 

4. Multiplier I control 
In this embodiment no multiplier cam 980 is neces 

sary, and, in fact, there is no need for a shaft correspond 
ing to shaft 981 in the square root machine of my joint 
patent above-mentioned, so that the elements described 
under this heading in the first embodiment are com 
pletely eliminated. 

5. Slide feeding mechanism 
This mechanism is identical with that described in the 

first embodiment. 

6. Order selection mechanism 
This mechanism is identical with that described in 

the first embodiment, - 

7. . Shift control mechanism 
This mechanism is the same as that described in the 

first embodiment. • 

8. . Clearing mechanism 
This mechanism is exactly the same as i described in 

the first embodiment. - 

9. Zero block 
The rocking of the shaft 824 (FRGS. 5' and 17) to set 

multiplication controll link 826 and I cam 905, from the 
operation of the override pawl 190, as previously out 
lined, is preferably effective to block, operation of the 
auxiliary slides in all orders in which the values stand at 
“0.” The mechanism for this purpose is shown primarily 
in FIGS. :24, 25 and 26. Various forms of mechanism 
could be suggested, but I prefer to utilize the mechnism 
shown, which comprises a series of ordinally arranged 
slides 920 'mounted on a forward crossframe member 1921 
which is affixed to bar 732. The slides are mounted for 
vertical movement by means of a suitable pin-and-slot 
connection, including pins - 922 mounted on the crossbar 
embraced by a slot 923 in the slides. - The slides 1920 are 
mounted immediately in front of the respective selection 
slides i 96 and their , interponent - slides 737. ... When any 
slide 920 is in a depressed position, the ordinally related 
selection and interponent slides are free to move, but 
when the slides 920. are in their raised position, the upper 
portion thereof lies immediately in front of the Selec 
tion and interponent slides and effectively blocks move 
ment thereof. Also, the slides 1920 are free to move up 
wardly when both selection slides and the interponent 
slide of the respective orders are in their “0” positions, 
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but are individually blocked against such movement - if 
either of the selection slides or the auxiliary slide are 
moved forwardly a single unit space. These slides are 
individually biased to a raised position by springs 924 ten 
sioned between the upper pin 922 and a , pin 925 in the 
lower end of the slide. The pins 925 underlie a bar 926, 
which is rockably mounted in the frame by any suitable 
means, such as arms 927, and is held in its depressed posi 
tion by means of a suitable bellcrank 928 which is biased 
to the depressed position by a strong spring 929. This 
spring is stronger than the combined springs 924, so that 
it overcomes the force of these springs and normally 
holds the bar and the slides in a depressed position. Thus, 
normally, the ordinally arranged “0” blocking slides 920 
are held in a depressed position by means of the bar, or 
baill, 1926 acting under the force of spring 929, and the 
selection slides 96 and auxiliary slides 730 normally are 
free to move. 
The baill 926 can be lifted to an operative position by 

operation of the override pawl 190, which, by the mecha 
nism shown in FIG. 5 and previously described, rocks the 
shaft 824 in squaring operations. It will be recalled that 
this shaft is latched in its operative position thoughout the 
squaring operation, by means of the latch arm 830 (FIG. 
17) which engages the pin 828 on link 826. J. Referring 
now to FIGS. 24, 25 and 26, it is seen that a two-armed 
lever 940 is pivotally mounted on the base plate by any 
suitable means, such as screw stud 941. The left-hand 
arm of this lever carries a cam bracket 942, which, when 
the lever is rocked (counterclockwise in FIG. 24) , cams 
the baill 926 upwardly. Normally, the lever 940 is held 
in its in operative position by the force of spring 943, ten 
sioned between an ear 939 on the lever and a suitable seat, 
or stud, on the frame plate, not shown. The opposite 
end of the lever 940 is provided with an ear 944, through 
which is inserted a rearwardly extending tie rod 945. 
The rear end of the tie rod, 945 is shown in FIG. 5, and 
is threaded through an ear of a bellcrank 946. The bell 
crank 946 is pivotally mounted on a bracket 947 mount 
ed on the base plate. A horizontal arm of the bellcrank 
946 is pivotally connected to an upwardly extending link 
948, the upper end of which is mounted on the forward 
end of an arm 949 pinned to, or otherwise rigidly mount 
ed on, the shaft 824. 

It will be recalled that the shaft 824 is rocked counter 
clockwise when viewed from the left, as in FIG. 17, there 
by lifting the arm 949 and link 948, rocking bellcrank 

The rear 
ward translation of the tie rod 945 rocks the lever 1940, 
(counter-clockwise in FIG. 24), causing the cam 942 
thereon to lift the gate, or bail, 926. This permits the 
slides 1920 to rise individually, unless blocked by the 
selection slides 96 or the auxiliary, or feed, slide 730-a 
of the associated order. It will be seen in FIG. 24, that 
normally the forward end of the selection slides 96 and 
the auxiliary, or feed, slide 730-a, register with the for 
ward wall of the cross plate 1921. If one of these slides 
has registered a value, even a single increment of motion, 
such as a value of “1” o’r “6,” the forward end of one 
of the selection slides 96 will overlie the upper edge of 
the ordinally related “0” blocking slide . 920, - thereby 
preventing operation of the latter. Thus the “0” blocking 
slide 920 will be in operative in all orders in which a value 
has been set. On the other hand, if no value stands in 
the selection slides of a particular order, then the ordinally 
related “0” y slide 920 - clears the forward end of the 
selection slide and the “0” blocking slide 920 is free to 
rise. In that event the operation of the override pawl 
frees the various “0” blocking slides 1920 for operation 
by their individual springs 1924, enabling them to rise in 
front of the selection slides of all orders in which a “0” 
is registered. In that event, a forward feed of the selec 
tion slides is impossible, thereby preventing any digita 
tion operation in that order. It will be recalled that in 
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of the shift, the squaring feed mechanism is operated 
to feed the auxiliary slide 730-a and the ordinally related 
selection slide a single step. If, in this cycle of opera 
tion, the selection slides abut against the “0” blocking 
slides, then another i shift is initiated and the carriage is 
shifted to the next higher order without a value bein 
registered in that order. 

10. Operation 
It is believed that the operation of the second embodi 

ment of the machine of my invention will be obvious 
from the preceding description. However, it can be sum 
marized very i briefly. The value to be squared is set 
into the main keyboard which comprises the value. keys 
60. The setting of the values in the keyboard 60, of 
course, locks the operated keys in their depressed posi 
tion, by operation of the locking slide 92. The squaring 
key 625 is moved to its forward, or operative, position 
either before or after the setting of the value in the key 
board. Thereafter one of the multiply keys 72, 73 or 74 
is depressed, depending upon the program of operations 
desired. In any event, the depression of one of these 
keys i results in rocking the shaft 371 - (FIG. 7 or 10), 
which initiates a continuous left shift of the carriage, 
and, if the key 72 has been depressed, also enables the 
operation of the clearing mechanism when the carriage 
reaches the extreme left-hand position. When the car 
riage has reached the extreme position, the override pawl 
190 is effective, through the tie rod 945 (FIG. 24), to 
operate the “0” blocking slides 920 and thus lock all of 
the selection slides against operation if no value had 
been inserted in their order. The operation of the over 
ride pawl 190 I also operates the link 826 (FIG. 17) 
to rock cam 902 to its operative position, and thus dis 
place the cam shaft 850 to the left so as to be operative 
upon the ordinal setting cams 840 in sequence. The shift 
ing of the carriage has placed the cam tooth 852 of the 
lowest order of the machine in operative position, so 
that the translation of the shaft to the left causes the 
engagement of the idler 753 of that order with the drive 
gear 761 to cause feed of the auxiliary slide 730--a in 
that order. The slide is fed one step during the override 
cycle, during which time the digitation control gate 116 
remains in its neutral position. Thereafter the gate is 
set for registration and the value set in the keyboard is 
registered in the accumulator with each cycle of registra 
tion. Simultaneously therewith, the auxiliary slide 730-a, 
is fed forwardly until further movement is blocked by 
the auxiliary slide engaging a latched interponent 737 
associated with the selection slide 96. The back pressure 
on the auxiliary slide, operating through the idler 753, 
drive gear 761 and shaft 760, prevents operation of 
the feed pawl 790 and thus enables operation of the bell 
crank assembly 882, by the follower arm. 871, the opera 
tion of which is timed by the cam 870. When such opera 
tion occurs, the bellcrank 882 causes operation of the 
shift control arm 327, thus centralizing the gate 116 in 
the next cycle of operation and causing a shift of the 
carriage to the right. Later in that shift cycle the shifting 
control i linkage is released, which permits the feed of 
shaft 760 to occur, although somewhat delayed in the 
cycle. This feeds the auxiliary slide in the next higher 
order one step forwardly, although the centralizing gate 
is still in its neutral position, so digitation does not occur 
until the second cycle after operation of the shift con 
trol lever, . This sequence of operations continues until 
the machine I reaches its extreme right-hand position, 
whereupon the override pawl at the end of the shift rack 
is operated to release the mechanism and return all the 
parts to their original full-cycle position. At this time 
the machine is cleared and ready for a subsequent opera 
tion. ... 

It will be understood that the drawings shown herein, 
and the description of the construction and - operation 

each ordinal shift of the carriage, after the initiation Y5 of the mechanism of my invention are illustrative of a 
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preferred embodiment of the invention, but that the in 
“Wention is not to be limited strictly to the apparatus :so 
- shown and described. The principles here described could 
be utilized with other commercial calculating machines, 
other than the one shown, and many changes could be 
gmade in the construction arrangements of the parts with 
out departing from the spirit of the invention. 

| claim: , 7. . . . . . . . . • 

1. In a calculating machine having an ordinally ar 
~franged and 'cyclically operable digitating means, a reg 
Eister shiftable with respect to said digitating means, and 
": means for shifting said register, the combination which 
*comprises multiplier value *registering members associated 
with Selected i orders of said digitating means, means for 
positioning said members to represent selected values, a 

- mowable member associated with each one of said selected 
| orders of Said digitating means, means for translating a 
-selected one of said movable members a predetermined 
amount with each - cycle of machine operation, such mo 
tion being in a direction to engage the positioned value 
?registering member of the selected order, means for se 
&quentially selecting the movable member to be so trans 
lated, and means - operated upon the engagement of the 
movable member with its associated value registering 
*Ymember for controlling operation of said shifting means, 
<said :Sequential selecting means, and said digitating means. 

2. In a calculating machine having a value indexing 
means including an ordinally arranged selection means, a 
register shiftable with respect to said selection i means, 

- a 'cyclically operable computing means for entering a 
value determined by said selection means into said reg 

•ister, and i means for shifting-said register, the combina 
stion - which comprises positionable members for register 
ing a multiplier value associated with selected orders of 
isaid Selection means, means for positioning said position 
able members to represent selected values, a plurality of 

| ordinally arranged movable members each associated with 
isaid i Selected orders of said selection means, means for 
moving a selected one of said movable members a pre 
determined amount with each cycle of operation of said 

; :computing means in a direction to engage the positioned 
yalue member of the ordinally associated order, means 
for Selecting sequentially the movable member to be 
moved, and means operated upon the engagement of the 
mowable member with its coordinal value member for op 
erating the shifting means and disabling the computing 
11162ainS. ^. 

3. In a cyclically operable calculating machine having 
an ordinally arranged i digitating means, a selection 
mechanism for controlling operation of said digitating 
means, a register : shiftable with respect to said digitat 
ing means and means for shifting said register, the com 

- bination which comprises a positionable value member 
associated with selected orders of said digitating means, 
means for positioning said value members to represent 
a value, a plurality of ordinally arranged movable sens 
sing members , associated with the said selected orders 
of said digitating means, means for moving said sensing 
members a predetermined amount with each cycle of 
machine operation in a direction to engage the coordinal 

| value member, I means operated upon the engagement of 
- the sensing member with the coordinal value member 
for - operating the shifting means, and means for con 
necting Said Sensing members to said moving means in 
a predetermined ordinal sequence. 

4. In a cyclically operable calculating machine having 
an ordinally arranged i selection mechanism, ordinally 
arranged digitating means controlled by said selection 
mechanism, a register - shiftable with respect to said digi 
tating means, means for shifting said register, and a 
cyclically operable drive means, the combination which 
comprises a plurality of ordinally arranged positionable 
value members associated with selected orders of said 
digitating means, means for positioning said value mem 
bers, a movable sensing member associated with the said 
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selected orders of said digitating means, means operated 
by said i drive means for differentially, moving said sensing 
members in a direction to engage the coordinal value 
member, ordinal interponents for operatively:connecting 
said sensing members to said. moving means, means oper 
ated upon the engagement of a sensing member with the 

| coordinal value:member for operating the shifting means, 
and means operated by said shifting means for sequen 
tially selecting one only of said interponents for oper 
ation to connect its respective member to said moving 
means. - - . - - '... 

5. In a calculator, having an ordinally arranged selec 
tion i mechanism, a register shiftable with respect to said 
selection mechanism, means for shifting-said register, and 
a cyclically operable - digitation means - operable to dif 
ferentially operate said register in accordance -with values 
set in the selection mechanism, the combination which 
comprises a plurality of ordinally arranged value cams 
associated with .selected i orders of isaid i selection mecha 
nism, means for positioning said - cams - to represent a 
selected value, a member associated it with, each order of 
the cams and I movable to positions determined by the 
position of the cam in that order, means for feeding a 
selected one of isaid members a predetermined incre 
ment with each .cycle of operation of said digitation 
means, and means operated upon the engagement of the 
selected one of said members with its coordinal cam 
for terminating operation of ...said digitating means and 
initiating a cycle of operation ... of said shifting . . means. 

6. In a cyclically operable calculator, having an i ordi 
nally arranged keyboard, a register shiftable with re 
spect to said keyboard, means for shifting said register, 
and a cyclically operable digitation means to differen 
tially operate said register in accordance with values 
-set in the keyboard, the combination which comprisesia 
plurality of ordinally arranged value cam members, each 
settable to represent a multiplier value, a plurality - of 
movable control members each respectively associated 
with one of said cam members and I movable into en 
gagement with the ordinally related cam member, feed 
means for moving...said control members a predetermined 
increment with each .cycle of operation of said digitation 
means, means for sequentially connecting said control 
members to said feed means, means operated upon the 
engagement of a moving control member with the ordi 
nally related - cam member for terminating operations of 
isaid digitating means and initiating a cycle of operation 
of said shifting means, and means operated by said shift 
.ing means for - operating said y connecting means to dis 
connect the previously connected control member and to 
connect another control, member to said feed means. ;) 

7. In a .cyclically operable calculator having an ordi 
nally arranged keyboard, a register shiftable with respect 
to said keyboard, means for shifting said register, and 
a cyclically operable digitation" means to differentially 
operate said register in accordance with values set in the 
keyboard, the combination which comprises multiplier 
value registering members associated with selected orders 
of said keyboard, means for setting said multiplier mem 
bers to represent selected values, control members each 
respectively associated with one of said multiplier mem 
bers and movable into engagement with the ordinally re 
lated multiplier member, feed means for moving said 
control members a predetermined increment with each 
cycle of operation of said - digitation means, means for 
sequentially connecting said control 'members to said 
feed means, means operated upon the engagement of any 
of said control members with the ordinally related mul 
tiplier member for terminating operation of said digitart 
ing means and initiating a cycle of operation of said 

| shifting means, and means for blocking operation of 
said control members in all orders in which no multiplier 
member has been operated. — 

8. In a calculators having an ordinally arranged differ 
entially positionable selection means including a plurality 
of ordinally arranged value 'indexing members, Theaths 
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for setting said indexing members to represent various 
digital values, an i ordinally arranged accumulator, a 
cyclically operable digitation means for entering a value 
determined by said selection means into the accumulator, 
and means for shifting said accumulator with respect to 
said selection means, the combination which comprises 
a plurality of ordinally arranged value sensing i means 
movable to sense the value set in the ordinally related 
indexing members, power driven feed means for moving 
said value sensing means predetermined increments of 
motion with each cycle of operation of said digitation 
means, a plurality of ordinally arranged interponents 
positionable to connect said drive means to the ordinally 
associated value sensing means, means for positioning one 
only of said interponents in operative position at a time, 
and means operated by the sensing means upon Sensing 
an index member for operating said shifting means and 
thereafter operating said positioning means to move the 
previously operable interponent into inoperative position 
and position another interponent in operative position. 

9. The apparatus of claim 8 wherein the sensing means 
comprises ordinally arranged slides, one associated with 
each order of the selection means, and - the predeter 
mined increments of motion of the sensing means corre 
spond to the differential positions of the differentially 
positionable selection means. 

10. The apparatus of claim 8 wherein the means for positioning one only of said interponents in operative 
position comprises a cam shaft, a plurality of ordinally 
arranged cams mounted progressively around said Shaft, 
each cam operating the ordinally related interponent, 
and means for rotating said shaft simultaneously with 
the operation of said shifting means. 

11. In a calculating machine having an ordinally ar 
ranged keyboard, an accumulator register ordinally shift 
able with respect to said keyboard, means for shifting 
said register, cyclically operable digitation means for 
differentially operating said accumulator register in ac 
cordance with a value set in said keyboard, a drive 
means for said digitation means, and an automatic mul 
tiplication mechanism including a control member op 
erable to terminate operation of said digitation means, 
to initiate operation of said shifting means, and to re 
initiate operation of said digitating means, a means for 
controlling operation of said control member which com 
prises a value cam associated with each order of the 
keyboard, means for setting said cams to represent vari 
ous digital values, a slide associated with each order 
of the keyboard and movable to engage the value cam 
of the associated order, means operated by said drive 
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50 means simultaneously with operation of said digitation i 
means for moving one of said slides a predetermined 
increment upon each cycle of operation of said digitating 
means, means for I sequentially determining the slide to 
be so moved, and means operated upon engagement of 
the operated one of said slides with the value cam of 
that order for operating said, multiplication control 
member. 

12. The apparatus of claim 11 comprising also means 
operated by said multiplication - control member to op 
erate the sequential determining means to disconnect the 
drive means and the operated one of said slides and to 
connect said drive means to the slide in the adjacent 
order of the keyboard. 

13. The apparatus of claim - 11 including also a means 
for blocking operation of said slides in all orders of 
which a “0” stands in the keyboard. 

14. The apparatus of claim - 11 including also a means 
for retaining said slide in an in operative position in all 
orders in which no key has been operated and means 
operated by said shifting means to disconnect the drive 
means and the operated one of said slides and to con 
nect said drive means to the slide in the adjacent order 
of the keyboard. | ... ~~ ... . . . . - 

15. In a calculating machine having an ordinally ar 
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Iranged register, an ordinally arranged selection mecha 
nism, a , reversible digitation mechanism operable to 
enter a value set in the selection mechanism into said 
register additively or subtractively, a cyclically operable 
drive means for such digitation mechanism, means for 
shifting the relative ordinal position of the register and 
the digitation mechanism, an automatic multiplication 
mechanism including means for conditioning the digita 
tion mechanism for additive or subtractive operation, 
and a shift control member operable to terminate opera 
tion of the digitation mechanism in one relative ordinal 
position, to operate the shifting means, and thereafter 
reinitiate a continuous series of operations of the digita 
tion i mechanism in another relative ordinal position, the 
improvement which comprises ordinally arranged multi 
plier storage members positionable to represent the vari 
ous digital valves, means for positioning the storage 
members, ordinally arranged auxiliary members asso 
ciated with the orders of the multiplier storage members, 
each movable differentially to sense the value standing 
in the ordinally related multiplier storage member, means 
driven by said drive i means for moving said auxiliary 
members a predetermined incremental amount with each 
cycle of machine operation, ordinally arranged inter 
ponents normally positioned out of engaging position to 
connect said auxiliary, members to said means for mov 
ing said auxiliary members, means operated by said reg 
ister shifting means for positioning only one of said in 
terponents in operative position at a time, and means 
operated upon the engagement of the operated one of 
said auxiliary members with the ordinally related multi 
plier storage member for operating said i shift control 
member. 

16. In a cyclically operated calculating machine hav 
ing an ordinally arranged selection mechanism, a register 
shiftable with respect to said selection mechanism, digi 
tation means operative to enter a value set in said selec 
tion mechanism into said i register, means for shifting 
Said register, and a multiplier control member operative 
to terminate operation of the digitation mechanism in 
one ordinal position of the register, operate the shift 
ing mechanism and initiate a continuous series of digi 
tation operations in the adjusted ordinal position, the 
combination which comprises ordinally arranged multi 
plier value indexing members associated with the orders 
of the selection mechanism, means for positioning said 
multiplier value indexing members in positions represent 
ative of the various digital values, a plurality of ordi 
nally arranged sensing members each associated with a 
selected order of the multiplier value indexing members 
and operative to determine the value position of the re 
lated multiplier indexing member, and means operated 
by the sensing members in sequence for controlling op 
eration of the multiplier control member. 

17. Yn a calculating machine having a value indexing 
means including a keyboard of ordinally arranged de 
pressible keys, means for holding a depressed key in its 
depressed position, a register shiftable with respect to 
said keyboard, a cyclically operable computing means 
for entering a value determined by said value indexing 
means into said register, and I means for shifting said 
register, the combination which comprises a plurality 
of ordinally arranged movable members each associated 
with a selected order of said keyboard, means for mov 
ing a selected one of said members a predetermined 
amount with each cycle of machine operation in a direc 
tion to engage a depressed key of the ordinally asso 
ciated order, means for sequentially selecting the mem 
ber to be so moved, and means operated upon the 
engagement of the member with a depressed key for 
operating the shifting means and the selecting means. 

18. In a calculating machine having a keyboard con 
taining ordinally arranged and manually operable keys, 
a register shiftable with respect to said keyboard, means 
for shifting-said register, and a cyclically operable com 
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puting: means: for entering a value determined by , said 
keyboard into said, register, the... combination which com 

y prises: ar... plurality of ordinally arranged. movable. mem 
bers: associated with i selected orders of said - keyboard, 

I means for moving said members a predetermined amount 
with each cycle of machine operation in a direction; to 
engage: an operated, key of the corresponding. order, 
means operated by the movement of a movable member 
to. a position determined by the operated key for operat 
ing the shifting... means, and means for connecting said 
members to said moving means in a predetermined 

i ordinal sequence. ... 
19. In a cyclically operable calculating machine hav 

ing a keyboard. containing ordinally arranged i depressi 
ble keys, a register shiftable with respect to said key 
board, means for shifting said register, a digitation means 
operable to differentially operate - said register in accord 
ances with a value set in said, keyboard, and a cyclically 
operable i drive means; the combination which comprises 
a plurality of ordinarily arranged movable members as 
sociated with selected orders of said keyboard, means op 
erated by said drive means for differentially moving said 
members in a direction to sense a depressed key of the 
same order, ordinal interponents for operatively con 
necting; said members to said moving means, means op 
erated upon the movement of a member to a position 
determined by a depressed key for operating the shifting 
means, and means operated by said i shifting means for 
sequentially selecting one only of said interponents - for 
operation to connect its respective member to said mov 
ing" means. 

20. In a cyclically - operable calculator, having, a key 
board containing ordinally arranged operable keys, ar 
register shiftable with respect to said keyboard, means 
for shifting said register; and a cyclically operable digital 
tion i means to differentially operate said register in ac 
cordance with values set in the keyboard, the combination 
which comprises sensing members each respectively as 
sociated with a selected order of the keyboard and mov 
able to sense which key is operated in its order, I feed 
means for moving said members a predetermined incre 
ment with each cycle of operation of said i digitation 
means, means for sequentially connecting one of said 
members to said feed means, means operated upon the 
sensing by a connected one of said members of the op 
erated key in its order for terminating operation of said 
digitation means and initiating a cycle of operation of 
said shifting... means, and means for blocking operation of 
said members in all orders in which no key has been 
operated. ~ 

21. In a calculator having an ordinally arranged dif 
ferentially positionable selection means, an ordinally ar 
ranged accumulator, a cyclically operable digitation 
means for entering a value determined by said selection 
means into the accumulator, and means for shifting said 
accumulator with respect to said selection means, the 
combination which comprises a plurality of ordinally ar 
ranged value sensing means movable to sense the posi 
tion of the ordinally related differentially positionable 
selection means, power driven i feed means for moving 
said value sensing means predetermined increments of 
motion: with each cycle of operation of said, digitation 
means; ordinal interponents positionable to connect said 
drive means to the ordinally related value sensing means, 
means for positioning one only of said interponents in 
operative position at a time, and means operated by the 
Sensing - means for operating said shifting means and 
thereafter operating said positioning means to move the 
previously operable interponent into inoperative position 
and position, another interponent in operative position. 

22. „In a calculating machine having an ordinally ar 
ranged keyboard, an accumulator register ordinally shift 
able with respect to said keyboard, means, for shifting 
said register, cyclically operable digitation means for dif 
ferentially operating said accumulator register in ac 
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cordances with, a value set in said keyboard, a drive; 
means for said digitation means, and an automatic multi 
plication, mechanism including a control member opera 
ble to terminate operation of said digitation means, to: 
initiate: operation of said shifting means, and to reinitiate: . 
operation of said digitating means, a means for multiply-, 
img a factor set in said keyboard by itself which com-. 
prises: a slide associated with each i order of the key 
board and movable to sense which key of the associated: 
order is depressed, means operated by said drive means: 
simultaneously with the - operation of said digitation 
means for moving one of said slides a predetermined in 
crement upon each cycle of operation of said digitating 
means, means operated upon the sensing of the operated 
one of said slides of the depressed key of that order" for: 
operating said multiplication control member, and means 
operated by a said multiplication control member to dis 
connect the drive - means and the operated one - of said: 
Slides and to connect said drive means to the-slide in an: 
adjacent, order of the keyboard. \\ - 

23. In a calculating machine having an ordinally - ar 
ranged register, an ordinally arranged value entering 
mechanism - operable to enter a value: set therein into 
the register additively or subtractively, I means for shift 
ing the relative decimal position of the register, and: 
the value entering mechanism, ar drive means, and; 
means for selectively connecting said drive means to said 
value entering mechanism and said shifting means, the 
improvement which comprises a plurality of ordinally ar 
ranged value sensing members associated with selected: 
orders of the value entering mechanism, each such value 
Sensing member-being operative to be moved progressively. 
by predetermined increments of motion to sense the value 
standing in the associated order of the value , entering 
mechanism, synchronously with operation of said value 
entering mechanism, I means for sequentially connecting 
the respective value sensing members to said drive means, y 
and means operated upon engagement of a connected 
one of said sensing members with the ordinally related 
value entering mechanism to operate said, shifting... means 
and said connecting means. 

24. In a calculating machine having an ordinally, ar 
ranged register, an ordinally arranged selection mecha 
nism, a reversible digitation mechanism operable to enter. 
a value set in the selection mechanism into said register 
additively or subtractively, i drive means for such digita 
tion mechanism, I means for shifting the relative ordinal 
position of the register and the digitation mechanism, an 
automatic multiplication mechanism including means for 
conditioning the digitation mechainsm for additive or sub 
tractive operation, and a shift control member operable 
to terminate operate of the digitation mechanism in one 
order, to operate, the shifting means, and thereafter re 
initiate a continuous Series of operations of the digitation 
mechanisms in another order, the improvement which 
comprises ordinally arranged auxiliary members associ 
ated with the orders of the selection mechanism, each 
adapted to be moved differentially to sense the value 
Standing in the ordinally related i selection mechanism, 
means driven by said drive means for moving said auxil 
iary members a predetermined incremental amount with 
each, cycle of machine operation, i ordinally arranged in 
terponents normally positioned out of engaging position 
to connect said auxiliary members, to said means for mov 
ing, auxiliary members, means operated by said register 
shifting means for positioning only one of said inter 
ponents in operative position at a time, and means op 
erated upon the engagement of the connected one of 
Said auxiliary members, with the ordinally related selec 
tion mechanism for operating said shift control member. 

25. In, a cyclically operated calculating machine having 
a Selection mechanism including a keyboard of ordinally 
arranged depressible keys, a register shiftable with res 
spect - to said - keyboard, digitation i means operative to 
enter a value set in said selection mechanism into said 
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register, means for shifting said register, and a multiplier 
control member operative to terminate operation of the 
digitation means in one ordinal position of the register, 
operate the shifting mechanism and initiate a continuous 
series of operations of the digitation means in the adjacent 
ordinal position, the combination which comprises a plu 
rality of ordinally arranged sensing members each asso 
ciated with a selected order of the keyboard and operative 
to determine which I key is depressed in the associated 
order, and means operated by the sensing members in 
sequence for controlling operation of the multiplier con 
trol member. 
- 26. In a calculating machine having a selection mecha 
nism including a keyboard of ordinally arranged depres 
sible keys, a register shiftable with respect to said key 
board, a cyclically operable digitation means operative to 
enter - a value set in said selection mechanism into said 
register, means for shifting said register, and a multiplier 
control member operative to terminate operation of the 
digitation means in one ordinal position of the register, to 
operate the shifting mechanism and initiate a continuous 
series of operations of the digitation means in an adjacent 
ordinal position, the is combination which comprises a 
plurality of ordinally arranged sensing members each as 
sociated with a selected order of the keyboard and oper 
able in determined increments, means controlled by the 
depression of a key for blocking operation of the co 
ordinal sensing member in a position determined by the 
depressed key, means for moving said member o an in 
crement with each cycle of operation of said digitation 
means, means for selecting one only of said members in 
sequence for operation, and means operated upon the 
blocking of a sensing member for controlling operation 
of the multiplier control member. 

27. In a calculating machine having a value indexing 
means including a plurality of ordinally arranged position 
able value members for registering a multiplier value, 
means for positioning said positionable members to rep 
resent selected values, a register shiftable with respect to 
said value indexing means, a cyclically operable com 
puting I means for , entering a value determined by said 
value indexing means into said register, and means for 
shifting said i register, the combination which comprises 
a plurality of ordinally arranged movable sensing mem 
bers associated with i said positionable value members, 
means for moving a selected one of said sensing members 
a predetermined - amount - with each cycle of operation 
of said digitation means, means for I sequentially, select 
ing the sensing member to be moved, means for blocking 
movement of said i sensing members in a position corre 
sponding to the value represented by the ordinally asso 
ciated positionable value member, and means operated 
upon the blocking of movement of a sensing member for 
operating the shifting means and disabling the comput 
ing means. 

28. In a calculator having an ordinally arranged dif 
ferentially positionable selection means including a plu 
rality of ordinally arranged value indexing members, 
means for setting said indexing members to represent 
various digital values, an ordinally arranged accumulator, 
a cyclically operable digitation means for entering a value 
determined by said selection means into the accumulator, 
and means for shifting said accumulator with respect to 
said selection means, the combination which comprises a 
plurality of ordinally arranged value sensing means mov 
able toward engagement with the ordinally related in 
dexing members, power-driven feed means for moving 
said value sensing means predetermined increments of 
motion with each cycle of operation of said digitation 
means, a plurality of ordinally arranged interponents 
positionable to connect said feed means to the ordinally 
associated value sensing means, means for positioning 
one only of said interponents in operative position at a 
time, and means operated upon the blocking of move 
ment of the sensing means by its engagement with the 
ordinally related indexing member for operating said 
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shifting means and thereafter operating said positioning 
means to move the previously operable interponent into 
inoperative position, and position another interponent in 
operative position. - 

29. In a calculating machine having an ordinally ar 
ranged selection means including a plurality of ordinally 
arranged value indexing members operable to represent 
a multiplier value, an accumulator register ordinally shift 
able with respect to said selection means, means for shift 
ing said register, cyclically operable digitation means for 
differentially operating said accumulator register in ac 
cordance with a value set in said selection means, a drive 
means for said digitation means, and an automatic multi 
plication mechanism including a control member operable 
to terminate operation of said digitation means, to initiate 
operation of said shifting means, and to reinitiate opera 
tion of said digitating means in the shifted position of 
the register, a means for controlling operation of said 
control member which comprises a movable member 
associated with each order of the selection means, feed 
means operated by said drive means in an intermediate 
portion of each cycle of operation of said digitation means 
for moving one of said movable members a predeter 
mined increment, means for blocking movement of said 
movable members in a position corresponding to the 
value represented by the coordinal value indexing mem 
ber, yieldable means operated in a subsequent portion of 
each cycle of operation for operating said multiplication. 
control member, and means operated by said feed means 
for blocking operation of said yieldable means. 

30. In a cyclically operable calculator having an or 
dinally arranged keyboard, a register shiftable with 
respect to said keyboard, means for shifting said register, 
and a digitation means operable to differentially operate 
said register in accordance with values set in the key 
board, the combination which comprises a member as 
sociated with a selected order of the keyboard and mov 
able to positions determined by a depressed key in that 
order, means for I feeding said member a predetermined 
increment with each cycle of operation of said digitation 
means, and means operated upon the engagement of said 
member with a depressed key for terminating operation 
of said digitating means and initiating a cycle of opera 
tion of said shifting means. : 

31. In a cyclically operable calculator having a key 
board containing ordinally arranged operable keys, a 
register shiftable with respect to said keyboard, means 
for shifting said register, and a cyclically operable digital 
tion means to differentially operate said register in ac 
cordance with values set in the keyboard, the combina 
tion which comprises members each respectively asso 
ciated with selected orders of the keyboard and movable 
into engagement with an operated key in the associated 
order, feed means for moving said members a predeter 
mined increment with each cycle of operation of said 
digitation means, means for sequentially connecting said 
members to said feed means, means operated upon the 
engagement of a moving member with an operated key 
for terminating operation of said digitating means and 
initiating a cycle of operation of said shifting means, and 
means operated by said shifting means for operating 
said connecting means to disconnect the previously con 
nected member and to connect another member to said 
feed means. • 

32. In a cyclically operated calculated machine having 
a selection mechanism including a keyboard of ordinally 
arranged depressible keys, a register shiftable with re 
spect to said selection mechanism, digitation means opera 
tive to enter a value set in said selection mechanism into 
said register, means for shifting said register, and a multi 
plier control member operative to terminate operation of 
the digitation means in one ordinal position of the regis 
ter, operate the shifting mechanism and initiate a con 
tinuous series of operations of the digitation means in the 
shifted position of said register, the combination which 
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comprises a plurality of ordinally arranged sensing 
members, each associated with a selected order of the 
keyboard... and operative in incremental steps to engage 
whichever key is depressed in the associated order, means 
for moving said members an increment with each cycle 
of operation of said digitation means, means for Select 
ing one only of said members in sequence for operation, 
and : means... operated by a sensing member engaging its 
depressed key for controlling operation of the multiplier 
control member. 

33. In a calculating machine having an ordinally ar 
ranged register, an ordinally arranged value entering 
mechanism operable to enter a value set therein into the 
register additively or subtractively, means for shifting 
the relative ordinal position of the register... and the value 
entering mechanism, the improvement which comprises 
a plurality of , ordinally arranged multiplier indexing 
members, ordinally arranged value sensing members co 
operative with said multiplier indexing members, such 
value sensing members-being operative to be moved pro 
gressively by predetermined increments of motion to . 
sense the values standing in the coordinal multiplier in 
dexing member, drive means for progressively moving 
said, value, sensing members, means for connecting Suc 
cessive ones of the value sensing members to said drive 
means for operation, and means operated by an operated 
one of said sensing members when sensing the value 
standing in the coordinal multiplier indexing member to 
operate said shifting means. 

34. In a calculating machine having an ordinally ar 
ranged register, an ordinally arranged value entering 
mechanism operable to enter a value set therein into 
the register, means for adjusting the relative ordinal posi 
tions of the register, and the value entering mechanism, 
and a multiplier control member operative to terminate 
operation of the value entering mechanism, operate the 
adjusting means to adjust the relative ordinal positions 
of the register and the value entering mechanism, and 
initiate a continuous series of operation of the value en 
tering mechanism in the adjusted relative position, the 
improvement which comprises a plurality of ordinally 
arranged multiplier indexing members, a plurality of 
value sensing members coordinally arranged with - Said 
multiplier indexing members and each operative to sense 
the values represented in the coordinal multiplier index 
ing member, means operated by an operated one of Said 
sensing members for operating said multiplier control 
member, and I means for sequentially operating Succes 
sive ones of said value sensing members. 
• i 35. In a cyclically operated calculating machine having 
a selection mechanism including a keyboard of ordinally 
arranged depressible keys, a register shiftable with i re 
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spect to said keyboard; digitation means operative to 
enter| a |- value set in said selection mechanism into said 
register, means for shifting the relative ordinal positions 
of said: register and said digitation-means, and a multiplier 
control member operative to terminate operation of the 
digitation means in one relative position of the register 
and digitation means, operate the shifting mechanism and 
initiate a continuous series of operations of the digitation 
means in the adjacent relative position, the combination 
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which comprises a plurality of ordinally arranged sensing 
members, each i associated with a selected order of the 
keyboard and operative to determine which - key is de 
pressed in the associated order, and means operated by 
the sensing members in sequence for controlling opera 
tion of the multiplier control member. ~ 

36. In a calculators having an ordinally arranged diff 
ferentially positionable selection means, i an i ordinally 
arranged accumulator, a cyclically operable i digitation 
means for entering a value determined by said selection 
means into the accumulator, and means for shifting the . 
relative ordinal positions of said accumulator and said 
selection i means, the combination which comprises a 
plurality of ordinally arranged value sensing means each 
movable to sense the position of the ordinally related 
differentially positionable selection means, i ordinal inter 
ponents positionable to operate the ordinally related value 
sensing means, means for positioning one only of said 
interponents in operative position at a time, and means 
operated by the sensing means for operating said shifting 
means and thereafter operating said positioning means to 
move-the-previously operable interponent into inoperative 
position... and position another interponent in operative 
position. . . . . I * • 
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