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This invention relates to calculating machines and par-
ticularly to one which, in addition to performing the usual
four calculations of addition, subtraction, multiplication
and division, will extract the square root of a number con-
tained in the accumulator register in a convenient and
accurate manner., :

The primary object of this invention is to provide a
calculating machine capable of extracting square root of
any given number in a semi-automatic manner.

Another object of this invention is to provide a control
mechanism which when set to operative position -will
automatically limit the machine to 3 single cycle of opera-
tion without clearing the keyboard, and, when an over-
draft cccurs, to lock the keybeard against change and
automatically initiate the sequential operation of first
adding back the factor that caused the overdraft and then
shifting the carriage one order to the left, after which
the keyboard is unlocked.

Square root can be extracted in a calculating machine
such as the well-known “Friden automatic calculator.”
Heretofore, such extraction required a rather long and
complicated process, which required considerable skill
on the part of the operator and also strict attention to
the work being done as the possibility of error was great:
When using a caleulating machine, the extraction of square
reot is performed by ihe successive subtractions of odd
numbers from the original number, Essentially this is
one method of performing square root by hand. This
process is based upon the fact that the square of the
consecutive niumbers is always the sum of the equal num-
ber of odd numbers added in their consecutive order.
This is illustrated by the following table:

R
Sum of Odd .
Consecutive | 0dd Num- Numbers in
Numbers bers Consecutive
Order
1 -1 1
2 3 4
3 5 9
4 7 18
5 9 25
6 11 36
7 13 49
8 15 64
9 17 81
10 19 100
ete. ete. ete.

‘The normal manual method of extracting square root
provides certain short cuts by working from the left side
of the number. However, this theory, or rule for the
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extraction of square root can be applied to a calculating
machine. As an_example, the extraction of square rcot
on the commercial Friden Automatic Calculating Ma-
chine, such as described in U. S. Patent No. 2,229,889,
will be described:

1. The machine is conditioned for extracting the square
root by having the:carriage at its extreme right-hand posi-
tion, the counter-contro] mechanism is set to actuate the
counter in an unlike sign character with respect to the
actuator (the counter counts positively during subtractive
operations), and the automatic keyboard clearing mecha-
nism is disabled. . .

2. The number is entered in the upper left hand dials,
with the left-hand digit directly over the left-hand column
of keys. This can be done through the keyboard in the
usual manner; or. by entering the value directly into the
accumulator register by means of the conventional twirlers
placed on thé dial shafts,

3. The decimal point marker in the counter, or quotient
register, is then placed in its proper position. This is
determined by setting off. the number in’ groups of two,
as is done in manual -square’ root extraction, and the
decimal point moved-one place to-the right for each group

of two in the number,

4. Starting in the column under the right-hand figure
of the leftmost group of numbers (i. e., under the left-
most digit if the leftmost group has only one number,
or-under the second from the leftmost digit if the leftmost
group has two digits) ‘the value of “1” is subtracted.
Next, the consecutive odd numbers 3, 5, 7,9, 11, etc.
are subtracted in order unti the amount on the keyboard
reaches the point where the next odd number cannot be
subtracted from the left-hand group.

5. Raise the last odd number to the next higher even
number and shift the carriage one order to the left. In
the event the last odd number should be “9,” then “1” is
inserted in the next higher order and the “9” is erased,
thereby making the value “10” in place of the “9.”

6. In the first order to the right of the keys previously

depressed, start subtracting the consecutive ¢dd numbers
1, 3,5, 7,9, 11, ¢tc., until the next odd number cannot
be subtracted. - When ‘the value of “9” i passed, the
value in the next higher order is raised by “1.?
- 7. Again, when -the keyboard value reaches the point
where it can no longer be -subtracted from the left-hand
group, -the last odd pumber to the right is raised to the
next higher even number and the carriage is shifted one
order to the left,

This process of subtractions of consecutive odd num-
bers and shifting. of .the carriage to the left is repeated
until the square root has been extracted. As a practical
matter, when-the-process -has .been carried through five
orders of the answer, the division key may be.depressed
and a regular division operation initiated. In other words,
when the‘normal‘ten-order keyboard is considered, the
extraction of the square root through the first five places
in the counter, counting from the left, is sufficient for all
practical purposes. If regular division is initiated after
this point has been reached, the answer is correct through
all the orders above the first and usually is correct in the
lowest or right-hand ‘order. When errors do occur, it
will be limited to -the digit in the right-hand counter,
which ‘error -becomes insignificant in a nine- or ten-order
answer.
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An example of the ex;faction of square root is given

below, using as an example the factor of 390937.5625:

Accumulator N
Step Keyboard Value | Dio] Read- Coguter Dial
1. Insert factor INtO {oooceoccccomcancanan 300937, 5625 | (to be clear)
accumulator.
2. Place decimal {uoc ouooomommmoomo e
point in counter
dials, 3 places to -
right of left side .
of counter. .
3. Subtract....---.-- 380937, 5625 100. 0000000
4. Subtract..__ : 350937. 5625 200.
5. Subtract...- - 300937. 5626 300.
6. Subfract...cae-o- 230037. 5625 400.
7. Subtract ... ..o 9 . 140037. 5625 500. -
8. Subtract...eeoa-- 030937, 5625 600.
9. Raise 11 to 12..__ - DR O R,
10. Shift carriage one |.. _l *30037. 56250 oo iiaenn
space to left. )
11. Subtract (12)1000.0000. 18837, 56250 |- 610.
12, Subtract.- - 06537, 56250 620.
13. RaiSe. o] (12)3 0 (12) 4 ceeea|ecsaocacmao oo m oo oo
14, Shift carriage 1 jov cciccaococoicea-- %6537, 562600 |eeocramuaooae
space to lef. L s
15, Subtract.coaoao-- (124)100.0000-.. 52086. 562500 621.
16. Subtract.... (124) 4053. 562500 622.
17. Subtract- 2808. 562560 623.
18. Subtract 1561. 562500 624.
19. Subtrac (124)9.. 0312, 562500 625.
20. Raise._. _of (1298 10 (1250 c- - feesamrccnoacae | e o
21. Shift carriage 1 jocoeceemreecmoaneaes ¥312. 5625000 |oeenicmeaaaean
space to left. .
22, Subtract--....---. (1250)1 187. 5525000 625.1
23. Subtract--- - ) 062. 5225000 625.2
24, RaISE_ocvcamaeon i liedann
25, Shift carriage 1 [oareoeocmeccconaanns *62. 52250000
space to left.
26. Subtract..- . 50. 01840000 625. 21
27. Subtract. . 37. 51410000 626. 22
25, 00966000 | © 625.25
12, 56490000 626. 24
00.00000000 | . 625.25

# Tndicates values in accumulator dials above keyboard after
a carriage shift. : i .

() Indicates numbers in the keyboard to the left of the order
in which values are being manually changed. .
. It will be understood that as far as the mechanics of
extracting square root is concerned, the steps under para-
graphs 4 to 9 above may be modified by subtracting the
consecutive odd numbers until an overdraft occurs, which
is signalled in the Friden machine by the ringing of a
bell. Thereupon the last value subtracted is added to
the remainder in a single additive: corrective cycle, and
the value then standing on the keyboard is reduced to
the next lower even mumber and the carriage is shifted
to the left, and the process repeated. For example, in-
stead of step 9 in the above table, the steps would be:

" 900937.5625 (bell) . -
030837.5625 (bell) |-

9a. Subtract 13
b, A
c.

600

The same procedure would occur. in steps 13, 20, and
24. However, it is apparent that with such a procedure
the result is the same. This method:permits the operator
to disregard values in the accumulator, so that operation
will be approximately twice as.fast as that outlined. The
first method is generally used by operators as’it is simpler
to understand. R :

This alternative process is mentioned at this point as
mechanically it is usually more convenient to sense an
overdraft than it is to sense the difference between the
value standing on the keyboard and that standing in the
register. The latter' method is therefore used in the pres-
ent machine for extracting square root, although in some
machines the first described method would also be satis-
factory. : : , - )

A further object of the present invention is to provide

a fool-proof mechanism by which square root can be ex- -

tracted quickly -and accurately, without regard to the
many mental steps required in the conventional extrac-
_tion of square root in calculating machines. _

Still another object of the present invention is to pro-
vide a mechanism suitably designed to facilitate the plac-

700
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ing of the decimal point of an answer, during the extrac-
tion of square root.

My invention is directed to doing, in an automatic
manner, the sequence of steps of semsing an overdraft,
initiating a corrective additive cycle, and initiating a sin-
gle left shift of the carriage (steps 94, 9b, and 10 described
above) to the end that the square root of the value placed
in the register may be more rapidly and accurately se-
cured.

In the machine of my invention the extraction of square
root is simplified by providing a mechanism for sensing
the overdraft, which mechanism is operable, first, to
lock the keyboard against change, then initiate a single
additive corrective cycle of the actuator and finally to
shift the carriage a single step to the left. Coupled with
this mechanism I prefer to provide a manually com-
trolled means for conditioning the machine for an ex-
iraction of square root. This conditioning means, pref-
erably, will also set the counter-control to count in a
sign opposite to that of the accumulator (to count posi-
tively in subtractive operations), and to set a mechanisimn
limiting the actuator to a single cycle of operation, with-
out releasing the keyboard values. By this means the

‘operator, after inserting the number in the accumlator,

can direct his attention solely to the subtraction of suc-
cessive odd numbers, and when a selection causes an
overdraft, the machine operates automatically to lock
the keyboard against further change, cause the initiation
of the corrective additive cycle and the shifting of the
carriage. Thereupon, the operator can reduce the num-
ber standing on the keyboard to the next lower even
number and continue the subtraction of successive odd
aumbers in the next order to the right. Such a process
not only expedites the extraction of square root consider-
ably, but it also makes the operation substantially fool-
proof. i

These and further objects of the invention will be ap-
parent from the description of the machine which follows.
The mechanism of my invention will be readily under-
stood by reference to the drawings in which:

Fig. 1 is a plan view of the left-hand side of the ma-
chine of my invention, with cover, carriage, and certain
unrelated parts removed.

Fig. 2 is a plan view of the right-hand side of the ma-
chine of my invention, with cover, carriage, and certain

. parts removed.

60

65

Fig. 3 is a cross-sectional view through the actuating
portion of the machine of my invention, such as taken
along the longitudinal vertical plane indicated by the
line 3—3 of Fig. 1.

Fig. 4 is a sectional plan view showing particularly the
carriage shifting mechanism.

Fig. 5 is a left side view of the mechanism controlling
the automatic, single step shift of the carriage.

Fig. 6 is a right side view of the mechanism shown
in Fig. 5. .

Fig. 7 is a left side view of the right-hand frame
plate showing particularly the single cycle and keyboard
clearing mechanisms, such as taken along the longi-
tudinal vertical plane indicated by the line 7—7 of
Fig. 2.

Fig, 8 is a right side view of the right-hand frame
plate, such as taken along the longitudinal vertical plane
indicated by the line 8—8 in Fig. 2, and showing par-
ticularly the single cycle and keyboard clearing mech-
anisms. i

Fig. 9 is a left-hand view of the right-hand auxiliary,
or control, plate, such as taken along the longitudinal
vertical plane indicated by the line 9—9 of Fig. 2,
showing particularly the division control mechanism.

Figs. 10 and 10A are a right side view of the ma-
chine, such as taken along the longitudinal vertical plane
indicated by the line 16-—10 of Fig. 2, showing par-
ticularly further details of the keyboard clear and single

‘cycle and division control mechanisms.
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Fig. 11 is an enlarged cross-sectional view taken on
a longitudinal vertical plane intermediate the left-hand
frame, or supporting, plate and the left side auxiliary
plate, looking toward the right, such as along a plane
indicated by the line 11—11 of Fig. 1.

Fig. 12 is a left side view taken on a longitudinal
vertical plane to the left of the left-hand auxiliary, or
contrel plate, such as along the plane indicated by the
line 12—12 of Fig, 1.

Fig. 13 is an enlarged detail of a portion of the
mechanism shown in Fig, 12.

General description

The present invention is shown as an improvement
on a calculating machine of the type disclosed in U. S.
Patent No. 2,229,889, issued to Carl M. F. Friden on
January 28, 1941, which relates to an improved auto-
matic calculating machine. It will be understood, how-
ever, that it can be applied to other types of calculating
machines. It will be further understood that conven-
tional mechanisms, such as the customary multiplying
mechanism, are not shown nor described but ordinarily
would be used in the same machine,

The calculating machine incorporating the present in-
vention includes a main frame comprising the main
supporting plates 20 and 21 and the auxiliary or con-
tral plates 22 and 23 (Figs. 1 and 2). The main
operating mechanism of the machine is supported, for
the most part, between the supporting plates 20 and
21, which plates are secured to a base not shown. These
frame plates 20 and 21 are interconnected and braced
by suitable cross-frame members, such as 24, 25 and
26 which are shown in cross-section in Fig, 3. Most
of the control keys and their associated mechanisms
are supported on the auxiliary, or control, plates 22
and 23.

An accumulator and revolutions counter carriage 30
(Fig. 3), is mounted for endwise shifting movement
transversely of the frame. The carriage 30 has mount-
ed therein a series of accumulator dials 35 and also
a group of revolutions counter dials 80, both series of
which are viewable through suitable openings provided
in the cover 31 of the carriage. The carriage may be
shifted by power in either direction across the machine
by manipulation of conventional shift keys or auto-
matically shifted to the left in division or square root.

Numerical values may be entered in the machine by
depression of appropriate numeral keys 36 of a con-
ventional amount keyboard, the keys in each ordinal
row being releasable individually by depression of an
ordinal clear key 34 (Figs.
forward end of each order of keys, or the simultansous
release of all of the keys may be accomplished by a
conventional mechanism operating the clearing bail 141,
The varicus values set up on the keyboard may be reg-
istered additively or subtractively on the accumulator
wheels 35 by the depression of a plus key 90 or a minus
key 91, respectively (Fig. 9). If it is desired that the
keyboard be cleared after each registration of a number
in the accumulator, an add key 119 may be rocked
forward and latched down in the well-known manner.,

The accumulator dials 35 and the revolutions counter
dials 80 may be cleared, or reset to zero, by manipula-
tion of conventional mechanisms. As these mecha-
nisnis are conventional, they need not be described here.

'The machine is adapted to perform automatic division
operations by manipulation of a division key 270 (Fig.
9) which controls a division mechanism similar to the
type described in U. S. Patent No., 2,327,981 to Carl
M. F. Friden, issued Auvgust 31, 1943,

Selecting and actuating mechanism

The values to be entered into the accumulator dials,
or wheels, 35 may be determined by means of a plu-
rality of similar selecting mechanisms associated with
the amount keys 36. As shown in Fig. 3, each ordinal

1 and 2) sitnated at the ¢
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row of amount keys cooperates with a pair of similar
value selecting slides 37, 38 which are mounted for
endwise movement by suitable well known means. As
is well known in the Friden machine, the selecting slide
38 serves the “1” to “5” keys, and the selecting slide
37 serves the “6” to “9” keys.

Each selecting slide 37 carries a yoke at its rear end
which embraces an annular slot in the hub of a ten-
tooth selection gear 39 and selecting slide 38 is similarly
connected to selection gear 49. Both gears are slidably
and non-rotatably mounted on 3 longitudinally extend-
ing square shaft 41 journalled in the crossbars 24, 25
and 26. Hence, the longitudinal movement of the slides
37 and 38, as differentially controlled by the numeral
keys 36, serves to position the selecting gears 39 or 40
in the path of a series of stepped teeth provided on an
actuating cylinder, or mutilated drum 42, secured to
a shaft 43 journalled between the crossbar 24 and a
transverse supporting bar 28. For each adjacent pair
of key orders there is provided one longitudinally ex-
tending actuator shaft 43 bearing a pair of actuating
cylinders 42. Fach actuator shaft 42 is provided at
its forward end with a bevel gear 44 which meshes
with a corresponding bevel gear 45 secured to a trans-
VEIse power shaft 46 journalled between the side frames
20, 21 of the machine. The shaft 46 is cyclically and
uni-directionally operated by means of a clutch con-
trolled driving means, shown in part in Fig. 8, but
fully shown and described in Friden Patent No. 2,229,889,
and well known to those famiiiar with the Friden cal-
culating machine so as to provide a single path of power
fiow from the electric driving motor o the various power
operated mechanisms of the machine,

Each of the square shafts 4% is provided on its rear
end with a slidably but non-rotatably mounted spool
50 which is provided with an integral ten-tooth add
gear 51 and a ten-tooth subtract gear 52, which gears
are adapted to cooperate with similar ten-tooth gears
53 secured on the lower ends of accumulator numeral
wheel shafts 54.

When the machine is in its idle, or full cycle, posi-
tion, the accumulator gears 53 lie midway between the
add and subtract gears 51 and 52 s0 as to permit Iateral
shifting movement of the carriage. The gears 53, in
this case, are free to pass through the space existing
between the gears 51 and 52.

In order to enable an amount szt up on the keys 38
to be added into the accumulator wheels 35, the spools
50 and integral gears 51 and 52 may be shifted toward
the rear of the machine so as to engage the add gears
51 with the accumulator gears 33, This shifting of the
gears is accomplished by means of a flat bar, or gate
55 extending transversely of the machine and lying
within the space provided between the add-subtract gears
51, 52. The gate 55 is supported at either end by a
pair of similar arms 3§ secured to a transverse gate
shaft 57 journalled between the side frames 26 and 21,
The shaft 57 may be rocked clockwise as viewed in
Fiz. 3 in a manner hereinafter to be described so as
to cause engagement of the add gears 51 with the ac-
cumulator gears 53 or alternatively, the shaft 57 may be
rocked counter-clockwise so as to result in engagement
of the subtract gears 52 with the accumulator gears 53,

Tens-transfer mechanisin

Secured to the lower end of each of the numeral wheel
shafts §4 is a single tooth tens-transfer cam 65 which
is adapted to cooperate with a transfer lever 6§ suit-
ably journailed in the main carriage frame bar 32. On
the outer end of the transfer Iever &5 there is provided
a down-turned ear 67 which lies between a pair of
flanges 68 provided on the hub 62 of o tens-transfer
gear 79 located in the next higher order of the machine,
The hub 69 and gear 70 are slidably, but non-rotatably,
mounted on the square shaft 41, whereby rotation of
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the gear 78 will be transmitted through the add-sub-
tract gears 51, 52 to the numeral wheel shaft 54. When-
ever the accumulator wheel 35 passes from “0” to “g”
or from “9” to “0,” the single tooth on the transfer
cam 65 will rock the transfer lever 66 and move the
ear &7 forwardly so as to move the transfer gear 78
into the path of a single, transfer actuating, tooth formed
on a disc 71 secured to the drum shaft 43. The single
tooth will thereby cause one step of movement to be
given to the square shaft 41 in addition to the normal
movement imparted thereto by the actuating cylinder
42. The accurmilator wheel 35 will thus be advanced
one step so as to effect the transfer between one order
and the mext higher order, as required.

After the tens-transfer has been effected, the trans-
fer gear 70 will be restored to its normal position by
means of a restoring cam 72 secured to'the actuator
shaft 43. This restoring cam operates on the forward
end of a detent pin 73 which is mounted for sliding
movement in the crossbar 28 and in a transverse sup-
porting bar 74. The pin 73 carries a pair of spaced
flanges 75 which embrace one of the flanges 68 pro-
vided on the hub 69 of the transfer gear 78, so that
when the pin 73 is cammed rearwardly, the gear 78 will
be restored to its normal position.

Revolutions counter

As shown in Fig. 3, each of the revolutions counter
numeral wheels 88 is secured to a longitudinally ex-
tending shaft 81 journalled at its rear end in the car-
riage frame bar 32 and at its forward end in a channel
bar 82 which forms a part of the frame work of the
carriage 3. Secured to each of the shafts 8% is a gear
83 which is arranged to cooperate with a revolutions
counter actuating mechanism 84 for operating the nu-
meral wheels 88 in such a manner as to provide a count
of the cyclic operations of the calculating machine and
also for causing a unit to be transferred from a lower
order to a higher order each time a wheel 8¢ passes
through zero.

The revolutions counter mechanism is fully shown and
described in the above-mentioned Patent 2,229,889, to
which reference may be had for a more complete dis-
closure of this part of the machine. Further, the coun-
ter mechanism may be set at the will of the operator
for either like or uniike actuation with respect to the
accumulator, by a suitable mechanism such as that shown
in the Friden Patent 2,294,111, This control mecha-
nism is shown in Fig. 10 and indicated generally by the
reference character 431.

Actuator drive and control

In order to effect registration in the accumulator of
the value set up on the amount keys 38, the actuator
shafts 43 are operated in a cyclic fashion by means of
a clutch controiled drive from an electric motor of the
machine, not shown. As shown in Fig. 8, the arma-
ture shaft 168 of the motor has secured thereto a pin-
jon 161 which meshes with an idler gear 162 which
in turn meshes with a large gear 163 rotatably mounted
on the tranisverse power shaft 46. The gear 163 forms
the driving element of a clutch, indicated generally at
165, such as shown and described in Friden Patent No.
2,229,889. The ciutch per se forms no part of the in-
vention, so its construction will not be described. It
should suffice to mention that engagement and disen-
gagement of the clutch is controlled by a pawl, or dog
164, rocked by link 188. The link 196 is pivotally

mounted at its rear end (Fig. 8) on the clutch pawl ;

164, and its forward end is also pivotally mounted, as
by pin 163, to the upper end of lever 187. The lever
107 is pivoted to the supporting frame 21 by any suit-
able means, such as screw 108, and an extension 466
thereof controls the opening and closing of the motor
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switch (mot shown) in a well-known manner. Also
pinned to the lever 187, by pin 105, is a clutch control
link 194 which operates the cluich and motor switch,
and is also used to limit operation to a single cycle
when necessary.

An example of -actuator control will be given in con-
nection with the operation of the plus-minus keys to
control additive and subtractive cycles of operation.
This mechanism is shown particularly in Fig. 9. It wilj
be observed that the plus key 99 and the minus key 91
are both slidably mounted on the centrol plate 23. The
keys 90 and 91 are provided with roller studs 92 and
93, respectively, which cooperate with oppositely in-
clined cam faces 94 and 95, respectively, provided on
a gate setting slide 96. This slide is pivotally connected
at either end to the upper ends of arms $7 and 98, the
forward arm 97 being pivoted on the control plate 23
while the arm 98 is secured to the right-hand end of
the gate shaft 57. Hence, when the plus key 20 is
depressed, the slide 96 will be moved rearwardly so as
to rotate the gate shaft in a counter-clockwise direc-
tion, as viewed in Fig. 9 (clockwise in Fig. 3), thereby
causing the add gears 51 to be engaged with the accu-
mulator gears 53 on the numeral wheel shafts 54. In
2 similar manner, depression of the minus key 91 will
cause forward movement of the slide 96, thereby rock-
ing the gate shaft 57 counter-clockwise in Fig. 3 so as
to engage the subtract gears 52 with the accumulator
gears 53.

In order to initiate operation of the drive mechanism
of the machine when either key 90 or %1 is depressed,
cach of these keys is provided with a half-round stud
100 which is adapted to cooperate with a cam face 161
provided on a cycle-initiating slide 102. The forward
end of this slide carries a stud 103, which extends
through an appropriate slot in the supporting plate 23,
where it is embraced by a slot 189 in the link 104 to
engage the clutch and close the switch controlling the
flow of power to the motor. This will cause the elec-
tric driving motor of the machine to be energized and
the power shaft 46 to be rotated, thereby driving the
actuator shafts 43 to which are secured the actuating
drums 42. Hence, the amount set on the keys 36 will
be run into the accumulator wheels 35 in either a posi-
tive or negative direction depending on which of the
keys 90 or 91 is depressed.

Single cycle and keyboard clear

It is conventional in calculating machines of this kind
to provide an “add” key which is operative, when set to
proper position, to limit the machine operation to a single
cycle even though a control key is held depressed, and to
automatically release the keyboard setting toward the end
of the single cycle of operation. It is necessary in my
machine to disable such keyboard clearing mechanism,
as will be evident by a reference to the cutline of steps
above given, for it is necessary to retain a keyboard vaiue
at all times. However, it is highly desirable, although not
absolutely essential, to limit operation to a single cycle.
The conventional single cycle, or “add” key mechanism
will now be described, leaving to a later point the super-
seding controls set by the square root conditioning mech-
anism. ‘

The normal operation of the automatic single cycle an
keyboard clear mechanisms are under the control of the
“add” key 110 (Figs. 9 and 10). In the preferred form
of machine, the add key 119 is mounted on the upper
end of lever 111 pivotally mounted on the auxiliary plate
23. The upper end of lever 111 is connected by a link
112 to a long pin 113 mounted on a bellcrank 114 (Figs.
7 and 8), which bellcrank is mounted on main plate 21.
Referring to Fig. 7, when the key 110 is rocked forwardly
it rocks bellcrank 114 clockwise, depressing slide 115.
Depression of slide 115, by means of a pin and slot con-
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nection 116 with a long link 117, lowers the front end
of the link 117. The link is urged forwardly by spring
125, but is normally cammed rearwardly by engagement
of a cam face 118 thereon with a roller 119 on the
frame. Thus, as the link is lowered it moves forwardly
into operative position. The downward and forward
movement results in engaging a notch 120 in the link 117
which a pin 139, the purpose of which will be presently
described. When the link 117 moves forwardly it rocks
the foot of a lever 121 pivoted at 122 on plate 21 into
the path of a pin 123 secured to a disc 124 on the main
drive shaft 46. As the drive shaft 46 rotates (counter-
clockwise in Fig. 7) the pin 123 rocks the lever 121 near
the end of the cycle and this causes the link 117 to draw
the pin 139 rearwardly.

The pin 139 (as shown in Fig. 8) is secured to a bell-
crank 131 pivoted at 132 to the side frame 21. Pivotally
mounted at 133 on the bellcrank 131 is an arm 134 which
has a lip 135 on its front edge which is adapted to engage
a live extension 149 (see Fig. 2) on the bail 141, The
live extension 149 is resiliently held to the bail 141 by a
suitable tension spring 143 (Fig. 7). Normally, recipro-
cation of link 334 will rock bail 141—the bail and live
extension operating as a single member, However, bail
141 can be locked against operation and the spring will
permit the live tip 140 to operate as before. The bail
operates ordinal laich slides 142 (Fig. 3) to release the
keys of the keyboard in a conventional manner.

The rocking of the bellcrank 131 also disengages the
clutch and opens the motor switch, thereby stopping the
machine after a single cycle of operation even though
the plus or minus key is held depressed for a longer
pericd. An arm 150 (Fig, 7) is pivotally mounted on
the left side of the supporting plate 21 by any suitable
means such as on stud 151 which also guides the slide
1585. The arm 150 is extended to lie adjacent a second
arm 152 which is pivotaily mounted on the plate 21 by
any suitable means, such as pin 153. The second arm 152
carries a pin 154 which engages the slot 155 in the for-
ward end of the link 104 (see Fig. 8). Thus, as the long
link 117 is rocked sharply (to the left in Fig. 7) toward
the end of a cycle of operation, the pin 130 and bell-
crank 131 are also rocked rearwardly. The pin 136 en-
gages the arm 150 in such rocking, thereby rocking it
counter-clockwise. The upper end of arm 150 engages
the second arm 152, thereby rocking it clockwise about
its pivot point 153. Rocking of the arm 152 and its
pin 154 lifts ethe forward end of the link 104, so that the
slot 109 in link 104 becomes disengaged from the pin
103 on the plus-minus slide 102. The link 104, being
disengaged from the pin 103, can then spring forwardly
under the tension of its spring 156. The forward motion
of link 184 rocks the arm 107 to open the motor switch
and pulls the link 196 and clutch pawl 187 to open the
clutch. Thus, when the “add” key is rocked forwardly,
the machine automatically stops operation after a single
cycle even though the control keys are held depressed,
and also normally clears the keyboard by rocking the
clearing bail 141.

Carriage shift mechanism

Means are provided for shifting the carriage selectively
in either direction through one or more ordinal spaces
and the shifting means is preferably operated from the
actuator shafts 43 under the control of conventional
manually derpressible shift keys, not shown, but fully
shown and described in U. S. Patent No. 2,380,642 is-
sued to Carl M. Friden et al. on July 31, 1945, The shift
keys carry studs which cooperate, respectively, with a
left shift arm 17§ and a right shift arm 171 (Fig. 4)
and cause the arms to be rocked when the keys are de-
pressed. As will later be described, rocking of these
arms will cause either the left shift clutch or the right shift
clutch to be engaged and thereby determine shifting of the
carriage in one direction or the other. As disclosed in
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the patent, suitable connections are also provided be-
tween the shift keys and the lever 107 (Fig. 8) which
will cause this lever to be rocked clockwise upon de-
pression of either of the shift keys to thereby initiate
cyclic operation of the actuator shafts 66 so as to pro-
vide the power drive for the shift mechanism.

Referring again to Fig. 4, it will be observed that the
arm 170 is pinned to a transverse shaft 172 which is jour-
nalled between the right side frame 21 and a bracket 173
secured to the crossbar 24. Also pinned to the shaft 172
is an arm 174 to which is pivotally connected a pusher
link 173 which is notched at its rear end so as to engage
with the forward end of a left shift push rod 176 which
is mounted for longitudinal sliding movement in the
machine. The rear end of the link 175 is normally urged
downwardly so as to engage the notch in the link with
the forward end of the rod 176 by means of a spring 177.

In a like manner, the arm 171 is secured to the right-
hand end of a sleeve 180 to the left-hand end of which
is secured an arm 181 similar to the previously mentioned
arm 174. Pivotally connected to the arm 181 is a pusher
link 182 which, like the link 175, is notched at its rear-
ward end so as to engage the forward end of a right shift
push rod 183 which is slidably mounted within the frame-
work of the machine. The notch in the pusher link 182 is
normally maintained in engagement with the forward end
of the push rod 183 by means of a spring 184. The push
rods 176 and 183 are normally maintained in their for-
ward or inactive positions as shown in Fig. 4 by means of
compression springs 178 and 185, respectively, The rear
ends of the push rods carry shifting forks 179 and 188,
respectively, which engage annular grooves cut in clutch
members 190 and 191, respectively. The members 1990,
191 are loosely journalled on the rear ends of the two
rightmost actuator shafts 43a and 43b, and are provided
with clutch teeth 192 and 193 which engage with corre-
sponding notches provided in collars 194 and 195 secured
to the rear ends of the extended actuator shafts 434 and
43b. The clutch members 199 and 191 are also provided
on their rear ends with clutch teeth 196 and 197 which
are adapted to cooperate with clutch teeth 198 and 159
formed on the forward ends of gear sleeves 200 and 201
when either the member 190 or the member 191 is moved
rearwardly by its associated shift fork 179 or 186. Hence,
it will be seen that the coupling members 196 and 191 pre-
vide a means whereby the extended actuator shafts 43q
and 435 may be selectively coupled to the gear sleeves
200 or 201 and thereby provide a power drive for the
carriage shift mechanism. Hence, upon depression of
the left shift key the arm 170 will be rocked and the
pusher link 175 moved rearwardly so as to move the push
rod 176 and the shift fork 179 toward the rear of the
machine and thereby cause the coupling member 190 to
establish a driving connection from the actuator shaft 43a
to the gear sleeve 200. In a similar manner, when the
right shift key is depressed, the arm 171 will be rocked
and the pusher link 182 moved rearwardly so as to operate
the push rod 183 and shift fork 186 and establish a driving
connection between the rightmost actuator shaft 435 and
the gear sleeve 201,

As seen in Fig. 4, the gear sleeve 200 carries a gear
292 which meshes directly with a larger gear 204 to which
is secured a smaller gear (not shown) which meshes with
a shift gear 205. The gear sleeve 201 carries a gear 203
which meshes with a wide idler gear (not shown) which
meshes with the large gear 204 and causes reverse rota-
tion of this gear. The gear sizes are so chosen as to
provide a drive ratio of “1” to “4” between the gears 202
and 203 and the shift gear 205, so that for each rotation
of the gear sleeve 200 or 201, the shift gear 295 will be
rotated through an angle of 90 degrees,

The shift gear 205 is secured to a shaft 206 which is
journalled between the crosshar 26 and a plate 207
mounted on the rear of the machine. Secured to .the
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shaft 206 is a drive plate 210 which carries four equally
spaced drive pins 211 which are adapted to engage notches
212 (Fig. 3) provided in a shift rack 213 secured on the
rear of the carriage 30. Hence, for each 90 degrees of
rotation of the drive plate 210 the carriage will be shifted
through a distance equal to the spacing between the
notches 212, which is equal to the distance between the
mumeral wheel shafts 54. In other words, the carriage
will be shifted one ordinal space on each cycle of opera-
tion of the power shaft 46.

It will be recalled that after the subtraction of succes-
sive odd numbers to an overdraft, it is necessary to re-
store the overdraft and shift the carriage one step to the
left. In the commercial Friden automatic calculating
machine a power actuated carriage shift is included in the
mechanism. This shift is particularly shown and de-
scribed in the copending Machado application Ser. No.
164,765, filed May 27, 1950, now Patent No. 2,650,761,
issued September 1, 1953. The mechanism so described

in the Machado application can be efficiently utilized to :

control my single step left shift of the carriage. A per-
tinent part of the mechanism is shown particularly in
Figs. 4, 5, and 6. The operation is controlled through
rocking of a transverse shaft 228 which shaft is rocked in
timed relation to the overdraft, as will be hereafter de-
scribed.

A bellcrank 221 is pinned to the shaft 229, in a plane
adjacent the left shift clutch push rod 176 (Fig. 4).
The bellcrank 221 has a lower arm 222 which is provided
with a stud 223 for unlatching the mechanism, as will be
described shortly, and an upper arm 224 which is pro-
vided with a stud 225. The stud 225 is embraced in a
slot 226 in one end of link 227, a spring 228 connecting
stud 225 to the turned-over ear 229 on the adjacent
end of the link 227. The other end of link 227 is pinned
to an arm 235 of a hook member 236 by any suitable
means. The hook member 236 is rotatably mounted on
an eccentric 237 pinned to a shaft 238 which is driven
synchronously with drive shaft 46. The hook member
is provided with a second arm 239, the outer end of
which is provided with a hook 248. It is thus obvious
that the hook member 240 continuously reciprocates on
its eccentric mounting in synchronism with the main
drive shaft whenever the main clutch 165 is engaged and
the motor is running.

A bellcrank 245 is pinned to a shaft 244 in a plane
immediately adjacent to that of the hook 240. The upper
arm 246 of the bellerank is provided with a stud 247
which, when the hook member 240 is rocked rearwardly
(clockwise in Fig. 6) through rocking of the shaft 220,
will be engaged by the hook 240 during its continuous
reciprocation. However, when the shaft 229 is in its
norma! setting, the counter-clockwise -position shown
in Fig. 6, the reciprocating hook 240 cannot engage the
stud 247. When the hook 240 is rocked to its operative
position (clockwise of that shown in Fig. 6) the hook,
at its extreme upward travel will engage the stud 247
and thereupon will rock the bellcrank 245 and the shaft
244 clockwise. It will be understood that the hook 240
is effective to pull bellcrank 245 and shaft 244 clock-
wise only after the hook member 240 has been rocked
clockwise on its eccentric, for otherwise the hook will not
travel in a path which will bring it into.engagement with
stud 247.

The lower arm 248 of the bellcrank 245 is provided
with a latching stud 249. Associated with the latching
stud 249 is a latching member 259 pivotally mounted
on a pin 251 supported by the bracket member 252. The
latch 250 is pulled downwardly (counter-clockwise in
Fig. 6) by a spring 253 tensioned between it and the
bracket 252. The latch has a shoulder 254 adapted to
engage the pin 249 on the arm 248, thereby latching the
bellcrank 245 and shaft 244 in the operative position
(clockwise of that shown in Fig. 6), thus locking the
shaft in its clutch-engaging position. The latch member
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250 is also provided with extension 255 which is engaged
by the pin 223 on the bellcrank 221 when the bellcrank
and its shaft 200 are rocked in a forward direction (coun-
ter-clockwise in Fig. 6), thereby unlatching the latch
250 and releasing the shaft 244 for counter-clockwise
rotation. As the bellcrank 245 is locked in its rocked
position by the latch 250, at the end of the clockwise
rocking of the eccentrically mounted hook 249, the hook
thereafter reciprocates freely without thereafter rocking
the bellcrank 245 and shaft 244. Thus rocking of the
shaft 220 results in the shaft 244 being rocked to its
operative position.

Rocking of the shaft 244 causes engagement of the
left shift clutch, in the second cycle of machine opera-
tion, as will now be explained. Referring still to Figs.
4, 5, and 6, the shaft 244 has an arm 269 secured thereto,
on which a pusher arm 261 is pivoted by any suitable
means. The pusher arm 261 has a shoulder 262 engag-
ing a pin 263 on an arm 264 which is secured to sleeve
265 rotatably mounted on shaft 172. Sleeve 265 also
carries an arm 266 having a pin 267 thereon which en-
gages the left shift push rod 176. This, it will be re-
called, causes engagement of the left shift clutch 194 and
causes the carriage to be shifted to the left. It will be
understood that the left shift clutch is engaged in the
second cycle of machine operation, as there must be
an idle cycle before the hook 240 engages pin 247 to rock
bellcrank 246 and shaft 244,

Division control mechanisin

It was indicated early in the specification that for all
practical purposes it was usually satisfactory to extract
the square root for five or six orders from the left and
then to initiate an ordinary division operation, as the
answer would still be correct to nine significant figures.
1t is therefore assumed that the present invention will be
used in a machine which utilizes an automatic division
mechanism. One such mechanism is shown in Figs. 9
and 10, and will be recognized by those familiar with
the Friden machine as being that used in the patents and
applications above-mentioned. This mechanism operates
in a conventional manner and need not be described
herein, as a reference to the above-mentioned patents will
fully explain this mechanism. The only connection that
the division control mechanism has with the mechanism
of the present invention is an interlock to disable the
square root control mechanism when the division opera-
tion is initiated. Briefly, the depression of a division
key 270 (Fig. 9) moves slide 271 rearwardly. A pin 272
on slide 271 (Fig. 10) rocks a latch member 273 counter-
clockwise to release the spring-powered arm 274. The
arm 274 rocks counterclockwise through the force of its
spring to depress a pin 275 carried by link 276 (Fig. 9).
Depression of the link 276 rocks the lever 277, to which
the link is pinned, clockwise about its pivot point 278.
The lever 277 carries a pin 279 adjacent its rearward end,
which, when the arm 277 rocks clockwise, lifts the arm
288 which is rigidly secured on shaft 281, thereby rocking
the shaft counter-clockwise in Fig. 9. The rocking of
this shaft 281 is utilized to latch the square root mecha-
nism, now to be described, in an inoperative position.
Thus the square root control mechanism will not inter-
fere with the operation of the machine in an ordinary
division operation, after the division key 278 is depressed.

Square root mechanism

I prefer that the mechanism of my invention be condi-
tioned for the extraction of square root by rocking of a
lever 308 (Figs. 1 and 11) which is pivotally mounted on
a cross shaft 301 extending between the left-hand sup-
porting plate 26 and the left-hand auxiliary plate 22.
The lever 300 can be held in either adjusted position by
a suitable detent 299, as shown. In the form shown, the
forward rocking of the lever does three things: (1) It
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sets a conditioning mechanism which is operated by an
overdraft to initiate a corrective additive cycle of opera-
tion followed by a left shift of the carriage, during which
operation the keyboard is locked against alteration; (2)
it sets the counter-control mechanism to count the cycles
of operaticn in an unlike manner with respect to the
actuator, so that subtraction operations give a positive
count in the counter; and (3) it operates the “add” key
to condition the machine for a single cycle operation
while disabling the automatic keyboard clear mechanism.
These operations will be discussed inn sequence.

1. Overdraft correction and shift—A link 302 (Fig. 11)
is pinned to the lever 360 by any suitable means, such as
extended pin 393 (see also Fig. 1). The rearward end
of the link 382 is supported by a bellcrank 304 to which
it is pinned by any suitable means, such as rivet 385. The
bellcrank 304 is pivotally mounted on a cross shaft 306
which is supported in suitable brackets 307 on a cross
member 308. The bellerank 304 has 2 forwardiy extend-
ing arm 399, as shown in Figs. 3 and 11.

Integral with the link 302 is a cam portion 315, which
may be stamped out of the link itself, as shown. Asso-
ciated with the cam 315 is a pin 316 mounted in a sleeve
317 slidably but nonrotatably mounted on a square shaft
318 which extends from the left-hand plate 20 to the left-
hand auxiliary plate 22. The sleeve 317 is normally
urged toward the right side of the machine by a suitable
spring 319 (Fig. 1) compressed between the sleeve 317
and a collar 328 pinned to the shaft. The sleeve 317 also
carries a lower arm 321 which normally (as shown in
Fig. 1) lies immediately to the right of a bar member 325,
However, when the control lever 306 is rocked forwardly
the link 392 is puiled forwardly, camming the sleeve 317
and integral arm 321 to the left so that it is engaged by
the bar 325.

The bar 325 is mounted on a rod 326 which is slidably
mounted in the cross plate 308 and in a bracket 327
affixed thereto. The rod 326 is extended rearwardly and
bent to lie adjacent the flange 68 of a tens-transfer gear
70 in a predetermined order of the machine, such as the
last, or highest, order shown in Fig. 1. As shown in
Fig. 1, the rod 326 is slotted, as at 328, to embrace one
of the flanges 68 whereby the rod 326 will be pushed
forwardly upon the ‘conditioning of a tens-transfer gear
for a tens-transfer and wilj be pulled rearwardly upon the
restoration of the tens-transfer gear by the cam 72.
Movement of the rod 326 will obviously move the bar
325 which in turn rocks the arm 321 (see Fig. 11) to
rock the shaft 318 (counter-clockwise in Fig. 11).

The bar 325 also carries a short rearwardly extending
rod 338, as shown in Figs. 1 and 3. A lever arm 331 is
pivotally mounted on the rear end of the rod 330, ex-
tending to the right in Fig. 1. The arm 331 overlies the
forwardly exiending arm 309 of the bellerank 304 and is
normally
sioned between the arms 331 and 309. When the control
lever 309 is in its normal rearward position, the arm 309
of the bellcrank lifts the arm 331 above an adjustable cam
lock 333 adjustably mounted on the keyboard locking
plate 334. The keyboard locking plate is pivotally
mounted on the cross shaft 366, which plate is normally
urged to a raised position by a suitable spring 335 (Fig, 2)
tensioned between the locking plate 334 and the cross
plate 368. When the control lever 300 is rocked to its
forward position, rocking the bellcrank 304 clockwise in
Fig. 11, the arm 331 is permitted to drop behind the cam
plate 333, Thereafter upon an overdraft in the predeter-
mined order, the forward movement of the rod 326, bar
325 and rod 330 cams the plate 334 downwardly so that
the turned-over ear 336 on the forward edge therecf drops
behind the rear end of the ordinal latching slides 142,
This effectively prevents rearward movement of the key
latching slides and locks the keyboard against change in
any of the orders thereof.

Upon the restoration of the tens-transfer gear to its

urged downwardly by a light spring 332 ten- :

15

20

30

35

40

50

60

14

normal position, the rod 326 is pulled rearwardly and the
arm 331 likewise moves rearwardly, which normally
would release the latching plate 334, However, it is
necessary that the keyboard values be retained until after
the corrective and shifting cycles of operation so that [
prefer to provide a second latch 374 which will hold the
plate 334 in a depressed position until the shifting cycle
has been partially completed. This latch, as shown in
Fig. 1, is pivotally mounted at 375 on the bracket 327
and is operated by a mechanism which will be later
described.

It will be recalled that when the control lever 300 is
pulled to its operative or forward pesition an overdraft
in the preselected order will cause a rocking of the shaft
318, counterclockwise in Fig. 11. This shaft extends
through the left side auxiliary plate 22 and has an arm
340 rigidly secured thereto on the left side of the auxiliary
plate (see Fig. 12). The free, or lower, end of the arm
is provided with a slot 341 which embraces g pin 342 en
the upper arm of a bellcrank latch lever 343, The latch
member 343 is pivoted on the auxiliary plate 22 as at 339,
and is provided with a shoulder 344 adapted to engage
a pin 345 on a power lever 346 piveted on the auxiliary
plate 22 by any suitable means such as stud 347,

The lever 346 is urged in a clockwise direction by a
relatively strong spring 353. At its rear end the lever
346 is provided with a cam edge 351 which, when the
plus-minus gate 55 is in jts neutral position, is adapted to
engage a stud 352 on the left end of the gate and rock the
gate rearwardly to its positive position. Tt will be recalled
that at the end of either an additive or a subtractive cycle
of operation, when operating under the control of the
plus or minus keys, respectively, the gate returns to its
central or neutral position. This return to the central
position occurs toward the end of the cycle, and when
the latch 343 has been rocked clockwise to unlatch the
lever 348, the cam edge will catch the stud 352 upeon the
return of the gate 55 to its neutral position and cam it
to 2 positive position.

The lower arm of the power lever 346 is provided with
a stud 355 which is embraced by a slot 356 in a forwardly
extending link 357. The forward end of the link 357 is
provided with a slot 358 which encompasses a pin 359 on
the upper end of a lever 360 pinned to the shaft 220,

Rocking of the shaft 228 also causes the closing of the
motor switch and the engagement of the main clutch.
The mechanism for this is shown in Fig. 7. Mounted on
the right-hand end of the shaft 228 is an arm 469 which
carries a stud 461. The stud 461 engages a two-armed
lever 462, pivotally mounied on the right-hand supporting
plate 21 by any suitable means such as pin 463. The
rearward end of the lever 462 is shaped to form a pro-
jection, or hook, 484 lying behind the spacing stud 465
which pivetally connects the arm 187 (¥Fig. 10) and arm
465 which operates the motor switch. Thus rocking of
the shaft 229 (counter-clockwise in Fig. 7) rocks the
lever 482 clockwiss and pushes the spacing stud 465 for-
wardly, thereby rocking the connected arm 107 and link
466 to close the motor switch and rock the clutch pawl
164 to engage the cluich 145,

it may be menticned nt this point that the three-armed
lever 346 has a forwardly extending arm 365 on the
forward end of which is mounted a cam follower roller
366 which is adapted to cooperate with a plate cam 367
mounted on the left end of the drive shaft 46. This cam
367 is so shaped that it will permit a rapid rocking of
the three-armed lever 344 upon disengagement of the
latch 343, which will occur toward the end of the cycle
at approximately the instant that the plus-minus setting
gate 55 is starting to return to its neutral pesition. 1t is
thus cbvious that the overdraft in the predetermined order
operates through shaft 318 to release the lever 346, which
latter lever serves the twofold purpose of first setting:the
plus-minus setting gate 53 for additive operation and
simultaneously rocks the shaft 220 which immediately
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closes the motor switch and engages the clutch and on
the second cycle of operation will cause a left shift opera-
tion of the carriage. During the first cycle of such opera-
tion the value on the keyboard, which caused the over-
draft, is locked in the keyboard as above described, and
the additive cycle adds back the value which caused the
overdraft, thus correcting the overdraft. The power lever
346 is restored to its normal position shown in Fig. 12
during the first cycle of machine operation after the over-
draft—the cam 367 rocking the lever 346 counter-clock-
wise to release the pin 352 and to again engage the pin
345 within the shoulder 344 of latch 343. It will be under-
stood that the correction of the overdraft in the first cycle
of operation will return shaft 318 and consequently latch
member 343 to their normal positions shown in Fig. 12,
as the overdraft is corrected and the link 326 returned
rearwardly in the conventional manner: It can also be
mentioned that the release of the pin 352 by the arm 346
after the cycle has begun does not effect the adding back
of the overdrafting value as it is conventional in machines
of this kind to latch the digitation control mechanism in
operative position until the end of the cycle.

The link 357 is provided with a stud 378 which is en-
gaged by the slotted lower end of an arm 371 pivotally
mounted on the shaft 318. The arm 371 has an integral
bent-over gate 372, as is shown particularly in Fig. 1. The
inner end of the gate 372 has an integrally formed arm
373 which is also pivotally mounted on the shaft 318.
The rear end of the arm 373 underlies a locking arm 374
which is pivotally mounted on the bracket 327 by any
snitable means such as screw 375. The right-hand end
of the locking arm or lever 374 is bent as shown in Fig. 1
to overlie the end of the keyboard locking plate 334 and
is provided with an ear 376 (see Fig. 3) which, when the
left end of the lever 374 is raised by the rocking of the
bail 372, locks the keyboard latching plate in its lower,
or keyboard locking, position.

Thus, the keyboard latching plate 334 is held in its
Jower, or locking, position during the second cycle of
operation, and after the overdraft has been restored
(which returns the arm 331 to an inoperative position).

The link 357 also carries a second stud 38€ which is
adapted to cooperate with a three-armed latching lever
381, The latching lever 381 is pinned to the auxiliary
plate 22 by any suitable means, such as stud 382, and is
urged in a clockwise direction by a suitable spring 383
tensioned between one arm of the lever and a stud on the
supporting plate (as is shown in Fig. 13). The forward
arm of the lever is provided with a shoulder 384 which is
adapted to engage the stud 380 and thus hold the link in
its rearward position to which it is pulled by the rocking
of the three-armed lever 346. The locking of the link 357
in its rearward position thus holds the lever 260 and shaft
220 in their counterclockwise position to maintain the mo-
tor in operation and the clutch engaged through a second
cycle of operation. The third arm 385 of the latching
lever 381 extends rearwardly and is operative to disengage
the latch during the second cycle of operation by a means
now to be described.

The link 357 is provided with a short cam 390 which
cither may be mounted on the link or stamped therefrom,
as shown, This cam 399 cooperates with either of the
pins 391 of a pin wheel assembly indicated generally at
392. The pin wheel comprises a plate 393 which is formed
with an integral hub 394 rotatably mounted on a short
shaft 395. Spaced slightly away from the plate 393 is a
gear 396 preferably integral with the hub 3%4. It will
be obvious that the plate 393, hub 394, and gear 396 can
be formed of three separate parts suitably pinned together
as well as being made integral as shown and described.
The gear portion of the assembly meshes with a drive gear
397 rigidly secured to the drive shaft 46, the drive gear
preferably being located between the auxiliary supporting
plate 22 and the cam 367 as shown. The gear ratio
between the driving gear 397 and the driven gear 399 is
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1 to 2 in order to provide for 180° of rotation of the pin
wheel assembly for each cycle of operation of the ma-
chine. This means that it will require two cycles of opera-
tion for 2 pin 391 to return to its home position, In this
connection it can be noted that the cam 398 is relatively
short so that, on the rearward motion of the link 387, the
cam face of the cam 390 will engage the outer end cf one
of the pins 391, pushing it through the pin wheel assembly
and pass beyond the pin so that upon rotation of the pin
wheel the other pin will not engage the cam. The pins
391 are slidably mounted in the plate 393 and gear 396
and in their normal position extend to the left of the plate
393, as shown particularly in Fig. L. The two pins are
held in their adjusted position by a suitable spring 398
which engages either one of a pair of grooves 399 on the
pins. Thus, whenever a pin is depressed by the cam 359,
it is pushed inwardly (to the right in Fig. 1) so that the
right-hand end extends beyond the gear 396. The latch
member 381, and particularly the rearward arm 385 there-
of, lies between the gear 396 and the auxiliary supporting
plate 22 (to the right of the gear as shown in Fig. 1) and
is provided with a camming tip 385 which is adapted to
be engaged by the displaced pin 391 shortly after the start
of the second cycle of operation. In Fig. 13 the left-hand
pin 391 would be displaced by the cam 3%9 and in the
first cycle of operation would rotate 180° to the position
of the right-hand pin. The right-hand pin not being dis-
placed will not engage the arm 385 during its travel
clockwise. However, the displaced pin 391, shortly after
the beginning of the second cycle of operation will engage
the end 386 of the arm 385, rocking the latch 381 counter-
clockwise and thus disengaging the latch 381 from the
link 357. This permits the link to be pulled to the right
by the spring, not shown, which normally holds the shaft
220 in its clockwise position. By this means the power
operated shifting control is released shortly after the
start of the second, or carriage shifting, cycle of opera-
tion. However, the motor switch is held closed and the
clutch engaged until the end of this second cycle by con-
ventional means included in the machine. The displaced
pin is restored by a suitable cam 490, after approximately
270° of rotation.

Tt will be recalled that the initiation of division by
depression of the division key 279 operates through lever
277 (Fig. 11) and arm 28C to rock a shaft 281 counter-
clockwise as viewed from the left. The shaft 281 is ex-
tended across the machine to the auxiliary supporting
plate 22, as shown in Figs. 1 and 12. An arm 4605 is
pinned to the shaft 281 adjacent the left end thereof.
This arm is provided with a hook 406 which is adapted to
engage the stud 353 on the three-armed setting lever 346,
as shown in Fig. 12. Thus, the initiation of division opera-
tion, with the square root control lever in its forward or
operative condition, causes rocking of the arm 405 (coun-
ter-clockwise in Fig. 12) thereby engaging the stud 353 to
latch the three-armed setting lever 346 in its inoperative
position. It is therefore impossible for the square root
control mechanism to operate during divisicn. It will be
understood that the overdraft and keyboard locking mech-
anjsm can be operated upon overdrafts during division
without effecting division operations, as at the time the
division key is depressed the values then set in the key-
board remain unchanged throughout the balance of the
calculation.

9. Counter control—It will be recalled that a second
effect of the rocking of the square root control lever 300
to its Torward, or operative, position is to set the counter
to count in an unlike manner with respect to the accumu-
lator, whereby negative cycles will be counted positively
and vice versa. This is accomplished by means of the
extended pin 383 which pins the link 362 to the lever 300
(Fig. 1). The mechanism for setting the counter-control
is shown particularly in Figs. 1, 2, 10 and 10A. Asshown
in Fig. 1, the pin 383, when the lever 380 is in its rear-
ward, or inactive, position, adjoins the upright portion



2,786,402

438 of a longitudinally extending link 411, Link 411 is
supported adjacent its rear end in the cross bracket 412
extending between the left-hand supporting plate 28 and
auxiliary plate 22. The link is held in either adjusted
position by a conventional detent 413. The forward end
of the link 411 is pivotally mounted on and supported by
a bellcrank lever 415 to which it is pinned by a suitable
machine belt 426, The bellerank 415 is pivotally mounted
on the cross shaft 427, The forward end 418 of the bell-
crank 415 overlies the live tip 420 of an arm 421 which
is pinned, or otherwise rigidly secured, to the cross shafi
417. The live tip 429 is resiliently held to arm 421 by
- a suitable spring 432.

The cross shaft 417 extends entirely across the front of
the machine being suitably journalled in bearings in the
left-hand supporting plate 29 and the right-hand suppori-
ing plate 21. An arm 425 (see Figs. 2 and 1GA) is keyed
on, or otherwise rigidly secured to, the right-hand end
of the cross shaft 417. A rearwardly extending link 426
is pivotally mounted on the arm 425 by any suitable means
such as stud 427. The rear end of the link 42§ is pro-
vided with a suiiable slot 428 (Fig. 10) which embraces
a stud 429 on the counter-contrel link 438. The counter-
contrel link 429 correspends to the link 63 of Patent No.
2,294,111 previously mentioned in connection with the
counter-contrel mechanism., This link controls, in known
manner, the counter-conirol mechanism 431 described in
sald patent. Xt is thus obvious that if the connter-control
is set for like counting, the forward rocking of the square
root contrel Iever 389 simultanecusly moves the link 411
forwardly. This, in turn, rocks the cross shaft 417 {coun-

ter-cleckwise in Fig. 10A) and pulls the links 426 and 439
forwardly. Such movement of the link 439 sets the coun-
ter-contrel mechanism 433 to count in a manner of oppo-
site sign character to that of the accumulator, so as to get
a positive count in subiractive operations.
3. Medification of single cycle operation—The third
effect of the rocking of the square root control lever 380
forward to its operative position is to condition the “add”
key mechanism to limit the operation of the machine to a
single cycle while simultaneously disabling the normal key-
beard clear mechanism of the “add” key. To accomplish
this purposs a forwardly extending link 449 (see Figs. 1
and 11) is pivotally mounted on the lever 388 below its
supperting shaft 381, as by pin 444, so that forward rock-
ing of the control lever pulls the link 449 rearwardly.
The forward end of the link 449 is pivotally mounted on
an upright arm 442 of a cross bail 443. The bail 443
extends across the machine from the left-hand supporting
plate 28 to the right of the right-hand supporting plate
21 and carries an Integral arm 444 on its right end {see
Fig. 10A). The bail 443 is rotatably mounted on the
cross shaft 417, as shown. The right-hand arm 444 car-
ries a screw 445 which is embraced in a slot 446 of a
link 447 (see Figs. 10, 10A and 2). The link 447 is
pivotally connected to a downwardly extending arm 448
of the “add” key lever 111, being pivotally mounted there-
on by any suitable means such as pin 449. . Thus the rock-
ing of the square root control lever 369 to its operative
position simultaneously rocks the “add” key lever 111 to
its forward, or operative, position. This sets the mech-
anism above described for limiting the operation of the
machine to a single cycle, even though a control key is
held depressed.

However, as mentioned above, in square root extrac-
tion, it is necessary to retain the keyboard value in the
keyboard at all times. Therefore means are provided
for disabling the keyboard clearing portion of the “add”
key device when the square root control lever 380 is
rocked to iis operative position. This means is shown
particularly in Fig. 7 and comprises an arm 450 integral
with the bail 443 and extending rearwardly where it
terminates in an ear 451. When the bail is rocked
(counter-clockwise in Fig. 7), the ear 451 drops behind

- the upper end of the clearing bail 441, thereby locking
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it against movement. It will be recalled that the clear-
ing bail 341 is normally operated through a live pawl
146 and spring 143, so that the normal reciprocation of
the link 134 (Fig. 8) is no longer effective to move the
keybeard clear bail 141. In this manner the values set
in the keyboard are retained at all times.

Operation
It is believed that the foregoing description of the
mechaniem of my invention has disclosed how the ma-

chine operates for the extraction of square root. When
my invention is applied to a conventional Friden auto-
matic calculating machine, the operation of the extrac-
tion of square root is guite simple. The factor for which
the square roct is to be exiracted is set into the accumu-
lator in any conventional manner. Preferably, the factor
will be set above the left-hand portion of the keyboard,
with the carriage shifted to its extreme right-hand posi-
tion. The square root comirel key 309 is thereupon
pulled forwardly, which sets the three conirols above
described: It sets the counter-control to count positively
during subtractive operations; it sets the “add” key, or
single cycle, mechanism so as to limit the operation
of the machine to a single cycle even though a control
key is held depressed and simultaneously disables the
normal keyboard clearing mechanism which is set by the
single cycle controls; and thirdly, it sets the mechanism
controlied by link 352 so that an overdraft in a prede-
termined order locks the keyboard against change and
rocks the shaft 318 to initiate the automatic control
of the single additive corrective cycle followed by the
automatic shifting of the carriage one step to the left.
After setting of the factor (mentally grouping them in
groups of twos from the decimal point), the operator
begins the subtraction of successive odd numbers be-
ginning with “1” in the order under the right-hand figure
of the leftmest group of two. Thus, the operator first
subiracts “1,” then “3,” then “5,” etc., until he has sub-
tracted a value which causes an overdraft. The over-
draft mechanism is operative to cause locking of the
keyboard against further change, to automatically cause
the additive corrective cycle, and to shift the carriage
one step to the left. Thereupon the operator decreases
the value then standing in the keyboard by “1” and begins
the subtraction of successive odd numbers again. This
procedure can be followed until the square root has
been extracted to the full extent of the carriage, or accu-
mulator, dials. However, in most instances accuracy is
oaly necessary to the first nine significant figures so that
practically the exiraction of square root can be expedited
and simplified by depressing the division key and initiat-
ing a division operation when the square root has been
extracted through five or six orders.

I claim:

1. A calculating machine comprising a keyboard, a
carriage, an accumulator and a counter mounted in said
carriage, a tens-transfer mechanism between the respec-
tive orders of the accumulator, means for shifting said
carriage with respect to said keyboard, a locking means
for locking values in the keyboard, an actuator operative
to transmit values from the keyboard into the accumu-
lator additively or subtractively, and means operated by
the tens-transfer mechanism in a selected order for lock-
ing the keyboard, for initiating a single additive cycle
of the actuator, and for subsequently initiating a car-
riage shift of one order to the left.

2. A calculating machine comprising a keyboard, a
carriage, an accumulator and a counter mounted in said
carriage, a tens-transfer mechanism between the respec-
tive orders of the accumulator, means for shifting said
carriage with respect to said keyboard, a locking means
for locking values in the keyboard, and an actuator
operative to transmit values from the keyboard into the
accumulator additively or subtractively, and means op-
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erated by the tens-transfer mechanism in a selected order
for locking the keyboard, for initiating a single additive
cycle of the actuator, for subsequently initiating a car-
riage shift of one order to the lef, and for finally
unlocking the keybecard.

3. In a calculating machine having an accumulator,
a keyboard, a locking means for locking values in the
keyboard, an actuator operative to transmit values from
the keyboard into the accumulator additively or sub-
tractively, means for shifting said accumulator with re-
spect to said actuator, and means for seasing an over-
draft in a preselected order of the accumulator: the
combination which comprises means operated by said
sensing means for locking the keyboard, for initiating
a single additive cycle of the actuator, and for subse-
quently initiating a shift of the accumulator one order
to the left. .

4, Tn a calculating machine having an ordinally ar-
ranged accumulator, tens-transfer mechanisms between
the orders of said accumulator, a keybcard, a locking
means for locking values in the keyboard, an actuator
operative to transmit values from the keyboard into the

10
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accamulator additively or subtractively, and means for

shifting said accumuiator with respect to said keyboard:
the combination which comprises a mechanism operated
by said tens-iransfer mechanism in a preselected order
and operable to lock the keyboard, to initiate a single
additive cycle of operation of the actuator, to subse-
quently initiate a shift of the accumulator one order to
the left, and finally release the keyboard lock mechanism.

5. A calculating machine adapted for the extraction
of square root comprising a keyboard, actuator mech-
anisms settable from said keyboard, a factor register
shiftable with respect to said actuator, ordinal latching
means for the keys of said keyboard, digitation control
means positionable to enter values transmitted by the
actuator into the register additively or subtractively, a
counter, means for sensing an overdraft in a preselected
order of the register, means operated by said sensing
means for locking the keyboard latching means against
movement, a two-cycle control means operated by said
sensing means for initiating operation of the machine,
for positioning the digitation control means for addition
during the first cycle of operation, and for initiating a
carriage shift of one order to the left during the second
cycle of operation, and means for releasing the keyboard
lock during the second cycle of operation.

6. A calculating machine adapted for the extraction of
square root comprising a keyboard, actuator mechanism
settable from said keyboard, a factor register, said register
and said actuator mechanism being shiftable with respect
to each other, positionable means for shifting the shift-
able one of said register or actuator mechanism in either
direction, ordinal latching means for the keys of said key-
board, digitation control means positionable to enter
values transmitted by the -actuator into the register ad-
ditively or subtractively, a counter, means for sensing an
overdraft in a preselected order of the register, a control
means operated by said sensing means for initiating opera-
tion of the machine, for positioning the digitation control
means for addition during the first cycle of operation, and
for positioning the shifting means to shift the shiftable
one of said register or actuator mechanism so that the
actuator mechanism will operate in a lower order of said
register, and means operated by said sensing means for
locking the keyboard latching means against movement
during operation of said control means.

7. In a calculating machine having an accumulator, a
keyboard, a locking means for locking values in the key-
board, an actuator operative to transmit values from the
keyboard into the accumulator additively or subtractively,
means for shifting said accumulator with respect to said
keyboard, mechanism normally limiting operation of the
actuator to a single cycle, and means for sensing an over-
draft in a preselected order of the accumulator: the com-
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. bination which comprises means operated by said sensing

means for locking the keyboard, for superseding the mech-
anism for limiting operation to a single cycle, for initiating
a single addifive cycle of the actuator, for subsequently
initiating a shift of the accumulator one order to the left,
and for releasing the keyboard locking means during the
shifting of the accumulator.

8. In a calculating machine having an ordinally ar-
ranged accumulator, a tens-transfer mechanism between
the respective orders of the accumulator, a keyboard, an
ordinal key latch for each order of the keyboard, an
actuator, registration control means positionable to cause
values transmitted by the actuator to be entered into the
accumulator additively or subtractively, actuator power
driving means including a motor switch and a normally
open drive clutch, and means including a left shift clutch
for shifting said accumulator with respect to said key-
board: the combination which comprises means operated
by the tens-transfer mechanism in a preselected order and
operable to block the keyboard latches against movement,
to close said motor switch and engage said drive clutch, to
shift said registration control mechanism to a position for
additive operation for a single cycle of operation, then to
release said registration control mechanism and to engage
said left shift clutch, and finally open said switch and dis-
engage both said clutches after shifting said carriage a
single step.

9. In a calculating machine having an ordinally ar-
ranged keyboard, ordinal latching means for locking values
in the various orders of the keyboard, a shiftable carriage,
an ordinally arranged accumulator in said carriage, a
counter, counter-control means operative to count the
cycles of operation with a sign character selectively like
or unlike with respect to said accumulator, an actuator
operative to transmit values from the keyboard into the
accumulator additively or subtractively, a single cycle
mechanism operative when set to operative condition to
limit operation of the actuator to a single cycle, keyboard
clearing means normally operated in synchronism with
said single cycle mechanism and operative to clear the key-
board toward the end of a first cycle of operation, and
means for sensing an overdraft in a preselected order of
the accumulator: the combination which comprises a
settable control mechanism operable by said sensing means
for locking the ordinal latching means against operation,
for initiating a single additive cycle of the actuator, and
for subsequently initiating a carriage shift of one order to
the left, and a manually set conditioning means operative,
when set to operative position, to set said counter-control
means for unlike counting, to set said single cycle mech-
anism to operative condition, to block operation of said
keyboard clearing means, and to condition said control
mechanism for operation by said sensing means.

10. In a calculating machine having an ordinally ar-
ranged keyboard, ordinal latching means for locking values
in the various orders of the keyboard, a shiftable carriage,
means including a left shift clutch for shifting said carriage,
an ordinally arranged accumulator in said carriage, a tens-
transfer mechanism between the respective orders of the
accumulator, a counter, counter-control means operative
to count the cycles of operation with a sign character selec-
tively like or unlike with respect to said accumulator, an
actuator, actuator driving means including a motor switch
and a clutch, registration control means positionable to
cause values to be transmitted from the keyboard into the
accumulator additively or subtractively, a single cycle
mechanism operative when set to operative condition to
limit operation of the actuator to a single cycle, and key-
board clearing means normally operated in synchronism
with said single cycle mechanism and operative to clear
the keyboard toward the end of a first cycle of operation:
the combination which comprises a control mechanism
operated by the tens-transfer mechanism in a preselected
order to lock the ordinal latching means against operation,
to close said motor switch and engage said clutch, to shift
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said registration control mechanism to a position for ad-
ditive registration, ‘to release ‘said registration control
mechanism during the first cycle operation, to engage said
left shift clutch, and finally ‘open said switch and dis-
engage said clutches during the second cycle of operation;
and a manually set conditioning means operative, when
set to operative position, to set said counter-control means
for nnlike counting, to set said single cycle mechanism to
operative condition, to block operation of said keyboard
clearing means, and to condition said control mechanism
for operation by said tens-transfer mechanism.

11. A calculating machine comprising a keyboard con-
taining a plurality of Ppositionable value selection keys, a
carriage ordinally shiftable with respect to said keyboard,
an ordinally arranged register mounted in said carriage, a
tens-transfer mechanism between the respective orders of
said register, a keyboard locking means for locking the
value selection keys against change of position, a manually
operable conditioning member, and means conditioned for
operation by said member and operated by the tens-trans-
fer mechanism in a preselected order for operating the
locking means.

12. A calculating machine comprising a keyboard, a
shiftable carriage, an ordinal register mounted in said
carriage, a tens-transfer mechanism between the respec-
tive orders of said register, a locking means for locking
values in the keyboard, a program mechanism for con-
trolling operation of the machine through a predetermined
sequence of operations, a manually operated control mem-
ber, means conditioned for operation by said control
member and operated by said tens-transfer mechanism
in a preselected order for operating the locking means
and for initiating operation of said program mechanism,
and means for holding said locking means operative
throughout operation of said program mechanism.

13. A calculating machine comprising a keyboard, an
ordinal register, a tens-transfer mechanism between the
respective orders of said register, reversible differential
actuating means operative to transmit values from said
keyboard to said register additively or subtractively, a
locking means for locking values in the keyboard, a
manually operable conditioning member, a normally in-
operative means conditioned for operation by said mem-
ber and, when so conditioned, operable by the tens-trans-
fer mechanism in a preselected order for operating the
locking means and for initiating a single reversed cycle
of said actuating means.

14. A calculating machine comprising a keyboard, an
ordinal register, means for shifting said register, an over-
draft mechanism in a predetermined order of said register,
a locking means for locking values in the keyboard, a
manually operable conditioning member, a normally in-
operative means conditioned for operation by said mem-
ber and, when so conditioned, operable by the said over-
draft mechanism for operating the locking means and for
initiating operation of said shifting means for a single
shifting movement of said register.

15. A calculating machine comprising a keyboard, an
ordinally arranged cyclically operable actuator mech-
anism, an ordinal register mechanism, one of said mech-
anisms being ordinally shiftable with respect to the other,
a shifting means for shifting the shiftable one of said
mechanisms, an overdraft sensing means operable in the
cycle in which the keyboard vajue exceeds the register
value, a locking means for locking values in the keyboard,
a manually operable conditioning member, a normaily in-
operative means conditioned for operation by said mem-
ber and, when so cenditioned, operable by the overdraft
sensing means for operating the locking means and oper-
ating said shifting means for a single shifting movement,
and means operable to release the locking means at the
completion of operation of said shifting means.

16. A calculating machine comprising a keyboard, an
ordinal register, a cyclically operable differential drive

10

15

25

30

35

40

45

50

60

70

(]

22

means ‘operative to transmit values from the keyboard- to
the register, reversible means for operating said - drive
means additively or subtractively, an overdraft sensing
means operable in the cycle in which the keyboard value
is greater than the register value, a locking means for
locking values in the keyboard, a manually operable con-
ditioning member, a normally inoperative means con-
ditioned for operation by said member and, when so con-
ditioned, operable by the overdraft sensing means for
operating the locking means, for reversing the reversible
means, and for initiating operation of the differential drive
means,

17. A calculating machine comprising a keyboard, a
locking means for locking values in the keyboard, a car-
riage, an accumulator mounted in said carriage, a tens-
transfer mechanism between the respective orders of the
accumulator, means for shifting said carriage in either
direction with respect to said keyboard, an actuator oper-
ative to transmit values from the keyboard into the ac-
cumulator additively or subtractively, a manually oper-
able conditioning member, a normally inoperative means
conditioned for operation by said member and, when so
conditioned, operable by the tens-transfer mechanism in
a selected order for operating the locking means and the
shifting means, and means operated during such shifting
operation for disabling the locking means.

18. A calculating machine comprising a keyboard, a
shiftable carriage, an ordinal register mounted in said
carriage, a reversible differential actuating means oper-
ative to transmit vahies additively or subtractively from
said keyboard into said register, a tens-transfer mech-
anism between the respective orders of said register, a
locking means for locking values in the keyboard, a man-
ually operated control member, means conditioned for
operation by said contro] member and operated by the
tens-transfer mechanism in a preselected order for oper-
ating the locking means, for initiating a single reversed
operation of said actuating means, and means operable
to release said locking means after completion of the
reversed operation of said actuating means.

19. A calculating machine comprising a keybecard, a
shiftable carriage, an ordinal register mounted in said
carriage, means for shifting said carriage, an overdraft
mechanism in a predetermined order of said register, a
locking means for locking values in said keyboard, a
manually operated contro] member, and means controlied
by said control member and operated by said overdraft
mechanism for operating the locking means, for initiat-
ing a single operation of the shifting means, and subge-
quently releasing said locking means.

20. The calculating machine comprising a keyboard
containing a plurality of valae selection keys operable to
determine values entered into the machine, an ordinally
arranged register, a tens-transfer mechanism between the
tespective orders of said register, a keyboard locking
means for locking the value selection keys against change,
a programming means for controiling a predetermined
sequence of operations, and means operated by the tens-
transfer mecharism in a preselected order of the register
for operating said locking means and said programming
means.

21. A calculating machine comprising an ordinally
arranged register, a tens-transfer mechanism between the
respective orders of said register, a keyboard containing a
plurality of value selection keys operative to control the
entry of values into the register, a division mechanism op-
erative to divide a factor set in the keyboard into a div-
idend factor registered in said register, a locking means
for locking the value selection keys against change, a
manually operated conditioning member, a control mech-
anism conditioned for operation by operation of said
conditioning member and operated by the tens-transfer
mechanism in a preselected order of the register for oper-
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