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UNITED STATES

2,190,710

PATENT OFFICE

2,190,710
CALCULATING MECHANISM
Henry Jeweit Furber, Washington, D. C.

Original application October 3, 1935, Serial No.
44,159. Divided and this application June
15, 1936, Serial No. 85,359

9 Claims.

This invention relates to -improvements in
transfer mechanism and the present appliéation
is a division of my application Serial No. 44,159
filed on October 3, 1935, which is a continuation

5 in part of application Sr. No. 723,595 filed May 2,
1934,

An object of this invention is to provide in
computing apparatus, improved transfer means
whereby tenth cyclic step carry-over shall be

0 transmitted in additive accumulation, whether
the operation be within the zone of positive
quantities, or within the zone of negative quan-
tities; and cyclic first step transfer shall be ef-
fected both when a positive quantity be sub-

15 tracted from a positive quantity, and when a
negative quantity be subtracted from a negative
quantity.

Another object of this invention is to provide

(-]

20 the computing apparatus from zero position, the

transfer mechanism shall be automaticaily con-
ditioned for cyclic tenth step transfer in additive
operations and for cyclic first step transfer in
subtractive operations, whether the operation be
within the zone of positlve or of negative quan-
tities.

Another object of this invention is to provide
improved means whereby in passing through zero
from the zone of positive into the zone of nega-

30 tive quantities; or vice versa, as for example, in
the subtraction of a larger subtrahend from a
smaller minuend, the cyclic phases of transfer
shall sutomatically be varied; so that the minu-
end having been reduced to zero by subtractive
first step transfer, the remainder of the subtra-

hend shall be accumulated by additive tenth step’

transfer.

Another object of this invention is to provide

automatic means selectively to eliminate such

40 transitional carryover as may be developed at

various orders of the computing apparatus, in op-

erations passing from the zone of positive into
the zone of negative quantities, or vice versa.

Additive accumulation by cyclice tenth step

45 transfer, is, in earlier types of calculating appa-

ratus, restricted to positive quantities; negative

" quantities being additively accumulated by cyclic

first -step transfer. This is obstructive to sub-

tractive operation on negative quantities, in

50 which, as in division or in the extraction of a

radical, the reduction of the quantity to zero or

to a negligible remainder is required. It is an

object of this invention to remove such limita-

tion, by improved means whereby, whether with-

55 in the zone of positive or of negative quantities,

improved means whereby, during the first step of -

(CL. 235—133)

identical forms of computation may be performed
in identical transfer phases.

The numbering and lettering of my copending
application No. 44,159 are preserved herein. Suf-
ficient of the mechanism therein disclosed, is re- &
produced in the present application, to illustrate

stransfer in addition and subtraction, although

not restricted to these operations.

With the foregoing and other objects in view,
as will appear, I now describe my invention in 10
connection with the accompanying drawings, In
which:

Figure 1 is a diagrammatic view of calculating
apparatus embodying this invention, adapted to
addition and subtraction. 18

Pigure 2 is a diagrammatic plan vievg showing
the transfer mechanism with electrical connec-
tions.

Pigure 3 is a view from the left of a disk 83a’
with electrical connections, which selectively 20
condition the phases of the transfer mechanism.

Figure 4 is a view from the right of a timing

.arm 18, and electrical connections, which arrest

operation of accumulator arms 61’, €1’’, 61’",
shown in Figure 1 at predetermined stages. 25

PFigure 5 is a view from the right of transmis-
sion from shaft 53 to shafts 58, 68a, shown In
Figure-2.

Figure 6 is a view from the left of a typica.l
disk 62’’* with electrical connections operative in 30
restoring to zero position the members of a de-
nominational order.

Figure 7 is a view from the left of a disk 68,
which controls circuits to the clutch C6 shown
in Figures 1 and 2, when clearing apparatus. 3B

_Figure 8 is a diagrammatic view partly in sec-
tion, of selective = compensating mechanism,
which modifies .ransfer in transitional opera-
tions. ’

Pigure 9 is a view from the right of a timing 40
wheel T6, which closes at predetermined phases
circuits to the compensating mechanism.

PFigure 10 is a side view from the right of a
typical accumulator arm 61’, shown in Figure 1,
with electrical connections. 45

Figure 11 is a view of mechanism employed in
recording resultants and the quality thereof.

Pigure 12 is a perspective view from the right
illustrating the pathway of the timing arm 18,

“shown in Figures 1 and 4, when closing circuits 50

to terminals of wires
bench 80’.

Pigure 13 is a detall perspective view from
upper right of a typical transfer clutch C.8’ with
positioning pin and electrical connections. =

b'—b® fixed to the
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- throughout.

 Cables carrying a plurality of wires are identified
Arrows indicate direction. Di--

°

All' wheels disclosed in figures are toothed
There are no mutilated gearings.

by heavy lines. 2
rectional movement to the right as in Figures 5,
10 and 13, which are viewed from the right, is
termed clockwise, or as positive; and movement
to the left is termed contra-clockwise, or as neg-
ative. :

The term “accumulator” is employed to desig-
nate collectively the members 61, 6i’’, 61’’’
(Figures 1 and 2), the members 61’, 61°’, 61’"
being individually termed “accumulator arms.”

GENERAL DESCRIPTION

The quantities subject to operation may be
transmitted to the calculating unit (Figure 1),
by means of electric circuits controlled by the
manual levers t’, {"’, I’**, or by equivalent de-
vices. A master switch T which selectively closes
circuits presently described is placed at +, to
cause the accumulator arms to operate in posi-
tive direction; and at —, to cause the accumula-
tor arms to operate in negative direction the
nature of the operation which shall be performed.
The depression.of the push button P.I, initiates
transmission of motion from an electric motor M,
preferably in constant operation and revolving
always in the same direction, to the accumulator
arms 61°, 617, 6§’’’ (Figures 1, 10, and 11), which
are elements respectively, in denominational or-
ders of the apparatus and correspond to hun-
dreds, tens and units. Motion.is further com-
municated by the motor M fo a progressively

movable switch or timing arm 18 (Figures 1, 4,)

which measures the movement of the accumula-
tor arms 64’, 61°’, 61°”’, and arrests them at an-
gles of displacement corresponding to quantities
selected at the manual control levers 1°, 177, 17’7,

The relays C.t4 C.02 (Figure 1) control the di-
rection of motion transmitted o the accumula-
tor arms 64’, §i’’, 64’*’, from the motor M, con-
sistently with the nature of the mathematical
operation, and the pesitive or negative qualities
of the quantities involved.

The timing wheel 76 (Figures 1, 9) closes and
bréaks circuits through conductors which it car-
ries, in such selective order, as to bring the
members thereby affected into operation in their
proper turn. )

The items or the resultants latent in the ac-
cumulator and reflected at the arms §1’, 6",
Gi’’’ are indicated at recording mechanism
shown in Figures 10 and 11, and presently de-
sceribed, the accumulator arms each closing step
by step in its angular displacement, circuits pro-
gressively corresponding to the numerals 0-9
(Figure 10). .

The motor M connected through wires s+, s—
with the source ZZ (Figure 1), imparts motion
through the shaft 50, wheels 51, 52, shaft 53
(Figures 1, 5), wheels 54, §5, 56, and, in addition
of positive quantities, through the gear 57 and
clutch C.5, to the shaft 58, on which are loosely
mounted the sleeves 60’, 60’’, 60’’’, carrying re-
spectively, the accumulator arms 6i’, 61’*, 61’"",
which collectively, together with transfer mecha-~
nism, are termed the accumulator. In subtrac-
tion of positive quantities, motion is transmitted
from the wheel gear 56, geared armature
57a and ‘clutch C.5a to the shaft 58a, and
thence through the wheels 59a, 59, to the shaft 58
(Figures 1, 2, 3). The wheels 592, 59 are fixed
respectively upon the shafts 68a, 58, and are con-
tinually in mesh.

2,190,710

Motlon is selectively transmitted to thé sleeves
60’,60’’, 60’’", by the electric clutches C.1°, C.1",
C.1’”’, which are fixed to the shaft §8. The
sleeves- 80°, 60°’, 60’’’, are loosely mounted on
the shaft §8. The armature 62’’’ is integral with &
the sleeve 60°”’, The armature 62°’ floating on
shaft 58, transmits motion to the sleeve 80’’
through the composite idler 61’’ floating on the
pivot 68’’, and through the differential gearing
Dyf'’, the middle member of which is integral with
the sleeve 60’’. The armature 62’ floating on
the shaft 58, imparts motion to the sleeve 60’,

—

0

" in similar manner, through the composite idler

61’ and the differential gearing Df’. The differ-
entials Df’, Df’* are introduced, in order that
the acecumulator arms 61’, 61’’, may be respon-
sive, each to quantities originating in its own
denominational order while simultaneously ab-
sorbing carry over from orders therebelow.

The manual controls comprise the levers {’,
A, 177, (Figure 1) corresponding respectively to
the denominational orders, hundreds, tens and
units. .

The master switch 1, pivoted at 7', is provided
with conductors 9, 12, which, according to the
position +, —, in which the master switch be
manually placed, close circuits that condition the
apparatus selectively for the operation which is
to be performed. So closed, in addition of a posi-
tive quantity, is circuit of the wire ¢ (Figure 1)
to the timing arm 78, as follows: ZZ, s, 12, q,
terminal 79 progressively closed, as presently de-
scribed, to the numeral wires b’—b®, for exam-
ple to B3, selectively closed by lever {’ to ¢’, C¥’,
$—, ZZ. -Circuits of said wires b’'—b® may be
selectively and simultaneously closed by any one
or more of said levers {’, 1°*, {’’’, the lever 1’’,
closing circuit from said wire b3, for example, to

25

30

35

"wire ¢’’ to C4’’, s—, ZZ; and the lever i’’’ clos-

ing circuit, for example, of said wire b3, to ¢’”’
to CA4’"’, s—, ZZ. Closed likewise by master
switch T (Figure 1) when in positive position, is
circuit of the wire dr to the clutch C.B, as fol-
lows: ZZ, s—, 9, dr, bridged at 98 to CB5, h
bridged at 167 (Figure 1) and one or more
bridges 12’, 712’’, 12’’’ to s+, Z%. The clutch C.5
revolves the accumulator shaft §8 (Figures 1, 2,
and 5) and arms 6!’, 61”’, 61’’’ clockwise, see
arrow (Figure 5). The master switch 7, when
placed in negative position closes the circult of
the wire a above described; and closes further
to the relay C.{12, circuit of the wire dr as fol-
lows: ZZ, s—, 9 dr to C.i2, s}, ZZ, Master
switch 7 in negative position also closes circuit
of the wire i, to the relay C.i{ as follows: ZZ,
s+, 12, i bridged at 10f to C.ii, s—, ZZ. So en-
ergized the relay C.1I closes at bridge 99 circuit
of dr to the clutch C.5a, which said circuit is
ZZ, s—, 9, dr bridged at 99 to C.5a, 7 bridged at
167 (Figures 1 and 2), and at one or more bridges
127, 127, 12'"" to s+, ZZ. If the levers |,
1’’’ be active, the said circuit of wires dr and of
h is closed at the respective bridges 712’’, 12°'’’,
in Iike manner to s+, ZZ. The clutch C.5a, en-
ergized thereby, transmits motion in contra-
clockwise direction, through 58a, 584, 59, to the

40

45

66

60

85

- accumulator shaft 58 and arms 61’, 61’’, 61’’’

In the addition of a negative quantity to a nega-
tive quantity the master switch 7 is placed at —
to operate the accumulator in negative direction;
and in the subtraction of a négative quantity
from a negative quantity, the master switch T
is placed at 4, to operate the accumulator in
positivé“direction. In the addition of a positive

70

-quantity to a negative quantity, the master 18
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switch 7 is placed at 4. In the addition of a
negative quantity to a positive quantity the mas-
ter switch T is placed at —. In the subtraction
of a negative quantity from a positive quantity
the master switch 1.is placed at 4. In the sub-
traction of a positive quantity from a negative
quantity the master switch 1 is placed at —, the
signs 4+ and — at the member 71, signifying posi-
tive and negative direction.

Fixed together with the levers {1, 1/, 1’”’, on

the shafts 3’, 3'’, 3’"’, are the cams &', &'’, 8",
which, in normal position support the bridges §’,
5’’, 5’’’. Deflection of the levers I’, I’’, {"’’, re-
leases their corresponding bridges, which falling,
close circuits respectively, over the wires e’, e’’,
e’’’, to the relays C.2’, C.2”’, C.2’’’. These re-
lays, so energized close at bridges 13°, 18’7, 13’’’
circuit to the clutches C.1’, C.T’’, C.1’”’, which
transmit motion, respectively to the accumulator
arms 61’, 61’’, 81’’’.

PFixed on the motor shaft §8, is the clutch C.21,
which, when energized, transmits motion through
°the armature 14, pivoted in solidarity with the
pinion 15 on shaft 50, to the timing wheel 76
fixed to the shaft 11, together with the timing
arm 18 (Figures 1, 4).

The timing arm 18 synchronizes in mevement
with the accumulator arms 61’, 61’’, 61'’*, mov-
ing, for example, through an arc of 3.6°, while
an accumulator arm moves a unitary step of 36°.

The . accumulator arms 6f’, 61’’, 61’’’, when
set in motion, are respectively, arrested at angles
of displacement determined by the manual levers
i’, 1”’, i”’*. Leading from terminals at the
bench 80’ (Figure 1) on which wire a may be
closed by the timing arm 78, are the wires
b1l—b9, corresponding to the numerals 1 to 9.
These wires are shown as carried in the cable bb,
and as severally extended past all the levers I’,
"v’ l'??. )

According to the angles at which such levers
be deflected, selected b circuits are closed on the
wires ¢’, ¢’’, ¢’’’, to the relays C.4’, C.4”’,C4""".
Let lever §’’’, wire ¢’’’ and the relay C.4’"’, serve
as an example. If the quantity involved in an
operation be 3; the lever (’’’, corresponding to
the units order, is manually deflected so that the
wire b3 is closed on the wire ¢’’’ to-the relay
C.4”’’. It is the function of the relay C.4°"’,
when circuit be completed at the revolving tim-
ing arm 18 (Figures 1, 4), through the wires
a, B3, ¢’”’, to retract its plunger and break at
bridge 10’’* circuit to the relay C.2°’’, causing
this latter relay to release its plunger and break
circuit to the clutch C.1’’’. Motion of the sleeve
60’’’ and of the accumulator arm 61’"*, is thereby
arrested, at an angular displacement correspond-
ing to three units, and closes circuit to recording
mechanism presently described (Figures 10 and
11).
erated, are similarly arrested through action of
the relays €.4°, .87, which break circuit respec-
tively, at bridges 78°, 78’’, to the relays C.2',
.2,

The timing arm 18 (Figures 1, 4) carries a con-
ductor 79, which, in ifs orbii, may close circuit
of the wire & progressively o the wires b?, d°
(Figures 1, ¢) the terminals of the b wires be-
ing so spaced, that movement of the timing arm
18 to one an’ then another of the ferminals of
the b wirss, corresponds to a unitary step dis-
placement of an accumulator arm 8¢, 8077, §{""".
The pathway of the timing arm T8 in so clos-
ing circuit to the terminals of wires »—D8, is
shown in Figure 14

The accumulator arms 61°, 6{’’, when op- -

Tz terminals of the wires

b9, as shown in Pigure 4, are recurrent in
successive groups; in order to obviate the neces-
sity of restoring the timing arm 18, at the be-
ginning of each new operation, to the perpen-
dicular position shown as normal in Figures 1, 4,
and 12, Between each two sald successive groups
of bl—b? terminals, is a vacant space correspond-
ing to zero, from any one of which the timing
arm 718 may enter a new operation of addition
or subtraction, the single typical group of bl—b?
terminals shown in Figure 1, being otherwise suf-
ficient, completely to illustrate the operation of
the timing arm 78 and contact 78. The step
displacement of the accumulator arms, coincide
accordingly, with the serial number of the b wire
or wires closed at the levers 1’, I’’, 1”’’. It thus
appears that the movement of the accumulator
arms 61’, 61’7, 61’’’ respectively, is provoked by
circuits through the wires ¢’, e’’, e’’’, to the re-
lays C.2’, C.2"’, C.2"’’; and is arrested by circuits
closed through the wires ¢’, ¢’’, ¢’’’, to the relays
c4',Cc4’,cA’, when the timing arm 78 reaches
the terminals of the b wire or wires closed at the
levers {’, 1”7, 1’7,

In order that it be not necessary to restore
the timing arm 78 to normal perpendicular posi-
tion, as shown in Figure 4, at. the conclusion of
each operation, terminals of the b wires are re-
current throughout the orbit of the conductor
19, a zero space separating each series, at any
of which an operation may begin.

Addition

Assume, as an example, that the quantity 232
be transmitted to the accumulator arms 61°, 61/,
61’’’ (Figure 1) by an operation of addition.
The levers {’, 1’’, 1’’’ are closed respectively on
the wires b2, b3, b2. Deflection of the levers
closes at bridges §’, 5’’, §’’’, circuit to the re-
lays C.2°, C.2’’, C.2’’’. The master switch T is
placed in position 4, closing the positive wire a
to the timing arm 718 and the negative wire dr
over bridge 98 at the relay C.ii1 to the clutch
C.5. The relay C.i1 remains deenergized in the
addition of positive quantities. ILevers and mas-~
ter switch having been adjusted, the push but-
tom P.l is momentarily depressed, imparting
through the wire g an initial impulse to the

clutch C.21, and over the bridges 49°, 49", 49""',,

to the relays C.2’, C.2'’, C.2’"’, which are then
held in stick by circuit s4-, closed over the
bridges 117, 12°, at relay C.2’ and corresponding
bridges at relays C.2°°, C.2*". The circuits so
closed originate at the source ZZ and extend
through the wire s—, bridges 5’, 5’’, §"’’, wires
e’, e’’, e’’, to the negative poles of the relays
c.2’, .2/, C.2’"’, and from their positive poles,
through the wire s+, back to the source ZZ.
The relays C.2’°, C.2%, C.2°”’, when severally so
energized, close at; the respective bridges 737, 137/,
13’7, circuits to the clutches C.7°, C.7"", C.T"",
respectively and serially as follows: (1) Source
77, s1%, §', C.V, s—, ZZ; (2) Source ZZ, s+,
1%, 47, .17, 5—, source ZZ; and (3) Source ZZ,
s+, 18777, 47", C.1'"*, s—, source ZZ. Closed like-
wise by the relays C.2°, C.2"’, C.2*"’ ai the bridges
72’, 12’7, 12’’’ are circuits to the cluich C.6 re-
spectively and serially as follows: (1) 2%, s+, 12,
7o bridged at 187 to C.5, dr bridged at 98, ic 8,
s—, Z7; (2) 2%, s+, 12", h bridged at 167 to C.5,
dr bridged at 58 to 9, s—, Z%; and (3) ZZ, s+,
727t 1 bridged at 167 to C.5, dr bridged at 83 to
8, s—, Z%. So energized the clutch C.b imparts
mevement in clockwise direction t¢ the shaft 58
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over, the sum being 621.

4

and through clutches C.T’, C.1”", C.T"’”", to the
accumulator arms 61, 61’’, 61°"’,

Dzpression of the push button P.I, transmits
momentary impulse to the relay C.23 and the
clutech C.21. 'The circuit so closed at P.i is as
follows: ZZ, s+ bridged at P.l to wire ¢, C.28,
§—, ZZ. 'The relay C.23 so energized as P.f is
depressed, bridges to the clutch C.21, circuit of
the wire ¢g as follows: ZZ, s4 Lcidged at P.1 to
wire g, bridged at C.23 to C.2J, s—, ZZ. This im-
pulse brings into operation the cluteh C.2{ which
rotates the timing wheel 76 sufficiently to close
through a conductor 81 (Figure 9) carried by the
timing wheel 16, circuit of the wire ¢ to the re-
lay C.23, which is thereby held in stick, and
closes over its lower bridge circuit of wire a to
the clutch C.2t1. The circuit so closed to C.22
through wire a originates at source ZZ (Figure
1) and extends through s+, 12, @, closed at 8!
(Figures 1 and 9), and upper bridge at C.23 to
said C.23, s—, to ZZ. The circuit of wire ¢ to
C.2{, is as follows: ZZ, s+, 12, closed at 81 and
lower bridge at C.283, to C.21, s— to ZZ. The con-
ductor 8f is of such amplitude that circuit to
the clutch C.2i is thereby sustained, until the
termination of the operation, and the timing arm
(Figure 4) reaches a neutral position between
two series of b terminals.

Rotation of the accumulator arms continues,
until the timing arm 78, moving from a neutral
position and carrying the conductor 79 (Figure
4) closes the wire a on a terminal of the wire b2
closed through the levers {’, 1’’’ on the wires ¢’,
c¢'’’, (Figure 1) respectively to the relays C.4’,
C.4’"’, the negative poles of which are connected
through the wire s— back to the source ZZ. The
relays C.4', C.&"’", so energized break at bridges
10’, 10’"’, respectively, circuits e’, e’’’, to the re-
lays C.2’, C.2’’’, which break circuit to the
clutches C.7’, C.1”’’, and arrest the accumulator

~arms 61, 61’"’, at a displacement of two steps,

corresponding to the wire b2 and the first and
last digits of the quantity 232, Circuits still be-
ing closed at the relay C.2’’, to the clufches C.5,
C.1’’, the accumulator arm 61’’ continues to ro-
tate until the timing arm 78 carries the conduc-

-tor 19 to the terminal of the wire b3, where cir-

cuit is closed from the wire a through the wire
b3 closed by the lever 1’’ to the relay C.4’’, which
in turn breaks circuit e’’, to relay C.2’’. Circuit
is thereby broken to the clutches C.17’’, C.5, the
accumulator arm 61’’, being arrested at a three
step displacement, corresponding to the second
digit of the quantity 232. The circuit of the wire
h now being open, clutch C.5 ceases to rotate the
shaft 58. ‘

Assume that to the quantity 232 entered at the
accumulator, 389 were added in manner above
described, levers §’, 1’, I’’’, closing respectively

on the wires b3, b8, b, and the push button P.I,

being again depressed. This would involve carry
Under condifions as-
sumed, as later will be more fully described, cir-
cuit is closed at the relay C.25 (Figures 2, 3) on
the wire d which leads to the clutches C.B”’,

C.8'’" integral respectively with the sleeves 60°', -
which carry the accumulator arms 61’’,

60”!,
61’’’. The circuit closed to the relay C.25 (Fig-
ures 1, 2, and 3) is ZZ, s+, 90 closed on wire d
to C.25, s—, ZZ, s+ being constantly closed to

90 which is‘rotated to close at its respective ex- .

tremities circuit of s+ to wire d or d’. Carried
by the clutches C.8’’, C.8’’’ are contact hands
36’’, 36’"" so placed relatively to the terminals

of the wire d, that the clutches, C.8’’, C.8'", re-

2,190,710

volved clockwise by shaft 68 in the addition of
positive quantities (see arrow on member 57,
Figure 5) are energized at each tenth cyclic step;
and clutching their respective armatures 63",
63’’’ (Figures 1 and 2) floating on shaft 98,
transfer, during each such tenth step, additive
carry over to next higher denominational orders.
The armatures 63’’, 63’’’ are provided at their
peripheries with spur gears, to operate trans-
mission presently described. The circuit closed
at said contact band 36’ to C.8”’ (Figure 2) is
as follows: ZZ, s-}-, 90 closed on wire d (Figure 3)
bridged at 922 to 36’’, C.8’’, ds—, lower bridge at
C.{9, s—, ZZ. The circuit closed at said contact
band 36’’’ to C.8’'" is ZZ, s+, 96 closed on wire
d (Figure 3) bridged at 922 to 36’ (Figure 2),
C.8’’", ds--, lower bridge at C.19, s—, to ZZ. The
clutch C.8’' of the tens order transmifs carry
over (Figure 1) to the hundreds order for exam-
ple, through 63'’, 64’, 65', 86’ to Dy’, the left hand
member whereof floats on, and the middle mem-

_ ber is infegral with the sleeve 68’ which carries

the accumulator arm, 6{’ of the hundreds order.
Transmission from the units order to the tens, is

similarly effected through {ransmission 863’’’ :

64’’, 65’’, 66’’, Df’’ and sleeve 60’’. In present
example, 232.-389=621, the accumulator arm
61’’’ performs a complete revolution, transmit-
ting carry over to the tens order; and is arrested

at a net displacement of one step. The accumu- :

lator arm 61’ advanced eight steps, plus a carry
over, transmits a carry over to the hundreds or-
der; and is arrested at a net displacement of two
steps. The accumulator arm 61, is advanced

three steps plus carry over; and is arrested at a-

net displacement of six steps. ' The resultant en-
tered at the accumulator is thus 621.

The wire d leading to the contact bands 36",
36’"’, remains active, as presently explained, so
long as operations remain within the zone of pos-
itive quantities. When within the zone of nega-
tive quantities, the wire d’ is active. When the
accumulator be at zero circuits of both wires d
and d’ are open.

Subtraction

In subtraction in positive quantities the same
circuits are closed by the master switch 1, as in
addition, and further, at the conductor (2, the
circuit of the wire ¢ which leads over the bridge
101 closed by the relay C.12 to the positive pole
of the relay C.1i, whose negative pole is con-
nected through wire s— back to the source ZZ.
The circuit closed to relay C.il is ZZ, s, 12, i
bridged at {81 to C.il, s—, ZZ. The relay C.i!
so energized switches at bridge 99, the circuit dr
to the clutch C.5a. The circuit to the clutch C.5a,
is Zz, s—, 8, dr bridged at 99 to C.5a, k bridged
at 187 and a bridege T12°, 12’’, 12'*’ to s+, ZZ.
Motion is transmitted through shaft 58z and
wheels 59a, 59 (Figures 2, 5) in contra-clockwise
direction to tre shaft 58 and thereby to the ac-
cumulator arms 61‘, 61’’, 61’’’. 'The operation
of levers 1’, 1’7, 1”’’, of the push button P.1, and
of the timing arm T8 moving in unchanged direc-
tion, remains as in addition.

Were the minuend 574, for example, set up at
the accumulator 61’, 61’/,61'’" (Figure 1), and the
quantity 232 again set up, as hereinbefore de-

- scribed, at the levers {1/, 1’7, I’’’, to serve now

as a subtrahend; the accumulator arm 61’ would
be reversed two steps by motion transmitted from
the motor M through the coils C.5a, C.1’; and be
arrested at a net displacement of three steps,
when the timing arm 18 (Figures 1, 4) reaches,
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and closes circuit at a terminal of the wire b2
The accumulator arm 61’ would be reversed
three steps and be arrested at a net displacement
of four steps, when the timing arm 18 reaches
the terminal of the wire b%; and the accumula-
tor arm 8¢’’’ already arrested as the timing arm

18 closes on the terminal of the wire b2, is re-

versed two steps and rests at a net displacement
of two steps. The remainder at the accumula-
tor 647, 617, 587"’ would accordingly he 342.

ZMovement of the timing arm 78 is maintained,
as in addition, until it reaches & neutral position
between two serizss of & terrainals.

Transjer mechonism

The shafis 58, §3a (Figures 1, 2) are rotabed
simuiianeously &8 hereinbefors described. The
shaft 68 carries the accumilator arms 617, 60",
&477; together with the clutches €87, C.6'7,
which trensier corrv-over. The mechanism car-
»ied by skafs 58¢ is a circull controuer; and will
we designated by this term, in following pages,
clearly to distinguish it from the accumulsior
sarrizd by shaft 53. The said circuit controller
is provided with transfer mechanism; apg iis
purpose is, as presently descriped, solely to cohn-
dition ths transisr phases of the aceumulator, g0
that the clutches .87, C.87'’, which transfer ad-
ditively o carry over of positive quaudiy during
eack cyclic tenth siep and transfer subiractively
o denominationsgl unit of positive quadlty during
each cyclic first step, when operating within the
zone of nositive guaunbities, shall, to sumilar effect,

ransier sdditively a carry over of negative qual-
ity during sach cyclc tenth step and shall frans-
fer subtractively a denominationa!l unit of nega-
tive quality during each cyeclic first step, when
operating within the zone of negative guantities.
- In Figure 2, the shaits 58, 8¢ are shown inplan
view. In Figure 1, they are shown with the shatt
58c largely obscured. In Figure 1, the cluich
C.8¢’ and armature 3¢’ ab the extremity of the
shaft 58a, appear with the shait §8c broken, to
distinguish snafi 88¢ from the shaift 68,

The shaft 58a (Figure 2) carries the slesve
§0g,’, 504’’, §8a’’’ of the circuit controller which
are rotated respectively by the clutches C.ia’,
Caa’, Gia’’’ as the slesves 667, 60’7, §0'’ of the
accumwlator, carried by the shait 58 are rotated
by the motor M through the clutches C.17, C.1°7,

C.3’’, Cireuit is closed simultaneously at the
bridges 18’, 73a’, respectively (Figures 1. 2)

through the wires 7', je’, to the cluiches C.7’,
C.l¢’, Circuit is closed simultaneously at the
bridges 18’7, 13a’’, through the wires §/, ja’’ to
the clutches C.7’, C.1¢”’, and circuit is closed
simultaneously, at the bridges 73"'', 12a'"’,
through the wires 5°*7, j&’”’, toc the clutches C.1""/,
C.Ig’”’. .The circuits so closed to .1, C.17,
0.3 of the accumulator, have been already
traced. The circuits to the clutches C.Ta’, C.72"’,
C.1a’"’ of the circuit controller are as follows:
Circuit to C.i¢’ is ZZ, s-4- bridged at 13a¢’ (Fig~-
ure 2) to j&’, C.7¢’, s—, to ZZ. Circuit to C.Ta”’
is ZZ, s+ bridged at 13e¢’’ to ja’’, C.la"’, s—
to ZZ. Circuit to C.1¢’’’ is ZZ, s+ bridged at
13a’’’ to jo’’’,C.1a’"’, s—, 10 ZZ.

The armature of the clutch C.1a’ is the wheel
62a’ which fioats on‘s(haft 58ac and transmits mo-
tion to the sleeve 60a’, through a composite idler
not shown but similar to the idler 67’ (Figure 1),
and the differential Dfa’ (Figure 2) the middle
member of which is fixed to the sleeve §0a’. The
armature of the clutch C.Ta’’ is the wheel 52a’’,

5

which floats on the shaft §8a and transmits mo-
tion to the sleeve 60a’’ through a composite idler
similar to idler §7’’ (Figure 1), and the differ-
ential Dfa’’ (Figure 2), the middle member of
which is fixed to the sleeve 60a’’. 'The armature
of the clutch C.1a’’’ is the disk 62a’'’ fixed to
the sleeve 88a’’’,

The carry-over, ai the circuit controller on
shaft 88a, is transmitted from the sleeve 68a’”’
to the sleeve €8a’’, by the clutch C.8a¢’"’ integral
with the sleeve 68a’’’, the geared armature §3a%7
floating on shaft 58a and transmission similar o
the pinion 64’/ (Figure 1) pivob §8’/, and the pin-
ion €6’ to the left laveral member of the dif-
ferential Dfe”’ (Figure 2) which doats on the
slesve §0a”’. The carry-cver is in like manner
transmitted from the sleeve 604"’ to the sleeve
g0a’, by the clutch C.8¢’’ fixed to the sleeve §8'7,
and transmission similsy to the trausmission 647,
88, 6%, (Figure 1), and the differential Dje’
(Figure 2), the lefi lateral member of which
floats on the sleeve 80g’.

Integral with the sleeve 86¢’ of the circuit con-
troller is a clutch C.8e’ (Figures 1, 2) similar o
the clutches C.8a’’, C.8a’’’, which
carry-over o an order consisting of a single mem.-
ber, the armsature 63¢’. This order is higher
than the highest order or the accumulsior and
corresponds o thousands, in the present draw-
ings.
(Figures 2, 3) which controls duplicate cireuits
to the clutches C.8¢’, C.8a"’, C.8e’’’ of the circuit
controller and, C.8"7, C.8" of the accumulator.
When circuit of the wire d is clesed by the con-
ductor 80; the relay C.25 is energized by ihe cir-
cuit 2%, s4-, 98, € to C.25, s—, Z%; and 4 is
bridged at 92’ to da. When 4’ is closed by the
conducior 8¢; the relay C.25° is energized by
the circuif 22, 8-, 4 to C.28°, 8—, ZZ; and d’
is bridged at 923 §o da’. Said circuits (Figures
2 and 3) to the clutch C.8a’, ere 2%, s--, 96, 4,
82’, da, 36c’, C.8a’, s—, ZZ; and secondly, ZZ,
s, 96, 47, 823, da’, 38a’, C.8a’, s~, BZ, Said
circuits to clutch C.8e’’ are ZZ, s+, 86, d, 92’, da,
3bae’’, C.8a”’, ds—, lower bridge at C.18, s—, ZZ;
and secondly, ZZ, s4-, 90, d’, 923, da’, 38a’’, C.0a’?,
ds—, lower bridge ai C.19, s—, Z2Z. Said cir-
cuits to clutch C.8a’’’ are Z&, s+, 99, d, 82’, da,
36a’’’, C.8a’"’, ds—, lower bridge at C.18, s—, ZZ;
and secondly, ZZ,. s--, 8¢, d’, 923, da’, 38a’’’,
C.8a’’’, ds—, lower bridge at C.i8, s—, ZZ. Said
circuits to the accumulator cluich C.5’’ (Figures
1 and 2) are ZZ, s, 88, d bridged at 922 to 36",
C.8"’, ds—, lower bridge at C.{9, s—, ZZ; and
seécondly, ZZ, s+, d’, bridged at 92¢ to 38'’, C.8"’,
ds—, lower bridge at C.19, s—, ZZ. Circuits to ac-
cumulator clutech C.8'’', are 2z, s+, 90, 4
bridged at 922 to 36’"’, C. 8’’/, ds—, lower bridge
at C.19, s—, ZZ; and secondly, 2z, s, 96, &’
bridged at 92¢ to:38''’, C.8"'‘, ds—, lower bridge
at C.19, s—, ZZ.

Only after an initial step displacement be
completed in some order of the circuit controller
at shaft 884, is circuit of the wire d or d’ closed
by the conductor 90 (Figure 3) to the accumula-~
tor clutches C.8"", C.8’"’ (Figure 2), and these
said clutches may accordingly be displaced in
either direction during said initial step at the
circuit "controller, without subtractive transfer
from accumulator orders thereabove. The con-
tact bands 36’°, 36’’’, 38’’, 38’’", extend each
through 36° of arc less escapement at the ter-
minals of wires d, d’.

- In Figure 13 is shown the clutch C.8’’’ which
is typical of all the transfer clutches. Ifs arma-

transmits ¢
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ture 63’ is provided with -two rims, one being
8 spur-gear which meshes with 64’ (Figure 1);
the other carrying ten notches into one of which,
at each successive step of its displacement, the
angular extremity of an electric positioning pin
C.9’"’ enters, to correct overdraught; block one
lateral member of the differential Df’, when the
other lateral member is alone in operation; and
to insure precision in the transfer. C.8’’’ is en-
ergized during transfer by circuit of the wire d
or of the wire d’. Circuit of the wire d, is ZZ,
s+, 90 bridged at 92’’ (Figures 1 and 13) and by
the contact band 38’’’ to C.9°"’, s—, ZZ. Circuit
of the wire @’, is 2Z, s}, 90 bridged at 92¢ and
by the contact band 38'"’ to C.8’*’, s—, ZZ.

The terminals of the wires d, @’ are so placed
relatively to the respective contact bands 3§'’7,
38’’’ that when the clutch C.8’’’ is energized by
circuit of the wire either 4 or d’, .9’ with-
draws against a spring, its plunger from the
above said notches. Similsr, or other types of
positioning pins well known to the art, may be
employed at other rotery members where .re-
guired.

When the circuit contreoller at shaft 8¢ s in
zero position, and the circuit of wire nelther d
nor @’ is active; circuit iIs closed from the wire
s+~ directly to the wire da and iis termingls at
the transfer clutches C.8a’, C.8c¢’’, C.8a’"’ (Fig-
ure 2). These terminals are so positioned, rela-
tively to the contact bands 80a’, 86a’’, 36a’"
fixed to said respective clutches snd exiending
through 36° of arc less escapement from the
terminals of wire de, that at the initisl step of
a said clutch C.8a’, C.8a"’, C.8¢’’’, contra-clock-
wise, (as in the addition at the accumulator of
a positive quantity to zero) the said transfer
clutch C.8a’, C.8a’’, or C.8a’"’, initially displaced,
is energized by the circuit de and transfers sub-
tractive carry over, which causes all said trans-
fer clutches of higher order at the circuit con-
troller to transfer subtractive carry over, dis-
placing thereby the armature 63a’ to the posi-
tion at which circuit of the wire € is closed
through the conductor 90 (Figure 3) fixed to the
periphery of said 63a’. Said circuit of da to
the clutch C.8a’ (Figure 2) originastes at the
source ZZ and extends through wire s, bridged
at 92’ depressed fo da, 36a’, C.8a’, s— to source
ZZ. 'The corresponding circuit to clutch C.8a’’
originates at source ZZ and extends through s}
bridged at 92’ depressed to da, 86a’’, ds—, lower
bridge at C.19, s—, to ZZ. The corresponding
circuit to clutch C.8a’’’ originates at source ZZ
and extends through s bridged at 82’ depressed
to da, 36a’’, C.8a’’, ds—, lower bridge at C.19, s—,
to ZZ. , )

Likewise, when the circuit controller is in zero
position, circuit of the wire da’, above traced,
is closed to terminals cooperative with said
clutches C.8a’, C.8a’’, C.8a’’’ (Figure 2). These
last said terminals are so positioned relatively
to the contact bands 38a’, 38a’’, 38a’’, fixed to
said respective clutches and extending through
36° of arc less escapement from the terminals of
wire da’, that at the initial step of a said trans-
fer clutch C.8a’, C.B8a’’, C.8a’’’, clockwise (as
when at the accumulator a negative quantity be
added to zero), the sald transfer clutch C.8a’,
C.8a’’ or C.8a’’’, initially displaced, is energized
by the circuit of da’, and transfers subtractive
carry over, which causes each said clutch of
higher order at the circuit controller, to transfer
subtractive carry over and displace the armature

63a’ to fthe position.at which the conductor 90 .
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closes circuit of the wire d’. The said circuit of

da’ to the clutch C.Ba’ originates at the source |
27 and extends through s+, bridged at 923, de-
pressed to da’, 38a’, C.8a’, s—, to ZZ, Corre-

sponding circuit to clutch C.8a’’ originates af
source ZZ-and extends through s, bridged at 923
depressed to da’, 38a’’, C.8a’’, ds—, lower bridge
at C.19, s—, to ZZ. Corresponding circuit of
clutch C.8a’’’ originates at source ZZ and ex-
tends through sJ- bridged at 923, depressed to:
da’, 38a’"’, C.8a’’’, ds—, lower bridege at C.i9,
s— to ZZ.

When the wire d is closed by the conductor 80,
circuit Zz, s+, 90, d, C.28, s—, ZZ is completed
to the relay C.25. The relay C.25 so energized:
displaces the members 84, which likewise may be
displaced by the relay C.25’ when energized and
closes at the bridge %22, circuit through an ex-
tension of the wire d to the clutches C.8*, C.8""’,
the contact bands 2&’’, 36’ at which are so’
placed relatively to the terminals of the wire d,
that the clutches C.8’’, C.8'’’ are energized dur-
ing each tenth step displacement clockwise in
every revolution, and during such tenth step dis-
placement transfer addifively a positive, carry-
over. At each first-step displacement in oppo-
site direction within the zone of positive guanti-
ties the clutches C.8”’, C.8’”’, borrow. Sc long
as the operation be within the range of positive
quantities, the wire d is active. ‘

When the wire d’ is closed by the conductor
80, circuit Z2z, s+, 98, 4’, C.2%’, s—, ZZ is com~
pleted to the relay C.25’. The relay C.25° so

a—t

s

am

- energized, closes at the bridge 92¢ circuit through

an extension of the wire d’ to the clutches C.8"’,
C.8’'’, the contact bands 38’’, 38’*’ at which, are
s0 placed relatively to the terminals of the wire
d’, that the clutches C.8’’, C.8’’’ are energized
during every tenth step displacement in every
revolution opposite to clockwise, and at such
tenth step displacenient transfer additively a
negative carry-over. At each cyclic first step
displacement clockwise, within the range of neg-
ative quantities, the clutches C.8°", C.8’"’, bor-
row. So long as the operation be within the
zone of negative quantities, the wire d’ is active.

Where the wire d is active, circuit is broken at
the bridge 923 from the wire s+ to the wire da’,
which remains open, and is closed at the bridge
92’ from the wire d through the wire da to the
clutches C.8a’.

When -the wire d’ is active, circuit is broken
at the bridge 92’ from the wire s+ to the wire
da, which remains open, and is closed at the
bridge 923, from the wire d’ through the wire
da’ to the clutches C.8a’, C.8a’’, C.8a’"". o

An initial step displacement as the circuit
controller passes from zero position, into either
positive or negative quantities, causes transfer
subtractive carry-over, as above described, at the
clutches C.8a’, C.8¢’’, C.8a’’’, which displaces
the armature 63a’. Conversely, as the calculat-
ing unit returns to zero position, through either
positive or negative quantities, a last step-dis-
placement of a clutch C.8a’, C.8a’’, C.8a’"’,
causes an additive carry-over to be transferred
to the armature 63a’, which is thereby restored
to normal position, throwing the wires d, d’ and
the clutches C.8°’, C.8’’’ again info open circuit;
and permitting the bridges 91, 913 again to close
circuit from the wire s-}-, through the wires both
da and da’, to the clutches C.8a’, C.8a’’, C.8a’"’.

The transfer mechanism above described, is
adequate and efficient in operation within the
range of quantities both positive and negative,
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provided the operation does not pass through
zero from positive intc negative quantities or
vice versa. Should an operation so pass through
zerc complementary numerals become the meas-
ure of angular displacements and, transitional
carry-over may occasion deficiency in denomina-
tional units reflected by members at shaft 58c,
and an excess at shaft 58. This may be com-~
pensated as follows:

When, as previously described, the disk 83g”
is carried back to zero, the carry-over circuits
da, da’ are both active at shaft 58a; whereas, at
shaft 58, the carry-over circuits both d and &’
are open. The effect of this is, that at shaft 88¢
each lower order which passes through zero with
disk §3a’, efeclis a double subtractive iransfer
{rom the order next above; and, at shaft 53, each
lower order omits an additive carry-over to the
order nexi above. 'In such event, above said de-
ficlency and excess of transfer units, as presently
described are both climinated; and resultants
are corract.

The several orders, all other than the hun-
draeds order of the circult coniroller at shait
38¢, may, however, not be at zere when the disk
630’ is carried through zmero; or displacement
may not carry them thereto. In this eveni, such
next higher order may be deprived of a required
step displacement at shafi 88z, measursd in
complementary digits, and at shail §8 the dis-
vlacement of the nexi higher order mgy be one
step in excess. Examples: )

(@) 111—-999=—-888, All orders pass simul-
tansousiy through zero, at shafls both §0, 88a.
Tha circuit controller at shaft 58¢ is displaced
proportionately to the numerals 898; and the
accumulator at shaft 58 reflects the gquaniity
—888. Resultant is correct.

{b) 622—743=—121. The tens and units
orders at both circuit controller and accumuistor,
pass zerp before the hundreds order of the cir-
cuil confrolier dispiaces the disk 63z’. Members
al shafi 58a are displaced proportionately to the
numerals 121. Accumulator reflects the quan-
tity —231. Compensation is required tc add
a step to fens and hundreds orders at shaft 58q,
and to subiract & step from tens and hundreds
orders at shait 58,

{¢) 199—911=-712, At neither shafi is the
tens and units order displaced to zero. Mem-
bers at shaft 58a are displaced proportionaiely
to the numerals 712, the accumulator reflects
the quantity, —822. Compensation adds a step
in the tens and hundreds orders at shaft §8a;
and subtracts a step in tens and hundreds orders
at shaft 58.

(@) 155—478=-—323. The iens and unit order
at both shafts, pass zero after the disk 63¢’.
Members at shaft 58a are displaced proportion-
ately to the numerals 323; and the accumulator
reflects the quantity, —433. Compensation adds
a step, at shaft ¥8¢ in tens and hundreds orders;

-and subtracts a step in tens and hundreds orders

at shaft 58.

(e) 342—475=-—-133. The tens order at both
shafts passes zere with the hundreds order of the
circuit controller, and the units order before.
Members at shait 58c¢ are displaced proportion-
ately to the numerals 233, and the accumulator
reflects the quantity, —143. A step is added to
the tens order at shaft 98a, and is subtracted in
the tens order at shaft 58. '

() 537—675=-—138. The units order is dis~
placed to zero at neither shaft. At shaft 58a the
tens order passes zero with the hundreds order
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of the circuit controller. At shaft 58, the tens
order passes zero before the hundreds. At shaft
58a the members are displaced proportionately
to the numerals 238. At shaft §8 the accumu-
lator reflects the quantity, —248. A step is added
only in the tens order at shaft 58q¢; and a step
is subtracted in both tens and hundreds orders
at shaft 58. .

Numerically similar positive remainders wouid
be developed; wera negative subbtrahends and
smaller negative minuends invoived, the mech-
anlsm then operating in reverse direction, the
state-control 7 (Figure 1), as hereinbefors ex-
plained, be placed at —, to operate the accumu-
lstor in negative direction to accumulate a nega-
tive minuend; and heing placed &} 4-, {0 operaie
the accumulaior in positive direction to subiracs
a negative sublrahend from s negeilve minuend.

Required compensation is effected by severally
displacing sleeves 58’
with the mernbers figed.thereon, under the influ-
ence of the solenolds C.90°, C.11°; €197, C.11"%;
Ciba’, C7ig’; C18¢’’, C.7ig’’, srranged in
pairs; reiays C.€7, C.88 which determine which
solenoid of respective pairs shall operate; and
the relays C.8%, C.88/, C.8%¢’, C.88g’’, which
select the orders of the accumulator and of the
circuit comtreiler al which compensabtion shall
be effected,

Corapensation is efected at sleeve 88 (Fig- g

ures 2, 8) by the sclenoids C.7%, C.71’; af sleeve
80’, by the solenocids C.¥8’°, T.71": at sleeves
88z, by the solencids C.78a’, C.71a’, and at sleave
E8a’’, by the solenocids C.18z”’, C.7lg’’. In ths
absence of decimal fractions, no compensation is
required ai the units order, which accumulates
o Carry over.

The solenoids above designated are similar in
action. The armaiture of ench sald sclenoid termi-
naies in g latch which, when the solenoid is en-
ergized, operates on & ratchet wheel fixed to the
sleeve B8’, $8’’,.60q’, $8a’’ of a corresponding
order. Solenoids C.78°, C.7i’, for example (Fig-
ure 8), operate respectively on ratchet wheels
564’ 308’, rotating subtractively at shaft 58, the
sccumulator sleeve 80’ of hundreds order in re-
spective opposite directions, according to the
nositive or negative quality of the denomination-
sl unit in excess. The solenoids C.79’", C.7{"’,
similarly subtract at the accumulator sleeve 66°°
of the tens order. Solenoids C.18«¢’, C.7ig’ add
respectively, a denominational unit af the sleeve
60a’ in the hundreds order of the circuit con-
troller; snd solenoids <.10a’’, C.7ia’’ respec-
tively, add at the sleeve 608a’’ of tens order at the
circuit controller, according to the positive or
negative quality of the deficient units. In Fig-
ure 8 the ratchet wheels 305°, 305a’ are broken
away showing the opposed positions of ratchet
wheels 304’, 304qa’.

Since the defective carry-over at each higher
order originates at the order next kelow; com-
pensation may properly be controlled by action
of each such lower order on the order next
above. Operation of the solenoids C.10’, C.1¢’

(Figures 2 and 8) corresponding to the hundreds

order of the accumulsator, is determined by the
position of members in the tens order of the ac-
cumulator when the disk 63a’ (Fizure 8) of the
circuit controller in passing to cr through zero
position, breaks, at the conductor 338, circuit of
the wire 2zd. Operation of the solenoids C.10”,
C.11”’ corresponding to the tens order of the
accumulator, is similarly determined by the po-

‘sition of the members in the units order of the

86’7, 88a’, 88a’’, togethar.
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accumulator. Similarly, operation of the sole-
noids C.18a’, C.1la’ corresponding to the hun-
dreds order of the circuit controller, is deter-
mined by the position of members in the tens
order of the circuit controller; and operation of
the solenoids C.70a’’, C.1la’’ corresponding to
the tens order of the circuit controller, is de-
termined by the position of members in the units
order of the circuit controller.

The solenoids C.71’, C.11"’, C.1la’, C.1ia"”’,
are active only in operations which pass from the

-zone of positive into the zone of negative quan-

tities; and the solenoids C.710’, C.18’’, C.18a’,
C.10a’’, are active only in operations which pass
from the zone of negative quantities into the
zone of positive quantities. The solenoids C.T¢’,
C.14’, C.lla’, C.1ia"’ are conditioned by the
relay C.67, active in operations which originate
within the zone of positive quantities; and the
solenoids C.76’, C.18"’, C.16a’, C.10a¢’’ are con-
ditioned by the relay C.68, active in operations
which originate within the zone of negative quan-
tities.

The relay C.6T (Figure 8) active in an oper-
ation originating within ithe zone of positive
quantities, is energized by circuit of the wire d,
closed as hereinbefore described as, for example
in the accumulation of a positive minuend, when
the conductor 30 closes on the wire d. The cir-
cuit so closed to the relay C.67 originates at the
source ZZ and extends through s, 98, d, bridged
at 3018’ and 30§ to C.87, ds— bridged at 72 and
lower bridge at C.49 to s—, to ZZ. 'The relay
C.87 so energized closes at bridge 309 raised,
circuit of the wire s4 by which C.67 then is held
in stick. The last said circuit originates at the
source ZZ and extends through the wire s+, 3089,
C.67, ds—, bridged at 72 and lower bridge at
C.i9 to s—, Z2Z. The relay C.67 so held in stick,
closes at bridge 310 circuit of the wire da’, se-
lectively closed by the relays C.69a’, C.6%a’’,
C.69’, C.69'’, at the respective bridges 312a’,
312a’, 312’7, 312’''*, as presently described, to
the solenoid C.Tla’, C.Tia’’, C.T{’, C.TI"”’. The
circuit so closed, to C.Tla’, originates at the
source ZZ and extends through s--, 90, d’,
bridged at 923, do’ bridged at 310 and 3i2a¢’ to
C.7iae’, zc, conductor 315 (Figures 8 and 9), to
s—, to ZZ. The circuit closed to the solenoid
C.Tig’’, originates at source ZZ, and extends
through s+, 90, d’ bridged at 923, da’ bridged
at 310, and 312a’’ to C.Tla’’, zc, conductor 315 to
s—, to ZZ. The circuit closed to the solenoid
C.1i’, originates at source ZZ, and extends
through s-+-, 80, d’ bridged at 923, da’ bridged
at 310 and 312’’ to C.T{’, zc, conductor 315 to s—,
to ZZ; and the circuit selectively closed to the
solenoid C.T1’’, originates at source ZZ and ex-
tends through s+, 90, d’ bridged at 923, da’
bridged at 310 and 312’’’ to C.T1’’, z¢, conductor
315, to s—, to ZZ. If at the termination of an
operation, the disk 63a’ be at zero and circuit
of the wire d’ open; circuit is closed by the con-
ductor 80 from ZZ, s+, to the wire da’ and selec-
tively, as above traced, to the solenoids C.Tla",
C.Ha’’, C.T1’, C.T1’’. In operations which pass
from the zone of positive into the zone of nega-
tive quantities, the solenoids C.T§’, C.11"’ as
presently described, effect, as selectively required,
subtractive compensation at the hundreds and
tens orders, respectively, of the accumulator;
and the solenoids C.Tle’, C.T1la’”’ effect, as selec-
tively required, additive compensation at the
hundreds and tens orders, respectively, of the

_circuit controller at shaft 58a.
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The relay C.68 active in an operation originat-
ing within the zone of negative quantities, is
energized by circuit of the wire d’, closed as
hereinbefore described, as for example in the ac-
cumulation of a negative minuend, when the
conductor 80 closes on the wire d’. The circuit
sc closed originates at the source ZZ and extends
through s+, 86, d’ bridged at 310 and 309’ to
C.58, ds— bridged at 72 and lower bridge at C.19
to s—, ZZ. The relay C.68 so energized closes
at 309’ circuit of the wire s+ by which it is held
in stick, the last said circuit being, ZZ, s+, 309’,
C.68, ds— bridged at 12 and lower bridge at
C.19 to s—, ZZ. The relay C.88, so held in stick,
closes at bridge 3i0’ circuit of the wire da, se-
lectively closed by the above said relays C.69a’,
C.69a’’, C.69’, C.69’’, at the respective bridges
313a’, 313a’’, 313", 313'", as presently described,
to the solenoids C.10e¢’, C.10a’’, C. 10’, C.T0"".
The circuit so closed to the solenoid C.76a’, is
ZZ, s+, 80, d bridged at 92’ to da bridged at
3108’ and 3{3a’ to C.10a’, 2c, conductor 315 (Fig-
ures 8 and 9) to s—, ZZ. The corresponding
circuit closed to C.10a’’ is, ZZ, s, 98, ¢ bridged
at 82’ to dg bridged at 316’ and 213a’’ to C.10a’’,
z¢, conductor 318 to s—, ZZ. The corresponding
circuit closed to C.10’ is ZZ, s--, 96, d bridged at
82’ to da bridged at 318’ and 313"’ to C.710, zc,
conductor 348 to s—, ZZ. Corresponding circuit
to C.I0"" is ZZ, s+, 90, d bridged at 92 to da
bridged at 318’ and 313’’’ to C.10"’, zc, conductor
315 to s—, ZZ. If at the termination of an op-
eration the disk 63a’ be at zero and circuit of
the wire d open; circuit is closed by the con-
ductor 80 from ZZ, s+ to the wire da and selec-
tively, as above traced, to the solenoids C.10a’,
C.10¢”’, C.710°, C.70"”’. In operations which pass
from the zone of negative into the zune of posi-
tive quantities, the solenoids C.70’, C.70"’ effect
as selectively required, subtractive compensation
at the hundreds and tens orders, respectively, of
the accumulator; and the solenocids C.10a’,
C.10a’’ effect, as selectively required, additive
compensation at the hundreds and tens orders,
respectively, of the circuit controller at shaft
58a.

To the sleeves 60’/, 60°’", 60a’’, 60a’’’, are re-
spectively fixed the disks 318’’, 318'’, 3(8a’’,
318a’’’, provided with the conductors 30{’,
301’7, 30la’’, 301a’’’, and the circular conduc-
tors 306’’, 306’’’, 306a’’, 306a’’’ (Figure 8).
Initial displacement of any order of the circuit
controller as said circuit controller passes from
zero position displaces, as already described the
disk 63a’. " Such displacement causes the con-
ductor 308 to close circuit of the wire s+ to the
wire zd leading to the conductors 301’’, 30§’’’
30ia’’, 30ia’’’, and thence through the wires
ze’, ze’’, ze'’’, zel, respectively, to terminals at
the relays C.69’, C.69"’, C.6%a’, C.69¢”’. An ex-
tension zd’ of the wire 2d transmits an impulse
over their lowest bridges to the relays C.69’,
C.68’", C.69a’, C.69a’’. In order that the circuit
of the wire¢ 2d’ impart to the relays C.§9a’,
C.8%a’’, C.69’, C.69’'( only a momentary impulse,
circuit of the wire 2d’ to the last said relays, is
broken at the bridge 314 or 314’, when the re-
spective relays C.67, C.68, are energized. -

The above said circuit (Figure 8) to the relay
C.69a’, is ZZ, s+, 308, zd’, bridged at 314, 314°,
and 3lia’, C.69a’, ds— bridged at 72 and lower
bridge at C.19 to s—, to ZZ. Corresponding cir-
cuit so closed to C.69a¢’" is ZZ, s+, 308, =d’
bridged at 314, 314’, and 3lla”’, C.69a"", ds—,
bridged at 12 and lower bridge at C.19 to s—, to
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77. Corresponding circuit so closed to C.69" Is
27, s+, 308, zd’ bridged at 314, 314’, and 3ti’’,
C.69’, ds— bridged at 12, and lower bridge at
C.18 to 5—, to ZZ; and corresponding circuit to
C.69 is 2%, s+, 308, 2d’ bridged at 314, 34’ and
311’"’, C.68'’, ds— bridged at 12 and lower bridge
at C.19 to s—, to ZZ.

The relays C.68a’, C.63a’’, C.6%’, C.69"", if the
respective disks 318a’’, 318a’’’, 3i8", 3i8’"" be
not displaced as circuit of the wire 2d’ is closed,
are then held in stick by circuit through an ex-
tension of 2d’, namely, the wire 2d closed by the
conductors 308ia’’, 80ia’’’, 804’°, 3Ci’"’ fixed re-
spectively to the disks 318a’’, 318z'"", 318’7,
318%’’. The circuit so closed to C.§9¢’ is Z2Z, s-+,
308, zd, bridged at 28ie’’, to ze'” bridged at
8{1a’ raised, to C.69a’, ds— bridged at 12 and
iower bridge at C.i9 to s—, to 2Z. Correspond-
ing circuit to C.§9a’" is &2, s+, 308, zd bridged
ot 300a’’’ to zelv bridged at 3ila’’ raised to
C.88¢’’, ds— bridged at 12 and lower bridze at
C.18, to s—, to ZZ. Corresponding circuit to
O 89 is %2, s1, 568, 2d, bridged at 301"’ to ze’
nrideed af 310’ raised, to C.69", ds— bridged at
72 and lower bridge at C.1§ to s—, to Z&; and
corresponding cireuit to .89 Is ZZ, s+, I88,
2d bridged at 38§7° to ze”’ bridged at g
raised, to C.89, ds— bridged at % and lowser
pridee st C.19 to s—, to ZZ.

1f o disk 318¢’’, Sige’’’, 88", 318" Le dis-
placed and circuit of the wire 2d be broken &t
the respective conductors 30fa’’, 38le’"’, 801007,
agi’’r, as circuit is momentarily clesed to said
several relays C.G6%¢’, C.88z”, C.8%, . CEE'
through the wire zd’, these sald relays are nev-
ertheless held in stick, through civeuit closed by
the respective conductors 388a’’, $86a’”’, 36577,
2087" ot such of the disks 3i8a’", 3i8e’”’, 816",
818’ as may be displaced. The circuifs so
closed to the respective reiays C.88c’, C.8%¢”,
C.69', C.69° are as follows:

Cireuit to the relay C.88a’, is 2%, s+, 8068a’’,
ze’’* prideed at 86ie’ raised, C.68¢’, ds— bridged
at 72 and lower bridge at C.49 o s—, to ZZ.
Corresponding circuit to C.88¢” is 22, s+,
386a’’’, zelv bridged at ¥lie’’ raised, C.88a'",
ds— bridged at 72 and lower bridge at C.18 to
s5—, to % Corresponding circuit to C.89’, is 22,
s4-, 3867, ze’ bridged at 311"’ raised, .69, ds—
bridged at 72 and lower bridge at C.i8 to s—, o
7%: and corresponding circuit to C.89'' is 234, s+,
866’*", ze'” bridged at 3ff’"’ raised, C.69"’, ds—
pridged at 12 and lower bridge at C.i8 to s—, to

77, Held in stick by circult of s4-, the relays

C.89’, C.69'", C.68a’, C.69a"’ close circult at their

bridges 213’7, §3'’", 313¢’, 313a’’, on the exten-'

sions of the wire da, leading respectively to the
positive poles of the solenoids C.70°, C.10’,
C.18¢’, C.10a”’. At bridges 31277, 312", 8120,
312a¢’ circuit is closed on the exiensions of the
wire de’ leading respectively to the positive poles
of the solenoids C.11’, C.1I”*, C.lig¢’, C.la".
Quantities having been accumulated, if subtrac-
tion follow, the relays C.69’, C.89"’, C.63a’,
C.69a’’, will all remain in stick until compensa-
tion be effected; unless the- operation pass
through zero; in which event circuit will be
brcken to those of last said relays whose corre-
spending disks, 318’7, 318", 318a’’, 3i8a’’’,
chance to ke at zero when circuit be broken by
the disk §3a’ at conductor 308. For in such case
current fails such relays from the wires both 2d
open at 308 and s+ open at their correspond-
ing circular conductors 306’’, 306", 306a’’,
306a’’’. The relays so deenergized break circuit

on the terminal of the wire zelv.

9
of the wires da, da’, to the respective solenoids
c.1v, ¢.11’, ¢.10°", ¢.11"*, C.10a’, C.10a’’, C.Tla"’,

which they control. The relays C.88’, C.68"
C.69¢’, C.69a’’, all operate to similar effect.

Example

At the initial displacement of any order from
zero, the disk 63a’ closes the circuit of the wire
s+ through the conductor 308 to the wire 2d
as hereinbefore described 'and to its extension
2d’. The relay C.69¢’’, which may serve as the

- example, receives an impulse over bridee &fla’”

from the wire 2d’, and closes the bridge &lia’"
If the disk
318¢’’’ be et zero; circuit is closed at the con-
ductor 301a’’’, from the wire 2d o the wive zei¥
to C.69a’’. If the disk 318a’"’ be displaced from

zero, circuit is closed by the circular conductor

306a’’’, at the terminals 307a’’’, from the wire
s-- to the wire zel* to C.68a’’. In either event the
relay C.69¢’’ is held in stick, closing at bridge
3124’ circuit of the wire da’ to the solenoid
C.7tg’’, and ab the bridge 3i3a’’, circuit of the
vire da to the solenoid C.70a’’. Assume that
subtraction follows. If the operation pass
through zero, the disk 68¢’ breaks the circult of
the wire zd at the conductor 2(# Should the
disk 3!8a’"’ then be at zero or should it pass o
or from zero, while circuit of the wire 24 is cpen;
current fows through the wire zelv to the relay
C.680’" neither from the conductor 38ia’”’
closed on the open wire 2d, nor from the wire &4
which is open at the circular conductor. §06a’"’.
The relay C.88¢”’ deenergized, breaks at bridge
212¢’’ circuit of the wire de’ to the solenoid
Cita”’, and st the bridge 382’ circuit of the
wire de to the solencid C.18g’’. With circuit of
the wire zelv so broken atb the units order to the
relay C.§8¢'", no correction is effected at the tens
order by the solenoids C.1¢a”’, C.¥la’’. Should
the disk £1§u¢’"" not be at zerc as the operation
passes through zero and the disk 83¢” breaks clr-~
cuit of the wire zd, circuit remains closed jo the
circuit controller C.8%a’’ though the wire 2el
from the circular conductor 388e’’’. Compensa-

tion by the solenoid either C.70a”’ cor C.Jlg’" °

follows, accordingly as circuit de’ or da be closed
by the circuit controller C.8% or C.§8, as herein-
before described. )

Circuit of the wire da’, closed by the relay
.67 which is thrown into stick by the circuit of
wire 4 when an operation originaies in the zone
of positive guantities, becomes active only if the
operation pass into the zone of negative quan-
tities. Circuit of the wire da closed by the relay
.68, which is thrown into stick by circuit of
wire d’ when an operation originates in the
zone of negative quantities, becomes active only
if the operation pass into the zone of positive
quantities. Hence, unless a subtrahend be great-
er than the minuend and the operation pass
through zero, neither the solenoids C.70', C.10"’,
C.10a’, C.710c"’ in circuit of the wire da, nor the
solenoids C.1¢’, C.14"’, C.Tla’, C.1la’’ in circuit
of the wire da’, will operate compensation.
Should the relay C.8T be active and the opera-
tion pass through zero, then the solenoids c.1v,
C.11’, C.1ia’, CTla’’, to which circuit be com-
pleted by the relays C.69’, C.69"’, C.69a’, C.69a"’,
through the wire da’, effect compensation.
Should the relay C.68 be active and the opera-
tion pass through zero in opposite direction, the
solenoids C.76’, C.10°", C.18a’, C.10a’’, to which
circuit be completed by the relays C.69°, C.69",
C.69¢’, C.69a’’, through the wire da, effect com-
pensation.
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It is true that circult of the wires both da, da’
are active, when the disk 83a’ be only carried
back to zero and before it passes through. But
the mathematical operation of subtraction will
then have passed through zero, unless all orders
be at zero. For an extra step displacement is re-
quired at the highest order, to carry the disk 63a’
back to zero, unless the lower orders of the circuit
controller at shaft 58a, by reaching zero, have
completed carry-over. Should the operation pass
through zero and the disk 63a’ then rest at zero,
compensation in the hundreds order of the cir-
cuit controller will displace the disk 83a’ through
zero, renewing the circuits 2d, zd’, while closing,
according to direction of displacement, circuit
of the wire d or d’, and conditioning, thereby, for
subsequent transitional operation in opposite di-
rection, the relay either C.67 or C.68 which may
have been inactive during transition in a present
operation.

At the timing disk 16 (Figure 9) the contacts

316 are recurrent and so placed at intervals of
36°, that circuit from the wire s— to the wire z¢
be momentarily closed at the termination of each
operation in subtraction or addition, as the disk
16 carries the timing arm 18 from a terminal of
the wire b® to a neutral position between series
of b wires (Figure 4).

The wire zc energized as above, imparts, as the
disk 16 revolves, a momentary impulse to the
negative poles of the solenoids C.70’, c.10’,
C.10a’, C.70a”’, C.T1’, C.1{"’, C.Tia’, C.Ma",
bringing. those thereof into action to whose post-
tive poles circuit be completed at the relays C.67
or C.68 and relays C.69°, C.69""; C.69a’, C.69¢"",
through the wire da or da’.

" Let it be assumed that, by one or a series of
operations, a positive subtrahend, for exampie,
be developed at the accumulator 61, 6i’’, 61’’’
(Figures 1, 2), and that the relay C.67 close cir-
cuit da’ operative on the solenoids C.11a’, C.71a"’,
C.71”’, C.TI’ (Figure 8). In such case, if the
minuend be greater than the subtrahend, and the
operation pass through zero into negative quan-~
tities; the wire da’ becomes active, and the sole-
noids C.Tla’, C.Tla’’, C.T4’’, C.Tl’ to which cir-
cuit be completed at the relays C.69¢’, C.69a’,
C.69’’, C. 69’, retract their plungers, on receiv-
ing impulse through the wire z¢, and selectively
effect compensation for transitional carry over
at the respective shafts and orders to which they
correspond. Should the subtrahend be smaller
than the minuend and the operation fail to pass
through zero, then circuit of the wire da’ remains
open and the solenoids inert. :

Conversely, if a negative minuend be involved,
the relay C.68 (Figure 8) is active, closing cir-
cuit of the wire da to the solenoids C.70a’, C.70a"’,
C.10°’, C.10’, if a greater negative subtrahend be
subtracted, the operation passes through zero
into positive quantities, and the wire da becoming
active causes selected solenoids C.70a’, C.10a’’,
C.10°, C.710’’, to effect compensation. If the sub-
trahend be smaller than the minuend; the oper-
ation does not pass through zero into positive
quantities, and, the circuit de remaining open,
last said solenoids will fail to act.

In the circuit of the wire z¢ is the relay C.12
(Figures 1 and 8) whose circuit is as follows:
Zz, s+, C.12, zc, conductor 315, s—, ZZ Each
impulse transmited through the wire zc at the
termination of an operation, causes the relay
C.12 momentarily to break at the bridge carried

by its plunger, circuit of the wire ds— to the

negative poles of the relays C.6%, C.68, and slso
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to the relays C.88a’, C.88a"’, C.68"", C.8%’, caus-
ing those thereof which may be active, to break
all’ circuits thereby closed. The circuit of the
wire ds— is, however, immediately restored, at
the disk 78 revolving breaks the circuit of the [ ]
wire zc. If it is, for example, the relay C.67
which so releases its plunger before an accumu-
lated quantity 1s reduced to zero; the wire d still
being closed at the disk ¢3a’ imparts again initial
impulse to the relay C.87 which again is placed 10
in stick. At¢ the same moment the relays C.8%q¢"’,
C.88a’, C.69’,. C.69"’, likewise .deenergized, will
again be thrown into stick by the wire 2d’, pre-
paratory to a future computation. I, on the
other hand, all orders be at gero, circuit of the 1§
wires d, d’, zd’ are. open, and the said relays are
disabled. i :

If, when a minuend be positive and the relay
C.87 be active, the operation pass through gzero
to a negative remainder; then, when circuit of the 90
wire ds— be renewed at the bridge of the relay
C.12, circuit d to the positive pole of the relay
C.67 fails. For on passing through gero into
negative quantities, the wire d is open and the
wire d’ is closed. In such case, however, the 88
relay C.68 receives an initial impulse through the
wire d’ and is thrown into stick, closing circuit
of the wire da at bridge 310’ raised. The relays
C.68a’, CS69a”, .69, C.89’, are, as before,
thrown into stick by impulse through the wire 30
#zd’; and such thereof as remain active when an
operation pass back through zero into positive
quantities, complete circuit through the wire da
to their corresponding solenoids C.1%2’’, C.18a’,
C.10”, C.10°, by which compensation 1s in turn 35
selectively effected, by displacement of members
at the different orders in opposite direction to
that effected when an operation of subtraction
passes through zero from positive into negative .
quantities.

Should a disk such for example as $!8a’"’ pass
through its zero position while the wire 2d be
closed; circuit to the relay C.89a’" is sustained,
through the conductor 80la’”’. But it the disk
63a’ pass to zero, as the disk 318a’"’ Dass from 4§ -
zero; circult is broken through the wire zd to
the relay C.89a’’, before the disk 318q’"’ be suf- .
ficlently displaced, to close circuit to the ralzy
C.69a’’ through the conductor 308a’’’.

Ezamples

(¢) 93—-212—=—119. 'The tens order of the cir-
cult controller at shaft §8a is displaced from zero
as the disk 63a’ passes to zero. The tens order
of the accumulator does not reach zero. At
heither the circuit controller nor the accumu-
lator does the units order reach zero. At the
circuit controller members are displaced in de-

- gree proportionate to the numerals 219. The

accumulator reflects the quantity —229. WNo
compensation is effected in the hundreds order
of the circuit controller; since eircuit to C.8%a’
(Figure 8) is open. Compensation in the hun-
dreds order of the accumulator is effected and
also compensation in the tens order of both efr-
cuit controller and accumulator.

(h) 141.-223=——82. In neither circuit con-
troller nor accumulator does the tens order reach
zero. At both circuit controller and accumulator,
the units order passes from zero as the disk 63a’
passes to zero; and circuits of relays both C.69'7,
C.69a’’ are open. The circuit controller is dis-
placed in degree proportionate to the numerals
92. The accumulator reflects the quantity —182,
At neither circuit controller nor accumulator is 78
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there compensation at the tens order. At both _
circuit controller and accumulator compensation
is effected in the hundreds order.

If circuit be completed during compensation,
through an active wire d or d’, to the transfer
clutches C.8’’, C.8’"’, or through an active wire
de or da’, to the transfer clutches C.8a’’; C.8a’"’;
sgid clutches to which circuit be so completed,
effect compensation by transfer in orders next
above. *

(#) 2—111=-—108. At neither circuit coniroi-
ler nor at accumulator, does the units order
reach zerc. The tens order of the ecircuif con-
troller reaches zero with the disk €3a’; and relay
C.68a’ is deenergized. The tens order at the ac-
cumulator passes from zero with the disk 83a’;
and the relay C.69’ is inactive. ‘The circuit con-
iroller is displaced in degree proportionate to
the numerals 168. ‘The accumulator reflects the
guantity —118. In the tens order of the circuit
controlier, compensation is effected through the
relay C.58%¢’’ and the solenoid C.1ie’’. In the
hundreds order of the circuit controller the relay
C.68a’ and solenoid C.Tla’ are deenergized; bub
compensation is effected by the transfer cluteh
8¢’ which is energized hy the wire da’, as the

"gaid clutch C.0a’’ is displaced by the solenoid

Cite’’. At the accumulator, coimpensation i
effected in the tens order by the solenoid C.11"
circuit to which is closed by the reley C.8%",
() 306—B05=-—199. A4i nelther the clreuit
controller nor the accumulator does the uniis
order reach zero. At the circuit controller the
tens order does not reach Zero. AL the acocumil-
lator, the tens order rests at zero &s the disk
§8a’ passes to zero; and the relay .69 is de-
energized. The cireuit controller is displaced in
degree proporiionate to the numerals 198, The
accumulator reflects the quantity —200. Ab the
circuit controlier cqmpensatiun is effected in the
hundreds order through the refay C.65%¢ and sole-~
noid C.7fe’ and in the tens order through the
relay C.G% '’ and the solenoid Cota"’. At the
accumulator compensation is effecied in the tens
order through the relay .68’ and solenoid C.T{"".
At the hundreds order of the accumulator, the
relay C.69° is deenergized and circuit to the
solenoid C.71’ remains open. But as the opera-
tion passed through zero, circuit of the wire &'

50 became active; and when the transfer clutch C.8"’,
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which is at zere, is displaced by the solenoid
C.7t’’ during compensation, the said clutch C.8"
effects subbractive transfer at the sccumulator in
the hundreds order. ‘

Were, as an example, the positive quantity 50
to be subtracted from the positive guantity 30,
the wire d would operate until the minuend were
reduced to zero; and the négative remainder —20
would then be accumulated, as circuit s closed on
the wire d’, by adding the twenty units negative
remainder, without mechanically subtracting
from orders thereabove. In other words, on pass-
ing through zerc, the mechanical operation of
addition is substituted for the mechanical opera- .

 tion of subtraction and vice versa, the subtrac-

tion of an excess in a positive subtrahend being
mechanically effected, by the addition of a nega-
tive quantity to zero, and not by the subiraction
of a positive quantity. Were the quantity —50
subtracted from the guantity —30; the accumu-
lator at the shaft 58 rotated in positive direction,
would reduce the negative minuend to zero by
subtraction, and accumulate the positive re-
mainder 420 by an operation in the nature of

.are
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addition, when current is switched at the con-
ductor 80 from the wire d’ to the wire d.

When the net displacement of the accumulator
arms 64, 61’’, 61’”’ (Pigures 1, 10, and 11) is
clockwise, reflecting thereby a positive quantity,
their step displacements read from zero to the
right. When their net displacement is in the
opposite direction reflecting a negative quantity,
their step displacements read from zero to the
left. The quantities so reflected may be suitably
recorded by mechanism which now may be de-
scribed. ‘

Referring to Figure 10, a typleal accumulator
arm 8¢’ is shown carrying at its upper extremity
the contact 237’, in the orbit of which, as said
accumulator arm be revolved, are the terminals
2380238 of the respective numeral wires
af'—e 9 to which the contact 287’ may selectively

‘close circuit, according to the angular displace-

ment of the accumulator arm €4°. The accu-
mulator arms B{*’, &1’’" (Figures i and 11) are
similar in construction and in operation to the
accumulator arm 6f’, and similarly close cireuifs
{0 the wires af%~—af?. Encircling the sleeves 88§,

§0°’, 60’7, at the base of the sccumulator arms %

gh’, 8177, 81", and wired respectively to the con-
tacts 239/, 237’7, 23%°’, are the conduciors 276,
2767, 218" (Figures 10 gand 11) in permanend
coniact with the termingls of the respective wires
iy, Bf77, tF7’, which exfend from fized terminals
at the disk 261, and on which circult may be
successively closed from the wire s+, by 2 con~
ducter 282 fixed to the disk 26§, when the said
disk be revolved, ac presently describesd. 'The
wires af%—ay® to which cireuit may be closed by
the contacis P87, 2§V, 237", extend over
bridges of the relay C.&7, to the respective sole-
noids C.480-—C 489,

The resultant is refiected in the apgular dis-
placement of the sccumulator arms 6§, 8§77,
§{’’’; as they severally close, af the terminaticn
of a mathematical operafion, circuit through
the selective numeral wires af®—af?, to the sole-

no'ds C.489—C.48°, which are operative in re- .

cording corresponding numereals of the resultant.

The plunger of the solenocids C.880—C.488, are
respectively connected by means of draw-wires
2280—228° with the bell-cranks 223°-—228°%, which
in turn, connected by the draw-wires
2200--220%, as weil known fo the art, with the
pivoted type-bars 2310-—-23{®. 'The said type-
bars 23i°—231° carry at their upper extremities
the types 2320—232° corresponding to the nu-
merals 0-8. When energized by circuits closed at
the accumulator arms 6°, 6{'’, €{’’’, and pres-
ently traced; the solenocids corresponding to the
selected circuits, retract successively their plung-
ers, each throwing -its corresponding type
2320-232° against a platen 236 and printing
thereby upon a suitable medium 235, the nu-
meral corresponding to the type. The type bars
may be immediately restored to normal position,
when circuit to their corresponding solenoids is
interrupted, by springs not shown, in manner
weil known to the art.

The platen 236 (Figure 11) is shown as mount-
ed on the carriage 295 which travels on the roller
bearings 296, 296’. The said platen may be man-
ually displaced against a spring not shown, and
its position adjusted in manner common fo a
typewriter platen and well known to the art.
Fixed to the carriage 295 is a rack 294 which
meshes with the gear 258 fixed together with the
disk 261 on the shaft 257. !

At the termination of a mathematical opera-
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tion, the platen 238 may be manually so ad-

Justed, that the disk 281, revolved by the rack.

298, and| the gear wheel 258, carries the conductor
282 to a position at the lett of the if’, tf’, '’
terminals, as shown in Plgure 11. The lever 238
is now closed on the terminals 240’ of the wire

s+; and the platen is released to the left, and

permitied to travel by any suitable means such
as the well-known letter spacing bar 282, escape-
ment dog 283, and rack 284, causing, thereby,
the disk 261 to advance the conductor 262 step
by step into positions at which it closes circuit
of the wire s+ successively on the terminals
of the wires ¢#’, tf’/, and 1’’’

Assume that an accumulated resultant were

the positive quantity 358; and the accumulator

arms 84’, 81’’, 61’’’ respectively closed circuit
on the wires ¢f3 (Pigure 10), af5, and af8. The
circuit closed by the conductor 282 and the ac-
cumulator arm $4’, originates at the soure ZZ
and extends through s+ bridged at 240°, 262, {7,
276’, 61’, af3, bridged at relay C.47 to solenoid
C.483, s—, ZZ. 'The solenoid C.483, so energized
retracts its plunger and causes the numeral 3
to be recorded at the platen 236. The circuit
closed by the conductor 262 and the accumulator
arm 81’’, originates at the source ZZ and ex-
tends through s+, bridged at 240, 262, ¢f’, 276’’,
61’’, af5 bridged at C.41, C.485, s—, ZZ. The sole-
noid C.485 s0 energized causes the numeral 5
to be recorded at the platen 236. The circuit
closed by the conductor 262 and the accumulator
arm 61’’’, originates at the source ZZ, and ex-
tends through s bridged at 240°, 262, £f’'’, 276’’’,
61’’’, af8, bridged at CA41, C.488 s—, ZZ., 'The
solenoid.C.488 so energized causes the numeral 8
to be recorded at the platen 236,

If the quantity accumulated be negative the
step displacements of the accumulator arms 61’,

40 61’7, 61’’’ must be enumerated from zero to the

left, since complementary numerals become the
measure of resultant. To render suchcomplemen-
tary numerals mechanically available, the wires

" af’—af® which normally extend to the solenoids
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C.481—C.489, are switched by the relay C.47 to the
solenoids C.48°—C.48! of complementary serial
number. The circuit of af® remains undisturbed.
For example, c'reuit of the wire af® which nor-
mally leads over the highest bridge at the relay
CAT to the solenoid C.A8% is switched over the
lowest -bridge at the relay C.471, to the solenoid
C.48’, and the circuits of wires af?—afs, are sim-
ilarly switched to solenoids C.483-—C.482 of com-
plementary serial number. The relay C.47 is
energized and automatically switches the circuits
of said wires afl—af®, when a negative quantity
be latent at the accumulator, and circuit of the
wire d’ is closed by the conductor 90 at the disk
63a’ (Figures 2, 3, 11).
C.41 originates at the source ZZ and extends
through s+, 90, d’, C41, s—, ZZ.

In order visually, to indicate the positive or
negative quality of a resultant, an inking ribbon
233 is provided (Figure 11) of dual colors, for ex-
ample black and red, which is carried in a frame
234 attached to the plunger of a solenoid C.64.
The circuit of the solenoid C.64 originates at the
source ZZ, and extends through s+, 80, d’, C.64,
$—, ZZ. When the resultant is a positive quan-

tity and the solenoid C.64 is inactive; the black:

margin of the ribbon 2833, is exposed to the types
232°—2329; and the quantity is recorded in black.
When the resultant is a negative quantity, C.64 is
energized by circuit of the wire d’, and contract-
ing its plunger, places the inking ribbon 233 in

The circuit of the relay

2,190,710

such position that the types 2320—232°% descend
upon {ts red margin and record the quantity in
red. ' '

Restoration of the calculating unit to zero posi-
tion

; .

Depression of the push-button P.§5 (Figure 1)
closes a circult which originates at the source 22
(Figure 1) and passes through the wire s+, the
bridge at the push-button P.5 (Pigures 1, 2), the

“wire n to the relay C.19, circuit being closed from

the negative pole of the relay C.18, through the
wire s—, back to the source ZZ. The relay C.i9
so energized, completes circuit at its upper bridge
to the relay C.28; and closes at its lower bridge
circult n— to the negative pole of the relay C.12’

10

18

as presently described, and to terminals at the re- -

lay C.12’, The circuit of the relay C.20 originates
at the source ZZz, and extends through the wire
s+ bridged at P.5 to wire n, bridged at C.I9 to
C.20, s—, ZZ. The relay C.20 so energized, breaks,
at the bridge 161, circuits through the wire & to
prevent interference of circuit with the wire 7.
At the bridge 187, raised, circuit is closed to ter-
minals at the plunger of the relay C.12’, through
the wire n’.

The relay C.12’ determines direction of motion
at the shafts 58, 58a, during restoration of the
calculating mechanism .to zero position. The
positive pole of the relay C.12’is connected with
the wire d’. If, when restoration to zero position
be initiated, a positive quantity be latent at the
shaft 58, circuit of wire d’ is open at the con-
ductor 80 (Figures 2, 3); and the relay C.i2’
closes at the bridges 105, (08, depressed, circuit
through the wires n—, #’.to the negative and
positive poles of the clutch C.5a, and motion of
the shaft 58 is opposite to clockwise. If a quan-
tity latent at the shaft 58 be negative; the wire

d’ is active as hereinbefore described, and ener-

gizes over the bridges 924, 104, the relay C.12,
Which is then held in stick over the bridge 104
by current through the wire n’. The initial cir-
cult closed to the relay C.12’ through the wire d’,
is ZZ, s+, 90, d’ bridged at 924 and 104 to C.12,
7i— over the lower bridge raised at the relay C.19
to §—, ZZ. The circuit which then retains the
relay C.12’ in stick after recelving initial impulse
through circuit of the wire d’, is 22, s+, 112 (Pig-
ures 1 and 7), n bridged at 187 raised to n’, C.12’,
n—, lower bridge raised at C.19, s—, ZZ. The
relay C.12’ so ‘energized, closes at the bridges
105, 106 raised, circuit to the clutch C.5; and
clockwise motion follows at the shaft 58.
Responsive to the clutch C.6, and floating on
the shaft 58, is-the armature 69 (Figures 1, D
which carries a conductor 172, extending, except
at a slight arc, throughout the circumference of
the disk. Momentary depression of the push-
button P.5 imparts initial impulse to the clutches
C.5 or C.5a and C.6. The clutch C.5 or C.5a re-
volving, transmits motion to the shafts 58, 58a

- and the clutch C.6 clutching and revolving the

£0

]

80

disk 69 causes the conductor (72 to close g cir- °

cuit from the wire s+, extended from the source
ZZ and connected with the wire n, which holds
the relays C.19, C.20 in stick, and sustains cur-
rent to the clutches C.5 or C.5¢ and C.6, after
the initial impulse imparted through the push
button P.5. The conductor 172 (Figure 7) is of
such arc as to sustain current throughout a single
revolution of the shaft 58, this being sufficient to
restore to zero position, the displaced members of
the accumulator and circuit controller (Figures
1 and 2).
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The initial circuit (Figure 2) closed as above
by P.5 to C.5, is ZZ, s+, P.5, n, upper bridge raised
at C.19 and bridge 167 raised to »’ bridged at 108
raised to C.§, n— bridged at 108 raised and lower
bridge raised at C.19 to s—, ZZ. The correspond-
ing circuit closed by P.§ to C.ba is ZZ, s+, P.§, n,

. upper bridge raised at C.19 and bridge 167 raised,

n’ bridged at 108 depressed to C.5a, n— bridged
at 108 depressed, and lower bridge raised at C.19
to s—, ZZ. Initial circuit closed to C.6 (Figure
1) is ZZ, s+, P.5, n, upper bridge raised at C.19,
bridge 168 raised to C.6, n—, lower bridge raised
at C.19, s—, ZZ. The circuit closed to the clutch
C.5 by the conductor 172 (Figures 1 and 7) after
the initial impulse through P.5 is ZZ, s+ bridged
by conductor {12 to extension of wire n bridged
at 168 raised to n’ bridged at 105 raised to C.5,

n— bridged at 106 raised and lower bridge raised -

at C.19 to s—, ZZ. Corresponding circuit closed
by 112, to C.5a, is 2Z, s+ bridged at 172 to exten-
sion of wire n bridged at 168 raised to n’ bridged
at 105 depressed to C.5a, n— bridged at 106 de-
pressed and lower bridge raised at C.19 to s—, ZZ.
Circuit closed by 112 to C.6 is ZZ, s+ bridged at
112 to extension of wire n bridged at 168 to C.6,
n— bridged at C.19 to s—, ZZ.

The clutches C.1°, C.7"’, C.1’"", C.1a’, C.la"’,

Cle’’’ (Figures 1. 2) are active, in restoring to.

zero position the accumulator arms 647, 6177, 61",
and such other members at the shafts 58, 58a, as
may be displaced. The clutches C.V, cT1',Ccrr,
are energized to restore members on shaft 58, by
circuits of the wire n which pass respectively, over
the bridges 171, 1710, 169 at the relay C.20 (Figure
1) and the similar conductors 113, 1787, 113"/
(Pigure 6). The conductor 113’ (Figures 1,6) is
carried by the middle member of the planetary
gearing Df’. The conductor (13" is carried by
the middle member of the planetary gearing Df’’;
and the conductor 1737 is carried by the mem-
ber 627", Circuit of wire = to the clutch C.I’
originates at the source ZZ, and extends through
s bridged by {72 (Figures 1 and 7) to exten-
sion of wire n bridged at {11 and 13, to C.7",
§—, ZZ. Circuit to C.7"” is ZZ, s+ bridged by
1712 to extension of n bridged at 118 and 173 to
C.1”’, s—, Z7: Circuit to C.T""" is 22, s+ bridged
at 112 to extension of n bridged at 169 and 173"
to C.1""", s—, ZZ.  The operation at all orders is
substantially alike. Referring to Figure 6, the
conductor 113’*’, for example, extends through-
out the circuraference of the member 62’ except
at & slight are, at which, if the member 62’’’ and

‘the accumulator arm 61’’’ be already at Zero
" position, circuit is open to the clutch cI (Fig-

ure 1). If the accumulator arm &4’’’ and the
member 62’’’ be displaced; circuit is completed
through the conductor 173’’’ to the clutch C.1'"",
which clutching, in manner hereinbefore de-
scribed, the member $2’7, transmits motion to
the member 62’’/, until circuit to the clutch
C.1'"" be broken at the conductor 173'"’, as the
accumulator arm 61’7’ and the member 62"
reach zero. 'The accumulator arms 61’7, 61’, are

- restored to zero position, by the circuits above-

traced similarly closed and broken, leading to the
clutches C.77, C.1’ (Figure 1). The members
carried by the shaft 58a may be restored to zero
position in similar manner, by extensions of the
wire 7 leading respectively from the bridge 168a
at the relay C.20 shown in entirety in Figure 2,
to the clutch Ta’’’; from the bridge 170a to the
clutch C.Ta’’; and from the bridge I7la to the
clutch C.1a’. Conductors 113a’, #13a’’, 113a’"’
(Figure 2) similar to the conductor 113"’ (Figure

13

6), are carried by the disk 62a’’’, and by the
middle members of the planetary gearings Dfa’’,
Dfa’, which break circuit respectively to the
clutches C.1a’’’, C.1a’’, C.1a’, as the sleeves
60a’’’, 80a’’, 80a’ and the transfer clutches C.8a’,
C.8a’’, C.8a’’’ thereon mounted are restored to
zero position. Circuit so closed to the clutch C.1a’
(Figure 2) is ZZ, s+ bridged by 112 to extension
of n bridged at 1Tia and 113a’ to C.1a’, s—, ZZ.
Corresponding circuit to C.1a’’ is ZZ, s- bridged
by 112 to extension of n bridged at (70a and
113a’’ to C.1a’’, s—, ZZ. Corresponding circuit
to C.1a’"’ is ZZ, s+ bridged by 172 to extension
of n bridged at 168 and [13a’’’ to C.la’”’,
8§—, ZZ.

During restoration to zero, circuit to the
clutches C.8”’, C.8’"’, C.8a’’, C.8a’"’, through the
wire ds-— is broken at the lower bridge at the
relay C.19, and the cascry-over mechanism is in-
active, except the clutch C.8a’ whose negative pole
is connected with the wire s—, and which restores
to normal position the armature 63a’.

I claim:

1. In a calculating apparatus for computing
quantities whether positive or negative in quality,

‘an accumulator comprising members correspond-

ing to denominational orders and operative in re-
spective positive and negative directions to ac-
cumulate positive and negative quantities, means
selectively to operate the members in positive di-
rection either to add a positive quantity to an
accumulated positive quantity or to subtract a
negative quantity from an accumulated negative
quantity, or to operate the members in negative
direction either to add a negative quantity to an
accumulated negative quantity or to subtract a
positive quantity from an accumulated positive
quantity, reversible transfer mechanisms of con-
vertible first and tenth step cyclic phases between
the several orders of said members, and operative
by the members of next respective lower order,
means automatically to convert said phases ac-
cording to the quality of the accumulated quan-
tity and the directional operation of said mem-
bers, to cause the transfer mechanisms to trans-
mit tens carry-over in the addition of a quantity
to an accumulated quantity similar in quality at
each tenth step, and to borrow at each cyclic first
step in the subtraction of a gquantity from an
accumulated quantity similar in quality, whether
the quality of the quantities component in the
computations is positive or negative.

2. In 2 calculating apparatus for computing
quantities whether positive or negative in quality,
an accumulator comprising members correspond-
ing to denominational orders operative step by
step from zero position in respective positive and
negative directions to accumulate positive and
negative quantities, means selectively to operate
the members in positive direction either to add a
positive quantity to an accumulated positive
quantity or to subtract a negative quantity from
an accumulated negative quantity, or to operate
the members in negative direction either to add
a negative quantity to an accumulated negative
quantity or to subtract a positive quantity from
an accumulated positive quantity, reversible
transfer mechanisms of .convertible first and
tenth step cyclic phases differentially convertible
according to the directional operation of said
members and the quality of the accumulated
quantity, between the several orders of said mem-
bers, means. automatically to convert the said
phases to condition the said mechanisms to trans-
mit tens carry-over in the addition of a quantity
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to an accumulated quantity similar in quality at
each tenth step, and to borrow at each cyclic first
step In the subtraction of a quantity from an
accumulated quantity similar in ‘quality, the last
said means including an electric clutch in each
sald transfer mechanism operative by the said
members of respective next lower order, in direc-
tions corresponding to the directional operation
of said members, dual circuits to the clutches cor-
responding to the respective positive or negative
quality of the accumulated quantity, a circuit
controller comprising members corresponding to
denominational orders of which the highest order
is denominationally higher than the highest order
of the accumulator members, transfer mechanism
between the several orders of the circuit con-
troller members of first and tenth step cyclic
phases to operate cyclic first step transfer coin-
cidentally with the initial step of the first op-
erated accumulator member from Zzero position
in either direction, to close, at the highest order
of the circuit controller members, the circuit cor-
responding to the quality of the quantity accumu-
lated by the accumulator during said initial step.
3. In a calculating apperatus for computing
quantities positive and negative in quality, an
accumulator operative through zero comprising
members corresponding to denominational orders

and operative in respective positive and nega-.

tive directions to accumulate positive and nega-
tive quantities, means selectively to operate the
members in positive direction either to add a pos-
itive quantity to an accumulated positive quan-
tity or to subtract a negative quantity from an
accumulated negative quantity, or to operate the
members in negative direction either to add a
negative quantity to an accumulated negative
quantity or to subtract a positive quantity from
an accumulated positive quantity, reversible
transfer mechanisms of first and tenth step cyclic
phases convertible according to the directional
operation of said members and the quality of the
accumulated quantity between the several orders
of said members and operative by the members of
respective next lower order in directions corre-
sponding to the directional operation of said
members, to transmit fens carry-over in the addi-
tion of a quantity to an accumulated quantity
similar in quality at each tenth step and to bor-
row at each cyclic first step, in the subtraction
of a quantity from an accumulated gquantity sim-
ilar in quality, whether the component quantities
computed be positive or negative, and means au-
tomatically to converi the phases of the transfer
as the accumulator passes through zero from pos-
itive into negative quantities or vice verss, and
cause the direction in which the transfer mech-
anisms transmit tens carry-over and the direction
in which said mechanisms borrow, each respec-
tively to be reversed. .

4. In a calculating apparatus for computing
quantities positive and negative in quality, an
accumulator operative through zero comprising
members corresponding to denominational orders
operative step by step from zero position in re-
spective opposite directions to accumulate-positive
and negative quantities, means selectively to op-
erate the members in positive direction either to
add a positive quantity to an accumulated positive
quantity or to subtract a negative quantity from
an accumulated negative quantity, or to operate
the members in negative direction either to add
a negative quantity to an accumulated negative
quantity or to subtract a positive quantity from
an accumulated positive quantity, reversible

2,190,710

transfer mechanisms of first and tenth step cyclic
phases convertible according to the directional
operation of the mechanisms and the quality of
the accumulated quantity, between the several
orders of said members, an electric clutch in each
said transfer mechanism operative by the mem-
bers of next respective lower order in directions
corresponding to the directional operation of said
members, dual circuits corresponding to the re-
spective positive or negative quality of the ac-
cumulated quantity to condition the said clutches,
a circuit controller operative coincidentally with
the initial step from zero position of the first op-
erated accumulator member in either direction, to
close the said circuit corresponding to the quality
of the quantity accumulated by the accumulator
during said initial step, and cause the transfer
mechanisms in the accumulator to transmit tens
carry-over in the addition of a quantity to an

accumulated quantity similar in quality at each -

tenth step and to borrow at each cyclic first step

10

15

in the subtraction of a quantity from an accumu- -

- lated quantity similar in quality, and means when

the accumulator passes through zero from posi-
tive into negative quantities or vice versa and the
quality of the accumulated quantity changes, to
cause the circuit controller to break the first said
circuit and close the other circuit, automatically
to convert the phases of the transfer and cause
the direction in which the transfer mechanisms
in the accumulator transmit tens carry-over in
addition and the direction in which last said
mechanisms borrow in subtraction each respec-
tively to be reversed.

5. In a calculating apparatus for performing
computations in quantities positive and negative
in quality involving transitional carry-over, an
accumulator operative through zero comprising
members corresponding to denominational orders
and operative step by step from zero position in
respective positive and negative directions to ac-
cumulate positive and negative quantities, means
selectively to operate the members in positive
direction either to add a positive quantity to an
accumulated positive quantity or to subtract a
negative quantity from an accumulated negative
quantity, or to operate the members in negative
direction either to add a negative quantity to an
accumulated negative quantity or to subtract a
positive quantity from an accumulated positive
quantity, reversible transfer mechanisms of first
and tenth step cyclic phases convertible accord-
ing to the directioal operation of said members
and the quality of the accumulated quantity, be-
tween the several orders of the members and op-
erative. by the members of next respective lower
orders in directions corresponding to the direc-
tion | operation of said members, and automatic
means to compensate the orders of the accumu-
lator members which may be affected by transi-
tional carry-over as the accumulator passes
through zero from positive into negative quanti-
ties or vice versa.

6. In a calculating apparatus, an accumulator
operative through zero from positive into nega-
tive quantities or vice versa and comprising mem-
bers corresponding to denominational orders op-
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erative from zero position in respective positive

and negative direction to accumulate positive and
negative quantities, means selectively to operate
the members in positive direction either to add a
positive quantity to a positive accumulated quan-
tity or to subtract a negative quantity from an
accumulated negative quantity, or to operate the

members in negative direction either to add a
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negative quantity to an accumulated negative
quantity or to subtract a positive quantity from
an accumulated positive quantity, reversible
transfer mechanisms of first and tenth step cyclic
phases convertible according to the directional
operation of said members and the quality of the
accumulated quantity, an electric clutch in each
said mechanism operative by the said members of
respective next lower order in directions corre-
sponding to the directional operation of said
members, dual circuits to the clutches corre-
sponding to the respective negative or positive
quality of the accumulated quantity, a circuit
controller operative coincidentally with the ac-
cumulator members to close the said circuit cor-
responding to the quality of the first accumulated
quantity, and as the accumulator passes through
zero, to break the last said circuit and close the
other circuit to the clutches to convert the trans-
fer phases and cause the direction of operation
in which the transfer mechanisms transmit tens
carry-over and the direction in which the said
mechanisms borrow, each respectively to be re-
versed.

7. In a calculating apparatus for computing
quantities whether positive or negative in quality,
an accumulator comprising members correspond-
ing to denominational orders, operative step by
step in respective positive and negative directions
to accumnulate positive and negative quantities,
means selectively to operate the members in pos-
itive direction either to add a positive quantity
to an accumulated negative quantity or subtract
a negative quantity from an accumulated positive
quantity, or to operate the members in negative
direction either to add a negative quantity to an
accumulated positive quantity or to subtract a
positive quantity from an accumulated negative
quantity, reversible transfer mechanisms of con-
vertible first and tenth step cyclic phases between
the several orders of said membs and operative
by the members of next respective lower order,
and means automatically to convert said phases
according to the quality of the accumulated quan-

4 tity and the directional operation of said mem-

“ ity,

bers to cause the sald transfer mechanisms to
transmit tens carry-over in the subtraction of a
quantity from an accumulated quantity dissimilar
in quality at each tenth step and to borrow at
each cyclic first step in the addition of a quan-
tity to an accumulated quantity dissimilar in
quality thereto.

8. In a calculating apparatus for computing
in quantities whether positive or negative in qual-
an accumulator comprising members corre-
sponding to denominational orders operative step
by step from zero position in respective positive
and negative directions to accumulate positive
and negative quantities, reversible transfer mech-
anism: of first and tenth step cyclic phases differ-
entially conditioned according to the directional
operation of said members and the quality of the
accumulated quantity, between the several orders
of sald members, a clutch in each transfer mech-

15

anism operative by the said members of next re-
spective lower order in directions corresponding
to the directional operation of said members, dual
circuits to the clutches respectively correspond-
ing to the positive or negative quality of the ac-
cumulated quantity, a circuit controller compris-
ing members corresponding to denominational

orders of which the highest order is denomina-.

tionally higher than the highest order of the cir-
cuit controller members, transfer mechanisms in
the circuit controller of first and tenth step
cyclic phases controlled by the circuit controller
members of next respective lower order and op-
erative coincidentally with the initial step of the
first operated accumulator from zero position, to
cause by first cyclic step transfer the highest
order of the circuit controller members to close
the said circuits corresponding to the quality of
the quantity accumulated by the accumulator
during said initial step, and an adjustable state-
control to predetermine the directional operation
of said accumulator members and conjointly with
the circuit controller condition the transfer
mechanisms in the accumulator differentially to
operate transfer of the different phases.

9. In a calculating apparatus for computing
quantities whether positive or negative in qual-
ity, an accumulator comprising members corre-
sponding to denominational orders operative step
by step from zero position in respective positive
and nhegative directions to accumulate positive
and negative quantities, reversible transfer mech-
anisms of first and tenth step cyclic phases be-
tween the several orders of the accumulator mem-
bers differentially conditioned according to the
directional operation of said members and the
quality of the accumulated quantity, a clutch in
each transfer mechanism operative by the said
members of next respective lower order in di-
rections corresponding to the directional opera-
tion of said members, dual circuits to the clutches
respectively corresponding to the positive or nega-
tive quality of the accumulated quantity, a circuit
controller comprising members corresponding to
denominational orders of which the highest order
is denominationally higher than the highest order
of the circuit controller members, transfer mech-
anisms in the circuit controller of first and tenth
step cyclic phases controlled by the circuit con-
troller members of next respective lower order
and operative col-icidentally with the initial step
of the first operated accumulator member from
zero position, to cause by first cyclic step trans-
fer the highest order of the circult controller
members to close the said circult corresponding.
to the quality of the quantity accumulatod by
the accumulator during said initial step, and an
adjustable state-control to predetermine the di-
rectional operation of said accumulator members
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and conjointly with the circuit controller condi- ®

tion the transfer mechanisms in the accumulator
differentially to operate transfer of the different
phases. :

HENRY JEWETT FURBER.




