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1

This application is a division of our copending
application Serial No. 569,992, filed December 27,
1944 for Electronic accounting machine. The in-
vention claimed in the present application is a
carry device for an accumulator or register.

One object of the invention is to provide an
improved carry device adapted to coact with
counters which are operated by electrical im-
pulses, the carry device being conditioned by an
output impulse from a lower order and, when so
conditioned, responding to a carry operate im-
pulse at the end of an adding cycle, to transmit
an impulse to the next higher order.

Anocther object is to provide carry means for
an accumulator composed of impulse operated
counters, the carry means providing for a carry
on a carry by the cascade method.

Other objects of the invention will be pointed
out in the following description and claims and
illustrated in the accompanying drawings, which
disclose, by way of example, the prineiple of tha
invention and the best mode, which has been con-
templated, of applying that principle.

In the drawings:

Figs. 1a, 1b and lc constitute a circuit diagram
of an accumulator associated with a card punch,
the accumulator being provided with carry
means in accordance with the invention.

The accumulator which embodies the carry
means to be described is shown in Fig. le. It io
composed of ten counters, only the first, second,
ninth and tenth orders being shown. Each ordexr
of the accumulator is a counter which responds
to electrical impulses applied to an input termi-
nal 95 and, on counting ten impulses, transmits
an impulse through an output lead 117.  The
counter may be an electronic counter of the kind
shown in the application Serial No. 569,992. The
drawing does not show the construction of the
counter but it consists of a series of trigger cir-
cuits which operate in accordance with a modi-
fled binary system, in response to input impulses
applied to the terminal 95, so as to give an out-
put impulse on the wire 117 for every tenth in-
put impulse. The electronic elements of the
trigger circuits are connected to a cable lead-
ing from a power supply 270 (Fig. 1b). The wire
81 is at a potential of 4-140 volts, the wire 80
at 0 potential, and the wire 81 at —92 volts. The
wire 93 can be connected to the wire 91 through
normally open contacts RiTa of a relay RiT.

‘The ouput impulses on wire {17 are transmitted
to a carry storage device, in the form of a trigger
circuit E, there being one such trigger circuit for
each order from the first to the ninth. As shown
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in the first order, trigger circuit E comprises two
triodes El and E2, which may be two halves of
a single tube. The cathodes are connected to
the wire 80 and the anodes are connected through
resistors 82 and 83 to the wire 8f. 'The grid of
the tube El is coupled by resistor 88 and a con-
denser 92 to the plate of the tube E2 and the
grid of the tube E2 is coupled to the plate of the
tube El by resistance 88a and condenser 92a. The
grid of the tube El is coupled by condenser 94
to the wire 80 and by a resistance 80 to the wire
91. The grid of the tube E2 is coupled by a con-
denser 94 to the output lead (17 and by a resist-
ance 90¢ and wire 118 through normally closed

? contact R38b and contact RiTa, when closed, to

the wire 91.

When power is turned on at the power supply
the potential of the gird of the tube El is de-
pressed below the cutoff point, while the potential
on the grid of the tube E2 is positive, because of
the open condition of the contact RiTa at this
time. Thereafter, when the contact Ri7a closes,
in a manner to be described, the trigger E re-
mains in the condition in which its right hand
tube E2 is conductive, as indicated by the small
circle at the right side of the tube. When a
negative voltage wave is transmitted through wire
{17 and condenser 94 to the grid of the tube E2,
this tube is cut off. The rise in its plate potential
is transmitted to the grid of the tube Ei and the
latter tube becomes conductive. By the time the
negative voltage wave ends, or leaks off the right
hand condenser 94, the potential of the plate of
the tube El is down and biases the grid of the
tube E2 below cutoff.

The plate of the tube E? is connected through
a resistance 122 to the grid of a carry tube F,
which is connected by a resistance 128 fo the
negative biag wire 94, The plate of this tube is
connected through resistances 24 and 125 to the
wire 81 and its cathode is connected to the wire
80. The grid of the tube F is also connected
through a resistance 135 and wires 134 and {33
to the plate of a carry operate tube H. This is
a power tube which has its cathode connected
to the wire 80, its screen grid and plate connected
through resistances 132 and 131, respectively, to
the wire 81. Associated with the carry operate
tube H is a carry cperate trigger circuit &, which
is similar to the trigger circuit E, except that the
grid of the left hand tube C! is connected
through a resistance 83 to the wire 92 and the
grid of the right hand tube G2 is connnected
throuzh a resistance 93¢ and normally ciosed con-
tact R3Te to wire §1. Thus, when power is turned




2,484,115

3

on, the trigger assumes the conditicn in which
the left hand tube Gi is conducting. The control
grid of the tube H is connected fo an intermedi-
ate point 130 of a voltage divider 128, {23 ex-
tending between the plate of the tube G2 and
the wire §4, When the trigger G is switched
to the left, as at the start, the control grid of
tiie tube E is brought up to a potential which
causes the tube H to be conducting. Due to the
joint influence of the plate potentials of the tubes
E2 and H, the grid of the tube F is biased. con~
siderably below the cut off peint. If either tube
E2 or H becomes non-conductive an inerement of
voltage will be added to the grid of the tube F,
which is less than sufficient to raise the potential
of the grid of the tube F above the cutofl point.
If bhoth of the tubes E2 and H are made non-con-
ductive the potential of the grid of the tube P
risas abcve the cutofd peint and the tube bececmes
conductive. When this occurs a negative impulse

is transmitted from an intermediate point (2§ of”

an anode resistor {24, {28 of the tube F, through:
a wire {27, to the input terminal 85 of the second
order of the accumulator.

The impuises which operate the counters of the
accumulater are transmitted- from an emitter
shown in Fig. 1b. Ciosure of any contact of the
series R1b—RE§b will cause a corresponding num-
ber of impulses, 1, 2 ... 9, to be transmitted
from the emitier. For the purpcse of the pres-

ent disclosure the emitter can be understood to:

comprise a series of nine gas tubszs, only two of

which, J9 and J8, are shown in the drawing. The

plates of these tubes are connected through a
common lead 297 anmd normally closed contact
R36f, to a
The cathodes are connected through resistances
133, to the O wire 82. FREach contrel grid is con-
nected to an intermediate point of a voltage di-
vider comprising resistances 43 and [438, the
lower end of which is coniieeted to the —92 voit:
wire 81 and the upper end.of which is connecied
through a related contact R%b, R85, etc., and 3
common wire {88, to-a +140'volt terminal of the
power supply 273, The shield grids of the tubes
are connected through resistances 153, a com-
non wire 158, and a device labeled “Block input,”
to thie 8 wire 83. The block input device is utilized
in reading cut the accumulator and will not be
further referred to herein.

The cathcde of the tube J9 is connectedthrough’
a delay circuit comprising a resistance- (44 and
a condenser {48, to the control grid of the tube
J8. If the contact R8b, for example, is- closed,
a circuit will be extended from the 140 volt
terminal of the power supply through wire {38,
contact R8b, voltage divider (43, i49, to wire 84,
The contrel grid, which normally has the nega-
tive potential of the wire 91, is raised to a poten-
tial which causes the tube J9 to ignite, extending
a circuit from the 1956 volt terminal of the power
supply through normally closed contact R38f, the
piate to cathode path of tube J9, resistance {33,
to wire 88. The voltage of the cathode of the tube
J9 rises and this rise is transmitted, with a pre-
determinad time delay determined by the time
constant of the circuil, to the control grid of the
tube J8, igniting the latter tube. In the same
way the other tubss of the series are ignited in
timed sequence.

As each tube is ignited and its cathode poten-
tial rises, a positive voltage wave is transmitted
through a related condenser 15t to the grid of a
related tricde K9, K8, etc. The plates of the
series of tubes K9, K8, etc., of which there are

16¢ volt terminal of power supnly 278.
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nine, are connected through a common wire !§
a voltage divider 154, {53, to the wire 8!,
cathodes are connected to the wire £3
grids are connected to an intermed
voitage divider comprising resistances i&d
{E) extending between the wire §i and ihe wit
80. Thereby the grids are normally bifsed to ol
off potential. The positive voltage waves trans-
mitted through the condensers 5§ cause the tubes
K9, K8, etc. to become conductivea successively. As
each one becomes conductive a negati
wave is transmitted from an outpul ter
in the voltage divider {34, {52, to tha
order: of the accumuiator which is receiving
rulses at the time, through a cireuit to be s
scribed presently.

The emitter is controlled by relays operated by
the keyboard of a duplicating puncl: which is more
fully disclosed in the application Serial No. 569,-
992. Fig. la shows the keyboard cf this punch,
the keys being in a: vertical row §5. The punch
includes a card carriage (not shown) having as-
scciated with it a readout mechanism shown in
Fig. 1b and represented by brushes §% and 88 trav-
eling aicng rails 712 and 13 and connecting the
latter successively to an upper row of contacts 62
and a lower row of contacts §3, respectively, there
being one contact in each row for each columin
of the card. Only the contacts pertaining to ccl-
umns 48 to 89 are shown in Fig. 1b.

It is tor he noted by examination of Figs. ib
and le that the contacts 62 are connected to the
input terminal 95 of the various orders of the ac-
cuinulator in a predetermined arrangement,
there being groups of nine contacts each. For
example, contacts 62 representing the GOtk and
69th columns of the tabulating card are con-
nected to the input terminal 85 of the fivst.ovder
of the accumulator; contacts 8% regresenting the
59th and 88th columns of the card are coi-
nected to the input terminal $8& of the sscond
order of the accumulator; and confacts & repre-
senting 52nd and 61st columns of the card are
connected to the input terminal: 83 of the ninth
order of the accumulator. With such s ar-
rangement,. the tabulating card may be said {c
be divided into fields whereby amounts, up to
and including nine digits, may bs =ntered infc
each field: However, where amounts ars to be
added, for example, it is necessary that similar
denominations be ertered into appropriate cor-
responding columns of each field of the card in-
volved. The space key S aifords a convenient
means (o effect spacings between appropriate
columns so that entries may be made in proper
denominational’ order in card- ficlds.

Electrical nower for operating the punch and
control relays to be described is derived from a
direct current source indicated in Fig. 1a by the
signs + and When a main switch is
closed, a circuit is extended from positive wive
220 through normally closed’ latch contact 254
and relay contact Ri8a, wire 225, relay RIS, to
the negative-wire 221, energizing said.relay. Con-
tact Ribb: closes, extending a circuit from the
wire 225 through relay Rt71 to the wire 221 and
energizing the: latter relay. Contact Rifa (Fig.
le) closes, extending the negative bias potential
to the grids of these trigger tubes which are nor-
mally conduetive. Contact RITb closes, extend-
ing a circuit through the latch contacts 224, con-
tact R11b; wire- 226, and bus bar 228; to the key
contacts:of the row 55.

When power was: first turned on a circuit was
also- extended: from wire 225 through normally

a
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closed contact R32b and relay R30 through the
negative wire 221, energizing said relay. Contact
R30¢ (Fig. 1b) closes, extending a circuit from
wire 225 through said contact, relay R3l, to the
negative wire 221, energizing said relay. Contact
R31Db closes, extending a circuit from the wire 228
through normally closed floating cam contact
FC, wire 227, contact R31b, relay R32, to the neg-
ative wire 221, energizing said relay. Contact
R32a closes, extending a holding for relay R32
past the contact R31b. Contact R32b opens,
dropping out relay R31. The contact R32¢ trans-
fers, conditioning the emitter output for trans-
mission of impulses.

Assume that a card is in column 52 position
and that the problem is to add 89 and 19. The
operator will actuate the space key S seven times,
to bring the card carriage to column 59 position.
Each time the space key is operated a circuit is
extended from wire 220 through the latch con-
tact 224, contact Ri7b, wire 226, bus bar 228, the
contacts of the key S, wire 241, punch magnet
30, to the negative wire 22i. The punch mag-
net is energized and causes the punch operating
mechanism to operate, but with the sole effect
making the carriage escape from one column to
the next at each operation of the punch mag-
net. The holding cam contact FC opens during
each carriage escapement, with an effect on the
control relays to be described presently.

When the carriage is in column 59 position
(corresponding to the “tens” denomination to al-
low entry into the second order of the accumu-
lator) the operator actuates the “8” key 55, ex-

tending g circuit from the bus bar 228 through 3

the “8” key contact, the relay R8 and the mag-
net 8, bus bar 218, to the wire 221, energizing said
relay and said magnet. The contact R8a closes,
extending a holding circuit for the relay R8 and
magnet 8 through wire 227 and floating cam con-
tact FC, to the wire 226. The excitation of mag-
net 8 causes an interposer to be moved into posi-
tion to actuate the punch in the “8” index point
position of the card. The interposer closes a bail
contact 38, extending a circuit from wire 225
through the punch magnet 30 and causing oper-
ation of the punch. Meanwhile, contact R8b
(Fig. 1b) closes, setting the emitter in operation
to emit eight impulses, in the manner previously
described. These impulses are transmitfed from
the output terminal 155 through transferred con-
tact R32¢, wire 238, rail 10, upper brush 64, con-
tact 52 in column 59, wire 232, to the input termi-
nal of the second order of the accumulator. The
eight impulses advance the second order counter
from 0 to 8.

When the floating cam contact FC opens, as
the card carriage escapes from column 59, the
relay R32 becomes deenergized and its holding
contact R%2a opens. Contact R32¢ transfers, dis-
connecting the output terminal of the emitter
from the accumulator. Contact R32b closes, com-
pleting a circuit from wire 225 through relay R30
and energizing said relay. Contact R30f opens,
disconnecting the plates of the tubes J9, J8, etc,,
from the power supply and extinguishing the
arcs in the tubes J8, etc. Contact R30a closes,
completing a previously traced circuit through
relay R21 and energizing said relay. Contact
R3id closes, applying positive potential to the
plates of the J tubes. Contact R31b closes, ex-
tending a circuit from the relay R32 to the wire
227, so that this relay will be energized as soon
as the floating cam contact FC closes, when the
card carriage arrives in column 60. When relay

10

6

R32 is energized its contact R32a closes, extend-
ing a holding circuit to the wire 227; its contact
R32b opens, dropping out relay R30; and its con-
tact R32¢ transfers, connecting the emitter to
tire 40th column contact 62.

When the operator depresses the “9” key the
same operations are repeated, except that this
time nine impulses are sent from the emitter
through the column 68 contact 62 and wire 231
to the input terminal 95 of the first order of the
accumulator, advancing this order to 9.

The operator now operates the space key seven
times bringing the carriage infc colummn 68 posi-

" tion (corresponding to the “tens” denomination
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to allow entry into the second order of the ac-
curmeulator). Now when the operator presses the
“1” key a single impulse is transmitted from the
emitter through wire 232 to the second order of
the accumulator, advancing this counter from 8
to 9. The carriage steps forward to column 69
and the operator presses the nine key. This
causes nine impulses to be transmitted through
wire 231 to the first order of the accumulator,
advancing the latter from 9 through 0 to 8.

When the first order counter passes through 0
it transmits an output impulse, in the form of a
negative voltage wave, through wire 117 and con-
denser 94 to the grid of the tube 2, switching
the trigger E to the left. As the plate potential
of the tube E2 rises the voltage on the grid of
the tube F is lifted by an increment which still
leaves it below the cutoff potential.

When the carriage arrived at column 69, and
hefore the operator had depressed the “9” key,
as just mentioned, the lower brush 65 of the col-
umn readout mechanism came upon the contact
§3 pertaining to column 69, completing a circuit
from wire 225 through normally closed contacts
R35a, rail 13, brush 65, wire 242, relay R34, to the
wire 221, energizing said relay. Contact R34a
closed, preparing a circuit for reoiay RIE, but
this rzlay was not energized imunediately, he-
cause it was shunted by the wire 242,

When the carriage steps out of column 59
position, as a result of the last mentioned oper-
ation of the “9” key, the brush 85 leaves contact
82 pertaining to column §9, breaking the shunt
circuit around the relay R385, so that this relay
becomes energized. Contacts R35a transfer, in
preparation for the readout operation. Contact
R35¢ closes, completing an obvious circuit to relay
R31, which becomes energized. This relay con-
trols the carry operate impulse. The contact
R31a (Fig. 1c) opens, removing the bias poten-
tial from the grid of the tube G2 and causing this
trigger to switch to the right. The piate poten-
tial of the tube G2 drops, hiasing off the tube
H. The plate potential of the tube H rises, lift-
ing the potential of the grids of all of the F tubes
by a certain increment. In the first order this
inerement is sufficient to render the F tube con-
ductive, causing a negative impulse to be trans-
mitted through wire 127 to the input terminal 95
of the second order. The second order is ad-
vanced from 9 to 0 and sends an output impulse
through its wire 117 and condenser 84 to the grid
of the right hand tube of the related carry trig-
ger E. This trigger is switched to the left and
the resulting rise in the plate wobtentizl of
tube E2 is transmitted to the grid of the related
tube ¥. This increment of rise is sufficient to
render the last mentioned tube conductive and a
negative voltage wave is transmitted from its out-
put terminal {26 through wire 127 to the input
terminal 95 of the third order of the accumuiator.
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The accumulator has now stored 108, the sum of
&9 and 19.

When the relay R3T was energized its con-
tacts R&7d were closed, completing a circuit from
wire 22% through normal contacts R38a¢ and relay
R32 to wire 221, energizing said relay. Contacts

W38a transier, These are make before bkreak
contacts and the relay R38 is held energized
through a circuit extending to wire 228. Con-
tact R38b opens, disconnecting the wire 118 from
he bias potential and causing all of the carry
triggers E which have been switched to the left
to switch back to their normal right hand posi-
tion, in preparation for the readout operation,
in which the carry circuits are used again. Con-
tact R28c closes, completing an obvious circuit
through relay R39, energizing said relay. Con-
tact R3%8a closes, restoring bias potential to
wire  118.

The punch is now operated automatically under
control of the accumulator, to read out the
amount in the accumulator and to punch that
amount in the card field comprising columns 78
o0 I3, Thno mooner in wihich this is done is de-
scribed in application Serial No. 569,992 and will
not be repeated here, since it forms no part of
the invention claimed in- this application.

When the card carriage enters column 83 posi-
tion the last column contact 250 is closed in the
well known manner, as described in the afore-
said application, completing a circuit from wire
228 through said contact and eject magnet 251,
as well as relay Ri8, to wire 221, energizing said
magnet ard said relay. The eject magnet causes
the card to be ejected and sefs under way &
train of operations in the course of which another
card is fed into punching position. The contact
R1i8 (Fig. la) cpens, removing the positive line
notential from the control relay bus wire 228% and
decnergizing all of the relays which are ener-
oized at the time through this wire. This in-
chides the relays RIS and RIT. The confact
Ri7a opens, removing bias potential from the
wires 93 and (18, thereby restoring all trigger
civeuits to normal condition, including those in
the counters.

When the carriage leaves column 20 position,
the last column contact 288 opens and magnet
251 and relay Ri8 are deenergized. The contact
R{8a closes, but at this time, in accordance with
the well known operation of the duplicating
punch described in application Serial No. 559,992,
the lateh contact 224 is open and remains open
throughout the carriage return movement. Dur-
ing this time the contact RITb is open and the
kevboard is disconnected from the power supply.
When the latch contact 224 closes, potential is
restored to wire 225 and relays R16 and RiT are
energized. Contact Ri7a closes, restoring bias
rotential to the trigger circuits and contact R{7b
closes, restoring line potential to the wire 2285,

While there have been shown and described
and peinted out the fundamental novel features
of the invention as applied to a single modifica-
tion it will be understood that various omissions
and substitutions and changes in the form and
details of the device illustrated and in ifs opera-
ticn may be made by those skilled in the art,
without departing from the spirit of the inven-
tion. It is the intention, therefore, to be limited
only as indicated hy the scope of the following
claims.

‘What is claimed is:

1. A carry device for transmitting units from
a lower order of an accumulator to the next
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higher order comprising an electronic discharge
element having an anode, a cathode, and a con-
trol electrode; an electronic trigger operated by
the lower order of the accumulator; means nor-
mally biasing said one control electrode below
cutoff potential; means controlled by said trigger
when the latter is operated, to add a positive
increment to the potential of said one control
eleetrode sufficient to overcome g part of the bias
of the latter below the cutoff potential; carry
operating means including means to add another
pesitive increment to the potential of said one
control electrode sufficient, when addad to said
first increment, to raise said potential above the
cutoff potential, and means responsive to a
change in the anode potential of said electronic
discharge element for adding a unit to the next
higher order.

2. A carry device for transmitting units from
lower orders of an accumulator or register to the
respective next higher orders comprising a plu-
rality of electronic discharge elemants, one for
cach order except the highest, each of sajd ele-
ments having an anode, a cathode, and 2 control
electrode; an electronic trigger for eaczh order ex-
cept the highest; means normally biasing said
one control electrode of each of =2id elements
below the cutoff potential; means controlled by
the respective trigger, upon operatien thereof, to
add a positive increment to the potantial of said
one conirol electrode of the related element,
sufficient to overcome a part of the bias of the
latter below the cutoff potential; carry cperat-
ing means including means opsrative at the end
of an addition, to add a second positive incremeant
to the potential of the control electrods of 2ach
of the said elements, sufficient to raise the poten-
tial of any control electrode to which a first incre-
ment has been added, above the cuteff notential,
and means responsive to a change in the anode
potential of any of said elements for adding »
unit to.the next higher order, said carry operat-
ing means being adapted to hold said second
inerement of potential on said one control elec-
trode, whereby if any carry storage means is
operated in response to a carry into its order from
a lower order, the related element is rendered
conductive and transmits a unit to the n2xt
higher order.

3. In a carry device for tranferring units from
one orcder of an accumulater to a higher order
comprising an electronic discharge device hav-
ing an anode, a cathode, and one control elec-
trode; electronic trigger means, operative by the
first mentioned order of the accumulator; means
to bias the said one control slectrede normally
below cut-off, means controlled by said trigger
means, when it is operated, to reduce partially
the bias upon said one electrode without render-
ing the said device conductive; cairy operating
means including means t¢ further reduce the
bias upon said one electrode to render the said
device conductive, and means controlled by a
change in anode potential of the said device to
transfer o unit to the s2id higher order.

4. A carry device for transmitting units from
lower orders of an accumulator to the respective
next higher orders comprising a plurality of elec-
tronic discharge devicss, one for each order ex-
cept the highest; each of said devices having an
anode, g cathode, and one control electrode; elec-
tronic trigger means for each order except the
highest, operative by its respective order; means
to bias said one control slectrode of each of the
said devices nermally below cut-off, means con-
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trolled by the respective trigger means upon op-
eration thereof to reduce partially the bias upon
said one electrode of the related device without
rendering it conductive; carry operating means

including electronic trigger means operative at

the end of an addition to further reduce the bias
upon said one control electrode of each of the
said devices to render those devices conductive
which have received initial bias reductions; and
means controiled by a change of anode pofen-
tial of any of the said devices for adding a unit
to the next higher order, the said carry operat-
ing means being adapted to maintain its influence
until all carry storage means have operated in

response to carry impulses from lower orders to ;

transmit units to the next higher orders.

5. A carry device for transferring units from
one order of an accumulator to a higher order
wherein potential means under the control of

carry operating means counteracts the bias po- .

tential on one control electrode of an electronic
discharge device to render it conductive, means
controlled by the said device, upon becoming con-
ductive, to transfer a unit to the said higher

order; means normally retaining the said device ¢

nonconductive by applying to said one electrode
a bias potential greater than the said potential
means can counteract, electronic trigger means
operative by the first mentioned order of the ac-
cumulator, and means controlled by said trigger

Y

10

means, when it is operated, to reduce the said
bias potential to a value within the range of the
said potential means to counteract.

8. A carry device for transmitting units from
a lower order of an accumulator to the next higher
order wherein entry is made into an order by a
voltage pulse comprising a triode having an
anode, a cathode, and one control grid; electronic
trigger means operated by the lower order of the
accumulator, means to bias said one grid of the
said triode normally below cut-off, means con-
trolled by said trigger means to raise the poten-
tial of said one grid to a value just below cut-off;
5 second electronic trigger comprising carry op-
erating means inciuding means to raise further
the potential of the said grid to a value above
cub-off, and a resistor network in the anode cir-
cuit of the said triode for transmitting a voltage
pulse to the said higher order.
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BYRON E. PHELPS.
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