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- 'sign-detecting relays each adjustable automati-
_cally under the control:of indications on the

13

20

Patented Jan. 2, 1940

UNlTED STATES

2,185,697

PATENT OFFICE

2,185,697
MULTIPLYING MACHINE

Norman M Wood, London, England, assignor to

International Business Machines Corporation,
New York, N. Y., a corporation of New York.

Application June 17, 1937, Serial No. 148,624
In Great Britam October 21, 1936

. : . 6 Clauns

tiplying machines and more specifically to ma-
chines of the record card controlled type.

The principal object of the invention is to pro-
‘vide improvements in such machines whereby
certain problems may - be more expeditiously
solved.

A further object of the-invention is to provide
~means for determining the arithmetical sign of
an equation in accordance with the arithmetical
signs of its terms;

According to the present invention, a record '

controlled - multiplying machine includes two

record according to whether a factor is positive
or negative into a “positive” or a “negative” con-
dition, and a control device normally positioned
into a “positive” condition in which it remains

when both the relays are in theu: “positive” or -

in their “negative” condition, but adjustable into
a “negative” condition when one of the relays is

- in its “positive” condition and the other is in its

25

“negative” condition, and arranged to control the .

operation of the machine in accordance with its
adjusted condition. -

The invention is applicable to machines ar-
ranged to obtain the sum of, or difference, be-

- tween the product of two factors read from the

30

record and a number read from the record. Ac-

. cording to such a machine, the number is always

35

added to or subtracted from the product and the
result is obtained as a true number or a com-
plement, and a second control device is provided
which, when the result is a complement, causes
the machine to record the complement of the

" result and which cooperates with the first control

40
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device to control the recording of an indication
of the sign of the result. In accordance with
a further feature of this invention, a third sign-

-detecting relay is provided which is adjustable

into a “positive” or a “negative” condition in
accordance with an’indication on'the record of
the sign of the number and which cooperates with
the first and second sign-detecting relays to de-
‘termine the adjustment of the first control de-
vice which, in turn, is arranged to determine
whether the number shall be added to or sub-
tracted from the product in accordance with its
adjustment.

Further objects of the instant 1nvent10n reside
in any novel feature of construction or operation
or novel.combination of parts present in the

embodiment of the invention described and shown .

in the accompanying drawings whether within

.which has a disclosure similar to the present case.

"each denomination and in which the digit added

(Cl. 235—61.8)
This invention relates to 1mprovements in muI—_

or without the scope of the appended claims
and irrespective of other spec1ﬁc statements as

- to the scope of the invention contained herein.

In the drawings:
Figs. 1la, 1b, and 1c, taken together and placed
one above .the other in the order named, consti-

-]

» tute a wiring diagram of the electric circuits of

the machine.

Fig. 2 is a cross sectmnal view of the punching
mechanism of the machine,

Fig. 3 is a cross sectional view of the card feed-
ing and analyzing mechanism.

Fig. 4 is a detail of mechanism for adding an
“elusive” one.
" Fig. 5 is a detail in isometric of an order of
one of the accumulators.

Pig. 6 is a diagram showing the sequence of
cycles under two conditions of operation.

PFig. 7 is a similar diagram showing the order
of cycles for handling the equations. 20
Fig. 8 is a diagrammatic representation of the
various units of the machine, showing the man-
ner in which they are interconnected for the

transfer of numbers between the various units.
Fig, 9 is a timing dlagram of the cam con-
trolled contacts.
Figs. 10 and 11 are diagrams showmg the se-
quence of operations mvolved in handling spe-
cific problems.

Standard operatzo‘n

Before explaining the improvements of the in~
vention, a brief’ explanation will be given of the
manner in which the machine operates in per-
forming simple multiplying operations, that is,
the multiplication of two factors and the perfo-
rating of the product back on the record card.
The mechanical structure of the machine is sub-
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" stantially the same as that of Patent No. 1,933,714,

granted November 7, 1933, to J. M. Cunningham,
and of Patent No. 1,944,665, granted January 23,
1934, to D. J. Oldenboom. Reference may also
be had to the copending application of R. A.
Rowley, Serial No. 49,671, filed November 14, 1935,

t

The machine comprises a card feeding section,
punchmg mechanism, multiplicand and multi-
plier registers MC and MP respectively and two
partial product accumulators LH and RH
(Fig. 8). The two registers and the two accumu- 0
lators are constituted by conventional Hollerith
accumtilators of the kind used in tabulating ma-
chines. Such an accumulator is controlled by
accumulator magnets of which there is one for
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15

lator magnet is energized.

The sequence of operations when multiplylnz
two factors together in the normal manner will
first be explained with _reference to.Pig. 8. The
operation of the machine in evaluating & more
complex expression will then be deseribed in de-
tail with reference to the circuit diagram, ' .

Referring to Fig. 8 cards containing factors

C and D that are to be multiplied are inserted -

into the machine. These cards are fed one by
one past a reading station, As a card passes

the reading station, factors C and D are read -

from it and entered into the registers MC and
MP. The card is then passed to the punching
mechanism through which it is advanced into

position to receive the product in a fleld A. As

indicated in Fig. 6, a-card feeding cycle occupies
two machine cycles and the card is read in the
first of these cycles. 'In the third cycle, the ac-~
cumulator LH is reset, Assuming that the multi-

- plier contains two significant digits, cycles 4 and

30

© digit.

5 will be occupied by multiplying operations.
The multiplying operations are controlled by
multiplying relays designated MPR (Fig. 8).
These relays are selectively energized under the
control of reading-out mechanism MPRO of the
register MP and, in conjunction with the read-
ing-out mechanism MCRO of the register MC,
selectively transmit electrical impulses to the
accumulator magnets of the accumulators LH

and RH. The timing of these impulses is con- -

trolled by an emitter or rotary commutator E.

- The impulses received by the accumulator mag-

nets of the accumulators I.H and RH are so
timed that each accumulator adds a partial
product of the multiplicand -and the multiplier
Relays CSL and CSR direct these im-
pulses. to the appropriate.denominations of the
accumulators in accordance with dénomination
of the multiplier digit by which multiplication is
being effected. In cycle 6, the registers MC and
MP are reset and the partial product obtained

in the accumulator RH is transferred to the,

accumulator LH, The transfer is effected by im-
pulses transmitted by the emitter E through

reading-out mechanism RHRO of the accumu-

lator RH. During the next two cycles the prod-
uct cbtained in the accumulator LH is recorded
on the card under the control of the reading-
out mechanism LHRO :of that aceumulator.

.Concurrently & new card feeding cycle occurs

during which the two factors of the next com-
putation are read. ‘The accumulator RH is also

- reset during the first of the two cycles in which
< card feeding and punching occur.

70
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~Improved operation

The present machine is designed to evalua.te'

the expression (+C) (+D) =B, where any one of
the terms (B, C and D) concerned may be either

2,188,007

in any denomination is determined by the time
* In the cycle at which the corresxpndlnz accumu-

In the first two cases,
tive while in cases 3
negative. In any of these
be positive and therefore B is either added to
the product or subtracted from the product in
accordancew!thltssizn If the result is posi-
ive, 1t is obtalned as a true number and recorded

‘on the card from which the factors were ob-

tained. If the result is negative, it is obtained
as & complement but is recorded as a true num-
ber together with an indication that it is nega-
tive.

Under conditions 6 and 8, C l.s negative and
D is positive while under conditions 7 and 8, D
is negative and C is positive. In any of these
cases the product will be negative. The machine
will add B to the product when B is negative and
subtract B from the product when B is positive
and will then reverse the sign of the resuit.
Thus, if the result is a true number, it will be

recorded on the card together with an indica-

tion that it is negative while if it is a comple-
ment, it will be recorded as a true number.
The indication that an amount -is negative is
made by a special hole in the card and the ab-

sence of such & hole indicates ths,t, t.he amount

is positive.

© When' acardisread.theamounts C and D
are entered into the registers MC and MP in
the usual manner, while the amount B is en-

the product will

10

15
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tered into the accumulator RH. Since the ac- . -
‘cumulator RH is normally being reset while the

card is being read it is necessary, as indicated
in Fig. 7 to delay the card feeding cycle and
consequently the punching cycle until after this
accumulator has been reset. In other words the
resetting of the accumulator RH occurs in a
special cycle (No. 9 in Pig. 7). Just before the

- card is read; the machine determines whether

the amounts B, C and D are positive or negative

- and is adjusted to add B to the product CD or to
subtract from that product as may be required.

In the third cycle the accumulator LH is reset.
If B is to be added to CD, the multiplying opera-
tions are then initiated and proceed in the nor-

mal manner, one partial product being obtained

in the accumulator LH and the other in the ac-
cumulator RH.: The latter will be added to the
factor B ‘which has been entered into the ac-
cumulator RH. This sum will then be trans-
ferred to the accumulator LH to give the result
B4CD. If the result is a true number, it will be

"recorded on the card. If it.is a complement, a

relay 64 is energized and inverts the recording
circuits so that the true amount is recorded.
If B is to be subtracted from CD, the multi-

36
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-plying operations are suspended for two cycles
and the resetting of the accumulator LH is fol- '

positive or negative. The eight conditions that '

may arise are set out below together with the
operation performed by the machine:

1 +B, +C, +D:B4-CD

2. ~B, +0¢, +D:~B4CD

3. +B, —C, —D:B+4CD .

4. —B, —C, -D:—B+CD
5. +B, —C, +D:—(—~B+4CD)
6. —~B, —C, 4+D:—(B+CD) .
7. 4B, +C, —D:—(B+CD)
8. —B, +C,

—D:—Q+CD)

i

lowed by a cycle in which the factor. B in the
accumulator RH is transferred as a complement
to the accumulator LH. During this cycle & re-
lay 62 is energized and inverts the transferring
circuits so that the complement of B is trans-
ferred. In the next cycle, the sccumulator RHE

* is reset ar\ter which the multiplying operations

occur in the usual manner and the partial prod-

-uct in the accumulator RH is transferred to the

- ‘accumulator LH. This accumulator will' thus

contain the sum. of the complement B and the
product CD. Thhsumwﬂlbeequaltothedit-
ference between B and CD. 'As before, it is re-

. .corded on the card and is converted into the true

number form whm itisa complcment.

70
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Circuit diagram

The operation of the machine will now be de-

scribed In detail with reference to the circuit di-
agram. '
. In the circuit diagram, Figs. la, 1b, and 1c, the
circuits and electrical devices which have heen
added to the wiring arrangement of a standard
commercial multiplying machine such as shown
in the patents referred to, are emphasized by
heavy lines to more clearly indicate the man-
ner in which the improvements have been in-
corporated in such machine.

After record -cards bearing perforations rep-
resentative of the factors to be multiplied have
been placed in the feed magazine of the ma-
chine and after the various preliminary plug
connections have been made for directing the
entries into the accumulators, the main line switch
(not shown) is closed tq place the machine in
operation during which the section of the gen-
erator designated DC (Fig. 1c) supplies current
to DC lines 40 and {l and a section designated
AC (Fig. la) supplies current to ground and to
a line 12,
are now closed by depression of the start key
button, which completes the circuit from the DC
line. 10, through a relay coil C, contacts 13 now
closed, upper contacts Gl, cam contacts FC2,
to line I1. Magnet CA and contact N2 are in

_ parallel with coil C and the magnet is thus en-

ergized with the coil C. The coil C establishes
a8 holding circuit through 1ts contacts C2 and
the cam contacts FC8.

The .coil C, when energized, also closes a pair
of contacts Cl, shown in the upper part of Fig.

. 1¢, which will complete -a circuit from line 10,

_ normally closed relay contacts PI,

45

, card feed
clutch magnet (4, cam contacts FC6, stop key
contacts 15, relay contacts NI, contacts Cli, a
pair of contacts Pi, to line II.

al of a card from the magazine 100 (see Fig. 3)
and will advance it to the analyzing brushes (7.
In transit to the brushes 17, the card first passes
a pre-sensing station, generally designated 101.

During this movement of the card, the usual card ’

lever is engaged to close card lever contacts 18

(lower part of Fig. 1¢) which complete a circuit-

from line Ii,
line {0.

- In starting up the machme it is necessary to
hold down the start key to maintain the con-
tacts 13 closed during the first complete card
feeding cycle, or, alternatively, to depress the
start key a second time. At the beginning of the
second cycle, the closure of cam contacts FCIi
will energize relay magnet G through a circuit

contacts 18, relay magnet H, to

- Including card lever contacts (8. Relay mag-

60

net G will close its normally open contacts Gl,
setting up a holding circuit through cam con-
tacts FC2, and will also close relay contacts G2
to provide a further holding circuit through the
card lever contacts 18. These two holding cir-
cuits alternate in maintaining relay magnet G
énergized as long as cards continue to feed from

" the magazine 100. The relay magnet H is also

70

78

provided with 'a holding circuit, which extends
through.card lever contacts 18, or serially through
relay contacts G2 and cam contacts FC2.
Energization of relay magnet H will cause shift-
ing of its contacts HI (upper part of Fig. la) to
the reverse of the position shown, thereby sup-
plying current to the distributor 19 which sup-
plies current to the contact roll ITa of the an-

The start key contacts 13 (Fig. 1)

_ Energization of
card feed clutch magnet 14 will cause withdraw-

3

alyzing brushes 11. As the card proceeds to pass
the analyzing brushes, circuits will be completed
to the accumulators selected to receive entries
in accordance with the perforations in the rec-
ord ‘card; that is, as the card traverses the
brushes 17, the multiplier factor will be entered
into the multiplier accumulator and the mul-
tiplicand factor will be entered into the multi-
‘plicand accumulator.

The entering circuits extend from the AC gen-
erator through line {2 to the now closed con-
tacts H!, cam contacts FCT, distributor 19, brush
contact roll 17¢ between which and the brushes
{1 the card passes. From the contact roll, the

" circuits extend through the perforations in the

card, the brushes IT which sense the fields in

<

10

15

which the multiplier and multiplicand factors

are perforated, to plug sockets 20, from which
suitable plug connections are made to sockets 21
and sockets 22 of the multiplier and multipli~
cand accumulators respectively, to effect -ener-
gization of the adding magnets 23 of the related
accumulators. The entering circuit, after pass-
ing through the magnets 23, continues through
normally closed contacts A2 to ground.

After the first card has traversed the brushes
i1, it is fed into the punching unit of the ma-
chine and upon its arrival there, it causes closure
of punch card lever contacts 24 (see Fig. 3 and
bottom of Fig. 1¢) which cause energization of
the relay magnet F. The closure of the normally

20

25

30.

open contacts Fl (upper part of Fig. 1e¢), estab- .

lishes a circuit from line i0, now closed contacts
¥i, cam contacts CC3, trip magnet 25 of the
punching mechanism (see Fig. 2) which func-
tions to trip clutch mechanism to further ad-
vance the card to punching position. The cir-
cuit continues through eject contacts P3 and re-
lay contacts Ki which at this time are in a po-
sition reverse to that shown. The contacts Ki
are controlled by relay magnet K which is en-
ergized through last column contacts P% in the
punching unit.
whenever the card advancing  carriage of the
punching unit is in last column position, which
position it occupies when the operation of the
entire machine is first started, so that upon start-
ing, relay K is energized and its contacts Ki
are in shifted position. When relays K and F

are both energized, a circuit is completed when.

contacts CC2 close, which is traceable from line
i2, contacts CC2 (Fig. la), K2, L2, ¥2, to reset
magnet 3TLH of the LH accumulator, thereby
initiating resetting of the same.

The cards are handled in the card punching
unit in the customary manner as set forth in the
‘above mentioned patents, After the preceding
analyzed card has been advanced column by
column past the line of punches 102 (Fig. 2) and
as the left hand component accumulator LH is
being reset, a circuit is completed which extends
from line (1 (Fig. 1c), contacts 44a, 44b, and 4dc
(which are closed while the LH accumulator
is resetting), switch TP2, wire 28 (Figs. 1b and
la), through relay magnets M and N in parallel,
wire 29 (Figs. 1b and 1c¢) to line 10. Relay mag-
net M closes its contacts M2 (Fig. la) to provide
a holding circuit for the relays extending from
line 10, wire 29, relays M and N, contacts M2,
wire 30, to the normally closed contacts 3fa
(Fig. 1¢) and line 11, Contacts 3la are opened

_during the operation wherein the MC accumula~

tor is reset and until such time, relay magnets M
and- N will remain energized. 'These are the
master relay magnets of the c_ycle controller unit

These contacts P5 are closed .

35
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10 plier contain zeros:

4 X
_and they call the cycle controller into operatlon
to determine the location of. significant - figures
in’ the multiplier. The circuit through wire 28
- also extends to the zero segments 106 of the read-
8 out unit of the multiplier accumulator designated
MPRO. If any of the brushes of the MPRO
stand at zero, selected ones of the column skip

‘magnets Yu, Y, etc: will be energized according

to which denominational orders of the multi-
The magnets Yu, Y%, etc.,
. control contacts Yu—2, Yit—2, etc., through
which circuits are completed to the column shift
relay magnets CSu, CSt, etc., and to the multi-
plying relay magnets 34.

In those positions in which the multiplier
digit is zero, the associated magnet Yu, Yt, etc.,
will be energized and the related contacts Yu—-z
Yt—2, etc., will be shifted from the poaition
shown in the diagram so that the related magnet
20 CSu, CSt, etc., will be disconnected from the

circuit which is traceable from iine 12, cam con-
tacts CC2, relay contacts Ml,:
-contacts Yu—2, relay magnet csm through the
appropriate readout spot 103 in one order of the

15

28 readout section MPRO, to the corresponding

.

readout magnet 34, and thence to ground. The
function- of the contacts Yu—2, Yt—2, etc is
“to direct the multiplying relay selecting circults

through only those positions in which significant

30 figures occur in the ‘muitiplier and to skip the
positions in which zeros occur.
" With a particular magnet 84 energized, for

example the X5 magnet 34, the related contacts’

shown in the center of Fig. la will-become closed

and with the emitter E in constant operation,’

impulses will be emitted through the contacts of
the times 5 multiplier relay 34 and thence through

the readout device of the multiplicand accumu- -
lator designated MCRO, and. therearter, through -

40 thé column shift relay contacts CSL and CSR
(Fig. 1b) to the adding magnets 28 of the RH
and LH accumulators which thus received the

right and left hand partial product.entries re- -

spectively. The CSL and CSR relay contacts
45 are controlled by the relay magrets CSu, CSt,

etc., and serve to effect the proper denomina- -

tional allocation of the partial ‘product entries.

* Thus, when multiplying is being effected by the
units digit of the multiplier, the units magnet

80 CSu is energized and the units order sets of: ¢
tacts CSL and CSR are closed.

Energization of 'a relay magnet CSu, CSt ete.,

(Fig: 1a) will also close a pair of contacts CSu—3,
»C8t—3, etc., which will cause energization of

. 58 the relay magnets Yu, Yt, ete., in the order in

which multlplqug is takmg place. This, in turn,
will shift the related pair of contacts Yu—1,
Yt—2, etc., so that when cam contacts CC2 again
close, the aforetraced circuit will be directed

" 60 through the magnet CSu, CSt, etc., in the order

containing the next higher sigmﬁcant figure and
will- skip the magnets CSu, CS¢, etc., in posi-
tions in which zeros are present.
The machine continues multiplying operations
65 during which the partial products are entered
in succession into the LH and RH accumulators.
After a multiplying cycle has been effected, for
each significant multiplier digit, all. of the mag-
nets Yu, Yi, etc., will have been energized and
70 all of the contacts Yu—2, Yi—2, etc., will be in
their shifted position so that on the next fol-
lowing cycle the closure of cam contacts CC2

will complete the circuit which extends through -

all of the now closed contacts Yu—2, Yi—2,
75 etc, and wire 3§ to the relay magnet 38 and the

normally closed

- zation of magnet B will close its contacts B2 to

2,185,607

multiplicant reaet magnet amc A p&nllel clr-

~cuit  also extends through cam contacts FCI®
“and multiplier reset magnet 3IMP,

If switch 38 is open, the multiplier accumula- .
tor will not be reset and the factor therein will g
become a so-called “fixed” multiplier for suc-
ceeding multiplying operations. The relay mag-
net 36 closes its contacts 38a (Fig. 1b), which
connect the readout sections of the RH accumu-
lator designated RHRO, to the adding magnets
23 of the LH accumulator, thus directing the sum
of the right hand partial products into the LH
accumulator to produce the complete product.
These ‘circuits are controlled from the emitter E
(Fig. la) through a group of wires generally
designated 39, which extend to the readout de-
vice RHRO.

In Fig. Blsshownccectlonotmsccumuutor
to illustrate the mechanical arrangement of the
readout section which is the same for all the
accumulators. For each order there are commu-
tator segments 183 which are con-
nected .through the: brush structure 104 to the
common arcuate conducting strip {85. The posi-
tion of the brush corresponds to the value en-
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tered on its associated accumulating wheel and

connects the segment 183 having such-value to

_the strip 108. In the circult diagram the seg-

ments and strips are represented as circles and
vertical bars, respéctively.

During the cycle in which tpe MC accumulator
is reset concurrently with the RH to LH trans-
fer operation, the normally closed contacts 3la
(Fig. 1c) which are operated by-a cam on the
MC reset shaft will open to interrupt the circuit
to the cycle controlling relay magnets Yu, Y¢,
etc.,, thus ‘causing deenergization of all these
magnets and the interruption .of their related -
circuits. The RH to LH- transfer relay magnet
86 closes a pair of contacts 36b (Fig. la) through
which 'a- circuit is completed by the emitter E
after the amount in the RH accumulator has
been transferred to the LH accumulator. This
circult is traceable from line 2, through emitter
E, which, when the brushes thereof are at the
zero segment, will continue through contacts 38b
to the reset magnet 3TRH which functions to
initiate resetting ot this accumulator. . .

Referring now to Fig. 1c, the contacts 31b
are closed along :with the shifting of contacts
31a when the Mc ‘accumulator is resetting, there-
by completing. a circuit from line {1, contacts
31b, switches SPI and TP, relay magnet C, to
line {0. Relay magnet C establishes a holding
circuit through contacts C2 as before and also

45

56

‘closes contacts Cl to complete the circuit through
-the card feed clutch magnet (4 as traced above.

This causes the next card to be fed to the analyz-
ing brushes (1 where the new factors will' be
entered into the accumulators and in the case-
of “fixed” multiplier operation’ whefein the
multiplier accumulator is not reset, only a mul-
tiplicand factor will be entered into the MC ac-
cumulator in. preparation for the next series of ~
multiplying operations. 65
During the operation of card teeding, the cam |
contacts FC4- close, completing a circuit from
line 11, switch 40, cam contacts FCA, switch 41,
wire 42 switch TP4, relay B, to line (0. Energi- -
70
provide . a holding circuit through normally -

‘closed contacts 44a associated with the reset

devices of the LH accuniulator. The magnet
B will also close its contacts B, thereby estab-
lishing & circult from line (1, contacts Bf, con- yg
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tacts 46 in the punching unit, switch 46, wire 47
(Fig. 1b) to the common conducting strip 48 of

‘the punch column selector. -

The strip 48 is connected in succession by a
brush 110 to.the segments 49 as the record card
moves step by step past the ' column of punches
102 in the punching unit and in those columns
that are. plug connected to the readouf device
LHRO, will complete circuits from segments 49
to sockets 51 and through the LHRO device to
wires 52 which extend to the punch selecting

magnets §3 (see also Fig. 2) whose common

return wire 54 extends through wire 28 to line
i6. While the step-by-step punching of the
product takes place in the card, the new factors
are entered into their appropriate accumulators
and when the card is completely punched and
advanced to its last column position, relay mag-
net K will be energized as before to close its
normally open contacts Ki and complete a cir-
cuit through the eject magnet 55 (Fig. 1¢) which
causes the ejection of the punched record from

- the machine. - :

25
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As explained in the above mentioned patents,
the energization of any of the magnets 53 will
advance a related interposer into operative rela-
tionship with a corresponding punch 102 and the
advancement of any interposer will cause closure
of a pair of contacts 56 (Fig. 1¢) which com-
plete a circuit from line {0, through the punch
magnet 51, contacts 56 and BI, to line i{. The
punch magnet serves to press the selected in-
terposer against the punch to effect a perfora-
tion in the corresponding position in the. card
column. The feeding of a new card to the
brushes will again cause closure of. card lever
contacts 18, causing energization of magnet H

‘to permit the impulse distributor {9 to supply

urrent to the card analyzing brushes I7.

The operation of the machine as thus far de-
scribed is~substantially the ‘manner in which
multiplying operations are performed in the pat-
ents referred to and in commercial machines.

In Fig. 6 is indicated the sequence of cycles where

the multiplier - factor contains two significant

‘ figures, resulting in two multiplying cycles.

55

70
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Where the machine handles the equation in-
cluding the term B and factors C and D, sockets
20 associated with the field B (Figs. 1a and 8)
of the card are connected to sockets (0( -(top
Pig. 1b) assoclated with the accumulator mag-
nets 23 of the right hand accumulator. As the

card passes the brushes |7 which sense the field -

in which the B term is perforated, the holes in
it will permit the brushes to make contact with

-the roll ITa and complete differentially timed

cireuits to the various accumulator magnets 23.
These circuits include the normally open contacts
HI, which are now closed, the cam contacts FCT

and a commutator 19, which serves to prevent -

sparking of the brushes. The circuits for the
magnets 23 of the accumulator RH include nor-
mally open contacts ZI. These contacts are
closed at. this time by a relay coil Z (bottom Fig.
le) which is energized on the closure of cam
contacts FCI2, through a circuit including switch
100, which is closed for this type of operation,
and contacts C3 of the relay C which is energized
in card feeding. cycles. When it is desired merely
to multiply two factors together, the switch 188
is opened. .

Before describing the calculating operations,'

involving the features of the invention, the con-

trol for the sign of the factors will be described.

It has been explained that at the beginning of

the second card feeding cycle, the brushes 60, 10
and Tf (center Fig. 1¢) will engage the sign-des-

ignating holes in the record. If the number B is

negative, the brush 68 will engage a hole and will

complete .& circuit extending through cam con-

tacts FC5, contacts H2 of the relay H, the brush
60, a relay coil 99 and contacts CAS, closed by
the coil CA which is energized at this time. A
similar circuif is completed through the brush 10
and a relay coil 12 if the multiplicand C is nega-
tive while a third circuit may be completed
through the brush T{ and relay coil 13 if the
multiplier I¥ is negative. When the relays 72,
13 and 99 are deenergized, they are in what may
be termed their “positive” condiiion and, when
energized, in their “negative” condition. The
relay coil T2 controls triple contacts T2¢ (top Fig.
1c¢) and triple contacts 12b while the relay coil 13
controls triple contacts 13a and triple contacts
13b. The relay coil 89 controls contacts. 98a.  If
all three factors are positive the three coils 72,
13 and 99 will be deenergized and their contacts
will be in the positions shown. These contacts
are in a circuit which includes a relay coil 62, a
switch SP2, which is closed for this type of opera-
tion, and contacts P2 which are provided in the
punch and which prevent improper operation of
the machine should the punch .parts not be in a
proper position. With the contaets of the relays
72,.13 and 99 in their normal positions, no circuit
is completed to the relay coil 62, since the nor-
mally open contacts 98¢ interrupt the branch
through the contacts 12b and 13b while the con-
tacts -T2a and 7T3a interrupt .the connection
through the normally closed contacts 99a. If
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both the factors C and D are negative, both the -

coils 12 and 13 will be energized and their con-
tacts will shifi. 'The shifting of:- these contacts

_ will not, however, allow of a circuit being com-
pleted to the relay coil 62. Thus the relay 62

will not be energized when the factor B is posi-
tive and C and D are either both positive or both
negative. .

" If the factor C alone is negative, the coil 12

will be energized and its contacts will shift. The
circuit will then be completed through the con-
tacts P2, the normally closed contacts 13a, the
normally open contacts 12a, the normally closed
contacts 99a, the switch SP2 and the relay coil 62.
A similar circuit will be completed if the factor
D is negative and the coll 73 becomes energized.
Thus if B is positive and either C or D is negative
and therefore their product CD is negative, the
coil 62 will be energized. If B is negative, the
coll 99 becomes energized, shifts its contacts 88a
thereby disconnecting the contacts T2a, 13a from
the coil 62. ¥f C and D are both positive, a circuit
is completed through the normally closed con-
tacts 13b, the ncrmally closed contacts 12b, the
contacts 99a, the switch SP2 and the coil 62. If
all three factors are negative, all three coils 12,
13 and 99 are energized and the coil 62 is ener-
gized over a circuit including the normally open
contacts 13b, 120 and $8a. ‘Thus, the coil 62 is

" energized if B is negative and C and D are either

both positive or both negative. The circujts just
traced require that the coils 72 and 73 should
either both be energized or both be deenergized
so that.the relay coil 62 will not be energized if
C is positive and D is negative, or vice versa, and
only one of the coils T2 and 13 is energized. Thus

_the coil 62 is not energized when B is negative

and either C or D, and therefore their product
CD, is negative. :
On referring to the table of conditions of
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“for itself and the coil N from the line 29

6

operation given prevlously, it wlll be noted that
the coll 62 Is not energized whenever B is to be
added to CD but is energized whenever B is to be
subtracted from CD and this coll determines
whether - addition or- subtractlon should take
place

“When the coﬂ 82 is energized it.closes its con- -

tacts- 62a to provide a holding circuit including

reset contacts 63 which are operied when the -

accumulator RH Is reset. - The coil 62 also shifts
contacts 62b (top Fig. 1d).” During the resetting
of the accumulator LH, contacts 44a (center Fg.
1e) close to complete a circuit including a line 102

- to a relay coil S which closes its contacts-S2 to

provide a holding circuit for itself through cam
contacts CC8. Coil 8 also shifts contacts St (top
Fig. 1a). During the resetting of the accumu-

Jator LH. a circuit is completed from the lne {f ..

(Fig. 1¢) through the contacts 44a, 44b, ddc
(which close while the accumulator LH is being
reset), the switch TP2, a line 28, which extends
to Fig 1a, relay coils M and N, a line 29, which
extends.back to Fig. 1c and the line I8, “The cofl
N opens its contacts NI (Fig. 1¢) in _series with
the card feeding clutch magnet 14, its contacts N2
in series with the relay coil CA and its contacts
N3 in series with the relay coil C so as to prevent
card feeding operations. being initiat
calculating cycles. The' coil M cl
tacts M2 (Fig. 1a) to provide a hol

the contacts M2, a line 30 and contacts 3la
(bottom Fig. 1¢) to theline i1, “The contacts 3la
are opened during resetting of the accumulator
MC so that the colls M and N remain energized
till this accumulator is reset.

The coil M also closes its contacts M.
mally the closure of these contacts .initiates
multiplying operations. When, however, the coil
82 is energized, closure of the contacts Mi initi-

ates a transferring operation by completing a

cireuit from the line {2 through contacts CC2,
the contacts Mi, the normally open contacts 62b,
the normally open contacts S! and a relay coil
36. This coll closes contacts 38a (Fig. 1b) so as
to connect the accumulator magnets 23 of the
accumulator LH to the reading-out mechanism
RHRO. This mechanism comprises a number
of segments (08 which correspond to the various
digits as indicated in Fig. 1b and brushes 104
which are differentially positioned in accordance
with the digits registered in the accumulator to
connect. common segments 105, one for. each

denomination, to the appropriate segments {08.

The segments 103 are normally connected
through contacts §2¢ and lines 39 to the emitter E
in such a way that each segment can transmit an
impulse generated by the emitter and timed to
correspond to the digital value of the segment.

With the coil 62 energized, the contacts 62c are

shifted and invert the connections between the

segments 103 and the lines 39 in such a way that

the zero segments are connected to transmit an
impulse at the nine time, the one segments at
the eight time, and so on, the nine segments be-
ing disconnected. 'The impulses transmitted will
therefore correspond to the complement to nine
of the number B in the accumulator RH., These
impulses are transmitted through the contacts
36a to the accumulator magnets 23 of the ac-

. cumulator LH so that the complement of B is

(]

entered into this accumulator.

Coil 86 closes its contacts 38b (right !"lg 1a)-

so that the emitter E may complete a circuit,
atter the transfer has been effected, through’

Nor-
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contacts 385 to s magnet STRH which n known

manner engages the accumulator RH to a reset

.shaft by which 1t i1s reset, to zero in the next

cycle. During this resetting operation, the con-
tacts 63 (right Fig. 1c) open and deenergize the
coll 2. When, early in the next cycle, the cam
contacts CC2 (Fig. 1a) close, they complete a cir-
cuit through the contacts Mi, normally closed
contacts §2b to -contacts $2a a.nh the completion
of this circuit initlates mult.lplicatxon as has

‘been described. |

" After the multiplicand has been multlplied by
all digits of the multiplier, all the colls Yu, Yi,
ete., will be energized and all the contacts Yu-—2,
Yt—-2 etc., will have shifted. .When the con-
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tacts CC2 next close, they will complete a circuit -

extending through the contacts M{, 62b and 32a,
. & line 35 and hence through a magnet 3TMC and

through the normally closed contacts SI and
the magnet 38. The circuit also extends through
cam contacts FCI8 and & magnet 3TMP, switches

‘38 being closed. The magnets 3$TMC and.

3TMP initiate the resetting of the registers MC
and MP." The magnet 38 closes its contacts 38a
(Fig. 1b) to prepare the circuits for transferring
the amount in.the accumulator to the a‘c;
cumulator LH. 'Since the coll 82 is now deener-
gized, the contacts 82¢ will be in their normal po-
sition and the actual amount registered in the
accumulator RH will be transferred. As before

the magnet $TRH (Fig. 1a) will be energized

after the transfer so that the accumulator RH
is reset in the next cycle.

If the amount B is to be added to the product,
the relay 82 is not energized and its contacts 62b

35

(Fig. 1a) are in the position shown when the

contacts M close. The multiplying operations
are therefore initiated and commence in the cycle
following: the resetting of the accumulator LH.
The transfer of the complement of B to the ac-
cumulator LH is thus suppressed and the amount

- B is left standing in the accumulator RH.

Referring to Pig. 10, there is shown dlagra.m

. matically, the sequence of operations involved for

the four conditions I, II, IIT, IV in the first two

.0f which B and CD are both positive and in the

last two B and CD are both negative, so that in

" all cases the result is the sum of the, two terms

B and CD, the only differenice being that for I and
II the sign of the result is positive and for IIT and
IV the sign of the result is negative. The deter-
mination of the final result sign in these four
cases is made- directly under control of the

-relays 12, 78 and 98. For T and II, no circuits

can be completed through the contacts of these
relays, but for III ‘and IV either of the contacts
13a or T2a are shifted due to the unlike sign of
C and D so that relay Q is picked up which
in turn picks up relay R which closes its contacts

‘R2 to rause an “X” hole to be punched at the

proper. time, indicating that the Tesult is negative.
The circuits involved will be specifically traced
hereinafter.

It will be noted that for the.conditions enu-
merated in Fig. 10, multiplying operations follow
immediately after the LH reset cycle as fllustrated
in Fig. 6, since there is to be no intervening trans-
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fer of the B amount to the LH accumulator. '

Also, the conditions of I and IT are alike except
that for I, B is less than CD and for II, B is great-
er than CD.. Conditions IIT and IV differ in the
same respect. .

It is well known that if a number is subtracted

by adding its nines complement, the result, if 75 °
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"negative ” will be a nines complement, while, if

“positive,” will be one less than the true differ-

". ence. - In order to simplify recording a “negative”

10

result, it is preferred to obtain the “negative” re-
sult as a nines complement. Provision is made
for adding the missing unit; the so-called fugitive
unit, to a positive result to make it correct.
During the entries of partial products directly or
by transfer into the accumulator LH, the com-

“plementary amount previously transferred to it

from the accumulator RH will be converted, pro-

" vided the product is greater than the amount
* . standing in the accumulator as a complement

18
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- through normally closed contacts 64c to punch -

into the true amount by the addition of the par-
tial products and the accumulator will pass

‘through zero, the highest denomination attempt-

ing to effect a carry operation when this occurs.
The carry mechanism for this denomination is
arranged as shown in Fig. 4 to close a pair of

contacts 69 (top Fig. 1¢) when it turns from 9 to

0 and these contacts energize. a relay coil Y and
a magnet 67, This magnet trips the carry mech-
anism for the units denomination of the accumu-
lator LH so that the fugitive unit is added as
though by a carry operation. It will be appreci-
ated that the energization of the coil Y is indica-
tive of the fact that the result has been obtained
as a true number, and not as a complement, and
does not therefore require to be convei‘ted when
being recorded. . !

When ‘the coil 62 is energized, it shifts its con-
tacts 62d (center Fig. 1c) thereby energizing a
coil 'W which closes its contacts Wi to maintain
itself energized .through cam contacts CCS.
These contacts are timed to maintain the coil W
energized for a short time after the coil 62 be-
comes deenergized. When the coil 62 deenergizes,
a circuit is completed through the contacts 62d,
contacts W2 closed by the coil W and a coil 64.
This - coil closes its contacts 64a, providing a
holding circuit for itself including contacts Yi.
The function of the relay 64 is to convert the
result obtained in the accumulator LH into its
complement. If the result in the accumulator LH
is a true number, the coil Y will be energized
and will open its contacts Y{, thus deenergizing
the.coil 64. On the other hand, if the result in
the accumulator LH is a complement, the coil ¥
would not be energized and the coil 64 will re-
main energized.

~'The segments 103 (bottom Fig. 1b) of the
mechanism LHRO are connected by wires 52

magnets 58. Each of these punch magnets cor-
responds to a different digit and selects a punch
for punching a hole to represent that digit. With
the contacts 64¢ in their normal position, the
magnets 53 will be energized to select the punches

for punching holes representing the amount in °
the accumulator LH. If the coil 64 is energized, -

contacts 68c will shift and the connections be-

. tween the segments 183 of the magnets 53 will be
- - inverted so that the holes punched will repre-
_sent the nines complement of the amount in the

‘accumulator LH, and, since this amount is a

complement, these holes will represent the true

- result.

A fresh card. feeding -cycle and the punching
operation are initiated in the following manner.
) During the resetting of the accumulator RH, re-

~'set contacts 99 (center Fig. 1¢) close and com-

plete a circuit through the contacts N8, the

switch. SPI, a switch TP1 and the coil C. This

~coll 1n1tiates the card feeding cycle in the man-

ner previously described. It might be mentioned

7

that for ordinary multiplying operations, the
switch SP1 is thrown so that the coil C is ener-
gized through contacts 31b which are closed dur-
ing the resetting of the multiplicand accumu-

lator, so that the coil C is energized one cycle

earlier, Early in this card feeding cycle, cam
contacts FC4 (bottom Fig. 1¢) close and a circuit
is- completed through a switch 40, the contacts
FC4, switch 41, a line 42, a switch TP4, and a
relay coil B. ThIS coil closes its contacts B2 to
provide a holding circuit for itself. Coil B also
closes contacts Bi (top Fig. 1¢) thereby provid-
ing a circuit from the line i} through the con-
tacts Bi, contacts 45, switch 46, a.line 47 to com-
mon segment 48 (Fig. 1b) of punch column se-
lector. The punch comprises a row of punches,
controlled by the magnets 53, past which the
card is fed step by step. A brush 11{0 moves with
the card and connects the segment 48 to seg-

.ments 49 in turn. Fach segment 49 corresponds

to a card column and those corresponding to
the columns in which the result is to be recorded
are connected by plug connections between sock-
ets 50 and 51 to the mechanism LHRO so that
the circuits may continue through each section of
the mechanism LHRO in turn to the proper mag-
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nets 53.  The card is automatically stepped one -

column after each punching operation and, when
the result has been completely punched the card
is ejected.

Determining the sign of the result

If the result recorded on the card is negative,
a special hole is made in the selected column
under the control of the punch magnet 53
marked X in Fig. 1b. If the result is positive, this

_hole is omitted. Consider first of all the case in

which the product is a positive amount as in the
case in the first four conditions of operation

‘given previously. Under these conditions the

result will' be positive if it is a true number and
negative if it is a complement. Thus under
these conditions the special hole should be
punched if the coil 64 is energized when record-
ing the product. If, on the other hand, the
product is negative (the last four conditions
given previously) a positive amount -will be ob-
tained as the complement and.a negative amount
as the true amount. This arises from the fact
that the machine always subtracts B from the
product CD and never subtracts the product from
B.

It is therefore necessary for the machine to
determine whether the product will be positive or
negative. This is effected by a circuit through
the contacts T2a, 13a (Fig. 1¢).- If one but not
the other of these contacts shifts, as the result of
C ar D, but not both being negative, the product
will be negative. Under these conditions a circuit
is completed; through a coil Q. This coil closes
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its contacts Ql and provides a holdmg circuit

- through the contacts P2.

This circuit is held duting the punchmg opera-
tions.

At the end of the card feeding cycle the card ¢
is delivered to the punch in position to be fed
by a first card rack. In this position it closes.

card lever contacts 24 (bottom Fig. 1¢) which
energize relay coil F. This coil shifts ifs con-
tacts Fl. A previous card is fed past the punches
by a second card rack and, after punching has
been completed, the rack moves to a last column
position and closes contacts P5. These contacts
energize a relay coil K whxch shifts its contacts
Kl.

a5
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. Q are no longer connected in parallel.
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When the contacts’ KI shltt they energize an
eject magnet 58 which trips eject mechanism by
which the card is ejected from the punch. Dur-
ing its operatfon, the eject mechanism closes con-
tacts 16, The closure of these contacts connects
a relay coil R parallel with the relay coil Q so that
the coil R. becomes energized and closes- its con-
tacts RI. During the ejecting operation’ contacts
P3 close. . A circuit may then be completed
through the contacts Fl, contacts CC83, a magnet
25, the contacts P¥ and the contacts Ki. The
magnet 28 engages a clutch to couple both the
card racks to a motor and closes contacts to
energize this motor. 'The motor drives both the
card racks towards one another so that the card

just delivered into the punch is.transferred from

the first card rack to the second card rack. At
the beginning of this card rack movement, the

- contacts P5§ re-open, deenergizing the relay K so
: that: its contacts are restored to normal.

provides a holding circuit for the relay coil R
through the contacts Ri and KI. The movement
of the first card rack is arranged to reset the eject

mechanism of the punch which results in the con-

tacts 16 re-opening so that the relay coils R and
At the
end of its movement, the first card rack also opens
contacts P2 breaking the holding circuit for the

relay coil Q which becomes, deenergized. Thus, -

the relay R will be held energized until punching
has been.completed on the card now in the punch,
while the relay Q is deenergized in readiness for

' re-energization under the control of the next

card. The first card rack moves to its normal
position in readiness to receive the next card
while the second ‘card rack carries the card
through the punching mechanism to the punching
position. The movement of the card racks and
the control of the contacts in the punch is de-
scribed in the above patents and need not be de-
scribed in detail herein. :

Referring now to the bottom left corner of Fig.
1b- the coil R controls contacts R2. Assuming
that the product is positive 'so that the coll R
is not energized, the recording of the special hole
would depend upon the position of contacts 8de.

. A plug connection 19 is made from the socket 78

88

70

(]

‘to the socket 50 corresponding to the column in

. which "the special hole is to be made. If a digit

is also to be recorded in this column, a plug con-
nection 80 is made from the socket 17 to the ap-
propriate socket Bi,
pletes the connection to the socket 80 in question,
the circuit will be continued from this- socket

. through the socket 78 and a coil. T. This coil

closes its contacts Ti and T2. The contacts Ti
continue the circuit through the plug connection
880 and the appropriate denomination of the
mechanism LHRO to the appropriate magnet 53.
AsSuming that a complement has been obtained
in the accumulator LH so that the relay ¢4 isener-
gized, the contacts $4e will be shifted and the
circuit through the plug connection 79 will con~
tinue through the contacts T2, R2 and $de to the
magnet 53 marked X. This magnet will select &
punch for making the special hole. If the result
is a true amount, the contacts 84e-will not shift
and the circult just traced will not be established.
The special hole will not therefore be made.

If. the product is negative, the coll R will be:

energized and its contacts R2 will be shifted.
Then a circuit. will be completed through the
contacts T2, R2, 6de, it the contacts §de are in
their normal position, that.is, if the amount in
the accumulator LH is a true amount. This cir-

This -

When the brush 110 com-.
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cult will not be completed if the contacts $de
_are shifted, that is, if the amount in the accumu-
lator LH is a-complement. Thus the special hole

will be made if the result is negative but not, when s

it is positive.

In Fig. 11 the sequence of operations is sum-

marized for the conditions I, II, III, IV, wherein

" the amount B is to be subtracted from CD by

having its nines complement added thereto.
In each of these, cases the setting of relays 889,
12 and 13 has predetermined that B i5 to be
transferred from RH to LH and has energized
relay magnet 62 which suspends multiplying
operations until the complemental transfer is
effected and the RH accumulator reset. Ener-
gization of 62 has also caused energization .of
relay 84 for all four conditions. For condition I,

. however, the relay 64 is deenergized again when

the amount in LH passes from a complemeént to a -
true number and no “X” hole is punched. - For
condition II, the relay 84 remains energized and
an “X” hole is punched. For condition III, both
relay 84 and R are initially energized, the former
due to the energization of relay 62 and the latter
due to energization of relay Q in response to a
difference in signs between C and D. With both. -
84 and R energized, no “X” hole circuit is com-
pleted as for condition IV, but for III where CD
is greater than B, the amount in LH passes from

10
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& complement to a true number, deenergizing 64 30

so that with R alone energized the “X” hole is
punched.

The resetting of the accumulator LH is effected
in the following manner. During the previous
resetting of this accumulator, a coll I. was ener-

gized through the contacts #4a and 44b. This

coil closes its contacts Ll to maintain itself ener-
gized through contacts {11. 'When the relay colls
K and F are energized at the conclusion of punch-
ing they close their contacts K2 and F2 (Fig. 1a).

At the same time the contacts {11 (Fig. 1¢) open
to deenergize the coil L. The contacts (11 are
opened, when the contacts P8 close, by the move- .
,ment of the second card rack to the last column
position. The coil L allows its contacts L2 (Fig.
1a) to close so that'a circuit is completed when
the contacts CC2 close to energize a coil 3TLH

‘o .

45

which initiates the resetting of the accumulator .

LH. ‘During this resetting operation of the con-
tacts 44a and 44b reclose to reenergize the coil L
which- opens its contacts L2 to prevent further
resetting. operations.

The machine will also-multiply two factors. to-
gether and record the product together with the
special hole if the product is negative.
merely involves omitting the plug connection to
the sockets 181 (Fig. 1b) associated with the ac-
cumulator RH, opening the switch 108 (Fig. 1¢)
so that the coil Z is not energized and throwing
the switch' SP! so that the card feeding ‘cycle
is initiated concurrently with the resetting of
‘accumulator RH. The switch SP2 (Fig. lc¢) is
also opened so that the coll 62 would not become
energized. The multiplying operations occur in
the normal manner but the coils 12 anc 78 are
selectively energized in accordance with the signs
of the factors-as indicated on the card and in
turn control the energization of the coil R in the
manner previpusly described.  The relay 64 will

50
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60

66

not be energized ‘and its contacts $4e (Pig. 1b) 70

remain in their normal position so that the

. punching of the special hole depends solely on

the condition of the contacts R2 and will be ef-
fected when the product is negative.

.‘Ihemachinemnya.lsobeusedt,oobtalnthe (]
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sum or difference between two numbers B and
C which may be either positive or negative. To
do this the numbers are punched on thé cards
together with unity in a particular column. The
machine is plugged up so that B is entered into
the accumulator RE, C into the accumulator MC

and unity into accumulator MP. The machine -

thus proceeds to convert B into its complement,
if necessary, and to multiply C by unity and then
add it to B or-the complement of B. The sign of
the result’ will be indicated by the presence or

-absence of the special hole.

The machine may also evaluate the expression

- CD+B and CD—B where C and D are known

15

30

to be positive and B is either positive or negative
for all the cards inserted into the machine at a
time. Under these conditions it is not necessary

for the special holes to be made in the card to..

indicate the signs of the factors. If B is positive,
the cards will be merely run through the machine
and all three factors will be treated as positive
owing to the absence of the special sign-indicat-
ing holes. If B is to be treated as negative a
switch 66 is closed thereby short circuiting the
brush €0 so that the coil 89 will be energized for
each card. o

‘While there has been shown and described and
pointed out the fundamental novel features of the

invention as applied to a single modification, it

will be understood that various omiSsions and
substitutions and changes in the form“and de-
tails of the device illustrated and in its operation
may be made by those skilled in the art without
departing from the spirit of the invention. It is
the intention therefore to be limited only as in-
dicated by-the scope of the following claims.

What is claimed is as follows:

1. In a multiplying machine, means far sensing
a record card for representations representing the
terms of an algebralc expression, one of which
terms includes a pair of factors, factor receiving
devices under>control of a part of said sensing

" means, & psair. of accumulators, means controlled

45

50

70

by another part of said sensing means for en-
tering one of the terms into one of said accumu-
lators, transferring means for transferring the
amount in sald accumulator to the other accumu-
lator in the form of a complement, means for
sensing -the record card for designations repre-
senting the arithmetic signs of ‘sald term and of
the factors included in the other term, and means
controlled by sald sign sensing means in accord-
ance with all sign designations for causing sald

transferring means' to transfer the entered -

amount to the second accumulator.

2. In s multiplying machine, means for sensing
a record card for representations of an amount
B and two factors C and D of an algebraic ex-
pression, factor receiving devices under control
of a part of sald sensing means, & pair of ac-
cumulators, means cortrolled by another part of
said sensing means for entering the amount B
into one of said accumulators, transferring means
for transferring the amount B from the first ac-
cumulator to the second in the form of a com-
plement, means for sensing the card for designa-
tions representing the arithmetic signs of the
three amounts and means controlled by said sign
sensing means for causing the transferring means
to transfer the amount B to the second accumu-~
lator when D only, C only, or B only are negative
or when B, C, and D are all negative.

3. In a multiplying machine, comprising means

two factor receiving devices for recelving two of

_ sald amounts under control:of a part of said sens-

ing means, multiplying means controlled by said
receiving devices, a product receiving sccumu-
lator and a sub-product recelving accumulator
for receiving values under control of said multi-
plying means, means controlled by another part
of said sensing means for entering” the - third
amount into sald sub-product;accumulator, and
means for subtractively transferring the amount
entered in the sub-product accumulator to the
product accumulator, the combination of means
for sensing the record card for designations rep-
resenting the arithmetic slgns of said amounts,
means for signifying whether the product accu-
mulator contains a true number or & complement,
means for effecting a designation of the arith-
metic sign of the result, and means controlled by
sald sign sensing means and said signifying
means for controlling the operation of said re-

“sult sign designation effecting means.

4. The invention set forth in claim 3 in which
means are provided and controlled by said sign
sensing means for causing sald .transferring
means to transfer the third amount to the prod-
uct accumulator when the three amounts are neg-

" ative or when only one of the amounts is negative.

5. The invention set forth in claim 3 in which

2

) N L ]
for. sensing three amounts from a record card,

10
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means are provided and controlled by said sign 30

sensing means to-precondition the control means.

for the said sign designation effecting means to

designate the result as negative when the two fac- .

tors are unlike in sign and means are provided
and controlled by said signifying means for sup-
pressing the preconditioned control means when
the result in the product accumulator changes

from a complement to & true number.

6. In a multiplying machine, comprising means .

for sensing three amounts from a record card, two
factor recelving devices for receiving two of sald
amounts under control of a part of said sensing
means, multiplying means controlled by sald re-
celving devices, & product receiving accumulator
and a sub-product receiving accumulator for re-
ceiving. values under control of sald multiplying
means, means controlled by another part of sald
sensing means for entering the third amount into

said sub-product accumulator and means for

transferring the amount entered in the sub-prod-
uct accumulator to the product accumulator in
the form of a complement, the combination of
means for sensing the record card for designa-

tions representing the arithmetic signs of sald

amounts, means for effecting a designation of the
sign of the result, means for controlling said
designation effecting means, means controlled by
said sign sensing means when the sign of only
one of the three amounts is negative or when all
are negative for rendering sald complement
transferring means effective, further means con-
trolled by said sign sensing means when the
amounts. entered into sald factor receiving de-
vices are unlike in sign for preconditioning said
control means for the designation effecting means

to enable the latter to effect a designation, means -

for signifying whether the product accumulator
contains a true number or a complement and
means -controlled by said signifying means when
the product accumulator contains & true number
for rendering the preconditioned control means
ineffective. .
NORMAN M. WOOD.
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