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UNITED STATES PATENT OFFICE 
MULTIPLYING MACHINE 

William Lang, New York, N. Y., and George B. 
Beddendorf, New Brunswick, N.J., assignors to 
International Business Machines Corporation, 
New York, N. Y., a corporation of New York 

Application september 24, 1937, serial No. 165,436 
Claims. 

This invention relates to improvements in ac 
counting machines and more particularly multi 
plying accounting machines. 
The invention has for its principal object the 

provision of an improved type of multiplying ma 
chine in which data are recorded on a record 
card in accordance with the binary system, of 
numeration, In accordance with the manner of 
recording an amount on a record card in the 
binary system a series of index point positions has 
assigned thereto values representing the succes 
sive powers of two and a number is represented 
in this series of index point positions by perforat 
ing the position which equals or the plurality of 
positions the sum of whose representations equals 
the amount to be recorded. Thus a number is 
represented on a record card by one or more 
perforations lying in a single line with the rela 
tive disposition of the perforations determining 
the value of the number. 
A further object of the invention is to pro 

vide a machine in which numbers represented in 
the binary System of numeration are multiplied 
by the method of computation technically known . 
as duplation. According to the mathematical 
principles underlying multiplication by dupla 
tion a geometrical progression with a ratio of 
two is formed in which the multiplicand factor 
is the first term of the series. Thus with a multi 
plicand factor of, say, 1580, the series would be 
1580, 3160, 6320, 12640, 25280, etc. In accordance 
with the value of the multiplier factor there is 
selected from this series the term which equals 
or the plurality of terms which when added to 
gether equal the product of the two factors. 
The procedure is to repeatedly reduce the value 
of the multiplier as the multiplicand increases. 
This reduction is termed 'halving' So that, if, 
with a multiplier of 16, the two series are set 
down as follows: 

Multiplicand. 1580 3160 6320 12640 25280 
Multiplier.----- 16 8 4. 2 

the product 25280 is obtained and is found above 
the multiplier term whose value is odd. This 
holds true if all other terms in the multiplier 
series are even. 
Where more than one odd term appears in the 

multiplier series, the product is the sum of the 
multiplicand terms above the Odd multiplier 
terms thus: 

Multiplicand -- 1580 3160 6320 12640 25280 
Multiplier.----- 18 9 4-- 2 

Here the product is 3160-25280=28440. It is to 

(C. 235-61) 
be noted that the fractions resulting from "halv 
ing' the odd numbers are disregarded. Again, 
for the problem 1580x15, 
Multiplicand--- 1580 3160 6320 12640 
Multiplier ------ 15 7-- 3-- . . . 1.-- 
the product is 1580+3160+6320+1264.0=23700. It will be observed that in building the parallel 
series of numbers that the effect has simply been 
to restate the problem in terms of different 
factors, thus: 

1580X 16–3160x8-6320x4=12640x2, etc. 

1580X18=3160x9-6320x4As . . . . . . . 
(12640x2) +3160, etc. 

It is to be further observed that where the 
fraction A is involved, such product may again 
be restated as in the expression: 

6320x44 to read (6320x4) --3160 
It follows then that the problem of 1580x15 may 
be restated as follows: 

1580x15= (3160x7) --1580 
(6320x3)+3160--1580= 

(12640x1) --6320--3160-1580-23700 
From this it is derived that whenever the mul 

tiplier term of the series is odd the companion 
multiplicand term is selected as a term of the 
product Sum. 
A machine in which this method of multiplying 

10 

is applied to numbers expressed in the decimal 
system is shown and described in the Copending 
application of Lang and Heddendorf, Serial No. 
99,370, fled September 4, 1936. In such machine 
three accumulators are employed, one to re 
ceive and build up the progressive series of mull 
tiplicand terms, a second to receive and build 
up the series of multiplier terms, and a third 
to receive under control of the first two all the 
terms of the multiplicand series whose multiplier 
companion terms are odd. 
When factors are expressed in the binary sys 

tem of numeration the multiplying procedure is 
extremely simplified and the multiplying opera 
tion may be effected in a very short space of 
time. 
A further object of the invention is to provide 

a record card arranged to receive perforations 
representing numbers expressed in the binary 
system. 
A further object is to provide a machine for 

sensing a record card for binary numbers repre 
senting factors during a cycle of the machine, 
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2. 
compute the product during a further cycle, and 
punch back the result in the record card in the 
third cycle. 
A further object of the invention is to provide 

mechanism for selectively reading a binary num 
ber from any recording position on the record 
card and punching back the result of a comr 
putation in any recording position of the card. 

Further objects of the instant invention reside 
in any novel feature of construction or operation 
or novel combination of parts present in the en 
bodiment of the invention described and shown 
in the accompanying drawings whether within or 
without the scope of the appended claims and 
irrespective of other specific statements as to the 
scope of the invention contained herein. 
In the drawings 
Fig. 1 is a central section through the card 

feeding, sensing, and punching section of the 
machine. 

Fig. 2 is a specimen of a record card perforated 
in accordance with the binary System of numera 
tion. 

Figs. 3 and 4 represent diagrammatically the 
theory of operation as applied to two different 
multiplying problems. 

Fig. 5 is a wiring diagram of the electric cir 
cuits of the machine. 

Fig. 6 is a diagrammatic representation of one 
order of a binary accumulator. 

Fig. 7 is a view showing the accumulating 
devices in another position. 

Fig. 8 is a view of a settable switching device. 
Fig. 9 is a detail taken on lines 9-9 of 

Fig. 8. 
Fig. 10 is a fragment of a record card showing 

a modified arrangement of the recording posi 
tions for the different Value.S. 

Fig. 11 is a portion of the circuit diagram 
modified for the handling of a record card Such 
as Fig. 10. - 

Fig. 12 is a timing diagram of the contact 
devices of the machine. 

Figs. 13, and 14 are details of emitters em 
ployed for carrying out the multiplying opera 
tions. 

Record card 
Referring now to Fig. 2, the manner in which 

the numbers are recorded on the record card will 
first be described. The card is provided with three 
fields headed MP, MC, and Product, and the 
columns of the several fields are identified as 
representing various powers of 2. To record a 
multiplier of, say, 11, a perforation is made in 
the three columns representing 1, 2, and 8 whose 
sum is 11, these three figures being the three 
powers of 2 whose sum is 11. Similarly, to record 
a multiplier such as 12, perforations are made 
in the positions representing 4 and 8, these being 
the second and third powers of 2. It is to be 
noted that with a record card as shown having 
twelve horizontal recording lines, twelve different 
numbers may be recorded in the MP field. For 
the purposes of explanation and to avoid a multi 
plicity of like connections in the circuit diagram, 
the number of recording positions in the MP and 
MC fields have been limited to four, but it will 
be understood that by providing further columns 
in each of these fields, larger numbers may be 
recorded. Thus, as in the product field where 
eight columns are provided, the number 144 is 
recorded along the fourth horizontal line and is 
represented by perforations in the Columns desig 
nated 24 and 27 the sum of which is 144. Like 

8,192,812 
wise the number 66 is represented in the product 
field by a perforation in the column representing 
2 and 2. 

Operating principle 
Referring to Fig. 3, there is shown the analogy 

when multiplying by duplation, between numbers 
expressed in the decimal system, and numbers 
expressed in the binary system. The factors 11 
and 6 are to be multiplied. Adjacent to these 
numbers is represented the binary representation 
of the same and the perforation columns are 
headed with the actual values of the various 
powers of 2 so that the number represented may 
be more readily identified. 

First following through the procedure involved 
in multiplying the decimal values by duplation, 
the MC 6 is "doubled.' At the same time the 
MP 11 is halved with the fractional remainder 
disregarded. This doubling and halving is con 
current and is repeated until the MP is reduced 
to as indicated. Whenever the MP factor is 
odd, the accompanying MC amount is transferred 
to a product accumulator, the entry being repre 
Sented On the column farthest to the right in 
Fig. 3. Thus for the problem chosen the amounts 
6, 12, and 48 are transferred to the product ac 
Cumulator, the Sum of these amounts being 66 
which is the answer sought. 

Expressed in the binary system, the number 11 
represents the three perforations in columns 
headed 1, 2, and 8. Half of this number (dis 
regarding the fractional remainder) is 5 which 
is represented by a perforation in columns headed 
1 and 4. Half of this is represented by a perfora 
tion in column 2, and again half the result is rep 
resented by a perforation in column 1. Likewise 
the MC factor 6 is represented by a perforation 
in columns headed 2 and 4, twice the amount by 
perforations in columns headed 4 and 8, twice 
that amount by perforations in columns headed 
8 and 16 and so On. 

It will be observed in connection with the MC 
amount that doubling the number is obtained 
by causing a lateral shift one step toward the 
right of the coded perforations and for the MP 
factor the converse is found in that a lateral 
shift one step toward the left serves to halve 
the number. It will also be observed that, in 
aSmuch as in the series of powers the only power 
representing an odd number is the very first 
power, any odd number represented in the binary 
system will include the first term of the series 
which is the Zero power of 2. Thus 11, 5 and 1 
are Odd numbers and in each of these cases the 
corresponding MC is transferred to the product 
accumulator. This accumulator is arranged to 
receive unit entries and to carry from Order to 
order for every second entry. 
The various vertical columns in Fig. 3 of the 

product accumulator represent denominational 
orders into which units are entered in the posi 
tions corresponding to the coding of the numbers 
entered and carrying operations take place from 
lower to higher powers. Thus a unit entry into 
each position headed 2 and 4 indicates an entry 
of 6. Unit entries in the columns headed 4 and 8 
indicate an entry of 12, and a unit entry in each 
of the columns headed 16 and 32 represents an 
entry of 48, the result of the successive entries 
being 66. 
In applying the relationships just explained to 

a mechanical embodiment, the MC factor is repre 
sented on a series of contacts, One for each power 
Of 2, by closing contacts relating to the powers 
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whose sum equals the MC factor. A similar set 
of contacts represents the MP factor in the same 
manner. The MC contacts are wired to a column 
shift device So that the contacts are arranged 
to transmit an impulse to the correspondingly 
numbered orders of a binary accumulator. A 
testing device is provided for testing the setting 
of the MP set of contacts in successioni. Testing 
of the first position will determine that the MP 
is odd and this will cause the MC set of contacts 
to transmit an impulse to the corresponding ac 
cumulating positions. Following this the column 
shift changes the position so that the MC posi 
tions are connected to the next higher accumula 
tor positions and the testing device tests the next 
MP contacts, finding a setting here and deter-. 
mining from this fact that half the number is 
odd, it causes the MC contacts to transmit im 
pulses to the higher orders of the accumulator, 
thereby, in effect, entering twice the MC therein. 
Following this, the relationship is again shifted 
and the testing device now tests the third position 
of the MP contacts and finds, due to the non-set 
contacts, that the number is now even and 
therefore no transfer takes place and the column 
shift advances a further step. Finally, the last 
position of the MP set of contacts is tested to 
find an odd condition causing transfer of the 
MC setting to the product accumulator in the 
order representing entry of 48. In this wise, 
multiplication of two binary ny bers is effected 
by the simple provision of a sétiff ordered con 
tacts for the MP factor, a set of ?ordered contacts 
for the MC factor, and a single binary accumu 
lator. 

In Fig. 4 is diagrammatically represented a 
further problem in which an MP of 12 is multi 
plied by an MC of 12, resulting in a product of 
144. In this case the number itself is even so no 
transfer takes place of the number. Half the 
number is also even so again transfer of twice 
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the number does not take place. Further testing 
shows that 3 is odd and i is also odd so trans 
ferring takes place in succession of 4 times the 
number and 8 times the number, the Sum of the 
two powers resulting in 144. 

Card handling mechanism 
Before describing the circuit connections 

through which the multiplying is effected, a 
description will be given of the various mechani 

Referring to Fig. 1, 
the record cards C are placed in the hopper 0 
of the machine from which they are fed singly 
by a picker which is mounted for vertical 
reciprocation. Motive power is obtained from 
the main drive shaft 2 which may be driven by . 
any suitable source of power to maintain it in 
constant rotation. The shaft 2 carries a gear 
E3 which meshes with and drives a gear 4 freely 
In Ounted on the card feed shaft F. Secured to 
gear 8 is a clutch driving element 5 which is 
Consequently in constant motion. Lying in the 
plane of clutch element 5 is a spring-pressed 
dog 6 which is carried by and pivoted to a cam 

... An armature latch 8 normally holds the 
pawl 6 out of engagement with the driving ele 
ment 5. Upon energization of magnet 9 latch 
f8 is rocked counterclockwise to release pawl 6 
whereupon its spring will move it into engage 
ment with the driving element 5 to cause rota 
tion of cam . 
The cam f is secured to shaft F so that the 

shaft will rotate in unison with the driving ele 
ment 5. The cam , as it rotates, will rock a 

3 
bell crank follower lever 20 and through a link 
2 oscillate arms 22 which have pin and slot con 
nection with the card picker ff. The downward 
movement of picker will advance a card C 
from the feed magazine 0 to the uppermost pair 
of feed rollers 23 which continue the downward 
movement of the card to further pairs of feed 
rollers 23. The several pairs of feed rollers are 
interconnected by gears generally indicated 24 
and are driven by a suitable gear secured to the 
shaft F so that the rollers 23 are in motion dur 
ing the rotation of shaft F. 
The record cards C (Fig. 2) are placed in the 

magazine fo so that the '9' index point positions 
lead and the cards will pass the sensing station 
comprising individual sensing brushes 25 and 
common contact roller 26 in the order 9, 8, 7, . . . 
0, X, R. For each revolution of shaft; F a record 
card will be advanced from the hopper to a po 
sition shown in Fig. 1 in which the card is in 
position with the brushes 25 about to sense the 
"9" index point positions. During the second 
cycle of shaft F the card is advanced to the 
punching station which comprises a plurality of 
rows of punches 2 spaced in accordance with 
the arrangement of the index point positions of 
the record card. The gate 28 interrupts the lead 
ing edge of the card and holds the same in po 
sition until punching has been effected. The 
gate 28 is connected by a link 29 to a bell crank 
can follower 30 whose roller cooperates with the 
can 3 Secured to shaft F. As the cards advance 
toward the Sensing position, they will engage and 
rock, a pivoted card lever 32 which will cause 
closure of card lever contacts designated CLC. 
The punching devices are operated from a 

Shaft designated P upon which is freely mounted 
a gear 33 to which is secured clutch driving ele 
ment 34. Cooperating with element 34 is a 
Spring-pressed pawl 35 which is carried by a cam 
36. Lying in the plane of clutch element 35 is an 
arnature pawl 37 which normally engages and 
holds the pawl 35 out of engagement with the 
driving element 34. Energization of clutch mag 
net 38 will cause the latch 37 to release pawl 35 
for engagement with driving element 34 upon 
which shaft P, to which cam 36 is secured, will 
rotate. Cam 36 cooperates with follower lever 
40 whose upper extremity is connected through 
arm and link connection 4 to a shaft 42. Upon 
the shaft is secured a bail 43 which extends 
across the upper edges of a plurality of sliders 
44. Sliders 44 are suitably mounted for vertical 
reciprocation and are normally urged upward by 
their springs 45. The lower extremity of each 
slider carries a resiliently mounted interposer 46 
which will pass the punches 27 in the related 
column in order. As the slider 44 moves up 
wardly, notches 47 will pass the nose of a pawl 
48 in succession. During the upward movement 
of the slider, energization of punch selecting mag 
net 49 will attract its armature 50 and release 
pawl 48 for engagement in one of the notches 
47. The notch engaged will depend upon the 
time of operation of the magnet 49. 
After the sliders 44 have been positioned, punch 

plate 5, which is mounted for horizontal re 
ciprocation, will be moved toward the left to 
force the interposers 46 against the selected 
punches 2 and force the same through the rec 
Ord card. The plate 5 has connected to it a link 
52 whose other end is connected to a bell crank 
follower 53 which is operated by the cam 54 se 
cured on shaft P. 
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4. 
which is freely mounted a gear 55 which, through 
an idler 56, is driven from the main drive shaft 
2. Secured to gear 55 is a clutch driving ele 
ment 57 which cooperates with a dog 58 carried 
by and pivoted to a disk 59. Cooperating with 
the dog is an armature latch 60 and a controlling 
magnet 6. Energization of magnet 6 will re 
lease dog 58 for engagement with element 57 and 
shaft MI will make a complete rotation during 
which multiplying operations take place. 

Testing and column shift commutators 
Referring to Fig. 13, the shaft M carries a pair 

of electrically connected commutator brushes 62 
which, as the shaft rotates, successively connects 
each of a ring of contact segments M2 with a 
common conducting ring 64. A similar pair of 
brushes 65 (Fig. 14) is carried by shaft M and 
these brushes successivey connect each of the ring 
Of common segments M3 with a common con 
ducting ring 66. There is a single ring of seg 
ments M2 provided and a number of rings of 
Segments M8 as will be explained in connection 
with the circuit diagram. Also carried on shaft 
Mare a pair of cams controlling contacts M, M4 
represented on Fig. 5 and timed as indicated in 
Fig. 12. 

Sensing and punching line selectors 
Referring to Figs. 8 and 9, the shaft F carries 

a commutator 67 which has an outer conducting 
ring 68 against which a wiper 69 rubs. Embedded 
in the commutator is a series of contact segments 
F which, as the commutator rotates, contact a 
wiper 0 in succession. On the face of the com 
mutator and in line with each of the segments 
F is a slide which carries a metallic con 
ductor 2. When the slide is in the dotted line 
position shown in Fig. 9 the corresponding seg 
ment F is electrically connected to the common 
ring 68 and when the slide is moved to its full 
line position, this connection is broken. In sens 
ing the record card, if the factors to be sensed are 
perforated in, say, the fourth horizontal line, the 
4 slide is moved Outwardly from the shaft F 
to connect its segment Ff with the common ring 
and all of the other slides are in their inner po 

The circuits con 
trolled through the commutator device will be 
sition as shown in Fig. 8. 

more fully explained in connection with the cir 
cuit diagram. m 

Accumulator 

Referring now to Fig. 6, a form of binary ac 
cumulator is diagrammatically disclosed and rep 
resents in effect, a form of stepping relay pro 
vided with denominational order carry mecha 
nism. Each order comprises a ratchet wheel 80 
which is integral with the cam 8 and a carry 
ratchet 82. An adding magnet 83, upon ener 
gization, will rock its armature 8 and through 
pawl 85 will advance the ratchet 80 one tooth. 
In so moving, the cam 8? will cause closure of 
a pair of contacts 86. Upon the next energiza 
tion of magnet 83, ratchet 80 will advance the 
second step and contacts 86 will again open. 
The relative positions of the parts after the first 
impulse to the adding magnet 83 are shown in 
Fig. 7 with the contacts 86 closed. 

For every second increment of advance of the 
ratchet 82, one of its camming projections will 
cause momentary closure of a pair of contacts 
87 which will energize a carry magnet 88 in the 
next higher denominational order. This magnet 
will attract its armature 89 and through an arm 
90 will cause its spring-pressed pawl 9 to ad 

9,192,618 
vance ratchet 80 in the next higher order One 
step. The parts are so proportioned that if the 
next higher order is receiving an entry through 
its adding magnet, it will have advanced its 
ratchet 80 a sufficient distance before its carry 
magnet is energized so that the carry pawl will 
engage the proper tooth to enter the carried unit. 
Means for resetting the accumulator orders is 

provided in the form of a reset magnet 92 which, 
through its armature 93, rocks a cross shaft 94. 
From this shaft depend arms 95, one for each 
order of the accumulator. 
spring-pressed pawl 96 which is moved from the 
full line position of Fig. 6 to its dotted line posi 
tion and in those orders in which the ratchets are 
displaced one step, the pawl 96 will engage one 
of the projections of ratchet 82 and advance the 
same one step. In those positions in which the 
ratchet is in its home position, no movement will 
be had, 

Circuit diagram 

The operation of the machine in which a pair 
of factors is sensed on the record card, their prod 
luct computed, and punched back in the record, 
will now be explained with particular reference 
to the circuit diagram, Fig. 5. In Fig. 2 the rec 
ord card C contains the MP factor 11 and the MC 
factor 6 in the eighth horizontal row. These two 
factors are to be multiplied together and the 
product punched back in the same row in the 
product field. Referring to Fig. 5, the sensing 
brushes 25 which traverse the MP field are wired 
to plug Sockets OO from which plug connections 
O are made to plug sockets O2. The brushes 

25 which traverse the MC field are similarly con 
nected to another set of plug Sockets O2. The 
punch Selecting magnets 49 are Wired to sockets 
03 from which plug connections 104 are made to 

plug sockets 05. These plug connections are 
made from the orders of the accumulator to the 
punch magnets 49 related to the field in which 
the product is to be punched. Since the factors 
are to be sensed from the eighth horizontal line, 
the 8 slide of the line selecting commutator 
on the F shaft is moved to its outer position and 
since the product is to be punched back in the 
8 line, the 8 slide of a similar commutator on 
the P shaft is also moved to its outer position. 
With the plug connections made as indicated and 
with cards placed in the supply magazine 0, the 
machine is ready to commence Operation. 

Depression of the start key will close contacts 
06 to complete a circuit from negative side of 

line O, through the start key contacts fos and 
card feed clutch magnet 9 to the left or posi 
tive side of line 08. It is assumed that the main 
drive shaft 2 is in constant operation with a 
suitable source of power so that energization of 
magnet 9 will couple the card feed shaft F for 
rotation and this shaft will now turn to cause 
advance of the first card from the Supply mag 
azine. During this cycle the F cams operate and 
toward the end of the cycle contacts F3 close to 
energize the multiplying clutch magnet 6 which 
releases shaft M for a cycle of operations which 
is an idle cycle at this time since no effective 
card reading has yet been entered. The first card 
at this time is in the position indicated in Fig. 1 
with the '9' index point positions ready to pass 
the sensing brushes. Near the end of the revo 
lution of the shaft M contacts M4 close, ener 
gizing the punch clutch magnet 38 to initiate a 
cycle of operations of shaft P. During this cycle, 
which is also an idle one at this time, the punch 
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mechanism operates, but since no card is in posi 
tion to be punched, the operation is of no effect. 

Near the end of the punching cycle, can Con 
tacts P3 close again energizing the feed clutch 
magnet 9 provided card lever contacts CLC are 
closed denoting that the first card has been ad 
vanced to the brushes and shaft F enters upon 
another cycle of Operations to advance the card 
past the sensing brushes 25. 
During this passage of the cards by the brushes 

25 the commutator segments F pass the wiping 
contact 0 in succession as the correspondingly 
numbered lines of the record card pass the 
brushes. Thus, since only the 8 segment F is ac 
tive, when the 8 line of the card is at the brushes, 
parallel circuits will be traced through each of 
the perforated positions which circuits are trace 

AG 

able from left side of line 08 to wiper 69, con 
ducting ring 68, slide T, the “8” segment F, 
wiper 70, common contact roll 26, thence through 
each of the perforated positions to plug sockets 
00, connections fo, plug sockets O2, thence 

through relay magnets 09 and 0, wire f, to 
right side of line OT. Thus, for the example 
chosen, the first, second and fourth magnets fo9 
and Second and third magnets ff0 are energized 
in response to the sensing of the two factors 11 
and 6 on the eighth line of the card. Relays 09 
close contacts fo9a and relays to close contacts 

Oa, completing circuits from line 07, wire f, 
relay magnets 2 and 3, respectively, through 
contacts (9a and floa, wire 4, contacts M, 
to line 08, Relays 09 and O also close addi 
tional contacts 0.9b and if Ob which accordingly 
take a setting corresponding to the arrangement 
of perforations representing the two factors. 

Specifically, the first, second, and fourth con 
tacts 0.92 are closed and the second and third 
contacts Ob are also closed and will remain in 
this condition until near the end of the next or 
multiplying cycle when contacts M Open momen 
tarily to drop the holding circuits. Near the end 
of the card feed cycle, as explained, closure of 
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contacts F3 energize the multiplying clutch mag 
net 6 and the shaft Mnow makes a cycle of op 
eration. During this cycle the brush 62 succes 
sively traverses the segments M2 and the brushes 
65 successively traverse the segments M3, the 
timing being Such that brush 62 engages the seg 
ment M2 before brush 65 engages the correspond 
ing segment M3. Since for the example chosen 
the first, contact 95 is closed a circuit is trace 
able when brush 62 engages the first segment M2 
from line 88 through transfer magnet 5, com 
mon conductor 64, brush 62, segment M2, con 
tacts 9b, wire to line 07. Magnet 5 will 
thereupon close its contacts 5d connecting the 
contacts to line . As the brushes 65 con 
tact the first of the segments M3 in each of the 
four positions, the four contacts Ob will be elec 
trically connected to the first four adding mag 
nets 83, counting from the left, and circuits will 
be completed through these magnets in accord 
ance with the condition of the contacts if Ob. 
Snice, for the example chosen, the two central 
contacts are closed, thees circuits will cause clo 
sure of the second and third magnets 83, the 
circuits being traceable from line 07, contacts 

5c., the second and third contacts Ob, the sec 
ond and third conductors 66, the second and third 
brushes 65, the first segments M3 of the Second 
and third group, and the appropriate wires S 
leading to the second and third adding magnets 
83, thence through wires fill, to line 08. In this 
manner the value 6 is entered into the binary ac 

5 
cumulator. As brush 62 continues, it will next 
test the setting of the second pair of contacts 
ob. Finding these closed, it will again cause 

energization of the transfer magnet i? 5, causing 
closure of contacts fia and how the transfer 
circuits will pass through the second segments 
M. in the two groups related to the two central 
contacts. The wires 6 from these segments, 
however, run to the third and fourth magnets 83 
So that, in effect, the value 2 is entered into the 
binary accumulator (see Fig. 3). 

During the interval between the sensing of the 
Segments M2, carry operations take place when 
ever more than one unit is entered into any order 
which causes closure of related contacts 87 and energization of the carry magnet 88 of the next 
higher order. Sufficient time is provided between 
Segments M2 for multiple carry operations to 
take place in succession and since carry opera 
tions involve only a momentary energization of a 
magnet, this operation is very rapid. When brush 
62 encounters the third segment M2, no circuit 
is completed since contacts O9b in this position 
are Open and Consequently there is no transfer 
circut completed during this interval. Finally, 
the fourth segment M2 is engaged by the brush 
62 and again magnet 5 is energized and trans 
fer circuits are completed, this time in orders of 
the accumulator representing an entry of 48. 
On the circuit diagram seven of the seventeen 

testing positions indicated on the timing chart are 
shown for the brushes 62 and 65 with the circuit 
connections for only four of the multiplier posi 
tions shown. With the complete seventeen posi 
tions wired, numbers up to 41,536 may be han 
dled by the machine. Near the end of the multi 
plying cycle, cam magnets M open and drap 
the holding circuit for the relays and cam con 
tacts M4 close to energize the punch shaft mag 
net 38. At this time the readout contacts 86 of 
the binary accumulator are set to represent the 
product which in the present case is 66 so that 
the Second and seventh contacts 86 are in closed 
position and the others are open. During the 
rotation of shaft P the segments P traverse the 
brush T2 and when the '8' segment 70 is at the 
wiper, a series of parallel circuits are completed 
which are traceable from line 08, wiper. 69, con 
ducting ring 68, slider 7? in the '8' position, 8’ 
Segment Pl, wiper 70, wire f8, the second and 
the Seventh contacts 86, thence through the sec 
Ond and seventh punch selecting magnets 49 to 
line O. Energization of the magnets at this 
time will stop their related punch slides with their 
interposers 46 (see Fig. 1) opposite the related 
punches in the eighth horizontal line of the card 
which is now in punching position and punching 
will be effected to perforate the card as shown 
in Fig. 2, the location of the holes representing 
the first and sixth powers of 2. 
Near the end of the punching operation, con 

tacts P2 close to energize the reset magnet 92 
which causes restoration of the readout contacts 
and at the same time contacts P2a open to pre 
vent the completion of carry circuits during re 
setting operations. As explained, when the 
punching cycle is completed, cam contacts P3 
close to initiate a new series of operations dur 
ing which the next card is analyzed, its factors 
multiplied, and the product punched back on the 
card. These operations take place in three suc 
cessive cycles. 

In Figs. 10 and il is shown a modified form 
of the invention in which the record card C has 
the factors disposed one above the other and the 
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6 
product is punched in columnar allinement there 
in. For this arrangement, a group of contacts 
200, 20 are provided which are plug connected 
between the sensing brushes 25 and the entry 
sockets 02 of the magnets 09 and flo as shown. 
Inasmuch as the MC factor is on the sixth line, 
the sixth slide is moved outwardly and since 
the MP factor is on the third line, the third slide 
is also moved outwardly. A cam 202, adjustably 
mounted on a shaft F, is adjusted to shift the 
contacts 200, 20 to their reverse position be 
tween the sensing of the sixth line and the third 
line, so that when the sixth line is sensed, the 
circuits extend from the brushes 25, contacts 
20, to the MC magnets flo and when the third 
line is sensed, contacts 20 will be opened and 
contacts 200 will be closed during the entry of 
the MP from sensing brushes 25, through con 
tacts 200 and the MP magnets 09. The read 
Out contacts 86 of the accumulator are plug Con 
nected to the punch selecting magnets in the 
positions indicated so that during the punching. 
operation, punching will take place as shown. 
While there has been shown and described and 

pointed 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 its opera 
tion may be made by those skilled in the art with 
out departing from the spirit of the invention. 
It is the intention therefore to be limited only 
as indicated by the scope of the following claims. 
What is claimed is as follows: 
1. In a machine of the class described, a binary 

accumulator having ordered sections, a settable 
device having similarly ordered elements setta 
ble to represent a number expressed in the binary 
system of numeration, means for connecting said 
settable elements to the corresponding accumula 
tor sections and to successively higher ordered 
sections, entering means for said accumulator 
actuated through said connections for repeatedly 
entering the binary number in progressively high 
er orders, a second settable device having ordered 
elements settable to represent another number ex 
pressed in the binary system of numeration, and 
means including said Second settable device for 
Selecting the section of the accumulator for re 
ceiving entries and for rendering said connections 
effective for causing entering in only the selected 
Sections of the accumulator. 

2. In a multiplying machine, a series of con 
tacts ordered to represent the successive powers 
Of two, a Second Series of like Ordered contacts, 
means for adjusting each set of contacts to rep 
resent a number in the binary System of numera 
tion, a binary accumulator ordered to represent 
the successive powers of two, connections be 
tween said accumulator and One of said series of 
contacts, column shift devices for shifting said 
connections So that said series will be connected 
in turn to orders of the accumulator represent 
ing the number represented on said set of con 
tacts and multiples of Said number, entering 
means controlled by said connections and means 
controlled by Said other series of contacts for 
completing Said connections for control of said 
entering means. 

3. In a multiplying machine, a series of pairs 
of contacts Ordered to represent the successive 
powers of two, means for entering a number of 
Said pairs of contacts by causing closure of the 
pair of contacts of the series the sum of whose 
represented powers equals the number, means for 

2,193,812 
testing each pair of contacts in order to determine 
which pairs have been closed, a second series of 
pairs of contacts similarly ordered and similarly 
closed to represent another number, a binary ac 
cumulator, entering means therefor, means for 
partially establishing circuit connections from 
said second series of contacts to the entering 
means of said accumulator for each operation of 
said testing means and means controlled by said 
testing means for causing completion of said 
connections for each order of Said first series of 
contacts in which a pair of contacts is closed. 

4. In a multiplying machine, a series of like 
adjustable elements Ordered to represent the suc 
cessive powers of two, a second series of like or 
dered elements, means for adjusting each set of 
elements to represent a number in the binary 
system of numeration, a binary accumulator or 
dered to represent the successive powers of two, 
connections between said accumulator and one of 
said series of elements, column shift devices for 
shifting said connections so that said series will 
-be connected in turn to Orders of the accumula 
tor representing the number represented on said 
set of elements and multiples of Said number, 
entering means controlled by said connections 
and means controlled by said other series of ele 
ments for completing said connections for con 
trol of said entering means. 

5. In a multiplying machine, a series of set 
table elements ordered to represent the succes 
sive powers of two, means for entering a num 
ber on said series of elements by effecting a set 
ting of the elements of the series the sum of whose 
represented powers equals the number, means for 
testing each element of the series in turn to de 
termine which elements have been set, a second 
series of settable elements, similarly Ordered and 
similarly set to represent another number, a 
binary accumulator, entering means therefor, 
means for partially establishing connections from 
said second series of elements to the entering 
means of said accumulator for each operation of 
said testing means and means controlled by said 
testing means for causing completion of Said con 
nections for each order of said first series of ele 
ments in which an element is Set. 

6. In a multiplying machine, a series of like 
adjustable elements ordered to represent the Suc 
cessive powers of two, a second series of like or- 5 
dered elements, means for adjusting each set of 
elements to represent a number in the binary 
system of numeration, a binary accumulator hav 
ing ordered sections to represent the successive 
powers of two, column shift devices intermediate 
one of said series of elements and said accumula 
tor for associating the elements of the series with 
the accumulator Sections, transferring means for 
repeatedly transferring the number represented 
On said series of elements to said accumulator, 
each transfer being routed by said column shift 
devices to a different set of accumulator Sections, 
means for testing the setting of the elements of 
the other series of elements, in succession, and 
means controlled by said testing means for ren 
dering said transferring means effective in ac 
cordance with the setting of the elements tested. 

7. In a multiplying machine, a pair of contacts 
representing a predetermined power of two, 
means for adjusting said contacts to indicate the 
entry therein of said power of two, a series of 
contacts ordered to represent the successive pow 
ers of two, means for adjusting said series of 
contacts to represent a number in the binary sys 
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ordered sections, each for representing a differ 
ent power of two, entering means for each sec 
tion, means for connecting said pair of contacts 
to the entering means of each accumulator sec 
tion in turn, means for testing the setting of the 
contacts of said series in turn, Said pair of cone 
tacts being connected to a different accumulator 
section for each of the contacts in the series 

tested, and means controlled by said testing 
means when the contacts tested are adjusted to 
represent an entry therein of a power of two for 
rendering said pair of contacts effective to com 
plete a circuit to the entering means of the ac- 5 
cumulator through said connecting means. 

WAM ANG. 
GEORGE. B. EEODENDORE, 
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