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UNITED STATES 

2,192,599 

PATENT OFFICE 
2,192,599 

MULTIPLYING MACHINE 
William Lang, New York, N.Y., assignor to 

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

Application May 27, 1936, serial No. 82,082 
12 Claims. (CI. 235-616) 

This is a continuation in part of application 
serial No. 55,509, filed December 21, 1935. - 
This invention relates to improvements in ac 

counting machines and more particularly to mull 
tiplying accounting machines. 
The present invention has for one of its objects V 

the provision of an improved type of multiplying 
machine in which the method of computation, 
technically known as duplation, is employed. By 
this method, a multiplicand is repeatedly doubled 
to build up the product. 
A further object of the present invention re 

sides in the provision of a multiplying accounting 
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machine adapted to effect multiplication by first 
effecting a separate setting of the multiplicand 
for each denominational order of the multiplier 
and thereafter automatically raising each entry 
to the product of the multiplicand times the as 
sociated multiplier digit, so there will be a setting 
of a number of sub-products, each representing 
the multiplicand times a digit of the multiplier. 
These sub-products are thereafter gathered or 
added together to produce the final product. 
A further object of the invention is to provide 

mechanism wherein the number of operations 
required to obtain the several sub-products varies 
according to the value of the multiplier. 
A further object of the present invention re 

sides in the provision of a machine in which the 
construction is simplified and improved for ease 
of assembly and maintenance. 
A further object of the invention is to provide 

a machine in which a plurality of accumulators 
are provided and in which the entries may be 
repeatedly doubled and in which the number of 
repetitions for each accumulator is variable. 
Various other objects and advantages of the 

invention will be obvious from the following par 
ticular description of two forms of mechanism 
embodying the invention or from an inspection of 
the accompanying drawings; and the invention 
also constitutes certain new and useful features 
of construction and combination of parts herein 
after set forth and claimed, 

In the drawings: 
Pigs. 1, la, and 1b, taken together and arranged 

vertically in the order named, show the wiring 
diagram of the electric circuits of the machine. 

Fig. 2 is a view showing the manner in which 
a typical computation is performed by the ma 
chine. 

Fig. 3 is a view showing a further example and 
the manner of its computation as performed by 
the machine. 

represents three times the multiplicand. 

Fig. 4 is a view showing the driving mechanism 
for feeding the record cards. w 

Fig. 5 is a view showing the card advancing 
and analyzing mechanism. , 

Fig. 6 is a view showing the accumulator re 
setting mechanism. 

Fig. 7 is an isometric view showing one order 
of the accumulator mechanism. 

Fig. 8 is a timing chart showing the timing of 
the electrical devices of the machine. 

Fig. 9 is a sectional view of the printing mech 
anism. 

Fig. 10 is a view of a controlling record card 
in which multiplicand and multiplier factors are 
perforated. 

Fig. 11 is a portion of the circuit showing a 
modified arrangement. 

Fig. 12 is a further portion of the circuit show 
ing a modified arrangement. 

Before describing the construction of the ma 
chine to which the present invention is shown 
applied, the general principles under which the 
machine operates and the general mode of opera 
tion will be set forth. 
According to the present invention the machine 

carries out multiplication in the following man 
ner. The record card bearing the two factors to 
be multiplied is first advanced to pass two ana 
lyzing stations. At the first station the multiplier 
factor is read to determine the number of com 
puting cycles required for the problem. At the 
Second station the multiplicand is analyzed and 
this factor is entered into as many separate ac 
cumulators as there are possible positions in the 
multiplier. In addition, a further entry is made 
into a so-called MC accumulator. This entry is 
represented diagrammatically in Fig. 2 where 642 
represents the multiplicand and 375 represents 
the multiplier. Under the column heated “Cy 
cles," it is indicated that during the first cycle 
the multiplier is read. On the line indicated 
"Enter MC' it is seen that the value 642 is en 
tered into the four accumulators. In the follow ing computing cycles, it is the object to increase 
the initial entry of 642 in ACC#1 to 1926, which 

n 
ACC#2 it is desired to increase the multiplicand 
to 4494, which is seven times the multiplicand; 
and in ACCF3, it is the object to increase the 
entry to 3210, which is five times the multipli 
cand. 
This raising of the initial entry in each ac 

cumulator to the desired sub-product is brought 
about by what will hereinafter be termed “dou 
bling' operations and “transfer' operations. 
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2 
A 'doubling' operation is represented in Fig. 2 

by the curved arrows pointed downwardly to the 
next line, indicating that the amount in the ac 
cumulator is added to itself or doubled. A "trans 

5 fer' operation is indicated by an arrow extending 
from the amount in the MC accumulator to one 
of the other three accumulators, indicating that 
the amount standing in the accumulator MC has 
been added to Such other accumulator. 
In ACC#1 the sub-product of three times the 

multiplicand is obtained by doubling the initial 
entry once and transferring from the MC ac 
cumulator once. In ACCF2 the Sub-product of 
seven times the multiplicand is obtained by dou 
bling the entry twice and transferring the amount 
in the MC accumulator three times in Succession; 
and the sub-product in ACC#3 is obtained by 
doubling twice and transferring once. 
The following table Summarizes the manner 

10 
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20 in which the sub-product of a multiplicand times 
any of the digits is obtained in the machine: 

TABLE I 

25 MP digit 3rd cycle 4th cycle 5th cycle 6th cycle 7th cycle 

9-------------- Double - Double - Double-Transfer 
8-------------- ---do-------- do--------do----- 

Tis?er --do----- Transfer. 
---00-------- do...--- 

0-------------- (Disable entering) 

According to Table I, the maximum number 
of cycles required to obtain the several sub 
products is five and if the multiplier digit Con 
tains a '7' digit, five cycles will be taken by the 
machine to obtain the several sub-products. 
the multiplier factor contains a digit '5' but no 
“6”, “7”, or '9', then the sub-products will be 
obtained in three cycles, and if the highest digit 
in the multiplier factor were '2', a single cycle 
would suffice to obtain the sub-products. 

in Fig. 3 is shown a problem in which the 
multiplier factor is 104 and it will be observed 
that ACCiti is to compute a sub-product of the 
multiplicand times one; ACC#2 the multiplicand 
times zero; and ACC#3 the multiplicand times 
four. 

in Table I it will be observed that four times 
the multiplicand is obtained by doubling twice 
so that only two computing cycles are required 
to obtain such sub-products and after the dou 
bling and transferring operations are completed, 
the multiplicand times one will stand in ACC1, 
and MC times four will stand in ACC#3. Where 
zeros occur in the multiplier, the initial entry of 
the multiplicand into the associated accumulator 
is suppressed so the entry therein remains Zero. 

Referring back to Fig. 2, after the doubling 
and transferring operations, the amounts 1926, 
4494, and 3210, representing three times, Seven 
times, and five times the multiplicand, Will stand 
in the accumulators. The next operation is to 
add these amounts together with proper provi 
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sion for the correct denominational allocation. 
This operation of adding these amounts together 
will hereinafter be termed "gathering” to dis 
tinguish over the aforementioned transfer opera 
tions. 
Thus, the amount in ACC#1 is entered into ACC#3 during the eighth cycle and during the 

ninth cycle the amount in ACC#2 is entered 

O 

If 

2,192,599 
into ACC#3, giving a total or final product of 
240,750, which, during the subsequent cycle, is 
printed on a suitable record and all of the ac 
cumulators are then reset to Zero. 
The accounting machine to which the present 

Yinvention is shown as applied, so far as the me 
chanical construction is concerned, is similar to 
the machine shown and described in Patent No. 
1976,617, granted October 9, 1934, to C. D. Lake 
and G. F. Daly, to which reference may be had 
for a fuller description of the general operation 
of the various units and the manner of drive. 
There are certain differences in the present con 
struction over the machine shown in the above 
mentioned patent which will be pointed out here 
inafter. 
In the following, the separate units of the ma 

chine will first be described to explain their man 
ner of operation, after which the circuit diagram 
Will be described to point out the manner in 
Which the Several units are coordinated. 

Card feeding mechanism. 
The card feeding mechanism shown in Figs. 4 

and 5 is exactly similar to that shown and de 
scribed in the patent referred to, except that 
provision is made in the form of a clutching device 
for interrupting the card picker operations with 
Out stopping the accumulating drive mechanism. 
In Fig. 4, O represents the drive shaft of the 
machine which may be directly connected or de 
tachably coupled to a suitable driving motor. 

In Fig. 5, the analyzing brushes are indicated 
at UB and LB and the record cards R are suc 
cessively advanced by picker f to a first pair of 
feed rollers 2 which serve to advance the cards 
to further pairs of feed rollers 3 which advance 
the cards to pass the upper and lower brushes in 
Succession. The shafts upon which rollers 3 are 
mounted are provided with gears 4 at their ex 
tremities and arranged as shown in Fig. 4 to be 
driven through gearing 5 from gear 6 on the 
drive shaft 0. It is thus seen that the rollers 
3 are in constant rotation. From one of the 
gears 5 a gear 7 is driven through an idler 8, 
which gear 7 is freely mounted upon a shaft 9. 
Secured on shaft 9 is a gear 20 which serves 
to drive the picker mechanism and the first pair 
of feed rollers 2. Also secured on shaft 9 is 
a ciutch arm 2 carrying a spring-pressed dog 22, 
which dog and arm are normally latched in the 
position shown by latching armature 23 pivote 
at 2 and controlled by a magnet 25. 

Energization of magnet 25 will release dog 22 
for engagement with driving element 26 which 
is Secured to the constantly running gear 7 so 
that gear 20 will be driven for one revolution 
during which the picker will advance the record 
card from the magazine to rollers 2 which feed 

, it to the dotted line position indicated in Fig. 5, 
Where the leading edge of the card is beneath the 
brushes UB. 
At each brush station, there is provided a pair 

of card lever contacts designated UCL, and LCL, 
which are operated by the usual card levers to 
close as the record card passes the station and to 
remain open unless a card is present. During 
the doubling, transferring, gathering, and prod 
uct printing cycles, magnet 25 is deenergized 
and card feeding will, of course, not take place 
during such cycles. 

Acclimatlating mechanism. 
The adding mechanism is entirely similar to 

4. 
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that shown and described in the patent referred . 
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to and the description thereof will accordingly 
be limited to a brief explanation of its manner of 
operation. The drive shaft 27 (Fig. 7) is directly 
geared to the main shaft in Fig. 4 so that it 
is in operation as long as the driving motor of the 
machine functions and the driving ratio is such 
that shaft 2 makes one revolution for each card 
feeding cycle of the machine. The shaft 27 has 
slidably mounted thereon but keyed for rotation 
therewith a clutch element 28, one for each 
denominational order of the accumulator. The 
element 28 is provided with a groove in which 
fits the end of a short arm of a lever 29 which 
is pivoted as shown and provided with a block 
0 normally held as in Fig. 7 by armature latch 3 

of adding magnet 32. 
A leaf spring 33 bears against the extremity of 

the longer arm of lever 29 and moves the same in 
a counterclockwise direction upon release of block 

by armature 3. This movement will bring 
clutching member 88 into engagement with co 
operating teeth 34 integral with a gear 35 loosely 
mounted on shaft 27. Gear 35, when thus coupled 
to shaft 27, will rotate a gear 36 which meshes 

: therewith and will displace the accumulator 
index wheel 8. The rearward extremity of mem 
ber 2 is adapted to be engaged by a finger. 38 
toward the end of the cycle for the purpose of 
disengaging clutching element 28 from teeth 34 
and relatching block 30 on armature 3. 

Briefly summarizing the adding operation, the 
magnet 2 may be energized at various points in 
the cycle of the machine depending upon the 
location of a perforation in a column of the card 
analyzed by the lower brushes B. This ener 
gization may take place in response to a perfora 
tion in any of the index point positions from 9 
to 1, inclusive. A perforation in the 9 index 
point position will trip the clutch element 28 
nine steps before finger 8 is operated to de 
clutch it and a perforation in the 1 index point 
position will trip the clutch element 28 before it 
is declutched by the finger 38. Each step qf 
clutching engagement corresponds to a tenth of 
a revolution of the accumulator index wheel 3. 
so that a 9 hole will cause it to move nine-tenths 
of a revolution and the 1 hole will cause it to 
move one-tenth of a revolution. The manner in 
which circuits through the lower brushes LB 
control the operation of magnet 2 will be set 
forth in connection with the explanation of the 
circuit diagram. Suitable carry mechanism be 
tween the several orders of the accumulator 
mechanism are provided and these are exactly 
similar to that shown in the Patent No. 1,976,617 
so that illustration thereof is omitted. 

Readio mechanism 
Also driven by gear SS (Fig. 7) is a gear 39. 

Since the ratio of gears 9 and 5 is 2:1, the 
former will turn through a half revolution for 
each revolution of the latter. Carried by and 
insulated from gear 39 is a pair of electrically 
connected brushes 4D, one of which cooperates 
successively with ten conducting segments 4, 

70 

s 

while the other cooperates with an arcuate con 
ducting strip 42. 
The relationship of the parts is such that when 

the index wheel 37 is in its zero position, one of 
the ... ushes 40 is in contact with the zero seg 
ment if and the other brush is in contact with 
the strip 42, thus forming an electrical connec 
tion between the two. If the wheel 37 is dis 
placed to indicate, say, 8, then one of the brushes 
40 will be in contact with the 8 segment 4 and 

3 
the other brush will be in contact with the arcu 
ate strip 42. The positioning of the brushes 40 
Provides a convenient electrical readout mecha 
nism for controlling doubling, transferring, gath 
ering, and product printing operations, and the 
electrical circuits involved in these functions will 
be more fully explained in connection with the 
circuit diagram. 

Printing mechanism 
The printing mechanism is shown in Fig. 9 

where the usual so-called listing shaft 43 car 
ries a clutch driving element 44. The shaft 43 
has direct driving connection with the constantly 
running shaft O (Fig. 4) so that clutch driving 
element 44 may rotate continuously. The listing 
can 45 is freely carried on the shaft 43 and 
provided with a spring-pressed clutching dog 46 
adapted for engagement with the driving ele 
ment. Dog 46 is normally held out of engage 
ment by arm 47 controlled by magnet 48. 

Energization of magnet 48 will permit cam 45 
to rotate with the listing shaft 43 and follower 
arm 49 will cause oscillation of rocker shaft 50 
to which are secured arms 5 link-connected to 
the reciprocating crosshead 52 so that for each 
revolution of can 45, crosshead 52 will be moved 
upwardly and then down again to its initial po 
sition. Slidingly mounted in the crosshead are 
type bars 53 Spring urged into movement with 
the crosshead as it rises. As type bar 53 moves 
upwardly, ratchet teeth 54 successively pass the 
nose of stopping pawl 55 as the type elements 56 
Successively pass printing position opposite 
platen 5T. 

Energization of printing magnet 58 as the 
type bar moves upwardly will draw call wire 59 
toward the right to rock the latch 60 out of en 
gagement with stopping pawl 55 whereby the 
nose of the latter will engage one of the teeth 
54 and interrupt further upward movement of 
the type bar. Before the crosshead 52 moves 
downwardly, the usual printing hammers are 
tripped to take an impression from the selected 
type elements. 

Accumulator resetting mechanism 
The shaft 6 (Fig. 6) upon which the index 

wheels 37 of an accumulator are loosely mount 
ed is slotted for cooperation with spring-pressed 
pawls (not shown) pivoted upon and carried by 
the individual index wheels in such manner that 
counterclockwise rotation of shaft 6 will en 
gage and drive the index wheels 37 forwardly to 
Zero position during a single revolution of 
shaft 6. 

Referring to Fig. 6, shaft 6 carries a gear 62 
at its extremity which is in engagement with 
gear 6 mounted upon reset shaft 64. Gear 63 
of which there is one for each accumulator may 
be selectively coupled to the resetting shaft 64 
in the well known manner more fully explained 
in the patent above referred to. At the extrem 
ity of shaft 64 is a gear 65 which is adapted to 
be driven by an intermittent gear 66 which is 
secured to shaft 67. Also fixed to shaft 6 is an 
arm 68 which carries spring-pressed clutch dog 
69 normally held in the position shown in Fig. 6 
by a latching arm 70 supported by armature 
shaft , of magnet armature T2. - Energization 
of magnet 73 will release dog 69 for engagement 
with clutch driving element 74. Element 74 is 
integral with a gear 75 which meshes with a 
gear T6 secured upon constantly running 
shaft 8. 
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4. 
With this arrangement, driving element T4 is 

in constant rotation and whenever it is desired 
to effect resetting of the accumulators, magnet 
73 is energized to provide a connection between 
the element 4 and the resetting shaft 64. 

General eacplanation of the circuit diagram. 
The wiring diagram of the electric circuits of 

the machine is shown in Figs. 1, 1a and lb, 
wherein the various cam controlled contact de 
vices are diagramatically shown and Suitably la 
belled L., CR, or TP for identification. The 
cams prefixed L operate only during the card 
feed cycle. The cams prefixed TP operate only 
during the total print and reset cycle, while thr: C 
prefixed CR and the emitters prefixed E are in 
constant operation. The timing of these cont 
tact devices is shown in the timing diagram 
(Fig. 8) to which reference may be made for 
the actual time in the cycle of operations during 
which they function. 
In this figure the dark lines represent the 

period during which the cam contacts are closed. 
Due to the numerous circuit connections involved 
in the present arrangement, it has not been ad 
visable in all instances to show the relay magnetS 
and their associated contacts in close proximity 
to one another. For purposes of clarity in the 
wiring arrangement, the relay contact points 
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are shown in the circuits which they control 
and their relay magnets are dotted adjacent 
thereto. Further, the different contacts are des 
ignated with the same reference character as the 
controlling magnet, followed by a numeral. The 
complete circuit diagram will now be described 
in detail and the various operations will be set 
forth in the order of their occurrence. 
For each record card there will be a number of 

cycles determined by the value of the multiplier 
digits. Of these cycles for each card there will 
be first, two cycles during which the card is 
moved to pass the upper and lower brushes in 
succession. Following this will be a variable 
number of doubling and transfer cycles, after 
which will follow two so-called gathering cycles, 
and then the product printing and resetting 
cycle, thus making five invariable cycles, plus 
from one to five variable cycles for each con 
putation. During each of the two card feeding 
cycles, the cam contacts operate in accordance 
with the timing shown in the left hand third of 
the diagram of Fig. 8. During each of the 
doubling and transfer cycles and also during each 
of the gathering cycles, the operation is in ac 
cordance with the central third of Fig. 8. During 
the product printing and resetting cycle the Op 
eration is in accordance with the right hand 
third of the diagram. For a card having a 
problem requiring but one variable cycle, there 
fore, there will be two card feed cycles (with cam 
timing as in the first third of Fig. 8), three cycles 
of doubling and gathering (as in the second third 
of Fig. 8) and a final cycle of printing (as in the 
last third of Fig. 8). 

Starting cycles.-Referring to Fig. 1, the switch 
is first closed to connect the motor M between 

the main lines 80 and 90. With the motor M in 
operation, the several constantly rotating shafts 
and the CR cams and emitter brushes commence 
rotation. At the very commencement of opera 
tions, the brush of emitter E4 (Fig. 1) is per 
mitted to make a number of turns before the 
start key is operated. This is for the purpose of 
effecting a preliminary set-up of the relays 
generally designated C near the bottom of Fig. 1; 
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that is, during the first turn when the brush is 
on the g segment, a circuit is traceable from line 
80 through wire 89, brush of emitter E4, segment 
g, wire 9, relay magnet C, and then serially 
through the contacts B, 2B, 3B, 4B, 5B, 
6B?, wire 84 to line 90. Relay C closes its con 
tacts C to provide a holding circuit through wire 
85 and also closes its contacts C2 and C3. Dur 
ing the next cycle, when the brush of emitter E4 
is on the f segment, a circuit is traceable through 
contacts C3, relay magnet fic and thence serially 
through the contacts Bf to 6Bf to line 90. On 
the third cycle, when the brush of the emitter is 
on the segment e, the circuit is traceable through 
contacts f03, relay magnet 20, then in Series 
through contacts 2B-6B to line 90. In this 
manner the relay magnets C to 6C are energized 
in turn and a holding circuit is provided to main 
tain them energized. This is the condition in 
which they are shown in Fig. 1 in readiness for 
the depreSSion of the start key. Depression of the 
Start key to close contacts 78 will cause energiza 
tion of the card feed clutch magnet 25 and the 
card picker mechanism will operate to feed the 
first card from the magazine to the first pair of 
rollers 2. 
At the end of this cycle, the card will be at the 

dotted line position shown in Fig. 5. A second 
depression of the start key 78 will again energize 
magnet 25 and the first card R will advance to 
paSS the upper brushes UB while the second card 
is advanced by the picker ff. 
As the brushes UB traverse the multiplier field 

of the card, circuits will be completed through 
the perforations representing the multiplier 
factor. It may be here explained that in the 
circuit diagram, sufficient mechanism has been 
shown to handle a three place multiplier and a 
three place multiplicand. This has been done to 
obviate the repetition of similar parts. 
As the index point positions 9, 8, 7, etc., are 

Successively Sensed by the brushes, the brush of 
emitter Ef contacts the segments thereof in the 
Order 9, 8, 7, etc. During the sensing of the 
positions 9 to 1, inclusive, cam contacts Li are 
closed and during the sensing of the zero posi 
tions, contacts L2 are closed and contacts Li are 
Open. ASSunning, for example, a perforation in 
the '1' index point position, a circuit will be 
completed from line 80 to cam contacts CR8, 
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card lever contacts UCL, brush UB, plug con 
nection 79, cam contacts Li, wire 8?, brush of 
emitter E, the "1" segment of emitter E, wire 
82, relay magnet B, wire 83, to line 90. It will 
be observed that with the contacts Li closed, a 
circuit through any of the brushes UB in the 
nultiplier field will complete a circuit through 
the Wire 8 and that as many relay magnets B, 
2B, etc. may be energized as there are different 
Significant figures in the multiplier factor. The 
function of these relay magnets is to control the 
number of variable cycles which the machine is 
to perform and the controlling is in accordance 
With Table above. 
During the analysis of the zero positions, cir 

cuits will be completed through those positions 
in which Zeros occur, which are traceable from 
line 80, contacts CR8, UCL?, brush UB, plug con 
nection 79, contacts L2 (contacts Li are open at 
this time), relay magnets A, 2A or 3A, wire 83 to 70 
line 90. Relay magnet A will close its contacts 
A to provide a holding circuit extending from 

line 80, can contacts L3, contacts Al, magnet 
A, wire 83, to line 90. The function of the mag 
nets A, 2A and 3A is to suppress the entry into is 
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accumulators in those orders which are associated . 
with columns in which zero is present in the 
multiplier factor. 
Cycle controlling circuits-At the bottom of 

Fig. 1 is shown a group of relays designated C, 
C, 2C, etc., which determine the number of 
variable cycles which are to be performed. These 
relays are normally energized through circuits of 
which the following for magnet C is representa 
tive: This circuit follows from line 90, wire 84, 
serially through contacts 6B?, 5B, to Bl, mag 
net C, contacts Cf, wire 85, to line 80. This 
initially setup circuit is prepared, when cards 
are fed through the machine in succession, during 
the last computation and the manner in which 
it is set up when the machine is first started has 
already been explained. 

Energization of any magnet B to 6B will shift 
its contacts from the position shown and will 
interrupt the just traced holding circuit at such 
point to deenergize the related magnets C to 6C 
and all magnets of lower order. For example, if 
magnet 6B were energized in response to the 
analysis of a '7' perforation, contacts 6B would 
open momentarily and all the magnets C to 6C 
would be deenergized. If magnet 3B were the 
highest order magnet in its group to be energized, 
it would open its contacts 3B and cause de 
energization of magnets C, C, 2C and 3C while 
magnets 4C, 5C, and 6C remain energized. 

Energization of any of the B magnets will close 
a pair of contacts B2 to 6B2, as the case may be, 
to establish a circuit from line 90, wire 84, con 
tacts 6B2, for example, wire 86, a relay magnet 
Y, wire 87, resistance 88, to line 80. Relay mag 
net Y closes its contacts Y which provide a hold 
ing circuit from line 90, contacts Y, magnet Y, 
wire 87, resistance 88, to line 80 and this holding 
circuit is maintained until the C magnets which 
have been deenergized are again set up in the 
manner which will now be explained. It may 
here be explained that the magnet Y, upon 
energization, opens a pair of contacts Y2 in the 
upper part of Fig. 1, before cam contacts CR.3 
in series therewith are closed. Thus, during the 
cycle in which the record card passes the upper 
brushes, the B magnets are selectively energized 
and the contacts of any one thereof will cause 
energization of magnet Y which in turn, by open 
ing its contacts Y2, will prevent energization of 
magnet G during this cycle. The function of 
magnet G will be explained hereinafter. 
During the second card feed cycle which is the 

cycle following that in which the card passes the 
upper brushes and the multiplier factor is sensed 
to condition the relay magnets C to 6C, the brush 
of emitter E4 successively traverses its contact 
segments a, b, c, d, e, f, and g, and a circuit is 
first completed through the g segment which is 
traceable from line 80, wire 89 (Fig. 1), emitter 
brush and segment g, wire 9, relay magnet C, 
contacts Bf to 6B (which contacts are now 
closed), wire 84, to line 90. Energization of mag 
net C will close its contacts C, C2, and C3. Con 
tacts C set up the holding circuit for magnet C 
and contacts C3 connect the next magnet C in 
circuit with the commutator segment f. During 
the next following cycle, the emitter brush will 
complete a circuit through the segment f and 
contacts C3 to energize relay magnet C, which 
in turn will close its contacts C, C2, and C3, 
providing a holding circuit and also connecting 
the next higher magnet 2C to the commutator 
segment e. 

f it be assumed that one of the multiple 

5 
digits sensed by the upper brushes is '7' and that 
such analysis caused momentary energization of 
relay magnet 6B, all of the magnets C to 6C 
would have been deenergized and the emitter E4 
would thereafter successively reenergize the C 
magnets, one in each of the series of Successive 
cycles. The C magnet is energized during the 
latter part of the same cycle in which the card 
passes the upper brushes and the multiplier is 
sensed. The C magnet is energized in the next 
cycle during which the card passes the lower 
brushes and the multiplicand factor is sensed. 
The remaining magnets 2C to 6C are energized 
in the following cycles and in Order. 
When all the C magnets are energized, a cir 

cuit is traceable from line 80, resistance 88, con 
tacts C2, C2, 2C2, etc., to 602, contacts Yi, to 
line 90. This circuit through resistance 88 short 
circuits the relay Y, causing it to become de 
energized. Deenergization of magnet Y will cause 
the machine to automatically enter upon the 
so-called gathering cycles of operation. 

If Sensing of the multiplier factor resulted in 
deenergization of only the first three magnets C, 
C and 2C, then this short circuit will be com 

pleted after three cycles of operation, that is, 
after these magnets have been reenergized in 
SucCCSSion. 

In Fig. 1 are shown contacts Y2, which, upon 
denergization of magnet Y will close to com 
plete a circuit from line 80, upper card ever con 
tacts UCL2, relay magnet G, contacts Y2, can 
contacts CR.3, contacts P3, contacts 2G to line 
90. Magnet G will close its contacts G5 to 
provide a holding circuit from line 90, cam con 
tacts CR4, contacts G5, magnet G, card lever 
contacts UCI2, which are closed due to the 
presence of a card at the upper brush station, 
to line 80. Magnet G controls gathering op 
erations which will be explained in detail later. 
During such operations, cam contacts CR5 close. 
These contacts are timed to close momentarily 
and Open again before cam contacts CR.3 close. 
A circuit is thereby established which is traceable 
from line 90, contacts CR5, relay contacts P2, 
contacts ficts, relay magnet 2G, to line 80. Mag 
net 2G closes its contacts 2G5 to provide a hold 
ing circuit through cam contacts CR6 and at 
the same time opening of contacts 2G? prevents 
reenergization of the magnet G. 
Magnet 2G controls gathering operations dur 

ing the second gathering cycle and during this 
cycle can contacts CR close momentarily to 
establish a circuit from line 90, contacts CRT, 
relay contacts 2G-6, relay magnet P, to line 80. 
Magnet P will close its contact P to provide a 
holding circuit through cam contacts TP4 and 
the consequent opening of contacts P2 and P3 
will prevent further energization of the magnets 
G or 2G. 
The magnet P controls the total printing cir 

cuits as will be explained and in addition closes 
a pair of contacts P4 at the top of Fig. 1 which 
will complete the circuit through the print can 
clutch magnet 48 and the reset clutch magnet is 
to initiate a cycle of Operation of these mecha 
nisms. During the total printing cycle, during 
which the TP cams operate, contacts TP3 close 
to energize the card feed clutch magnet 25 after 
the accumulators have been cleared and the next 
following card will proceed to pass the upper 
brushes. 

Entering circuits-The manner in which the 
amounts are entered into the accumulators will 
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It has been pointed out that as the card traverses 
the upper brushes during the first card feed cycle, 
magnets B to 6B are energized to determine the 
number of cycles required for the card Sensed. 
It may be mentioned at this point that for each 
card passing through the machine, there are two 
card feed cycles, the first card feed cycle being 
that in which the card traverses the upper 
brushes and the second being the cycle in which 
it traverses the lower brushes. As is common in 
other multiplying and statistical machines gen 
erally, when the machine is first started, there 
is an additional feeding cycle required to bring 
the very first card into position in readiness to 
pass the analyzing brushes so that at the very 
commencement of operations there are in fact 
three card feeding cycles but that for the Suc 
ceeding cards only two take place, because as 
the first card passes the upper brushes, the next 
succeeding card is advanced from the hopper to 
a position in readiness to pass the upper brushes 
when computations have been completed under 
control of the first card. To avoid confusion, 
therefore, “first card feed cycle' designates the 
cycle in which the card passes the upper brushes 
and 'second card feed cycle' designates the cycle 
in which the card passes the lower brushes. As 
the card continues downwardly to pass the lower 
brushes LB during the second card feed cycle, the 
multiplicand amount is entered into the four 
accumulators MC, #1, #2, and #3. The entering 
circuits are traceable (Fig. 1b) from line 90, 
through cam contacts CR9, card lever contacts 
LCL, lower brush LB, and through plug connec 
tion 9 f to socket 92 and adding magnet 32 of 
accumulator MC. From socket 92 of accumulator 
MC, connections 93 are made as shown to sockets 
94 which have connections with relay contacts 
A2, 2A2, and 3A2, as indicated. 
Between these contacts and the sockets 92 of 

these three accumulators are contacts H2 plug 
connected as shown. The contacts H2 are pro 
vided to prevent undesirable back circuits and are 
controlled by relay magnet H, shown in Fig. 1. 
The operation is as follows: 
As the card moves to pass the upper brushes, 

the relay magnet H is deenergized and contacts 
H2 are open. Toward the end of this first cycle, 
the cam contacts L4 close to energize the relay H. 
thereby closing its contacts H to establish a 
holding circuit through cam contacts CR. The 
contacts CR maintain magnet H energized 
through that portion of the next following cycle 
during which the card traverses the lower brushes 
so that at such time the contacts H2 are closed 
and they are open at all other times. 
As explained above, the relay magnets A, 2A, 

and 3A (Fig. 1) are energized in response to the 
presence of zeros in the multiplier factor. Thus, 
if the units order of the multiplier were zero, 
magnet 3a would have been energized and its 
contacts 3A2 consequently opened so that ACCit3 
would receive no entry from the brushes LB. 

Doubling circuits.--When an amount is to be 
read out of one of the accumulators and re 
entered therein to effect doubling of the amount, 
a plug connection 95 (Fig. 1b) is made between 
the plug socket 96 of that accumulator and relay 
contacts D2, and a further plug connection 97 
is made from the contacts D2 to socket 92 of 
the same accumulator. 
Upon closure of contacts D2, a circuit is trace 

able as follows: from line 90, wire 98, emitter E2, 
Chrough wires 99, readout segments 4, brushes 
40, common strip 42, socket 96, connection 95, 
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contacts D2, connection 97, socket 92, adding 
magnet 32, to line 80. The adding magnet 32 of 
the accumulator will thus be energized at the 
time determined by the position of the readout 
brush 42 in the related order. 

Transferring circuits.--When it is desired to 
transfer an amount from the MC accumulator to 
any of the others, the connection 100 is made 
from the readout socket 96 to the contacts T2, 
2T2 and 3T2 and further connection 0 is made 
to extend toward the adding magnet 32. Thus, 
with contacts T2 closed, for example, a circuit 
will extend from line 90, wire 98, emitter E2, wires 
99, segments 4 ?, brushes 40, readout strip 42, 
socket 96, connection f OO, contacts T2, connec 
tions O and 97 to socket 92, and thence through 
magnet 32 to line 80. The magnet 32 of ACC#1 
will thus be energized in accordance with the 
amount standing on accumulator MC. 
Gathering circuits.--When it is desired to 

gather the sub-products from ACCF1 and 
ACC #2 into ACC#3, a plug connection 02 is 
made to contacts G2 and a connection 03 is 
made to contacts 2G2. Further connections 04 
and 05 are made from these contacts to Sockets 
92 of ACCF3 in the proper denominational posi 
tions. When contacts G2 are closed, the gather 
ing circuit which is similar to the above described 
transferring circuit will follow from the common 
strip 42 in the units order of ACC #1 through 
connection O2, contacts G2, connections 04, 
socket 92 of the hundreds order of ACC#3 and 
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thence through magnet 32 in that order to line 
80. 

If contacts 2G2 are closed, a similar circuit is 
traceable from the readout strip 42 in the units 
order of ACC#2 through connection 03, con 
tacts 2G2, connection 05 to the socket 93 in the 
tens order of ACC#3 and thence through the 
adding magnet 32 of that order. 
Product printing circuits.--When the final 

product is to be printed, contacts P5 are closed 
and through plug connections OS and OT made 
thereto, circuits may be traced from the readout 
strip 42 in the units order of ACCF3, through 
connection 06, contacts P5, connection 07, 
printing magnet 58, to line 80. 
The above describes briefly the manner in 

which the different circuits are completed and 
in Fig. 1b has been shown the plug connections 
for a single order of each of the accumulators. 
It will be understood that similar connections 
are made in the other positions. It remains now 
to explain the manner in which the sequence 
of operations is determined so that the doubling, 
transferring and gathering circuits take place 
in proper order for the different problems. 

Circuit selecting mechanism. 
Referring to Table I, it will be noted that for 

each of the accumulators #1, #2, and #3, the 
number of doubling and transferring cycles will 
depend upon the value of the multiplier digit as 
sociated with that accumulator. For example, if 
the multiplier digit associated with ACC#1 were 
“9', it would be necessary to cause such ac 
cumulator to double itself three times and to re 
ceive the amount in the MC accumulator by 
transferring once. The mechanism shown in 

35 

40 

80 

Fig. 1a is designed to predetermine and bring 
about the proper type and number of doubling 
and transfer cycles required for each of the digits. 

Referring now to Fig. 1a, for each of the ac 
cumulators there is provided an emitter E3, 
2E3, or 3E3, provided with eight segments 



to a plug socket fo8 through relay contacts H3. 

O 
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traversed by the constantly rotating emitter 
brush. the common ring of each emitter is wired 

(which are controlled by relay H) from which 
socket plug connection 09 is made to the socket 
of the lower brush LB which traverses the multi 
plier field of the card. The emitter brush 
traverses the segments 9, 8, 7, etc., as the cor 
responding index point positions of the multiplier 
field pass the lower brushes and upon the sensing 
of a perforation in any of the digit positions, a 
circuit will be. completed at such time which is 
traceable from line 90, contacts CR9, contacts 
LCL, lower brush LB, connection 09, socket 08, 
contacts H3, the emitter segment corresponding 
to the perforation sensed, wire flo, magnet K, 
wire , to line 80. Magnet K will close its con 
tacts K to provide a holding circuit from line 
80, wire ill, magnet K, contacts Kl, wire 2, 
can contacts TP, wire 3, to line 90. Thus, 
for the example of Fig. 2, where the multiplier 
is 375, the '5' magnet K would be energized 
through the emitter E3; the '7' magnet K would 
be energized through its emitter 2E3; and the 
'8" magnet K would be energized through the 
emitter 3E3, and these magnets would remain 
energized throughout the subsequent calculating 
cycles, and until the commencement of the total 
printing cycle, at which time contacts TP open. 
Magnets K also cause closure of relay contacts 
K2 and K3 through which the doubling and 
transfer circuit controlling relay magnets D and 
T are energized. These contacts K2 and K3 of 
each order of the multiplier are connected by 
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wires 4 to a group of vertical wires 5 through 
each of which wires current is passed in succes 
sion during successive cycles. A separate group 
of wires 5 is provided for each multiplier order. 

specifically, the first wire 5 to the left of 
each group of wires is connected to one side of 
line during the third cycle of operation. The 
next wire is rendered live during the fourth cycle; 
the next line during the fifth cycle; and So on, 
and only so many of the wires 5 are rendered 
live as are necessary for the solution of the prob 
len. 
The manner of connection between the wires 
4 and if 5 is in accordance with Table I. For 

example, in the '9' position, the doubling mag 
net D is connected to three successive lines 5 
so that doubling will take place in three Suc 
cessive cycles. The transfer magnet T is cont 
nected to the fourth line and will be energized 
to effect a transfer after the three doubling cycles 
have taken place. In the '8' position it will be 
seen that there are no K3 contacts and only K2 
contacts are provided which are connected to the 
first three wires. 15 to bring about doubling in 

CO 

as 

three successive cycles. 
The lines 5 of each group are connected to 

a set of commutator segments 6 of a stepping 
relay whose contact arms are secured to a 
spring-biased lever 8 which is advanced 
through pawl and ratchet 9 under control of 
a magnet (20. The ratchet is held in position by 
a retaining pawl 2 which is controlled by re 
leasing magnet f 22. The operation is such that 
during the first cycle in which the card passes 
the upper brush station and the cycle controlling 
magnets C are set up to energize relay magnet 
Y (Fig. 1), the related contacts Y5 (Fig. 1a) 
are closed so that near the end of this cycle, 
contacts CR2 will complete a circuit from line 
80, contacts Y5, contacts CR2, stepping magnet 
20, contacts P6, G6, 2G6 to line 90. 

this has no effect during this cycle. 

7 
Stepping of the relay will advance the arms 
7 from the '1' to the “2” position, which they 

Occupy during the second cycle wherein the card 
passes the lower brushes and entries are made 
into the several accumulators, and during such 5 
cycle also the relay magnets K are set up in 
accordance with the value of the multiplier. 
Near the end of this second cycle, magnet f2O is 
again energized and the arms 7 are advanced 
to the "3' position where they bridge the seg- 10 
ments 6 in that position and the common ar 
cuate strips 23. Thus during the next succeed 
ing or third cycle, a circuit is traceable from line 
90, through contacts 2G6, G6, P6, then branch 
ing through the three strips if 23, the wipers of is 
arms , segments f6, the first wire 5 in 
each group. From these wires ff 5 the circuit 
will continue according to the setting of the 
K2 and K3 contacts to effect either doubling or 
transferring operations separately for each of seo 
the accumulators it, #2, or #3. 

For each cycle of operation the arms are 
advanced to connect the next wires it? 5 to the 
line and this goes on until the cycle Controlling 
magnets C have all been reenergized, at which 25 
time, as explained above, the magnet Y is short 
circuited and as a consequence its contacts Y5 
(Fig. la) open, thus preventing further stepping 
of the arm ff. Also, as explained above, upon 
deenergization of magnet Y, the gathering mag-ao 
net G (Fig. 1) is energized. This magnet also 
controls the contacts G2 (Fig. 1b) to complete 
the gathering circuits and thereafter the second 
gathering magnet 2G is energized to control the 
contacts 2G2 of Fig.1b to effect a further gath- 35 
ering, and following this the magnet P is ener 
gized to close contacts P5 of Fig. 1b to permit 
printing circuits to be completed. 
During these gathering and printing cycles, 

one of the contacts P6, G6 and 2G-6 (Fig. 1a) 40 
is open to prevent any energization of the D or 
T magnets through lines 5. During the ulti 
mate printing cycle, cam contacts TP2 (Fig. 1a) 
close to energize reset magnet 22 so that the 
arm if may return to its initial position. 

It will be observed that where a multiplier digit 
is unity, that. none of the K magnets related to 
that order are energized so that no doubling or 
transferring takes place for that accumulator. 
The same is true where the multiplier digit is so 
Zero and that in addition the initial entry for 
the related accumulator is suppressed. 

Recapitulation 
The operation of the main form of the inven 
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tion will now be reviewed with particular ref 
erence to the problem of Fig. 2 to point out the 
Sequence of operations. When the machine is 
first started, switch 77 is closed and motor M is 
placed in operation, so that the constantly run- 60 
ning CR cams and emitters function. The brush 
of emitter E4 will make a number of revolutions 
during which the relay magnets C-6C will be 
energized in succession and holding circuits will 
maintain them energized. The start key is then is 
depressed to bring about a preliminary card 
feeding cycle which advances the first record card 
to the position designated R in Fig. 5. During 
this cycle, the relay magnet H is energized, but 

First card feed cycle.-The start key is now O 
operated a second time to energize the card feed 
clutch magnet 25, so that the card now passes 
the upper bush UB. As the card traverses the 
brushes the MP amount is sensed and circuits s 
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through contacts Luf are completed to energize 
the magnets B-6B in accordance with the value 
of the MP digits. With particular reference to 
Fig. 2, this is the cycle designated in such fig 
lure and where the multiplier factor is 35, as 
in the example, the highest order magnet 63 is 
energized. At the 0 time the contacts L are open 
and contacts L2 close so that relay magnets 
A-3A may be energized if 0's are present. The 

energization of magnet SB has caused magnet Y 
to become energized and a holding circuit pro 
vided therefor. During this same cycle, when 
the brush of emitter E4 reaches its segment g, 
the relay magnet C is energized and held. The 
magnet Y opens its contact Y2 to prevent ener 
gization in the gathering magnet G when con 
tacts CR.3 close later in the cycie, and a further 
pair of contacts Y5 are closed to commence the 
operation of the stepping relay. 
Second card feed cycle.-iouring this cycle, the 

card passes the lower brushes and circuits are 
completed to enter the MC amount into each of 
the accumulators through the now closed Con 
tacts H2 and at the same time the MP amount is 
entered into the K relays through the contacts 
H3. For the example of Fig. 2, therefore, accu 
mulators MC, , 2 and 3 each receive the amount 
642 and through the emitters f3, 2E3 and 3E3, 
the 3, 7 and 5 relay magnets K of the three Sets 
of relays respectively are energized and held to 
represent the setting of the MP amount 375. 
During this cycle, when the brush of emitter E4 
is at the f segment, relay C is picked up and 
the stepping relay advanced to the 3 position. 
Third cycle.--During this cycle the relay mag 

nets D, 2D, and 3D are energized and close their 
respective contacts fo2, 2D2, 332 through which 
circuits are completed from the readout devices 
of the accumulators Nos. , 2 and 3 to their re 
lated adding magnets, whereby the amount in 
each of these accumulators is doubled as indi 
cated along line 3 of Fig. 2. During this cycle 
relay magnet 2C is energized. 
Fourth cycle.--During this fourth cycle, the 

relay magnets T, 2) and 3D are energized, caus 
ing a transfer from the MC accumulator to ac 
cumulator No. 2 and further doubling of the 
amounts in accumulators No. 2 and No. 3. Dur 
ing this cycle the relay magnet C3 is energized. 

Fifth cycle.--During this cycle the relay mag 
nets 2T and 3T are energized, causing the amount 
in the MC accumulator to be concurrently trans 
ferred to the No. 2 and No. 3 accumulators. 
During this cycle relay magnet C4 is energized. 

Siacth cycle.--During this cycle the relay mag 
net 2T alone is energized and a single transfer 
is effected from the MC accumulator to accumul 
lator No. 2. Also, during the cycle relay magnet 
C5 is energized. 
Seventh cycle-During the seventh cycle relay 

magnet 2T is again energized and the transfer 
from accumulator MC to accumulator No. 2 re 
peated. During this cycle, when the brush of 
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emitter E4 is at the a segment, a circuit is com 
pleted to energize relay magnet GC, which ener 
gization completes the Series circuit through the 
contacts C2 and 6C2, causing deenergization of 
the relay magnet Y and consequent closure of 
its contacts Y2 so that, when contacts CR.3 close 
at the end of the cycle, relay magnet G is ener 
gized and a holding circuit established for it 
through contacts CR4, which maintains the relay 
energized throughout the entering portion of the 
next cycle. 

Eighth cycle.-With magnet G energized, its 
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contacts G2 direct entries from accumulator No. 

to accumulator No. 3 to effect the first gather 
ing Operation represented along line 8 of Fig. 2. 
During this cycle contacts CFR5 close and magnet 
2G will be energized and held through contacts 
CR6. 

Ninth cycle.--During this cycle the amount in 
accumulator No. 2 is transferred to accumulator 
No. 3 So that the latter now contains the com 
plete product. During this cycle the cam con 
tacts CR close to energize relay magnet P whose 
contacts P4 energize the print and reset clutch 
magnets and contacts P5 connect the readout 
device of accumulator No. 3 to the type bar 
magnets 58 so that during this cycle the amount 
standing in accumulator No. 3 is printed and 
all the accumulators are then zeroized. Toward 
the end of the total printing cycle, can con 
tacts TP3 close to energize the card feed clutch 
magnet, and operations are now repeated upon 
the Second card in the same manner beginning 
with the operations identified above as “first card 
feed cycle.' 

Modification 
A modified form of the arrangement is shown 

is Fig. 11 whereby the total number of cycles 
required to effect multiplication is less than that 
for the main form. This is brought about by 
re-arranging the order in which doubling and 
transferring cycles for certain of the digits take 
place, and may be readily understood from an 
inspection of the following table: 

TABLE I 

MP digit 3rd cycle 4th cycle 5th cycle 6th cycle 

9---------------- Double.... Double.... Double---- Transfer. 
- - - - - - - do----------do----------do------- 

--do------- Transfer-----do------- Do. 
6- --do- ---do---------- do------- 
5. --do. - Double---- Transfer 
4. --do- ---do------- 

--do- - Transfer 

(Disable entering) 

Comparison of this table with Table I will 
show that the maximum number of cycles re 
quired for the doubling and transferring oper 
ations is four, whereas in the main form, five 
Cycies are required. The difference in the two 
tables lies in the manner of obtaining the sub 
product for the digits 6 and 7. In the main 
form the sub-product of 6 is obtained by the 
doubling operations followed by two transfer 
Operations, and 7 by two doubling operations 
followed by three transfer operations. In the 
modified form, the 6 is obtained by a single 
doubling operation followed by a transfer oper 
ation and then a second doubling operation, 
while the 7 is obtained by a doubling operation 
followed by a transfer and then a doubling and 
then a second transfer operation. In this man 
ner, a cycle of Operation is saved when these 
digits are a part of the multiplier and the num 
ber of relays in the cycle control mechanism 
may be reduced. 

Fig. i2 shows the modified arrangement of the 
circuits extending from the emitter Ef and it 
will be noted that the relays 6B and 6C are dis 
pensed with. The emitter segments 5, 6 and 8 
control the relay 4B while the segments 7 and 9 
control the segment 5B. In Fig. 11 the sets of 
lines if 5 now have each only four separate wires 
extending to segments f6 which are arranged 
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concentrically about the common conductor 2. 

It will be observed that a doubling operation 
occurs in the third cycle in all cases except 
where the multiplier digit is '1' or “O.' This 
fact permits the elimination of a number of 
relay contacts K2 and K3 by providing a pair 
of contacts Ka which are normally closed as 
shown in Fig. 11 so that during the third cycle 
the doubling magnet D is energized through a 
circuit extending from the '3' wire 5 to the 
lowermost wire 4, contacts Ka, magnet D, to 
line 80. This circuit will cause the initial 
doubling operation to take place. It will be ob 
served that the relay K corresponding to the 
multiplier digit 2 is omitted and another relay 
substituted therefor which is wired to the '0' 
and '1' segments of the emitter E3. The pres 
ence of a '0' or a '1' will energize this lower 
most relay K to open the contacts Ka so that 
the doubling circuit is not completed for these 
digits. 
While there has been shown and described and 

pointed out the fundamental novel features of 
the invention as applied to two modifications, it 
will be understood that various omissions and 
substitutions and changes in the form and details 
of the device illustrated and in its operation may 
be made by those skilled in the art without de 
parting 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, an 

accumulator, entering means therefor, means for 
controlling said entering means to enter an ini 
tial amount into the accumulator, means settable 
by the accumulator to represent the amount 
standing therein, means including said settable 
means for controlling said entering means to 
enter into the accumulator the amount standing 
on the settable means to double the amount 
therein, means for rendering said last named , 
means effective, mechanism selectively settable 
in accordance with the value of a digit, cyclically 
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Operating control means, and means operated 
by said control means and said selectively set 
table means jointly for causing the operation of 
said rendering means, once or a plurality of times 
in succession, to effect doubling of said initially 
entered amount or repeated doubling thereof in 
accordance with the setting of said mechanism. 

2. In a machine of the class described, record 
Sensing means, a pair of accumlators, entering 
means for each, means for controlling said en 
tering means to enter an initial amount in each 
accumulator, means for each accumulator set 
table thereby to represent the amount standing 
therein, means including the settable means of 
One accumulator for controlling the entering 
means of the same accumulator to enter therein 
the amount standing on its settable means to 
double the amount therein, means for rendering 
said last named means effective, means includ 
ing the settable means of the second accumulator 
for controlling the entering means of the first 
accumulator to enter therein the amount stand 
ing on the settable means of the second accumu 
lator to thereby transfer the amount in the sec 
ond accumlator to the first accumulator, means 
for rendering said last named means effective, 
mechanism selectively settable in accordance with 
the value of a record card perforation, cyclically 
operating control means, means operated by said 
control means and said selectively settable means 

5 jointly for causing the operation of the first 
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named rendering means, Once or a plurality of 
times in succession to effect doubling of the 
amount in the first accumulator or repeated 
doubling thereof in accordance with the selective 
Setting of Said mechanism, and further means 
operated, after the operation of said last named 
means and by Said control means and Said Selec 
tively settable means jointly, for causing the 
operation of the Second named rendering means 
once or a plurality of times in succession to effect 
transferring or repeated transferring of the 
amount in the second accumulator to the first 
accumulator in accordance with the selective Set 
ting of said mechanism. 

3. In a machine of the class described, a 
entry receiving device, an accumulatOr, means 
for effecting the entry of a like amount in each, 
means for reading out the amount in the accu 
mulator and reentering the same to effect dou 
bling of the amount therein, means for trans 
ferring the amount in the entry receiving device 
to said accumulator, means Settable in accord 
ance with the value of a digit and arranged to 
determine, for each digit Set up, a sequence of 
operations for said doubling means and said 
transferring means to increase the initial amount 
in said accumulator to an amount representing 
the initial amount times the value of the digit 
set in said settable means, cyclically operating 
control means, means controlled by said control 
means and part of said settable means for effect 
ing the operation of Said doubling means in 
accordance with the digit set up, and further 
means controlled by Said control means and an 
other part of said settable means for effecting 
the operation of said transferring means in ac 
cordance with the digit set up. 

4. The invention set forth in claim 3 in which 
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the means Settable in accordance With the value 
of a digit is arranged to determine a sequence 
of operations comprising, for each digit greater 
than 1, One or more doubling Operations to raise 
the initial amount to the product of the amount 
times the digit, or the highest multiple of the 
amount obtainable by doubling and which is less 
than the product, followed by one or more trans 
ferring operations to further increase Said high 
est doubled multiples to the product of the 
amount times the digit. 

5. The invention set forth in claim 3 in which 
the means settable in accordance with the value 
of a digit is arranged to determine the sequence 
of doubling and transferring operations so that 
for any digit set up there, will be a maximum of 
five successive operations with doubling opera 
tions preceding transferring operations. 

6. The invention set forth in claim 3 in which 
the means settable in accordance with the value 
of a digit is arranged to determine the sequence 
of doubling and transferring operations with in 
terchanged order of doubling and transferring 
operations so that for any digit set up there will 
be a maximum of four SucceSSive operations. 

7. In a multiplying machine, a pair of accu 
mulators, entering means for each accumulator, 
means for causing said entering means to enter 
a multiplicand factor in each accumulator, read 
out mechanism for each accumulator, separate 
Connecting means for connecting the readout 
mechanism of one of Said accumulators to the 
entering means of the other accumulator, fur 
ther connecting means for connecting the read 
out mechanism of said other accumulator to its 
related entering means, a relay for tendering said 
first named connecting means effective, a second 
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relay for rendering the second named connecting 
means effective, a device settable to represent any 
multiplier digit greater than , a cyclically oper 
ating mechanism, circuit connections completed 
through said relays under joint control of said 
device and said mechanism in accordance with 
the setting of said device, to render said connec 
tions effective in a predetermined sequence, an 
emitter coordinated with said cyclically operating 
mechanism for effecting transferring of the 
amounts standing in said readout mechanisms, 
through the connections rendered effective by the 
relays, to the said other accumulator whereby 
upon operation of the entering means the multi 
plicand factor entered therein will be increased 
to an amount representing the product of the 
factor by the multiplier digit. 

8. In a multiplying machine, an entry receiv 
ing device, a plurality of accumulators, entering 
means for said device and for each of Said accu 
mulators, a readout device for said entry receiv 
ing device and for each accumulator, transferring 
connections between the readout device of Said 
entry receiving device and the entering means of 
each accumulator, doubling connections for each 
accumulator between the readout device of each 
accumulator and the related entering means 
thereof, means for causing said entering means 
to initially enter a multiplicand amount into said 
entry receiving device and the same amount into 

means for causing the 
amounts standing in the several readout devices 
each accumulator, 

to be transmitted to the several entering means 
through said connections, a multiplier set up de 
vice for each accumulator, each settable to repre 
Sent a multiplier digit greater than , means for 
each accumulator for completing its related trans 
ferring connections, means for each accumulator 
for completing its related doubling connections, a 
cyclically operable control means for each multi 
plier set up device, means jointly controlled by 
each control means and its related multiplier set 
up device for causing completion of the related 
doubling and transferring connections in accord 
ance With the digit set up and in a predetermined 
Sequence to raise the amount initially entered in 
the related accumulator to the product of said 
amount by the multiplier digit, each of said con 
trol means operating concurrently whereby prod 
ucts will be formed concurrently in all the accu 
mulators. 

9. The invention set forth in claim 8 in which 
transmitting means including connections are 
provided between the readout device of one accu 
mulator and the entering means of another, to 
gether with means for completing said connec 
tions when all the products have been obtained, 
said transmitting means thereupon causing the 
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product in said one accumulator to be trans 
mitted to said other accumulator. 

10. The invention set forth in claim 8 in which 
a further accumulator and entering means there 
for are provided and in which transmitting means 
including connections are provided between the 
readout devices of each of the first named accu 
mulators and the entering means of Said further 
accumulator, together with means for complet 
ing the transmitting connections from each read 
Out device in turn when all the productS have 
been obtained, said transmitting means causing 
the product in each accumulator to be trans 
mitted in turn to said further accumulator. 

11. In a machine of the class described, means 
for sensing a record card for perforations repre 
Senting a multiplier amount, means for sensing 
Said card for perforations representing a multi 
plicand amount, a plurality of accumulators, one 
for each possible digital position of the multiplier, 
centering means for each accumulator, connec 
tions between said second named sensing means 
and the entering means of each accumulator for 
enabling the multiplicand to be entered from 
Said card into each accumulator, means con 
trolled by said first named sensing means for 
ascertaining the digital positions in which signifi 
cant multiplier digits occur, and means controlled 
thereby for rendering said connections ineffective 
to enter the multiplicand in accumulators whose 
related multiplier digital positions do not contain 
a significant digit. 

12. In a machine of the class described, an 
accumulator, entering means therefor, a settable 
device, means for entering an amount therein, 
means for causing said entering means to enter 
a like amount in said accumulator and in said 
device, means for reading out the amount in said 
accumulator and reentering the same therein to 
effect doubling of the said amount, controlling 
means therefor to render said doubling means 
effective, means for transferring the amount in 
Said settable device to said accumulator, control 
ling means therefor to render said transferring 
means effective, means settable to represent cer 
tain digits, cyclically operated control means and 
devices controlled by said settable means and said 
control means jointly and in accordance with the 
digit represented for selectively causing the con 
trol means for the doubling means to operate once 
or a plurality of times and for thereafter selec 
tively causing the control means for the trans 
ferring means to operate once or a plurality of 
times whereby the amount initially entered in 
the accumulator will be increased to the product 
of said amount by the digit represented on said 
Settable means. 
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