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18 Claims.

This invention relates to computing systems,
and more particularly to an electrically oper-
ated mathematical multiplication system for ef-
fecting computations.

5 'The principal object of the present invention is
the provision of an efficiently operable and flex-

.- ible system for accomplishing mathematical com-

putations with a minimum expenditure of effort

and time and with accuracy.
10 In accordance with one embodiment, the in-
vention contemplates the provision of an electri-
cal multiplication system for multiplying five dig-
its by three digits, in which there are seventeen
sets of electrical contact disks, in nine sets of
which a contact disk represents the unit number
or part of the product of one digit by another
digit and is provided with an associated contact
brush so that the position of the disk with re-
spect to the brush represents the unit number
g0 Or part of the particular product, and in the
other eight sets of which a contact disk repre-
sents the tens number or part of each particular
product.  One less set is provided in the tens
number or part group than in the units part
group since there will be no tens part of a prod-
uct of any digit multiplied by one.

The multiplicand and multiplier are set up on
keys which close certain. electrical circuits,
whereby, beginning with units, power is fed, for
each digit in the multiplier, one at a time,
through contacts on the disks and through dis-
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tributing brushes to separate registering devices .

or accumulators, depending on whether the con-
tact disks represent the units or tens part of the
g5 barticular products. The distributing brushes
‘associated with the registering device for the
units part of the product transfer the electrical
connections from units to tens, tens to hundreds,
hundreds to ten-hundreds, etc., and simultane-
40 ously therewith the distributing brushes asso-
part of the product transfer the electrical con-
nections from tens to hundreds, hundreds to ten-
hundreds, ten-hundreds to ten-thousands, etc.
As soon as the separate registering devices or ac-
cumulators have received the last partial product
from the contact disks & transfer circuit is auto-
matically rendered effective for transferring the
total indicated in one register into the other reg-
50 ister which will then indicate the final product
~ of the multiplication.
Other objects and advantages of the invention
will be apparent from the following detailed de-
scription, reference being had to the accompany-

68 ing drawings, wherein

. ciated with the registering device for the tens

(CL. 235—61)

Figs. 1, 2, 3, 4, and 5 are circuit diagrams'

B which, when viewed collectively with Fig. 2 above
Fig. 1, Fig. 3 above Fig. 2, Fig. 5 akove Fig. 4 and
Figs. 4 and 5 at the right of Figs. 1, 2, and 3,

disclose an electrical multiplication system rep-~ -

resenting one embodiment of the invention;

Fig. 6 is an enlarged fragmentary schematic of
three of the sets of contact disks representing the
electrical multiplication system on the multiply~
ing commuta.tor,

Figs. 7 and 8 are sectional views showing
opposite sides of one of the contact disks illus-
trating the cutting of the conducting portions
thereof, and

Fig. 9 is a view showing the relative location of -

Figs. 1,2, 3, 4, and 5.

Referring now to the drawings in which similar
parts are designated by the same numerals in the
several views, it is believed that a clear under-
standing of the invention will be had therefrom
when considered in conjunction with the follow-
ing description. In examining the circuit dia-
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gram, Figs. 1 to 5 should be arranged as shown

in Fig. 9.

For the sake of clarifying the following de-
scription, it will be noted herein that the appara-
tus utilized in the circuit shown in Figs. 1 to 5
.is either taken wholly from the telephone art or
taken from the telephone art and modified slight-
ly to perform slightly different functions than
those required of like apparatus in telephony.
The disk contacts forming the multiplying com-
mutator and which represent the partial products
of one digit by another digit are adaptations of
sequence switches which are well known in tele-
phone art. The modification in these switches
consists principally in driving the switches con-
tinuously rather than intermittently, and utiliz-
ing in place of the clutches normally used with

like switches in telephone practice, a relay which, :

‘upon actuation, permits current to be fed to the
contact disks.

The distributor switches and accumulator
switches, which will be described in detail here-
inafter, are substantially the same ias the selector
switches used in dial system telephony. The dis-
tributor switches comprise & plurality of brushes
insulated from each other and mounted upon

* and insulated from a shaft which is rotatable un-
der control of an electromagnetically operated
- relay, so that the brushes will be stepped from
contact to contact on the arcuate banks of con-
{acts associated therewith upon actuation of the
relay. These switches are the typical selector
switches of telephone practice without any modi-

30

85

50




10

15

70

2

fication. The accumulator switches, however,
have been modified somewhat and comprise
brushes having associated therewith arcuate
banks of contacts. The brush individual to each
bank of contacts being connectable to a common
rotating shaft at intervals by the actuation of
electromagnetic clutches individual to each
brush.

Referring now to Figs. 1 to 5, the multiplier
key bank designated generally by the numeral 10
(Fig. 1) is represented schematically by a coordi-
nate group of lines. The vertical lines or col-
umns from right to left denote units (U), tens
(T), and hundreds (H), and the nine rows of
horizontal lines denoting the digits 1 to 9 inclu-
sive, from bottom {o top of the group.  Each in-
tersection of the lines represents an electrical
contact normally open, which may be closed upon
the actuation of any suitable locking key or elec=
trical switch such as; for example, are described
and shown in the patent to A. D. Hargan, 1,378,-
950, issued May 24, 1921,

The multiplicand key bank is represented by-
two coordinate groups of lines Il and 1{2. The
vertical lines in each group from right to left
denote units (U), tens (T), hundreds (HD, ten-
hundreds (TH), and ten-thousands (TT), and
the nine horizontal lines in each group denote the
digits 1 to 9 consecutively. from bottom to top.
These two groups of lines represent two sepa-
rate sets of contacts, the closure of any set of
which will be effected upon actuation of -any
key which the intersection of the lines represent;
that is, for example, actuation of the nine key
in the tens (T) column will close the contacts
represented by the intersection T—$8 in both the
group i1 and the group 2. As will become ap-
parent as the description progresses, these groups
of contacts 11 and 12 conirol the units and the
tens part, respectively, of the product of- the
multiplication of any digit by itself or any other
digit.

Any particular problem may be set up on the
banks 18 and 11—i2 by closing the contacts as-
sociated with the digits which go to make up the
problem at the points corresponding to the digits
in the multiplicand and the multiplier. These
contact closures complete electrical circuits
through a multiplying commutator designated
generally by the numeral 15 and send electric
currents to distributor switches designated gen-
erally by the numerals 1§ and 171, which .in turn
direct the currents to accumulators designated
generally by the numerals I8 and 18, for properly.
registering or accumulating the results.

The multiplying commutator ($ comprises an

“electrical multiplication table in which there are

seventeen sets, designated as 20, of electrical con-
tact disks, the nine sets shown on Fig: 1 repre-
senting the units part of the product of any
digit by any other digit and the eight sets shown
on Fig. 4 representing the tens part of the prod-
uct of any digit by any other digit. The sets 28
representing the units part of the product of 1,
2,3,4,6, 7, 8, and 9 by any digit comprise three
contact disks 21, and the sets 28 representing the
units part of the product of 5 by any digit and
the tens part of the product of 2, 3, and 4 by any
digit comprise two contact disks 21. ‘The sets
20 representing the tens part of the product of
5, 6, 7, 8, and 9 by any digit comprise three con-
tact disks 21. These disks are all of a similar
construction, the only variants being that the
position of conducting elements thereon varies

2,225,410

as the value of the partial product of each disk
varies,

The left hand disk (Figs. 1 and 6) associated
with the horizontal line representing the. digits 1
of the multiplicand bank 11 has been selected
for illustration and will now be described in de-
tail. Referring now to Figs. 6, 7, and 8, the con-
tact disks 21 comprise a disk 22 of insulating
material mounted on and rotatable with a com-
mon shaft 25 which is contantly rotated at a
uniform speed. Secured to one side of the disk
22 is a metal plate 26, held in place by rivets 21
which extend through the disk 22 and a second

metal plate 28 to hold the plates 26 and 28 in a

predetermined position on -the disk 22 and to
electrically interconnect them. The plate 26 is
so formed that, of a pair of brushes 29 and 30
associated therewith, the brush 29 always makes
contact with the plate 26 and the brush 30 makes
contact at a predetermined point in the rotation
of the disk and for. a predetermined period suf-
ficient to send an electrical impulse transmitted

‘to the plate 26 by the brush 29, out through the

brush 38 at the time of contact between the
brush-38 and a portion 31 of the plate 26.
plate 28 is electrically connected through the
rivets 27 with the plate 26, and the brush 29, be-
ing constanily in contact with the plate 26, will
supply electrical energy to the plate 28 when-
ever the brush 29 is connected in circuit with a
source of electrical energy. When the brush 29
is so supplied the plate 28 will also be supplied
with electrical energy and since it has two con-
tacting portions 31 and 32 adapied to engage a
pair of brushes 35 and 36 at predetermined in-
tervals, the brushes will be supplied with elec-
trical energy at predetermined intervals during
the rotation of the disk 2i. The left hand disk
21 in each set 28 has its lower left hand brush
always in contact with a conducting portion
thereof and the second and third disks from the
left of each set are interconnected with the left

them. Thus the lower left hand brush 28 con-
nects the contacting portions of the disks in each

set with the horizontal lines in the multiplicand-

banks {1 and §2. Each of the sets 20 Is insulated
from every other set, the conducting portions of
the contact disks are insulated from the shaft
25 and the sleeves 3T are separated from the
shaft 25 by insulating washers.

Fig. 6, the enlarged fragmentary schematxc of
the multiplying commutator, shows the arrange-
ment of the mutiplication table for two of the
sets 20 representing the umits part of the prod-
ucts of the digits 1 and 2. The multiplication
table, as illustrated, follows the series of 1X1,

The’
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" hand disk by metal sleeves 37 positioned between

45

55 -

1x2, 1x3, 1x4, 1x5, 1X86, 1x7, 1x8, and 1x9; -

2x1, 2X2, 2x3, 2x4, 2X6, 2X7T, 2x8, and 2X9,
wherein each of the contacting- portions of the

disks represents a particular partial product, the .

numerals adjacent the brushes.representing the
units parts of the foregoing multiplications. 1t
will be noted that there are no contacting por-.
tions provided for the units part of product of 2x5

_since the units part of the product of 2x5 is zero
and no circuit connections need be made to indi-

cate zero. The same condition exists in the sets 20
provided for the products of 45, 5X2, 54, 56,
5%8, 65, and 8x5 in the nine sets 28 which
represent the units part of the particular products
and therefore no contacting portions . are pro-
vided on those sets.
with the above noted exceptions follows the usual
order through the multiplication of the digits

The multiplication table

70
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3to9 mcluswe by any digit, the tens part of the

. products being represented by SImxlar _contact

10

18
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A

disks.

In addition to the confact disks heretofore de-
scribed, the multiplying commutsator has mount-
ed thereon a set 33 of three control contact disks
and a set 34 of three transfer contact disks, the
function of -which will become apparent as the
description progresses.

For the sake of simplifying the description, that
portion of the system which controls the units
part of the partial products sought, in effecting
the computation, will be described first, then that
portion of the system which. controls the tens
part of the partial products will be described,
and finally the transfer mechanism which trans-
fers the partial products from the register assos
clated with the tens part of the products to the
units part register. Referring now to Figs. 1, 2,
and 3, closure of any contact in the multiplicand
bank 11 will interconnect a conductor 28 asso-
ciated with the horizontal Iine in which the con-
tact is closed and a conductor 39 associated with
the vertical line in which the contact is closed.
Each of the conductors 38 connects the lower left

" hand brush 29 associated with 2 set 20 of con-

80
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tact disks representing the product of the digits
1 to 9 by any digit, to the corresponding hori-
zontal line representing the digits 1 to 9 in the
multiplicand bank {1 and each of the conductors
39 connects one of the vertical lines representing
the units (U), tens (T), hundreds (H), ten-
hundreds (TH), and ten-thousands (TT) part
of the multiplicand in the banks {{ to grounded

> battery 40 (Fig. 2) through conductors 4f and
‘the windings of one of five holding relays 42

which are associated with the units (U), tens
(T), hundreds (), ten-hundreds (TH), and ten-
thousands (TT) contacts of the multiplicand
bank 1! and to the normally open contacts 45 of
a relay 46.

The closure of "any contact in the multiplier
bank {9 will condition a circuit from grounded
battery 47 (Fig. 1) through a conductor 48, wind-
ing of .one of a plurality of multiplier relays 48,
(Figs. 1 and 4), one of a plurality of conductors
6, which connect the horizontal line in which
the contact is closed with its associated multiplier
relay 43, through the closed contact in the muiti-
plier bank {8, one of a plurality of conductors 54
connected to the vertical lines in the multiplier
bank 10 representing the units (U), tens (T), and
hundreds (H) digit in which the contact has been
closed to one of contacts 52, 55 or 56 on an arcuate
bank of contacts 87, forming a part of the dis-
tributor 16. These conditioned circuits will be
completed to ground from the distributor i6 in a
manner to be described in defail hereinafter.
This condition applies for the horizontal lines in
the multiplier bank #§ which are associated with
the digits 2 to 9 inclusive, but does not apply
for the horizontal line associated with the digit 1
to which is connected a conductor §8 which runs
directly to the upper.left hand brush of the left
hand disk of each set 20. In like manner a con-
ductor 59 connects the horizontal line in the

multiplier bank {6 associated with the digit 9 -

directly to the upper left hand brush of the right
hand disk 2! of each set in the units pa.rt of the
multiplying commutator.

After the keys conirolling the multiplicand

bank {{ and the multiplier bank {0 have been
actuated to close contacts cenditioning the here-
inbefore described circuits, a start key 80 (Fig, 1)
may be actuated to close its contacts and con-

nect grounded battery at 61 to a conductor 62,

‘leading to one end of the winding of a locking

relay 65, hereinafter termed the starting relay,
and to a stationary contact 66 thereof. The other
end of the winding of the starting relay 65 is con-
nected to ground at 67 and the relay will be ener-
gized upon actuation of the starting key 60, at-
tracting its armature 68 thereby to complete a
circuit from ground 67 through the winding of
the relay 65, stationary contact 66, armature 68,
a conductor €9 connected thereto, and from the
conductor 68 through a conductor 70 to one end
of the winding of an electromagnet 71, the other
end of which winding is connected to grounded
battery at 12. It will thus be apparent that upon
actuation of the start key 60 a circuit will be com-
pleted for maintaining the relay 65 energized un-
til a circuit, to be described hereinafter, is com-
pleted to de-energize it. The electromagnet 71
requires more current to operate it than does the
relay 65 and the electromagnet will not be oper-
ated at this time but the means for operating it
will be described hereinafter.

The electromagnet T{ forms a part of the dis-
tributor switches {6 and {7, and upon energiza-
tion and release will rotate a shaft 75 common to
both distributors, one step for each energization
to bring brushes 76 to 87 inclusive into contact
with successive contacts on arcuate banks of con-
tacts 88 to 92 inclusive, 57 and 95 to 100 inclusive,
respectively. The brushes 76 to 80 inclusive have
connected thereto conductors #8f to 185 inclu-
sive which, upon energization of the relay 46, will
be connected through the contacts 45 of the relay
46 to conductors 39 which are associated with the
ten-thousands (TT), ten-hundreds (TH), hun-

" dreds (ED, tens (T), and units (U) rows of digits

in the multiplicand bank {l respectively. The
first time, in each cycle of operation of the dis-
tributor switch {8, that the electromagnet 74 is
energized, it will rotate the shaft 75 and move
each of the brushes 76 to 81 off the first contact
in each arcuate bank, which first contact is a
dead contact, and into engagement with the
second contact | of the banks.

The time of energization of the relay 46 (Fig. 2)

is controlled by contact disks {07 and {08 (Fig, 1).

of the set 83 of three control contact disks. The
contact disk 108 is adapted for a predetermined
portion of each revolution of the multiplying
commutator shaft, 28 toc connect ground at (09
through a normally closed contact (18 of a zero
return key designated {14, conductors ({5 and
{18, the right hand movable contact 117 of the
starting relay 65 (which it will be assumed, has
been energized) conductor 118, a brush {19 which
constantly engages the conducting portion of the
disk 168, through the conducting portion of the
disk to a brush §20. The brush 128 is connected
through a conductor 12§ to one end of a winding
of a control relay 22 which will be energized for
that portion of each revolution of the commutator
shaft, during which the circuit is completed
through the contact disk 108, since the other end
of this winding of the relay is connected through
a conductor 125, and a normally closed contact
126 of a release relay 127 connected to grounded
battery at {28. Upon being energized, the con-
trol relay (22 will attract its armatures 129 and

138 to connect conductors {3f and {32 to con-.

3
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ductors $35 and 76, respectively. The conductors -

13¢{ and {82 are connected to brushes (36 and
£37, respectively, associated with the control con-
tact disk 107 of the set 33; which has its lowe
brush {38 constantly in engagement with a
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conducting portion thereof, and connected to
grounded battery 139 by a conductor 140, With
the above described circuit connections in mind,
it will be aparent that for a predetermined por-
tion of each revolution of the multiplying com-
mutator shaft 25 (assuming that the start key 60
has been operated) ground will be connected
through the control contact disk 107, brush 136,
conductors 13f and 135 to a conductor 14§ con-
nected to one side of the winding of the relay 46
which will thereupon be energized since the other
side of its winding is connected to grounded bat-
tery 142 (Fig. 2).

The electromagnet T! will be energized once for

each revolution of the commutator shaft 25 under |
. control of the control contact disks 107 and 108

by the contact disk 107 connecting ground at 139
through the brush 137, conductors 132 and 76,
and will advance the brushes 16 to 87 inclusive
into engagement with successive contacts in their
associated arcuate banks of contacts in the dis-
tributor switches 6 and {7 each time it is ener-

gized. Assuming that the relay 46 has been ener-

gized as described hereinbefore, the first time the
electromagnet Tl is energized, it will connect the
vertical rows of contacts in the multiplicand
bank [{ associated with the units (U), tens (T),
hundreds (H), ten-hundredths (TH) and ten-
thousands (TT) digits through the conductors 39
associated therewith the conductors (05, 104,
1063, 102, and 161 to conductors 45, 146,
148, and 149, respectively, by moving the brushes
80, 19, 18, 11, and 76 into engagement with con-
tacts on the arcuate banks of contacts connected
to the conductors 145 to 149 inclusive, respectively.
The second time the electromagnet T is energized,
the brushes 80, 79, 18, 17, and 716 will be moved
into engagement with conductors on the arcuate
banks of contacts connected to conductors 146,
147, 188, 149, and 150, and the third time the

" brushes 80, 719, 18, 11 and 76 will be moved -into

engagement with contacts on the arcuate banks
connected to conductors 147, (48, 149, 150, and
I51. The fourth and fifth times the brushes are
advanced, they will engage contacts to which no

conductors are connected and the sixth to tenth

times, the eleventh to fifteenth times and six-
teenth to twentieth times the.brushes are ad-
vanced, the connections made in the first to ﬁfth
moves will be repeated. :

The conductors 145 and 151 inclusive are con-
nected to one side of the windings of electro-
magnets 155 to (61 inclusive, respectively. The
other side of the windings of the electromagnets
155 to 161 are connected through 2 conductor 172
to grounded battery at 175 and the electromagnets
will be energized when ground is connected there-
to. When energized, the electromagnets 155 to
161 serve to connect brushes 165 to 171, respec-
tively, to a.common shaft’/i712, which is rotated
constantly in synchronism with the shaft 25, and
to rotate the brushes for the duration of the
energization of the associated electromagnet.
Rotatable with each of the brushes 165 to 171 is
a contact disk 173, the purpose of which will be-
come apparent as the description progresses. The
movement of the brushes 165 to (11 is therefore
controlled by the electromagnets (55 to {161 and
the length of time that any of the electromagnets
155 to 161 is energized, will determine the amount
of rotation of its associated brush 165 to 171.
The accumulator switch 18 serves as a register to
indicate the result of g computation and readings
may be taken therefrom in terms of the position
of the brushes 160 to 17f on the arcuate banks

i41, .-
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of ten contacts each, associated wtih the hrushes
or suitably numbered dials (not shown) might be
provided to assist in reading the result.

If it is desired to permanently record the result
of the computation, the result may be trans-
mitted from the accumulator switch through a
plurality of output cables {16, each of which com-
prises ten leads connected to individual contacts
on the arcuate bank associated with the brushes
165 to {71, inclusive. Any suitable type of elec-

10

trically operated recording mechanism may be .

used for this purpose, it being necessary only to
make the recording mechanism operable when

‘ground is supplied. thereto since the brushes 165

to 174 are normally connected to ground. A type
of recording mechanism which would be particu-

larly adapted for use in making permanent
records of the results of computations performed

by applicant’s apparatus is disclosed in the dupli-
cating apparatus forming the subject matter of
Patent No. 1,881,631, issued on October 11, 1932,
to H. G. Johnstone. Ground is normally supplied
to the brushes 165 to 171 from a conductor {71,
connected to a conductor 178, which is connected
through the lead {15 and the zero return key It
in its normal-position (Fig. 1) to ground at 09,
The step by step rotation of the shaft 15 of the
distributor switch 16 not only advances the
brushes 16 to 80 a stép at a time to cause them
to engage successive contacts in their associated
banks of contacts, but also imparts a step by step
rotary motion to the brush 81 associated with the
arcuate bank of centacts 57. The first time in
each half revolution of the shaft 15 that the mag-
net 1f is actuated, the brush 81 will be moved
from the first or dead contact of the bank 57 In-

" to association with contact 52 to thereby com-

plete a circuit from ground at 139 (Fig. 1)
through the conductor 140, contact disk 101,
brush 138, conductor {34, closed contact 129, con-
ductors {35 and (41 to a conductor 179, connected
to the*brush 81 and through the brush 81 to con-
tact 52, the conductor 51 associated with the ver-
tical ling representing the units part of the mul-
tiplier in the multiplier key bank 10, thence
through any closed contact in the multiplier key
bank 10, one of the conductors 50, 58 or 59, as-
sociated therewith to one end of the winding of
one of the relays 49 and from the other end of
the winding on one of the relays 49 through the
conductor 48 to grounded battery at 41. The
second time the electromagnet 71 is energized,
it will advance or step the brush 81 into engage-
ment with the contact 55, connected by one of the
conductors 51 to the tens row of contacts in the
multiplier bank 10, and the third time the elec-
tromagnet 711 is energized it will .interconnect
the brush 81 with the line representing the hun-
dreds digits in the multiplier bank 10. The time
of actuation of the electromagnet Tf is so con-
trolled , that a partial product of the digits set
up in the multiplicand bank {1 by the units digit
set up in the multiplier bank 10 will be transmit~
ted to the accumulator switch (8 and thereupon
the electromagnet 71 will again be actuated to
step the brushes 16 to 81 into engagement with
the second contacts in their associated arcuate
banks of contacts thereby associating the brushes
76 to 80 with the next higher order of the reg-
ister or accumulator 18 and moving the brush
81 into engagement with the contact on its as-
sociated bank 57 which connects ground through
the tens column of the multiplier bank 10 and as
soon as the partial product of the digits set up in

the multiplicand bank ({ by the digit set up
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in the tens row of the multiplier bank 10 has -

been transmitted to the accumulator switches,
the electromagnet Tl will be again actuated to
connect ground through the hundreds column in

the multiplier bank. After the brush 81 has been'

successively associated with the contacts 52, 55,
and 96, it will, upon the next actuation of the
electromagnet 71, be moved into association with
the next successive contact on the bank 571 to
thereby connect ground from the brush 81
through a conductor (80 and a conductor 181 to
actuate the transfer mechanism for transferring
the tens part of the product of all of the digits
of the multiplicand by each digit in the multiplier

. from the accumulator switch 19 into the accimu-

lator switch 18, as will be deseribed in detail here-
after. The next fime the electromagnet 11 is en-
ergized, the brush 81 will engage the fifth live con-
tact on the bank 571 to complete a circuit from
ground through the brush 81, a conductor 182, con~
ductor 185 to the windings of the release relay 121
which will thereupon be energized to attract its
armature 128, breaking the circuit to the control
relay 122 which will release its armatures and
break the circuits controlled by the control con-
tact disks 107.

The circuit connections completed in the first
five movements of the brush 81 will be duplicated
in the sixth to tenth and eleventh to fifteenth
movements of the brush, and the connections
completed in the first four movements of the
brush 8{ will be duplicated in the sixteenth to
nineteenth movements thereof, but the twentieth
and twenty-first movements of the brush will con-
nect ground through the brush, the twentieth and
twenty-first contacts of the bank 57, a conductor
{90 and the normally closed contacts of the
electromagnet Tl to one end of the winding there-
of, the other end of which is connected to ground-
ed battery 12, thereby operating the electromag-
net 11 twice to advance the brushes 16 to 87 over
the twentieth and twenty-first contacts on their
associated banks without completing any other
circuits than those just described, and stepping
the brushes into engagement with the twenty-
second contacts on their associated banks,

This variation in the advancement of the
brushes is necessitated in order to use selector
switches without modifying them since in tele-
phone practice the selector switches used have
twenty-two contacts in each arcuate bank. The
brush 81 upon engaging the twenty-second con-
tact on its associated bank 57 duplicates the con-
nections made when the brushes engaged the
fifth, tenth, and fifteenth contacts on the bank.
From the foregoing, it will be apparent that for
each half revolution. of the shaft 15 supporting
the brushes 16 to-871, four separate and distinct
problems may be computed.

The accumulator switch I8 in receiving the
partial products transmitted thereto from the
multiplying commutator {5, may in the course
of a particular problem, have partial products
transmitted thereto which, when accumulated,
will total more than 9, at which time it becomes
necessary to have any particular brush to which
such products have been transmitted, pass from
the position where it indicates 9, into the posi-
tion where it will indicate zero, and it will also
be necessary to add 1 to the next higher denomi-
national register represented by one of the
brushes 165 to {11 in the next higher denomina-
tional accumulator switch. In order to accom-
plish this operation, which will hereinafter be
termed the “carry,” any form of carry mecha-

5

nism may be used, but the following form has
been selected because of its simplicity. An aux-
iliary contact 191 is provided on each of the ar-
cuate banks of contacts associated with the
brushes 166 to 17{, which is positioned between
the contacts which represent 9 and zero. Any
of the brushes, upon engaging the contact 191,
will complete a circuit from ground at 109 (Fig.
1) through the conductors 15, {18 and (17
through the contact 191, a conductor 192 con=-
nected thereto to the winding of one of a plu-
rality of carry relays 193 associated therewith
and having the other side of its winding con-
nected to grounded battery at 194 through a com-
mon conductor 195. The right hand contact 199
of each of the carry relays is connected to the
conductor 192 and upon energization of its as-
sociated relay 193, will engage a contact 200 con-
nected to a conductor 201.

The conductor 201 is connected through a con-
ductor 202 to a contact disk 285 forming a part
of the set 33 of control contact disks and having
the lower left hand brush associated therewith
connected to ground at 139. The conducting
portion on the disk 205 associated with the lower
right hand brush is such that ground will be con-
nected therethrough to complete a circuit for
holding operated any carry relay which received
an energizing impulsc from one of the brushes
166 to IT1. :

Any carry relay 193, upon being energized as
described hereinbefore, will attract its contacts,
the right hand contact completing the locking
circuit just described, and the left hand contact
of the particular relay or relays 193 which have
been energized will complete circuits from a com-~
mon conductor 206, connected through a con-
ductor 204 and the contact disk 205 to ground
at 139; to conductors 207, and/or 208, and/or
209, and/or 210, and/or 2i1{, and/or 212, depend-
ing on the relay or relays which have been ener-
gized. The conductors 207 fo 212 inclusive are
connected to the right hand movable and left

hand stationary contacts (Fig. 3) of a carry con-.

trol relay 213, and the conductors 208 to 212 in-
clusive, are connected by conductors 216 to 220
inclusive, to brushes 221 to 225 inclusive, asso-
ciated with the contact disks 173, which rotate
with the brushes 167 to t11, respectively, of the
accumulator switch (8. The relay 213 has one
side of its winding connected by conductors 228
and 229 to a brush 230 associated with the con-
trol contact disk 205, and has its other side con-
nected by conductors 230 and 231 to a normally
open contact 227 of control relay 122. However,
the control relay 122 is energized early in the
cycle of operation of the circuit and will be held
operated since its left hand front contact 226
connects ground through the relay to grounded
battery at 128 until the release relay 127 is oper-
ated, and since the relay 122 is locked in its oper-
ated position, grounded battery at (28 will be
connected through the right hand front contact
thereof to the conductor 231.

At a predetermined point early in the cycle of
rotation of the commutator shaft, the contact
disk 205 wili connect its brush 230 to ground at
139, thereby to energize the relay 213, and hold
it operated for practically the entire cycle. The
right hand stationary and left hand movable con-
tacts of the relay 213 are connected through con-
ductors’ 232, 233, 234, 235, 236, and 237 to the
electromagnets- 157, 158, 158, 160, i5f, and an
electromagnet 242 respectively. Ths elecfromag-
net 242 controls the operation of a brush 243 in

20

30

35

40

43

50

55

60

85

70

(3




20

25

30

35

6

" the same manner that the electromagnets 155 to
161 control the brushes 165 to 17f respectively,
and the brush 243 in engaging its associated con-
tacts may be utilized to actuate a recording de-

8 vice through one of the cables 176 in the same
manner as the brushes 165 to 171,

Upon energization of any of the relays 193, they
will condition for operation circuits running from
grounded battery at 175 (Fig. 2) through the
electromagnets 155 to 161 and 242 which are as-
sociated with the particular relays 193 which
have been energized, through the closed contacts
of the carry control relay 213, to the left hand
movable contacts of the relays 193 and from the
left hand stationary contacts of the relays 183,
conductors 206 and 204 to the upper right hand
brush associated with the contact disk 265. The
cutting of the conducting portion of the contact

10

15

disk 205 associated with the upper right hand

brush is such that at a point in the cycle of rota-
tion of the commutator shaft at which the par-
tial product of the digits of the multiplicand by
one digit of the multiplier has been transmitted to
the accumulator switch {8, contact will be made
between the brush and the conducting portion
to connect ground to the hereinbefore described
conditioned circuit long enough to energize the
relays 155 to 161 and 242 which have been con-
ditioned for operation, a length of time sufficient
to move their associated brushes to the point
where they will add one to the registered partial
products.

The carry circuit just described will function
for the majority of cases, but obviously it alone
would not operate to give the correct result if
there were a multiple carry to be executed; that
is, if for example, the brushes 167 and 168 were
both resting on the ninth contact of their re-
spective banks and the brush 166 passed from
the ninth contact to the zero contact, thereby
“'making a carry necessary. Therefore, there has
been provided circuit connections for effecting a
multiple carry which will now be described. It
will be apparent that no multiple carry circuit
connections are necessary for the banks of con-
tacts representing units and tens, and controlled
by the brushes 165 and 166 respectively, since in
any problem of multiplication the units parts of
the result never has additional digits added there-
to during the process of multiplication and there-

fore the units and tens are not provided with

multiple carry circuit connections. However,
since it is possible to have nine or less registered
in the tens part of the accumulator switch, and
in a given problem one or more up to nine may
be added to. the digit registered in that part of
the switch, each of the conductors 232 to 237 in-
clusive has a brush 244 connected thereto which
engages the contact disk 113 associated with the
electromagnets 157 to 161 and 242, which brushes
244 always make contact with a conducting por-
tion of the disks 173. The addition of these cir-
cuit connections will simultaneously add one to
all of the denominational registers in the ac-
cumulator switch 18 which are conditioned for
operation through the ordinary carry connec-
‘tions or in the event that there is a multiple carry
to be effected. The brushes 221, 222, 223, 224,
and 225 engage the conducting portion of the
contact disks {73 only when.their associated de-
nominational registers in the accumulator switch
indicate 9. In the event that adjoining registers

e

are to pass from 9 to zero in the effecting of a -

computation, the following circuit connections

‘digits times one.
-multiplicand bank (2 associated with the digits

"2,295,410

brushes 166, 167, and 168 are resting on the ninth
contact of their associated banks and that the
digit 3 is added to the denominational register
associated with the brush 166, The brush 166 will
pass from engagement with the ninth contact into
engagement with the second contact of its as-
sociated bank, and in so doing will pass over the
auxiliary contact 191 associated therewith. Since
the brush 166 is connected to ground at this time
as described hereinbefore, it will, in passing over
the contact 191 complete a circuit from ground
through the conductor 192, the associated relay
193, conductor 195 to grounded battery at 194,
energizing the relay 183 which will, as pointed
out hereinbefore, remain locked in its operated
position. Simultaneously with the operation of.
the relay 193, circuits will be conditioned from
the upper right hand brush associated with the
contact disk 205 through conductor 204, left hand
contact of the relay 193, conductor 207, contacts
of the energized carry control relay 213, conduc-
tor 232, brush 244, brush 221 engaging the con-
ducting portion of the contact disk 113, conduc-
tors 216 and 208, contacts of the energized carry
control relay 213, conductor 233, its associated
brush 244, contact disk 173, brush 222, conduc-
tors 211 and 209, contact of the energized carry
control relay 213, conductor 234, to the winding
of the electromagnet 159. Now since the control
contact disk 205 will supply ground from {39
through its upper right hand brush, conductor

" 204, conductor 206, to the left hand contact of

the relays 193 which have been energized through
the disks 173 through the conductors 232, 233,
and 234 to energize the electromagnets {57, 158,
and 159 for the purpose of stepping brushes 167,
168, and 169 ahead one contact, the denomina-
tional registers in the accumulator switch 18 rep-
resenting tens (T), hundreds (H), ten-hundreds
(TH), and ten-thousands (TT) will register
2 0 0 1, respectively.

From the foregoing description, it is believed
that it will be apparent that the units part of
the products of all of the digits in the multipli-
cand by all the digits in the multiplier in any
particular problem will be indicated upon the
accumulator switch 18 due to the completion of
the hereinbefore described circuits. Referring
now to that portion of the multiplying commu-
tator which controls the tens part of the partial
products of any selected problem, as shown in

20

25

30

40

435

60

Fig. 4, it comprises  the hereinbefore described

sets 20 of contact disks 21, all of which are oper-
able in exactly the same manner as were the disks
associated with the units part of the problem and
it will also be apparent that the accumulator
switch {9 will have transmitted thereto the re-
sults of the tens part of the computation which
will be directed to the accumulator switch {9
through the selector switch 17,

In the part of the mechanism which computes
the tens part of the product of the digits of the
multiplicand by the digits of the multiplier, it
will be noted that the horizontal line associated
with the digit 1 is not connected in circuit with
any part of the multiplying commutator 15 since
there will be no tens part of the product of any
The horizontal lines of the

2, 3,456,178, and 9, are connected through
conductors” 250 to the lower left hand brushes
of the sets 20 of contact disks 21 associated with
the digits 2, 3, 4, 5, 6, 7, and 9, and the vertical
lines associated with the units (TU), tens (T),

1 will be completed; for example, assume that thehundreds (H), ten-hundreds (TH), and ten-
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thousands (TT), denominational digits of the

‘bank {2 are connected through conductors 251,

252, 253, 254, and 255 to holding relays 259, 260,

261, 262, and 263, respectively, in the same man-

ner that the conductors 39 and 41 connect the
vertical lines of the multiplicand bank {{ to the

holding relays 42 associated therewith and the.

conductors 251 to 255 are connected to the mov-
able contacts of a relay 261, the purpose of which
is the same as the relay 46 in that portion of the
mechanism assigned to the units part of the
products. The brushes 82 to 86 in the distrib-
utor switch 7 complete connections through

- their associated banks 95 to 99 in the same man-
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ner as do the brushes 76 to 88, described herein-
before in connection with the units part of the
problem and will actuate electromagnets 268,
269, 270, 274, 272, 213, and 214 for controlling
the operation of brushes 218, 279, 280, 281, 282,
283, and 284, in the accumulator 9 for register-
ing the tens (T) to ten-millions (TM) denomi-
nations in the tens part of the products. The
brushes 278 to 284 have contact disks 288 asso-
ciated therewith, similar to the contact disks
{13, and which perform the same function in
the tens part of the problem that the disks {713
perform in the units part, and auxiliary contacts
289, similar to the auxiliary contacts 49, Carry
relays 296 and 291 similar to the carry relays
(93 and 213, cooperating with the electromagnets
268 to 274 and the contact disks 288 effect a carry
and/or a multiple carry where necessary in the
tens part of the partial products. Since the cir-

cuit connections effected in computing the tens .

part of a particular problem are similar to those
described hereinbefore in connection with the
units part of a problem, the foregoing brief de-
scription of the analogy therebetween will, it is

believed, obviate the necessity of further deserib-

ing the circuit connections effected in computing
the tens part of a product.

Upon the completion of any particular problem
of multiplication up to the point where the ac-
cumulator switches {8 and §9 register the units
part and the tens part of the product, respec-
tively, a transfer must be effected from the ac-
cumulator switch {2 to the accumulator switch
§8. The brush 87 associated with the arcuate
bank of contacts 100 at this time will have been
stepped into engagement with the fourth contact
on the bank 1080 and will connect ground at 294
through the fourth contact, conductors 295 and
298, to the lower left hand brush 287 associated
with the set 34 of transfer contact disks. The
set 34 of transfer contact disks are similar in
construction to the other contact disks and have
conducting portions thereon which represent the
digits 1, 2, 3, 4, 5, 6, 7, 8, and. 9, respectively,
from left to right (Fig. 4) and are connected
through conductors 228, 299, 3006, 301, 302, 303,
304, 385, and 306 to the first to ninth contacts
on each of the arcuate banks of contacts in the
accumulator switch {9, respectively, and will con-
nect ground through brushes 278, 279, 280, 281,
282, 283, and 2848 to the contacts of a pair.of
transfer relays 318 and 3!1. One end of each of
the windings of the relays 310 and 3fi is con-

1

nected to grourided battery at.3i{2 through a-

common cenductor 813 and the other end of each
of the winding of these relays is connecfed
through conductors 181 and {80 to the fourth
contact on the arcuate bank of contacts 57 form-
ing a part-of the distributor switch {6 and since
a1l of the brushes of the distributor switch are

. 1217 to stop the operation of the circuits.
time the accumulator switch {8 will have reg-

7

advanced from contact to contact in unison and
the brush 81 is connected to ground, upon closure
of the circuit through brush 136 on contact disk
107 the transfer relays 310 and 3t{ will be ener-
gized to attract their movable contacts complet-
ing circuits from the brushes 278 to 284 through
conductors 314, 315, 316, 3117, 3i8, 319, and 320,
respectively, to one side of the winding of trans-
fer help relays 324, 325, 326, 321, 328, 329, and
330, respectively. The other side of the windings
of the transfer help relays are connected through
a common conductor 331 to the left hand back
contact - of transfer relay 3i8 and through the
left hand back contact to grounded battery at
312. The completion of circuits to any of the
transfer help relays 324 to 330 will energize them
and cause them to attract their armatures to
hold them operated since their armatures are

-connected by a common conductor 332 to ground

at 333. Ground at 333 .will also be connected
through the armatures of the ehergized relays
324 to 330 to one side of the windings of pre-
determined ones of the electromagnets 156 to
{61 and/or 242, dependent upon which of the
relays 324 to 330 are energized and the ground

.connection to the electromagnets 156 to 161, and

242 will be maintained until relays 310 and 3t1

are deenergized due to the removal of the ground -

connection therefrom, Since ground is connected
to the transfer relays 310 and 3{1 through the
bank 57 of the distributor switch {6, conductors

{19, 141, 135, and 131 and the contact disk {07,

the relays 310 and 3i{ and such of the relays
324 to 3306, and electromagnets  §56 to i6f and
242 as had been energized will be simultaneously
released under control of the contact disk §07.

It should be noted that the differential timed
impulses impresséd upon the conductors 298 to

]

10

20

25

30

[S-]
it

306 by the set 34 of transfer contact-disks are -

selected in accordance with the position of the
brushes 82 to 86 and will control the transfer of
the number registered on the tens accumulating
register 18 from that register to the units ac-
cumulating register {8. )

Just subsequent to the release of the transfer

‘relays 310 and 31!l the electromagnet 71 will be

energized and released to step the brushes 76 to

. 87 into engagement with the fifth contact on their

associated banks and operate the release relay
At this

istered therein the final result of the problem and
the permanent record may be made therefrom as
pointed out hereinbefore.

After a reading has been taken from the accu-
mulator switch {8 or a record made therefrom,
the mechanism may be set to zero or normal by
the completion of the following circuits: The zero

- return key {1{ may be operated manually to dis-

connect ground from its contact ({0 and connect

. it to a confact 340 connected through a conduc-

tor 341, (Figs. 1, 4, 3, and 5) to one side of the
windings of zZero return relays 342, 343, and 344.
The other side of the windings of the relays 342,

343, and 344 are connected through a conductor

345 to grounded battery 346 (Fig. 3) and the re-
lays will be energized to attract their movable
armatures upon such operation of the zero return
key {{1. The movable contacts of the zero re-

turn relays 342, 343, and 344 are connected to

ground at 350, 35( and 852, respectively, and upon
actuation will connect ground through conduc-
tors 353 to 367 to the upper left hand brush asso-
ciated with the contact disks 288 and {13 rotat-
able with the brushes 278 to 284, {65 to {7{ and
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243, respectively, which indicate the tens (T,
hundreds (H), fen-hundreds (TH), ten-thou-
sands. (TT), hundred-thousands (HT), millions
(M), and ten-millions (TM) denomination rep-
reseuting the tens part of the product and the
units (U), tens (T), hundreds (H), ten-hundreds
(TH), ten-thousands (T'T), hundred-thousands
(HT), millions (M), and ten-millions (TM) de-
nominations, representing the units part of the
10 product.

The upper left hand brush associated with the
contact disks 288 and. (73 makes contact there-
through at all times except when the brushes of
the accumulator switches 18 and 18 rest on zero

w

hand brush a-ecircuit will'be completed through
the contact disk or disks to the lower left hand
brush associated therewith, the windings of one
or more of the electromagnets {55 to 461 in-
20 clusive, 242 and 268 to 214, inclusive, the conduc-
tor 172 to grounded battery at {15 to thereby ro-
tate the brushes of the accumulator switches to
their zero position whereupon the contact disks
will ‘break the circuit, leaving the accumulators

25 in their normal position registering zero.
A hetter understanding of the mechanism will

be had by referring to the following description -

of the operation thereof wherein the connections
completed in computing a particular problem will
“0 be described briefly. Assume that it is desired to
multiply the number 20468 by the number 359,

and that the accumulator switches {8 and {9 -

are in their normal position registering zero. The
number 20468 may be set up in the multiplicand

35 banks 11 and {2 by actuating the keys repre-
sented by the horizontal lines 2, 4, 6, and 8 in the
vertical columns assigned to the ten-thcusands
(TTD), hundreds (H), tens (T), and units (U), as
indicated by the circles at the intersection of
40 these lines. It will be noted that no key has been
depressed in the vertical column representing the
ten-hundreds (TH) denomination of the multi-
plicand. The purpose of this will become appar-
ent as the description progresses. The number
45 359 may be set up in the muitiplier bank 10 by
~ closing the contacts in the positions indicated by
the circles in the hundreds (H), tens (T), and
units (U) vertical lines of the multiplier bank 0.
After the problem has been set up on the multi-

50 plier bank 10 and multiplicand banks {1 and 12,
the start key 60 may be depressed, momentarily

_ completing the circuit to the starting relay 65,
causing 1t to attract its armatures and connect

ground 67 through its winding, contact 68, con-.

53 ductors 69 and 710, to the winding of the dis-
tributor switch electromagnet Tl and grounded
battery at 72, thereby locking the starting relay
65 in its operated position. Upon operation of
the relay 65 a circuit will be completed from

60 ground at 109 through the contact 110, conduc-
tors 115 and {16, contact 117 of the starting relay
65, conductor 118, to brush 19 and as the contact
disk 108 reaches a predetermined point in its ro-

. tation (it being constantly rotated with the shaft
€3 25), through the contact disk 108 of the set 33 of
control contact disks, conductor 121 to control

relay 122 through the left hand winding of the -

control relay, a conductor 125, normally closed
.. contact 126 of release relay 127 to grounded bat-
‘O"tery at 128 thereby energizing the control relay
122 and causing it to attract its contacts. Upon
attraction of the contacts of the relay 122, its
contact {30 will be connected to the conductor
10 and, upon rotation of the commutsator shaft 25,
75 will connect ground at 139 through the brush

15 and upon ground being supplied to the upper left -

131, conductors 132, 10, and 69, contact 68 of the
starting relay 68 to short circuit the starting re-
lay, thereby releasing it. However, the control
relay 122, upon being energized through the oper- .
ation of the starting relay 65, will be locked in its
operated position until released by the operation
of the release relay 121, since its left hand front
contact 226 is connected to ground and upon
actuation of the relay will complete a circuit from
ground through contact 228 the right hand wind- 10
ing of the control relay, and the normally closed

[

.contact 126 of the release relay 1271 to grounded

battery at 128.
Simultaneously with the release of the start-

.ing'relay 65 the brush (37-will connect ground at 15

139 through the contact disk 107, conductors 132

- and 10, the winding of the electromagnet TI to
grounded battery at T2 energizing the electro-

magnet momentarily and then releasing it to step
the brushes 76 to 81 into engagement with the 20
first contact on their associated banks.

Just subsequent to the completion of the move-
ment of the brushes 16 to 87 into engagement
with the first contacts on their associated banks,
and for substantially the remainder of the rota- g5
tion of the contact disk 107, the control relay 122
having been locked in its operated position, the
control contact disk (07 will connect ground at
{38 through the conductor 140, brush (36, con-
ductors 13f, 135, 141, windings of the relays 46 30 -
and 261 to grounded battery at 142 and at the re-
lay 267 energizing .the relays 46 and - 267.
Ground will also be connected from the conduc-
tor 144 through the conductor 178, brush 81, con-
tact 52 of the bank 57, conductor 51 to the closed g5
contact‘at 9 in the units (U) column of the mul-
tiplier bank 10, conductor 89 {o the brushes asso-
ciated with the contact disks in the units part of
the multiplying commutator representing the

‘digit 9 times itself and every other digit except 5, 4,

and through the conductor 150 associated with
the horizontal row representing the digit 9 in the
multiplier bank to the winding of the relay 49
representing the multiplier digit- 9 through con-
ductor 48 to grounded battery at 41 to energize 4;
the relay 49 representing the digit 9 of the multi-
lier.
g The relay 49, upon being energized will attract
its contacts which are connected to ground there-
by to supply ground to the brushes associated pq
with the contact disks representing the multi-
plier digit 9 in that portion of the multiplying
commutator which controls the tens part of the
product and to the brush associated with the
contact disk representing the product of multi- 55
plier digit 9 times the multiplicand digit 5 in that
portion of the multiplying commutator 15 repre-
senting the units part of the product. In. this
manner ail of the brushes associated with: the
contact disks in the multiplying commutator I5 60

. representing the multiplier digit 9 have ground

connected thereto, and as commutator shaft 25
rotates, ground will be connected through those
brushes to the lower left hand brushes of ecach
set 20 of contact disks 21 at predetermined in- 65
tervals and in the following order. All contact
disks which represent the partial product 9 will
make contact Arst, then the disks which repre-
sent 8, etc., at. regular intervals to the contact
disks which represent the partial product 1 70
which will make contact last. Ground will, in
this order be connected through the conductors
38 and 250, closed contacts in the multiplicand

- banks Il and {2 which represent 8 in the units

column, 6 in the tens column, 4 in the hundreds 75
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column, and 2 in the ter.-thousands column, and
simultaneously through the conductors 38 and
251, 252, 253, and 255 through the closed con-
tacts of the relays 46 and 267 to the brushes 76,
18, 19, 80, 82, 84, 85, and 86 in the distributor
switches 16 and {1. This ground connection is
made only momentarily by the conducting por-
tions of the contact disks, but will complete cir-
cuit connections to the windings of the holding
relays 42, 258, 260, 261, and 263, and since the
other side of the windings of the holding relays
are connected to grounded battery, they will be
locked in their operated position until their con-
nection to ground is broken through the opera-
Simul-
taneously with the release of the holding relays,

the relays 46, 49 and 267 will be released since
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they also receive their ground from the control
contact disk 107 through the brush {37. While
locked in their operated position, the holding
relays will connect ground under the control of
the control contact disk 187 through their con-
tacts to the conductors 39, 251, 252, 253, and 255

to the brushes 16, 78, 79, 80, 82, 84, 85, and 86,

9

connections are completed: Ground will be con-
nected to the control contact disk 205, brush 230,
conductors 229, and 228, windings of carry con-
trol relays 213 and 291, conductors 230 and 231,
contact 227 of control relay 122, conductor. 125,
contact 126 of release relay 127 to grounded bat-
tery to energize the carry control relays 213 and
291. However, since at this time there were no

5

carries necessary, the energization of the carry )

control relays is of no import.
Shortly after the release of the holding relays

10

under control of the control contact disk 107 .

through its left hand brush 136, ground will be
connected momentarily through the control con-
tact disk 107, right hand brush 131, conductors
132 and 10 through the winding of the electro-
magnet T1 to grounded battery at 712, thereby to

15

energize and release the electromagnet 71 to step ..
the brushes 76 to 87 into engagement with the .

second contact on their associated arcuate banks
of contacts. At this time the accumulator
switches 18 and I8 have registered therein the
units and tens parts, respectively, of the product
of 20468 x9, and a reading thereof would be as

in the distributor switches 16 and I7. follows:
Accumulstor switch 18 Accumulator switch 19
™ | M |gT|Tr|{TE|E |7 |U|T™M| M |ET{TT TR {H]| T
70080642001 0357

In summing up, it will be apparent that since
the holding relays are energized one at a time,
depending upon the quantitive value of the digit

"to be sent from the multiplying commutator,

through the distributor switches, and since they
are all deenergized at the same time, ground will
be connected through the brushes 16 to 80, and
82 to 86, a length of time dependent upon the

- value of the digit to be indicated ih the accumu-
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lator switches. In the particular problem select-
ed for illustration, the holding relays 42 asso-
ciated with the units (U), tens (T), hundreds
(H), and ten-thousands (TT) lines in the bank
i1, will be energized for lengths of time sufficient
to transmit 2, 4, 6, and 8 to the accumulator
banks of contacts representing umits (U), tens
(T), hundreds (H), and ten-thousands (TT) in
the accumulator switch {8, and the holding re-
lays 259, 260, 261, and 263 will connect ground
through the brushes 86, 85, 84, and 82, respective-
ly, for lengths of time sufficient to transmit 7, 5,
3, and 1, to the tens (T, hundreds (H), ten-
hundreds (TH), and hundred-thousands (HT)
banks of the accumulator switch 19. This is ac-
complished by the brushes 80, 79, 78, and 76
connecting ground to one side of the windings
of the electromagnets 155, 156, 157, and 159, and

the brushes 86, 85, 84, and 82, connecting ground .

to one side of the windings of the electromagnets
268. 269, 210, and 212, the other side of which
windings are connected through the conductor
112 to grounded battery at 175. In response to
the circuit connection so completed the brushes
165, 166, 167, 169, 278, 219, 280, and 282 will be
connected to the constantly rotating shaft 172

for a length of time sufficient to advance them -

into engagement with their second fourth, sixth,
eighths. s~venth, ﬁfth thlrd and ﬁrst contacts
reqpectlve]y

In each revolution of the multlplymg commu-

“tator subsequent to ‘the. time. when any of the
“‘accumulator switches I8 or 19 have' completed

their registering operation, the following circuit

The brush 81 of the distributor switch 16, upon
engaging its second contact 55, will connect
ground at {39 through the contirol contact disk
107, brush 136, conductors 131 and (35, conduc-
tor {41 to again energize the relays 46 and 267,
through the conductor 179, brush 81, contact 55;
the conductor 51 associated with the vertical line
representing the tens (T) denominational column
of the multiplier bank (0 through the cldsed con-
tact §.to the relays 49 associated with the digit 5
of the multiplier, through the windings of the
relays to grounded battery at 47, thereby ener-
gizing the relays 49 associated with the digit 5
of the multiplier to connect ground through the

" multiplying commutator and at predetermined

intervals through the conductors 38 and 250 to
the closed contacts in the multiplicand banks 11
and 12, the conductors 38 and 251 to 255 to the
contacts of the relays 46 and 2671. The relays
46 and 267 having been energized, ground will
be connected through their contacts to' the
brushes 82 to 86 at predetermined intervals pri-
marily under control of the contact disks 21 as-
sociated with the multiplier digit 5 and main-
tained thereon through the holding relays 259
to, 263 which were also:energized under control
of the same contact disks 21 in the mulfiplying
commutator 15 and locked in operated position

under control of the control contact disk 107.°

The completion of these circuits will connect
ground through the second contacts on the arcu-
ate banks of contacts in the distributor switch
71 to the electromagnets 269, 270, 211, and 273,
respectlvely, for a length of time sufficient to
move the brushes 279, 280, 281 and 283, a dis-
tance sufficient to add 4, 3, 2, and 1 thereto
respectlvely It will ‘be’ noted at this time that
no circuits were completed in ‘the units part of

the problem for advancmg the brushes of the .

accumulator’ sw1tch 18. ~This condmon is dué
to the fact, that in the particular ‘problem ‘se-
lected, ‘namely 20468359 the units part of the
partial product of 5Xx20468 is 0,0,0,0,0, and since
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the brushes of the accumulator switch 18 need

. not be advanced, the circuit connections neces-

10

15

20

sary for their advancement are not completed.
The brushes 218, 280, 281, and 283 having been
advanced 4, 3, 2, and 1 contacts, respectively,
and the relays 46, 49, 259 to 263 and 267 having
been de-energized, a reading of the accumulator
switches 18 and 19 at this time would disclose
the fact that the brush 165 is on the second con-
tact, brush 166 on the fourth contact, brush 167
on the sixth contact, brush 168 on the start or
zero contact, brush {69 on the eighth contact,
brushes 170, 171 and 243 on the zero contact,

brush 218 is on the seventh contact, brush 219"

is on the ninth contact, brush-280 is on the sixth
contact, brush 281 is on the second contact,
brushes 282 and 283 are on the first contacts and
brush 284 is on the zero contact of their respec-
tive banks. At this time the electromagnet Ti
is energized momentarily as described hereinbe-

- fore to step the brushes of the distributor switches
16 and 17 into engagement with the third con-

- tacts on their respective banks of contacts.

25

As described hereinbefore in connection with
the multiplication of 20468 by the digit 9, a carry

. circuit is energized early in the cycle of operation
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of the multiplying commutator; however, the
carry is again of no import, since none of the
brushes in the accumulator switches have passed
from the position where they indicate 9 to a
position where they would indicate zero. Just
after the electromagnet 11 operates to advance
the brushes of the distributor switches 16 and 11

into engagement with the third contacts of their

assoclated banks the relays 46 and 261 will be

-energized.

On engaging its third contact the brush BI
will connect ground through the contact 86, con-

ductor 8§ associated with the vertical nne rep- .

Tesenting the hundreds denomination in the mui-
tiplier bank 18, the conductor 50 associated with
the digit 3 horizontal line of the multiplier bank
{8, to the relay 49 associated with the digit 3 of

‘the multiplier, through the winding of this relay

49 to grounded battery at 41, thereby to ener-
gize the-relay 49 associated with the digit 3 of

the muliiplier .and connect ground through its .

contacts to the brushes assoclated. with the con-
tact disks 21 of the sets 28 in the muitiplying

" commutator which represent the product of any

digits by 3. At predetermined times in the cycle
of rotation of the multiplying commutator, the
contact disks 21 will connect ground through the
lower left hand brushes of each set 20, conduc-
tors 38 ahd 258 to the horizontal lines represent-

- ing the digits 2, 4, 6, and 8 in the multiplicand

banks {1 and 12 though the closed contacts in-
dicated by the circles, conductors 39, 251, 252,

-253, and 255 to the holding relays 42 and 259,

2“, 261, and 263 and through the contacts-of
the relays 46 and 267 to the brushes 82, 84, 883, 86,
16, 18, 19, and 88. Ground, will thus be con-
nected under control of the control contact disk
(8T through the brushes 82, 84, 85, 86, 716, 18, 19,
and 80, to the electromagnets 272, 271, 270, (61,
(69, 158, and I87 to advance the brushes 282,
281, 280, 111, 189, 168, and 167,1,1,2, 6, 2, 8, and

4 contacts, respectively. At this time the brushes -

218, 219, 280, 282, and 283 will be resting upon
their seventh, ninth, eighth, third, second, and
first contacts respectively, and the brushes 165,
166, 187, 168, 169, 179, and {71 will be resting on
their second, fourth, zero, eighth, zero, first, and

sixth contacts, respectively. Simultaneously with

the release of the electromagnets 181, 158, etc.,

2,225,410 -

the control contact disk 107 will also release the
relays 46, 49, and 267

The brushes 167 and {69, it will be noted, have
passed from the position where they indicate 9

in the position where they indicate zero, and &

therefore a carry of 1 to the next higher denomi-
nation must be effected. As pointed out herein-
before, the carry relays 213 and 281 are actuated
early in the cycle of rotation of the multiplying

commutator 15, thereby attracting the movable 10

contacts and conditioning the carry circuits as
described hereinbefore for actuation. Brushes
167 and 168 in passing over the auxiliary con-
tacts 191 connect ground under control of the

-control contact disk 10T and brush 137 through 15

the conductors 192 to the relays (93 associated
with the brushes {67 and 169. The other end
of the winding of the relays 193 are connected
to grounded battery at 194 and upon actuation

of the relays 198 associated with the brushes I67 20

and 169 they will remain locked in their operated
position since their right hand contacts are con-
nected through the conductors 201 and 202 and
the contact disk 205 to grounded battery at 139

for practically the entire cycle of rotation of the 28

multiplying commutator. In attracting their left
hand contacts, the relays 193 associated with
brushes {67 and 169 will connect the conductors
208 and 210 through thé conductor 206 and 204

to the upper right hand brush of the control 30

contact disk 205 which once in each cycle of the
multiplying commutator and just prior to the
release of the relays 213 and 281 will connect
ground to the conducting portion thereof to the

conductors 204, 206, 208, 219, the contacts of the 35

energized relay 2183, conductors 233 and 235 to
the winding of the electromagnets 158 and 160.

* The other side of the winding of the electromag-

nets 158 and 160 being connected to ground at

{18 they will be energized under control of the 40

control contact disk 208 long enough to advance
their associated brushes (88 and 170 into engage-
ment with the next contact on the contact banks

with which they are associated, so that with the
accumulator switches 18 and 18 at this point will 45

register as indicated below:

Accumulator switch 18 Accumulator switch 19

M | HT TT|{TH[{H|T

6|l1 ;0|9 )]0 |4]2|1}2]3|8{9]7

Tr|TEH|E{T|U|M|HT

As soon as the accumulator switches register

the above amounts, connection between the brush g

239 and the control contact disk 208 will be bro-
ken to release the carry holding relays 213 and
291,

Immediately after the connection of the

ground which actuates the carry relays 183 has go

performed its function, the control contact disk
107 will again connect ground to the electromag-
net 1i to step the brushes of the distributor
switches 16 and 171 into engagement with the

fourth contact on their associated banks and in 65 -

s0 doing ground will be connected through the
brush 138 associated with the-control contact
disk 187, conductors 138 and 178, the fourth con-
tact on the bank 81, conductors i88 and 181, to

the transfer relays 318 and 3/i, energizing them 70

thereby to connect the brushes 218, 279, 280, 281,
282, 283, and 284 of accumulator switch (8-
through their associated contacts to the conduc-
tors 314, 3193, 316, 317, 318, 319, and 320, con~
nected to the transfer help relays 324 to 330, re- 75
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spectively. The brush 871 of the distributor
switch (7, in engaging its fourth contact, will
connect ground at 294 through the conductors

295 and 296 to brush 297 associated with the set .

34 of contact disks and one at a time through the
conductors 298 to 306 connected to the contacts
on the arcuate banks of contacts associated with
the brushes 278 to 284. As the multiplying com-
mutator rotates through its cycle, ground will be
connected through the brushes 279, 280, 278, 281,
282, and 283, successively, the interval between
the time at which the ground connection is made
through the brush 218 and 281, being equal to
the time difference between 7 and 3, the numbers

‘which these brushes indicate as being registered
The transfer con- -

in the accumulator switch 18.
tact disks of the set 34 are so formed that in each
cycle of the multiplying commutator the brushes
from right to left (Fig. 4) make contaci momen-
tarily and successively to connect ground
through their associated conductors to the con-
tacts of the accumulator switch 19. It will thus

be apparent that assuming that the cycle of
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operation of the set 34 transfer contact disks is
divided info nine units, in the first unit ground
will be connected through the conductor 306,

‘brush 27% engaging the ninth contact on .the

hundred bank of the accumulator switch 18,
contacts of the transfer relay 3i{, conductor 3i5,
winding of transfer help relay 325, conductor
331, left hand back contact of the transfer relay
3{@ to grounded battery 812 thereby energizing
the electromagnet {57 and the transfer help re-
lay 328 which will'lock in its operated position
upon attracting its contact to connect ground
therethrough and through the conductor {47 to
the eleciromagnet 187. As the nexi contacting
portion of the set 34 of contact disks (equivalent
to 8) engages the second brush from the right
(Fig. 4), ground will in the same manner be sup-
plied to the electromagnet 138, in the third unit
of the cycle of rotation of the multiplying com-
mutator ground will be connected to electromag-
net 158, in the seventh unit the electromagnet
159, in the. eighith unit of the electromagnet 166,
and in the ninth unit the electromagnet 16§ will
have ground supplied thereto and will' thereby

" be energized. All of the electromagnets {56 to

161 and 242 which are energized as described
hereinbefore, will continue to connect ground at
333 through the conductor 332, contacts of their
associated transfer help relays until the ground
connection to the transfer relays 316 and 31{ is
broken at brush {36 associated with the control
contact disk [87. 'This break occurs as soon as
the transfer has been completed and at this time
the accumulator switch (8 wili have the final
product 7348012 registered therein since the
product 123897 in the millions to tens registers
of the accumulator switch {8 has been trans-
ferred thereto, and carries have been efifected
where necessary in the same manner as they

- were effected in computing the units part of the

75

probiem.

The problem having been completed, the posi-
tion of the brushes i85 to {7{ and 243 upon their
associated banks of contacts indicates the final
result. This record may be taken visually or

since the brushes are connected to ground

through the conductors {77 and {78, a perma-
nent record may be made by completing circuits
not shown through the cables 176 in any well
known manner, whereupon the zero return key
i{i may be actuated to.connect ground through
the conductors 340, 341 to the zero return relays

11

342, 343, and 344, the other sides of the windings
of which are connected through the conductor
345 to grounded battery at 346, thereby to ener-
gize the relays and connect ground through their
contacts to the conductors 353 to 367 and
through - the conducting portions of the contact
disks 113 and 288 to one side of the winding of

" the electromagnets 268 to 214, 155 to (61 and 242,

causing the brushes 278 to 284, 165 to ITf, and
243 to rotate to the position where they indicate
zero, at which time the contact disks 173 and 288
will break the circuit, de-energizing the relays
and leaving the accumulator switch brushes in
their zero or normal position.

Although a particular and specific description
has been given of an electrical multiplication sys-
tem. for multiplying five digits by three digits, it
is to be understood that the invention is to be
limited only by the scope of the appended claims
and that by adding similar apparatus and con-
necting it in the same manner as described here-
inbefore, problems of any length might be expe-
ditiously computed.

What is claimed Is:

1.-In a computing system electncal circuits,
factor storing means comprising circuit connec-
tions settable to represent a multiplicand and a
multi-digit ~ multiplier, . rotatable. multiplying

20

25 -

means for multipiying all digits of the multipli- -

cand by one digit of the multiplier.in each cycle

of rotation, an accumulator for registering the’

tens part of each product so effected, an accumu-
lator for registering the units part of each prod-
uct so effected, and means operable just subse-

_quent to the multiplication of the digits in the

multiplicand by the last digit in the multiplier
for transferring the tens part of the product from
the tens accumulator to the units accumulator.

2. In an electrical computing system, means

for setting up multi-digit factors before the start
of a computing operation, a. multiplying means
including elements representing the units part
of computations of a plurality of digits and ele-
ments representing the tens part of the compu-
tations of the same digits, a plurality of accumu-
lators sequentially operable means for compiet-
ing electrical circuits through the setting up
means and the multiplying means to transmit
electrical impulses representing the resuit of the
units part and the tens part of the computations
to separate accumulators and means controlied
by the sequentially operable means for establish-
ing circuit connections and for aufomatically
transferring results from one accumulator {0 an-
other.

3. In a computing system ‘means for storing

3¢

406

multi-digit facitors of a mathematical problem, -

computing means having multiplication table:
characteristics and controlled by the factor stor-

"ing means, means for accumulating the units

part of the result of a computation under control

-of said computing means, means for accumulat-
- ing the tens part of the result under control of
-said computing means, and means for transfer-

ring the partial result from one of the accumu-
lating means to the other acculnulating means
to obtain the true result.

4. In a computing system, electrlcally con-
trolled accumulators, means for storing a multi-
digit multiplier and a multi-digit multiplicand of
a . problem, total transfer circuits intermediate
said accumulators, means controlled by the stor-
ing means for establishing contacts representing
subproducts, and. sequential control means for
establishing electrical circuits Q)r- introducing the

80
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" units subproducts into one accumulator and the
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tens subproducts into another accumulator and
for subsequently completing said total transfer
circuits to combine the subproducts-in one of tle
accumulators to obtain the complete result.

5. In an electrical computing system, means for
storing a multi-digit multiplicand and a. multi~
digit multiplier, multiplying means associated
with the setting up means, a left-hand compo-
nent accumulator, a right-hand component ac-
cumulator, distributing means for establishing
electrical circuit connections from the multiply-

ing means to the accumulators-to effect their op- -

eration, means for successively advancing the dis-
tributing means after the completion of the mul-
tiplication of each digit of the multiplier and all
the digits of the multiplicand, transfer relays,
means actuated with the distributing means for
actuating the transfer relays, and means opera-
ble after the completion of the multiplication of
all of the digits of the multiplier by all of the

digits of the multiplicand and after the opera-. .

tion of the transfer relays for transferring a total
from one accumulator to the other.

6. A multiplying machine with-a cyclically op-
erated circuit establishing device which in one

cycle of operation closes contacts representing.

the digits of all right-hand and left-hand compo-
nents of partial products of the multiplication
tables for the digits 1 to 9 inclusive, multi-de-
nominational factor storing means for each fac-

tor for controlling said device, circuits for frans-,

mitting differentially timed multi-denominsation-
al product representing impulses under the con-
joint control. of said storing means and the
cyclically operated device, said impulses repre-
senting said products by their relative timing,
and two accumulators for receiving said right
and left-hand components of partlal products
respectively.

7. A calculating machine for performing mul-
tiplication including a plurality of partial product
accumulating means, an impulse emitter which is
cyclically operated in synchronism with the plural
accumulating means to make one-complete ro-
tative cycle for one entering cycle of the said
accumulating means, said emitter having a plu-
rality of spots thereon to represent the digits
of “the notation employed in the computation,
factor entry means for both factors of the com-
putation including contacts which are closed to
store the digits of both factors to be computed,
means under the control of one of the factor entry
means for coordinating the emission of differen-
tially timed impulses from the emitter to repre-
sent all partial products involving the first en-
tered factor, means under the control of the other
factor entry means for providing a multi-de-
nominational selection of the differentially timed
impulses representative of the particular partial

products involving the other factor'which is of

multi-denominational form.

€. In a multiplying machine in whlch an emit-
ter and a factor storing means for storing a
multi-digit factor conjointly cause and control
the impression upon two sets of lines of differen-
tially timed impulses representative of all of the
possible partial products of all of the digits of
the notation times a digit of the entered factor,
one set of lines for impulses representative of
right-hand components of partial products and
the other set of lines for impulses representative
of left-hand components, accumulating means,
and multi-denominational factor entry impulse
selecting means cooperating with both of the sets

2,225,410

of lines to select out therefrom and denomina-
tionally allocate impulses representative of the
right and left hand components of the partial
products of the second factor times the first fac-
tor, and other partial product impulse lines ex-
tending directly from. the last mentioned multi-

denominational selecting means to the accumu-

lating means.

9. In a calculating machine having an emitter
including contacts representative of the partial
products of the multiplication tables for all digits
for emitting impulses which are differentially
timed so that by their individual timing they are
individually representative  of the digits of a
notation, a plurality of digit lines leading there-

" from, each of which receives an impulse pertain-

ing to one digits only, means for storing a muiti-
digit factor, a double set of selectors including
contacts for storing another multi-digit factor,
one set for right-hand components and the other
set for left-hand components, said digit lines be-
ing associated with each set of selectors, and
selectively operable electromagnetic coordinating
switching means controlled by said first storing

10
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means for rendering effective the emitter to 25

send impulses over the digit lines as controlled
by the second means for storing a multi-digit
factor, )
10. A multiplying machine including in combi-
nation, plural product receiving devices multi-
digit multiplier entry receiving means with an
associated read out means, means including mul-
tiplier control multi-contact relays selectively
called into action under the control of the afore-

"said read out means, dual multiplicand entry re-

ceiving devices to control the transmission of im-
pulses representative of left-hand and right-hand
components of partial products, an impulse emit-
ter having a potential capabiilty of emitting dif-

. ferentially timed impulses, representative of par-

tial products lines leading from contacts of the
multiplier relays to the dual multiplicand receiv-
ing devices through the emitter, product receiv-
ing means for receiving impulses transmitted
from the emitter over said lines, and multi-con-
tact column shift electrical means intermediate
the dual multiplicand receiving means and the
product receiving means and controlled for col-
umn shifting by the read out means of the multi-
plier entry receiving means.

11. In a computing system, a plurality of accu-
mulators for accumulating results of computa-
tions, normally open electrical circuits intercon-
necting the accumulators for total transfer op-
erations, a plurality of electrical transfer relays,
electrical contacting means for operating the
transfer relays to close the electrical circuits and
emitter means for transmitting impulses over said
electrical circuits to transfer a result from one
accumulator to another accumulator.

. 12, In a. computing system, computing means,
a plurality of accumulators controlled by the
computing means for indicating results, means
for transferring results from one accumulator to
another accumulator including a normally in-
effective continuously movable - control com-
mutator, and sequence means for enabling said
continuously movable control commutator upon
completion of entries into said accumulators to
cause & transfer by said transfer means.

13. In a computing system, means for storing
multi-digit factors, a multiplying means having a
commutator controlled by the storing means for
multiplying the stored factors in a continuous
operation, a plurality of subproduct accumulators
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controlled by the multiplying means for ac-
cumulating subproducts, & denominational dis-

tributor mechanism for controlling the entry of.

the digits of said subproducts into proper de-
nominational orders of the accumulators, elec-
trical contact making means operated with the
multiplying means and the distributor mecha-
nism for establishing electrical circuits to transfer
at the end of a computation the subproducts
from one accumulator to another accumulator to

obtain a final result.

14. In a computing system, a plurality of ac-
cumulators for accumulating components of
products, & multiplying commutator for control-
ling the accumulators, means for storing two
multi~digit factors and for controlling the multi-
plying commutator in accordance with the en-
tered factors, means for transferring a compo-
nent of the product from one accumulator to an-
other, and sequence control means for causing
operation of said transferring means after said
product components are accumulated.

15. In a computing system, electrical circuits,
means for making circuit connections to set up
g multiplicand and a multi-digit multiplier, con-
tinuously rotating multiplying means for multi-
plying all digits of the multiplicand by a succes-
sive digit of the multiplier in each cycle of ro-
tation, an accumulator for registering the tens
part of each product under control of said mult-
plying means, an accumulator for registering the
units part of each product under control of said
multiplying means, and means effective upon
completion of partial product registration for
transferring the partial products from one accu-
mulator to the other accumulator to obtain the
final product. :

16. In a computing system, a plurality of ac-
cumulators for accumulating results, normally
open electrical circuits interconnecting the ac-
cumulators, a plurality of transfer relays, a plu-
rality of transfer help relays, control timing

i3

means for operating the transfer relays for par-
tially completing said circuits, and an emitter for
energizing the transfer help relays to complete
said electrical circuits to transfer a result from
one accumulator to another accumulator.

17. In an electrical computing system, accu-
mulators, means for actuating the accumulators,
a cyclically operable multiplying device having
a plurality of rotatable contact elements repre-
senting multiplication tables, means for pre-set-
ting a multi-digit multiplicand and a multi-digit
multiplier to establish circuits through the mul-
tiplying device in successive cycles thereof to con-
-trol the actuating means for the accumulators,
and means comprising devices operable with said
multiplying device for establishing circuit con-
nections to automatically transfer information
from one accumulator to another.

18. A multi-denominational multiplying device
comprising circuit controllers for storing a multi-
digit multiplier, circuit controllers for storing g
multi-digit multiplicand, a plurality of digital
multiplier relays controlled by said first eircuit
controllers, a cyclically timed impulse emitter
cooperating with both of the aforesaid controllers
and with the plurality of relays so as to emit in
one cycle thereof a plurality of differentially
timed impulses which are representative of the
products of a single digit of the multiplier and a
multi-digit multiplicand, said circuit controllers
and cyclically timed impulse emitter operating
upon another cycle of operation of the cyclically
timed impulse emitter for computation which in-
volves said multi-digit multiplicand and another

. single digit of the multiplier, a plurality .of ac-

cumulators controlled by said timed impulses
for indicating partial results, and means for
transferring the partial results from one ac-
cumulator to another accumulator to indicate
the final result.

. NORBERT K. ENGST.
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