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5 Claims.
1

This invention relates to calculating machines
of the record controlled type and more particu-
larly to machines in which adding operations are
performed electrically.

The principal object is to. provide an improved
electrical relay accumulator for a calculating
machine,

A more specific object is to provide novel con-
trolling devices for a relay accumulator whereby
a succession of amounts may be entered into an
accumulator, each in the period required for two
electrical impulses.

A more specific object is to provide mechanism
for sensing a record-card for amounts represented
in decima] system of notation, convert the
amounts into a combinational system of nota-
tion for accumulation in that system and convert
the result back into the decimal system.

Other objects of the invention will be pointed
out in the following description and claims and
illustrated in the accompanying drawings, which
disclose, by way of example, the principle of
the invention and the best mode, which has been
contemp:ated, of applying that principle.

In the drawings:

Figs. la, 1b, 1¢ and 1d placed in the order

la
1b, 1c, 1d

constitute a wiring diagram of the electric cir-
cuits of the apparatus.

Fig. 2 is a timing and sequence chart of the
operations. :

Fig. 3 is a timing chart of a modified sequence.

In the drawings the record card sensing de-
vices are shown in a diagrammatic manner where
in Fig. la, 10 represents a record card of the well
known type, provided with rows and columns
of index point positions in which digits are re-
corded by perforating selected positions. The
vertical columns are divided into fields such as
W, X, Y, and Z, shown diagrammatically as two-
cclumn fields in which perforations are made to
represent the numbers 46, 37, 52 and 96, whose
sum 231 is to be .obtained by the devices of the
invention.

The record card 10 is placed in sensing posi-
tion between a common conductive plate 12 and
sets of brush sensing elements 14 of which there
is one set for each card column. °‘As usual, the
presence of a digit representing perforation in
any card column will allow the related brush 14
to make electrical contact with conductive plate
12,

Before tracing circuits through the card per-
forations the sequencing commutator will be de-
seribed together with the time chart in Fig. 2.
Referring to Fig. 1b, after a card {0 has been
placed in sensing position, start contacts {6 are
closed to energize clutch magnet 8 by connect-
ing it to opposite sides of current lines 20 and
22,
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A continuously running motor M drives a clutch
disk 24 and when magnet 18 is energized it rocks
its latching armature 26 to. release spring pressed
dog 28 for engagement with constantly running
clutch disk 24. As a result disk 30, upon which
dog 28 is pivoted, will rotate for one revolution
and similarly turn commutator 32 with which.a
row. of brushes 34 coact. In Fig. 2, the develop-
ment of -ccommutator 32 is represented with
brushes 34 indicated in their relative starting
position.

Each brush 34 1is wired to a pair or trio of relay
magnets identified as Rf, R2, R3, etc., and as
commutator 32 revolves circuits are completed
from negative line 20 (Fig. 1b). to common brush
36, brushes 34, their related relay magnets to
positive line. 22.

As seen from Fig. 2, relay Ri4 is inijtially in
energized condition to hold circuits set up during

a previous operation. At the present time ener-

gization of relay Rid is of no effect.

Enter amount W.—With card I8 in sensing
position and commutator 32 rotating, it will be
seen from Fig. 2 that relays Rl and R§ both
hecome energized. Referring to Fig. la relays
RI close sets of contacts RIZ and Riu and relays
R, close sets of contacts R6Z and Réu.

Closure of contacts Rit and Riu will complete
circuits through the perforations in the W field
of the card to energize selected relays of a tens
group S¢ and of a units group Su. For the
specific example, a circuit is traceable from posi-
tive line 22, common plate 12, perforation in the
4 position, 4 wire of a group in cable 38, the 4
contact Rif, to the 4 wire of a group 46, the
fourth from the left of a group of wires 40, the
4 magnet, ST to negative line 20. Concurrently,
there is a circuit from line 22, plate 12, the hole
in the 6 position, the 6 brush (4, cable 42, the
6 contact Riu, the 6 wire of a group 44, the
sixth wire from the left of a group 48, to the
6 magnet Su and negative line 20.

Thus, the tens and units digits 4 and 6 of the
W amount are set up on magnets St and Su.
The contacts of these magnets designated gen-
erally Ste and Sua connect positive line 22 to
combinations of four wires 53 and 52 in accord-
ance with the well known binary code. Thus,
the 1 magnet St connects line 22 to the 1 wire
50, 2 magnet St connects line 22 to the 2 wire
50, 3 magnet St connects line 22 to the 1 and

2 wires 50, 4 magnet St connects line 22 to the

4 wire 50, 5 magnet St connects line 22 to the 1
and 4 wires §0, 6 magnet, St connects line 22 to
the 2 and 4 wires 50, 7 magnet St connects line
22 tc the 1, 2 and 4 wires 50, 8 magnet St con-
neets line 22 to the 8 wire 80, 9 magnet St con-
nects line 22 to the 1 and 8 wires 50.

For the amount 46 a circuit is accordingly
traceable for the tens digit 4 from line 22 (Fig.
1g)., wire 54, contacts Sta of the 4 magnet St,




2,434,499

3

the 4 wire 58, contacts R6¢ (now closed) to the
4 wire of a group 56 (Fig. 1c) to a magnet A4
and wire 58 to negative line 20. A parallel cir-
cuit is also traceable from line 22 (Fig, 1la), wire
54, the 2 and 4 contacts Sua of the 6 magnet Su,
the 2 and 4 wires 52, contacts R8u, the 2 and 4
wires of a group 66 (Figs. 1¢ and 1d), to mag-
nets AZ and A4 and wire 62 to line 20.

The amount 46 is thus sensed, converted into
binary code and entered on the A magnets A4 for
the tens digit and A2, A4 for the units digit.
These magnets close contacts suffixed a to provide
holding circuits through relay magnet contacts
RI3u, RI3t of which a representative one is trace-
able in Pig. 1d from positive line 22, contacts
RI8u, contact Ada, magnet A4, wire 62 t0 nega-
tive line 28, This holding circuit holds the A
magnets energized for the period indicated oppo-
site RI3 in Fig, 2.

Combine amounts in 4 and B magnets—The
next step or portion of the cycle designated W0
in Fig. 2 serves to add the amounts set in the A
and B magnets and enters the result in the set of
C magnets. Since there is no setting in the B
magnets the amount 45 will be transferred from
the A set to the C set and this is effected by the
energization ¢f magnets R8, R9 and R16, during
this step of operation.

In Figs. 1c and 1d the A and B magnets contrcl
sets of contacts suffired b, electrically intercon-
nected to form an adding chain that may be
termed the A, B adding chain and which con-
nects line 22 to the wire of a group designated 64
for the units order and 66 for the tens order, cor-
responding to the units digit of the sum of the
digit set on the A and B sets of magnets in each
order,

Specifically, for the example of an entry of 6
on the A magnets of the units order, Fig. 1d (. e.,
magnets A2 and A& energized), upon closure of
contacts RI6u (Fig. 1d), a circuit is traceable
from line 22, contacts Ri6u, rigcht hand con-
tacts B8b, right hand contacts A8b, right hand
contacts BAb, right hand contacts A4b (shifted),
contacts B2b, third from the left, contact A20D,
third from the left (shifted), contacts Bib, sec-
ond from the left, contacts Alb, fourth from the
left, 6 wire 84 (Figs. l¢ and la), contacts Riu
(now closed), 6 wire 44, 6 wire 48 and 6 magnet
Su to negative line 20. In this manner, upon en-
ergization of magnets RS and RI16 the units digit
of the sum of the digits in the units order is
entered on the Su magnets, .

Cencurrently, the energization of magnets R9
and R 18 will energize the St magnet correspond-
ing to the units digit of the sum of the A and B
settings in the tens order; (44-0=4). This circuit
is traceable from line 22 (Fig, 1c¢), contacts R16%,
right hand contacts B8b, right hand contacts A8b,
right hand contacts B4b, right hand contacts Adb
(shifted), contacts B2b, third from the left, con-
tacts A2b, third from the left, contacts Bip,
third from the left, contacts BCb, sixth from the
left, contacts Alb, sixth from the le’t, 4 wire 66
(Fig. la), contacts R9t, 4 wire 45, 4 wire 48 and 4
magnei St to negative line 20. Magnets St and
Su are thus set to represent 48.

Inspection of the adding chain in Fig. 1d, for
example, through the b contacts of the A and B
magnets will show that for all combinations of
A and B digits the circuit will extend from line 22
to the wire 64, representing the units digit of the
sum of the two digits set up and the following
table will assist in tracing the several combina-
tions. In a column headed “Carry wire” is indi-
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cated a wire through which a carry circuit is com-
bleted where the sum is greater than 9. A specific
circuit showing this will be traced following the
table.

sos A Mag- i B Mag- : Carry
A Digit nets B Digit Hets Wire 64 Wire

1 1 [ 1

1 1 1 1 2

1 1 2 2 3

1 1 3 1,2 4

1 1 4 4 b

1 1 5 1.4 6

1 1 6 2,4 Y
1 1 7 1,2,4 |-
1 1 8 8 9 ..
1 1 9 L8 | L. 68

2 2 (U 2 |
2 2 1 1 3 0 s
2 2 2 2 4 ..
2 2 3 1,2 i I B
2 2 4 4 6 | ...
2 2 5 1,4 O
2 2 6 2,4 8 | ...
2 2 7 1,2,4 9 1 ...
2 2 8 8 | .- 70

2 2 9 1,8 1 70
3 1,2 0 | . E: N
3 1,2 1 1 4 1 .
3 1,2 2 2 5 ...
3 1,2 3 1,2 6 | ...
3 1,2 4 4 N
3 1,2 5 1,4 8 | ...
3 1,2 6 2,4 9 ..
3 1,2 7 1,2,4 | ... 68

3 1,2 3 8 1 70

3 1,2 9 1,8 2 70

4 4 [ [ S
4 4 1 1 5

4 4 2 2 6

4 4 3 1,2 7

4 4 4 4 8

4 4 5 1,4 9 1
4 4 6 2,4 | .. 72
4 4 7 1,24 1 72
4 4 8 8 2 74
4 4 9 1,8 3 74

5 1,4 0 | e 5 1 .
5 1,4 1 1 6 | ...
5 1,4 2 2 7 | -l
5 1.4 3 1,2 8 | ..
5 1,4 4 4 9 | .
5 1,4 5 1.4 | ... 68
5 1,4 6 2.4 1 72

5 1,4 7 1,24 2 72
5 1,4 8 8 3 74

5 1,4 9 1,8 4 74
6 2,4 0 | .. 6 | ...
6 2,4 1 1 7 | el
6 2,4 2 2 8 | .
6 2.4 3 1,2 9 4 ..
6 2,4 4 4 1 70

6 2,4 5 1,4 1 70

6 2,4 6 2,4 2 2
6 2.4 7 1,24 3 72

6 2,4 8 8 4 74

6 2,4 9 1,8 5 74

7 1,2,4 [ .
7 1,2,4 1 1 g8 1
7 1,2,4 2 2 9 | ...
7 1,2,4 3 L2 | .. 68

7 1,2,4 4 4 1 70

7 1,2,4 5 1,4 2 70

7 1,2,4 6 2,4 3 72
7 1,2,4 7 1,2,4 4 72

7 1,2,4 8 8 5 74
7 1,24 9 1,8 6 74

8 8 Q0 | ... 8 | ...
8 8 1 1 9 | L
8 8 2 A 72

8 8 3 1,2 1 72

8 8 4 4 2 74

8 8 5 1,4 3 74
8 8 6 2,4 4 74

8 8 7 1,2,4 5 74
8 8 8 8 6 76

8 8 9 1,8 7 76

9 1,8 0 | ... 9 | .
9 1,8 1 1 7 68

9 1,8 2 2 1 72

9 1,8 3 1,2 2 72
9 1,8 4 4 3 74
9 1,8 5 1,4 4 74
9 1,8 6 2,4 5 74
9 1,8 7 1,24 6 74

9 1,8 8 8 7 76
9 1,8 9 1,8 8 76
0 | I
[} 1 1 )
0 2 2 2
0 3 1,2 [ I
0 4 4 4 .
0 5 1,4 5 ..
0 [ 2,4 6

0 7 1,2,4 7

0 8 8 8

0 9 1,8 9




-Assume, for example p, getfing ‘fn the units
‘order ‘6 ‘9 on the A-magrets and ‘a ‘sétting of 2
on the B magnéts. The carry eircuit’ ‘would then
be ‘traceable from line 22, :cohitaéts Ri6u, con-
tacts B8b, right hand’'contacts A8b ¢shifted) ‘left

tiand contacts B4b, 1éft hand ‘contacts Adb, left
hand contacts B2b (shifted), wire 12, cable 18
‘tPig. 1¢), ‘to one coil of a multlple coil -inagnet
BO, wire ‘58 ‘to negative line 20. This circuit
‘Branches after passing-through left-hand contacts
‘B?b ‘(shifted) to the -right hand ‘contacts “B2b
“tshifted), toritacts A2b (second “from ‘the right),
‘Hght hand contacts Bib, contacts Alb “(shifted,
second from -the right), ‘the -1 wire 64 ‘(Figs. lc
snd 1a), contacts K91 to'the 1 wire 44 and wire 48
‘to-the 1 relay Su and line 20.

The adding chain for the A and B- -settings-in
the tens order (Fig. 1¢) is just'thesanie-as for the
‘Anits order ‘except that the -contacts BCbh -are
driterposed to -add a unit to-the sum in the tens
‘order when there is a earry from the units order.
‘In-the téns-adding chain there-are'in turn carry
‘eircuits branching through wires 68¢, T0a, 124,
J8a and 16a, corresponding to wires 88 to 16 for
’the units order and these togéether with an added
iwire ‘§8b run through cable 18a (Fig. 1b) -to the
‘coils of magnet BC in the hundreds order to-shift
“¢otitacts BCH in that order ‘when ‘there is a tens
carry from'the tens order.

-As explamed the sum of the A and B-settings
Hs'now entered-in-the St and Su magnets and with
‘nagnet R8 also energized at this time (see Fig. 2),
‘eireuits extend from line -22 (Fig. 1g), ‘wire ‘54,
“éontacts Sta, wires 50, contacts R8¢, wires 80 (Fig.
‘1¢) ‘to -the C magnets in the tens order, corre-
“sponding to the digit set-on the St magnets, and
wire 58 to line 20,

Concurrently, circuits extend from line 22 (Fig.
‘1a), wire'54, contacts Sua, wires 52, contacts R8u,

"wites '82 -(Figs. 1c and ‘1d) ‘to the C magnets in =4

*the tnits:order corresponding to the digit set on
‘the St magnets, and wire-62 to line 20. For the
éxample chosen the C'magnets are now energized
ito-represent 46. They close their contacts Cla,
“(®a, Cda and C8a as the ‘case may be to provide
-holding -circuits ‘completed when ‘magnet RI5 is
-energized, traceable in the units order, from line
29 (Fig. 1d), contacts Ri5u, contacts Cla to C8a,
‘magrets Cl to C8, wire 62 to line 20. The c
smagnets will thus be held ‘for the period indi-

“eated in Fig. 2 after the holding circuits for the
-A‘and ‘B magnets are broken by deénergization
‘of magnets Ri3-and Ri4.

“Enter amount X.—When magnets R2 and'R6
*now close the second field of the card 10 (Fig. 1a)
-wil] be sensed and the amount 37 therein, entered
‘fnto the S magnets through circuits traceable
from line 22, common plate 12, perforations in
“the 3 and 7 positions, related cables 38 ‘and 42,
rcontacts R2t and R2u, wires 46 and 44, wires 49
-and 48 to magnets St and Su and line 20. These
‘magnets (the 3 magnet St and the 7 magnet Su)
sclose their contacts Ste and Sua to complete cir-
Tcuits to magnets Al and A2 in the tens order and
magnets Al, A2 and ‘A4 in the units order. These
seircuits are traceable from line 22 (Fig. 1a), wire
254, contacts Sta and Sua, wires 50 and 52, contacts
‘R6t-and Rbu, wires 56-and 60 (Figs. 1c and 1d)

“to the A magnets in the tens and units orders,
“wires /58 ‘and ‘62 to line 20. Thereafter, when
'magnet RIS is energized the A holding circuits
=gre ‘established for the period indicated.
fThus, as seen’from Fig. 2, when magnets ‘R2
*and RS have deenergized only magnets A and C

-are ‘held ‘when magnets ‘R1, Ri0-and RIT now 75"
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¢lose. ‘These Wwill ‘cdiise ‘the siim-of ‘the amourits

‘gnd ‘the A and C fagnéts to be’éntéred into the
‘B -magnets ‘Whose seftinig ‘will then ‘Yepréserit the

‘sim of amotints W-and X or83.
‘Referring ‘to Fig. 1d the contacts :suffixed ‘¢
of the A and C rniagnets are interconnected to

‘form an-adding chain that is-exactly similarto:the
‘A and B adding ¢hain so that when‘contacts RiTu

.close a -circuit is completed from-line 22, thiough
the:chain to the 3 wire 84, traceable specifically

‘from 'contacts ‘BITu, ‘contacts ‘CBe, Fight ‘Hand
‘contacts ‘A8c, ‘right ‘hand contadts ‘Cdc (shifted),

cénter contacts Adc (shifted), left ‘harnd contacts
C2c (shifted), right hand contacts C2¢ (shifted),
contacts A2c¢, fifth from the:1€éft (shifted), con-
tacts Clc, fourth from the 1éft, contacts ‘Alc,

-eighth from ‘the left (shifted), to the 3 ‘wire 84
‘which extends’(Figs. 1ciand’1a) ‘toi¢ontacts Ri0u

(riow -closed) to‘thie ‘3 wire ‘44, 3 ‘wire 48 and 3

‘magnet Su toline 20.

A ¢arry circuit branches dat ¢ontacts'C2¢ (Fig.

1d) ‘through wire:92, ¢able 88 (Fig. 1c) to a coil
of ' multiple nagnet Ce, ‘wire 58 to'line 20,

‘Mag-
net Ce shifts its contacts Cce'to add:a unit:in the
tens order adding chain.

In the tens order with magnets' C4,'Ce, Al and
A2 energized, the gircuit is traceable froim-linie 22,
conttacts RETE, contacts C8e, right hand contacts
A8c, right hand contacts Cdc (shifted), center
contacts Adc, contacéts C2c, third from :the Teft,
coritacts -A2¢, thirdfrom the left (shifted), con-
tacts Cle, second from ‘the -left, confacts Cée,
fourth from the:left (shifted) ,contacts Ale, third
) ) -8 wire 180 (Fig. ‘1a),
contacts R 10¢,"8 ‘wire 46, 8" wire 40:to the 8 mag-
net St.

With magnets R1 energized cireuits continue

‘from line 22 (Fig. 1a), wire’54,.contacts -Sta and

Sua, wires 50 and 52, contacts R1{ and RTu, wires
102 and (04 (Figs. le-and 1d) to the magnets B

‘in"the tens'and units-orders:and wires 58 and!€?2

to line20. '
Thus, the-sum?83 is set-on’‘the’B maghets and

‘when magret R4 is now energized contacts Ridu

and Rt4f provide circuit -paths to‘hold the B

‘magnets after the A and C-magnets become de-
“energized.

~Enter amount ¥.—This stép -of -the operation is
a repetition -of the:stepin which the W-amount
was ‘entered, the only difference being -in the

-energization of magnet ' R3 instead of Rt wherehy

contacts R3{ and R3u will-direct the circuit to'the
St and Su magnets to ‘set -up the ¥ -amount 52
therein and-these magnets in turn, through their
contacts Ste and Sua and contacts R6t-and Ry,
will set up the amount’52 in the A magnets,and

‘thereafter magnet R 13 is energized to provide a
‘holding -circuit.

Thus, -just after the -period
headed “enter Y ”~in-F‘ig.'-2, the maghets Al and
‘A4 and ‘B8 in‘the tens-order and the magnets A2,

‘Bl and'B2 in-the-units order will be-in-energized
“condition.

The A plus Biadding chains gre now called into
operation ‘and-in the units-order (Fig. :1d), -the
cireuit ‘through contacts Ri6u extends to: the 5
wire 64 and thence as-explained to-the 5 magnet
Su and finally to the Cl and C4 magnéts-of the
units ‘order. There is no tens -cafry ‘for this
summation,

In the tens order closure- of ‘contaets R16t will

“complete a ’(’:ircuit to the-3 wire 66 and ultimately
to the Cl-and C2 magnets of the tens order.
-tens carry ‘circuit -branches -through wire T4a

A

(Fig. 1¢) "and cable ‘18a -(Fig. 1b) to energize-a
¢oil ‘of ‘magnet Be-in-tHe-hiindreds order ‘so-that
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7 :
in this order there is a circuit traceable from
line 22, contacts R16A, contacts B2b, BIb, right
hand contacts BCb (shifted), 1 wire 106 to the
magnet Cl and line 20. Thus, the C magnets
are now set to represent the sum of W, X and
Y or 135 and the next step follows.

Enter amount Z—This step is a repetition of
the step wherein amount X was entered. Through
the now familiar circuits the Z amount 96 is
entered on the S magnets and then on the A
magnets and held. In the adding part of the
period the Al, A8, Ci and C2 magnets are set
in the tens order, the A2, A4, Cf and C4 magnets
are set in the units order and the Ci magnet is
set in the hundreds order.

Consequently, when magnets R1, R{8 and R{T
now become energized the sum 231 becomes set
on the B magnets which are held as the com-
mutator 32 completes its revolution. Brieily,
tracing the circuits involved for the units order,
the A plus C adding chain directs the circuit
through the 1 wire 84 and carry wire 98 to ener-
gize the B magnet of the units order and the
Cc magnet of the tens order.

In the tens order the A plus C adding chain
directs the circuit through the 3 wire 100 and
carry wire 82a to energize the Bl and B2 mag-
nets of the tens order and the Cec magnet of
the hundreds order.

In the hundreds order the righ{ hand adding
chain completes a circuit from line 22, contacts
RI1n, C2¢, Clc (shifted) center contacts Ccc
(shifted), 2 wire 168 and magnet B2 to line 20.
Accordingly, at the end of the cycle the B mag-
nets alone are set to the total and held.

Another record card may now be placed in
sensing position and another revolution of com-
mutator initiated to progressively increase the
total.

When it is desired to obtain an indication of
the total standing in the B magnets at the end
of any cycle, total key T is closed. This causes
energization of magnets R12 and RI9 and will
complete a circuit through the A plus B adding
chains to light lamps Lu, L and L in the several
orders in accordance with the digital value set
in the orders. The total circuit for the units
order would be traceable from line 22 (Fig, 1d)
contacts Ri2u, B8b, right hand contacts AS8b,
right hand contacts B4b, right hand contacts
Afb, contacts BEb, second from the right, con-
tacts AZD, second from the right, right hand
centacts Bib (shifted), contacts Alb, third from
the right, 1 wire 84, cable 1i0, 1 contact Ri{%u
and 1 lamp Ly to line 28.
tens and hundreds orders are similarly traceable.

The foregoing, accordingly, describes an ap-
paratus in which successive entries may be made
and in which each entry is effected by a pair of
electrical impulses. Thus, the impulse indicated
in Fig, 2 under “enter W” enters W in the A
magnets and the following pulse under “W--0”
effects summation and entry into the C magnets.
The next entry results in the sum appearing in
the B magnets and so on with each progressive
total being set in an alternate one of the B or
C set of magnets,

Fig. 3 shows a modification of the section of
the commutator 22, whereby the record card
would have the amount in its W field read and
entered twice and then the amount in the X
field read and entered twice to obtain 2WH2X,
and the Y and Z flelds would not be read. Other
.combinations of sequense in which the amounts
may bhe read will occur to those skilled in the
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art and where amounts are to be subtracted the
fields may obviously be perforated in accordance
with the tens complement of the number.

The entire apparatus may be cleared by dis-
connecting either line 28 or 2f from the source
of current whereupon all relay magnets will be-
come deenergized.

While there have been shown and described
and pointed cut the fundamental novel features
of the invention, 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 departing from the spirit of the in-
vention. It is the intention, therefore, to be
limited only as indicated by the scope of the
following claims,

‘What is claimed is:

1. In an electrical ccmputing apparatus, a set
cf relay magnets, means for repeatedly setting
said magnets to represent a succession of amounts
to be added, a second set of relay magnets setta-
ble to represent amounts, a third set of relay
magnets settable to represent amounts, means
jointly controlled by the first and second set of
magnets and rendered effective ypon the first and
alternate entries into said first set, for entering
the sum of the amounts set in said first and sec-
ond sets, into the third set, means jointly con-
trolled by the first and third set of magnets and
rendered effective upon the second and alternate
entries into said first set, for entering the sum of
the amounts set in said first and third sets, into
the second set, and means for clearing each of
said pair of sets of magnets subsequent to the
entry of its sum into the remaining set of mag-
nets.

2. In an electrical computing apparatus, a first,
second and third set of relay magnets, each setta-
ble to represent an amount, means for entering
a first and second amount into the first set of
relay magnets in succession, computing devices
controlled by the magnets of the first and sec-
cnd sets, and effective upon entry of the first
amount for obtaining the sum of the amounts set
in said first and second sets of magnets, and en-
tering said sum into the magnets of the third set,
further computing devices controlled by th: mag-
nets of the first and third sets and effective upon
entry of the second amount, for obfaining the
sum of the amounts set in said first and third sets
of magnets and entering said sum into the mag-
nets of the second set, and means for clearing
each of said pair of sets of magnets subsequent
to the eniry of its sum into the remaining set of
magnets, whereby successive sums will be alter-
nately represented on the second and third sets
of relay magnets.

3. In an electrical computing apparatus, a first
set of relay magnets settable to represent an
amount, a set cf contacts adjusted therehy, a sec-
ond set of relay magnets settable to represent an
amount, a set of contacts adjusted thereby, a
third set of relay magnets settable to represent
an amount, a set of contacts adjusted thereby,
circuit connections interconnecting the contacts
of the second set and part of the contacts of the
first set in accordance with the table of addition
to form & first adding chain, circuit connections
interconnecting the contacts of the third set and
another part of the contacts of the first set in
accordance with the table of addition to form a
second adding chain, means for repeatedly en-
ergizing the magnets of the first set to represent
thereon a succession of amounts, means effec-
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tive upon setting the first and alternate amounts
on said first set of magnets for rendering the first
adding chain effective and causing it to control
the magnets of the third set, and means effective
upon setting the seccnd alternate amounts on
said first set of magnets for rendering the second
adding chain effective and causing it to control
the magnets of the second set, and means for
clearing each adding chain and its controlling
magnets subsequent to its control of the remain-
ing set of magnets, whereby the totals of the
amounts successively entered into the first set of
maghets will be progressively represented on the
second and third sets of magnets in alternation,

4. In an electrical computing apparatus, a pair
of relay adding chains, each comprising two sets
of contacts upon which two amounts are settable
and interconnected in accordance with the table
of addition, means responsive to a single elec-
trical impulse transmitted through the first relay
chain for setting one of the sets of contacts of
the second chain in accordance with the sum of
the two amounts set on the contacts of the first
chain, further means responsive to a single elec-
trical impulse transmitted through the second re-
lay chain for setting one of the sets of contacts
of the first chain in accordance with the sum
of the two amounts set on the contacts of the sec-
ond chain, means for sending electrical impulses
to said chains in alternation, means for clearing
the setting in each chain subsequent to its con-
trol of the other chain, and means effective in-
termediate said impulses for setting the other
set of contacts of the next chain that is to re-
ceive an impulse, in accordance with a further
amount.
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5. In an electrical computing apparatus, a first
and second set of relay contacts, a first set of add-
ing circuit connections controlled thereby, a third
set of relay contacts, a second set of adding cir-
cuit connections controlled by said first and third
sets of relay contacts, means controlled through
the first set of adding circuit connections for set~
ting the relay contacts of the third sef, means
controlled through the second set of adding cir-
cuit connections for setting the relay contacts of
the second set, means for repeatedly and selec-
tively setting the relay contacts of the first set,
sequencing means for rendering the first and sec-
ond adding circuit connections alternately effec-
tive after alternate settings of the first set of con-
tacts, and means for clearing each set of relay
contacts subsequent to the control thereby of
another set.

WILLIAM LANG.
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