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

Application October 10, 1942, serial No. 46,560 
(CE. 235-61) 2 Claims. 

This invention relates to calculating machines 
and more particularly to machines of the type 

are electrically operated under control of 
eyS. 
The principal object of the invention is to 

provide an improved electrical accumulator 
Wherein each denominational order comprises a 
set of four electromagnetic switches or relays, 
upon which the digits are represented combina 
tionally in accordance with the binary system 
of notation. 
A further object is to provide controls for the 

relays whereby adding or subtracting may be 
performed selectively and to provide indicating 
devices upon which the balance standing in the 
accumulator is displayed together with the alge 
braic sign of such balance. 
A more specific object resides in the provision 

of mechanism which ascertains the algebraic sign 
of the amount standing in the accumulator, the 
algebraic sign of the amount to be entered and 
the relative values of the two amounts, and which 
mechanism, from these three determinations, as 
certains the algebraic sign of the result of the 
calculation prior to its performance. 
A still further object resides in the provision 

of a relay accumulator, in which a single electri 
cal impulse passing through a single continuous 
circuit path, directly readjusts the accumulator 
Setting from any amount representation to any 
other. 
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A further object is to provide an accumulator 
in which each denominational order may be se 
lectively adjusted to handle fractions of any of 
a plurality of denominators, additively or sub 
tractively. 
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 
contemplated, of applying that principle. 
In the drawings: 
Fig. 1 is a detail showing the construction of 

the amount entering keys. 
Fig. 2 is a detail of one of the accumulating 

relay magnets in its unset position, 
Fig. 3 is a ' detail of one of the accumulating 

relay magnets in its set position, 
Figs. 4, 4a and 4b taken together and placed 

side by side in the order named, constitute a wir 
ing diagram of the electric circuits of the ma 
chine for handling decimal amounts. 

Fig. 5 is a chart showing the relationship of 
the accumulating relays for successive amount 
entries. 

Fig. 6 is a chart showing the relationship of 
accumulating and entering relays for a problem 
involving a carry-on-carry condition. 

Figs. and a taken together show the wir 
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5. We Would find that upon addition 
0 e 

ing of two orders of the machine in which each 
order may be adjusted to handle various frac 
tions. 

In carrying out the objects of the invention, 
each denominational Order of the accumulating 
Inechanism comprises four so-called accumulat 
ing relay devices, each of which has a value 
assigned thereto in accordance with the first 
four terms of the binary progression, namely, 
1, 2, 4 and 8. The relays each have a "set' and 
an "unset' position. With an entry in any One 
thereof being represented by its "set' condition. 
Accordingly, any number from 1 to 15 can be 
represented by the setting of one or more of the 
relayS. 

For each denominational order there is pro 
Vided a Set of four so-called entering relays which 
also have the values of the binary progression 
assigned thereto. These latter relays are ener 
gized in combinational manner to represent an 
amount to be entered and for each Order such 
annount may also be from 1 to 15 which is the 
capacity of the four value combination 1, 2, 4, 8. 
In the operation of the devices, with the ac 

Cumulating relays set to represent an amount, 
as aimount to be entered is Set on the entering 
relays. Both kinds of relays Consequently effect 
the adjustment of a system of contacts or 
SWitches, so electrically interconnected that a 
Continuous circuit is established through all de 
florainational orders which causes the accumu 
lating relays to assume a setting representing the 
Sun or difference of the two amounts. 
Amounts to be subtracted are set up on the 

entering relays in the form of complements of 
15 and where the balance is negative, the ac 
cumulating relays are set to represent the com 
plement of the balance. The contacts controlled 
by the relays are so interconnected that tens 
carry requirements are recognized as well as what 
may be termed "correctives,' which must be con 
sidered when a binary system handles numbers 
whose base is different from the value of the full 
capacity of any order. To illustrate this, if we 
represent a number such as 093 in binary form, 
We have: 

8 2 1 
- - XX 

where X represents a 'set' condition for a binary 
term. If to this there is to be added a number 
such as 007, which is represented as 

in each order 
Separately the results 0 - 9 - 10 expressed as 

8 4 2 8 4 2 8 2 
- - - - X - - X X - X - 

To adjust this to the true result 100, inspec 



2 
tion will show that a 6 must be added in the right 
hand order to bring this to zero, a 7 must be added 
in the central order to bring it to zero, and a 1. 
must be added in the left hand order to bring it 
to 1. Such entries are represented by 

2 8 4 8 4 2 
- XXX - XX - 

which, if each order is separately added, will re 
Sultin 

8 4 2 8 4 2 8 4 2 

the trile result, 
The circuit connections set up by the entering 

and accumulating relays take cognizance of these 
mathematical requirements in adding operations 
and also in subtracting operations, where other 
mathematical correctives are called for. Thus, 
for example, in the example 27 minus 18, we have 
the representations. 

8 4 2 8 4 2 8 4 2 1 
2. - - - - - - X - - XXX 

-18 (complement) X X X X X X X - -X X X 
Separately added they give X X X X - - - - X X X - 
Correctives -14, 0, -4 - - - X - - - - X - XX 
Result 009 - - - - - - - - X - - X 

The correctives in any case are not entered as 
Such but are taken into account in the arrange 
ment of the device to route the accumulating 
circuit through a path determined by the nature 
of the problem. 
The Operations just mentioned relate to a deci 

mal accumulator. When any order of the ac 
cumulator is to be used in accumulating frac 
tions whose denominator is 2, 3, 4, 5, 6.7.8, 9, 11, 
12, 13, 14 or 15, a knob or dial related to that order 
is initially adjusted to a position corresponding 
to the fraction Selected. Such Setting has the 
effect of modifying the accumulating circuit 
connections to take into account whatever cor 
rectives are called for in handling the Selected 
fractions. To illustrate the requirements, assume 
the handling of the units, yards, feet and inches. 
Then, one order of the accumulatoris Set to handle 
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twelfths, another thirds and the last tenths, and 
an entry of 3 yards, 2 feet and 12 inches would be 
represented as follows: 

50 
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Yards Feet Inches 

8 4 2 18 4 2 - 8 4 2 
3 - 2 - 1 - - XX - - X -X - XX 

Adding 2 - 1 - 4 - - X - - - - XI - X - - 
Sum without correctives. - X - X - - XXX XXX 
Correctives 1, -14, -4 - - - XXXX - - X - - 
Result 6-1-3 - XX - - - - X - - XX 

For subtracting operations, we have 

Yards Feet Inches 

8 4, 2 18 4 2 18 4 2. 
3-2-1 - - XX - - X -X - XX 

Subtracting 2-1-4 (complements)x X -.XX X X-X - XX 
Difference without 
correctives - - - - - - - - - XX - 

Correctives 1, 1, 1 - - - - X - - - X - - - X 
Result 1-1-7 - x - ... x-xx x 70 

As a further illustration, assume the handling 
of pints, quarts and pecks, in which case the 
fractions are halves, eighths and tenths, and an 75 
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entry of 2 pecks, 6 quarts and 1 pint would be 
represented as follows: 

Pecks Quarts Pints 

8 4 8 4 2 8 4 2 
2-8- - - X - - XX - - - - X 

Adding 0-7- - - - - - X X X - - - X 
Sum without correctives - - X -X X - X - - X - 
Correctives 1, 9, 14 - - - XX - - XXXX - 

Result 3-6-0 - -xx-xx - - 

For subtracting operations we have 

Pecks Quarts Pints 

. . . . . . . . . 2-6-1 - - X - - XX - - - - X 
Subtracting 0-7-1 (compleinents) X X X XX - - -X X X - 

Difference without I - 
correctives - - - NX X X -X X X X 

Correctives -6, -14 - - - -X - - X - - - X 
Result 1-7-0 - - - XI - XXX - - - - 

In the drawings Figs. 4, 4a and 4b together 
show the wiring of the apparatus for handling 
only tenths and decimals which will first be de 
scribed to point out the principles of operation. 
Figs. 7 and a together show the universal wir 
ing arrangement which includes settable devices 
for selectively, handling any of Several fractions 
in the two orders shown. This arrangement will 
be described later to point out wherein the dif 
ferences between the two lies, which difference 
as explained is found in the routing of the wir 
ing connections to take the appropriate correc 
tives into account. 
For each accumulator order there is provided 

a series of numeral representing lamps consti 
tuting a readout device. Through contacts ad 
justably set by the accumulating relays in an 
order, the lamp corresponding to the value Stand 
ing in the order is illuminated to indicate the true 
value of the amount set on the relays. A pair of 
plus and minus sign indicating lamps are also 
provided to indicate the algebraic sign of the in 
dicated amount. 
Before describing the circuits, a brief descrip 

tion will be given of the keyboard construction 
and of the accumulating relays. 

Keyboard 
In Fig. 1 is shown a portion of the keyboard 

and a row of keys designated , of which there is 
one for each of the digits, is provided for each 
denominational order to be handled by the ma 
chine. The keys are suitably mounted for ver 
tical reciprocation in a framework generally des 
ignated 2, in which there is a series of horizon 
tally slidable latching bars 3, one for each column 
of keys. Each key is provided with a lockingpin 
4 which, when the key is depressed, rocks the re 
lated bar 3 toward the left to release any previ 
ously latched keys. Upon such depression, the 
bar 3 under the influence of its spring snaps 
back over the pin 4 of the depressed key. Each 
of the digit keys is provided with a set or sets 
of contacts, generally designated a and b in Fig. 1, 
with one of the blades curved and inclined as in 
dicated at 6 for cooperation with a stud or roller 
on the key stem . The portion 6 acts as a re 

turn spring for the key set So that, when released, 
the pressure of the spring 6 against stud will 
elevate the kly to its normal position. 
In the case of the zero key, no contacts are 
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provided and the spring 6 shown serves to restore 
this key to normal position. The Zero key serves 
as a clearing key. 
The several contacts associated with the keys 

are shown diagrammatically in FigS. 4, 4a and 
4b, where the complete set of keys for three orders 
is shown. The three sets of keys and their re 
lated contacts are all alike, and similar reference 
numerals are employed to designate the like 
parts. Directly beneath each key are contacts 
a, b, and c arranged to convert the digit into a 
binary equivalent directly or in the form of a 
complement. The circuits involved will be more 
specifically pointed out in connection with the 
circuit diagram. 

Accumulating relay 
One of the accumulating relays is shown in 

Fig. 2 where the parts are shown in normal or 
"unset' position. This relay comprises a mag 
net generally designated A mounted on the frame 
4 to which there is pivoted an armature 8 at the 
point 9 and a bell crank lever O at the point . 
-Energization of the magnet A will rock armature 
8 counterclockwise against the tension of Spring 
2. This action will draw lever 3 to the left so 
that a spring f will rock the lever about its pivot 
23 on armature 8 to the dotted line position 
shown in Fig. 2. Pivoted to extension 4a of the 
frame 4 is a T-shaped lever 5 which is rotatable 
on the pin 6. The spring fT is connected be 
tween the extremity 8 of lever 5 and a pin 9 
on the lever 3 and serves to engage hook 20 of 
lever 5 to hold it in the position shown in Fig. 2, 
where a pin 22 bears against the upper end of 
bell crank 0, holding it in the clockwise posi 
tion shown, so that its other arm holds the con 
tact blades a, b, c, in the relative positions indi 
cated. 
When magnet A is energized and lever 63 

rocked to its dotted line position, the lever 3 is 
brought into engagement with the upper hook 
2 of lever 5 and the spring 7 holds the parts 
in this position as long as magnet A remains en 
ergized. Upon deenergization of the magnet, its 
spring 2 will return armature 8 and at the same 
time will rock levers f3 and 5 to the position 
shown in Fig. 3, in which position the spring a 
will now hold the parts until magnet A is again 
energized. In this position the pin 22 and a sec 
ond pin 24 have moved to permit the bell crank 
lever f0 to rock counterclockwise and enable the 
contacts associated therewith to take an alter 
nate position as shown. 
When magnet A is again energized, the lever 
3 will swing back into engagement with the hook 
20 and upon deenergization of the magnet the 
armature 2 will force lever 3 against the hook 
20 and the pin .22 will rock the bell crank O 
clockwise back to the position of Fig. 2. In this 
position it may be noted the pin 24 serves to lock 
the bell crank ?o against counterclockwise move 
ment. 
For each denominational order of the mecha 

nism there are four relays such as shown in Fig. 
2, each controlling a plurality of contacts which 
are specifically designated in the circuit diagram 
where their purpose will be explained. 

Referring to Fig. 4, the four A relay magnets 
are designated Al, A2, A4 and A8 and above the 
magnets are contacts arranged along a horizontal 
dotted line with the contacts designated by a 
lower case letter. The A magnets are each pro 
vided with a plurality of Windings represented by 
diagonal lines. The passage of current through 
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any one of these windings is sufficient to ener 
gize the magnet and effect a shift in the position 
of the related contacts. It is to be borne in mind 
in following the subsequent explanation that 
the actual shifting of the contacts occurs upon 
deenergization of the magnet and that upon 
energization, the shifting levers merely move into 
position to prepare for the actual shifting of the 
contacts. 

Operating keys 
In Fig. 4 are three keys diagrammatically 

represented and designated as 09, O and . 
The key is used for zeroizing or resetting pur 
poses and upon depression closes a related pair 
of contacts designated fa. The key flo is de 
pressed when a subtracting operation is to be 
performed. This key also closes a pair of related 
contacts designated Oa. The key 09 is de 
pressed when an amount is to be added. This 
key closes a pair of contacts designated 09a and 
in addition, through bell crank levers designated 
2 and 3 will draw rods indicated at 4 and 

25 to the left as viewed in Fig. 4. These rods 
interconnect the blades of a series of contacts to 
effect a displacement thereof when the key 09 
is operated. These contacts will be specifically 
identified and their purpose explained in connec 
tion with the tracing of circuits therethrough. 

Circuit diagram 
In the circuit diagram are represented the 

four accumulating relay magnets A, A2, A4 and 
A8 for each of the three orders shown together 
with the several windings for these magnets. The 
contacts controlled by the magnets are desig 
nated a, b, c, d, e, etc., and in the tracing of cir 
cuits through these contacts they will be desig 
nated by the reference character of the magnet 
followed by the letter of the particular contact 
and also followed by the letter L or R to indicate 
whether the movable blade of the contact is in 
its left hand or right hand position. Thus, for 
example, the designation A8bR denotes the b 
contacts of the A8 relay magnet in its right hand 
position. This system of identification of the 
contacts is utilized to simplify the application of 
reference characters to the numerous contacts 
appearing in the drawings. 

For each denominational order there is also 
provided a set of four relay magnets designated 
R, S, R2, R6 and R8, with each of which is asso 
ciated a series of contacts designated by lower 
case letters and which will be similarly identified 
as, for example, R8aR, or R8a, as the case may 
be. These relay magnets are of the type which 
shift their contacts upon energization and enable 
the contacts to return to the normal positions 
shown upon deemergization. 

In the lower left hand corner of Fig. 4 is shown 
a relay magnet designated ST which is common 
to all denominational orders and upon energiza 
tion shifts the series of contacts in horizontal 
alignment therewith and extending through Figs. 
4, 4d and 4b. 

Immediately above magnet ST is a magnet 
designated SC which is of the same type as the 
accumulating magnets A. This magnet is also 
common to all Orders and operates the series of 
contacts extending through the three figures of 
the circuit diagram. The movable blades of this 
series of contacts are normally in their left 
hand positions as indicated, so that upon the 
deenergization of this magnet following the first 
energization thereof the related contacts will be 
shifted to the right, 



4. 
A further relay magnet designated SA is pro 

vided which is of the slow acting type such that 
its contacts a close after an interval of time 
determined by the characteristics of the magnet. 

For each denominational order there is pro 
vided a set of digit representing lamps generally 
designated 25, and for the entire apparatus there 
are provided two lamps 26 and 27 (Fig. 4) which 
indicate whether the amount standing in the 
accumulating relays is negative or positive, re 
spectively. 
In each Order of the accumulator the four mag 

nets A, A2, A4 and A may be considered as 
having a Set or an unset position or condition. 
These magnets by their condition represent in 
combinational manner the ten digits. The par 
ticular combination is that of the binary sys 
ten of notation, and for this reason the magnets 
are designated with the numerals i, 2, 4 and 8 to 
indicate the terms of the binary progression with 
which the magnets are in correspondence. Thus, 
the digit 1 is represented on the magnets by the 
Setting of magnet A, the digit 2 by the magnet 
A2, the digit 3 by magnetS A and A2, etc. The 
Setting of the complete Series of digits and num 
bers within the capacity of the four magnets may 
be thus tabulated as follows where Xindicates a 
Set condition and a dash represents the unset 
condition: 

Accuraulating magnets 

In handling a problem involving subtraction 
which may result in negative balances, the digits 
and numbers will be represented on the accumu 
lating magnets in the form of complements and 
the several digit representing settings will be 
as follows: 

Accumulating Imaglets 
Digits 

A8 A4 A2 A 

X X X X 
X X X - 
X X X 
X X - 
X - X X 
X - X - 
X - O X 
X -- - 

-- x X X 
- X X - 

X X 
X a . - 

A x 
X - 

- -- X 

It is to be noted that in accordance with the 
foregoing table the digits are complemented to 
the value 15, which is the greatest amount that 
may be represented on all four magnets. A to A8. 
It is also to be noted that the complement of 
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the digit is represented by a complemental set 
ting of the accumulating magnets. For example, 
where a magnet or magnets are in set condition 
for a particular digit, the same magnets are in 
unset condition for the complement of that digit. 
It may also be mentioned at this time that the 
circuit arrangement is such that, when a comple 
mentary value is set on the accumulating mag 
net, the lamps 25 will nevertheless display the 
true value of the digit represented and the neg 
ative sign lamp 26 will serve to indicate that this 
is a negative amount. 

Indicating circuits with the machine clear 

With the machine in reset or clear condition, 
the lamps 25 will be illuminated to represent 
zeros and the lamp 2 will be illuminated to in 
dicate the positive sign. The various contacts in 
the circuit diagrams of Figs. 4, 4a and 4b are 
shown in the position they occupy When the ma 
chine is clear and current is Supplied to positive 
side of line designated 6 and the negative side 
of line designated 20. With current on these 
two lines, a circuit is traceable from line 20 
(Fig. 4), lamp 27, wire 30, to contacts SCdL 
(representing the left hand d contacts of the 
magnet SC) and thence to positive line 6. 
Thus, the plus lamp 2 is illuminated. In each 
of the three orders a further circuit is also trace 
able from negative side qf line 20, zero lamp 
25, contacts AR, A2u.R., A4 mR, A8gR, wire 
30, contacts SCdL to positive line 6. 
Fig. 5 represents the condition of the accu 

mulating relay magnets during various calcula 
tions which are now to be explained in detail. In 
the figure the X's represent the set condition of 
the accumulating magnets and the dashes rep 
resent the unset condition, while the lamps in 
dicate the true value of the amount together 
with its algebraic sign. The first line designated 
"clear' indicates that all of the A magnets are 
in unset condition, while the lamps represent 
--000. 
The next line of Fig. 5 is headed "add 16' which 

for such operation is simply an entry, inasmuch 
as no accumulating will result from this first op 
eration. 

Entering amount 16 
The first step in entering amount 6 is to de 

press the #1 key in the tens order (Fig. 4a) 
and the #6 key in the units order (Fig. 4b). 

55 
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5 

As a result, these keys will be latched in their 
down position where the lower of the contacts 
CE of the #1 key will be latched closed and the 
lower of the contacts a and b of the #6 key will 
be latched closed. No circuits are completed at 
this time. The operator then presses the plus 
key which through bell crank 2 (Fig. 4) 
moves rod 4 toward the left to shift the three 
Sets of related contacts a to d in that direction. 
Concurrently, the key foe through bell crank 
3 shifts rod f f S toward the left to shift the 

related contacts designated a to t. In the fol 
lowing, the contacts controlled by the rods 4 
and 5 will be designated as 4aR or 4aL 
to indicate the particular contact in its right 
hand or left hand position. 
The key 9 closes its contacts 109a (upper 

left hand corner of Fig. 4) and upon such closure 
a circuit is traceable from the positive une 6, 
through contacts 09a, wire 7 which extends 
across Figs. 4a and 4b, where in the latter it 
continues through a group of wires 6f connected 
to the key contacts. From here circuits extend 
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through the lower a and b contacts of the #6 
key through the related one of a group of wires 
62 to the left side of the contacts f4b and c, 

which are now closed. The circuit then continues 
through the two central wires of the group des 
ignated 65, through relay magnets R2 and R4 
in parallel, thence through wire 64 to negative 
line 20. The relay magnets R, R2, R4 and R8 
are associated with the accumulating relay mag 
nets A, A2, A4 and A8, and their function is to 
initially receive the amount to be entered from 
the keyboard, in combinational form. Thus, the 
digit 6 in the units order of the keyboard, through 
the circuits just traced, causes energization of 
the R2 and R4 relay magnets. 
the circuits through the key contacts and the con 
tacts of rod 4, indicate for each of the other 
digits the R magnets which will be energized in 
accordance with the appropriate binary combina 
tion. " . 

In the tens order a similar circuit extends from 
the wire i? 7, through the lowermost wire 6 , 
the lower a contacts of the #1 key, through the 
lowermost wire 62, contacts f4a, through the 
left hand wire 65, relay magnet Rf, wire 64, to 
line 20. In the hundreds order no circuits are 
Completed, as none of the key contacts are 
shifted. 

Accordingly, magnet R in the tens order and 
magnets R2 and R4 in the units order are ener 
gized and their related contacts are shifted from 
the position shown in Figs. 4d. and 4b. 

It is to be noted, at this time, that with rod 
4 in its non-shifted or right hand position the 

R magnets are connected in complementary 
manner to the key contacts, so that the comple 
mentary value of the digit of any key may be 
set up on the R magnets. A particular tracing 
of the circuits involved will be given later in 
connection with the subtraction of an amount. 
With rod 5 shifted to the left, a circuit is 

also traceable from line 6 (Fig. 4b), wire 40, 
contacts SCnL, 5tL, wire 209 (Figs. 4a and 4), 
magnet ST, wire 202 to line 20, 
The closure of the key contacts 09a (Fig. 4) 

also completes a circuit from line 6, contacts 

Examination of 
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O9d, wire f extending downwardly, the slow 
acting relay magnet SA to line 20. Upon clo 
Sure of the contacts SAa, a circuit is traceable 
from line 6, contacts SAa, wire 63 (Figs. 4d, 
4b) to the contacts 5sL, contacts SCIcL, R, mR, 
R2q, Roll, A4 hr, R8g R, A8eR, wire 42, con 
tacts 5eL, contacts STi I, SChI, RhER, R2h.L., . 
right hand winding of magnet A2, contacts A2fR, 
R4fL, the right hand winding of magnet A4, con 
tacts AAdR, contacts R8dR, wire 46 (Fig. 4a), 
contacts 5 mL, contacts SCKL, R, f mL, AiR, 
R2aR, A2nR, RapR, A4iR, R8hR, wire 48, con 
tacts 5e, contacts STfL, SChL, RihL, right 
hand winding of magnet A, contacts AdeR, 
R2h.R., R4 fr, R8dR, wire 200 (Fig. 4), contacts 
5g, SCkL, R, mR, R2qR, A2nR, RipR, AiR, 

R8hR, wire 2( , contacts 5eL, STiL, SchL, 
RihR, R2-hR, R4fR, R8dR, wire 202 to line 20. 
In this manner upon closure of the contacts of 

the slow acting relay SA, after the R, relays have 
been adjusted in accordance with the amount 16, 
a so-called accumulating circuit is completed in 
which circuit is included a winding of magnets 
A2 and A4 of the units order and magnet A of 
the tens order. Energization of these A magnets 
will shift the related units from the full line posi 
tion of Fig. 2 to the dotted line position of the 
same figure without disturbing the setting of the 
related contacts. Upon release of the plus key 
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follows. 

S 
Os magnet SA will become deenergized and open 

its contacts SAa. So that the series circuit just 
traced will be broken and the A magnets will 
become deemergized, whereupon the related parts 
will shift to the position shown in Fig. 3, leaving 
the three selected A magnets in their Set position. 
This is indicated along the line designated "add 
16' in Fig. 5. The release of the plus key 09 will 
also open the contacts 09a, so that the R relays 
will become deenergized and the rods f4 and 

5 will also return to their right hand positions, 
returning their related contacts to the position 
shown in the circuit diagram. 
As a result of the setting of the A magnets in 

accordance with the value 16, circuits are now 
established to cause the indicating lamps 25 to 
represent --016. These circuits are traceable as 

For the digit 6 in the units Order the 
circuit is traceable from negative line 20, the #6 
lamp 25, contacts Apr., A2s, A4m.I., A8g.R., wire 
3G (Figs. 4 and 4d), contacts SCdL, to line if 6. 
In the tens order the circuit is traceable from 

line 20, the #1 lamp 25, contacts. At vL, A2ur, 
A4mR, A8g.R, wire 30, to line 6 as before. In 
the hundreds order the circuit is traceable from 
line 20, the zero lamp 25, contacts Af R, A2ur, 
A4 mR, A8g.R., wire 30, to line 6. The plus lamp 
2 is also illuminated through the circuit from 
line 20, lamp 27, contacts SCdI, to line 6. 

it will thus be noted that the Setting of the R. 
relay magnets in accordance with the amount to 
be entered, adjusts the contacts of the R magnets 
to permit the completion of a single continuous 
circuit to directly energize the accumulating 
magnets A in accordance with the entered value 
and that the A magnets in turn, upon the setting 
of their contacts, adjust the related contacts for 
the completion of circuits to the indicating lamps 
25. The purpose in providing the slow acting 
relay magnet SA is to provide a slight delay so 
that the R magnets may take a Setting from the 
keyboard and adjust their contacts prior to the 
completion of the ultimate accumulating magnet 
setting circuit. - 

Entering the amount 9 
Following the chart of Fig. 5, the amount 9 is 

now to be added to the amount 16 Set in the ac 
cumulating relay magnets. Again as before, the 
operator depresses the 9 key in the units order 
and the zero key in the tens order, this latter 
setting being to release the previously latched 1 
key. The plus key S9 is now depressed to shift 
the rods 4, 5 to the left and shift the a, b, c, 
and d contacts of the rod 4. Upon closure of 
the contacts 09a a circuit is completed to ener 
gize the magnets R. and R8 in the units order. 
This circuit is traceable from line 6 (Fig. 4), 
contacts O9d, wire (Figs. 4d. and 4b), the up 
permost wire 6, the upper a contacts of the 8 
key, the lower a contacts of the 9 key, contacts 
Sádiz, right hand wire 65, relay magnet R8, 
wire 64, line 820. A parallel circuit extends 
through the lowermost wire 6, upper a con 
tacts of the key, upper b contacts of the 3 key, 
upper to contacts of the 5 key, upper C contacts 
of the 7 key, lower b contacts of the 9 key, con 
tacts 4aL, left hand wire 65, relay magnet R, 
wire 64, to line 20. 

In the tens and hundreds orders no circuits 
are completed since no significant digit is set up 
in these two orders. The magnet ST is again 
energized through the circuit already traced, 
upon shifting of contacts 5t, (Fig. 4b). 
When the slow acting relay contacts SAa close, 
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a circuit is traceable from line 6 (Fig. 4), con 
tacts SAC, wire 64 (Figs. 4d. and 4b), contacts 
5s, SCKL, R, mL, AiR, R2gR, A2 mL, R4oR, 

R8g, wire 43, contacts 5dL, S.Th.L., SCg, 
RfIL, winding of magnet A, contacts AdR, 
R2fR, winding of magnet A2, contacts A2eL, 
RdR, R8cL, wire 47 (Fig. 4a), contacts 

5 mL, SCiL, R, liR, AfL, R2iR, R4h R, R8eR, 
A8dR, wire 50, contacts 5cL, STfL, SCfIL, 
Rigr, winding of magnet A, contacts AeL, 
R2gr, winding of magnet A2, contacts A2fR, 
R4fR, R8dR, wire 2GO (Fig. 4), contacts 59L, 
SCK, RimR, R2qR, A2nR, R4pR, A4iR, RShR, 
wire 20, contacts 5eL, STiL, SChIL, R, ?hR, 
R2h.R., R4fR, R4dR, wire 202 to line 20. 
Included in the circuit just traced are wind 

ings of the magnets A and A2 in the units 
Order and magnets A and A2 in the tens order. 
Upon release of the plus key C9 this circuit is 
broken and the said. A magnets will shift their 
contacts to the alternate position, that is, those 
that are already in set position will shift to unset 
position and those that are in unset position will 
shift to set position. Thus, the magnet A in the 
units order will shift its contacts to set position, 
the magnet A2 in the units order will shift its 
contacts back to the unset position, the magnet 
All in the tens order will shift its contacts back 
to unset position, and the magnet A2 in the tens 
order will shift its contacts to set position so 
that, as shown in Fig. 5 along the line designated 
'add 9,' the setting of the accumulating magnets 
A will be in accordance with the value 25 repre 
sented by a setting of magnet A2 in the tens 
order and magnets A4 and A in the units order. 
In the tracing of the circuit for energizing these 

magnets, it is to be noted that prior to the adding 
of the amount 9 magnet A4 in the units order 
Was in set position, and this setting remained 
undisturbed. 
From the explanation of the manner in which 

the amount 9 is added to the amount 16, it is to 
be noted that the previous setting moves directly 
to the setting representing the accumulated 
amount, that is, immediately upon release of the 
plus key 09 the A magnet contact settings move 
directly from that represented along the line 
"add 16" to the setting represented along the 
line "add 9.' Also the indicating circuits shift 
accordingly to display the amount standing in 
the device. These indicating circuits are trace 
able as follows: in the units order from line 20, 
the 5 lamps 25, contacts AirL, A2SR, A4mL, A80R, 
to wire 30. In the tens order from line f 20, the 
2 lamp 25, contacts AftR, A2u.L, A4 mR, A8gR, to 
wire 30. In the hundreds order from line 20, 
the zero lamp 25, through the circuit already 
traced to wire 30, and from thence through the 
Contacts SCd to line 8. . At the same time the 
plus lamp 2 is also illuminated through the cir 
cuit already traced. 

It will be noted that when two digits are com 
bined in an order of the accumulator, the circuit 
will extend through the wire f42 (Fig. 4b) of the 
units order when the sum of the two digits to 
be combined in less than 10, that is, in cases 
where no tens carry is required, the circuit ex 
tends through the wire 42. Where the sum of 
the two digits is greater than 9, the circuit ex 
tends through the wire 43. These two condi 
tions are illustrated by the example chosen 
where in the units order 6 was first combined 
with the zero and the circuit traced through wire 
f42, while in the second example 9 added to the 
6 standing in the units order involved the trac 
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ing of the circuit through wire 43, which in 
spection will show has the effect of adding a 
"corrective' 6 to the binary sum of 6 and 9, and 
at the same time adds a corrective or carry 1 
to the higher order which, expressed as binary 
numbers, are as follows: 

Correctives 

As seen, the sum of two units order digits is 15 
which, however, must be corrected to represent 
5 and a must be added to the tens Order. 
This would be done mathematically by adding 
the correctives 6 and 1 as shown So that the re 
sult would be the binary expression for 25. 
The wire 43 leads the accumulating circuit 
through the contacts of the R and A magnetS SO 
arranged that these correctives 1 and 6 are 
taken into account and the final result is di 
rectly obtained. 

In the higher orders the action is similar, that 
is, the wires 48 (Fig. 5a) and 20 (Fig. 4) cor 
respond to the wire f 42 of Fig. 4b and the wires 
49 (Fig. 4a) and 203 (Fig. 4) correspond to wire 
43 (Fig. 4b). Inspection will also show that, if 
no tens carry is called for in the units Order, the 
circuit continues through the wire 46 (Fig. 4b) 
which in Fig. 4.a. corresponds to the wire 63 of 
Fig. 4b and from this point the circuit extends 
through the wire 48, if no carry is called for in 
the tens order, and through wire 49 if the Sum 
of the digits in the tens order is greater than 9. 
Where there is to be a carry, for example, from 
the units to the tens order, the circuit in Fig. 4b 
axtends through the wire 47 which then ex 
tends through the wire 50 in Fig. 4d. as traced, 
in connection with the example, 16--9. 
This has the effect of adding 1 to the Value 

in the tens order. If this tens Order is already 
set at 9, there occurs what is known as the 
“carry on carry' condition which requires that 
a 1 be carried to the next higher order. In such 
case the circuit extends in Fig. 4d to the wire 
204 and to the hundreds order where it passes 
through contact settings arranged to increase 
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the sum of the digits in Such Order by 1. 
Carry on carry circuit 

A specific circuit will now be traced to illus 
trate the carry on carry condition. Let it be 
assumed that the accumulator is standing at the 
amount 93 and that the amount 7 is to be added 
thereto. In the units order, therefore, the 7 
added to the 3 standing therein will total 10 
and the 9 has nothing added to it in the hun 
dreds order. To obtain the setting of 100 repre 
senting the sum of 93 and 7, it is necessary to in 
effect add a 6 in the units order, a 7 in the tens 
order, and a 1 in the hundreds order. The 
problem here involved is analyzed in Fig. 6 
wherein the setting of the A magnets for the ini 
tial amount 93 is represented and below is shown 
the Setting of the R. magnets for the value 7 
which is to be added. If the digits in the sepa 
rate orders were combined without carry between 
Orders, the Setting in the unitS order would re 
Sult in a Setting representing 10, in the tens or 

  



der in the setting representing 9, and in the hun 
dreds order a setting representing Zero. Such 
settings require a corrective 6 to be added in the 
units order, a corrective 7 in the tens order and 
a corrective 1 in the hundreds order which, 
when combined with the previous Setting, results 
in the final sum of 100 represented by a setting 
of 1 in the hundreds order. 
To indicate how these correctives are auto 

matically taken care of in the contact arrange 
ment of the various A and R. relay magnets, the 
particular circuit involved in the problem of 
Fig. 6 will now be traced with the assumption 
that the A magnets are set in accordance with 
the value 93 and the R relay magnets have been 
Set in accordance with the value 7 and the plus 
key (9 in Fig. 4 has been actuated So that rods 
4 and 5 are to the left and magnet ST is en 

ergized as already explained. This circuit is 
emphasized in heavy lines on the circuit dia.- : 
gram to facilitate its tracing: from positive side 
of line 6 (Fig. ), contacts SAC, wire 63 
(Figs. 4a, 4b), contacts 5s.I., SCRI, Rim, 
AfiL, R2pL, A2-mL, RA.n.L., wire (43 (since a tens 
carry is called for), contacts 5d., S.Th.L., 
SCgll, Rift, winding of magnet A (this re 
turns the magnet A to unset condition), con 
tacts AdL, R2e, winding of magnet A2 (this 
returns the magnet A2 to unset condition), con 
tacts A2dL, R4CL, R8bR, wire 47 (since a tens 
carry is called for), contacts Smi (Fig. 4a), 
SCiL, R. iR, Aff, R2iR, R4h.R., R.BeR, A8d., 
wire i5 (since a carry is called for), contacts 
f 5b, STcl L., SCeL, R, eR, winding of magnet 
A (this returns the magnet Ai to unset condi 

...tion), contacts. Afd, R2eR, R4dR, R8cR, wind 
ing of magnet A8 (this returns the magnet A8 to 
unset condition), contacts A8cL, wire 204 (since 
a tens carry is called for), contacts 55fL (Fig. 
4), SCiL, R, iR, AffR, R2iR, A2 hPR, RiR, Aáfr, 
R8fR, wire 205 (since no tens carry is called for), 
contacts 5cL, STfL, SCft, RigFR, winding of 
magnet Ai (to set magnet A), contacts AleR, 
R2h.R., RAfR, R8d.R., Wire 202 to negative side of 
line 20. 

In analyzing this circuit it is noted that for 
each order the circuit passes through a set of 
contacts of the A and R magnets, which may 
be said to inspect the two numbers to be con 
bined in the particular order to determine wheth 
er a corrective is to be taken into account or 
not. . Thus, for the units order the setting of 
the coratacts to direct a circuit through Wire 
43 determines that a corrective 6 is to be ap 

plied to the units order. Thereafter, the cir 
cuit extending through wire 47 determines 
that a corrective 1 is to be applied to the tens 
order, and the setting of the contacts in th? 
tens order extending from the Wire to the 
wire 5 takes into account the fact that this 
Order is standing at 9, and that the addition of 
1 will cause this order to pass through 10, so 
that it requires the corrective 6 in addition to 
the corrective 1, resulting in the ultimate in 
clusion of the corrective 7 in this order from 
which it passes through the wire 5, through 
further contacts to the wire 204, which deter 
mines that a corrective 1 is to be carried over 
into the hundreds order. 
Through the contacts in the hundreds order 

extending to the wire 205, it is indicated that 
no additional corrective other than the one car 
ried from the tens order is required, so that the 
circuit continues through this wire 205 to enter 
the 1 in the hundreds order. Since there is no 
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previous entry in this order, only the Alf magnet 
is energized. Inspection will show that, if the 
order were standing in any other digit, the re 
Sultant entry Would be 1 greater than the initial 
setting. 
This example serves to illustrate that for the 

corrective 7, the circuit extends through con 
tacts SCe; for the corrective 6 the circuit ex 
tends through contacts SC9; for the corrective 
1 the circuit extends through contacts SCf and 
for no corrective the circuit extends, through 
contacts S.Ch. - 

It is to be particularly noted that for eac 
order the right hand windings of the A magnets 
with the connected A and R contacts constitute 
What may be termed a relay chain for adding 
amounts when the energizing circuit enters 
through the Rih contacts. That is, this relay 
chain is effective to alter the A magnet Settings 
when no corrective is to be included in the sum 
mation. 

i Sibtraction 

The procedure in subtracting is similar to 
adding in that the amount to be subtracted is 
Set up on the keys , but this time instead of 
depressing the plus key 09 the minus key i 
is operated to close its contacts if Oa. For sub 
traction, the rods 4 and 5 are not disturbed 
So that their related contacts remain in the posi 
tions shown in the circuit diagram. 
A specific example will now be set forth in 

which the amount 17 is subtracted from the 
amount 25 standing in the accumulator. This 
example is indicated in Fig. 5, where it is shown 
that the amount 17 subtracted from 25 results 
in the setting of the accumulator to represent 
the positive total 8. The first operation is to 
Set the amount 17, in the keys which is done 
by depressing the 1 and 7 keys in the tens and 
units order, respectively, so that their contacts 
are shifted and latched, and any previously 
latched contacts are released. In the hundreds 
Order, of course, no significant digit keys are 
latched. Upon depression of the minus key 30, 
the R relays in the several orders will be ener 
gized in accordance with the complement of the 
digit set on the keys, that is, in the hundreds 
order all four R. magnets will be energized, in 
the tens order magnets R2, R4 and R8 will be 
energized and in the units order R8 will be en 
ergized. 

The energizing circuit for the hundreds order 
extends from positive line 6, to contact Oa, 
wire 4, wires 68, thence through all four 
Wires, through all the upper key contacts a, b 
and c, to the contacts 4a, b, c, and d right, 
through the four wires 65, the four R, magnets 
and wire 202 to negative line (20. In the tens 
Order the circuit from wire 7 extends through 
the three upper wires 6, the upper contacts of 
all the keys except the 1 key, to the contacts 

8b, c, d, right to the R8, R4 and R2 magnets, 
Wire 64 to line A20. In the units order the cir 
cuit from wire extends through only the 
uppermost wire 6, the upper a contacts in the 
9 and 8 keys, contact 4d R, magnet R8, wire 
64 to line 20. 

Comparison devices 
At this point it may be explained that, when 

Subtracting operations are involved in which the 
two numbers to be combined are of different alge 
braic sign, the so-called comparison circuit is 
brought into operation to control the relay mag 
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net ST in the lower left hand corner of Fig. 4. 
This magnet is energized through the previously 
traced circuit whenever two positive amounts 
are combined but may be energized or deener 
gized When the signs of the two amounts are dif 
ferent, depending on the relative numerical val 
ues of the amountS. Briefly, the results may be 
tabulated as follows: Where A represents the bal 
ance standing in the accumulator and R, repre 
Sents the amount to be entered, then for the 
condition 

+A greater or less than + R, magnet S is energized 
- A greater or less than m-R, magnet ST is not energized 
+A greater than - R, magnet ST is energized 
+A less than r-R, magnet ST is not energized 
- A EE than + R, magnet ST is not energized 
-A less than - R, magnet ST is energized 

For each accumulator Order there is provided 
a pair of contacts A8f (Figs. 4, 4a and 4b) and a 
Series of other contacts controlled by the R and 
A magnets directly below. In the hundreds or 
der the movable contact blade of contacts Af 
is connected by a wire 20 to positive side of 
line 6 and from the lowermost of this group 
of Contacts in the hundreds order there extends 
a wire 208 (Fig. 4a) to the contacts A8f in the 
tens order. From the lowermost group of con 
tacts in the tens order the wire, 35 extends over 
Fig. 4b to the contacts A8f of the units order. 
The lowermost contact of the group in the units 
Order has connections to the n and o contacts of 
the magnet SC. 
When the annount standing in the accumu 
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lator is positive, the contacts cf the SC magnet . 
are in the position shown and, when a positive 
amount is added, the contacts of the rod 5 are 
shifted to the left, so that a circuit is traceable in 
F. . 4b from line 6, wire f 40, contacts SCL, 
5t, wire. 209 (Figs. 4a, 4), relay magnet ST, 

wire 202 to line 20. This causes a the ST con 
tacts to assume the left hand position when two 
positive amounts are added together. 

If the amount standing in the accumulator is 
negative, the contacts of the SC magnet are in 
their right hand position and the circuit through 
wire 40 (Fig. 4b) is not completed. Also, when 
a negative amount is to be entered contacts 5t 
are in their right hand position so that no cur 
rent will be supplied to wire 299 and as a result, 
for this condition the magnet S is not ener 
gized. 
When the two numbers added are different in 

sign, the negative one is represented as a con 
plement on either the A relays or the R relays. 
Since the digits are represented in a binary sys 
tem of notation, it is apparent that the relative 
size of the numbers is indicated by the highest 
order position in which the related R and A mag 
nets are both set or both unset. 
The following examples will serve to illus 

trate this. ASSunning the number --5 set in the 
A magnetS and the number -3 set in the R. 
magnets, the relative setting for these magnets 
in the two Orders may be represented as follows: 

Tes Units 

A magnet setting --05--------- 
R. magnet setting -03--------- 

Scanning the indications from left to right, we 
find the highest Order in which the magnets are 
both set to be that representing 4 and the fact 
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that both are set is an indication that the posi 
tive amount is greater than the negative amount. 
ASSunning that the positive amount is less than 

the negative amount, the settings are as foll 
OWS 

Units 

A laagnet setting --06.-------- 
R. Eagnet setting -07--------- X 

Here we find the highest order in which both set 
tings are alike to be that representing the value 
2 in the units order. In this case both magnets 
are in the unset condition which is an indica 
tion that the negative amount is greater. 

Similarly, if the amount on the A magnets is 
negative and the amount on the R relay is posi 
tive, we find: 

TIs Units 

8 4. 2 i 8 4 2 

Anagnet setting -05-------- X X X X X | - X 
magnet setting --03. ------- - - I - I - E - I - XX 

Here the like setting is in the 4 position of the 
units order with both magnets in unset cons 
dition indicating that the negative value is 
greater. 

Finally, where the negative amount on the A 
magnets is less than the positive amount on the 
R. magnets, we find: 

Units 

A. Emagnet setting -05.-------- X 
R. Inagnet setting --07--------- 

in this case the like setting is in the 2 position 
with both magnets in the set condition indicat 
ing that the positive value is greater. 
Applying these deductions to the circuit (Figs. 

4 and 4d) and assuming a --005 setting on the 
A magnets and a -003 setting on the R magnets, 
a circuit is traceable from positive line 6 (Fig. 
4), wire 20, contacts. A8fR, R8iL, A4kR, RuL, 
A2rr, R2DL, AmR, RiqL, to wire 208 (Fig. 4a), 
contacts A8fR, down through the related con 
tacts in the same manner as for the hundreds 
order to wire f35 (Fig. 4b), contacts A8fR, R8iL, 
A4k, R4t, wire 36, thence to contacts SCOL, 

StR, wire 209 (Figs. 4a and 4), magnet ST 
to line 20. 
Assuming now the condition of the A mag 

nets set at --005 and the R magnet at -007, a 
circuit is traceable just as before to the wire is 
(Fig. 4b) and extends through contacts ABfR, 
R8iL, A4k, R4tR, A2 rR, R2DR, at which point 
the circuit is terminated so that, for the cond 
tion in question, the magnet ST is not energized. 
Assuming now for a further example that the 

A magnets are set at -005 and the R magnets 
at --003, the circuit extends from line ff (Fig. 
4), wire 27, through contacts A8fL, R8R, Alk, 
R4tR, A2r, R2bR, AmL, RipR, wire 208 (Fig. 
?ia), thence down through the same contacts in 
the tens order to wire 35 (Fig. 4b). From there 
the circuit continues to contacts A8fL, R8R, 

75 AkR, R2LR, at which point this circuit also ter 
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minates without effecting energization of the 
magnet ST. 

In the final condition where the Amagnets are 
set at -005 and the R magnets at --007, a circuit 
is traceable as before to wire 35 (Fig. 4b), from 
where it continues downwardly through contacts 
A8fL, R8R, A4kR, R4aL, A2rL, R2u.L, wire f36, 
contacts SCnR, 15t, wire 209, to the magnet ST 
to energize the same. 
From the tracing of these comparison circuits, 

it will be seen that where the two numbers are 
of the same value but different sign in any order, 
the circuit passes through the comparing con 
tacts to the wire 208 or 35 and, where there is a 
difference in value, a circuit is completed to en 
ergize the magnet ST in accordance with the 
conditions of comparison and sign enumerated 
hereinabove. 

Subtracting 17 from 25 
With the A magnets set to represent 25 and 

the R magnets set to represent the complement 
of 17, as explained above, the circuit will now be 
traced which causes the setting of 025 as indi 
cated in Fig. 5 to readjust the A magnets to rep. ; 
resent a setting of 008. Upon closure of the con 
tacts of the slow acting relay magnet SA (Fig. 4), 
the accumulating circuit extends from positive 
side of line 6, contacts SAa, wire 63 (Figs. Aid, 
4b), contacts 5sR (since rod 5 is not shifted 
for a negative entry), contacts SC.m., STm, 
(magnet ST is energized since this is a condition: 
of the positive A amount greater than negative 
R amount), contacts RijR, AfgL, R2k5, A2iR, 
R4i R, R8fL, A8dR, wire 
STeL, R, cr, winding of magnet Ai (to return 
this magnet to the unset condition), contacts 
AcL, tR2cR, Ric, winding of magnet, A3 (to 
return this magnet to unset condition), contacts 
AcL, R3b, winding of magnet A8 (to set, this 
magnet), contacts A3tr, wire 47 (Fig. 4a) con 
tacts SmR, SCiL, STici, RimR, R2sL, Azoa, 
R&p, R3gi, wire 49, contacts SdR, Sig, 
Ribir, R2b, winding of magnet A2 (to return 
this ragnet to unset condition), contacts A22), 
Réal, R8af, wire 2GG (Fig. 4), contacts 5gr, 
SCmi, SimL, R, iii, R2k, R4ii, R8e, wire 206, 
contacts 85bFR, STcL, contacts R. g., R.2g, 
R4 air, R3ail, wire 22, to negative side of line 20. 
Upon opening of contacts SAa, the A magnets 

take the setting indicated along the line 'sub 
tract 17' (Fig. 5) and the lamps 25 will indicate 
the value --008. Analyzing this problem and the 
circuit traced, we find that the units order A 
magnets were set at 5 and that the R magnets 
were set at 8 (complement of 7) which, when 
added to 5, would result in 13 requiring a correc 
tive 5 to he taken into account, reducing the 13 
to the corrective result 8. In the tens order the 
A magnets were set at 2 and the R magnets set 
at 14 (complement of 1) whose sum resulted in 
16 and required no corrective. In the hundreds 
Order the A setting of Zero with the setting of 15 
(complement of zero) on the R magnets would 
result additively in 15 requiring a corrective -15 
to be introduced to obtain the result zero. These 
correctives are taken care of through the setting 
of the various contacts involved in the circuit 
traced. 

Subtracting 59 from 8 

With the A magnets set to represent 8 and the 
keys set to represent 59, circuits are completed 
in the now familiar manner upon depression of 
the minus key 0 to energize the R magnets in 
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accordance with the complement of 59. For this 
condition we have the positive A amount less than 
negative R amount, for which condition as ex 
plained the relay magnet ST does not become en 
ergized, rod 5 remains in its right hand posi 
tion and the SC contacts remain in their left 
hand position, so that upon closure of the SAa 
contacts the accumulating circuit is traceable 
from line 6, through the contacts SAC (Fig. 4), 
wire is3 (Fig. 4b), contacts 5sR, SCmL, STmR, 
RimR, R2s, A2OR, R4qL, A4iR, R8hR, wire 42, 
contacts SeR, STiR, SChL, RhER, R2h.L., wind 
ing of magnet A2 (to set the magnet A2), con 
tacts A2fR, Rif, winding of magnet A4 (to set 
the magnet A4), contacts AdR, R8dR, wire 46 
(Fig. 4a), contacts 5nFR, SCmL, STmR, R mR, 
R2sL, A2OR, R4qR, R8hL, A8eR, wire 48, con 
tacts 5eR, STiR, SChI, RhPR, R2h.L., winding 
of magnet A2 (to set magnet A2), contacts A2fR, 
R4fR, R8dL, winding of magnet A8 (to set this 
magnet), contacts A8cR, wire 200 (Fig. 4), con 
tacts 5gR, SCmL, STmR, Rf nL, AiR, R2s.L, 
A2OR, RaqL, A4i R, R8hL, A8eR, wire 20, con 
tacts 5eR, STR, SChL, Rih, winding of mag 
net Ai (to set magnet A), contacts AfeR, R2h.L., 
winding of magnet A2 (to set magnet A2), Con 
tacts A2fR, R4fL, winding of magnet A4 (to set 
magnet A4), contacts AddR, R8dL, Winding of 
magnet A8 (to set magnet A8), contacts A8cR, 
wire 22 to line 20. This circuit conditions the 
A magnets for shifting to represent the comple 
ment of 5 upon opening of the contact SAa. 
An additional circuit is also traceable due to 

the changing sign of the result, which circuit is 
traceable from the contacts SAC (Fig. 4), 
through contacts ScR, STbR, SCcL, winding of 
magnet SC, wire 22 to line t20. This circuit en 
ergizes the magnet, SC which, as explained, is 
of the same construction as the A magnets, so 
that upon its subsequent deenergization it will 
shift its contacts to their alternate position, 
which position they occupy whenever the bal 
ance in the accumulator is negative. 
As a result, the minus lamp 25 is now illumi 

nated through a circuit traceable from line 20 
(Fig. 4), minus lamp 26, contacts SCdR, to 
line 6. 
The lamps 25 will be illuminated in accordance 

with the true value of the negative complement 
and the circuits in the three orders are traceable 
as follows: for the hundreds order, from line 2 
(Fig. 4), the Zero lamp 25, contacts Au, A2L, 
A4m, A3h.L., wire 3, contacts SCdR, to line 6. 
In the tens Order the circuit extends from line 
i20, the 5 lamp 25, contacts AsR, A2tL, A4u.R., 
A8h, wire 3, to line 6 as for the hundreds 
Order. In the units order the circuit is traceable 
from line 20, the 1 magnet 25, contacts Aur, 
A2L, AinL, A8.hL, and wire 3 to line fle as 
before. 
Thus, at the end of this operation the balance 

51 is set in the form of a complement on the A 
magnets and the lamps indicate the true value 
-051. This condition of the device is indicated 
in Fig. 5 along the line headed 'subtract 59.' 

Enter -39 

The circuits will now be traced for the further 
subtraction of the amount 39 which with the neg 
ative amount 51 standing in the accumulator will 
result in a setting of -90 as indicated in Fig. 5. 
At the outset, the A magnets are set in accord 
ance with the indications along the line desig 
nated 'subtract 59' in Fig. 5 and the minus lamp 
25 is illuminated together with the lamps 25, ep 



O 
resenting 051. The amount 39 is set on the keys 
and the minus key fo is depressed. Thus, upon 

closure of the contacts f Oa in the now familiar 
manner the R relay magnets are energized in ac 
cordance with the complement of the amount 39. 
Specifically, all the R magnets in the hundreds 
order are energized, the magnets R4 and R8 in 
the tens order and the magnets R2 and R4 in the 
units Order are energized with accompanying 
shift of the related contacts. 

During this operation, the relay magnet ST 
is not energized, since the contacts 5t (Fig. 
4b) are in their right hand position and the 
contacts SCo are also in their right hand posi 
tion, so that no circuit can be completed through 
the wire 209 which extends to the magnet ST. 
Accordingly, since both quantities are negative, 
the comparison circuit is ineffective. 
With the contacts of magnet SC, ST and rod 
5 in their right hand positions, the accumulat 

ing circuit is traceable upon closure of the con 
tacts STa as follows: from line 6 (Fig. 4), 
contacts SAa, wire 63 (Figs. 4a, 4b), contacts 

5sR, SCmR, R KR, AhR, R2OL, R4kL, R8f R, 
wire f44, contacts 5cR, STeR, SCfR, RfcR, 
winding of magnet A (to set this relay), con 
tacts AcR, R2dL, R4c, R8bR, wire 47 (Fig. 
4a), contacts 5mR, SCiR, RoR, R2u.R., A2qL, 
R4rL, R8h, A8eL, wire . 49, contacts 5dR, 
STgR, SCgFR, R bR, R2bR, R4b, winding of 
magnet A (to set this magnet), contacts A4bR, 
R8bL, winding of magnet A8. (to unset this 
magnet) contacts A8b, wire 200 (Fig. 4), con 
tacts 5gR, SCmR, RfcL, R2nL, A2iL, R4iL, 
A4fL, R8eL, wire 206, contacts 5bR., STcR, 
SCeR, RaL, R2aL, RaL, R8aL, wire 202 to line 
20. The circuit just traced will energize the 
appropriate A magnets so that upon the open 
ing of the contacts SAa, the proper setting will 
be made in these magnets to represent the nega 
tive result 90. 

Adding 304 to -90 
The next line in Fig. 5 shows the result of 

adding 304 to the negative quantity 90 which 
results in the setting of the . A relay magnets to 
represent the positive quantity 214. The first 
step is to set the amount 304 on the keyboard 
and to depress the plus key 09. This will re 
sult in energization of the R magnets in accord 
ance with the positive value 304. Specifically, 
in the hundreds order magnets A and A2 are 
energized, in the tens Order none of the mag 
nets are energized, and in the units order the 
magnet A is energize?. 

In accordance with the conditions now present 
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where the negative amount standing in the ac 
cumulator is less than the positive amount to 
be added, the relay magnet ST will be energized 
under control of the comparison circuits through 
which the energizing circuit may be traced as 
follows: from line 6 (Fig. 4), wire 2. con 
tacts A8fL, R8iR, A4ici, R4tR, A2rL, R2?, to 
wire 36 (since in this order both the A and the 
R relays are set, it is an indication that the 
positive amount is greater than the negative 
annount). From wire 36 (Figs. 40. 4b) the 
circuit continues through contacts SCnR... St. 
(since the plus kev 09 is depressed), wire 209, 
magnet ST, wire 202, to line (20. 
Since the sign of the result, is to change from 

minus to plus, the magnet SC is also energized 
at this time to prepare its contacts for shift 
ing back toward the left after the accumulating 
circuit has been broken. This energizing circuit 
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is traceable from line 20, wire 202, winding of 
magnet SC, contacts SCbR, STa, 5a, con 
tacts SAa, to line 6. 
The accumulating circuit is traceable as foll 

lows: from line 6, contacts SAa (Fig. 4), wire 
63 (Figs. 4d, 4b), contacts fis, SCKR, STmL, 
RiR, AgIL, R2KR, A2i, RiL, ReR, AdL, 
wire f45, contacts f f 5bL, STd, SCeR, Rar, 
winding of magnet A (to unset this magnet), 
contacts Alb, R2aR, winding of magnet A2 (to 
unset this magnet), contacts A2b, Ra, con 
tacts R8aR, winding of magnet A8 (to unset 
this magnet), contacts A8bL, wire 46 (Fig. 4d), 
contacts f 5 mL, SCKR, STmL, RiFR, AfgR, 
R2 mR, R4iR, R8fR, wire 50, contacts if ScL, 
STfL, SCfR, R cFR, winding of magnet A (to set 
this magnet), contacts AcR, R2d FR, winding of 
magnet, A2 (to unset this magnet), contacts 
A2dL, R4cR, winding of magnet A4 (to unset 
this magnet), contacts Alc, contacts R8bR, 
wire 204 (Fig. 4), contacts 5fL, SCiR, STKL, 
R. mL, AiL, R2 rL, R4pR, AiL, R8g.R., AeL, 
wire 203, contacts if 5dL, S.Th.L., SC.gR, Rb, 
winding of magnet A (to unset this magnet), 
contacts Afbl, R2aL, R4aR, winding of magnet 
A4 (to unset this magnet), contacts A4b, R8aR, 
winding of magnet A8 (to unset this magnet), 
contacts A8b, wire 202 to line f 20. 
This circuit will cause readjustment of the 

setting of the A magnets in accordance with 
the total 214 as indicated in Fig. 5. Upon 
release of the plus key O9, the readout contacts 
of the. A magnets will take position to complete 
circuits through the lamps to represent --214. 

Subtracting 25 from 25 

Circuits will now be traced to show what takes 
place when two equal numbers of opposite sign 
are combined. It will be assumed that the A 
magnets are set to represent 25, the keys are 
set to also represent 25 and that the minus key 
if C is depressed. As a result, all the R relays 
in the hundreds order will be energized, the Rf, 
R4 and R8 relays in the tens order Will be en 
ergized, and the R2 and R8 relays in the units 
order will be energized. 
A circuit is then traceable from line 6 (Fig. 

4), wire 207, contacts A8 fr, RejL, A4kcR, R4 ul, 
A2rR, R2dL, AfmR, RiqL, wire 208 (Fig. 4a), 
contacts A8 fr, R8jL, A4kR, R4 u, A2RL, R2R, 
A mR, Riq, wire 35 (Fig. 4b), contacts A8fR, 
R8jL, A4kiL, R4tR, A2rR, R2wL, AmL, RipR, 
SCoL, if StR, with 209 (Figs. 4a and 4), relay ST, 
wire 202 to line f20. If the A value had been 
negative and the R value positive, the circuit 
would have gone through contacts SCnR, and 

5tL, to also energize relay ST. Thus, when 
ever the two amounts are alike in value, but dif 
ferent in sign, relay ST is energized. 
For the problem being considered, upon clo 

sure of the contacts of the slow acting relay SA 
(Fig. 4), the accumulating circuit extends from 
positive side of line 6, contacts SAa, wire 6 
(Figs. 4a and 4b), contacts Ss.R. (since the R. 
value is negative), contacts SCmL (since the A 
value is positive), contacts STmL (since relay 
ST is now energized), contacts RijR, AgI, 
R2ic), RiR, A4fL, R8eL, wire 45, contacts 
5b, Sci, RiaR, winding of relay Af, contacts 

Albi, R2a, R4bR, winding of relay A4, contacts 
A4b, R3a.L, wire 46, (Fig. 4a), contects f 5nR, 
SCn, Srini, RiiL, R2kR, A2iL, RiL, RBeL, 
wire isi, cont: s 55R, STcL, R, faL, R2aR, 
winding of rela? ..., contacts A2bL, R4a, R2dL, 
yi's is {aig. 3), contacts Sgr, SCm, STmI, 
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Rii, R2k, RiiL, R8eL, wire 206, contacts 

Str., STc, Ra, R2a, Réal, R&OL, wire 22 
to line 2. As a result, the A relays will be 
cleared to represent zero, upon the opening of 
contacts SAC. 
The energization of relay ST had shifted its 

contacts STa and STb (Fig. 4) and it will be 
noted that, when contacts SAa close, no circuit 
is traceable to relay SC with the result that the 
SC contacts remain in the position shown and 
the -- lamp 2 is lighted. 

For the alternative condition, where the A 
amount is negative and relay SC accordingly with 
its contacts shifted, a circuit is traceable from 
ineff S, contacts SAa, 5a, (since the R, amount; 
is positive), STa, SCbR, winding of relay SC, 
wire 262 to line 20. As a result, when contacts 
SAG open, the relay SC shifts back to its positive 
position as shown in Fig. 4 and its contacts SCd 
light positive lamp 2 and also feed current to 
wire 39 to illuminate lamps 25 to represent 000. 

Resetting the accumulator 

It is to be noted in the wiring diagran that 
for each of the A magnets there is a pair of 'a' 
contacts which are closed when the related inag 
inet is in set condition. When it is desired to 
clear the machine, the key (Fig. 4) is de 
pressed to close its contacts a. This will coin 
plete a circuit from line 6, contacts (; to 
wire 228, which in Fig. 4 extends in parallel to 
the left hand winding of all of the A. naggets, 
and for those in set condition the circuit, wiii 
continue through the a contacts to wire 282 and 
line. 2, In Fig. 4a wire 2 extends to the 
similar left hand Windings of the A magnets and 
for those in set condition, parallei circuits ex 
tend through their a contacts to wire S43 &nd 
line 26. Likewise, in the units order wire 2. g6 ex 
tends in parallel through the left hand windings 
of the A magnets, the a contacts of those it set 
position, and Wire 34 to line A26. In this at 
ner all the A magnets that are set are energized 
upon depression of the clearing key G, and upon 
release of the key and opening of the contacts 
8 a the A. magnets will advance to their unset, 
position so that they are now all unset, and the 
readout contacts will be in a position to coin 
plete circuits through the zero lamps 25 and the 
circuit is also completed through the plus lamp 
2 as already traced. 

If magnet SC is in “set' position, the closure 
of the reset contacts a will also complete a 
circuit from line 6, contacts a, wire 26, 
contacts SCCR, winding of magnet SC, to line 20. 

From the foregoing it is apparent that the en 
try of a number into the accumulator additively 
or subtractively requires only the setting of the 
number on the keyboard and the depression of 
the appropriate key O9 or O. This has the 
effect first of setting up the number on the R. 
relays and also energizing the slow acting mag 
net SA which initiates the establishment of the 
So-called "accumulating' circuit, a number of 
which have been traced for the different exam 
ples. This circuit extends serially through all 
the Orders of the accumulator through the single 
impulse initiated by the slow acting magnet con 
tacts SAa, and effects the adjustment of the ac 
cumulating magnets A to represent the new re 
sult either as a positive or negative balance. 

The arrangement of Figs. 7 and 7a. 
In Figs. 7 and 7a is shown an arrangement of 

the accumulating circuits by means of which 
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each Order may be adjusted to hande fractions 
of any denominator up to 16. For this purpose 
the keyboard is provided with sixteen keys 
in each order Corresponding to the tell keys of 
Fig. 4 and the contacts operated by these keys 
are similarly arranged to enter either the direct 
binary equivalent of the number into the R re 
lays or the complement thereof just as for the 
form already explained. The same A and R. re 
lays as well as the SC, ST and SA relays are pro 
vided as well as the same clear and readout cir 
cuits which in Figs. 7 and la are identified in 
the same manner as in the circuit diagran of 
Figs. 4, 4a and 4b. 

In Connection with the readout circuits there 
is a greater number of lamps 25 provided which 
calls for a greater number of controlling con 
tacts as is obvious. The same add, subtract and 
clear keys 09, O and f, respectively, are pro 
vided which operate in the same manner as in 
the form already described. The difference be 
tWeen the two circuits lies in the fact that in 
Figs. and 7a there are provided four additional 
relay magnets generally designated C, each of 
which controls a group of contacts show at the 
right thereof. The magnets in any order are en 
ergized through circuits to be traced later, in ac 
cordance with the value of the fraction to e 
handled by the particular order. This energiza 
tion is effected under control of a set of four cams 
designated 30, 302, 304 and 338, which are 
noted upon a connon Shaft indicated at 3 
on the extremity of which there is a handie and 
pointer 3 (2, by means of which the shaft may be 
turned to any one of the numbered positions rep 
resented on the dial S. 
The cams are provided with low and high por 

tions which cooperate with contacts generally 
designated by the reference character of the earn 
followed by the suffix a. When the high pnini, of 
any can is along a horizontal line, it shifts its 
contacts from the position shown in Fig. 7 to 
Ward the left. In the following table tiere is 
indicated the contacts that are shifted ior each 
different setting of the cams: 

Pointer setting Contacts shifted 

2.---------------------------- - - - 32. 

3-- 30 382 
4.-- 
5. 30s 
6 32g 
7. 30G 32 
8. - - 38 

9. 31 38 
- - 302a: g 

300 32 38 
30a, 308 

301 39. 30S 
Y 302c 304a 308C 

30c. 302a 304G 38 
None None None Nore 

The function of the C magnets is to effect an 
adjustment of the accumulating circuits, so that 
the proper tens carry and corrective requirements 
will be taken into account for the different frac 
tions that may be handled by any order. The con 
tacts 30 for to 308a may energize their related C 
magnets when either in their left hand or right 
hand position, through circuits extending from 
either a wire 90 for the left hand side or wire 
89 on the right hand side. 
The manner in which circuits are completed 

through wires 89 and 90 will be explained in 
Connection with the tracing of particular prob 
ems hereinafter. Suffice it to say at the pres 
ent time that, when a circuit is completed to wire 
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89, the C magnets are energized through the 

right hand contacts 3C a to 303a and, when a cir 
cuit is completed to the wire 9C, the C mag 
nets are energized through the contacts in their 
left hand position. 

Entering 1 foot and 8 inches 

An example will now be given involving the 
handling of twelfths (inches) in the lowest or 
der, and thirds (feet) in the next order. 
As a preliminary, the dial 30 in the lowest, or 

der is set to the numerai 2 rotating the cans 38 
to 388 So that the contacts 304a and 308G are 
shifted to their left hand position. The tens order 
dial is Set to numeral 3 and as a result the re 
lated can S shift the contacts 30 a. and 3C2a to 
their left hand position. The plus lamp 2 and 
the Zero lamps 25 are illuminated through cir 
cuits corresponding to those already traced in 
Connection with Fig. 4, so the tracing of these 
circuits will not be repeated herein. 
The operator depresses the #8 key in the 

right hand order designated “unit' for conven 
ience and the Fi key in the left hand order des 
ignated "tens' for convenience, although it is to 
be borne in mind that these two Orders now repre 
sent inches and feet, respectively, for the opera 
tions about to be explained. The plus key 09 is 
first depressed and circuits are completed through 
the key contacts to energize the Ri relay magnet 
in the tens order and the R8 magnet in the units 
order, the two circuits corresponding to those al 
ready traced, so much need not be repeated at 
this time. - 

The operation of key O9 has shifted its rod 
5 toward the left, so that a circuit may now be 

traced from line 6 (Fig. 7a), wire 240, contacts 
SCr, contacts 5i, to the wire 89. From this 
Wire the circuit continues in the units order, 
through the left hand contacts 3d and 302a in 
parallel, magnets C and C2, wire 64, to line 28. 
In the tens order the circuit continues through 
wire 89 to the left hand contacts 304a and 308a. 
in parallel, magnets C4 and C8, wire 202, to line 
2. Thus, just prior to the closure of the slow 

acting relay contacts SA, the relay magnets R., 
C4 and C3 in the tens order are energized and 
the magnets R8, C and C2 in the units order 
are energized with the resulting shift of their 
related contacts. This provides a circuit path. 
completed upon closure of the contacts SAC for 
setting the value i foot 8 inches on the accu 
mulating magnetS. 
Magnet, ST is energized at this time over a cir 

cuit from line 6 (Fig. ta), wire 246, contacts 
SCnL, 5i, wire 209 (Fig. 7), magnet ST, wire 
202 to line 20. 
The accumulating circuit path is traceable as 

follows: from line 6 (Fig. 7), contacts SAa, 
wire 63 (Fig. 7a), contacts 5g, SCk, CfI, 
RimR, C2h. , R2qR., C4 hR, R4rR, A4iR, C8 iR, 
R8 mu, A8qR, wire 42, contacts 5e, STi I, 
SChi, R. hER, R2h.R., RhER, R8d?, winding of 
magnet A8 (to set this magnet), contacts ABCR, 
wire 46 (Fig. 7), contacts 5g, SCKL, CfR, 
RoL., C2h.FR, R2 rR, A2iR, CiL, R4rR, A4iR, 
C8i, R8kR, A8g.R, wire 48, contacts 5e, 
STjL, S.Ch., Rh, winding of magnet A (to set 
this magnet), contacts AleR, contacts R2hR, 
R4h R, R8dR, wire 202, to line 20. 
Upon release of the key OS and opening of 

contact SAa, the two magnets, A in the tens 
order and A8 in the units order will shift their 
contacts to their set position and the indicating 
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lamp circuits will be completed to indicate 
--i -8. 

Add 5 inches to 1 foot 8 inches 
The manner in which circuits are adjusted to 

add 5 inches to the amount now standing in the 
accumulator to obtain the result 2 feet 1 inch will 
now be explained. The keyboard is adjusted to 
set up Zero in the tens order and 5 in the units 
order and, as for the previous entry, upon the 
depression of the plus key (9 the relay magnets 
Rá and R$ in the units order are energized and 
also the magnets Ci and C2. In the tens order 
no R. magnets are energized, but the C and 
C8 magnets are energized as before through the 
circuit extending over the Wire 89. Wagnet SF 
is also energized as before. 
With the slow acting relay contacts SAa now! 

closed, the following circuit, which is emphasized 
in heavy lines, is traceable: line 6 (Fig. 7), con 
tacts SAO, wire 63 (Fig. 7a), contacts 5g, 
SCIcL, CfI, Rim, AiR, C2h.L., R2gR., C4hR, 
R4r, C8hR, R8kR, A8gL, wire 43 (this being the 
tens carry wire), contacts 5d., S.Th.L., SC.g., 
ClbL, RidL, winding of magnet A (to set this 
magnet), contacts AfcR, C2b, R2d R., C4bR, 
R4eL, C8bR, winding of magnet A8 (to unset this 
magnet), contacts A8cL, wire 47 (this being the 
tens carry wire to the next order), the contacts 
5fL (Fig. 7), contacts SCiL, Cid R, RijR, C2eR, 

R2icR, A2gR., C4fL, R4 kcR, A4 gR, C8fL, R8gR, 
A8eR, to the non-carry wire 50, contacts 5cL, 
STfL, SCfL, Rigr, winding of magnet At (to un 
set this magnet), contacts AeL, contacts R2gFR, 
winding of magnet A2 (to set this magnet), con 
tacts A2eR, R4h R, R8dR, wire 202 to line 20. 
Through this circuit the setting of the A mag 

nets is changed to represent 2 feet 1 inch. The 
incidental indicating circuits are similar to those 
already traced and result in the lamps displaying 
the value --2 - i. 

Subtracting 1 foot 11 inches from 2 feet 1 inch 
A subtracting operation with the device Set for 

handling feet and inches will now be explained 
to show how the circuits take care of subtract 
ing conditions. The operator first, sets up the 
tens or feet keys to represent i and the units 
or inches keys to represent li. Upon depression 
of the minus key it, the R magnets in the tens 
order will be energized to represent the comple 
ment of 1. Specifically, the relay magnets R8, Ré 
and R2 are energized. In the units order the R. 
magnets are energized to represent the comple 
ment of ill represented by energization of the re 
lay magnet R6. 
The C magnets are now energized in a different 

manner than when adding. Current therefor is 
obtained through the comparing contacts 
through a circuit traceable from line 6 (Fig. 
7), wire 207, contacts A8hR, R8oL, A4mR, Rui, 
A2 mL (since this magnet is set), contacts R20 
to the wire f36 (Fig. 7a), contacts SCQL, 5iR, 
wire 90 which in the units order continues the 
circuit in parallel through the contacts 304a and 
308c to energize the relay magnets C4 and C6. 
The circuit from wire. 90 in Fig. 7 continues 

through the contacts 30 a. and 302a in parallel 
70 

75 

to energize the magnets C and C2 in that order. 
This comparison circuit by extending through 
the wire 36 is indicative that the amount to be 
entered is less than the amount standing in the 
accumulator, so that the resulting sign will be 
that of the amount standing in the accumulator, 
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namely, positive, Magnet ST is also energized 
through the same circuit from wire 36, con 
tacts SCoL (Fig. 7a), 5hR, wire 209, magnet ST 
to line 20. As explained for the decimal sys 
item, energization of magnet ST is determined by 
the relative values and signs of the two amounts 
to be added. . 

Just prior to the closing of the slow acting relay 
contacts SAa, the following magnets have their 
contacts in set position: .. 

For the tens order: A2, R8, RA, R2, C, C2 
For the units order: A1, R4, C6, C8 
Upon closure of the contacts SAa, the accumulat 
ing circuit Will now be established to change the 
setting representing 2 feet 1 inch to a setting 
representing 2 inches, which is the new balance. 
This circuit is traceable as follows: contacts SAa. 
(Fig. 7), wire 63 (Fig. 7a), contacts 5gR, 
SCkL, SImL, RimR, A?hL, R2nR, A2hR, Roi, 
A4 HR, R8hR, wire i44, contacts 5cR, STeL, 
ClbFR, winding of magnet A (to unset this mag 
net), contacts AdL., C2bR, R2eR, winding of 
magnet A2 (to set this magnet), contacts A2dR, 
C4c., R.4eL, C85, R85R, wire 47 (Fig. 7), con 
tacts SfR, SCiL, STk, R. QR, R2u.L., A2kL, 
R4tL, R8kL, wire $9, contacts f 5dR, STgL, 
RbR., Winding of magnet A2 (to unset this mag 
net), contacts A2b, Réal, R3a.L., wire 202 to line 
2. 
As a result the magnet A2 in the units order 

alone is set and the laps indicate --0 -2. 
Entering the negatipe annount 2 feet 3 inches 

. The circuits involved in obtaining the negative 
amont Will now be explained to show the man 
ner of obtaining the negative result, when 2 feet 
3 inches are subtracted from 2 inches. The keys 
are set to represen: 2 in the tens Order and 3 in 
the units ordei, and the negative key is de 
pressed Which in the now familiar nanner Wi 
cause energization in the tens order in relay 
magnets RS, FR3 and R. and in the units order 
R8 and Rá. These snagnets represent, the con 
plement of the values set on the keys. 
The comparison circuit in Fig. follows for 

line 6, wire 20, contacts A8R, Rio, Asner, 
RUL, A2 mR, R2ui, AmR, R isR, to a wire 238 
(Fig. 7a), and thence through contacts SCSI, 
i SiR, wire 39, to energize the magnets CS, C2 
in the units order and C3, C in the tens order 
as already explained. At this time no circuit ex 
tends through the magnet ST, since the A value 
is positive and less than the negative R value, 
S0 that a circuit may be traceable later when con 
tacts SAC close to energize the winding of the 
magnet SC. This circuit is traceable from con 
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magnet), contacts AcR, wire (46. (Fig. 7), con 
tacts SgFR, SCmL, STmR, R fgL, AkcR, R2u.R., 
Riu, Akir, RemL, Agr, wire 48, contacts 
5eR, STR, SChIL, Rh.L., winding of magnet 

A (to set this magnet), contacts AleR, R2hR, 
Rh.L., winding of magnet A4 (to set this mag 
net), contacts AleR, contacts R8dL, winding of 
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tact SAC to contacts 5a.R., STbR, SCbL, winding 
of magnet SC to line 20. The contacts of magnet 
SC will shift to their right hand position, after 
the accumulating circuit has been completed and 
the minus key to released. 
The accumulating circuit will now be traced 

and for the conditions under consideration, the 
contacts of the following magnets are in their 
set position: 

For the tens order: R8, R4, R1, C4, cs 
For the units order: A2,R,R4, C, C2 
The circuit extends from contacts SAa, wire 63 

(Fig. 7a), contacts Sgr, SCmL, STmR, R GR, 
R2u.R., R.I., AtkR, R8mL, A8qR, wire 42, con 
tacts SeR, STR, S.Ch.L., RhER, R2hR, R4h.L, 
winding of magnet R (to set this magnet) con 
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tacts R8cL, winding of magnet A8 (to set this is 

magnet A8 (to set this magnet), contacts AcR, 
wire 202 to line 20. This circuit accordingly 
energizes additional accumulating magnets to set 
up the complement of the result 2 feet 1 inch 
upon the release of the subtracting key. The 
release of this key is also followed by the repre 
sentation of 2 feet 1 inch on the lamps 25 as well 
as the illumination of the minus sign lamp 26, 
through circuits sufficiently traced hereinbefore, 
so that the same need not be repeated at this 
time. 
The handling of any of the other fractions 

from halves to sixteenths may readily be followed 
on the circuit of Fig. 7 or 7a in the manner simi 
lar to that just traced for the handling of twelfths 
and thirds required for the adding and subtrac 
tion of feet and inches. Generally speaking, the 
fraction selecting dials are first positioned to ad 
just the C magnet Selecting cans. The nu 
meral keys are Set in accordance with the values 
to be entered and then the plus or minus key is 
operated. Following the operation of the plus or 
minus keys and before the slow acting relay mag 
net completes the accumulating circuit, the C 
magnets are energized under control of the cora 
parison circuits and the ST magnet is also ener 
gized or not, depending on the conditions of Con 
parison and the Signs of the two anourats to be 
CObined, 
Just prior to this, the R. nagae's are insergized 

in accordance with the true Oz cosipientary 
value of the airnounts set on the Seydi, de 
pending on whether it is to be entered a citively 
or subtractively. With these prelinary set 
tings taker care of, the accinisting circii, inen 
follows seriatin through the several orders to 
directly energize the A magnets to represent the 
result of the complicatio. , is to a 2.Éted 33, 
such. A magnets as are aires fiy set sad whose 
setting is called for in the rest; aze of 
turbed, while ioSs hat, are Set &radi 7:20Se Seir 
ting is not called fox is tile Resii, are reigned to 
unset position OS Slii. 33i:S erases. Finals, 
after the comptations aire Cornpleted, the tie 
pression of the clearing key by closing its 
contacts a Will send an inpulse to all of the 
A magnets in the same nanner as explained for 
the circuit of Fig. 4 to restore the entire apparatus 
to hone or zero condition. 
While there have been shown and described 

and pointed out the fundamental novel features 
of the invention as applied to a single modifica 
tion, it will be understood that various Omissions 
and Substitutions and changes in the form and 
details of the device illustrated and in its oper 
ation may be made by those skilled in the art 
without departing from the spirit of the inven 
tion. It is the intention therefore to be limited 
only as indicated by the scope of the following 
claims. 
What is claimed S: 
1. In a machine of the class described, an elec 

trical relay accumulator comprising a plurality 
of accumulating relays arranged in sets with each 
Set representing a denominational Order of the 
accumulator, groups of contacts, one group for 
each relay, adjustable in either a set or unset 
condition, with numerical values being repre 

s 
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sented in any denominational order set of relays 
by a set condition of certain of the related groups 
of contacts, a plurality of entering relays ar 
ranged in sets, one for each of the sets of ac 
cumulating relays, groups of contacts, one group 
for each entering relay, adjustable in either a set 
or unset condition, with numerical values being 
represented thereon in the same manner as on the 
contacts of the accumulating relays, sets of in 
traorder circuit connections, each set interCon 
necting the contacts of corresponding order in 
accordance with the tables of addition and sub 
traction, sets of interorder circuit connections, 
interconnecting the sets of contacts of one order 
with the sets of contacts of adjacent orders, 
means for effecting a setting of an amount on the 
sets of entering relay contacts, said means caus 
ing completion of a single circuit path extending 
through the sets of accumulating relays and their 
circuit connections and the entering relay con 
tacts to directly effect a Setting of the accumulat 
ing relays representing the sum or difference of the 
amount initially therein and the entered amount 
and means for selectively rendering the circuit 
connections effective for additive-or subtractive 
action. 

2. In an accounting machine, a multidenomina 
tional accumulating mechanism comprising a se 
ries of accumulating relays in each denomina 
tional order and associated contacts controlled 
thereby, a group of entering contacts in each 
Order Settable to represent an amount to be en 
tered, sign means settable to represent whether 
the amount is to be entered positively or nega 
tively, a group of circuit connections in each or 
der extending through the contacts and relays 
thereof, a second group of circuit connections 
extending between the contacts of One order and 
the contacts of adjacent orders, means for effect 
ing a Setting of said entering contacts, said con 
tacts and connections being arranged to complete 
a single circuit path through all denominational 
orders of the accumulating relays under control of 
said Sign means to effect an accumulative entry 
therein of the complete algebraic Sum of the 
amount initially therein and the entered amount. 

3. In a machine of the class described, an elec 
trical relay accumulator comprising a plurality 
of accumulating relays arranged in sets with each 
Set representing a denominational order of the 
accumulator, groups of contacts, one group for 
each relay, adjustable in either a set or unset 
condition, with numerical values being repre 
sented in any denominational order set of relays 
by a set condition of the related groups of con 
tacts in accordance with a combinational code 
arrangement in which one or more of four relays 
are set to represent each digit, a plurality of en 
tering relays arranged in sets, one for each of the 
sets of accumulating relays, groups of contacts, 
One group for each entering relay, adjustable in 
either a set or unset condition, with numerical 
Values being represented thereon in the same 
manner as on the contacts of the accumulating 
relays, sets of intraorder circuit connections, each 
Set interconnecting the contacts of corresponding 
order in accordance with the tables of addition 
and subtraction, sets of interorder circuit con 
nections, interconnecting the sets of contacts of 
One Order with the sets of contacts of adjacent 
Orders, means for adjusting said intraorder con 
nections in accordance with adding or subtract 
ing Operations, means for effecting a setting of 
an amount on the sets of entering relay contacts, 
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and means causing completion of a single circuit 
path extending through the sets of accumulating . 
relays and their circuit connections and the en 
tering, relay contacts to directly effect a setting 
of the accumulating relays representing the alge 
braic sum of the amount initially therein and the 
entered amount. 

4. In a machine of the class described, an elec 
trical relay accumulator comprising a plurality 
of accumulating relays arranged in Sets of four 
relays with each set representing a denomina 
tional order of the accumulator, groups of con 
tacts, one group for each relay, adjustable in 
either a set or unset condition with numerical 
values being represented in any denominational 
order set of relays by a set condition of the re 
lated groups of contacts in accordance with a 
combinational code arrangement, a plurality of 
entering relays arranged in sets, one for each of 
the sets of accumulating relays, groups of Con 
tacts, one group for each entering relay, adjust 
able in either a set or unset condition, with nu 
merical values being represented thereon in the 
same manner as on the contacts of the accumu 
lating relays, sets of intraorder circuit connec 
tions, each set interconnecting the contacts of 
corresponding order in accordance with the table 
of addition, sets of interorder circuit connections, 
interconnecting the sets of contacts of one order 
with the sets of contacts of adjacent orders, 
means for effecting a setting of an amount on the 
sets of entering relay contacts, and means caus 
ing completion of a single circuit path extending 
through the sets of accumulating relays, their 
circuit connections and the entering relay con 
tacts to directly effect a setting of the accumu 
lating relays representing the Sum of the amount 
initially therein and the entered amount. 

5. In a machine of the class described, an elec 
trical relay accumulator comprising a plurality 
of accumulating relays arranged in sets of four 
relays with each Set representing a denomina 
tional order of the accumulator, groups of con 
tacts, one group for each relay, adjustable in 
either a set or unset condition with numerical 
values being represented in any denominational 
order set of relays by a set condition of the re 
lated groups of contacts in accordance with the 
binary system of numeration, a plurality of en 
tering relays arranged in sets, one for each of 
the Sets of accumulating relays, groups of con 
tacts, one group for each entering relay, adjust 
able in either a set or unset condition, with 
numerical values being represented thereon in 
the same manner as on the contacts of the accu 
mulating relays, sets of intraorder circuit con 
nections, each set interconnecting the contacts of 
corresponding order in accordance with the table 
of addition, sets of interorder circuit connections, 
interconnecting the sets of contacts of one order 
with the sets of contacts of adjacent orders, 
means for effecting a setting of an amount on 
the sets of entering relay contacts, and means 
causing completion of a single circuit path ex 
tending through the sets of accumulating relays, 
their circuit connections and the entering relay 
contacts to directly effect a setting of the accu 
nulating relays representing the sum of the 
amount initially therein and the entered amount. 

6. In a machine of the class described, an elec 
trical relay accumulator comprising a plurality 
of accumulating relays arranged in sets with 
each Set representing a denominational order 
of the accumulator, groups of contacts, one group for each relay, adjustable in either a set or 
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unset condition, with numerical values being rep 
resented in any denominational order set of 
relays by a set condition of certain of the related 
groups of contacts, a plurality of entering relays 
arranged in sets, one for each of the sets of 
&ccumulating relays, groups of contacts, one 
group for each entering relay, adjustable in either 
a set or unset condition, with numerical values 
being represented thereon in the same manner 
as on the contacts of the accumulating relays, 
sets of intraorder circuit connections, each set 
interconnecting the contacts of corresponding 
order in accordance with the table of addition, 
Sets of interorder circuit connections, intercon 
necting the Sets of contacts of one order with 
the sets of contacts of adjacent-orders, means 
for effecting a setting of an amount on the sets 
cf entering relay contacts in the form of a com 
plement, and means causing completion of a 
single circuit path extending through the sets 
of accumulating relays and their circuit connec 
tions and the entering relay contacts to directly 
effect a setting of the accumulating relays rep 
resenting the algebraic sum of the amount ini 
tially therein and the entered amount. 

7. In a machine of the class described, an 
accumulator, comparing contacts settable there 
by to represent the amount therein or its com 
plement, further contacts settable to represent 
an amount to be entered or its complement, 
means settable to represent the algebraic sign 
of the amount in the accumulator, means set. 
table to represent the algebraic sign of the 
amount to be entered, and means controlled 
jointly by said contacts and settable means to 
indicate the sign of the algebraic sum of the two 
amountS. 

8. In a machine of the class described, an 
accumulator, comparing contacts settable there 
by to represent the amount therein or its com. 
plement, further contacts settable to represent 
an amount to be entered or its complement, cir 
cuit connections between said contacts, means 
settable to represent the algebraic sign of the 
amount in the accumulator, means settable to 
represent the algebraic sign of the amount to 
be entered, a plus sign indicating lamp, a minus 
sign indicating lamp, said several contacts and 
Settable means being effective upon setting there. 
of to complete a circuit path through said cir 
cuit connections and means included in said 
circuit connections to selectively control the op 
eration of one of said lamps to indicate the sign 
of the algebraic sum of the two amounts. 

9. In a machine of the class described, an 
accumulator having denominationally ordered 
elements, four sets of contacts settable by ele 
ments of each denomination to represent the 
emount therein or its complement in accordance 
With the binary system of numeration, a denomi 
nationally ordered entering device, each order 
comprising four sets of contacts settable in the 
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Same system as the sets of accumulator contacts, 
contacts Settable to represent the sign of the 
amount Set on the accumulator contacts, con 
tacts Settable to represent the sign of the amount, 
set on the entering contacts, circuit connections 
between said several contacts, a plus sign indi 
cating lamp, a minus sign indicating lamp, the 
setting of an amount on each set of said contacts 
and the setting of the sign representing con 
tacts causing completion of a single circuit path 
through said circuit connections and means in 
cluded in said connections. to selectively control 
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the operation of one of said lamps in accordance 7 

5 
with the sign of the algebraic sum of the two 
araounts. 

10. In a machine of the class described, a set 
of four accumulating relays representing the first 
four terms , 2, 4 and 8 of the binary progres 
sion, a set of contacts controlled by each relay, 
Said relays and related contacts having a set and 
an unset condition, to represent by combinations 
of settings any of the numbers to 9 in accords 
ance with the binary system of numeration, sets 
of entering contacts, one set for each of the 
said first four terms of the binary progression, 
means for effecting a setting of said contacts to 
represent by combinations of settings any of 
the numbers 1 to 9, circuit connections between 
both sets of contacts and the relays arranged 
to establish a single circuit path including the 
relays in a manner to effect by a single electrical 
inpulse through said path, a change in the Set 
ting of the contacts of the accumulating relays 
from their initial setting to one representing the 
limits digit of the sum of the two numbers set 
up, and means for sending said single electrical 
impulse through the circuit path. 

1. In a machine of the class described, a set 
of four accumulating relays representing the first 
four terms , 2, 4 and 8 of the binary progression, 
a set of contacts controlled by each relay, said 
relays and related contacts having a set and an 
unset condition, to represent by combinations of 
Settings any of the numbers to 5 in accord 
ance with the binary system of numeration, sets 
of entering contacts, one set for each of the said 
first four terms of the binary progression, means 
for effecting a setting of said contacts to repre 
Scnt by combinations of settings any of the num 
bers f to a predetermined number less than 6, 
circuit connections between both sets of contacts 
and the relays arranged to establish a single cir 
cuit path including the relays in a manner to 
effect by a single electrical impulse through said 
path, a change in the setting of the contacts of 
the accumulating relays from their initial set 
ting to one representing the difference between 
the sum of the two numbers set up and said pre 
determined number, and means for sending said 
single electrical impulse through the circuit, path. 

2. line invention set forth in claim 11 in 
which manually settable switching devices are 
included in said circuit connections and ar 
regged to alter the circuit connections so that 
the initial setting is changed to one represent 
irig the difference between the sum of the two 
numbers set up and any selected one of a plu 
rality of predetermined numbers. 

13. The invention set forth in claim 1 in which 
manually settable switching devices are included 
in the intraorder circuit connections and ar 
ranged to alter the circuit connections so that 
the completion of the single circuit path will 
effect a setting of the accumulating relays in 
accordance with the sum of numerators of any 
One of a plurality of denominator values. 

ié. In a machine of the class described, an 
electrical relay accumulator comprising a plural 
ity of accumulating relays arranged in denomi 
nationally ordered sets with the lowest ordered set 
representing inches, the next feet and the nest, 
yards, groups of contacts, one group for each 
relay, adjustable in either a set or unset; condi 
tion, with numerical values being represented in 
any denominational order set of relays by a set 
condition of certain of the related groups of con 
tacts, 8 plurality of entering relays arranged in 
sets, one for each of the sets of accumulating 
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relays, groups of contacts, one group for each 
entering relay, adjustable in either a set or unset 
condition, with numerical values being repre 
sented thereon in the same manner as on the 
contacts of the accumulating relays, sets of intra 
order circuit connections, each set interconnect 
ing the contacts of corresponding order in ac 
cordance with the table of addition for the re 
lated denominator, sets of interorder circuit con 
nections, interconnecting the sets of contacts of 
one Order with the sets of contacts of adjacent 
Orders, means for effecting a setting of an amount 
representing yards, feet and inches on the Sets 
of entering relay contacts, said means causing 
completion of a single circuit path extending 
through the sets of accumulating relays and 
their circuit connections to directly effect a set 
ting of the accumulating relays representing the 
Suir in terms of yards, feet and inches of the 
annount initially therein and the entered 
ai. Out. 

15. In a machine of the class described, a deci 
inai accumulator, each denominational order unit 
thereof comprising four sets of accumulator con 
tacts representing the values 1, 2, 4 and 8 in the 
binary series, said sets of contacts having open 
and closed positions and upon which the values 
0 to 15 may be represented combinationally, en 
tering means comprising four further sets of 
contacts also having open and closed positions, 
means for effecting an amount setting thereon 
combinationally as on the accumulator contacts, 
8. Single continuous circuit connection estab 
lished through all of the sets of contacts, means 
for completing said connection upon operation 
of Said entry effecting means, and devices in 
cluded in said connection for simultaneously in 
each order, changing the setting of the accumu 
lator contacts to represent the sum of the values 
Set on the accumulator and entering sets of 
contacts. 

16. The invention set forth in claim 15 in which 
the value set on the sets of accumulator and 
entering contacts may each be either a true num 
ber or a complement, means settable to represent 
the sign of the value set on the accumulator 
contacts, means settable to represent the sign 
of the values set on the entering contacts, means 
controlled by part of said contacts and said last 
two settable means for comparing the values set 
up on the sets of contacts, and means controlled 
thereby for selectively causing the circuit con 
nection to effect an addition of the two values 
if their signs are alike or a subtraction if their 
signs are unlike. 

17. In a machine of the class described, an 
electrical relay accumulator comprising a plural 
ity of accumulating relays arranged in sets with 
each set representing a denominational order 
of the accumulator, groups of contacts, one group 
for each delay, adjustable in either a set or un 
Set condition, with numerical values being rep 
resented in any denominational order set of re 
lays by a set condition of certain of the related 
groups of contacts, a plurality of entering relays 
arranged in sets, one for each of the sets of 
accumulating relays, groups of contacts, one 
group for each entering relay, adjustable in 
either a set or unset condition, with numerical 
values being represented thereon in the same 
nanner as on the contacts of the accumulating 
relays, sets of intraorder circuit connections, 
each set interconnecting the contacts of corre 
sponding order in accordance with the tables of 

0. 

30 

35 

40 

65 

70 

2,384,640 
cuit connections, interconnecting the sets of con 
tacts of One Order with the Sets of contacts of 
adjacent orders, means for effecting a Setting of 
an amount on the sets of entering relay con 
tacts, said means causing completion of a single 
circuit path extending through the sets of accu 
mulating relayS and their circuit connections to 
directly effect a setting of the accumulating re 
lays representing the sum or difference of the 
two amounts, comparing means controlled by 
Said accumulating relays and entering relays for 
ascertaining the relative magnitude of the 
amounts entered thereon, means settable to rep 
resent the sign of the amount on the accumulat 
ing relays, means settable to represent the sign 
of the amount on the entering relays, and means 
controlled by Said comparing means and both 
Said last I: anned means for Selectively rendering 
the circuit connection effective for either addi 
tive or subtractive action. 

18. In a machine of the class described, an 
electrical relay accumulator comprising a plu 
rality of accumulating relays arranged in de 
nominationally ordered sets with each set repre 
Senting any Selected one of a plurality uf denom 
inator values, groups of contacts, one group for 
each relay, adjustable in either a set or unset 
condition, with numerical values being repre 
Sented in any denominational order set of relays 
by a set condition of certain of the related groups 
of contacts, a plurality of entering relays ar. 
langed in Sets, one for each of the sets of accu 
mulating relays, groups of contacts, one group 
for each entering relay, adjustable in either a 
Set or unset condition, with numerical values 
being represented thereon in the same manner 
as on the contacts of the accumulating relays, 
Sets of intraorder circuit connections, means for 
each set for adjusting said connection to inter 
connect the contacts of corresponding order in 
accordance with the table of addition for the 
Selected denominator, sets of interorder circuit 
connections interconnecting the sets of contacts 
of adjacent orders, means for effecting a setting 
of an amount on said entering relays to repre 
Sent in each ordered set the numerator of a 
Selected denominator, and means causing com 
pletion of a single circuit path extending through 
the Sets of accumulating relays, and their circuit 
connections and the entering relay contacts to 
directly effect a setting of the accumulating re 
lays representing the sum in terms of the selected 
denominators of the amount initially therein and 
the entered amount. 

19. In a machine of the class described, an 
electrical relay accumulator comprising a plu 
rality of accumulating relays arranged in sets 
with each Set representing a denominational 
order of the accumulator, groups of contacts, 
One group for each relay, adjustable in either a 
Set or unset condition, with numerical values 
being represented in any denominational order 
Set of relays by a set condition of certain of 
the related groups of contacts, a plurality of 
groups of entering contacts arranged in sets, one 
for each of the sets of accumulating relay con 
tacts, adjustable in either a set or unset condi 
tion, with numerical values being represented 
thereon in the same manner as on the contacts 
of the accumulating relays, sets of intraorder 
circuit connections, each set interconnecting the 
contacts of corresponding order in accordance 
With the tables of addition and subtraction, sets 
of interOrder circuit connections, interconnecting 

additio32 &nd subtraction, sets of interorder ciro 75 the sets of contacts of one order with the Sets of 
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contacts of adjacent orders, means for effecting 
a Setting of an amount On the sets of entering 
contacts, said means causing completion of a 
single circuit path extending through the Sets 
of accumulating relays and their circuit connec 
tions to directly effect a setting of the accumu 
lating relays representing the Sun or difference 
of the two amounts, comparing means controlled 
by said accumulating relays and entering con 
tacts for ascertaining the relative magnitude of 
the amounts entered thereon, means settable to 
represent the sign of the amount on the accu 
nulating relayS, means Settable to represent the 
Sign of the annount on the entering contacts, and 
means controlled by Said comparing means and 
both said last named means for selectively ren 
dering the circuit connection effective for either 
additive or subtractive action. 

20. In a machine of the class described, means 
Settable to represent a first amount, means set 
table to represent a Second amount, means Set 
table to represent the algebraic sign of the first 
amount, means Settable to represent the algebraic 
sign of the second amount, comparing means 
controlled by the first two means for ascertain 
ing the relative magnitudes of the amounts, and 
means jointly controlled by said comparing 
means and both said sign representing means for 
indicating the Sign of the algebraic sum of the 
tWO annountS. 

21. In a machine of the class described, means 
Settable to represent a first amount, means Set 
table to represent a Second amount, means set 
table to represent, the algebraic sign of the first, 
amount, means settable to represent the algebraic 
Sign Of the Second annount, comparing means 
controlled by the first two means for ascertain 
ing the relative magnitudes of the amounts, 
means jointly controlled by Said comparing 
means and both Said sign representing means for 
indicating the sign of the algebraic sum of the 
two amountS, and further means jointly con 
trolled by Said first and Second nanned settable 
means and both Said sign representing meanS for 
indicating the algebraic Sum of the two amountS. 

22. In a machine of the class described, an 
electrical relay accumulator, each denomina 
tional Order of which comprises a plurality of 
accumulating relays, a group of contacts for each 
relay, adjustable in either a Set Or unSet condi 
tion, With a numerical Value being represented by 
a set condition of certain of said contacts, a 
group of entering contacts, adjustable in either 
a Set or inset condition, with a numerical Value 
being represented by a set condition of certain 
contacts thereof, a group of adjustable SWitches 
for Selectively interconnecting said groups of 
contacts and said relays to interconnect them in 
accordance with a plurality of tables of addition 
of different systems of notation, means for ad 
justing said Switches, and means for completing 
a circuit connection through the interconnected 

- contacts, Switches and relays to effect a Setting 
of the relays representing the units digit of the 
sum of the two numerical values in the System of 
notation selected by the adjustment of the 
Switches. 

23. In a machine of the class described, an 
electrical relay accumulator, each denomina 
tional order of which comprises a plurality of 
accumulating relayS, a group of Contacts for each 
relay, adjustable in either a set or unset condi 
tion, with a numerical value being represented 
by a set condition of certain of Said contacts, a 
group of entering contacts adjustable in either a 

O 

5 

20 

25 - 

SO 

35 

40 

17 
set or unset condition with a numerical value 
being represented by a set condition of certain 
contacts thereof, a group of adjustable SWitches 
for selectively interconnecting said groups of 
contacts and said relays to interconnect them in 
accordance With a plurality of tables of addition 
and Subtraction of different Systems of notation, 
means for adjusting said Switches to Select a 
system of notation for addition or Subtraction, 
and means for completing a circuit connection 
through the interconnected contacts, switches 
and relays to effect a setting of the relays repre 
senting the units digit of the sum or difference 
of the two numerical values in the System of 
notation selected by the adjustment of the 
SWitches. 

24. An electrical relay accumulator compris 
ing, for each denominational order, a plurality of 
accumulating relays Settable to represent a digit, 
a plurality of entering relays settable to repre 
Sent a digit to be added, a first set of contacts 
adjusted by the accumulating relays, a first set 
of Contacts adjusted by the entering relays, said 
Sets of contacts being interconnected in accord 
ance With the table of addition, to effect a Set 
ting of the accumulating relays to represent 
therein the units digit of the sum of the two 
digits to be added, a Second set of contacts 
adjusted by the accumulating relays, a second set 
Of contacts adjusted by the entering relays, said 
Second Sets of contacts being interconnected in 
accordance with the table of addition to effect a 
Setting of the accumulating relays to represent 
One digit more than the unitS digit of the sum of 
the tWO digits to be added, means for Selectively 
completing a circuit through either set of con 
tacts, a third Set of contacts adjusted by the 
accumulating relayS, a third Set of contacts ad 
justed by the entering relays, and means jointly 
Controlled by the Said third sets of contacts of a 
lower order for determining whether the Sun of 
the digitS in Such lower Order is greater or less 
than 9 and for rendering said selective complet 
ing means of the next higher order effective to 
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Complete a circuit through the first or second 
named SetS Of ContactS. 

25. An electrical relay accumulator comprising, 
for each denominational order, a plurality of 
accumulating relays Settable to represent a digit, 
a plurality of entering relays settable to represent 
a digit to be added, a first set of contacts adjusted 
by the accumulating relays, a first set of con 
tacts adjusted by the entering relays, said sets 
of contacts being interconnected in accordance 
With the table of addition, to effect a setting of 
the accumulating relays to represent therein the 
unitS digit of the sum of the two digits to be 
added, a Second Set of contacts adjusted by the 
accumulating relays, a second set of contacts 
adjusted by the entering relays, said second sets 
of contacts being interconnected in accordance 
With the table of addition to effect a setting of 
the accumulating relays to represent one digit 
more than the units digit of the sum of the two 
digits to be added, means for selectively com 
pleting a circuit through either set of contacts, 
a third Set of contacts adjusted by the accumu 
lating relays, a third set of contacts adjusted by 
the entering relays, and means jointly controlled 
by the Said third sets of contacts of each lower 
Order for determining whether the sum of the 
digits in an order is greater or less than 9, said 
determining means acting concurrently for all 
Orders to render the selective completing means 
Of all higher orders concurrently effective to 
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complete a circuit through the first or second sets 
of contacts of all such higher orders. 

26. In a machine of the class described, a relay 
accumulator in which entries are effected in 
response to a single electrical impulse, a group of 
contacts for each Order Settable to represent ar. 
entered amount, a second group of contacts for 
each order settable to represent an amount to be 
entered, a set of magnets, a Set of circuit Con 
nections for each order connecting Said contacts 
and magnets to control the magnets in accord 
ance with the table of addition of the amountS 
Without carries, a second Set of circuit COEliece 
tions for each order cog Secting Said contacts and 
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magnets to control the magnets in accordance 
with the table of addition of the amounts with 
carries, carry determining means for each Order, 
and means controlled thereby for rendering effec 
tive one of said sets of connections for each 
order in accordance with carry requirements, and 
means for sending a single impulse through the 
Selected connections to control the magnetS in 
accordance with the sum of the two amounts. 

27. The invention Set forth in claim 26, in 
which each of Said Sets of circuit connections for 
each order includes part of the other set of 
circuit connections of an Order. 

HANS P. UHN. 


