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Claims. 

The invention is directed to an apparatus for 
collaborating statistical data, which, for instance, 
may be represented by means of perforations ap 
pearing on cards, recording strips or bands, or 
the like. This apparatus is so arranged that 
either actual figures or their complements may 
be used. It can serve as an accumulator, a 
transmitter of figures to another apparatus at 
any given moment, and, by a minor modifica 
tion, as a repeater cooperating, for instance, in 
the execution of multiplications. 
The apparatus according to the invention com 

prises several so-called denominational units, 
each of which units contains a receiving, a trans 
lating, and an accumulating device, and each of 
which units corresponds to a sign or number 
place of the indications received from the per 
forations. 
One form of the invention, illustrated only by 

Way of example, is shown in the attached draw 
ings, wherein 

Fig. 1 shows a preferred form of the perfora 
tion combinations on a paper strip, for showing 
the various data values. 

Fig. 2 is a cross section on the lines 2-2 of 
Figs. 3 and 5 through the apparatus, the relative 
position of the three figures being best verified 
by comparing the positions of shafts AO and 
A in Fig. 19. Parts lying in the rear of this 
sectional cut and irrelevant to the description 
Of this figure are omitted. 

Fig. 3 is a view of the lowest denominational 
(right hand) units of the apparatus taken on 
line 3-3 of Fig. 2, looking downward. 

Fig. 4 is a view similar to Fig. 3, through the 
highest (left hand) denominational units of the 
apparatus. 

Fig. 5 is a view of the lowest denominational 
units of the apparatus, taken from line 5-5 of 
Fig. 2, looking downward. The positions of the 
parts represented in this figure are best ascer 
tained by comparing the location of shaft Bf , 
which is directly above shaft B10 of Fig. 3. A 
number of parts have been omitted on Fig. 2 
in order to avoid obstructing parts required for 
the explanation of the operations connected with 
this figure. Connections and relative positions of 
parts shown in Figs. 3, 4, 5 and 6 are best seen 
in Figs. 19 and 20. 

Fig. 6 is a view, similar to Fig. 5, through the 
highest denominational units. 

Fig. 7 is a vertical Section. On the line - 7 of 
Figs. 3 and 5 (mechanism for the transfer to the 
next higher denomination). 

Fig. 8 is a cross Section on the lines 8-8 of 

i 

(CI. 235 61.6) 
Figs. 3 and 4 (reading-off drums), additional 
parts being shown to locate the position of the 
various parts of the machine. 

Fig. 9 is a view of the mechanical unit for ex 
act adjustment of the drum shaft and 

Fig. 10 is a cross section on the line 0-0 of 
Figs. 3 and 4 showing the same mechanical unit. 

Fig. 11 is a cross section on the lines f-f f of 
Figs. 3 and 4 (carrier for the transfer to the next 
higher denominations). 

Fig. 12 is a vertical section on lines 2-2 of 
Figs. 3 and 5 through one of the cans Blbf to 
Bb 3 and levers Bd? to Bd. 3. The location of 
the various parts shown on this figure are best 
Seen from Fig. 19. 

Fig. 13 is a cross section on the lines 3-13 of 
Figs. 3 and 4 and shows part of the mechanism 
for entering a digit in an accumulator unit. 

Fig. 14 is a cross section on the lines 4-4 of 
Figs. 3 to 6 illustrating means for preparing the 
transfer onto the next higher denomination. 

Fig. 15 is a diagrammatic view of the electric 
equipment of the apparatus Serving as an ac 
cumulator. 

Fig. 16 shows diagrammatically the electric 
connections in the inverter for replacing an indi 
cation value by its complement. 

Fig. 17 is a diagram of the electric equipment 
of the apparatus when used as a repeater. 

Fig. 18a shows diagrammatically the reader, 
and schematically illustrates the inverter and the 
various main shaft cams and circuits leading to 
the accumulator. 

Fig. 18b shows diagrammatically the complete 
accumulator (except for the shutter) including 
the repeater elements. This figure in part adds 
to Fig. 15 certain features shown in Figure 17. 

Fig. 19 is a perspective view of the apparatus 
showing the relative position of the various parts. 
However, the shutter is not shown in this figure. 

Fig. 20 is a perspective of the parts used in 
transferring a unit to the next higher denomi 
national units. 

Fig. 21 shows schematically the arrangement 
of the strip fields, perforations and contacts. 

Fig. 22 shows the position of the discs Bbf to 
Bb of Fig. 15, for the position 3 of the shaft 
BO. 

Fig. 23 is a timing chart for the repeater. 
Fig. 24 is a fragmentary detail of the circuits 

shown at the bottom right hand corner of Figure 
18b. 
The term "mechanical unit' is employed to des 

ignate any of the units A, B, C, or D., (Figs. 3, 4, 
and 15), together forming an accumulator in 
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2 
which A, B, and C respectively constitute the 
units, tens, and hundreds orders, while D merely 
indicates the sign of the reading of the accumula 
tor. In other words, each unit A, B, and C com 
prises a group of four electromagnets Aa1-Aaa, 
Bal-BaA, etc., of Fig. 18b, the cam-actuated 
Switches Ab1-Ab13, Bb-Bb13, etc., and the re 
laySAC, BC, CC, and Dc, together with the reading 
and driving mechanism appertaining thereto. 

Entering Operations 
Each of the four contacts of the perforated line 

(Fig. 1) (one of the lines in each field) in the con 
tact or reading apparatus as covered by my U. S. 
Patent No. 1,863,097 connects the positive pole of 
a Source of current 800 (Fig. 18a), over the hand 
operated contact 829 which is always closed when 
the apparatus is used as an accumulator, with the 
terminals A or B (Fig. 15) and so on, and with 
the electromagnets al-a forming part of the 
corresponding denominational unit (Aal-Aa, 
Ba-Ba, etc.), all the said electromagnets being 
connected by a common lead to the terminal 40 
and to the negative pole of the source of current 
Supply 800. The perforation of one or more points 
in a so-called 'hole line' in a field effects the ener 
gization of the electromagnets corresponding 
thereto in the accumulator (Fig.2). Their arma 
tures 33 (Figs. 2 and 19) are attracted, and raise 
the corresponding toothed latch bars 29 by means 
"of the rods 32 and the bell-crank levers 3. Each 
locking rod 25 is shown as carrying four pins cor 
responding to, and arranged to the right of the 
four toothed latch bars 29. These pins are placed 
either near the lower edge of the respective rod 25, 
and are then marked 27, or near the upper edge of 
the rod, in which they are marked 28. The pins 
are so arranged that they permit the displace 
ment to the left of only one locking rod 25 for each 
case when either none, one, or any predetermined 
combination of latch bars 29 are raised. A raised 
toothed latch bar 29 releases the lower pins 27 of 
the locking rods 25, while the upper pins 28 there 
of rest on a tooth of the raised toothed latch bar 
29. Immediately after the energization of the 
electromagnets al-a of the particular unit, rep 
resented schematically in Fig. 18b, and mechan 
ically in Fig. 2, the toothed cross rod 34 is lowered, 
as will be explained hereinafter, whereby its teeth 
apertures release the pins 26 of the locking rods 
25. Because of the arrangement of the pins 27 
and 28, one of the eleven locking rods 25 (in the 
drawing rod 25-4) is released and is then forced 
to the left by the helical spring 30, dependent upon 
a selected one or more latch bars 29 being raised; 
that is, in accordance with the perforated indi 
cations in the reading apparatus. 
At this moment the cam 44 (Fig. 2) of the con 

tinuously rotating driving shaft 3 of the appara 
tus raises the arm 5 of the bell-cranklever 5-6 
and by means of the fork at the end thereof, raises 
the pin f3, the round rod 8, and the cross bar 20 
attached thereto and extending over the whole 
front of the accumulator. The cam 44, the lever 
5, and the rod 8 are duplicated at the other end 

of both the accumulator (Figs. 3 and 4) and of 
the cross bar 20. This cross bar 20 prevents 
movement of the toothed rod 2, despite the pres 
Sure of the lever 36, by means of contact with the 
projection 22 on the rod 2. The toothed rod 2f 
follows the movement of the crossbar 20, but only 
until the projection 24 engages that locking rod 25 
which is projected. In FigS. 2 and 19 the bar 
2 is raised by lever 36 through the distance cor 
responding to four units; its teeth thus effect a 
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four-tenths rotation of the toothed wheel 23, (Fig. 
2 and Fig. 19) as well as of the arm 60 fastened 
thereto (Fig. 13 and Fig. 19) which arm rotates 
freely on the shaft Bf 0 (Fig. 3). On the occur 
rence of this rotation, the Spring-action pawl 6 
(FigS. 13 and 19) of the arm 60 carries with it the 
toothed wheel 62 fastened on the shaft B O and 
thus also carries the said shaft, the number drum 
(FigS. 3, 4, and 19), and the other wheels keyed 
thereon. In this manner the number drum is 
moved forward four units, corresponding to the 
perforated indication in the paper strip under the 
reading apparatus. The part of the aparatus de 
Scribed above, particularly the electromagnets 
Ba to Bad (Fig. 2), the locking rods 25, the latch 
bars 29 and the pins 27 and 28, constitute a decod 
ing device, because the value is received in code by 
the electromagnets and is there changed into deci 
mal units by the above-mentioned parts, and is 
thus entered in the number drums on shaft Bf O. 

During the further rotation of the driving shaft 
3, (Fig. 2) the spring 46, the bell-cranklever (6- 
5, and the cross bar 20 under the action of the 
cam 44 are permitted to return to the lower posi 
tion, the toothed rod 2 and the toothed wheel 23 
being brought back into the starting position due 
to the engagement between the projection 22 and 
the cross bar 20. The arm 60 (Fig. 13) follows 
this movement, but the wheel 62 and the shaft 
BO are unaffected due to the engagement of the 
Spring 59 (Figs. 9 and 10) in the star wheel 58 
(FigS. 3, 4, 9, and 10) on this shaft, and are held 
in their new position. 

In the meantime the cam 45 on the shaft 3 
(Fig. 2 and Fig. 19) has raised the lever 4t, and, 
through its forked end, this lever raises the pin 
40 of the rod 39 as well as the cross bar 38 fixed 
thereto and extending over the whole front of the 
accumulator. By rheans of its forked end, engag 
ing with the CroSS bar 38, the lever 35, as well 
as the toothed cross rod 34, is raised, and the 
inclined edges of the teeth of the rod 34 then 
force back the pins 26 of the released bar 25, 
as Well as the bar itself. The points of the teeth 
Of the CrOSS rod 34 rest opposite the pins 26 and 
prevent a forward movement of the locking rods 
25 until the next registering movement, that is, 
until the cam 45 allows the spring 43 to again 
draw down the lever 4, together with the rod 
39, the cross bar 38, the lever 35, and the toothed 
cross rod 34. 

Tens carry Operations 
If On Setting up a value in any denominational 

unit, for instance, the tens mechanical unit B, 
the shaft Bf 0 (Fig. 2) is rotated until it reaches 
its position corresponding to the zero of the 
number drum, then by means of the tooth 64 
(FigS. 14 and 20) of the can 63 mounted on 
the shaft Bf 0 (Figs. 1, 14 and 20), the lever 65 
(FigS. 5, 14, and 20) on the shaft C of the 
next higher unit is rotated forward in clockwise 
direction. In this rotation of the Shaft C. the 
end of the lever 69 (Figs. 7 and 20) which forms 
part of the transfer mechanism, bears on the 
rod 55 (also in Fig. 3), while the pin 72 of the 
spring rests in the top indentation of the 
arm 70 and holds the shaft C in the new 
position. The cam 47 on the driving shaft 3 
(Fig. 7) now raises the arm 48 of the bell-crank 
lever 48-50 and, through the forked end, thereof 
raises the pin 54, the rod 53, and the cross bar 
52 which is fastened thereto and which extends 
over the whole of the front of the accumulator 
of Fig. 3. In consequence of the engagement of 
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2,181,497 
the bar 52 in the catch 56 of the rod 55, the 
latter is carried upward. This rod 55, of each 
denominational unit, carries a tooth g (shown in 
Fig. 7 as Ag) disposed in each mechanical unit 
along its length, which tooth occupies the highest 
position in the tens order, the next highest in 
the hundreds order, and in the following orders 
always one position lower. On raising the rod 
55, the levers 69 (upon rotation to the right) of 
those mechanical units to which the tens of the 
previous mechanical unit are to be transferred, 
are again forced back to the left by the tooth g. 
This action does not take place simultaneously, 
but occurs successively, beginning with the second 
lowest denominational unit. There is no bar 55 
in the units order because it cannot receive any 
transfer from the right, this being the lowest 
mechanical or denominational unit. By the ro 
tation of the shaft Clf, Bll, or Df (Figs. 2, 5, 
6, 7 and 20) which is thus brought about the 
arm 67 (Figs. 2 and 11) fastened thereon and its 
spring-actuated pawl 68 (referring to shaft. Bil) 
carry with them the toothed wheel 66 mounted 
On the shaft CO, so that this shaft is rotated 
through an angle corresponding to One unit, and 
its number drum is moved forward accordingly. 
When in this manner all the necessary trans 

missions of a unit to the next following mechani 
cal unit or order, or what is known as tens carry 
operation, have taken place, the cam 47 is in 
such position that the spring 5? (Fig. 7) can 
pull down the lever 48, together with the rod 50, 
the cross bar 52, and the rod 55, into the initial 
position. 

Registration of negative values 

The registration of negative values in the ac 
cumulator (Fig. 8b) is achieved by the addition 
of their complements. This substitution of the 
complement for negative values is accomplished 
by introducing the inverter (Fig. 16) between the 
reader or sensing mechanism and the accumu 
lator as illustrated by Figs. 18a and 18b. The 
reader K (Fig. 18a) which corresponds to the 
reader disclosed in my copending application 
Serial No. 756,169 filed December 24, 1923, ma 
tured as Patent if 1,863,097 of June 14, 1932 is 
connected at all its sensing contacts 80 to the 
positive pole of the source of current 800 (Fig. 
18a) through the contact of can 808, positioned 
on the main shaft 3 of the apparatus, which 
cam closes contacts 809, 80 once in each revolu 
tion or phase. The fourth sensing rod 8 d of 
the first perforation line, designated as ac1, Cor 
responds to a perforation i' (also shown on Fig. 
21) indicating negative values, and is connected 
to the inverter terminal 3. The next three 
sets ac2, ac3, and ac4 of four Sensing rods 80 are 
connected by four-wire cables 8ff, 82 and 83, 
respectively, to the inverter terminals Cf2, B?2 
and A2 respectively. The inverter terminal 33 
is shown connected to the negative pole of the 
source of current 800. The inverter terminal 34 
is shown as connected to the positive pole of 
battery 800 by the contacts 8.f4, 85, actuated 
by cam 80, and the terminal 32 is connected 
to the positive pole by the contacts 8? 6, 8 ft of 
cam 802. The inverter terminals A3, B3, C3 
and Df 3 are connected to the terminals A, B, 
C and D of the accumulator (Fig. 18b) by 
four-wire cables respectively. A hand-operated 
switch 828 (Fig. 18a) permits an impulse to be 
sent from the positive pole of battery 800 to 
terminal T of the accumulator (Fig. 18b). The 
terminal 40 f is shown as directly connected to 

3. 
the negative pole of 800. The other circuits, 
respectively involving leads 57, 405, 5f 4, 406 and 
56, are connected between the source of cur 
rent 800, over contacts actuated by cams 803-807 
(shown in Fig. 18a) positioned on the main shaft 
3 of the apparatus, to the terminals of the ac 
cumulator (Fig. 18b). These circuits are: From 
the positive pole of 800 over the contacts 88 
and 8 9 of cam 803, to lead 57; over contacts 
820, 82 of cam 804, to lead 405; over contacts 
822, 823 of cam 805, to lead 5 f4; over contacts 
826, 827, of cam 807, to lead 56; and from the 
negative pole of source 800 over contacts 824, 
825 of can 806 to lead 406. This inverter can 
transfer to the accumulator either positive values 
or the complements of negative values. The 
working current entering terminal 32 passes 
over rest contact 35 of relay 300 (Fig. 16) in 
the case of positive indications, and passes over 
the working contact 3? 6 in the case of negative 
indications. As relay 300 becomes energized 
through the closing of the circuit, current passes 
from the positive pole of the source of current, 
through the perforation i' (schematically shown 
with reader contact in Fig. 21) in the reading 
apparatus, terminal 3 f (Fig. 16), the relay 300, 
terminal 3 f3, to the negative pole. Four wires 
lead to terminals D3 of the inverter (Fig. 16), 
but only the three wires to the right enter into 
action. It therefore is necessary only to connect 
these three wires to the three wires of terminal 
ID of the accumulator (Fig. 18b). The inverter 
(Figs. 16 and 180) does not require terminals 
Df 2 because unit D in the accumulator (Fig. 18b) 
will be required only to receive the value 9, which 
permits the arrangement of the circuits in such 
manner as not to require the energization of the 
relays corresponding to Aff to Afi in unit A. 
In the case of positive figures, the working cur 
rent arriving at 32 passes over 35 and directly 
to unit C, thus leaving unit D at zero. In the 
case of negative figures the working circuit, ar 
riving at 32, passes over contact 3? 6 and, due 
to the arrangement of the circuits, always over 
the second, third and fourth wires of terminal 
D3, counting from the left. The relays Aff to 
Afé, Biff to Bf4 and Cf. to CfA (Fig. 16) are 
now energized by the reader circuits ac4, ac3 and C2 
(Fig. 18a) in place of the electromagnet Act to 
Aa4, Baf to Ba4, etc. Cam 80 (Fig. 18a) on 
the general shaft 3 (Fig. 19) of the apparatus, 
closes a circuit from the positive pole of the 
source of current over terminal 3f4 (Fig. 18a), 
the relay 300 and over terminal 33 to the nega 
tive pole, thus keeping the relay 300 energized, 
for the interval indicated in the second horizontal 
line of the timing chart comprising Fig. 23. 
A cam 802 (Fig. 18a) then causes an impulse 

to be sent over terminal 32 (Fig. 18a), and in 
case of negative indications over contact 36 of 
relay 300. This impulse, passing over contact 
36, reaches either none, one, or a plurality of 
the four circuits leading to terminals A3, Bf3, 
etc., (as explained Subsequently), according to 
the position of the armature contacts of the 
relays Aff to Af, and Bf to Bf4 of the several 
denominational orders, dependent upon the con 
tacts closed by the reader. This impulse reaches 
the electromagnets Aaf to Aak, Ba to Ba4, etc. 
of the accumulator (Fig. 18b) over the terminals 
A3, Bf3, etc. (Fig. 18a) and Af, B etc. (Fig. 
18b). The circuit from contact 36 (Fig. 16) is 
branched in such manner that the relays Aff 
to Af4, Biff to Bf4 and Cft to CfA effect the 
transmission of the complement of the negative 
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4. 
figure to the terminals A13, B13, etc. In the de 
nominational unit. A the complement is given 
with respect to 0, while in the other units it is 
given with respect to 9, for reasons which are 
readily apparent. If the negative value of the 
units order (A) is 3 for example, then the relay 
Af3 is energized, and the impulse arriving at 
contact 3? 6 reaches the unit A and branches out 
in the manner recited hereinafter. The impulse 
through the working or upper contact of arma 
ture 343 is stopped at contact 342, the relay Af2 
being at rest. Another branch leads through the 
rest or lower contact of the armature 352, and 
then through the working or upper contact of 
the armature 353, and is stopped at 35, the 
relay Aff being at rest. In the third branch 
the impulse reaches the working or upper contact 
of armature 363, then the rest or lower contact of 
armature 364, and then passes through the third 
circuit to terminals A13. The fourth branch leads 
to the rest contact of armature 384 and connects 
with the fourth circuit at terminals A13. The 
accumulator (Fig. 18b) thus receives impulses in 
electromagnets Aa3 and Aa4, and therefore will 
register 7 in the units (decimal order), that is, 
the complement with respect to 10 of the originai 
negative value 3. 

In the same manner, the inverting of negative 
indications in the tens and hundreds order (units 
B and C) takes place, with the exception that 
in the latter instance, the complement is calcu 
lated with respect to 9. For example the indi 
cations Zero, 3, or 9, effect respectively the regis 
tering in the accumulator of the values 9, 6 or 
Zero. In this way the negative indications are 
registered in the following manner:- 

If in the sending 
apparatus there 
Occurs 

The in the accumulator we find 

0 00--------------- 9, 9, 10=0 00 (tens are transferred). 
70 4--------------- 2 6 

2 1 0--------------- 7 S O-7.9.0 (ten is transferred 'unit to 
“tens' or from 'A' to B.' 

061--------------- 9 3 9 

The mechanical unit D (Figs. 16 and i8b) is 
used in case of negative indications only. The 
working circuit entering terminal 3 2 now ex 
tends over contact 316 (relay 300 being energized) 
through the various branches in unit D over the 
second, third and fourth wires counting from the 
left of the terminals D 3 to terminals D of 
Fig. 18b where it energizes the electromagnets 
Da2, Da3 and Da 4 which correspond to the 
values 2, 3 and 4, and which therefore cause 
the value 9 to be entered in the D unit of the 
accumulator in the same manner as previously 
explained. The switch Db is a composite switch 
for all three electromagnets Da2, Da3, and Da. 
This arrangement is made possible by the fact 
that 9 is the only figure ever entered into unit D 
and by the further fact, that any registration 
will always require the action of all three relayS. 
Consequently, the above-mentioned negative in 
dications are registered in the complete accumu 
lator as follows: 

9. 9. 9. 10 by transfer to tens=0 000 
9 2 9 6 
9 7 8 10 by transfer to tens=9, 7, 9, 0 
9 9 39 

the leftmost value in each line representing the 
value set up in the auxiliary mechanical unit D. 
As long as the addition of the indications gives 
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a negative result, the auxiliary denominational 
unit D gives a value different from Zero, while 
should positive results be produced, it gives the 
value Zero. 

Resetting operations and transfer of values 
The shaft AO (Figs. 3, 15 and 19) carries a 

set of 13 cams, Ab to Ab3, while shafts BO 
and CO carry a set of 12 cams each, namely 
Bbt to Bb and Bb3, and Cb to Cb? and 
Cb13, which cams through their projections, can 
raise levers Ad to Ads, Bd to Bd and Bd3 
and Cd? to Cd and Cdf3 (Figs. 5, 6 and 12) 
and which in turn will close, when raised the con 
tacts Af, Bf, Cf (Fig. 12 and schematically shown 
but not marked opposite the cams in Fig. 18b) 
by means of the rods Ae, Be and Ce. The cans 
Ab? to Ab4, Bb to Bb4 and Cb to Cbs are so 
arranged on their shafts that their projections 
close the contacts Af, Bf and Cf (in the manner 
described above) corresponding to the comple 
ment of the respective shaft, and, therefore, ac 
cumulator position. In unit A the complement 
is figured in regard to 10 while in the other units 
it is figured in regard to 9. They are used for 
Setting the accumulator to Zero and taking part 
in the transfer of complements to another ap 
paratus, as for instance, an accumulator in the 
manner described hereafter. The cams Ab5 to 
Ab8, Bb5 to Bb8 and Cb5 to Cb8 have projections 
that close the contacts Af, Bf and Cf correspond 
to the actual positive position of the respective 
shafts, and are used for the transfer of the actual 
momentary accumulator reading to another ap 
paratus. The cams Ab9 to Ab2, Bb and Bb.9 to 
Bb, and Cb and Cbs to Cb close through 
their projections, the above-mentioned contacts 
according to the complement to ten to each shaft 
and accumulator unit position and serve for the 
transfer of complements to another apparatus as 
described hereafter. The cams Ab?3, Bb 3 and 
Ct. 3 establish contacts for the energization of 
relays Ac, Bc and Cc respectively in any position 
of the corresponding shafts except in their zero 
position. a 

The cams Ab1 to Ab3, Bb to Bb and Bb3, 
etc., illustrated in Fig. 18b are shown in the Zero 
position of the shafts AO, Bf O and CO. The 
Cams carry single teeth or elongated projections 
according to the requirements for the closing of 
contacts. Bb5 (Figs. 18b and 22), for instance, 
has three teeth which will close a contact in posi 
tions, 1, 5 and 8 of the shaft B O because the 
code number 1 is required for values i, 5 and 
8 (see code in Fig. 1). Bb3 has an elongated 
projection closing the contact during positions 
4 to 9 inclusive because the code number 4 is re 
quired in all values from 4 to 9. 

Resetting Operations 

The setting of the accumulator to Zero Will now 
be explained. The cams Ab-Ab-4, Bb -Bb4, 
and Cb-Cb4 (Figs. 3, 4 and 15) either raise or 
leave at rest, dependent upon the position of their 
projections (Fig. 12, Bb to Bb4 being indicated by 
Bb, Bd to Bd4, by Bd, Bef to Be4 by Be, and 
Biff to Bf4 by Bf), the corresponding rotatable 
arms Ad-Ada, Bd-Bd4, and Cd-Cd4 (Figs. 
5 and 6), and in the first case raise the respec 
tive bolts e (Be, Ce, etc., Fig. 12, Ae, Bef, etc. in 
Fig. 19) thus closing the contacts in the contact if 
(Bf, Cf, etc.). The cams Ab4, Bb to Bb4, Cbl 
to Cb4 are so mounted on the shafts AO, BO, 
and CO (Fig. 15) that they close the circuits en 
ergizing the electromagnets Aal to Aal, Ba to 
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BaA, etc. (Fig. 18b) corresponding to the com 
plement of the accumulator reading of the re 
Spective unit. This complement is again with 
respect to 0 for the unit order A, and with 
respect to 9 for mechanical units B and C. The 
connections are diagrammatically represented in 
Fig. 18b. 
The terminal 7 (Fig. 18b) is connected 

through hand-operated switch 828 (Fig. 18a) to 
the positive pole of the source of current 800 
(Fig. 180), and if this contact be closed, then the 
impulse passes from terminal to the contacts 
of cams Ab-Ab4, Bb-Bb4, Cb-Cb4, and Db, 
and according to whether these contacts are in 
open or closed position, are stopped or extended 
to the corresponding electromagnets Act to Aa4, 
Bal to BaA, etc. The energized electromagnets 
cause the complement of the accumulator read 
ing to be entered in each unit and thereby return 
the accumulator to Zero. 

If, for instance, the indication of the tens order 
B is the value 3, then the cams Bb2 and Bb4 
(Fig. 22) are in Such position that they close 
their contacts (representing the complement of 3 
With respect to 9, or 6), while the contacts of 
cams Bb and Bb3 remain open. The circuit 
from the positive pole over terminal if extends 
Over contacts of cams Bb2 and Bb4 and ener 
gizes the electromagnets Ba2 and Ba4, which in 
turn raise their corresponding latch bars 29 
(Fig. 2) and release the locking rod 25-6. The 
raising of the toothed rod 2 by six teeth turns 
the accumulator drum of the mechanical unit B 
by six units, bringing it to the position 9 (the 
value 3 having previously been set up therein). 
The entering of the complements to the original 
entry in the accumulator brings the units order 
to zero and all the others to the position 9. The 
Setting of the units order A to zero will cause 
the transfer of a unit to the tens order B, as 
explained previously for positive figures. The 
tens order, being in the 9 position, will be car 
ried forward to zero, and the transfer of a unit 
to the hundreds order C will be effected. The 
hundreds order being returned to zero, a unit 
will be transferred to the auxiliary unit D. If D 
were originally at Zero, then the number 9 has 
been entered during the process of Setting the 
accumulator to zero, and a unit is now trans 
ferred from the hundreds order, to advance it to 
Zero. If D were originally at 9, then it did not 
receive a complementary figure, and remained at 
9 until a unit is carried forward from the hun 
dreds order, thus effecting its advance to zero. 

Transfer of values 

It may become desirable to transfer the indi 
cations of the accumulator to another apparatus, 
for instance another accumulator. This second 
accumulator may be of various types. For the 
sake of simplicity, however, we shall assume the 
construction of the Second accumulator to be 
identical with the accumulator described in these 
pages. The terminals A2, B2, C2 and D2 (Fig. 
18b) of the first accumulator are then connected 
to the terminals A, B, C and D of the second 
accumulator. The transmission can take place 
in any position of the accumulator elements A, 
B, C through the switch cams Ab5-Ab8, 
Bb5-Bb8 and Cb5-Cb8 (Fig. 18b). These cams 
raise or leave at rest, according to the position 
of their projections, the corresponding rotating 
arms Ad5-Ad8, Bd5-Bd8 and Cd5-Cd8 (Figs. 
5, 6, and 12 the latter showing the rotating arms 
Bd5-Bd8 as Bd), thereby raising the respective 
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bolts e (Be in Fig. 12), thus closing the contacts 
in the cam-actuated switches f (Bf in Fig. 12) 
in the same manner as previously explained. 
The corresponding working circuit leads from the 
negative pole of the source of current 800 through 
a can 806 (Fig. 8d.) to the terminal 406 and the 
contact 46 of the relay Dc (Figs. 18a, and 18b). 
It then passes over the trunk line 4 and 
branches into three circuits 418, 4.9 and 420 to 
the contacts of the above-mentioned cams Ab5 
to Ab8, Bb5 to Bb8, and Cb5 to Cb8, and from 
there, over those contacts that are closed by the 
cams, thus transmitting code values, to the ter 
minals A2, B2, and C2. These terminals are con 
nected to the terminals A, B, and C of a re 
ceiving accumulator (Fig. 18b) (to be described 
hereinafter), and the current, passing over any 
Wire going to these terminals, will reach the cor 
responding electromagnet Aa to Aal, Baf to Ba4, 
Cal to Ca4, thereby registering the correspond 
ing value in the receiving accumulator in the 
Same nanner as described for this accumulator. 
If, for instance, the mechanical unit B, through 
the position of its axis BO, registers the posi 
tive value 5, then the projections of the cams Bb5 
and Bb8 corresponding to the values 1 and 4 
(=5) will cause their contacts to be closed, there 
by transmitting current through terminals B2 
and extending over the terminals B (Fig. 15) of 
a receiving apparatus identical with the accumu 
lator under discussion to the corresponding relays 
Ba and Ba4 of said receiving apparatus as de 
scribed subsequently. 
As previously stated, the negative character of 

the accumulator reading is evidenced by the shaft 
DO taking up the position corresponding to the 
digit 9. This position is attained in the same 
manner as are the other negative indications and 
as described previously. The short impulse re 
Ceived, in case of negative indications, through 
terminal 32 over working contact 36 of the 
relay 300 (Fig. 16) invariably passes through the 
three leads 2, 3 and “4 of terminals D3 in case 
of negative indications, and extends to the elec 
tromagnets Da2, Da3, and Da 4 (Figs. 15 and 18b), 
thus causing the locking rod 25-9 (Fig. 2) to 
advance and effect the registration of digit 9 in 
the auxiliary unit D. If the figure previously 
registered in the accumulator were positive and 
if the result of the subtraction of the said nega 
tive figure, accomplished by the addition of its 
complement, still leaves a positive figure, then the 
addition of the complement will result in the 
transfer of a unit from C to mechanical unit D 
and the latter is returned to zero in the manner 
described for transferring of tens to the next 
mechanical unit. If the figure registered in the 
accumulator after the addition of the comple 
ment of the negative figure is negative, then the 
shaft DO remains in the position 9. The com 
plement registered in the accumulator can be 
directly transmitted to another apparatus in the 
same manner as indicated for the transmis 
sion of positive figures, the transmission taking 
place through cams Ab5-Ab8, Bb5-Bb8, and 
Cb5-Clb8. In most cases the practice, however, 
is to transmit the absolute (negative) value with 
due regard to the negative sign and not the com 
plementary figure. For this purpose, in the first 
place, the relay Dc is employed, the said relay 
receiving current from the positive pole of the 
source of current supply, through contacts 88, 
89 of cam 803, the can closing a circuit through 
lead 57 (Fig. 18a) to the terminal 57 (Fig. 18b), 
404, contact 424 of the cam Dbf3 which is closed 
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Whenever the thousands order wheel is not in 
Zero position, through relay Dc to terminal 40 
Which is connected to the negative pole. The 
negative character of the accumulator reading 
can be transmitted to another apparatus by an 
impulse over lead 406 and working contact 43, 
relay DC being energized, over terminal 40 to 
a receiving apparatus. The working circuit com 
ing from the negative pole over the contact of 
cam 806 (Fig. 18a) to terminal 406 (Fig. 18b) 
paSSeS, noW that relay Dc is energized, over the 
upper contact of 42 and to the contacts of the 
cams Ab9 to Abl2 and extends in case of closed 
contacts over the corresponding circuits of the 
four wire lead to the outgoing terminals A2. 
The mechanical operation is performed in the 
Same manner as for cans Albf to Ab8 which raise 
the rods Ae (the same as Be in Fig. 12) and close 
the contacts Af (the same as Bf in Fig. 12), the 
latter being diagrammatically shown opposite the 
cams. At 9 to Abf2. Whenever one of the shafts 
At 0, Bf O and CO is not in zero position and the 
corresponding contact closed by cam Ab3, Bb3 
or Cb f3, the respective relay Ac, Bc, or Ce, is 
energized by the circuit leading from the posi 
tive pole of the source of current 800 over con 
tacts 88, 8 9 of cam 803, lead 57, the corre 
Sponding lead to the contact Ab3, Bb3, or Cb3, 
through its corresponding relay Ac, BC, or CC, 
Over lead 40 to the negative pole of the source of 
Current. The energization of the relay is main 

35 

40 

50 

55 

60 

75 

tained by the secondary circuit coming from the 
positive pole of the current over contacts 820, 82 
of cam 804, lead 405, contact 43, 44 or 45t, 
through the relay, and over lead 40 to the nega 
tive pole of the source of current. The cams 
Ab9 to Ab2 are so positioned on the shaft. Af0 
that they close the contacts representing the 
Complement with respect to 10 of the momentary 
indication of the mechanical unit and the posi 
tion of its shaft O which in the case of negative 
Values is the complement of the complement reg 
istered in the accumulator, or the absolute nega 
tive value. If the indication of the mechanical 
unit A is for instance and its negative chair 
acter is expressed by the position 9 of the me 
chanical unit element D (the real value of A 
is minus 3) then the contact of can Abif (Ab9, 
Abo, Ab? and Ab2 closing contacts according 
to code values 1, 2, 3 and 4 respectively) is closed 
and the value 3 is transmitted over the third 
circuit to the outgoing terminals A2. 
The complementary values of negative indica 

tions of mechanical units B and C must be trans 
mitted as calculated either with respect to 10 or 
to 9, according to whether the previous units 
indicate zero or another figure. This distinction 
is required because the complement of a value 
is obtained by deducting the first digit to the 
right other than Zero from 10 and all the suc 
ceeding digits to the left thereof from 9. When 
the real value is 230 for instance, the comple 
ment is 9770, and when the real value is 600, the 
complement is 94.00. 
The energization of the relays Ac, BC and Co. 

(Fig. 18b) depends upon the closing of the respec 
tive contacts by the cams Ab3, Bb3 and Cb 3 
(Fig. 18b). In the zero position of the shaft AO, 
BO and C to these contacts are broken, but in 
all other positions, they are closed, thereby mak 
ing the energization of the relays Ac, Bc and CC 
possible. These relays determine the direction of 
the working current as subsequently explained. 
If complementary values of negative figures are 
registered in the accumulator, the thousands 
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Order wheel therefore indicating a value different 
from Zero and the relay Dc being energized, then 
the following operation can take place (Fig. 15) : 
If the shaft. At 0 is in its zero position, that is, 
if the indicator drum (as shown in Figs. 3, 4 
and 8), reads zero, then the relay Ac is not ener 
gized. A Working circuit leads from the nega 
tive pole of the source of current through the 
contacts 824, 825 of cam 806 (Fig. 180) leading to 
lead 406 (Figs. 18a, and 18b) to the terminal 406 
(Fig. 18b) and then working contact 42, thereby 
reaching the contact 432, and extends over its 
rest contact, since relay AC is not energized, to 
the contacts of cams Bb, Bb9, Bb, and Bb 
and extends over the wires of the closed contacts 
to the exit terminals B2 and to a receiving appa 
ratus. If, however, the shaft AC is not in the 
Zero position, then the relay Ac is energized and 
the rest contact of 432 is replaced by its working 
contact. The circuit arriving from the negative 
pole of the source of current through the con 
tacts 824, 825 of cam 806 (Fig. 18a) over lead 
406 (Figs. 18a and 18b), working contact 42, 
to the contact 432, now extends over its working 
contact to the contacts of cams Bb, Bb2, Bb3, 
and Bb4 and extends over the wires of the closed 
contacts to the exit terminals B2 and to a re 
ceiving apparatus. The cams Bb, Bb9, Bb O 
and Bb are so positioned on the shaft BO that 
the contacts which are closed by the cam pro 
jections correspond to the complement with re 
Spect to 10 of the indicated value. The cans 
Bb, Bb2, Bb3, and Bb4 are the same as used 
for setting the counter back to Zero and they 
now close a parallel set of contacts according to 
the complement with respect to 9. The details 
of the operation through these cams is exactly 
the same as for the setting to zero and the trans 
mission of positive values, and needs no further 
explanation. If both of the mechanical units A 
and B (units and tens) are in zero position, then 
the circuit coming from the negative pole of the 
power source 800 in the same manner as described 
above over lead 406 over the rest arnatures of 
contacts 432 and 442 (relays Ac and Bc being 
without current) passes to the contacts of the 
cams Cb?, Cb9, Cb O and Cb?, causing the com 
plement of the accumulator position in C with 
regard to 10 to be transferred through terminals 
C2. If the units (A) are not zero, then the work 
ing circuit passes over the working contact 42 
and contact 433 to the contacts of cams Cb, 
Cb2, Cb3 and Cb4 representing the complement 
with respect to 9 which applies whenever one of 
the previous digits to the right is different from 
Zero. If the units (A) are zero but the tens (B) 
are not zero, then the working circuit from 406 
passes over working contact 42, rest contact 432, 
working contact 442 to the same cams Cb, Cb2, 
Cb3 and Cb4 which through their positions (com 
plements to 9) close certain contacts and cause 
the complement to the accumulator position in 
mechanical unit C to be transferred throughter 
minals C2. In both of the mechanical units, B 
and C the arrangement of the cams is the same, 
and consequently the result is the same. 

Accumulator readings 

At the bottom of Fig. 15, which shows only 
that portion of Fig. 18b which is necessary for 
the operation of the apparatus as an accumu 
lator, there also is illustrated the shutter (cover 
plate) 42, through the openings of which the 
accumulator drum indications are read. The po 
sition of the readings of the tWO number drums 
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of the units order A are indicated by A3 and A4; 
of the three number drums of the tens order B 
by B3, B4 and B5; and of the three drums of the 
hundreds order C by C3, C4, and C5. The read 
ings A3, B3, and C3 correspond to the positive 
values of the positions of the accumulator shafts; 
the readings A4, B4, and C4 correspond to the 
complementary values with respect to ten; and 
the readings B5 and C5 correspond to the com 
plementary values with respect to nine of the 
positions of the accumulator shafts. The shut 
ter 42 f in Fig. 15 is shown in its rest position and 
exposes the positive accumulator drum readings 
A3, B3 and C3 through the respective windows 
A6, B6 and C6, all the other drum readings being 
covered by the shutter. The positioning of the 
shutter 42 for negative values is performed as 
follows: 
The energized relay Dc (negative values) at 

tracts its armature 414 (Fig. 15) so that the 
shutter 42 f is moved by the lever 40 to the right. 
The indications of the positive wheels or drums 
(extreme right drum in Figs. 3 and 4) A3, B3 and 
C3 (Fig. 15), are covered as a result of the shift 
ing of the windows A6, B6 and C6, while the win 
dows A, B7, B8, CT and C8 are moved into posi 
tion to permit the observation of the wheels or 
drums having negative indications, (complements 
of positions of the shafts AO, Bf 0 and CO). 
The shutter windows A, B and C7 expose the 
drum readings A4, B4 and C4 respectively while 
the shutter windows B8 and C8 expose the drum 
readings B5 and C5 respectively. The accumu 
lator drum indications A4, B4 and C4 correspond 
ing to the complements of the shaft position 
with respect to 10, and the accumulator drum 
indications B5 and C5 correspond to the comple 
ments of the shaft position with respect to 9. 
The necessity of these two readings has been 
explained previously. Should the mechanical 
unit A be in its zero position, then the relay AC 
is without current and its armature 434, the 
lever 435, and the lever B9 with attached Swing 
ing cover disc remain in the position shown in 
Fig. 15 over the negative accumulator drum indi 
cation B5 for the complement with respect to nine, 
and leaving visible through the window BT the 
accumulator drum indication B4, which is the 
complement with respect to ten. If the mechan 
ical unit A is not in the zero position, then the 
relay Ac is energized, the armature 434 is at 
tracted together with the lever B9 with attached 
swinging cover disc which now will cover the 
negative drum reading with respect to ten B4 
and uncover the negative drum reading with re 
spect to nine B5 through the window B8. The 
same reasoning applies to mechanical unit C. 

Repeater 

By means of a single multiple switch of con 
ventional type the electrical connections of the 
accumulator (Fig. 15) may be replaced by those 
of the repeater (Fig. 17). Such a multiple switch 
is shown at 400 in Fig. 18b where it is positioned 
to the right and establishes the connection for 
the accumulator. When it is thrown to the left, 
the multiple switch 400 establishes connections 
and disconnects others, as shown by the broken 
lines, adapting the apparatus for use as a re 
peater. In this position the following changes 
take place: The positive pole is connected 
through contact 822, 823 (Fig. 18a) of cam 805, 
over lead 5f 4 to the contacts 546, 536 and 526 
(Fig. 18tb) of relays Co, Bc, and Ac respectively. 
It disconnects leads 406 and 405. The lead 57, 

7 
with current arriving from the positive pole, con 
tact 88, 89 (Fig. 18a) of cam 803, is now con 
nected to lead 5 5 (Fig. 18b). The connections 
for the lead 7 f, for the entire unit D, for the con 
tacts of cams Abi to Ab2, Bb to Bbl?, Cbi to 
Cb, for the electromagnets Aa to Aa4, Ball to 
Ba4, Cal to CaA, are all cut or broken, and new 
connections are established for the electromag 
nets Aa, Ba, and Ca. 
In order that the apparatus can function as a 

repeater, the apparatus is connected through an 
inverter of the type shown in Fig. 16 but adapted 
to produce complements with respect to ten in 
all the units A, B, and C, the connections then 
continuing to a reading apparatus, such for ex 
ample as that shown in my U. S. Patent No. 
1863,097, as may be seen from Figs. 18a, and 18b. 
The connections which are established between 
the reading apparatus and the inverter consist 
of a lead 8d. (Fig. 18d.) from the fourth contact 
of line X of the reading apparatus, over 3 
to relay 300 (Fig. 16) of the inverter, four leads 
each from the four contacts of lines X2, X3, and 
X4, respectively, to the four-wire terminals C2, 
B2, and A2 of the inverter. The inverter termi- :. 
nal 33 is connected to the negative pole of the 
Source of current 800, terminal 34 over contact 
84, 8 5 of cam 80 to the positive pole, and 
terminal 32 over contact 86, 87 of cam 802 also 
to the positive pole. The inverter terminals A3, 
Bf3, Cf3 and D 3 are connected to the repeater 
terminals A, B, C and D, each representing 
a four-wire terminal. 
The operations of the repeater will now be 

explained in connection with Figs. 18a and 18b, 
the Succession of Operations being shown in the 
timing chart of Fig. 23. The cams 80, 802, 803, 
804, 805, 806, 807, and 808 are mounted on the 
main shaft of the apparatus and make one com 
plete revolution in each cycle. In the beginning 
of the first cycle the relay 500 is energized by the 
circuit from the positive pole, contact 826, 827 
of cam 807, lead 5, 6, contacts 525, 535 and 545 
of relays AC, Bc and Co which are at rest, relay 
500, lead 40, and back to the negative pole. 
This relay can only be energized in the beginning 
of the first cycle because immediately after and 
during the succeeding cycles one of the relays AC, 
BC or CC will be energized and break the relay 
current in the respective contact 525, 535 or 545. 
Also in the beginning of the first cycle the indi 
cations of lines Xt, X2, X3 and X4 in the reading 
apparatus are transmitted to the inverter by the 
circuit traced from the positive source, lead 58, 
contact 502 which is closed by the relay 500, lead 
59, contact 809, 8 to of cam 808, contact plates 
80, through any perforations in the record strip, 
momentarily in the reading apparatus, leads 3 f, 
8, 82 and 83 into the inverter and over termi 
nal 33 to the negative pole. The transmission 
of indications or values from the reader to the in 
verter are dependent upon the energization of 
relay 500 and can, therefore, occur only in the be 
ginning of the first cycle. The entry of indica 
tions into the inverter and the transmission to 
the repeater, which in this respect is the same as 
the accumulator, was previously explained and 
will not be repeated here. The relays of the in 
verter are kept energized by the circuit traced 
from the positive pole of the source of current, 
contact 84, 85 of cam 80?, terminal 314, the 
respective relays, terminal 33, and back to the 
negative pole. Immediately Succeeding this op 
eration the complements with respect to ten of 
the indications received in the inverter are trans 
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mitted to the respective electromagnets Act to 
Aal, Bal to Ba4, and Cal to Ca4 by the circuit 
traced from the positive pole of the source of 
current, contacts 86, 87 of cam 802, terminal 
32, the various branches under the inverter re 
lays, inverter terminals A3, Bf3, C3 and D3 
to the repeater terminals A, B, C and D, 
the electromagnets mentioned above, lead 40t, 
and back to the negative pole. This operation 
brings the shafts AO, B0 and CO and the cams 
Ab3, Bbf3, and Cb 3 to positions corresponding 
to the complements with respect to ten of the 
indications in the reading apparatus. The re 
lays Ac, Bc and Co can now be energized. As 
suming that the reader indications in X2, X3, 
and X4 are respectively 3, 8 and 6, then Cb 3 will 
be in the position 7, Bb3 will be in the position 
2, and Abt 3 will be in the position 4. The relay 
Co is next energized by the circuit from the pos 
itive pole of power source 800, contacts 88 and 
89 of cam 803, lead 57, lead 55, contact of 
cam Cb13, relay Co., 40, to the negative pole 
(Fig. 180). The energization of relay Co breaks 
the release relay (500) current coming from 56 
and interrupts the working current over lead 57 
at contact 54 so that, during the period the relay 
Ce remains energized, neither relay Bc nor relay 
AC can be energized. This energization of relay 
Co, and subsequently of Bc and Ac, will be re 
peated in each cycle or revolution of the main 
shaft of the apparatus and will in each cycle be 
immediately followed by an impulse from the pos 
itive pole of the source of current 800 over the 
contacts 822, 823 of cam 805 (Fig. 18d) on the 
main shaft, lead 54, contact 546 which was 
closed by relay CC, electromagnet Cal, terminal 
40 f, to the negative pole. The energization of 
the electromagnet Cal causes the transmission 
of a unit into the mechanical unit C as pre 
viously described for the accumulator, and ad 
vances the cam Cb 3 from position 7 to posi 
tion 8. 
This action is repeated with the next and the 

following rotations (or cycles, since each rota 
tion constitutes a cycle) of the driving shaft, 
the cam Cb3 is thus finally brought to its zero 
position, its contact is broken, and the relay Co 
is set at rest. The contact 547 of this relay Co 
is closed and consequently the relay BC is ener 
gized by the circuit from the positive pole, con 
tacts 8 8 and 89 of cam 803, 57, 5.5, 547, 
contact of cam Bb3, relay BC, 40, negative pole. 
The relay Bc being energized, the relay Ac can 
not receive any current due to the interruption 
of contact 537. In mechanical unit B the value 
2 was previously registered so that its shaft BO 
with the cam Bb3 are in position 2 and are 
moved forward with each cycle by one unit; relay 
Bc remains energized during 8 cycles (10 minus 
2), relay Ac enters in action during the next 
10-4=6 cycles, the value 4 having been regis 
tered in this mechanical unit. After this last 
cycle the rest contacts 525, 535 and 545 of the 
relays Ac, Bc and Co, respectively, are all closed, 
and the release relay 500 can again be energized. 
The showing of Fig. 17 may be likened very 

much to that of Fig. 15, except that all that 
equipment of Fig. 15 not necessary for the op 
eration of the device as a repeater has been 
Omitted. 

Below the relays Ac, Bc, and Co (Figs. 17 and 
18b) and actuated by them, are three corre 
sponding sets of contacts 528 to 530, 538 to 540 
and 548 to 550. These contacts are closed each 
time the respective relay is energized. As ex 
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plained previously, the relays Ac, BC, and Co are 
energized in each cycle as long as the respective 
cams Ab3, Bb3 and Cb 3 are not returned to 
Zero, or during the same number of cycles as 
impulses to Aaf, Ba and Caf, respectively, are 
required to set the mechanical units back to zero. 
These contacts can, therefore, be used to trans 
mit repeatedly impulses in predetermined num 
ber. 

Operations for multiplications 

The use of these contacts will be explained by 
an example involving multiplications. The con 
nections between the source of current, the 
reader, the inverter and the accumulator acting 
as repeater will remain the same With the follow 
ing exceptions, which were made to limit the 
example to two digits. The four-wire cable from 
the second line ac2 of the reader K (Fig. 18a) is 
discontinued, the four-wire cable from the third 
line acs (tens order) is connected to terminals 
Af2, of the inverter, and the four-wire cable 
from the fourth line ac (units order) is con 
nected to the inverter terminas B2. In this 
manner the complement of the two digit multi 
plier appearing in the reading apparatus is reg 
istered in the repeater in the manner described 
previously. 
The contacts of the two digit multiplicand of 

the fifth and sixth lines ac5 and acs (Fig. 18a) in the 
reading apparatus are connected by four-wire 
cables Y2 and Y (one wire for each line contact) 
to the left hand terminals 605 and 65 of the 
contacts 529, 539, respectively, and left-hand ter 
minals 604 and 64 of contacts 528, 538 (Fig. 18b), 
respectively, in the manner described subsequent 
ly. Each group of contacts 529, 539, 528 and 538 
is connected with four insulated wires, one for 
each lead of the four-wire cables Y and Y2. The 
right-hand terminal 60 of contact 528 is con 
nected to terminal Bf of a second accumulator; 
terminal 6 of contacts 538 to terminal. A ter 
minal 602 of contacts 529 to terminal C; and 
terminal 62 of contacts 539 to terminal B of 
said second accumulator. 

Multiplications can now be performed by the 
process of successive additions. In order to illus 
trate the procedure the figure 68 (multiplier, 
third and fourth lines in the reader) will be 
multiplied by the figure 53 (multiplicand, fifth 
and sixth lines in the reader), and I will call 
U=68 and y=53; then 

D1=number of units of U U1=8 
u2=number of tens of u) u2=6 
y1=number of units of y y1=3 
y2=number of tens of y y2=5 

The four-Wire cable Yl Connected. With the 
reading apparatus contacts for the sixth line 
registering y1, the units of the multiplicand. (Fig. 
18a), is then connected with the two accumulator 
repeater terminals 64 and 604 (Fig. 18b) simul 
taneously, and the four-wire cable Y for the 
fifth line registering y2, which is the tens order 
of the multiplicand, to the terminals 65 and 
605. The connections with the second accumu 
lator-repeater (Fig. 18b), which acts as an ac 
cumulator, are established as follows: 

6 to A (units) of second accumulator (Fig. 
18b). 
62 and 60 to B (tens) of the second ac 

cumulator (Fig. 18b). 
602 to C (hundreds) of the Second accumu 

lator (Fig. 18b). 
AS previously explained, the complement of 
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201=8, or 2, is registered in the mechanical unit 
B and the cam Bb 3 closes its contact, thereby 
permitting the energization of the relay BC. In 
each one of the succeeding eight cycles the foll 
lowing procedure will take place. An impulse 
from the positive pole of the power source 800 
passes over the contacts 88 and 89 of cam 803, 
terminal 5ft (Fig. 18b) over lead 55 (upper 
left-hand section), passes over 547, 537, contact 
of Cam Bb3, relay Bc, 40, to the negative pole, 
and energizes the relay Bc and attracts all its 
contacts. In this manner the working contacts 
of 538 and 539 are closed, the value yi is trans 
mitted a single time from the reading apparatus 
over 6f 4, the contacts 538, 6 to the mechanical 
unit A of the second accumulator (Fig. 188), as 
previously described for registration of values in 
the accumulator. Likewise the value y2 is trans 
mitted over 65 (Fig. 18b), 539, 62 to the me 
chanical unit B. The second accumulator (Fig. 
15) now registers the value 53. During the same 
cycle an impulse will be received from the posi 
tive pole of the power source 800 over contacts 
822 and 823 of can 805 (Fig. 18d.) to terminal 54 
(Fig. 18b), 536 (which is closed by relay Bc), 
Ba, 40, to the negative pole, which will register 
a unit in B and will advance the shaft Bf O and 
the cam. Bb3 by one position. The closing of 
Working contacts 538 and 539 and the registra 
tion of a unit will be repeated in each cycle until 
BO and Bb3 reach the zero position, and the 
circuit energizing Bc is interrupted in Bb f3. The 
described procedure will be repeated in this ex 
ample 8 times (two having been set up), so that 
the value 53 is transmitted 8 times from the read 
ing apparatus to the second accumulator, which 
is equivalent to its multiplication by 8. 

Mechanical unit. A remains inactive during the 
Operation of mechanical unit B, because the en 
ergization of relay Bc interrupts the circuit from 
55, over 547 in 537, thus preventing the ener 
gization of relay Ac. Now, after relay Bc came 
to rest, the relay Ac will become energized by 
means of the circuit from the positive pole of the 
power source 800, contacts 88 and 8f 9 of cam 
803, (Fig.18a) to lead 5 T (Fig. 18b), 5f 5,547, 537, 
contact of Ab3, relay Ac, 40, to the negative 
pole; and the energization of Aal will take place 
Over the circuit from the said positive pole, con 
tacts 822 and 823 of cam 805 to lead 54 (Fig. 
18b), 526 (which is closed by relay Ac), Aal, 40, 
to the negative pole. The operation taking place 
in the mechanical unit A is now the same as de 
scribed previously in connection with unit B. 
The value 4 having been entered in A, the Opera 
tion will be performed 6 times. J1 is transmitted 
6 times from the reading apparatus over 604, con 
tacts 528 (Fig. 18b) of relay Ac, 60 f, to mechani 
cal unit B (Fig. 18b) of the second accumulator, 
and g2 is transmitted 6 times from the reading 
apparatus over 605, contacts 529, 602, to mechani 
cal unit C (Fig. 18b). The value 53 is in this 
manner registered 6 times in the second accumu 
lator, and as the unit 3 now registers in the tens 
order (B) of the second accumulator and the tens 
5 in the hundreds order (C), this successive addi 
tion is equivalent to a multiplication by 60. This 
completes the multiplication of 53 by 68. 
From the description and the drawings it will 

be seen that the transmission of values or indi 
cations from the acculunator-repeater to a re 
ceiving apparatus (in the description assumed to 
be another accumulator but which may be a 
different apparatus) do not necessarily depend 
upon the momentary movement or position of the 

9 
perforated record in the reader, nor does it have 
to coincide with such movement or position. 

It is of course obvious that once the broad fea 
tures of my invention are disclosed, numerous 
modifications and adaptations thereof will readily 
occur to those skilled in the art. Accordingly, it 
is contemplated that the invention be limited 
Only by the scope of the appended claims. 
What claim is: 
l. As part of statistical apparatus, including 

receiving apparatus, a plurality of differentially 
positionable accumulator elements, correspond 
ing to successive denominational orders, a plural 
ity of pairs of contacts for each of the Said ac 
cumulator elements, a plurality of cams for each 
of the said accumulator elements movable by the 
corresponding accumulator element and adapted 
to close certain of said pairs of contacts, singly 
or in combination, in accordance with either the 
value standing on and indicated by the position 
of the said accumulator element or a Selected 
one of its complements, and transmission circuits 
connected to said contacts for transmitting the 
value standing on said accumulator elements to 
selected receiving apparatus, a relay for each ac 
cumulator element controlled by the positioning 
into and out of zero position of a selected one of 
said plurality of cams, the transmission circuits 
of higher orders extending through and con 
trolled by a relay associated with an accumulator 
element of a lower order to select pairs of con 
tacts of the higher order accumulator element, 
dependent upon which of said complements is to 
be transmitted, the selection of a particular relay 
controlled-transmission circuit being dependent 
upon the energization or de-energization of Said 
relay. 

2. As part of statistical apparatus, including 
receiving apparatus, a differentially positionable 
accumulator element, a cam movable by Said ac 
cumulator element, contacts closed by said can, 
a second differentially positionable accumulator 
element, a plurality of sets of cams movable by 
said second accumulator element, the first of said 
accumulator elements indicating by the position 
of its cam whether the value standing on Said 
second accumulator element is positive or nega 
tive and closing said contacts in the latter case, 
the plurality of sets of cams in Said Second ac 
cumulator element indicating the value standing 
thereon or its complement, a plurality of pairs 
of contacts, the sets of cams of said second ac 
cumulator element being adapted to close certain 
of said pairs of contacts in accordance with the 
position of said second accumulator element, one 
set of said cams of the second accumulator ele 
ment being adapted to close certain of Said pairs 
of contacts for transmitting the value standing 
on said accumulator element, another set of cams 
of the second accumulator element being adapted 
to close certain others of said pair of contacts for 
transmitting the complement of said value, a 
relay energized under the control of said first 
mentioned contacts, a circuit controlled by the 
contacts of said relay for directing current to the 
contacts of one or the other of said sets of cams 
of said second accumulator element depending 
upon whether said relay is energized, and trans 
mission circuits connected to said pairs of contacts 
of said cams of the second accumulator element, 
for transmitting an impulse over those pairs of 
closed contacts to which current is directed, in ac 
cordance with the value standing on said second 
accumulator element, said impulse being trans 
mitted to selected receivii's apparatus. 
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3. As part of statistical apparatus, including 

receiving apparatus, a differentially positionable 
accumulator element, a pair of contacts, a cam 
movable by Said accumulator element for con 
trolling said contacts, the said can indicating by 
its position whether the value standing on the ac 
Cumulator is positive or negative, a plurality of 
other differentially positionable accumulator ele 
ments corresponding to successive denomina 
tional Orders, a plurality of pairs of contacts and 
a plurality of sets of cams and a special cam for 
each of said denominational accumulator ele 
ments and positioned by the latter, a first set of 
Said cams for each of these denominational ac 
Cumulator elements being adapted to close 
Selected ones of said pairs of contacts in accord 
ance with the value standing on the respective 
accumulator element, a second set of cams in each 
Of the denominational accumulator elements be 
ing adapted to close certain others of said pairs 
of contacts in accordance with the complement 
with respect to ten of the value standing on the 
respecive accumulator element, and a third set 
of cans in each of the denominational accumu 
lator elements with exception of the one repre 
senting the unit denomination, adapted to close 
a third set of said pairs of contacts in accordance 
with the complement with respect to nine of the 
-value standing on the respective accumulator ele 
ment, a first circuit, a relay for directing said cir 
cuit to the contacts of the first set of cams or to 
either of the second or third set of cams of the de 
nominational accumulator elements depending 
upon whether said relay is energized, a second cir 
cuit controlling said relay and controlled by the 
pair of contacts of the cam in the first-mentioned 
accumulator element, second relays, One for each 
of the denominational accumulator elements and 
controlled by the pairs of contacts of said special 
cams in the corresponding accumulator element 
and controlling said first circuit and coming into 
or out of operation, depending upon whether a 
value is standing on the respective denomination 
accumulator element, circuits controlled by con 
tacts of said second relay of each of the Said de 
nominational accumulator elements for connect 
ing the first circuit, in case of negative values, to 
the contacts of either the Second Or third set of 
cams of the accumulator element corresponding 
to the next higher denominational Order, depend 
ing upon whether or not the said second relay is 
energized, the current of the first circuit passing 
to the contacts of the second set of cams if no 
value is standing on any preceding accumulator 
elements, or to the contacts of the third set of 
cams if a value is standing on any preceding ac 
cumulator elements, and transmission circuits 
connected to the contacts of each set of cams for 
transmitting an impulse Over each closed trans 
mission circuit corresponding to the Waite stand 
ing on the accumulator element, the said impulse 
being transmitted to selected receiving appa 
ratus. 

4. As part of statistical apparatus, a denomi 
national order comprising a translating element 
for receiving data, and an accumulator element 
controlled thereby, means forming part of said 
translating element for setting up in said accu 
mulator element data received by said translating 
element, a pair of contacts and a cooperating cam 
aSSOciated With the accumulator element of said 
denominational order, said can being positioned 
by Said accumulator element and being adapted 
to close said pair of contacts if there is a value 
Standing on the accumulator element of the 
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respective denominational Order, a relay associ 
ated with said accumulator element, a first circuit 
controlled by said contacts for energizing said 
relay, a second means for closing and opening 
Said first circuit cyclically for causing the latter 
to transmit one impulse per cycle until the 
respective accumulator element reaches its zero 
position, and a Second circuit connected to the 
translating element and including contacts closed 
by energization of said relay, means for closing 
and Opening said Second circuit cyclically, each 
said impulse causing the translating element to 
enter a unit in the accumulator element, said en 
tering of a unit being repeated upon each ener 
gization of Said relay. 

5. Statistical apparatus comprising a differen 
tially positionable accumulator element, a pair of 
contacts, a cam movable by said accumulator ele 
ment, said cam indicating by its position whether 
the value standing on the accumulator is positive 
or negative, and controlling said pair of contacts 
accordingly, a plurality of other differentially 
positionable accumulator elements corresponding 
to successive lower denominational orders, each 
denominational accumulator element having a 
plurality of sets of cams positioned thereby, a 
plurality of pairs of contacts, each pair of con 
tacts being controlled by a related can, a first 
set of cams positioned by each of the denomina 
tional accumulator elements being adapted to 
close pairs of contacts for transmitting the values 
standing on the respective accumulator element, 
a second Set of cams positioned by each of the 
denominational accumulator elements being 
adapted to close pairs of contacts for transmit 
ting the complement with respect to ten of the 
value standing on the respective accumulator ele 
ment, and a third set of cans positioned by each 
of the denominational accumulator elements, ex 
cept the one comprising the units denomination, 
being adapted to close pairs of contacts for trans 
mitting the Complement with respect to nine of 
the value standing on the respective accumulator 
element, a circuit connected to contacts of the 
denominational accumulator of highest order, 
means controlled by said first-mentioned pairs of 
contacts for directing said circuit to the contacts 
of the first set of cams or to either the second or 
third set of cams of said denominational accumu 
lator element of highest Order, depending upon 
whether said means is energized, a plurality of 
devices, one for each denominational accumu 
lator element and controlled by the accumulator 
element of immediately lower order, for connect 
ing said circuit to the contacts controlled by 
either the second or the third set of cams of the 
corresponding accumulator elements, the said cir 
cuits being connectable to selected receiving ap 
paratus. 

6. Statistical apparatus comprising a plurality 
of denominational orders, each said order includ 
ing a translating element for receiving data and 
an accumulator element controlled thereby, 
means forming part of said translating elements 
for setting up in said accumulator elements data 
received by said translating elements, a pair of 
contacts and a cooperating can associated with 
the accumulatOr element of each denominational 
Order, said can corresponding to each accumu 
lator element being positioned by Such accumu 
lator element and being adapted to close the cor 
responding pair of contacts if there is a value 
standing on the accumulator element of the 
respective denominational order, a plurality of 
relays, one for each of said accumulator elements, 
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circuits for connecting said relays to the contacts 
of the corresponding accumulator elements for 
energizing said relays, means for closing and 
Opening said circuits cyclically, a plurality of 
pairs of contacts in said circuits, each pair con 
trolled by one of said relays, when the latter is 
energized, for preventing the opening and closing 
means from causing energization of the relay or 
relays of lower denominational order, a plurality 
of pairs of contacts each closed by energization 
of a related one of said relays, means for cyclically 
directing an impulse to said last-mentioned pairs 
of contacts, and circuits for connecting said last 
mentioned pairs of contacts to the corresponding 

translating elements, said last-mentioned pairs 
of contacts, when closed, directing said cyclic im 
pulses to a translating element, to cause a unit 
to be entered in the corresponding accumulator 
element. 

7. Apparatus of the character set forth in 
claim 5, including further pairs of contacts con 
trolled by the can of the first-mentioned accul 
mulator element, and circuits including said first 
mentioned pairs of contacts for controlling said 
Selected receiving apparatus, in accordance with 
the negative sign of the value on said accumu 
lator. 

CHARLES BOREL. 
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