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Claims. 

This invention relates to storage and compar 
ing arrangements for collating and the like 
machines, and more particularly to electronic 
arrangements for the storage and comparing of 
record cards for re-Sorting the cards in Said 
machines. 
Such machines are well known and are en 

ployed especially to re-constitute a card index 
when some of the cards have been extracted 
therefrom. In such cases there are two stacks of 
cards respectively according to the index num 
bers which the cards bear, these cards being 
designated primaries (P) and secondaries (S), 
respectively. A collating machine therefore 
comprises a hopper and a feed track for the pri 
mary cards and similar elements for the Sec 
ondary cards. The means for feeding forward 
the primary and secondary card tracks are 
started by electromagnetic clutches, either Sep 
arately or simultaneously, as a function of the 
comparison or data or indices on the cards, The 
cards then pass through forward feed members 
which lead the cards to a common receptacle. 

Generally, the known storage and comparing 
devices comprise relays co-operating with dis 
tributors or commutators. They have a certain 
inertia owing to the relays and necessitate con 
trol of relatively great energy. This results in a 
limitation of the speed of operation of the ma 
chine, and wear on the different contactS, dis 
tributors and the like, necessitating appreciable 
maintenance Work. 
One object of the present invention is to 

obviate these disadvantages by replacing the 
storage or registering relays by gas-filled electl'On 
tubes and by replacing the comparison relays by 
high-vacuum electron tubes, a limited number 
of relays being provided to control the operating 
members. Such an arrangement permits of a 
reduction in the Overall dimensions of the storage 
and comparing devices, and in the cost of produc 
tion, by reason of the fact that the electron tubes 
replacing the relays are actually much Smaller in 
number than the relays, while being substantially 
equivalent in cost per element. 
According to the invention there is provided a, 

storage and comparing arrangement applicable 
to a collating machine for re-sorting record cards 
bearing data or index numbers in the form of 
perforations or marks representing by their po 
sition the numerical value of the said indices, the 
storage circuitS comprising thyratrons and be 
ing adapted to translate the time-controlled im 
pulses resulting from the reading of the indices, 
into momentarily stable electric parameters rep 
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resenting the numerical value of the indices read. 
(The expression “momentarily stable' must be 
understood as meaning that the electric param 
eters obtained remain sufficiently constant for 
sufficient time to permit the Subsequent operation 
of the machine.) For this purpose, in accord 
ance with the preferred embodiments of the in 
vention, a storage circuit comprises a rotary 
multiple switch or the like controlling a thyra 
tron corresponding to the digit in question read 
from the index, said thyratron being one of a 
Series of identical thyratrons having different 
anode resistances of graded values, or of any 
equivalent thyratron arrangement providing a 
parameter (voltage or current) of variable value 
and preferably proportional to the said read digit 
corresponding to the Said storage circuit. 
Another object of the invention is to provide 

a storage and comparing arrangement, as above, 
which is applicable to collating machines (func 
tioning cyclically) which deals with cards sep 
arated into primary and secondary stacks, in 
which arrangement the electric parameters rep 
resenting the primary and secondary indices are 
transmitted to the comparing circuits comprising 
high-vacuum electron tubes associated in groups 
of two with a member having a differential elec 
tromagnetic action, so as to actuate the primary 
and secondary feed members differently accord 
ing to whether the primary parameters are 
greater than, lower than or equal to the sec 
Ondary parameters. 
A further object of the invention is to provide 

a Storage and comparing arrangement of the type 
referred to, in which the two tubes of one com 
paring group have their cathodes connected to 
a common impedance which supplies the polaris 
ing voltage in the inoperative position and effects 
a limitation of the total anode current of the two 
tubes by a total negative feedback and balancing 
effect regardless of the relative values of the 
parameters applied separately to the control 
grids of the said tubes. 

For a better understanding of the invention 
and to show how it may be carried into effect, 
two embodiments will hereinafter be described 
with reference to the accompanying drawings, 
given by Way of non-limitative example, the em 
bodiments each being applicable to a collating 
machine suitably modified and of the type de 
Scribed in the specification of United States 
patent application No. 716,796 filed December 17, 
1946. 

In the accompanying drawings 
Figure 1 shows diagrammatically a machine 
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to which the invention may be applied, the card 
receptacles, the feed devices and the reading de 
vices, being illustrated, 

Figures 2a and 2b, when assembled along the 
lines A-B, show one form of the circuit dia 
gram according to the invention, 

Figures 3d. and 3b, when assembled along the 
lines C-D, show an alternative form of circuit 
diagram according to the invention. 

Figures 4 and 5 show control tables for the 
cam-operated contacts of the machine, corre 
sponding to the first and Second embodiments 
respectively, and 

Figures 6 and 7 show how Figures. 2a, 2b and 
3d, 3b respectively are to be assembled. 

Before the storage and comparing arrangement 
is described, it is necessary to recall clearly how 
the machine is started and the cards are read. 
The members necessary for these operations will 
only be briefly described since a complete and : 
detailed description thereof has been given in the 
afore-mentioned prior patent specification. The 
values of the voltages or other practical values 
indicated are given merely by way of illustra 
tion. 

It will first be noted that in the accompanying 
drawings these parts or circuits which are also 
illustrated in the drawings of the said prior patent 
specification, have not been modified and have 
retained similar reference numerals. However, 
since none of the original elements bearing the 
numerals 500 to 599 is shown in the accompany 
ing dra Wings, these numerals are employed for 
the new parts and circuits necessary for carry 
ing the present invention into effect. 
The right-hand part of Figure.1 shows a hopper 

356 for the primary cards. 358 is a picker me 
chanically coupled to the primary shaft which 
also actuates feed rollers 39, 49, 53, 65, with 
their aSSociated pressure rollers, and contact 
cylinders 44 and 59. 
When a primary cycle is to be started, an elec 

tric impulse actuates an electromagnetic clutch 
which thereupon couples the primary shaft to a 
main shaft 7 (Figure 1) for one revolution of 
the latter shaft. The picker 358 feeds a card 
through the outlet of the hopper; the card is then 
driven by the rollers 39 and is stopped first before 
reaching the reading brush BP. The extent of 
this movement constitutes what will be referred 
to as a “cyclic Space.' If a second impulse is 
fed to the clutch, another primary cycle is started. 
The first card, carried along by the rollers, passes 
under the reading brush BP and is stopped 
shortly before reaching the reading brush BP2 
while a second card takes the place of the first. 
If a third impulse actuates the electromagnetic 
clutch, the first card passes under the reading 
brush BP2, while the following cards are also 
advanced through one cyclic space. After the 
third primary cycle, the first primary card is 
stopped between the rollers 65 and 7. A fourth 
cycle is required to enable this card to reach the 
rollers 49, 44, 72, etc. (Figure 1) which rotate 
constantly, being driven by the main shaft 7, 
and which drive the said card into receptacle 03, 
the card being guided by a number of deflectors 
which need not be described here. 
The elements of the seconary track are identi 

cal with those of the primary track, but may 
differ in number. There is one secondary card 
hopper 355, and one picker 357, but only three 
driving rollers f4, 30, 24, with cooperating 
pressure rollers. Contact roller's 607 and 35 co 
operate with the reading brushes BS and BS2. 
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The Secondary track is continued by feed rollers 
59, 56, 65, etc. controlled by the main shaft. 

It Will therefore be seen that as soon as a sec 
Ondary card has passed the reading brush BS2, 
it is taken up by the roller 59 and immediately 
conducted to a receptacle which may, in this 
case, be the compartment 03. 
In this inachine, means are provided to ensure 

that during the comparison of data or indices 
On a priinally card and Secondary card the card 
bearing the index of lower denomination is ad 
vanced during the following cycle, while the other 
Card remains in position until the arrival of a 
Caird having a higher index. In this way, a stack 
of cards. Sorted in numerical order, is collected 
in the receptacle 92. When two cards of simi 
lar index are compared, they are simultaneously 
fed forward in the following cycle, so that they 
are situated one above the other in the general 
track. (It will be noted that the record cards 
dealt With here have a single perforation situated 
in different indicating positions '9' to '0' to 
represent the numerical value of a digit.) 
The reading circuits of the machine can be 

Seen in the lower part of Figure 2b, which shows 
the contact rollers 44, 59, 607 and 35, against 
Which bear the brushes of the reading contacts 
BP, BP2, BS, and BS2. Two distributors 
and if, constantly driven by the main shaft, 
close their contacts as the perforations of the 
cards paSS' below the reading brushes. The cam 
Operated contacts CP6, CPT, CS6 and CST only 
permit closing of the reading circuits at those 
points of the cycle at which analysis of a perfora 
tion may take place. Contacts CCP, and CCS 
and 2 are controlled by card levers situated at 
the first and Second stations of the primary and 
Secondary reading tracks respectively. The latter 
contacts are intended to indicate, by energising 
the relays 324, 325, 326 and 327, when one of 
them is closed, that a card is passing or is about 
to pass the correponding reading station. 
The Operation of the members for starting the 

inachine and for effecting the comparison, will 
now be described with reference to the upper part 
Qf Figure 2a. These members are exactly the 
Sale as those described in the above-mentioned 
prior patent Specification. It is to be recalled 
that, for the primary-secondary comparison, use 
is made of the reading stations BS and BP2 (the 
reading stations BS2 and BPI serving purposes 
other than those envisaged in the present de 
Scription). This arrangement has been retained 
for the purposes of the present description and 
can be seen from Figure 2b by the plug connec 
tions 54, 505,596, 507 to the sockets of the read 
ing brushes BS f and BP2. 

It Will be seen that during a primary-second 
alry comparison the reading of a pair of primary 
and Secondary cards, fed simultaneously from 
their respective hoppers, is effected with a dis 
placement of one cyclic space. That is to Say, 
of two cards passing simultaneously to the sta 
tions BP and BS, only the secondary card 
is read and stored, and of two cards passing 
at the Same time to the stations BP2 and BS2 
only the primary card is read and stored. 

Referring again to Figure 2a, there will be 
Seen the coils EAP, EAS of the primary and 
Secondary clutch electromagnets. When the 
notor of the machine is in operation and is 
driving the general shaft, the feeding of the 
cards is started by an initial depression of but 
ton M. The depression of this button has the 
effect of closing the following circuit: 
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Terminal O or earth, contact M, relay 30, 
terminal --48. The relay 30, being energised, 
closes its holding contacts 30a, whereby a hold 
ing circuit is made for the said relay in conjunc 
tion with the cam-operated contacts CP and 
CS (closed upon stopping of the correspond 
ing primary and secondary shafts). Relay 30 
also closes its contacts 30 lb, 30c. When the 
button M is released, the contact M2 (which had 
been open) is closed again and establishes cir 
cuits for simultaneously energising the electro 
magnetics EAS and EAP. The first circuit is 
as follows: terminal O connected to earth, con 
tacts M2, 30 lb, 303a, CG-4, 30fc., 327d., 303c, 
electromagnet EAS, terminal - 48. CG4 is closed 
on stopping of the feed at the point 15% of the 
cycle (see Figure 4), 327 d is closed since there 
is still no card under the reading brush BS2, 
and the control of the contacts 303a, b and C 
is of no interest at present. The second circuit 
comprises: terminal O, contacts M2, 30 lb, 303a, 
CG4, socket 69, rider 66, contacts RPd, RSd, 
socket 384, plug connection 377, relay 334, and 
terminal - 48. Energisation of relay 334 causes 
the closing of the contacts 334a, 334b and 334c 
and permits energisation of the electromagnet 
EAP by the following circuit: earth, cam-oper 
ated contact CG-5, contact 334c, rider 44, 
line “EAP,' contact 303b, electromagnet EAP, 
terminal -- 48. 
Thus a primary card and a secondary card are 

simultaneously fed forward through one cyclic 
space and stopped short off their first reading 
brushes. In fact, CP and CS have been opened 
during the course of this cycle, and this has 3 
broken the holding circuit of the relay 30 and 
prevented the cam-operated contacts CG4 and 
CG-5 from again feeding the clutch electromag 
nets. Further depression of the button is there 
fore necessary. By the same processes as before, 
energisation of the clutch electromagnets brings 
about the movement of the first pair of primary 
and secondary cards to a position short off the 
reading brushes BP2, BS2, while another pair of 
cards is also fed forward through one cyclic 
space. In the course of this cycle, the reading 
of the first secondary card is effected by BS: 
the storage of the index read is effected and a 
comparison, the process of which will later be 
seen, takes place at the end of the cycle. Owing 
to the fact that the first primary card has not 
yet been read and its index stored, the Second 
ary index is necessarily higher (the case of the 
index 0 being excluded). It is sufficient to know 
for the moment that this comparison Will result 
in the opening of the contact RSd and the clos 
ing of RSe. On release of the button M, a single 
circuit will be formed, namely: terminal O, M2, 
30 b, 303a, CG4, 6 9, 6f 6, RPd, RSe, 385, 378, 
relay 335, and terminal 4-48. The closing of the 
contacts 335c permits the feeding of the electro 
magnet EAP by CG5 and the rider 45, while the 
circuit for EAS cannot be made by the opening 
of the contacts 32d resulting from the presence 
of a secondary card just in front of BS2. Thus, 
in the following cycle only the primary feed 
will be actuated, and the first primary card will 
be read and its index stored and then compared 
with the secondary index stored in the Second 
cycle. From this instant, the feed cycles can 
automatically succeed one another owing to the 
simultaneous closing of the contacts 324c, 325c, 
826c and 327c, as long as there are cards in the 
reading positions. 
The first form of the storage and comparing 
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6 
arrangement will now be described with reference 
to Figures 2a and 2b. Figure 2b shows, in addi 
tion to the reading circuits (at the bottom of the 
figure), the storage or registering circuits (at 
the top). The storage circuits have only been 
shown for indices comprising two digits, namely 
a row of units and a row of tens. Actually, 
the operation of the machine envisaged in the 
first embodiment allows of the dealing with 
indices containing a greater number of digits, 
limited by the process of comparison provided. 
It is sufficient to add an adequate number of 
Storage or registering circuits to have as many 
Such circuits as unit orders which can be emi 
ployed in the machine. 
Each of the storage or registering circuits U 

(units) and D (tens) is composed of two groups 
of members, namely one group for the primary 
indices (P) and one identical group for the sec 
Ondary indices (S). For this reason, the de 
Scription of one group will be applicable to both. 
A group comprises a multiple Switch or com 

mutator connected by means of a plug connection 
to a reading brush or corresponding Order, and a 
Series of thyratron circuits. The multiple Switch 
or commutator may be of any convenient form 
and, more particularly, in accordance with the 
construction described in the prior patent spec 
ification already referred to. In any case, the 
Switch must comprise a common segment 605 
(Figure 2b), preferably of circular form, a series 
of contact studs 63, and a rotary member or 
brush 88 which establishes a connection between 
the common Segment and each of the studs. Suc 
cessively, When it is in motion. 
The brush must be driven Synchronously, on 

the one hand with the distributors TT and iii, 
and on the other hand with the card-feed rollers 
so that when a perforation '9' is analysed, the 
brush is situated on a stud representing the value 
'9' and so on for the other values of the perfor 
ations. During one feed cycle, the brush de 
Scribes a complete revolution. 
The common segment of the units of the pri 

mary cards (Figure 2b) is connected by the plug 
connection 504 to the reading brush BP2 for the 
unitS. 
The thyratrons of each group are employed to 

convert the time-controlled impulses resulting 
from the reading of the indices into electric 
parameters representing by their magnitude the 
numerical value of the said indices and to pre 
Serve the parameters throughout the time nec 
essary for the Subsequent comparison or com 
parisons. - 

It will be recalled that a thyratron is a gas 
filled electron tube having at least one cathode, 
a control grid and an anode and that when the 
state of conduction is initiated, for a certain 
range of voltage values, the control grid no 
longer acts on the anode current, which can only 
be cut off by suppressing the anode voltage or 
by breaking the anode circuit. Moreover, dur 
ing conduction the voltage drop across the anode 
cathode Space is constant for a given type of 
thyratron and the current delivery depends only 
on the external circuits. . 
A group comprises nine thyratrons to which 

are allocated the values 1 to 9. (Certain only 
of the thyratrons are shown in Figure 2b for the 
Sake of clarity.) For example, the primary 
Storage group comprises thyratrons TP to T9P. 
Their cathodes are connected to earth through 
a common resistance RKUP. Each of the grids 
is connected directly to one contact stud of the 
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associated multiple switch, each stud controlling 
an impulse, the numerical value of which cor 
responds to that of the thyratron. Thus, the 
grid of the thyratron T9P can receive a time in 
pulse “9,' the grid of T3P a time impulse 8, and 
so on. If it be assumed that the Zeros are not 
punched on the cards, there are no thyratrons 
for this value. In the inoperative position, that 
is to say, during the non-conductive state of all 
the thyratrons of the group, the potential of the 
grids is fixed at a negative value with respect to 
the cathodes which are at this instant at Zero po 
tential. For this reason, each of the grids is 
connected to terminal Pot (Figure 2a) through 
individual resistances R.G. E.P, RG2.P, etc., each of 
which resistances is connected to a COI) ion. COll 
nection 58. 
High tension yoltage is applied to the allodies 

through the conductor 5-5 (Figure 2b) and re 
sistances RAP, RAP etc. The values of these 
resistances are unequal and are so selected that 
they determine, in each of the thyratrons which 
they control, different current deliveries which 
are a function of the numerical value allocated 
to the associated thyratron. For example the 
resistance RA9.P can be made the weakest of the 
group; the resistance R.A.P will then be the 
highest. When T9.P is rendered operative, the 
canode current delivered is greater than that de 
livered by T8.P which is greater than that de- : 
livered by T.P and so on up to it. When the 
atter is rendered operative. When any one of 
the thyratrons of the group is conductive, a 
potential difference is set up across the terminals 
of the resistance RKU.P, the positive pole being 3 
opposite to earth. It is clear that when T9. 
is conductive, the voltage set up across the tei" 
minals of RKU.P is higher than when T.P is 
conductive. The resistances RA2.P to R.A.F. 
have values intermediate between those of RAP 
and RA9.P. Consequently, owing to the Selec 
tion of the thyratrons effected by the associated 
multiple switch and owing to the anode resist 
ances of different values, it is possible to obtain 
a stable direct current voltage across the tel 
trainals of the resistance RKU.P and to make 
the different possible values of this voltage rep 
resent a predetermined function of the numer 
ical values of the recorded impulses. 
The setting in operation of one of the thyra 

trons of a group takes place in the following 
manner. The reading circuits of the machine 
described in the aforesaid patent specification 
are so modified that they include a voltage Soulca 
other than that of the relayS. 
the cam-operated contacts CP6, CP, CS6 and 
CST (lower part of Figure 25), are fed independ 
ently of the relays by the connection 5 to the 
positive terminal 89. It will be assumed that a 
primary card is analysed at the position BP2, 
when a perforation passes under the leading 
brush of the units order, for example, the voltage 
--80 is transmitted to the grid of one of the pri 
mary thyratrons through the circuit: positive 
terminal 83 (Figures 2a-2b), connection 5ft, 
cam-operated-contact, CP6 or CP76, contact of 
the distributor 77, contact 325b, general brush 
623, contact cylinder, hole of the card, units 
brush, plug connection 504, multiple Switch 
(common segiment, brush contact stud correr 
sponding to the perforation) and grid of one of 
the thyratrons thus selected. The making of 
this circuit corresponds to the sending of a posi 
tive impulse and during this impulse the thyra 
tron selected becomes conductive and remains 

For this purpose, 

5 

() 

5 

20 

2 5 

ii 

5) 

5 5 

60 

conductive as long as the anode circuit is not 
broken. 
The appearance of a positive continuous volt 

age (across the terminals of RKU.P) proportional 
to the numerical value of an analysed perforation 
constitutes, therefore, the storage of the said 
value. The storage of the perforations by the 
secondary units group takes place identically and 
it will be appreciated that if the elements of the 
Secondary group have exactly the Same values as 
the corresponding elements of the primary group 
the analysis of equivalent perforations at the 
positions BP2 and BSf must set up equal voltages 
across the terminals of the resistances RKU.P, 
RKU.S, etc., and that comparison of these volt 
ages is possible for detecting which is the largest 
in the case of inequality. The storage of the value 
corresponding to the perforations by the groups 
of the other orders of units takes place identically 
and simultaneously for each unit order. 

It therefore remains to consider the comparison 
circuits. These are composed essentially (see 
Figure 2d) of two high-vacuum electron tubes 
WP and WS, a differential polarised relay 500, two 
comparison relaySRP and RS and finally change 
over devices CGP and CGS (upper part of Figure 
2). 
The two tubes WP and WS are pentodes having 

similar characteristic curves. Triodes or tetrodes 
could also be employed for this purpose. The 
control grids are, during the inoperative period, 
at earth Gr Zero potential owing to their respec 
tive connection to the resistances 5 and 52, 
the other end of which is earthed. The grids are 
also each connected by a wire 53 and 54 to the 
change-over devices CGP and CGS (see Figure 
2b), the contacts of which alre all open in the 
inoperative position. The anodes of the pentodes 
WP and WS receive the high tension of the con 
nection 58 (leading to the positive terminal 20) 
thirough the respective coils of the differential 
relay 50. These two coils must be so constructed 
that when they are traversed by equal currents 
(which is the case when WP and WS are in 
operative) the magnetic fluxes produced cancel 
One another out so that the arnature 50 remains 
in its position of equilibrium. The sensitivity of 
the System must be such in practice that a differ 
ence of a few mA is sufficient to produce the at 
traction of the armature 50 in one direction or 
the other. 
The screens of WP and WS receive the high 

tension directly through the connection 58. The 
cathodes are connected together and the cathode 
circuit is closed on a common resistance 50 con 
nected to earth. This resistance produces in well 
known manner that negative polarisation of the 
grid Which determines the anode delivery of the 
valves WP and VS in the inoperative position. 
However, this self-polarising system applied to 
two direct-current amplifier valves in opposition 
is Somewhat special, since it superposes effects of 
total negative feedback and balancing and affords 
advantages which will later become apparent. 
Moreover, the polarised differential relay 500 is 
provided with an armature 50 having a fixing 
point 53 connected to the relay. The armature 
carries an insulating rod 502 which extends trans 
versely across the said al'mature to control con 
tacts (a and 50b. When the anode current 
V is greater than the anode current supplied 
by WS, the almature 50 is attracted to the left 
(as viewed in Figure 2a). It is attracted to the 
right in the contrary case. These are the move 
ments of the said armature which produces the 
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result of the comparison which is effected in the 
following manner: 

It has already been stated that the grids of the 
tubes WP and WS are connected respectively to 
the change-over systems CGP and CGS. These 
are composed of cam-operated contacts equal in 
number to the unit orders of the indices to be 
compared. The cams which control them are 
actuated by the general shaft of the machine in 
synchronism with the other distributing and feed 
ing parts. These cams are so adjusted as to ob 
tain the closing times indicated by the table of 
Figure 4, lines. CGP, CGS-U-D-C-M-DM 
CMI (representing the different unit orders, ex 
tending from the units to the hundred thousands). 
On the machine in question, owing to the division 
of the cycle into sixteen points or intervals it 
is scarcely possible in practice to effect more than 
six successive comparisons between the end of the 
reading phase and the exploitation of the com 
parison. It will be seen from the upper part of 
Figure 2b, that the fixed blades (for example) 
of the cam-operated contacts CGP are connected 
together and by the connection 53 to the control 
grid of WP (Figure 2a). The opposite blades are 
individually connected to the resistances located 
in the cathode return circuits of the groups of 
thyratrons, namely CGPU to the upper terminal 
of KRU.P, CGP.D to the upper terminal of RKD.P, 
and so on to CGP.CM (not shown) corresponding 
to the hundred thousands. The connection of 
the cam-operated contacts CGS to the tube WS 
and to the cathode resistances of the secondary 
thyratrons is identical. 
The table of Figure 4 shows that the cam- : 

operated contacts U, D, C, M, DM, CM are suc 
cessively closed in accordance with decreasing 
unit orders, CM being closed first and U last. 
In this way, priority of comparison is granted to 
higher unit Orders. 
The members for exploiting the comparison 

comprise the comparison relay RP (Figure 2a) 
which is energised by the closing of the contact 
500b when the armature 50 is moved to the 
left (in the case of primary Superiority) and the 
relay RS which is energised by the closing of 
the contact 5000 when the armature 50 is 
moved to the right (in the case of Secondary 
Superiority). 

Since the energisation of each of the relays 
must be maintained, they control their respective 
holding contacts RPa and RSol, both of which 
are connected in series with the cam-operated 
contact CG 3 which opens at the end of each 
cycle. 
The comparison relays also control the foll 

lowing contacts: 
RPB and f and RSB and f (Figure 2a, lower 

part) inserted respectively in the connections 
54 and 53, thus controlling the grids of the 
tubes VS and WP. Thus, priority of the higher 
order is complete, since, assuming, for example, 
that when the contact CM of CGP and CM of 
CGS is closed (Figure 2b), a primary card P 
is of higher index than a secondary card S, the 
energisation of RP (Figure 2a) produces the 
opening of its contacts RPB and f, thus break 
ing the circuits between the cam-operated con 
tacts CGS and CGP and the grids of WS and 
WP. In this way, only the comparison of the 
order of the hundred thousands is effective, since 
for the following lower orders the positive volt 
ages emanating from the cathodes of the thy 
ratrons cannot be transmitted to the correspond 
ing tubes. The same is the case if S is greater. 
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RPc and R.Sc are inserted respectively in the 
connections 56 and 55 and establish the anode 
circuits of the Secondary and primary thyratrons. 
It Will be aSSumed that, owing to the higher 
order of the primary card P, RP is energised: 
RPc opens, thus breaking the line 56 feeding. 
the anodes of the thyratrons S (Figure 2b). 
This is neceSSary, since the lower card (of 
Smaller index) must leave first and that only 
the index of the higher card must be kept for 
comparison in the following cycle with the index 
Oil a new card. 
RPd, RPe and RSd, RSe (upper part of Figure 

2d) are alternating contacts which control the 
feeding of the cards as follows: in the case of 
equality of the indices PS, none of the relays 
RP and RS is energised; PRd and RSd remain 
in the position shown in the drawing; the cur 
rent Set up by CGH feeds the relay 334. The 
latter closes its contacts 334a, b, c, so that CG5 
is able to feed simultaneously the electromag 
nets EAP and EAS through the riders 44, 444 
and the lines “EAP' and “EAS.' Thus, the 
cards P and S are fed forward simultaneously. 
On the other hand, 334 also opens its contact 

334f (lower part of Figure 2a), whereby the 
anode feed of the primary and secondary thy 
ratrons is cut off since no stored index is to be 
kept for this cycle. 
In the case of primary superiority: RP is 

energised, RPd opens and RPe closes. The cur 
rent Supplied by CG-4 then feeds the relay 
339 and on closing of its contacts 339a, 339b, 
339c, CG5 can feed the electromagnet EAS 
through the rider 494 and the line “EAS,' where 
by the Secondary cards are fed forward. 

In the case of Secondary superiority: RS is 
energised, RSd opens and RSe closes. The cur 
rent Supplied by CG4 then feeds the relay 335 
and on closing of its contacts 335a, 335b, 335c, 
CG5 can feed the electromagnet EAP through 
the rider 45? and the line “EAP,” whereby the 
primary cards are fed forward. 
The advantages of the polarisation system 

employed will clearly be seen on consideration 
of the Operation of the tubes VP and VS with 
the aid of concrete examples. If a suitable 
given positive voltage is applied to the grid of 
WP alone, the reduction of grid polarisation 
resulting therefrom produces an increase in the 
anode delivery of VP and therefore an increase 
in the potential difference across the terminals 
of 50. However, owing to a phenomenon iden 
tical to that known as total negative feedback 
in alternating current voltage amplifiers, this 
increase in potential difference across the ter 
minals of 50 produces a further negative grid 
polarisation, which tends to reduce the anode 
delivery of VP, but to a less extent than the in 
crease due to the grid voltage varying positively 
alone. Similarly, the potential of the cathode 
WS being higher than in the inoperative posi 
tion, the anode delivery of WS decreases, which 
results in further limitation of the potential dif 
ference across the terminals of 5f O. Finally, a 
State of equilibrium is set up in which the de 
livery of WP is increased and the delivery of 
VS reduced to the point where the latter can 
even be completely cancelled out. It is found 
in this case that the difference in anode de 
liveries obtained is maximum and that, on the 
other hand, the total current delivered by the 
two tubes is Substantially the same as in the 
inoperative position, which would not have been 
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the case if the two tubes had been inoperative, 
and separately polarised in fixed fashion. 
If now the said given positive voltage is si 

multaneously applied to the grids of WP and WS, 
the effect of total negative feedback takes effect 
On the two tubes and the increase in the cath 
ode voltage prevents an excessive increase in 
the feeds. 

Finally, for the same reason, when for ex 
ample a positive voltage of 27 volts is applied 
to the grid of one of the tubes and one of 24 
Wolts is applied to the grid of the other tube 
(which corresponds to a comparison of 9-1-8), 
the effectiveness of the system is not reduced, 
but the risks of Saturation of the core of the 
relay are thus avoided. 
The operation of the arrangement and of 

the machine according to the first embodiment, 
can noW be examined. 

It Will be assumed that the machine has been 
Started in the manner hereinbefore indicated 
and that it is in the second cycle, that is to 
Say, in the cycle in which a primary card P and 
a Secondary card S are passing to the reading 
position BP and BS. It will be remembered 
that the reading of the secondary card S is 
effective, since BP is not in circuit (Figure 2b). 
ASSuming that 45 is the index on the secondary 
card, at the points 5 and 4 of the cycle the thy 
ratrons TAS (tens) and TS5 (units) become : 
conductive, their grids having been brought to 
the positive potential 80. During this reading 
phase, none of the primary thyratrons is set in 
Operation which represents the value zero on 
the primary Side. When the contact D of CGS 
is closed after the point 13, the positive voltage 
proportional to 4 across the terminals of RKD.S 
is transmitted to the grid of WS (Figure 2d), 
Since the potential of the grid of VP does not 
vary, a higher delivery of the anode of WS and 4 
a lower delivery of that of VP are immediately 
set up, the blade 50 is attracted to the right 
and the rod 502 closes the contact 500ct (see 
dotted line), whereby RS is energised and the 
holding of RS, the breaking of the grid circuits 
of WP and WS, the cutting-off of the anode feed 
of the primary thyratrons (without effect for 
the moment), and finally the opening of RSd 
and the closing of RSe are brought about, and 
consequently, due to the energisation of the re- i5 
lay 335 the feed of the electromagnet EAP is 
determined during the closing of CG-4 and CG-5, 
that is to say, shortly before the point at which 
the primary and secondary shafts stop. Thus, 
the forward feeding of the primary cards is 
prepared for the following cycle, the thyratrons 
T4S.D. and T5S.U remaining nevertheless oper 
ative. 

In the third cycle, the first Secondary card 
remains in position, that is to say, shortly be 
fore BS2, while the first primary card passes 
under BP2 and is therefore effectively read. It 
will be assumed that the index on the primary 
card is 72. During the reading, the thyratrons 
TTP (tens) and T2P (units) will be set in op 
eration in the manner already indicated. 
When, after the point 3, CGP.D and CCS.D 

close, the positive voltage proportional to 7 is 
transmitted to the grid of VP, while the posi 
tive voltage proportional to 4 is transmitted to 
the grid of VS. The superiority of the primary 
index results in the attraction of the blade 59 
to the left, which produces, through the clos 
ing of 50b, the energization of RP and then 
its holding by RPd, the breaking of the grid cir 
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cuits of WP and WS by the opening of RPb, and 
j, the cutting off of the anode feed of the sec 
Ondary thyrations by the opening of RPC, and 
finally the opening of RPd and the closing of 
RPe, which determines a little later, as already 
eXplained, the feeding of the electromagnet EAS. 
It will readily be seen that the closing of CGP.U 
and of CG.S.U. (Figure 2b) has no effect. On the 
deliveries of WP and WS since the circuits of 
the connections 53 and 54 are maintained in 
the broken condition. In the following circuit, 
therefore, the secondary cards are fed forward, 
and a Second Secondary card is read, and com 
pared with the index previously stored of a pri 
inary card. Thus, the separate and alternate 
feed of the primary and secondary cards con 
tinue automatically as long as inequality be 
tween the indices is detected. It will be obvious 
that for indices containing a larger number of 
digits, that is G in the embodiment under con 
sideration, the operation would be absolutely 
equivalent to that just described. 
A Second embodiment of the storage and com 

paring arrangement, again applied to the same 
collating machine, will now be described. 
Examination of Figures 3d and 3b shows that 

the circuits for reading (lower part of Figure 3a), 
Starting the machine and controlling the feed 
(lower part of Figure 3b) are identical to those 
of the first embodiment. Similarly, the stor 
age and comparing circuits taken individually, 
aire identical to the preceding circuits. The 
difference in the embodiment as compared with 
the first embodiment resides mainly in that the 
process of comparison is different from the first. 
In the present case, all the unit orders of the 
primary and Secondary indices can be com 
pared simultaneously, in the same way as in the 
initial machine described in the prior patent 
Specification hereinbefore referred to. 
With this process, it is possible to compare 

indices comprising any number of unit orders 
provided that the machine is provided with an 
equivalent number of storage and comparing 
groups. This number is therefore limited only 
by the maximum magnitude of the indices to be 
Compared. 
As in the case of the first embodiment, only 

the circuits for comparing the order of the units 
(Figure 3d) and the order of the tens (Figure 
3b) have been shown, because the understand 
ing of the embodiment would not be further fa 
cilitated by the illustration of the circuits for 
the higher orders. 

It Will be seen that the storage circuits are 
again connected to the reading circuits in the 
Same manner by the plug connections 504, 505, 
596, 507, that the anode feed of the primary and 
Secondary thyratrons is effected respectively by 
the fixed connections 515 and 56, and finally 
that the common grid return of the thyratrons 
again takes place at the terminal Pol by the 
connection 593. There is now a comparison cir 
cuit aSSOciated with each primary and secondary 
Storage group for each unit order. 
The elements composing the storage and com 

paring circuits are the same as before except 
for the following points: 
The cam-operated contacts by which the grids 

of the pentodes are connected to the cathode re 
sistances of the thyratrons form part of sep 
arate circuits. There are therefore two cam 
Operated contacts CGP.U and CGS.U. for the or 
der of the units, and two cam-operated contacts 
CGPD and CGS.D for the order of the tens, and 
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so on. The circuits between the grids and the 
cathodes are only broken by the said cam-op 
erated contacts. These contacts, the cams of 
which are synchronised with the other distrib 
uting members, all close at the same time be 
tween the points 12 and 13 of the cycle (see Fig 
ure 5) and remain closed until a short time after 
the point 15, which coincides with the closing 
and opening points of CG5. 
The pentodes of the circuit for comparing the 

units bear the references WUP and WUS (primary 
and secondary units), while VDP and WDS sim 
ilarly apply to those for the primary tens and 
secondary tens, and so on for the other unit 
orders. The comparison relays bear the refer 
ences RPU (primary units), RSU (secondary 
units), RPD (primary tens), RSD (secondary 
tens) and so on. They are energised on the 
primary side by the closing of the contacts 500b 
and on the secondary side by the closing of 5000. 
The holding circuits are no longer required, and 
the contacts breaking the anode feed circuits of 
the thyratrons are no longer controlled by the 
comparison relays, but by the relays 335 and 339 
(Figure 3b). Thus, Figure 3b shows the contact 

sf cutting off the anode feed of the primary 
thyratrons when the feed of the secondary thyra 
trons is higher, and the contact 339f cutting Of 
the anode feed of the secondary thyratrons when 
the feed of the primary thyratron is higher. 

Finally, each pair of comparison relayS, such 
as RPU and RSU or RDP and RSD controls the 
movement of a pair of alternating contacts such 
as REUa, b RSU, b etc. (Figure 3b), which con 
bine to form a chain having one input and three 
outputs identical to that described in the afore 
said patent application. This chain of alter 
nating contacts ensures, on the simultaneous 
comparison of all the primary and secondary 
unit orders, priority of the highest order where 
an inequality is detected. 
The process of reading and storing does not 

differ from that previously described. On the 
other hand, comparison takes place simulta 
neously over all the unit orders, as already stated. 

In fact, on the closing, at the point 12%, of 
the cam-operated contacts such as CGPU, 
CGSU, etc., the positive voltages which may ex 
ist across the terminals of the cathode resist 
ances of the thyratrons are simultaneously ap 
plied to the grids of the pentodes respectively 
associated therewith. Some of the comparison 
relays RPU, RSU, RPD and RSD are, and re 
main, energised and those which are energised 
open their contact a and close their contact; b. 
If some comparison groups of higher order have 
not been used, or if, in being so, they have de 
termined an equality of the highest digits, the 
current set up by CG-4 towards the point 3 foll 
lows the succession of closed contacts a until it 
finds one which is open and the corresponding 
closed contact b. According to whether it is a 
contact controlled by a primary or secondary re 
lay which has been moved, it is the relay 339 or 
the relay 335 which is energised, and it is known 
that this results in the forward feed of the Sec 
ondary or primary cards at the end of the cycle. 
Previously, the anode feed of the appropriate 
group of thyratrons is cut of either by 335for by 
339f in the case of inequality, or the anode feed 
of the two groups is cut off by 334f in the case 
of complete equality of the primary and Sec 
ondary indices. The further operation is simi 
lar to that described with reference to the first 
embodiment. It will be noted that the present 
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storage and comparing arrangement may be 
readily and advantageously adapted to a machine 
dealing with cards on which the indices are rep 
resented in each column by one or more holes 
positioned in accordance with the code. Refer 
ence is made inter alia to the known cards COm 
prising only four indicating positions to which 
the values 1 to 4 respectively are allocated. One 
or more perforations are then necessary to rep 
resent the digits 1 to 9 in accordance with the 
following code: 

Perforations punched 
in the positions 

no perforations. 

This application only involves the reduction of 
the number of thyratrons required for One re 
cording group. There are only four thyratrons 
for each primary or secondary group, these thy 
ratrons having allocated to them the values 1 
to 4, while the elements thereof (cathode and 
anode resistances) retain the values indicated 
with reference to the first embodiment. It will 
be appreciated that since there are one of more 
perforations to each card column, one or more 
thyratrons may be set in operation in the course 
of the analysis of One Column. 
For example, in the case of the analysis of the 

digit 7, the thyratrons 4 and 3 are Set in opera 
tion and deliver respectively currents proportional 
to 4 and to 3. Since these currents both paSS 
through the common resistance RK, the poten 
tial difference set up across the terminals of this 
resistance is proportional to their Sun, that is to 
say, to 7. It is therefore clear that the processes 
of comparison previously discribed may remain 
unchanged. The advantages of this method re 
side in a considerable reduction of the number 
of recording thyratrons and an increase in the 
output of the machine since the recording phase 
only necessitates 4 points of the cycle of the ma 
chine instead of 10. 
Although the embodiments described concern 

the use of perforated cards, it is obvious that the 
present Storage and comparing arrangement 
could be employed to deal with cards bearing 
marks or impressions to be analysed photo-elec 
trically, or by other known means, since it is 
Sufficient for the reading devices to be adapted 
for supplying time-regulated impulses to the grids 
of the storing thyratrons. 

I claim: 
. In a cyclically operable card controlled ina 

chine with means for feeding and reading cards 
bearing numerical control data, a pair of Stor 
age units for storing control data from Said cards, 

5 each storage unit comprising a distributor device 
and circuit connections, a series of gaseous dis 
charge tubes adapted separately to be rendered 
conductive by means of a reading impulse from 
Said reading means and Said distributor device 
and connections, a common cathode resistance 
for all the tubes of a unit, separate anode load 
resistances, one for each tube, for determining 
across said common Cathode resistance, when. 
one tube has been rendered conductive, a data. 
representing Voltage different in relation to the 
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differential timing of said reading impulse and 
to the numerical value of the control data read, 
data comparing means comprising two vacuum 
electron tubes, each associated with one of said 
recording units and adapted to be acted upon by 
said data representing voltage determined in the 
asSociated Storage unit, and an electromagnetic 
controlling device for controlling the subsequent, 
operation of the machine according to the rela 
tionship between the respective anode currents 
of Said tWO vacuun electron tubes. 

2. In a cyclically operable card collating ma 
chine, with means for feeding and reading cards 
bearing designation data, two storage units for 
storing designation data from said cards, each 
storage unit. comprising commutator means op 
erated synchronously with said feeding means, 
a plurality of gaseous discharge tubes normally 
extinguished, each tube being assigned to a dif 
ferent index value of the cards and the firing of 
the tube. being initiated when a Voltage impulse 
is applied to its control grid, electric circuit con 
nections between said reading means and the 
slip ring of said commutator means and between 
segments of said commutator means and the con 
trol grids of said tubes to transmit to said grids 
the impulses, delivered by said reading means, a 
load resistance for each tube, each resistance be 
ing of different value in relation to the index 
value assigned to each tube, a resistance form 
ing a common output load for all the tubes of a 
unit, for the generation across Said resistance, 
when anyone of said tubes is fired, a voltage re 
lated to the magnitude of the indeX Value read 
as long as the circuits: of the conductive tube are 
not open, and means common to both storage 
units to sense the relationship between the volt 
ages generated and to control the subsequent op 
eration of the machine according to Said rela 
tionship. 

3. In a caird Collating machine With eans for 
feeding and reading cards bearing nultidenom 
inational designation data, two groups of storage 
units for storing a designation daturin, each Stor 
age unit comprising commutator means Op 
erated synchronously with said feeding ae&is, a 
plurality of gaseous discharge tubes, each tube 
being adapted to become conductive when a pulse 
representative of a read digit of corresponding 
value is applied to its control grid, electric Cir 
cuit connections between segments of Said conn 
mutator means and the control grids of Said tubes 
for... modifying momentarily the biassing of Said 
grids, a load resistance in the anode circuit of 
each of said tubes, each resistance being of dif 
ferent value in relation to the digit assigned to 
each tube, a load resistance common to the 
cathode circuits of the tubes of a unit for gein 
erating across said resistance, when anyone of 
said tubes has become conductive, a voltage in 
proportion to the magnitude of the digit read 
as soon as the biassing of the grid of the cer 
responding tube is modified, and meals common 
to both storage units for sensing the relationship 
between the voltages generated and for control 
ling the subsequent operation of the lilaeiline ac 
cording to said relationship. 

4. In a cyclically operable card collating ina 
chine with card feeding and reading means fol' 
feeding and reading two cards bearing designa 
tion data, to be compared, two storage units, 
each comprising a commutator device Operated 
synchronously with said feeding means, a plu 
rality of gaseous discharge tubes normally non 
conductive whose control...grids are separately 
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connected to corresponding Segments of the as 
Sociated commutator device for receiving reading 
pulses, anode circuits for the tubes including re 
Sistances of different value, Cathode circuits. With 
a common resistance for the tubes of a unit for 
generating a voltage related to themagnitude of 
a datum just read, and with the tube becomining 
conductive in the Saine unit, data comparing 
In eans rendered operative after the reading phase 
of a cycle by cyclically controlled contacts, Said 
comparing means comprising two vacuum tubes. 
with identical operating characteristics, electric 
circuit connections including Said cyclically con 
trolled contacts for applying, in the comparison 
phase of a cycle, the voltages available at the 
terminals of said two coinmon resistances to the 
control grid of each of Said waaulim tubes, a dif 
ferential electromagnetic relay having two; op 
posed coils l'espectively eael'gized by the anode 
current flows of said vacuum tubes and jointly 
acting upon, itS. arnature, Said armature occu 
pying a nihiddle position prior to a comparison Ol' 
when the data compal'sd are equal and occupy 
ing one of two positions, removed from said 
middle position, when the data compared are 
unequal, and nachine control means operating, 
according to the position occupied by Said arma 
ture. 

5. In a cyclically operable card collating ma 
chine, with card feeding and reading means for 
feeding and reading two cards each bearing a 
multidenominational designation datum; two 
groups of Stoirage. units arranged in pairs, each 
gi'Olip being adapted to store one designation 
datuin, and each pair corresponding to a de 
noiminational order to be compared, each storage 
unit comprising connutator means operated 
Synchronously With Said feeding means, a plu 
rality of gaseous discharge tubes, each tube being 
aSSigned to become conductive when a pulse 
representative of a digit of corresponding value 
is being applied to its control grid, electric cir 
cuit connections between segments of said com 
mutator means and the control grids of said 
tubes for applying said reading pulses to said 
grids, a load resistance in the anode circuit of 
each of Said tubes, each resistance being of dif 
ferent value in relation to the digit assigned to 
each of Said tubes, a load resistance common to 
the Cathode circuits of the tubes of a unit, at the 
terminals of which resistance appears a con 
Stant Voltage in relation with the magnitude of 
the digit read as Soon as a tube of said unit has 
received a reading pulse, data comparing means 
rendered operative after the reading phase of a 
Cycle by cyclically controlled contacts, said com 
paring means comprising two vacuum tubes with 
identical Operating characteristics, electric cir 
cuit Connections including said cyclically con 
trolled contacts for applying successively, in the 
Comparison phase of a cycle, the voltages avail 
able at the terminals of the pairs of said common 
Cathode resistances to the control grid of each 
of Said vacuum tubes, beginning with the cathode 
Voltages appearing at the pair of the highest de 
nominational Order, a differential electromag 
netic relay. With two opposed coils respectively 
energized by the current delivery of said vacuum 
tubes, a relay armature under control of said 
coils, Said armature aSSunning one of two shifted 
positions when Said current deliveries are un 
equal thus manifesting a condition of unequality 
of the data being compared, two comparing re 
layS, One of which is energized according to the 
shifted position assumed by said armature, each. 
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Comparing relay Opening, when energized, a con 
tact for switching open the anode circuits of the 
tubes in a group of storage units when inequality 
of the compared data has been detected. 

6. In a cyclically operable card handling ma 
chine with card feeding and reading means for 
feeding and reading two files of cards bearing 
multidenominational classifying numbers, groups 
of storage units and associated comparing de 
vices, one group for each denominational order 
to be compared, one storage unit comprising a 
pair of storage elements, each storage element 
comprising a commutator device for conveying 
timed reading impulses, and a plurality of nor 
mally non-conducting thyratrons with circuits 
adapted to build up a steady voltage different 
according to the timing of the reading impulse 
which renders conductive the corresponding one 
of said thyratrons, each comparing device com 
prising two vacuum tubes with identical operat 
ing characteristics, electric circuit connections 
including cyclically actuated contacts for apply 
ing the steady voltages built upon the circuits of 
a pair of storage elements separately to the con 
trol grids of the two associated vacuum tubes; 
a differential electromagnetic relay with two Op 
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posed coils respectively energized by the anode 
current deliveries of said vacuum tubes; a relay 
armature under control of said coils and ar 
ranged to aSSume one of two shifted positions 
When Said anode current deliveries are unequal 
thus manifesting a condition of inequality of 
the compared digits of a denominational order, 
a pair of comparing relays, One of which is en 
ergized according to the shifted position assumed 
by said armature, and chain circuits of pairs of 
change-over contacts controlled by associated 
pairs of related comparing relays for energizing 
one of three controlling relays according to one 
condition of equality and two conditions of in 
equality manifested in the highest denominar 
tional Orders of the numbers compared. 

7. The invention as set forth in claim 5, in 
which, in the case of a condition of inequality, 
One of two of Said last mentioned controlling 
relays controls one contact for cutting off the 
anode circuits of the thyratrons of the storage 
elements assigned to Store classifying numbers 
read from a predetermined fle of cards. 

KNUT ANDREAS KNUTSEN. 
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