
Dec. 18, 1962 M. E. SALLACH 3,069,075 
PUNCHING MACHINES 

Filed June 14, 1961 15 Sheets-Sheet l 

= - 3 

INVENTOR. 
MAX E. SALLAch 

42-4-(6- titly s. 

  



3,069,075 M. E. SALACH 

PUNCHING MACHINES 

Dec. 18, 1962 

l5 Sheets-Sheet 2 
Filed June 14, 196l 

NS 

„… -=== 

  

  



Dec. 18, 1962 M. E. SALLACH 3,069,075 
PUNCHING MACHINES 

Filed June 14, l96. l5 Sheets-Sheet 3 

- I - 6 - Vo2 E 
PRE-AM PL FIER O - 

&C. -- 

//7 

0 2 
AMPLIFER 7ON copE TRANSLA toR 72 
fa ?af% et -- 222 

2 126 /34 - 37 "p" 

J. 
l El Gift()| %fell. 727 735 O2. /2/ Tag & /22 N A 

1. 4." 
r HS - - - H 2. 

|| || 2: 
"El als: |- 2 

N O 206, 
27 1 64 Mae a" 

O 1 "7">22 25 
/76 ---- 4o 

B 

/62 
/57, 

-E() 
Wa3 (L 

fo4 
\ 

PARTY - - 

C-EC4 Aas INVENTOR. 

cir;" | MAX E. SALLAch 
BY 

A66 442e fateve/.4% 
E- Y - Ettus 

  

  

  



Dec. 18, 1962 M. E. SALLACH 3,069,075 
PUNCHING MACHINES 

Filed June l4, 196l 15 Sheets-Sheet 4 

as sw 
sto RAGE / 

FROM 93 MATRX 23 31 PARTY RNG Counter 75/34/ 

TO PUNC 
C - EC g 
CRCUT 

726 

INVENTOR. 
aa Max E. SAll-Ac 
3- BY 

Ettus. 

  

  

  



3,069,075 M. E. SALLACH 
PUNCHING MACHINES 

Dec. 18, 1962 

  

  

  

  

    

  

  

  

  

  

  

  

  

  



Dec. 18, 1962 

Filed June 14, 1961 

O.C., AMPAFVs. 

D NO \\Verse 

W.C., WV. We 

- G& AMPV wer; 
WCS 

= 9E 
A.C., AMP. Fe 

- D- NO Wese 

= 1 - 9F 
A, C, NVRAANG 

Ds AMPAFA e. 

M. E. SALLACH 3,069,075 
PUNCHING MACHINES 

15 Sheets-Sheet 6 

= 1 - 96 

si-. 
ONE - SWACS 

MUW AtarAtee 

= lig - 9 
s 

o 

FV We - Fee 

= 1 - 9 

AVN ARN 
FVAP- Fee 

= 1 - 9 J 
s 
e 

s 

FVAP- FVOp 

MWW AVSXAAAN 
es 



3,069,075 M. E. SALLACH 

PUNCHING MACHINES 

Dec. 18, 1962 

5 Sheets-Sheet 7 
Filed June 14, 196l 

  



Dec. 18, 1962 M. E. SALLACH 3,069,075 
PUNCHING MACHINES 

Filed June 14, 196l. 
15 Sheets-Sheet 8 

CANNV 2SA 
CLACUS 58 

Sa4. 
C 

START, 522 
FA 

59 

4-2 

COM 3AM.) 
FWA WRROR 
CWRCW 423 

UEVICES 436, 
EYC.,FG. Io 

ST 

SAT F 

from PARTY 
CAECK 424 F.G. \e 

F 

0 WACAW O 

INVENTOR, 
MAX E. Sallac 

W. R.202 CARS C2CVSV 409 14-ft. 4e) 
- 5 

  

  

  

  

      

  

  

  



3,069,075 M. E. SALLACH 
PUNCHING MACHINES 

Dec. 18, 1962 
15 Sheets-Sheet 9 

Filed June 14, 196l 

TBNo) 

INVENTOR. 
Max E. Sallac 

- 41e/ 
9 

  



Dec. 18, 1962 M. E. SALLACH 3,069,075 
PUNCHING MACHINES 

Filed June 14, 196 15 Sheets-Sheet 10 

707 Y \2AyW CANONAO9 OA 

l 

. 
ES INVENTOR. 
it 9 Max E. 5al Ac-A 
35g at BY 2,444 E. g . 4%áez l u- Eltitly 

  

  

  

  

  

  



3,069,075 M. E. SALLACH 

PUNCHING MACHINES 

Dec. 18, 1962 

15 Sheets-Sheet ll Filed June 14, 1961 

46%. 
Hit-s- 
a. 

Max E. SALLACH 
BY 

aee 

  



Dec. 18, 1962 M. E. SALLACH 3,069,075 
PUNCHING MACHINES 

Filed June 14, 1961 15 Sheets-Sheet 2 

* -msm as -xu 

is "" /85 e22 
is will D 

'e' 1892. 
se" D 2. 

52 5 839 

iszt sA 
\ f 

NL \ 6.06 
as as 

gases ACV 
4. / 4O9, FG, W 84.'" ) 

ass 7 824. 
54'o" 

1840) ase 
b'" 

tes") as 
sa 

58 'o' 

tes'o) 
Yeae 

CONWPAeAOe peee. 
C2CVSV 40s 

INVENTOR. 
B Max E. Sallac 

42% arev. 4 
Ettys 



3,069,075 M. E. SAACH 

PUNCHING MACHINES 

Dec. 18, 1962 

15 Sheets-Sheet 13 Filed June 14, 196l. 

INVENTOR, 

4 4s. 
titlva. 

Max E. Sallach 

26ee 

  



3,069,075 M. E. SALLACH 
PUNCHING MACHINES 

Dec. 18, 1962 

l5 Sheets-Sheet la Filed June 14, 1961 

| | 

G\ºv ratav, V.A. 

e 

GOEG 

BY 

  

  



3,069,075 M. E. SALLA3H 
PUNCHING MACHINES 

Dec. 18, 1962 

15 Sheets-Sheet 5 Filed June 14, 1961 

INVENTOR. 

Max E. Sallac 
BY 

4/222, 

  

  

  

  



United States Patent Office 3,069,075 
Patented Dec. 18, 1962 

1. 

3,069,075 
PUNCHING MACHINES 

Max E. Sallach, Chesterland, Ohio, assignor to Addresso 
graph-Multigraph Corporation, Cleveland, Ohio, a cor 
poration of Delaware 

Filed June 14, 1961, Ser. No. 120,127 
13 Claims. (Cl. 234-34) 

This invention relates to a new and improved control 
System for a data-controlled record punch, and more par 
ticularly to a new and improved translation and control 
System for controlling the operation of a punching appa 
ratus to punch record cards, in accordance with a given 
code, with information corresponding to and representa 
tive of a code data that is pre-printed on the record cards 
in accordance with a parity code. This application is a 
continuation-in-part of application Serial No. 30,601, filed 
May 20, 1960, now abandoned. 

In credit Systems, and in similar record keeping sys 
tems, it is frequently desirable to record the initial data 
as rapidly as possible and in a form which permits sub 
sequent conversion to a data code, or "machine language' 
that can be used by accounting machines, computers, and 
like business machines. In one business system of this 
kind, which is specifically intended to handle credit in 
formation, a record card is imprinted with the requisite 
data at the time of the credit transaction. The required 
information, which may include the serial number of the 
person receiving credit, the serial number of a branch 
business establishment, the amount of the transaction, 
and other pertinent data, is printed on a record card in 
coded form; it may also be printed in visually readable 
form at the same time. Preferably, the code employed is 
a relatively simple one and occupies a minimum of space, 
since at least some parts of the code data may necessarily 
be applied to a relatively small embossed printing device 
used as a credit card. Subsequently, it is necessary to 
convert the printed code data into a form which may be 
used with conventional accounting machines or like ap 
paratus. In the specific example described hereinafter, 
the initial code data is ultimately converted to a con 
ventional decimal code of the kind used in many account 
ing machines, although other forms of machine-usable 
code may also be employed. The present invention is 
directed to a translation and control system for the con 
trol of a reproducing punch which is effective to punch 
the pre-printed data in the record cards for subsequent 
use by accounting machines. 

In a credit system, particularly where a large number 
of branch offices or establishments are involved, as in the 
case of filling stations, there are several requirements 
which must be met in a control system of the kind with 
which the present invention is concerned. It goes without 
saying that the control of the reproducing punch must be 
quite accurate in order to preserve the basic integrity of 
the accounting information. This accuracy must also be 
maintained in situations where the pre-printed record 
cards may be accumulated over a period of time and 
may become smeared, marked, or otherwise defaced, 
Furthermore, the control system must maintain substan 
tial accuracy even when the pre-printed data marks are 
displaced slightly from their normal reference positions 
on the record cards. Displacement of the data may be 
occasioned by variations in alignment of the record cards 
in the printing machines employed to print the code data 
on the cards. The individual operators using these data 
printing machines may, in at least some instances, affect 
their operation by the manner in which they operate the 
machines. On the other hand, the requirement for ac 
curacy of operation under adverse conditions is no more 
important than the requirement that the control system 
be susceptible of high speed operation. In many credit 
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2 
systems, the volume of data is quite substantial, to say the 
least, so that the speed at which the reproducing punch 
operates is a critical factor in determining the economic 
utility of the entire credit system. 

It is an object of the present invention, therefore, to 
provide a new and improved control system for a punch 
ing apparatus which is effective to punch data in record 
cards, in accordance with a given data code and in re 
sponse to information which is pre-printed on the cards in 
a substantially different code. Specifically, the printed 
data code comprises a two-element parity code, although 
other parity codes could be used. 
A further object of the invention is to assure accurate 

and effective operation of a reproducing record card 
punch, actuated in accordance with code data that is pre 
printed on the cards being punched, despite the presence 
of extraneous marks on the cards. 
Another object of the invention is to provide a con 

tinuous and effective check of the data being punched in . 
record cards, to make sure that all of the requisite data 
is punched and that no extraneous data is punched in the 
cards. 
An additional object of the invention is to provide a 

new and improved control system for a reproducing punch 
utilized to punch accounting and similar data in record 
cards in accordance with code data pre-printed on the 
cards and to render that control system substantially 
independent of any requirement for precise positioning 
of the data in a reference area on each record card. That 
is, it is an object of the invention to permit at least some 
variation in the positioning and alignment of the pre 
printed code data on the record cards without adversely 
affecting operation of the punch control system. 
An additional object of the invention is to provide a 

new and improved control system for a reproducing punch 
constructed to operate in accordance with a given code 
or “machine language' without requiring that the control 
system itself be actuated by the same data code. 
A particular object of the invention is to provide for 

high speed operation of a control system for a card punch 
actuated by pre-printed code data on the record cards 
being punched without entailing any sacrifice in accuracy 
of operation and without requiring undue precision or the 
absence of extraneous markings in the preparation of the 
record cards themselews. 
Another object of the invention is to provide a direct 

and accurate comparison of the setting of individual punch 
elements, in a control system for a card punch, with the 
original data supplied to the set-up apparatus that actu 
ates the punch. 
An additional object of the invention is to permit rapid 

and effective comparison of the total of all code data 
from a series of detail cards, in a card punch, with the 
corresponding data from a control or summary card, and 
to actuate the card punch to afford a positive indication 
of error if the comparison shows any difference. 
A specific object of the invention is to provide a new 

and improved translation and control system, for a high 
speed card punch, that inherently and effectively protects 
the integrity of the punched data with respect to additions 
to or omissions from the imput data supplied thereto. 

Thus, the control system of the present invention is 
applied to a punching apparatus, operable in accordance 
with a given machine code, which is utilized to punch 
data in record cards in accordance with a given data 
code that is different from the machine code, the punched 
data corresponding to and being representative of data 
which are pre-printed on the cards in accordance with a 
parity code. A two-element parity code is preferred, but 
others can be used. In most instances, the parity code 
is substantially different from both the punched data code 
and the machine code. A control system constructed in 
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accordance with the invention comprises means for feed 
ing the pre-printed record cards in sequence through a 
scanning station to a punching station. The scanning 
station includes photoelectric sensing means which are 
employed to scan the pre-printed code data on each of 
the cards and to develop parity code signals representa 
tive of that data. The parity-code signals are applied 
to a parity checking circuit which develops a control 
signal indicative of the presence of extraneous marks or 
of the absence of any of the required code marks on each 
of the cards. The parity-code signals are also applied to 
a code translator or convertor which is coupled to the 
photo-electric scanning means; this code translator is 
employed to translate the parity-code signals into ma 
chine-code signals. The code translator, in turn, is 
coupled to a storage matrix which stores the machine 
code signals. In addition, the control system includes 
actuation means, coupled to the storage matrix, which 
are effective to actuate the punching apparatus in ac 
cordance with the stored machine code signals upon ad 
vancement of each record card from the scanning station 
to the punching station. The parity checking circuit, on 
the other hand, may be employed to interrupt operation 
of the machine, to at least some extent, or to warn the 
machine operator when a discrepancy is detected with 
respect to the required pattern of parity code marks. 

Other and futher objects of the present invention will 
be apparent from the following description and claims 
and are illustrated in the accompanying drawings which, 
by way of illustration, show preferred embodiments of 
the present invention and the principles thereof and what 
is now considered to be the best mode for applying these 
principles. Other embodiments of the invention embody 
ing the same or equivalent principles may be made as 
desired by those skilled in the art without departing from 
the present invention and the purview of the appended 
claims. 

In the drawings: 
FIG. 1 is a perspective view of a punching apparatus 

in which a control system constructed according to the 
present invention may be incorporated; 
FIG. 2 illustrates a record card containing pre-printed 

code data utilized by the control systems of the present 
invention, and also shows the same data in punched deci 
mal-code form in the record card; 
FIG. 3 is an illustrative diagram utilized to explain the 

machine code or "language' for the punching apparatus 
of FIG. 1; 

FIG. 4 is a block diagram of a translation and control 
System constructed in accordance with one embodiment 
of the present invention; 

FIG. 5 is a detail schematic diagram of a punch check 
circuit employed in the system shown in FIG. 4; 

FIG. 6 is a schematic diagram showing, in detail, a 
member of different circuits employed in the system of 
FIG. 4, including the sensing, amplification, code trans 
lation, and parity checking circuits; 

FIG. 7 is a detail schematic diagram showing several 
stages of the data storage matrix and associated counter 
for the embodiment of FIG. 4; 

FIG. 8 is a block diagram of a translation and control 
System constructed in accordance with a preferred em 
bodiment of the present invention; 

FIGS. 9A through 9 are explanatory figures used to 
illustrate the significance of symbolic circuit element rep 
resentations used in succeeding drawings; 

FIG. 10 is a logic circuit diagram showing the data 
sensing devices and certain code translation and error 
detection apparatus of the system of FIG. 8: 

FIG. 11 is a logic circuit diagram of further error de 
tection and control devices of the system of FIG. 8: 

FIG. 12 illustrates a driver and storage circuit matrix 
incorporated in the system of FIG. 8: 

FIG. 13 is a logic circuit diagram of a ring counter 
used to control the driver matrix of FIG. 12; 
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4 
FIG. 14 illustrates a translation, control, and accumu 

lator circuit employed in the system of FIG.8; 
FIG. 15 is a logic diagram for an error detection cir 

cuit incorporated in the system of FIG. 8; 
FIG. 16 illustrates a storage circuit employed to verify 

the setting of punch actuation elements under control of 
the system of FIG. 8; 

FIG. 17 is a logic diagram showing several auxiliary 
control circuits incorporated in the system of FIG. 8; 
and 
FIGS. 18 and 19 are detailed schematic diagrams of 

typical operating circuits that may be used in the system 
of FIGS. 8-17. 

FIG. 1 illustrates a punch apparatus or mechanism 
0 that is actuated under the control of a translation and 

control system according to the present invention. The 
machine 10 is used to punch data in record cards, in 
accordance with a conventional data code (in this in 
stance a decimal code) and in response to code data 
previously printed upon the cards. The reproducing 
punch 19 comprises a first storage magazine ii within 
which a quantity of pre-printed record cards are stored. 
From the storage magazine 11, the cards are individually 
fed to a conveyor or transfer mechanism generally indi 
cated by reference numeral 12. The transfer mechanism 
2 feeds the cards sequentially through a scanning sta 

tion 13 to a punching station 4. The conveyor 2 also 
feeds the punched cards from the punching station 4 
outwardly of the machine to a receiving hopper 15. 
The mechanical aspects of the reproducing punch 10 

are essentially similar to the punching machine described 
and claimed in Patent No. 2,710,406 to Walter T. 
Gollwitzer issued June 7, 1955. Accordingly, it is un 
necessary to afford a detailed description or illustration 
of the mechanical operating elements of the punch. 
Briefly, pre-printed record cards are fed sequentially from 
the magazine 11 to the conveyor 12. Each record card, 
when it reaches the conveyor, is fed through the scan 
ning station 13. In the scanning station, the pre-printed 
code markings on the card are sensed photoelectrically, 
as described in detail hereinafter. The code signals de 
veloped by the sensing apparatus at the station 3 are 
translated from the parity code used on the record cards 
into code signals corresponding to the machine code 
normally used to control the reproducing punch 10. The 
code signals developed by the sensing apparatus at the 
Station i3 are translated from the party code used on the 
record cards into code signals corresponding to the ma 
chine code normally used to control the reproducing 
punch 19. The code signals are stored, in a storage 
matrix described hereinafter, until the record card reaches 
the punching station 14. When the record card is in the 
desired position in the punching station E4, the stored 
data are employed to actuate the punch mechanism, 
Which punches the record card in accordance with the 
Same data that it carries in printed form. Thereafter, 
the card is removed from the punching station and de 
posited in the hopper 15. 

In Some instances it may be necessary or desirable to 
effect an auxiliary printing operation in the machine 0. 
For this purpose, a printing station 16 may ba incorpo 
rated in the reproducing punch 10, preferably intermediate 
the punching station 14 and the receiving hopper 15. 
Inasmuch as a Suitable printing apparatus is described in 
complete detail in the aforementioned Goiwitzer patent, 
and since the control system of the present invention is 
not concerned with the printing operation, no further 
description of the printing station 6 is provided herein. 

FIG. 2 illustrates a record card 21 which is pre-printed 
with accounting or other data in accordance with a parity 
code, in this instance a two-of-five code. The card 21. 
represents a preferred form of card employed in the 
control system of the present invention. In this regard, 
the actual size and shape of the card 21 are not particu 
larly important, nor is the location of the pre-printed code 
data 22 on the card especially critical, However, the 
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code markings, employed for the data - 22 are of some 
importance with respect to the operation of the control 
system and, accordingly, require description in detail. 
The illustrative code data 22 shows the individual mark 
ings employed for each of the numbers one through ten. 
In each instance, the numerical value is represented by two 
code marks, the actual numerical value being set forth 
immediately above the corresponding code markings. 
The code employed is a parity code; that is, there are no 
code designations which include more than two marks 
and there are no code designations which comprise less 
than two marks. Starting from bottom to top, the five 
code levels or columns for the code data 22 correspond 
generally to the numerals 1, 2, 4 and 7, the top column 
being the parity column and being identified by the letter P. 
The same designations apply to the alignment of the 
photocells used to sense the data 22. The alignment of 
the photocells at the sensing station is shown at the left 
hand side of FIG. 2, the photocells being designated by 
the reference characters 31, 32, 34, 37 and 40 respectively. 
The card 21 is also punched with the same information 

as the pre-printed code data 22 in the form of punched 
data apertures 41. The punched data code, in this in 
stance, is a conventional decimal code of the kind used by 
a wide variety of accounting machines. It will be recog 
nized that the punched data 41 corresponds exactly to the 
pre-printed data 22. In addition, the punch unit 14 
(FIG. 1) may include manually settable punch members 
for punching additional data in the card, as indicated in 
FIG. 2 by the further punched data 42. Furthermore, 
the reproducing punch 10 may be provided with additional 
and independent control means for controlling the auxil 
iary punch data 42 if desired. 

FIG. 3 illustrates the basic machine code or language 
employed to control operation of the reproducing punch 
in the aforementioned Gollwitzer patent. This data code, 
which is commonly used in connection with printing de 
vices employed in addressing machines and the like, is 
substantially different from the parity code used for the 
data 22 (FIG. 2). Consequently, it is not possible to 
control the reproducing apparatus 10 directly from the 
sensing of the data 22, and the translation and control 
system of the present invention provides for translation 
from the pre-printed code data 22 to the basic machine 
code illustrated in FIG. 3. Of course, it would be pos 
sible to use the code of FG. 3 for the pre-printed data on 
the cards, but the control system for the present invention 
affords substantial advantages as compared with an ar 
rangement of this kind. Moreover, it would also be pos 
sible to construct the reproducing punch 10 for direct 
actuation by the parity code shown in FIG. 2, but this 
would prevent the use of conventional coded printing 
devices in control of the reproducing punch. 

FIG. 4 illustrates, in block diagram form, the basic 
control system of one embodiment of the present inven 
tion. The photocells 31, 32, 34, 37 and 40 are shown in 
FIG. 4 as a part of the control system 48; the order of 
alignment of the photocells is slightly different than in 
FIG. 2 in order that they may correspond to the circuit 
alignment described hereinafter in connection with FIG. 6. 
The photocell 31 is connected to a pre-amplifier circuit 51 
which, in turn, is connected to an amplifier circuit 6, the 
output of the amplifier 61 being connected to a pulse 
voltage adder circuit 71. The photocell 32 is connected 
in circuit with a pre-amplifier 52 and an amplifier 62, the 
amplifier 62 having its output stage connected to the adder 
circuit 71. The circuit for the photocell 34 comprises 
a pre-amplifier 54 and an amplifier 64, whereas the circuit 
for the photocell 37 includes a pre-amplifier 57 and an 
amplifier 67. The operating circuit for the parity photo 
cell 40 is essentially the same and includes a pre-amplifier 
60 and an amplifier 70. The individual operating circuits 
for the photocells are carried through the adder circuit 
71 to a translator 72 which is effective to translate the 
1-2-4-7-P parity code of the pre-printed data (FIG. 2) 
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6 
to the 2-4-6-8-9 machine code required by the reproduc 
ing punch and illustrated in FIG. 3. The relative code 
values of the input and output circuits of the translator 72 
are designated in FIG. 4 for convenience. The output of 
the translator 72 is coupled to a storage matrix 73 which, 
in the illustrated arrangement, includes ten storage stages 
each having five individual storage levels corresponding 
to the five significant elements in the output code of the 
translator. The storage matrix73 also includes the driving 
circuits for the reproducing punch, this portion of the 
control system being described in greater detail herein 
after in connection with FIG. 7. 
The adder circuit 71 is coupled to a parity check circuit 

74 which, in turn, is coupled to a ring counter 75. The 
ring counter 75 is utilized to control the timing of record 
ing in the storage sections of the storage matrix 73. In 
addition, the ring counter 75 is coupled to a digit count 
check circuit or punch check circuit 76 which is utilized 
to make sure that each record card includes all of the 
necessary pre-printed code data, and no excess data, before 
a punch operation is effected. 

In considering operation of the system illustrated in 
FIG. 2, it may first be assumed that the first column 24 
of the pre-printed data 22 (FIG. 2) is moved into sensing 
position relative to the sensing photocells 31, 32, 34, 37 
and 40. At this position, the photocells sense the presence 
of code markings in the first and parity columns; that is, 
the photocells 31 and 40 are effective to produce output 
signals indicating the presence of pertinent code markings. 
Since there are no code markings in the other three rows 
of the pre-printed data code column 24, similar signals 
are not generated by the photocells 32, 34 and 37. The 
two significant voltage signals are applied to the voltage 
adder circuit 71 which supplies to the parity check cir 
cuit 74 a signal that is representative of the sum of the two 
applied signals. The parity check circuit 74 is included in 
the System to make sure that two, and only two, marks are 
sensed. If this condition is maintained, the parity check 
circuit applies a pulse signal to the ring counter 75, actu 
ating the counter to apply a conditioning signal to the 
first column in the storage matrix 73. 
The two significant data code signals are also applied 

to the code translator 72, which translates these signals 
into the machine code (FIG. 3). In this instance, signi 
ficant output signals from the translator would appear 
on the output lines designated as lines 2 and 9 in FIG. 
4, since this is the equivalent to the coded numerical 
value "one" that appears in column 24 of the pre-printed 
code data 22 (FIG. 2). In this manner, by a joint action 
of the ring counter 75 and the translator 72, the number 
ge" is recorded in the first stage of the storage matrix 
This process is repeated until all of the code data 22 

are recorded, in translated form, in the storage matrix 
73. When the recording operation is complete, the ring 
counter applies an output signal to the punch check cir 
cuit 76 which may be utilized to condition the reproduc 
ing punch for a punching operation. Conversely, if 
Some portion or stage of the recording operation is not 
completed satisfactorily, and the ring counter does not 
count out, a punch operation is not effected. In this 
manner the punch check circuit 76 prevents a punching 
operation except when the control system has determined 
that the desired number of data items, as represented by 
the full number of stages in the matrix 73, have been 
Sensed, translated, and recorded in the storage matrix. 

In some instances the printing machine or other means 
utilized to apply the pre-printed code data 22 to one or 
more record cards may fail to operate properly, or some 
other accident may occur which prevents accurate print 
ing of one of the code designations. As a consequence, 
it may be that only one input signal is applied to the 
adder circuit 71, resulting in a low-amplitude output 
signal to the parity check circuit 74. When this happens, 
the parity check circuit 74 does not apply the requisite 
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conditioning pulse to the ring counter 75. As a conse 
quence, at the end of a sensing operation, the counter 
does not count out completely and a punch operation 
cannot be effected. Instead, the machine may be inter 
rupted in operation or a warning signal may be actuated 
to let the operator know that a card has traversed the 
punching machine without being punched. 

Similarly, in some instances additional code markings, 
smudges, or other undesirable markings may be inter 
posed in the data code field of the card 2 (FiG. 2). 
If an extraneous marking of this kind is one to which 
the photocells are sensitive, and if the marking is posi 
tioned in alignment with one of the data columns, it may 
be that three or more of the photocells will develop 
significant output signals. In this event, the amplitude 
of the output signal from the adder circuit 7 to the 
parity check circuit 74 is also modified and again repre 
sents an erroneous operation. The parity check circuit 
74, in this instance, again fails to apply the necessary 
actuating signal to the ring counter 75 and thus again 
prevents an erroneous punching operation. 

FIG. 6 illustrates, in substantial detail, a number of 
the specific operating circuits incorporated in a preferred 
embodiment of the control system 48 shown in block 
form in FIG. 4. More specifically, the circuit shown in 
FIG. 6 includes the complete construction of the pre 
amplifier 60 associated with the parity photocell 40, the 
amplifier 70, the adder circuit 71, the code translator 72, 
and the parity check circuit 74. In this figure, the am 
plifiers 61, 62, 64 and 67 are also shown; however, since 
these circuits are essentially similar to the amplifier 70, 
they are not illustrated in detail. For the same reason, 
it is deemed unnecessary to repeat the pre-amplifier and 
photocell circuits in FIG. 6. 

in the specific circuit arrangement illustrated in FIG. 
6, the photocell 40 is shown as a phototransistor. It 
should be understood, however, that this photocell may 
comprise a solid state photo-sensitive diode or any other 
suitable photoelectric sensing device if desired. Further 
more, other forms of radiation-sensitive pick-up may be 
employed, depending upon the nature of the code mark 
ings applied to the record cards. However, photoelec. 
tric pick-ups are preferred and particularly solid state 
devices because these are quite small in size, permitting 
condensation of the code data 22 (see FIG. 2) into a 
minimum size without adversely affecting the accuracy 
and response speed of the system. 
The pre-amplifier 60, as shown in FIG. 6, may com 

prise two stages including a first transistor 101 and a 
second transistor 102. The base electrode of the first 
stage transistor 0 is connected to the collector elec 
trode of the photocell 40, the emitter of the photocell be 
ing grounded. A suitable bias voltage is applied to the 
base electrode of the transistor 101, the biasing circuit 
comprising a resistor 103 connected from the base elec 
trode to ground and a second resistor 104 connected to a 
negative D.C. supply. In this instance, the D.C. supply 
comprises a voltage divider including two resistors 105 
and 14 connected in series with each other between 
ground and a suitable source of uni-directional operat 
ing potential herein designated as E-. 
The collector electrode of the transistor 01 is con 

nected to the D.C. supply source E- through the volt 
age divider 105, S4. The emitter electrode in the first 
stage is returned to ground through a resistor 106 and is 
also coupled to the base electrode of the second transistor 
102 through a coupling capacitor 107. The base elec 
trode in the second stage of the pre-amplifier is returned 
to ground through an input resistor 108. The emitter 
electrode of the transistor 102 is returned to ground 
through a biasing circuit comprising a pair of resistors 
109 and 111 which are connected in series with each 
other, the resistor 11 being by-passed by a capacitor 

2. 
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8 
62 in the pre-amplifier 60 is connected to the D.C. Sup 

ply source E- through a circuit comprising, in Series, a 
resistor 113 and the voltage divider 105, 144. The out 
put circuit for the pre-amplifier includes a coupling 
capacitor 1:5 which is connected to the collector of the 
transistor E02 and to a potentiometer 16, the other fixed 
terminal of the potentiometer being connected to the 
center terminal of a voltage divider comprising a pair 
of resistors 7 and 8 connected in series between the 
negative D.C. supply E- and ground. The variable tap 
119 on the potentiometer 16 constitutes the output ter 
minal for the pre-amplifier 69. 
The amplifier 79 is a three stage amplifier comprising 

three vacuum triodes 2, 122 and 23. The output 
terminal 9 of the pre-amplifier is connected to the 
control electrode of the first triode 2. The cathode of 
the first stage triode is grounded. The anode is con 
nected to a suitable source of positive-polarity unidirec 
tional operating voltage B-- through a circuit comprising, 
in series, a resistor 24 and a resistor 25. The resistor 
E25 is bypassed to ground by a capacitor 26. 
The output circuit for the first stage triode 121 com 

prises a coupling capacitor 127 which is connected in 
series with a resistor 128 between the anode of the triode 
121 and the control electrode of the second stage triode 
122. The control electrode of the triode 122 is also re 
turned to ground through a circuit comprising, in series, a 
diode 129 and a single-pole, single-throw switch 131. A 
positive bias is applied to the control electrode of the 
second stage in the amplifier 7 by a voltage divider cir 
cuit comprising two resistors 32 and 33 connected in 
series with each other between the B-- supply and ground, 
the common terminal of the two resistors being connected 
to the control electrode of the tube 22. The cathode of 
the second stage triode is grounded. The anode of this 
stage is connected to the B-- supply through a load resis 
for 134. The output circuit to the third stage comprises a 
coupling capacitor 135 which is connected between the 
anode of the triode 122 and the control electrode of the 
output stage 123. The control electrode of the third stage 
triode 123 is also returned to a negative Supply Voltage, 
herein designated as F-, through an input resistor 136. 
The anode of the third stage triode 123 in the amplifier 

70 is connected to the B-- supply through a resistor 137. 
This stage of the amplifier comprises a cathode follower. 
Thus, the output circuit comprises a pair of resistors 138 
and 139 which are connected in series with each other 
between the cathode and ground, the output terminal be 
ing the common terminal of these two resistors as indicat 
ed by reference numeral 140. The output terminal 140 
of the amplifier 70 is connected through a resistor 142 to 
the first stage of the parity check circuit 74, which is 
described in detail hereinafter. Similarly, the output 
terminals of the amplifiers 61, 62, 64 and 67 are connected 
through corresponding resistors 143, 144, 145 and 146, 
respectively, to the parity check circuit. Moreover, the 
output terminals of these amplifiers are individually re 
turned to ground through the resistors 147, 148, 149 and 
150. Thus, the resistors 142-146 comprise a voltage 
adder for the output signals from the amplifiers 61, 62, 
64, 67 and 70 and thus constitute the adder circuit 71 
(see FIG. 4). 
The input stage of the parity check circuit 74 com 

prises a triode i51, the control electrode of this triode 
being connected to each of the resistors 42-46 of the 
voltage adder circuit. The anode of the input triode 151 
in the parity check circuit is connected to the B-- supply 
through a resistor 152. The cathode is returned to ground 
through a resistor 153. Both the anode and cathode cir 
cuits of the triode 5 are utilized as output circuits, so 
that the triode functions both as a conventional amplifier 
and as a cathode follower. 
The cathode follower output circuit for the triode 151 

comprises a coupling capacitor 54 which is connected to 
the cathode of the tube, the coupling capacitor being con 
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nected through a resistor 155 to the movable tap on a 
potentiometer 156. One fixed terminal on the potentiom 
eter is connected to the negative supply voltage E-, 
whereas the other fixed terminal of the potentiometer is 
returned to ground. The coupling capacitor 154 is also 
connected to the control electrode of a triode 157 which 
is combined with a second triode 158 in a one-shot multi 
vibrator circuit. Thus, the biasing circuit comprising the 
resistor 155 and the potentiometer 156 affords a negative 
bias on the control electrode of the multivibrator tube 
157. 
The multi-vibrator circuit comprising the triodes 157 

and 158 is substantially conventional in construction. The 
cathodes of the two triodes are connected together and are 
returned to ground through a resistor 159. The anode of 
the triode 157 is connected to the B-- supply through a 
load resistor 161, the anode of the triode 158 being con 
nected to B-- through a resistor 162. The coupling cir 
cuit between the two triodes comprises a coupling capaci 
tor 163 connected between the anode of the first triode of 
the control electrode of the second triode, the control elec 
trode of the second triode being connected to the B 
supply through a resistor 164. The circuit parameters 
are such that the triode 157 is normally maintained non 
conductive, the triode 158 normally being held conduc 
tive. When a positive-going pulse signal is applied to the 
triode 157, and when this pulse signal exceeds a given 
threshold amplitude, the tube 157 is driven conductive 
and the triode 158 is momentarily cut off. Upon com 
pletion of the applied pulse signal, the tube 158 is again 
driven to conduction and the tube 157 is cut off. 
The anode output circuit for the input triode 151 of the 

parity check circuit 74 comprises a coupling capacitor 165 
which is connected from the anode of the tube 151 to the 
control electrode of an amplifier triode 166. The control 
electrode of the triode 166 is also connected to a voltage 
divider comprising a pair of resistors 167 and 168, the 
resistors 167 and 168 being connected between the B 
supply and ground to afford a positive bias for the control 
electrode. The cathode of the triode 166 is returned to 
ground and the anode of this tube is connected to the B 
supply through a load resistor 169. 
The inverter or amplifier stage comprising the triode 

166 is a coupled to a one-shot multi-vibrator circuit, com 
prising a pair of triodes 171 and 172, which is essentially 
similar to the multi-vibrator including the triodes 157 and 
158. Thus, the anode of the triode 166 is coupled to the 
control electrode of the tube 171 by a coupling capacitor 
173. The control electrode of the tube 171 is provided 
with a negative bias by means of a circuit comprising a 
resistor 174 connected from the control electrode to the 
movable tap on a potentiometer 175. The potentiometer 
175 is connected between the E- supply and ground. As 
before, the cathodes of the two triodes 171 and 172 are 
connected to each other and are returned to ground 
through a resistor 176. The anodes of the triodes 171 
and 172 are connected to the B- supply through two 
resistors 177 and 178, respectively. The anode of the 
tube 171 is coupled to the control electrode of the triode 
172 by a coupling capacitor 179. The control electrode 
of the tube 172 is connected to the B- supply through a 
bias resistor 181. The circuit parameters are again se 
lected to afford a one-shot operation as described herein 
above. 
The one-shot multi-vibrator comprising the triodes 171 

and 172 is coupled to an inverter amplifier stage compris 
ing a triode 183. The coupling circuit comprises a cou 
pling capacitor 184 that is connected between the anode 
of the tube 172 and the control electrode of the triode 183. 
The control electrode of the tube 183 is returned to 
ground through an input resistor 185. The cathode of the 
tube is grounded and the anode is connected to the B 
supply through a pair of resistors 186 and 187 that are 
connected in series with each other. 
The final stage of the parity check circuit 74 comprises 
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10 
a triode 191 having an input circuit coupled to the in 
verter stage 183 and to the one-shot multi-vibrator 157, 
158. The coupling circuit from the triode 183 comprises 
a capacitor 192 that is connected to the junction of the 
resistors 186 and 187 in the anode circuit of the triode. 
The capacitor 192 is also coupled to the control electrode 
of the tube 191 through an input resistor 193. A diode 
194 is connected from the common terminal of the capa 
citor 192 and the resistor 193 to ground. The other 
coupling or input circuit to the tube 191 is similar, and 
comprises a capacitor 195 and a resistor 196 connected in 
series with each other between the anode of the multi 
vibrator tube 157 and the control electrode of the output 
tube 191. A diode 197 is connected from the common 
terminal of the impedances 195 and 196 to ground. 
The output tube 191 of the parity check circuit 74 is 

connected in a cathode follower circuit of quite simple 
configuration. Thus, the anode of the triode is con 
nected to the B-- supply. The cathode of the tube, which 
in this instance is the output electrode, is returned to 
ground through a load resistor 198. The output terminal 
of the final stage in the parity check circuit is indicated 
by reference numeral 199, and this output terminal is 
connected to the ring counter 75, which is described in 
detail hereinafter in connection with FIG. 7. 
As noted hereinabove, each of the amplifiers 61, 62, 

64, 67 and 70 is coupled to the code translator 72, in ad 
dition to the connection to the parity check circuit 74. In 
FIG. 6, the individual output circuits from the amplifiers 
to the code translator 72 are identified by the code desig 
nations of the amplifiers, these being the code designa 
tions “1,” “2,” “4,” “7” and “P” relating back to the code 
designations for the data 22 (FIG. 2). The code trans 
lator 72 is provided with five output circuits comprising 
the output resistors 202, 204, 206, 208 and 209. These 
output resistors are individually connected to output cou 
pling capacitors 212, 214, 216, 218 and 219, respectively. 
The output circuit from the code translator 72 which com 
prises the resistor 202 and the capacitor 212 is the out 
put circuit for signals corresponding to the code designa 
tion '2' in the machine code illustrated in FIG. 3. Simi 
larly, the capacitor 214 and the resistor 204 are the 
circuit elements which form the “4” code designation 
circuit under the machine code. The machine code des 
ignations are shown in association with the output cir 
cuits from the code translator 72 in FIG. 6. 

Between the input and output circuits of the code trans 
lator, a resistor-diode matrix is provided which performs 
the necessary translation. The translator resistors are 
generally represented by the reference numeral 221, and 
the coupling diodes of the translator by the reference 
character 222. All of the coupling resistors in the trans 
lator are approximately equal in resistance, and the diodes 
222 are also essentially identical with each other. Fur 
thermore, the system shown in FIG. 6 for the code trans 
lator 72 requires that the resistors 221 be substantially 
larger than the ground-return resistors, such as the re 
sistor 139, in the input circuits to the code translator. 
Furthermore, it is also necessary that the resistors 221 
be substantially smaller than the output resistors 202, 
204, 206, 208 and 209. 

In considering the operation of the circuits illustrated 
in FIG. 6, it may first be noted that the phototransistor 
40 is normally maintained conductive, since the photo 
cell is ordinarily illuminated by light reflected from un 
printed areas of the record card. When this normal con 
dition is changed, as when a code marking is interposed 
in the illumination path for the photocell, the photocell 
is rendered non-conductive, producing a negative-going 
pulse signal on the base electrode of the translator 101 
in the pre-amplifier 60. This negative-going pulse sig 
nal appears in the output circuit of the emitter follower 
stage comprising the transistor 101 and is A.C. coupled 
to the base electrode of the second stage transistor 102 in 
the pre-amplifier. The pulse signal is inverted in polarity 



3,069,075 
11 

and appears, at the collector electrode of the transistor 
102, as a positive-going pulse. This positive-going pulse 
is applied to the input circuit of the amplifier 70; an A.C. 
coupling circuit is employed in this instance so that a 
positive polarity pulse may be applied to the control 
electrode of the first triode in the amplifier 70. 
The amplifier 70 is substantially conventional in op 

eration. The positive-polarity input signal to the tube 
i2i is inverted and amplified and is applied to the con 
trol electrode of the second stage triode 122. In this 
stage, the pulse signal is again amplified, inverted in polar 
ity, and applied to the control electrode of the third 
or output stage comprising the triode 123. Since the 
output stage is a cathode follower, the output signal from 
the amplifier 70 appears as a positive-polarity pulse at 
the output terminal i40. As noted hereinabove, the 
photocell 40, the pre-amplifier 60, and the amplifier 70 
are representative of and are typical of the corresponding 
circuits used to sense the other code positions in the 
printed data code illustrated in FIG. 2. Thus, for each 
sensing operation, it is necessary that two positive polarity 
pulses appear in the output circuits of the amplifiers 61, 
62, 64, 67 and 70. 
The output pulses from the amplifiers are added to 

gether, in the adding circuit comprising the resistors i42 
146, and are applied to the control electrode of the input 
triode 15 in the parity check circuit 74. The input sig 
nal is, of course, a positive-polarity pulse signal, the am 
plitude being equal to the sum of the output signals from 
the amplifiers. This positive-polarity input signal is am 
plified and inverted in the circuit comprising tube 151, 
and appears as a negative-polarity pulse signal on the 
control electrode of the triode 166. In the circuit com 
prising tube i66, the signal is again inverted and ampli 
fied, so that the output signal from the tube 66 that is 
applied to the control electrode of the triode 171 is a 
positive-going pulse. It should be noted that A.C. cou 
pling is employed between the tubes 166 and 171 and that 
the tube 171 is normally provided with a negative bias 
on the control electrode by means of the circuit 174, 75. 
Assuming that the pulse signal applied to the control 
electrode of the triode 171 is of sufficient amplitude to 
drive the tube to conduction, the normal condition when 
two code markings are sensed, the tube i71 conducts, 
the tube 172 is driven to cut-off, and a positive-going 
pulse is produced in the output circuit of the one-shot 
multi-vibrator. This positive-going pulse is A.C.-coupled 
to the control electrode of the amplifier tube 183, which 
amplifies the signal further. The output circuit of the 
tube 183 is a differentiating circuit; consequently, the out 
put signal from this circuit contains both positive and 
negative pulses. The negative-going portion of the sig 
nal is effectively by-passed to ground through the diode 
194. Consequently, the signal effectively applied to the 
control electrode of the output stage of the parity check 
circuit 74, which comprises the triode 191, is a positive 
going pulse. Consequently, a positive-polarity pulse sig 
nal is produced at the output terminal 99 of the tube 19A. 
It is thus seen, that during each cycle of normal operation, 
the parity check circuit 74 operates to supply a positive 
going control pulse or timing signal to the ring counter 
75 to advance the counter through one stage, as described 
more fully hereinafter. 

In some instances, it may be that only one code mark 
ing is sensed at a given code position. By the same token, 
there may be an extraneous mark between individual col 
umns of the data code markings 22 on the card 21 (FIG. 
2). Under other circumstances, it is apparent that only 
one of the photocells, such as the photocell 40 in FIG. 
6, is cut off from illumination. This being the case, only 
one of the amplifiers produces an output signal, with 
the result that the pulse signal applied to the input stage 
5i of the parity check circuit 74 is only one-half the 
normal amplitude. When this occurs, the output signal 
from the tube 151 that is applied to the multi-vibrator 
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12 
tube 171 is not of sufficient amplitude to cut off the tube 
i.71 and render the tube 172 conductive. Accordingly, 
no useful output signal is developed at the multi-vibrator 
and there is no effective control signal applied to the ring 
counter 75. If the marking has occurred at an incorrect 
position in the data code (that is, if it results from an 
undesirable pencil mark, smudge, or some other marking 
between the data markings) this simply means that the 
ring counter is not advanced, no data is recorded in the 
storage matrix, as explained hereinafter, and the normal 
operation of the control system continues uninterrupted. 
On the other hand, if the failure of the parity check cir 
cuit to apply a control signal to the ring counter 75 results 
from improper printing of one of the necessary code 
markings of the pre-printed data code, the result is that 
the counter 75 does not count out completely during the 
scanning of the code data on a particular card. When 
this happens, machine operation may be interrupted, a 
warning signal may be actuated to notify the operator 
that an erroneous operation has occurred, or a punching 
operation may be omitted as explained hereinafter. Thus, 
the portion of the parity check circuit 74 comprising the 
multi-vibrator 171, 72 effectively protects the control 
system against any situation in which one code marking 
is sensed instead of the two markings of the parity code 
required for accurate operation. 

It may also happen that an additional marking of some 
kind may occur, interspersed with the code data 22, at 
a position such that illumination to three or more of the 
photocells is interrupted (see FIG. 2). When this hap 
pens, three or more of the amplifiers 61, 62, 64, 67 
and 70 produce positive-polarity output signals which are 
applied, through the adder circuits 142-146, to the control 
electrode of the tube 151. Of course, this excessive-ampli 
tude input signal to the parity check circuit 74 actuates 
the multi-vibrator 17, 172 in essentially the same way 
as the normal actuating signal produced by two code 
markings. However, an input signal of this amplitude 
also actuates the other one-shot multi-vibrator comprising 
the triodes 157 and 158. As a consequence, the tube 
257 is driven conductive, the tube 158 is cut off, and a 
pulse signal is produced in the output circuit of the multi 
vibrator. The differentiating circuit coupling the multi 
vibrator to the output stage of the parity check circuit 
produces both positive and negative-going pulses, but the 
positive pulse is by-passed to ground through the diode 
197. Consequently, the effective signal applied to the 
control electrode of triode 191 is a negative-going pulse 
which effectively subtracts from the normal positive pulse 
applied to tube 191 from the tube 183. As a result, when 
too many code markings are sensed, the necessary actu 
ating signal for the ring counter is not developed in the 
parity check circuit 74. The ring counter fails to ad 
vance, and a punch operation is prevented as explained 
in greater detail hereinafter. 

It is thus seen that the lower portion of the circuit 74, 
comprising the one-shot multi-vibrator 57, 158, protects 
the control system against malfunction which might other 
wise result from the presence of additional extraneous 
markings interspersed with desired markings in the pre 
printed code data on the cards. Of course, the circuits 
comprising triodes 151 and 166 also operate to apply a 
similar input signal to the triode 57 when only two code 
markings are present at a given scanning position on the 
card, but this signal is not of sufficient amplitude to 
actuate the multivibrator 157, 158 and, consequently, 
normal operation is permitted as described hereinbefore. 
To illustrate the operation of the code translator 72, 

one or two examples of specific translation operations 
should be sufficient. For example, the number "one' is 
represented in the data code markings 22, by code marks 
in the “1” and “P” positions (see FIG. 2). Consequently, 
when this code marking is sensed, a positive-polarity 
signal appears at the code translator input terminals 
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The signal appearing at the "P" 

terminal is applied to the output resistor 202, with the 
result that a positive-going signal pulse is transmitted 
through the coupling capacitor 212. At the same time, 
a positive-polarity pulse signal is supplied to the output 
resistor 269, resulting in the transmission of a positive 
pulse to the capacitor 219. Thus, signals corresponding 
to the machine-code values '2' and '9' are generated 
in the output of the translator. Because a positive 
polarity pulse is applied to the “1” input terminal "one" 
of the code translator, the four diodes connected to this 
input terminal are maintained non-conductive; conse 
quently, the pulse signal applied to the uppermost one 
of these diodes from the resistor 221 encounters an ex 
tremely high resistance and cannot be by-passed to ground 
through those diodes and the resistor 147 in the operat 
ing circuit of the amplifier 61. Of course, the positive 
polarity signals applied to the “1” input terminal cannot 
be translated effectively through the diodes. As a result, 
output signals are produced only at the "2" and "9" out 
puts of the translator, thus indicating the presence of a 
code "one” in the machine code of FIG. 3. 
As a second example, it may be considered that the 

number “two” is represented in the data code markings 
22. In this case, positive-polarity output signals appear 
at the code translator input terminals marked "P" and 
“2.” The signal appearing at the "P" terminal is applied 
to the output resistor 202 through the operating circuit 
comprising the uppermost one of the input resistors 221 
in the “P” channel of the translator. However, no signal 
is effectively applied to the output resistor 209 because the 
lowermost one of the coupling resistors connected to the 
“P” input terminals is returned to ground through a low 
resistance circuit comprising the "1" input terminal of 
the translator and the resistor 147 connected thereto. In 
this regard, it should be remembered that the resistors 
147-150, as well as the resistor 139, are all much smaller 
in resistance than resistors 202, 204, 206, 208 and 209. 
A similar return circuit to ground is not effected through 
the '2' input terminal of the input translator because of 
the positive-polarity input signal applied to this terminal. 
On the other hand, the only output circuit from the "2" 
input terminal of the translator 72 is also returned to 
ground through a low-impedance circuit comprising the 
resistor 147. Accordingly, this input signal does not de 
velop an output signal at either of the output resistors 
202 and 209. Consideration of all of the possible code 
combination and signals which may appear at the input 
to the translator shows that the translator effectively con 
verts the input data from the parity code in which it is 
prined on the cards, such as the card 21 of FIG. 2, to the 
machine code illustrated in FIG. 3. 
FIG. 7 illustrates, in substantial detail, the storage 

matrix 73 and the ring counter 75 of the control system: 
where the control data is in the form of a ten-digit 
number, as illustrated by the pre-printed code data 22 in 
FIG. 2, ten storage and counter stages are required. Of 
course, and as noted hereinabove, more or less stages 
may be utilized depending upon the number of individual 
data items employed to actuate the control System. In 
FIG. 7, only three stages are shown for the storage ma: 
trix 73 and for the ring counter 75. However, each of 
the other seven stages intermediate those illustrated is 
essentially similar to the stages shown in the drawings. 
The storage matrix 73 is arranged in ten columns 

formed by five rows of storage circuits, only the first, 
second and tenth columns being illustrated. The indi 
vidual rows correspond to the code values "2", "4", "6", 
'8", and '9" of the machine code, and are individually 
connected to the corresponding output lines of the code 
translator 72 (FIG. 6). The initial storage stage in the 
first column and first row of the storage matrix com 
prises a thyratron 240. The cathode of the thyratron 
240 is grounded. The screen electrode 241 of the thyra 
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14 
tron is connected to the "2" output of the translator 72, 
being coupled thereto by the capacitor 212 (FiG. 6). 
An input resistor 242 is connected in series in the input 

The control electrode 243 
of the thyratron 240 is connected to a negative-polarity 
biasing circuit through a connecting circuit comprising, 
in series, a resistor 244 and a resistor 245. The biasing 
circuit, in this instance, comprises a voltage divider in 
cluding a pair of resistors 246 and 247 connected in 
series with each other between the negative D.C. source 
E- and ground, the resistor 245 being connected to the 
common terminal of the resistors 246 and 247. 
The anode circuit of the storage tube 240 includes a 

resistor 248 that is connected between the anode 249 and 
the B-- supply. A cam-controlled switch 251 is in 
cluded in series in this circuit. In addition, the anode 
249 is also connected to a punch control solenoid, repre 
sented by the coil 252. The other terminal of the coil 
252 is returned to ground through a resistor 253, a diode 
254 being connected in series in this circuit. There is a 
parallel circuit to the resistor 253 comprising a cam 
actuated switch 255 which, when closed, connects the 
solenoid 252 to the B-- supply. The initial stage of the 
storage matrix also includes a biasing circuit for the 
screen electrode 241, this biasing circuit comprising a 
connection from the resistor 242 through a resistor 256 to 
a suitable negative D.C. supply designated as G-. 
The second stage in the first column of the storage 

matrix, the initial stage in the “4” row, is essentially 
similar to the circuit for the tube 240 described imme 
diately hereinabove. Thus, this stage of the storage ma 
trix comprises a thyratron 260, the cathode of the thyra 
tron being grounded. The screen electrode 261 of the 
thyratron is connected through a resistor 262 to the ca 
pacitor 214 in the code translator 72 (see FIG. 6). In 
addition, the electrode 261 is connected through the re 
sistor 262 and a series resistor 276 to the G- bias 
supply. 
The control electrode 263 of the thyratron 260 is 

connected through a resistor 264 and the resistor 245 to 
the negative bias supply comprising the voltage divider 
246, 247. The anode 269 of the tube 260 is connected to 
the B-- supply through a circuit comprising, in series, a 
resistor 268 and a cam-actuated control switch 271. 
The anode 269 is also connected to a control solenoid 
272 and a circuit comprising, in series, a diode 274 and 
a resistor 273, the resistor 273 being returned to ground. 
As in the previously described stage, the solenoid circuit 
is also connected to the B-|- supply, in this instance 
through a cam-actuated control switch 275. 
From the foregoing description, and by comparing the 

Stages comprising the tubes 240 and 260 with the re 
maining stages in the storage matrix, it is seen that all of 
these individual storage circuits are essentially identical. 
In each instance, the input electrode to the stage, from 
the code translator 72, is connected to the screen elec 
trode of the thyratron. Each of these screen electrodes, 
which are used as control electrodes, is normally subject 
to a negative bias through the connection to the G 
Source. The first control electrode in each stage, such 
as the electrodes 243 and 263, is also normally biased 
negatively by the connection to the biasing circuit com 
prising the resistors 246 and 247. The anode circuits of 
the tubes are provided with switches for interrupting con 
duction in the tubes, as described more fully hereinafter, 
the principal control switch in each instance being con 
nected to the anode of the tube through a suitable re 
sistor. The operating solenoids which are used to set 
the punches in the machine punch 10, on the other 
hand, are also connected to the anodes of the various 
stages and are connected to the B-|- supply only upon 
the closing of cam-actuated switches controlled by the 
machine itself. In each row of the storage matrix a 
single switch, such as the switch 255, controls all of the 
punch-setting solenoids. A similar arrangement could 
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be employed for the main anode circuits, but the circuit 
illustrated in FIG. 7 provides a separate cam-actuated 
switch for each stage in the storage matrix. 
The lower portion of FIG. 7 shows three stages of 

the ring counter 75, these being the first, second, and 
tenth stages of the counter and corresponding to the illus 
trated columns of the storage matrix in this figure. The 
initial stage in the ring counter comprises a thyratron 
28 having a cathode 282, a first control electrode 283, 
a second control electrode or screen electrode 284, and 
an anode 285. The screen electrode 284 is connected 
to the cathode 282, the cathode 282 being returned to 
ground through a resistor 286 that is by-passed by a 
capacitor 287. The cathode 282 is also connected through 
a coupling capacitor 288 to the first control electrode or 
grid in each of the thyratrons in the first column of 
the storage matrix 73. That is, the coupling capacitor 
288 is connected between the cathode 282 of the ring 
counter tube 281 and the electrode 243 of the storage 
tube 240 in a circuit that includes, in series, the resistor 
244. Essentially the same circuit, but comprising the 
resistor 264 instead of the resistor 244, is used to couple 
the first stage of the ring counter to the storage tube 260. 
Similar circuits connect the first stage of the counter to 
each of the remaining three stages in the first column of 
the storage matrix. 
The control electrode 233 of the ring counter thyratron 

28 is coupled to the parity check circuit 74 through a 
coupling capacitor 289. That is, the capacitor 289 is 
connected between the electrode 283 and the output ter 
minal 99 of the parity checking circuit 74 (see FIG. 6). 
A negative bias is normally applied to the control elec 
trode 233 by means of a biasing circuit comprising a re 
sistor 291 that connects the electrode 283 to the negative 
D.C. supply E-. In addition, the input or control elec 
trode 283 is also connected to the final stage of the ring 
counter, this coupling circuit being described in greater 
detail hereinafter. The anode circuit of the ring counter 
thyratron 281 comprises a resistor 293 that connects the 
anode 285 to the B-- supply. 
The thyratron 28 is coupled to a second stage thyra 

tron 302 in the ring counter 75 by means of a coupling 
resistor 393 that is connected from the cathode in the 
first stage to the main control electrode 334 of the second 
stage tube. The control electrode 384, like the electrode 
283 in the preceding stage, is connected to the parity 
check circuit 74 through a couping circuit comprising 
a capacitor 305. In addition, the electrode 304 is re 
turned to the E-bias supply through a resistor 306 cor 
responding to the first stage resistor 291. 
The cathode 386 and the second control electrode 307 

are connected together, in the circuit of the tube 302, 
these electrodes being returned to ground through a 
parallel RC circuit comprising a resistor 308 and a 
capacitor 309. The output circuit from the ring counter 
tube 332 is also similar to that of the first stage and com 
prises a coupling capacitor 31 that couples the cathode, 
and the screen electrode of the tube 392 to the control 
electrode of each of the thyratrons in the second column 
of the storage matrix i3. As before, a suitable resistor 
is connected in series in the input circuit to each of the 
storage matrix thyratrons. The anode of the tube 302 
is returned to B-- through the resistor 293. The output 
circuit of the tube 332 is essentially the same as for the 
tube 281 and comprises an output resistor 313 that cor 
responds to the resistor 383 and is employed to couple the 
cathode of the tube 332 to the control electrode in the 
next stage. 
As noted hereinabove, only the two initial stages and 

the final stage of the ring counter 75 are shown in FIG. 
7. The intervening seven stages, however, are essentially 
identical to those described hereinabove and shown in 
FIG. 7 in connection with the thyratrons 231 and 302. 
Moreover, the final stage of the ring counter is essentially 
similar, but is shown in detail in order to illustrate the 
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16 
conection back to the first stage of the counter and also 
to shown the reset circuit for the counter. 
Thus, the final stage of the ring counter 75 comprises a 

thyratron 32 having a cathode 322, a control electrode 
323, a screen electrode 324, and an anode 325. As be 
fore, the anode 325 is connected to the B-- supply 
through the resistor 293. The screen electrode 324 is 
coninected to the cathode 322, these electrodes being re 
turned to ground through a resistor 326 that is by-passed 
by a capacitor 327. In this instance, the output resistor 
323 for the tube is again connected to the cathode, but 
is connected back to the control electrode 283 in the first 
stage, since there is no succeeding stage in the counter. 
The input circuit to the final stage of the counter, com 

prising the thyratron 32, is slightly modified as com 
pared with the preceding stages. Thus, a resistor 329 
is interposed in series in the input circuit to the control 
electrode 323, between the control electrode and the 
coupling capacitor 331 that couples the control electrode 
back to the parity check circuit 74. The coupling re 
sistor connecting the input circuit of the final stage to the 
preceding stage is indicated by reference numeral 332, 
and the bias resistor which returns the control electrode 
to the E- bias supply is identified by reference numeral 
333. The control electrode 323 in the final stage of the 
ring counter is also connected to a reset circuit com 
prising a relay 335 having an operating coil 336 and a 
pair of contacts 337. The contacts 337 are connected in 
a series circuit which returns the control electrode 323 
to ground. The operating coil 336 is connected in series 
with a current-limiting resistor 338 and a cam-actuated 
switch 339 between the B-- supply and ground. This 
reset circuit is utilized to reset the ring counter at the 
beginning of each cycle of operation, as described more 
fully hereinafter. The output circuit of the final stage is 
essentially similar to the previously described stages, and 
comprises a coupling capacitor 341 which couples the 
cathode 322 and the screen electrode 324 to the control 
electrode of each of the thyratrons in the final column 
of the storage matrix 73. As before, a suitable resistor is 
inserted in series with the capacitor 341 in each of these 
coupling circuits. 

In considering the operation of the storage matrix 73 
and ring counter 75, as illustrated in FIG. 7, it should 
first be noted that all of the thyratrons in the storage 
matrix are normally non-conductive. This is because 
both the control electrode and the suppressor electrode, 
in each of the individual storage thyratrons, is normally 
held at a negative potential sufficient to prevent conduc 
tion in the tube regardless of whether or not the anode 
circuit is closed. At the beginning of each cycle, and 
as described more fully hereinafter, only the thyratron 
32 in the final stage of the ring counter is held con 
ductive, this condition being necessary for an accurate 
counting and recording operation. 
At the beginning of a recording operation, in the 

interpretation of the code data 22 on the record card 2 
(see FIG. 2), three signals are applied to the circuits 
shown in FG. 7. Thus, the data item first sensed in 
reading the pre-printed code data 22 is the numerical 
value "one.' The sensing of this data item causes posi 
tive-polarity signals to be applied to the "2" and "9" 
inputs of the storage matrix 73 from the translator 72, 
as described hereinabove. At the same time, a positive 
polarity signal is also applied to the control electrode in 
each stage of the ring counter 75 from the parity check 
circuit 74. In the ring counter, however, because the 
tube 321 is conductive, the control electrode 283 of the 
initial thyratron 281 is at a higher potential than the 
control electrodes of the other ring counter thyratrons, 
including tube 321. This difference is occasioned by the 
connection from the cathode of the tube 321 to the 
control electrode 283 of the tube 281, there being a sub 
stantial voltage drop across the cathode resistor in the 
final stage of the counter. Consequently, the signal 
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from the parity check circuit 74 causes only the thyratron 
281 to become conductive. When the first stage thyra 
tron conducts, the total voltage drop across the resistor 
293 increases, dropping the anode voltage on the tube 
321 to an extent sufficient to extinguish conduction in 
this tube. Furthermore, conduction in the tube 281 is 
effective to develop a positive potential on the cathode 
and the screen electrode in this tube, due to the voltage 
drop across the resistor 286. Thus, a positive-polarity 
signal is applied to the control electrode in each stage 
of the first column of the storage matrix 73. This sig 
nal does not cause the “4,” “6,” or “8” stages in the first 
column of the storage matrix to become conductive, since 
the negative bias applied to the screen electrode in each 
of the tubes in these stages is sufficient to prevent ioniza 
tion within the tubes. However, the positive-polarity 
signal from the first stage of the ring counter coincides 
in time with the positive-polarity signals applied to the 
"2” and '9” stages in the first column of the storage 
matrix, with the result that the thyratrons in each of these 
stages are rendered conductive. Of course, it is neces 
sary that the cam-actuated switches in the anode circuits 
of these tubes, such as the switch 251 in the '2' stage, be 
closed. These switches are maintained closed in all 
columns and stages of the storage matrix throughout the 
recording operation. However, the cam-actuated switches 
in the solenoid circuits are not closed at this time, exam 
ples of these switches being the switches 255 and 275. 
It is thus seen that, upon sensing the first item of the 
pre-printed data 22, the numeral value "one' is recorded 
in the storage matrix 73 in the machine code of FIG. 3, 
since recording is effected in the “2” and "9” stages of 
the first column in the storage matrix. 
When the next data item is sensed, positive-polarity 

input signals are applied to the circuit of FIG. 7 at just 
two places. 
ring counter 75 from the parity check circuit 74, and 
a positive-polarity data signal is applied to the input "2" 
of the storage matrix. There are no other data input 
signals to the storage matrix, since the numerical value 
"two" is represented by only the "2" input in the machine 
code. When these signals are applied to the circuit of 
FIG. 7, the second-stage thyratron 302 in the ring counter 
is driven conductive. Only the tube 302 is driven to 
conduction by the input signal to the parity check cir 
cuit 74, because the control electrode 304 in this tube 
has previously been held at a higher potential than the 
input electrodes to the other tubes, due to the fact that 
the first-stage thyratron 281 has been conductive and 
the control electrode 304 is connected back through the 
resistor 303 to the cathode of the first-stage thyratron. 
As before, conduction in the tube 362 causes the anode 
voltage to drop to a sufficient extent to extinguish the 
preceding tube 281, thereby stepping the ring counter 
through one count. Furthermore, conduction in the sec 
ond stage 302 of the counter results in the application of 
a positive-polarity pulse signal to the control electrode 
in each of the thyratrons in the second stage of the 
storage matrix 73. 

In the second stage of the storage matrix. 73, as in the 
first stage, two coincident signals are required to render 
any of the thyratrons conductive. The only thyratron in 
this stage of the storage matrix to which two input signals 
are applied is the "2" stage thyratron at the top of the 
second column. Accordingly, only this tube is rendered 
conductive, in the second stage of the storage matrix, 
recording the desired numerical value therein. This proc 
ess is continued until the final-stage thyratron. 321 is 
rendered conductive and the final data item is recorded 
in the tenth column of the storage matrix 73. In the 
final stepping action of the ring counter 75, an output 
signal is also applied to the punch check circuit 76 (FIG. 
5) and this signal is utilized to trigger the punch check 
circuit and actuate a punch operation, as described more 
fully hereinafter, 
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When the control system is first placed in operation, 

after having been completely shut down, it is difficult to 
predict, with any certainty, which stage of the ring 
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of punches in the punch unit 14. 
where a thyratron in the storage matrix is not previously 
energized, however, closing of the operating circuit to 

counter 75 may be rendered conductive, if any. On the 
other hand, and as noted hereinabove, effective opera 
tion requires that the final thyratron 321 be conductive 
at the beginning of any operation of the control system. 
To achieve this purpose, the reset relay 325 is energized 
by closing of the switch 339, thereby closing the contacts 
327. When this is done, a positive-polarity signal is 
applied to the control electrode 323 of the ring counter 
stage 321. Consequently, the tube 321 is effectively 
ionized and this tube becomes conductive. Inasmuch as 
only one thyratron can conduct, in the ring counter, at 
any given time, the operation of the reset relay 335 is 
effective to provide a positive reset control and make sure 
that only the final stage of the ring counter is energized 
at the beginning of each sensing cycle. Since it is possible 
that the ring counter will not count out completely in any 
given sensing operation, as noted hereinbefore, due to 
the operation of the parity check circuit 74, the switch 
339 is closed to reset the ring counter at the beginning 
of each sensing operation. The switch 339 can, for 
example, be actuated by a cam driven in synchronism 
with the feeding of cards from the magazine 11, in the 
punching mechanism 10 (FIG. 1) to assure accurate 
synchronization of this part of the operation with the 
remainder of the system. 
The punch check circuit 76 is illustrated in FIG. 5, and 

comprises a thyratron 351 having a cathode 352, a con 
trol electrode 353, a screen electrode 354, and an anode 
355. The screen electrode 354 is connected to the cath 
ode 352, these two electrodes being returned to ground. 
The input circuit to the control electrode 353 includes 
an input resistor 356 connected between the control elec 
trode and ground and a series coupling capacitor 357 
that is connected back to the final stage of the ring counter 
75 (see FIG. 7). The anode 355 of the tube 351 is con 
nected through the operating coil 358 of a control relay 
359, and through a resistor 361, to the B- supply. The 
control relay 359 may include one or more pairs of con 
tacts, such as the normally open contacts 362, that are 
connected in the operating circuit of the punching ap 
paratus 10 to initiate or control a punching cycle. 
At the end of each sensing cycle, as noted hereinbe 

fore, if the ring counter 75 counts out completely, the 
final stage of the ring counter applies a positive-polarity 
signal to the control electrode 353 of the punch check 
circuit 76 (FIG. 5). As a consequence, the thyratron 
35 is rendered conductive, energizing the control relay 
359. Actuation of the relay closes the contact 362 and 
initiates a punch cycle in the apparatus 10 (FIG. 1). Of 
course, some means such as a cam-actuated switch 363 
must be incorporated in the punch check circuit to ex 
tinguish the thyratron 351 and de-energize the punch 
check circuit after the punching operation has been ini 
tiated and before the next sensing cycle of the control 
System. The switch 363 may, for example, be actuated 
by a suitable cam mechanism driven in synchronism with 
the punch apparatus 14 of the punching unit (FIG. 1). 
The Switch 363 should be timed to open before closing 
of the switch 339 in the operating circuit of the reset 
relay 335 in order to avoid false triggering of the punch 
check circuit in the event that the counter 75 does not 
count out completely. 
With the punch mechanism actuated by the above de 

scribed operation of the punch check circuit 76, the cam 
controlled switches in the solenoid circuits of the storage 
matrix 73 are closed. Consequently, those storage matrix 
solenoids, such as the solenoids 252 and 272, which are 
connected to storage thyratrons that have been rendered 
conductive are actuated to set the desired combination 

In those instances 
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the solenoid is not effective to actuate the solenoid, since 
no effective return circuit to ground is provided. It is 
thus seen that the closing of the switches such as the 
switches 255 and 275 is effective to "read out' the stored 
data from the matrix 73 and to set the desired combina 
tion of punches in the punch mechanism. Thereafter, 
the record card such as the card 2i is transported into 
and is punched with the data 41 in the punch unit 14 
(see FIGS. 1 and 2). After punching, the card is fed 
to the receiving hopper 5; a printing operation may be 
effected at the printing station 15 if desired. When the 
punching operation is completed, the normal cyclical 
control for the punch mechanism 10 is effective to open 
all of the main control switches 25, 275, and the like in 
the storage matrix 73. The solenoid circuit switches, 
such as the switches 255 and 275 are also opened. Con 
sequently, those thyratrons in the storage matrix 73 
which have previously been conductive are now rendered 
non-conductive and the storage matrix is cleared for the 
receipt of information from the next sensing of the pre 
printed data on the next card. 
From the foregoing description, it is believed that it 

will be apparent how the control system of the present 
invention can be connected to the punching apparatus of 
the aforementioned Gollwitzer Patent No. 2,710,406 to 
control the card punch. However, to assist in correlat 
ing the control system with the punch apparatus, it may 
be desirable to point out certain specific inter-connections 
therebetween. For example, the individual driver sole 
noids in the storage matrix 73, such as the solenoids 255 
and 272, may be provided with suitable armatures (not 
shown) which are mechanically connected to the setting 
pins 761 for the punch unit in the Gollwitzer punch ap 
paratus. Thus, the driver solenoids of the storage matrix 
are effectively employed to replace the normal setting 
mechanism for these pins, and are used instead of the 
sensing mechanism of the aforementioned patent. The 
control relay 359 of the punch check circuit 76 (FIG, 
5) is preferably connected in the energizing circuit for 
the solenoid SOL-5 that controls the action of the punch 
ram in the punch apparatus of the aforementioned Goll 
witzer patent. In this way, the punch check circuit can 
be utilized to prevent a punching operation without other 
wise interrupting operation of the machine 10 (FIG. 1). 
However, and as noted hereinabove, the punch check 
circuit 76 could also be employed to stop the machine 
completely, to actuate an alarm signal, or otherwise to 
alter the operation of the punching apparatus by suitable 
electrical connection to the controls of the card punch. 

It is also desirable to consider the general cyclical op 
eration of the punch apparatus 10 in relation to the con 
trol system of the present invention. During a first 
cycle of operation of the punch apparatus 10, a first card 
is fed from the magazine 11 into the transport mech 
anism or conveyor 12. During this same cycle, this 
first card is passed through the sensing station 13 to 
sense the pre-printed code data thereon, this data being 
recorded in translated form in the storage matrix 73. 
Near the end of the cycle, the first card enters the punch 
unit 14. In the second cycle of operation, the first 
card is punched in accordance with the data previously 
stored in the matrix 73 of the control system 48 (see 
FIG. 4). During this second cycle, a second card is fed 
from the magazine 11 and is transported into the scan 
ning station 13, the data on the card being sensed and 
recorded in the storage matrix after the storage matrix 
has been cleared for punching of the first card. Near 
the end of this second cycle, the first card is fed out 
wardly of the punch unit 14 and the second card is con 
veyed into the punch unit. 

In the third cycle of operation, a third card is fed 
from the magazine 11 into the transport mechanism 12. 
During this cycle, the third card is sensed and the pre 
printed data thereon is recorded in the storage matrix. 
Before this sensing and recording operation takes place, 
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however, the previously recorded data in the storage 
matrix is read out and the second card is punched. 
Furthermore, during this third cycle the first card may 
be printed with any desired data at the printing station 16. 
It is thus seen that, at any given time, three different 
cards may be passing through the card punch 10 at dif 
ferent stages thereof, the specific timing cycle for the 
punch 10 being set forth in detail in the above-identified 
Gollwitzer patent, 

In order to afford a more complete illustration of this 
embodiment of the invention, certain circuit data are set 
forth hereinafter. These data are provided solely by 
way of illustration and in no sense as a limitation on the 
invention: 

Amplifier 70 
Resistor 136 ------------------------- 470 kilohms. 
Resistor 137 -------------------------. 1 kilohm. 
Resistors 136, 139 -------------------- 3.3 kilohms 

Code Translator 72 

Resistors 22i ------------------- 27 kilohms. 
Resistors 202, 204, 206, 208,269 ---. 560 kilohms. 
Diodes 222 --------------------- Hughes Type 2257. 

Party Check Circuit 74 
Resistors 152, 153 ------------- 47 kilohms. 
Resistors 155, 68, 174 -------- 470 kilohms. 
Resistors 156, 61, 162, 169, 175 - 100 kilohms. 
Resistor is9 ------------------ 5.6 kilohms. 
Resistors 77, 178, 185 --------- 100 kilohms. 
Resistors 164, 18, 193, 196 ----- 1 megohm. 
Resistor 67 ------------------. 820 kilohms. 
Resistor 186------------------. 39 kilohms. 
Resistor 187 --------------- 68 kilohms. 
Resistor 198 ------------------ 56 kilohms, 
All triodes -------------------- 3/2 Type 5965. 
Capacitors 154, 163, 192 ------- 0.1 microfarad. 
Capacitors 165, 195 ------------ 1.0 microfarad. 
Capacitor 173 ----------------- 0.001 microfarad. 
Capacitor 179 ----------------- 0.0022 microfarad, 
Capacitor 184 ----------------. 0.0005 microfarad. 

Storage Matrix 73 
Resistor 248 ------------------------- 68 kilohms. 
Resistors 242, 244-------------------- 820 kilohms. 
Resistors 245, 256 -------------------- 82 kilohms. 
Resistor 246 ------------------------- 22 kilohms. 
Resistor 247 ------------------------- 5.6 kilohms 
Resistor 253 ------------------------- 1 kilohm. 
Thyratrons 240, etc. ------------------- Type 5696. 

Counter 75 

Resistors 286 ------------------------ 8.2 kilohms, 
Resistor 291 ------------------------- 120 kilohms. 
Resistor 303 ------------------------- 82 kilohms. 
Resistor 329 ------------------------- 68 kilohms. 
Thyratrons 281, etc. ------------------ Type 5696. 

Voltage Supplies 
B+ -------------------------------- --150 volts. 
E-------------- - - - - - - - - - - - - - - - - - - - - -75 volts 

F -------------------------------- -27 volts. 
G--------------------------------- -24 volts. 

General Description, FIG. 8 
FIGS. 8 through 20 illustrate, in substantial detail, 

another and preferred embodiment of the present inven 
tion. FIG. 8 is a block diagram of the basic translation 
and control system of this embodiment, and the overall 
construction and operation of the translation and control 
system 460 illustrated therein are first explained in con 
nection with this particular figure. It should be under 
stood that only the principal circuit interconnections 
are indicated in FIG. 8, others being described in con 
nection with Subsequent figures. 
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The translation and control system 400 of FIG. 8 
comprises a plurality of individual data sensing devices 
indicated generally by the circuit unit 401. As explained 
more fully hereinafter, the data sensing devices of the 
circuit unit 401 may each comprise an individual photo 
cell and an associated pre-amplifier circuit, the arrange 
ment being similar to the correspondingly identified ele 
ments in the system illustrated in FIG. 4. The individual 
data sensing devices are connected to a series of suitable 
data amplifiers, generally indicated by reference numeral 
402. The data signal amplifiers, in turn, are coupled to 
a first translation or convertor circuit 403 that serves 
the same basic function as the circuit 72 in the system of 
FIG. 4. That is, the convertor 403 (FIG. 8) translates 
the parity-code signals received from the data amplifiers 
402 into machine-code signals. The machine-code sig 
nals are supplied to a solenoid driver and storage matrix 
404, that corresponds generally to the circuit 73 in the 
previously described embodiment but is substantially dif 
ferent in construction, as described more fully hereinafter. 
The parity-code signals from the data amplifiers 402 

are also supplied to a second translator circuit 405 and 
are there translated into binary-coded decimal form. 
Actually, the translation operation in this instance con 
verts the parity-code signals into the fifteens complement 
of the numerical value of each signal as expressed in 
binary-coded decimal form. The translator 405 is cou 
pled to an accumulator control and convertor circuit 406 
which, in turn, is connected to an accumulator circuit 
407. Both the accumulator control and convertor cir 
cuit 406 and the accumulator 407 are coupled to a 
comparator error circuit 408. The comparator error 
circuit 408, in turn, is connected to an error card cir 
cuit 409. 
The translator circuit 405, in addition to its connec 

tion to the convertor circuit 406, is coupled to a rack 
memory circuit 411. The rack memory device 411 is 
also connected to a plurality of individual sensing de 
vices 412 that are associated with respective punch set 
racks 413 in the reproducing punch 10. The construc 
tion and use of the punch-set racks 413 is clearly described 
in the aforementioned patent to Gollwitzer No. 2,710,406, 
these racks being utilized to position the punch-setting 
elements that determine the punches to be actuated in 
each column of the punch mechanism. 
The system 400 illustrated in FIG. 8 also comprises 

a ring counter 414 that is functionally similar to the ring 
counter 75 in the system of FIG. 4, although the actual 
construction is quite different. The ring counter 414 is 
connected to an output circuit from the error card cir 
cuit 409. A clock timer 415 is provided, being coupled 
to a sequence timer 416 that is coupled to the ring counter 
44. In addition, the sequence timer 416 is coupled to 
the data amplifier 402. The clock timer 405, on the 
other hand, is provided with an additional output con 
nection to the accumulator control and convertor cir 
cuit 406. 

In this embodiment of the invention, the input data 
that is scanned and reproduced, in punched form, in the 
record cards, is subdivided into the two different fields. 
Accordingly, the system 400 includes two field control 
circuits identified in FIG. 8 as gate circuit 421 and gate 
circuit 422, the two circuits being used in controlling 
the sensing and utilization of data from the first and 
second data fields respectively. The division of the in 
put data into the two fields is essentially arbitrary; that 
is, the number of bits of information relegated to each 
field can be selected to fit the requirements of any par 
ticular credit system or other accounting system as de 
scribed. In the system described in detail hereinafter, . 
it is assumed that the total number of data items is fifteen, 
ten in the first field and five in the second. 
The field gates 421 and 422 are connected to the data 

sensing devices 401 to control their operation. Each of 
the field gates is also coupled to the error card circuit 

22 
409 to condition that circuit for operation as described 
hereinafter. In addition, each of the two field gates is 
coupled to a combined field error circuit 423 that is 
employed to interrupt machine operation, to the extent 
of preventing the punching of data in the record cards, in 
response to input signals indicating a variety of different 
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kinds of error. The combined field error circuit 423 
receives the signals necessary for the error checking op 
erations that it performs from the rack memory circuit 
41 and from a parity-check circuit 424 that is connected 
to the outputs of the data amplifiers 402. Parity-check 
circuit 424 is thus utilized to perform a function substan 
tially similar to that of the circuit 74 in the first-described 
embodiment, but in this instance the output from the 
parity-check circuit is utilized in a different manner. The 
combined field error circuit 423 is provided with two 
individual output terminals 425 and 426 that are con 
nected to the basic control apparatus of the reproducing 
punch 10 to prevent the punching of data in the first 
and second fields of the record card, respectively. 
The transmission and control system 400 also includes 

a control card detector 427 that determines the presence 
of a card that is substantially different from the ordinary 
detail card processed by the machine 10. These control 
cards, sometimes referred to as summary cards, are simi 
lar to the detail cards in that they include data printed 
thereon in accordance with the same parity-code as is 
used on the detail cards. Moreover, the pre-printed code 
data on the control cards is of similar nature except that 
it represents a previously prepared summary of data 
from a substantial number of detail cards. For example, 
in a given credit System, individual detail cards would be 
prepared to represent each individual transaction. At 
the time the detail cards are to be forwarded to a cen 
tralized accounting center, a control card is prepared and 
is pre-printed with data representing the sum of the total 
ransactions on the detail cards. The control or summary 
card is differentiated from the detail cards in a manner 
that can be detected by the control system 400; for ex 
ample, the summary card might be different in color or 
might include a separate additional code marking lo 
cated at some point on the card different from the pre 
printed code data 22 (see FIG. 2) to permit automatic 
detection of the presence of the summary card. 
The control card detector 427 is connected to the ac 

cumulator control and convertor circuit 406 and to the 
error card circuit 409. It is also coupled to the clock 
timer 415 to afford a means for delaying actuation of 
the ring counter 4.4. 
The initial operation of the control system 460 is sub 

stantially similar to that of the system described here 
inabove in connection with FIGS. 4-7. That is, a plu 
rality of record cards, including several groups of detail 
cards each followed by a summary or control card, are 
stacked in the main hopper 11 of the reproducing punch 
10. At the same time, a plurality of blank error cards 
are stacked in the second or auxiliary hopper 11A of 
the machine. To initiate operation, a first detail card is 
fed from the bottom of the stack in the main hopper 11 
and is conveyed by the transport 12 toward the data 
Sensing station 13 of the machine, at which the data 
sensing devices 401 are located. Thus, the basic feed 
System for the cards is essentially the same as that de 
scribed hereinabove. 
When the first detail card enters the sensing station 13, 

the gate circuit 421 controlling sensing of the first field 
on the card is actuated. In the circuit described in de 
tail hereinafter, actuation of field gate 421 is accom 
plished by the masking of a photocell by the leading edge 
of the card. When this occurs, the field gate circuit 421 
produces output signals that are supplied to the com 
bined field error circuit 423 and to the data sensing de 
vices 401 to condition these portions of the system 400 
for a data sensing and error checking operation. The 
timing of the system is such that the gate circuit 421 for 
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the first field is actuated to produce the aforementioned 
output signals in time coincidence with movement of the 
first column of code data in the first field into alignment 
with the data sensing devices 463. 
As the detail record card continues to move through 

the sensing station 13, the individual code markings in 
the first field (wiich may comprise anywhere from one 
to all of the code markings as noted hereinabove) are 
scanned by the data sensing devices 46. As in the first 
described embodiment of the invention, sensing is effected 
on an item-by-item basis and the data signals that are 
developed by the sensing devices 482 are applied to the 
data amplifiers 402. The initial data signals, or parity 
code signals as usually referred to herein, are amplified 
in the data amplifiers 432 and are supplied to the parity 
check circuit 424, to the machine-code translator or con 
verter circuit 4:3, and to the fifteens complement binary 
coded decimal translator circuit 465. 
The parity-check circuit 424 checks each set of parity 

code input signals, representing individual data items, to 
determine whether there are more than two or less than 
two code markings that have been sensed in each instance. 
in the event that the circuit 424 determines that a given 
item includes more than two or less than two individual 
marks, it produces an output signal that is supplied to 
the combined field error circuit 423. The field error cir 
cuit 423 then develops an output signal that is supplied 
to the reproducing punch it, or rather to a control mecha 
nism included therein, to prevent punching of the sensed 
data from the first field of the record card. The requisite 
connection to the reproducing punch () may be accom 
plished through any conventional electrically actuated 
machine control device, such as a solenoid or other form 
of electrically actuated clutch. In normal operation, of 
course, the parity-code signals supplied to the circuit 424 
will ordinarily indicate that the code markings are cor 
rect from a parity standpoint. In this event, there is no 
significant output signal from the parity-check circuit 424 
that would be effective to void the first field of punched 
data by operation of the combined field error circuit 423. 
The parity-code signals supplied to the machine code 

converter 433 are transiated therein from the 1-2-4-7-P 
parity-code of the record cards (see FIG. 2) to the 
2-4-6-8-9 machine code (see FiG. 3). The translated 
signals are supplied to the solenoid driver and storage 
matrix 484 and are recorded therein. The recording se 
quence, in the storage matrix 404, is controlled by the 
ring counter 44 which, in turn, is actuated by the se 
quence timer 456. The clock timer 435 also enters into 
the control of recording of data in the matrix 464, as 
described in further detail hereinafter. The clock timer 
4:5 is started in operation at the beginning of the data 
sensing cycle by a suitable signal from the field gate cir 
cuit 421, and, in turn, initiates operation of the sequence 
timer 416. The accumulator 407, the comparator error 
circuit 468, and the error card circuit 499 do not enter 
into control of the system 400 in the course of the nor 
mal punching of data in the detail cards, but are used 
only in conjunction with Summary cards and error cards 
as described hereinafter. 
As the detail card continues its movement through the 

sensing station 13, it reaches a point where the sensing 
of data from the first field of the pre-printed code data is 
completed. The completion of sensing of data from the 
first field is determined by the gate circuit 421, which 
develops an output signal that interrupts the data sens 
ing operation being performed by the sensing devices 401. 
This is done to prevent erroneous actuation of the field 
error circuit 423 in response to the presence of extrane 
ous non-significant markings on the card that might occur 
between the first and second fields of pre-printed code 
data. The same signal is supplied to the clock timer 415 
to interrupt the continuing sequential actuation of the 
various stages of the ring counter 4:4. At this point, 
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sensing and recordation of parity-code data from the first 
field is completed. 
The continued movement of the detail card through 

the sensing station 3 next actuates a start gate, incorpo 
rated in the gate circuit 422, for the second field of pre 
printed code data. Again, the starting signal is prefer 
ably produced by the masking of a photocell by the lead 
ing edge of the detail card. Thereafter, the steps de 
scribed hereinabove for the sensing, translation, and re 
cordation of data from the first field are repeated for 
the second field of code data from the card. At the same 
time, of course, each data item is checked in the parity 
check circuit 424, which actuates the combined field error 
circuit 423 to prevent punching of data from the second 
field in the event of a discrepancy from the normal parity 
code. Upon completion of the sensing of data from the 
second field, the gate circuit 422 is again actuated to sup 
ply a suitable signal to the combined field error circuit 
423 to prevent erroneous actuation thereof. 

In the system 403, the accumulator 467 and associated 
circuits are used only to monitor data from the second 
field. This is accomplished with the signals from the 
translator 485. The parity-code signals applied to the 
translator circuit 45 are translated therein into a modi 
fied form of decimal code. Actually, the output signals 
from the translator 495 are in the form of the fifteens 
complement of binary-coded decimal signals. The fif 
teens complement data signals are applied to the accumu 
lator control and converter circuit 466 parallel-by-bit. 
The recorded fifteens complement signals are read out 
from the circuit 465 serial-by-bit in ordinary decimal 
form and are recorded in the accumulator 407 for future 
use. 

From the foregoing description, it is seen that the 
movement of the detail card through the sensing station 
i3 results in the sensing of data from the card in ac 
cordance with two separate data fields which may be 
determined arbitrarily to suit the requirements of the 
accounting system. The data from both fields are trans 
lated and recorded in machine code form in the solenoid 
driver and storage matrix 4.64. The same data are re 
corded in fifteens complement binary-coded decimal form 
in the rack memory 411. The data from the second field 
are recorded in conventional decimal code in the accumu 
lator 487. At this point, however, and assuming that the 
pre-printed data are accurately delineated on the record 
card, there has been no output signal to the machine 10 
and punching of the card has not yet been initiated. 

After the sensing and recording operations described 
above, movement of the record card through the machine 
16 from the sensing station 13 continues; that is, the detail 
record card moves toward the punching station 4 (FIG. 
1). During this interval, a cam switch incorporated in 
the machine 10, and comprising one of a plurality of cam 
switches that control cyclic operation of the machine, is 
actuated to read out the data from the Solenoid driver 
and storage matrix 404. Each stage of the matrix 404 
is electrically connected to an individual punch selection 
solenoid incorporated in the machine 0 as described here 
inabove in connection with the first embodiment of the 
invention. Each such solenoid actuates a punch set mem 
ber, such as the punch set rack 413 in FIG. 8. The move 
ments of the punch set racks establish the setting of the 
punches in accordance with the data previously recorded 
in the matrix 4.04. 
The movements of the individual punch setting ele 

ments, such as the punch set rack 413, produce a series 
of pulse signals in the rack sensing devices 412. Thus, 
movement of the rack 413 to a given punch setting pro 
duces an output signal in the sensing device 412 that com 
prises a series of pulses, the number of pulses developed 
identifying the ultimate setting of the punch set rack. 
These signals are supplied to the individual stages of the 
rack memory 4i and are recorded therein in cumulative 

75 manner with respect to the previously recorded code data 
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supplied to the rack memory from the translator circuit 
405. If the setting of the punch set rack 413 is correct, 
the first stage of the rack memory 411 receives a series of 
pulse signals which cause this stage to count out to a pre 
determined value, in this instance the number fifteen. 
That is, the identifying data for the first punch setting is 
recorded initially in the rack memory as the fifteens com 
plement of the number to be punched and the signal sup 
plied from the sensing device 412 causes the same stage of 
the rack memory to count out to the total number fifteen. 
This same action takes place with respect to each stage of 
the rack memory 411. 
When the detail record card reaches the punching sta 

tion 14 in the machine, the combined field error circuit 
423 is supplied with an actuating signal from a cam-con 
trolled switch actuated in timed relation to the position of 
the card. In response to this actuating signal, the com 
bined field error circuit determines whether all stages of 
the rack 41 have counted out completely to the total 
number fifteen. If any discrepancy occurs, and some 
other number is recorded in any stage of the rack mem 
ory 41, the field error circuit 423 operates to supply an 
output signal to one of the machine terminals 425 and 426 
to void the setting of the punches in the first or second 
field of the punch mechanism, depending upon the por 
tion of the rack memory that exhibits the discrepancy. 
Thus, at this point the translation and control system 400 
effectively determines whether the punch mechanism has 
been set up accurately in accordance with the information 
from the pre-printed code data on the record cards and, 
if this has not been accomplished, operates to prevent the 
punching of erroneous data. In addition, the field error 
circuit 423 performs a count check to make sure that one 
punch has been set for each bit of information from the 
pre-printed code data; that is, the circuit 423 determines 
whether the precise desired number of data items are pres 
ent and have been set up in the punch control mechanism 
of the machine. In this respect, the combined field error 
circuit 423 performs the same basic function as the digit 
count check circuit 76 in the embodiment of FIG. 4. As 
suming that all of the verification and checking processes 
of the system 400 have been satisfied, the detail card is 
punched at this time. 

- The foregoing sequence of operations is repeated for 
each of the detail cards, independently of the other detail 
cards. In each instance, however, the code data from the 
second data field of each card is added to that already pres 
ent in the accumulator 407 so that, at any time, the ac 
cumulator records the total of the data from all preceding 
detail cards in the group. 

After a group of detail cards has been fed through the 
machine and all cards have been punched, a summary card 
pertaining to the group is fed from the hopper 11 to the 
transport 12 (FIG. 1). The presence of this summary 
card is detected by the control card detector 427. As 
noted hereinabove, detection of the summary card may 
be based upon any desired characteristic such as the color 
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of the card or a special code marking on the card. The 
control card detector 427 then applies a conditioning sig 
nal to the circuits 406, 408 and 409 to condition them for 
a summary card operation, which is somewhat different 
from that entailed with respect to the detail cards. 
The continued movement of the summary card into the 

sensing station 13 again triggers the first field gate, circuit 
421, so that sensing of the pre-printed code data on the 
summary card is initiated in the same way as in the case 
of a detail card. In fact, the parity-code signals pro 
duced upon sensing of the code markings on the summary 
card are treated in much the same way as the correspond 
ing signals derived from the sensing of data from a detail 
card except that the summary card data (second field) are 
not recorded in the accumulator 407. The conditioning 
signal from the control card detector 427 actuates the cir 
cuit 406 to prevent the accumulator control and converter 
circuit from supplying the summary card data to the accu 
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mulator. Instead, the output of the circuit 406 is now 
supplied to the comparator error circuit 408, which com 
pares each bit of data from the summary card with the 
corresponding previously recorded data in the accumulator 
407. 

Ordinarily, the data from the summary card should cor 
respond precisely with that previsely recorded in the ac 
cumulator 407 as the result of the sensing and recording 
therein of data from the preceding and related group of 
detail cards. During the sensing of data from the sum 
mary card, of course, a parity-check is continuously car 
ried out by the circuit 424 and the Summary card data are 
translated to machine code and recorded in the solenoid 
driver and storage matrix 404. Consequently, and where 
no error appears between the summary card data and the 
accumulated data in the circuit 407, the summary card is 
punched in exactly the same manner as the detail card. 
In addition, the accumulator 487 is cleared for further 
operations. Operation of the machine is then continued 
with the initiation of sensing and punching of the first 
detail card from the next group. 
On the other hand, it may happen that one or more 

stages of the accumulator 407 record data that do not 
correspond to the related data from the summary card. 
If such a discrepancy appears, it is detected by the com 
parator error circuit 408 and an error signal is supplied 
to the error card circuit 409. As a consequence, the 
error card circuit 409 actuates the auxiliary card feed 
mechanism of the machine 10 to feed an error card from 
a second or auxiliary card hopper 11A into the transport 
12 of the machine. The error card circuit 409 also 
applies an inhibiting signal to the ring counter 414 to 
prevent punching of the original summary card. Con 
sequently, the Summary card is discharged unpunched 
from the machine and the error card is punched with the 
data from the solenoid driver and storage matrix 404 
during the next machine cycle. 
The circuit arrangement of FIG. 8 can also be modi 

fied to produce a somewhat different result upon the 
detection of a difference between the accumulated data 
in the circuit 407 and the corresponding data from a 
Summary or control card. Thus, the accumulator 407 
may be coupled to the solenoid driver and storage 
matrix 404 through a circuit arrangement which is not 
normally effective during the sensing and punching of 
detail cards but which is conditioned for operation by a 
suitable signal from the control card detector 427 when 
ever a summary card is fed into the machine. This 
way, data from the accumulator 407 may be supplied to 
the circuit matrix 404 in the same manner as actual 
Sensed data; of course, this necessitates a translation stage 
between the accumulator 407 and the solenoid driver 
and storage stage 404 to translate the data from the 
accumulator into the machine code. In this manner, 
it is possible to punch the error card with data from the 
accumulator rather than from the summary card. As 
Will be apparent, the circuit can be modified to assure 
punching of the summary card with its own data, re 
gardless of comparison with that of the accumulator 407, 
coupled with subsequent punching of the error card with 
tata from the accumulator 407 in the next machine 
cycle. 
The accumulator 407 is of finite capacity, of course, 

and in some instances it may happen that the total amount 
of data from the detail cards exceeds the storage capacity 
of this circuit. When this occurs, the accumulator sup 
plies an output signal to an over-flow detector circuit 
430 which actuates a warning signal and stops the ma 
chine. The overflow detector 430 also stops the ma 
chine upon occurrence of other conditions as set forth 
hereinafter. 

Logic Symbols 
FIGS. 9A through 9J illustrate a variety of logic cir 

cuit symbols that are employed in FIGS. 10 through 17 
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in the illustration of the major circuits of the system 
463 of FIG. 8. In general, these individual figures are 
self-explanatory. Thus, FIG. 9A illustrates the symbol 
for an AND circuit, FIG. 9B shows the form employed 
to indicate an OR circuit, FIG. 9C illustrates a direct 
coupled amplifier that does not provide for inversion of 
the input signal, and FIG. 9D is the symbol for a D.C. 
inverting annplifier or NOT circuit. FIG. 9E shows the 
symbol employed for an A.C. amplifier that does not 
invert the input signal, whereas FIG. 9F is the symbol 
utilized for an A.C. inverting amplifier. F.G. 9G illus 

0 

trates the symbol for a one-shot (monostable) multi 
vibrator, the effective operating interval for the circuit 
being indicated within the symbol as shown by the refer 
ence numeral 431. it should be noted that the two 
outputs of the multi-vibrator are identified as the “1” 
and “0” outputs. FIG. 9H employs a similar symbol to 
illustrate a conventional bistable flip-flop or trigger cir 
cuit, the difference being that in this instance there are 
two inputs to the device, one being the “set' input iden 
tified by the letter “S” and the other being the “reset' in 
put identified by the letter "R.' Essentially the same 
symbol, with a common set and reset circuit, is shown 
in FIG. 91, illustrating a binary flip-flop or trigger cir 
cuit. Finally, FIG. 9J shows another form of flip-flop 
that is essentially similar to that of FIG. 9H except that it 
is provided with an auxiliary reset circuit identified by 
the letter "E," which has been selected because this is 
usually an emitter reset circuit in the transistor devices 
employed in the preferred embodiment of the invention. 
Data Sensing, Translation, and Parity Check Devices, 

FIG 10 

FIG. 10 illustrates the basic logic circuit arrangement 
of several of the principal stages of the translator and 
control system, 460 of FG. 8. In particular, FiG. 10 in 
cludes the individual data sensing devices 40i, the data 
amplifiers 402, the parity-code to machine-code converter 
433, the binary-coded fifteens complement translator cir 
cuit 405, and the parity-check circuit 424. The symbols 
of FIGS. 9A-9J are utilized in FIG. 10, and in the suc 
ceeding figures, to afford a more complete and explicit 
illustration of the circuits than could be conveniently ac 
complished with conventional circuit symbols. 

in FIG. 10, the data sensing devices 461 are shown as 
individual circuits 40-0, 401-1, 401-2, 431–4 and 401-7, 
only the device 405-0 being shown in detail. Thus, the 
data sensing device 49-0. comprises a photocell 431 that 
is connected to a pre-amplifier comprising a pair of A.C. 
anlplifier stages 432 and 433. The output of the amplifier 
433 is connected through a coupling circuit comprising a 
series resistor 434 and a shunt capacitor 435 to an AND 
circuit 436. The AND circuit 436 has two additional in 
puts, one of which is connected to the sequence timer cir 
cuit 46, the other being connected to the field gates 421 
and 422. The output of the AND circuit 436 is connected 
through a D.C. amplifier 437 to a one-shot multi-vibrator 
440 that comprises the input stage of the data amplifier 
402-6. The data amplifier 402-6 further includes a non 
inverting D.C. output amplifier stage 450. 
The remainder of the data sensing devices 40 

through 401-7 are essentially similar to the circuit 461-0. 
As shown in FIG. 10, each includes a sensing device (in 
this instance a solid-state photodiode) together with a 
series of circuits corresponding to the elements 432-437 
described hereinabove in connection with the first or 
parity data sensing device 401-0. The individual data 
sensing devices are connected to a corresponding series 
of multi-vibrator circuits 441, 442, 444 and 447 which, in 
turn, are connected to the D.C. amplifiers 451, 452, 454 
and 457 respectively. 

FIG. 10 also shows an intermediate translator stage 
458, interposed between the outputs of the data amplifiers 
and the individual stages of the convertor 403 and the 
translator 405, that changes the parity-code signals at the 
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outputs of the amplifiers 450-457 into signals encoded in 
accordance with conventional decimal notation. Thus, 
the output stages 450 and 43 of the two data amplifiers 
402-0 and 402-E are connected together in the input of 
an AND circuit 461. From the foregoing description of 
the parity code used for the pre-printed data on the rec 
ord cards, it is apparent that the decimal value "one” is 
represented by marks in the parity or “0” area and in the 
“” area (see FIG. 2). Thus, whenever output signals 
are produced simultaneously by the two sensing devices 
4ii–0 and 401-1, they are supplied through the associ 
ated amplifiers stages 450 and 453 to the AND circuit 461 
which produces an output signal indicative of the sensing 

s of a decimal value of “one.” Similarly, a further series 
of AND circuits 462-476 are connected to the outputs of 
the data amplifiers and afford a direct decimal indication 
of the numerical values of the sensed data. 

Conversion to the machine code is effected by the 
series of OR circuits that comprises the parity-code to 
machine-code convertor 433 shown in this figure. It will 
be recalled from the foregoing description that the ma 
chine code is a 2-4-6-8-9 code (see FIG. 3). To trans 
late to this particular notation, the output stages of each 
of the AND circuits 46 and 462 are connected to the OR 
circuit 472. Similarly, the AND circuits 463 and 464 are 
connected to an OR circuit 474, the devices 465 and 466 
are connected to an OR circuit 476, and the AND circuits 
467 and 468 are connected to the inputs of an OR circuit 
478. The coding for the “nine' component of the ma 
chine code is somewhat more complex, and comprises an 
OR circuit 479 having five individual inputs that are 
coupled to the AND circuits 461, 463, 465, 467 and 469, 
respectively, of the decimal translation stage 458. Con 
sideration of the logic involved and the functions carried 
out by the individual OR circuits 472-479 shows that 
the output Signals produced by these OR circuits are di 
rectly representative of the code data initially sensed by 
the sensing devices 485-6 et. seq., except that the data 
is now organized in the machine code. 
The binary-coded fifteens complement decimal trans 

lator 405, as illustrated in FIG. 10, is similar in principle 
to the convertor 493 but requires the use of a plurality of 
multiple-input OR circuits. Since binary coding is en 
tailed, and it is necessary to have four binary stages to 
represent the numerical value fifteen, there are four stages 
in the translator 405. The first stage comprises an OR 
circuit 48 having inputs connected to the decimal AND 
circuits 462, 464, 466, 468 and 470. The next stage, the 
Second binary level in the fifteens complement translator, 
is an OR circuit 482 having inputs connected to the deci 
mal AND circuits 461, 464, 465, 468, 469 and 479. The 
third binary level is an OR circuit 484; in this instance, 
the inputs are connected to the decimal AND devices 
46i, 452, 463, 468, 469 and 470. The fourth and final 
stage of the translator 405 is the OR circuit 488, the input 
connections in this instance being from the AND cir 
cuits 46i through 467 and 470. 
As noted above, FIG. 10 also illustrates the logic for 

the parity-check circuit 424. One of the inputs to the 
parity-check circuit 424 comprises an OR circuit 489 that 
is provided with ten individual inputs, one connected to 
each of the decimal AND circuits 461-470. The output 
of the OR circuit 439 is connected to a NOT or D.C.in 
verter stage 490. The output of the amplifier 49) is 
coupled directly to an AND circuit 491. In addition, the 
output of the amplifier 499 is connected through an addi 
tional D.C. inverting amplifier 492 to an AND circuit 493. 
The signals supplied to the decimal translator 458 and 

thence to the convertor circuits 403 and 405 are taken 
from the " ' terminals of the trigger circuits 440-447 in 
the data amplifiers. A portion of the parity-check cir 
cuit 424, however, is actuated by signals derived from the 
"6" terminals of these trigger circuits. Thus, the parity 
check circuit 424 includes ten AND circuits 50-510 that 
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are connected in every possible combination of three 
connections to the '0' output terminals of the triggers 
440-447. The outputs of all of the AND circuits 501 
510 are connected to an OR circuit 511, the output of 
which is coupled to a D.C. inverting amplifier stage 512. 
The output of the amplifier 512 is connected directly 
to the AND circuit 493. It is also connected through a 
further inverting D.C. amplifier stage 513 to the AND 
circuit 491. Each of the two AND circuits 491 and 493 
is also provided with a further input circuit, from the 
sequence timer 416, at the terminal 514 (FIG. 17). The 
outputs of the AND circuits 491 and 493 are connected 
to an OR circuit 515 which is connected through a non 
inverting D.C. amplifier 516 to the combined field error 
circuit 423 that is described in detail hereinafter in con 
nection with FIG. 11, the common terminal between the 
two circuits being identified as terminal 517. 

Before reviewing the operation of the parity-check cir 
cuit 424, operation of the AND circuits 491 and 493 may 
first be considered. To produce a significant output sig 
nal from either AND device, it may be assumed that all 
three inputs must be driven to a given polarity, by a signal 
of given minimum amplitude relative to a reference po 
tential, simultaneously. In the present instance, negative 
going signals are required; a similar circuit based on the 
use of positive-going signals could, of course, be con 
structed. Thus, the circuits 492 and 512 are arranged to 
maintain a reference potential at their outputs, and the 
circuits 490 and 513 also maintain an output approxi 
mately at the reference. The significant output signals 
from the devices 489 and 51.1 may then compirse nega 
tive-going signals. - 

In considering the operation of the parity-check circuit 
424, attention may be directed initially to the portion of 
the circuit that determines whether more than two code 
marks have been sensed in any given instance. The initial 
portion of the parity-check circuit utilized for this func 
tion comprises the AND circuits 5(1-510. In any given 
instance in which three or more of the trigger circuits 
440-447 are actuated by the sensing of a code mark, at 
least one of the AND circuits 501-510 is actuated to pro 
duce an output signal that is supplied to the circuit 512 
through the OR circuit 511. Under the same circum 
stances, of course, at least one output signal will be de 
veloped by the AND circuits 46-47), since these repre 
sent all possible combinations of two sensed signals. As 
a consequence, the AND circuit 493 has supplied thereto 
a negative-going input signal from the amplifier 492 and 
a negative-going input signal is also supplied to the cir 
cuit 493 from the amplifier 512. Consequently, a suitable 
signal appearing at terminal 514 of the circuit 491 pro 
duces an output signal that is supplied to the combined 
field error circuit 423 through the circuits 515 and 516 
to indicate that a discrepancy in the parity count has oc 
curred and to trigger the field error circuit to prevent 
punching of erroneous data. 
The principal check for the occurrence of only one 

code marking, without the second required by the parity 
code, is effected by the OR circuit 489. Thus, it should 
be remembered that there can be no significant output 
from any of the decimal AND circuits 461-470 unless 
these devices receive input signals indicative of the oc 
currence of two code marks as sensed by the data sensing 
device. Consequently, if there is less than two marks 
present, there is no significant output signal from the 
circuit 489. At the same time, there is a corresponding 
lack of significant output from the OR circuit 511, which 
requires the presence of an input signal indicating the 
sensing of at least three data marks. Under the con 
ditions set forth above, however, this results in the appli 
cation of negative signals, relative to the reference, to 
the inputs of AND circuit 491 that are connected to the 
circuits 490 and 513. Hence, when a suitable signal 
appears at terminal 514, circuit 491 produces an output 
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signal. In other words, the assembly of circuits com 
prising the amplifiers 490-493 and 512-513 functions 
much like a half adder to supply a signal to the ampli 
fier 516 whenever either an overcount or an undercount, 
with respect to parity conditions, occurs. In the case of 
an undercount, the requisite output signal is supplied from 
the AND circuit 491. The result, with respect to actua 
tion of the error circuit 423, is identical to an overcount, 
as described hereinafter. On the other hand, if circuit 
489 produces an output signal but circuit 511 does not, 
which indicates the sensing of just two marks, AND 
circuit 493 is still blocked by the signal from circuit 512, 
AND circuit 49 is blocked by the signal from circuit 
490, and no error signal is developed. 

Field Gates, Reset, and Error Circuits, FIG. 11 
FIG. 11 illustrates, in substantial detail, the principal 

circuit units identified in FIG. 8 as the gate 42 for the 
first field of data, the corresponding gate 422 for the sec 
ond data field, the combined field error circuit 423, and 
the error card circuit 409, together with a channel reset 
circuit 518 which controls the timing of a number of 
operations in each of the other circuits. 
The first field gate circuit 42i comprises a start sensing 

photocell 519 that is connected through an A.C. invert 
ing amplifier 521 to the base electrode of a gate transistor 
522. The collector of the transistor 522 is connected to 
the set terminal of a bistable flip-flop or trigger circuit 
523 and is also connected to a D.C. source, identified as 
C-, through a load resistor 524. The collector is also 
connected to an OR circuit 525 that, in turn, is con 
nected to the set terminal of a flip-flop circuit 526. The 
emitter of the gate transistor 522, on the other hand, is 
returned to ground through the error card circuit, and 
specifically through an amplifier or NOT device 527 
included therein, as described more fully hereinafter. 
The finish-determining circuit for the first data field, 

included in the gate device 421, is similar and comprises 
a photocell 528 that is coupled to an A.C. inverting ampli 
fier 529 connected to the base electrode of a gate tran 
sistor 531. In this instance, the collector of the transistor 
is connected to the C- supply through a load resistor 522 
and is connected to the reset terminal of the flip-flop 523. 
In addition, the collector electrode of the gate transistor 
531 is connected to an OR circuit 532. Moreover, a cir 
cuit connection is provided from the collector of the 
transistor 531 to an amplifier 533 in the error card cir 
cuit 409, as explained more fully hereinafter. The emit 
ter of the transistor 531 is returned to system ground. 
The start portion of the gate device 422 for the second 

field of code data is similar to the corresponding circuit 
in the gate device 421. Thus, it comprises a photodiode 
534 connected through a suitable A.C. amplifier to a gate 
transistor 535. The collector of the gate transistor 535 
is connected to the C- supply through a suitable load 
resistor and is also connected to the OR circuit 525. 
Furthermore, the collector of the transistor 535 is con 
nected to the set terminal of a flip-flop circuit 536. The 
emitter is returned to ground through the amplifier cir 
cuit 527 in the error card circuit 409, 
The finish-determining device in the gate circuit 422 

include a photodiode 537 connected through an A.C. 
amplifier to the base electrode of a gate transistor 538. 
The collector electrode is provided with the usual load 
circuit connection to the C- supply and is connected to 
the reset terminal of the flip-flop 536 and to one of the 
inputs of the OR circuit 532. As in the case of the tran 
sistors 522 and 525, the emitter of the transistor 538 is 
returned to the amplifier circuit 527. The outputs of the 
two OR circuits 525 and 532 are connected to the set 
and reset terminals of the flip-flop circuit 526. The “0” 
output terminal of the flip-flop circuit 526 is connected to 
the data sensing devices 461 and specifically to one of the 
inputs of the AND circuit 436 in the data sensing device 
401-0 and to the corresponding circuits in the other data 
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sensing devices (see FIG. 10). The output signal sup 
plied to the AND circuits such as the circuit 436 of FIG. 
10 is utilized to preclude operation of the data sensing 
devices except when one or the other of the data fields 
is being passed through the data sensing station of the 
machine. 

Thus, each time a detail or summary card is passed 
through the sensing station, the photodiode 59 is masked 
at the time the first data item in the first field comes into 
alignment with the data sensing devices. As a conse 
quence, a positive-going output signal is supplied from 
the gate transistor 522 to the OR circuit 525, and is sup 
plied from that circuit to the set terminal of the flip-flop 
526 to drive the latter from its "i" to its “0” operating 
condition. As a result, an actuating signal is supplied 
to the AND circuit 436 (of sensing device 401-0) (FIG. 
10) and to the corresponding circuits in the other data 
sensing devices, conditioning those devices for a data 
Sensing operation by actuating the AND circuits to per 
mit translation of data signals from the photodiodes used 
for data sensing. This condition is maintained through 
out sensing of the first field and until the flip-flop 526 
(FIG. i. 1) is reset by a signal supplied thereto from the 
circuit comprising the “finish' photodiode 528, the gate 
transistor 532, and the CR circuit 532. Sensing of the 
next field does not start until the photodiode 534 is 
masked by the leading edge of the card, the construction 
of the System being such that this takes place as soon as 
the first data item in the second field comes into sensing 
position. Again, a signal is supplied from the photodiode 
534 and the gate 535 to set the fip-flop 526 and condi 
tion the data sensing devices for operation. Moreover, 
this condition is again maintained until sensing of the 
field is completed, at which time an output signal from 
the diode 537 and the associated gate 538 triggers the 
flip-flop 526 and resets it, again disabling the data sensing 
devices and preventing further and erroneous operation, 
The channel reset circuit 518 provides a positive means 
for resetting a number of the different control circuits 
of the system 468 (FIG. 8). As illustrated, in FIG. 11, 
it comprises a photodiode 543 connected through an A.C. 
inverting amplifier 542 to the base electrode of a gate 
transistor 543. The emitter of the gate transistor is re 
turned to the amplifier 527 in the error card circuit 409. 
As in the field gate circuits, the collector of the transistor 
is connected to the C- supply through a suitable load 
resistor. The collector of the gate transistor is also con 
nected to an OR circuit 544. The OR circuit 544 is pro 
vided with a second input terminal 548 that is connected 
to a negative-polarity D.C. supply, designated as D-, 
through a resistor 545; terminal 543 is also returned to 
ground through a diode 546. In addition, the terminal 
5.33 is connected to a multi-vibrator 550 that comprises 
a part of the timing circuits of the system but is illustrated 
in FIG. 14 in conjunction with the accumulator 407. 
The output of the OR circuit 544 is connected to a non 

inverting A.C. amplifier 549 having an output connected 
to a further amplifier stage 551. The amplifier 551 is 
coupled to the base electrode of a gate transistor 552 
having its coilector connected to the C- supply. The 
emitter terminal 553 of the transistor 552 is utilized as a 
source of gating signals in other circuits of the System, 
as noted hereinafter. 
The output circuit of the amplifier 549 is also con 

nected to a D.C. supply E-- through a resistor 554 and 
to an OR circuit 555. The OR circuit 555 is provided with 
a second input terminal that is connected to a flip-flop 
circuit 556 in the error card circuit 409. The output 
of the OR circuit 555 is connected to the base electrode 
of a further gate transistor 557. The emitter of this 
transistor is returned to system ground and the collector 
is connected to an output terminal 558 to afford a fur 
ther source of gating signals to control System operations. 
A third circuit connection is provided to the output of 

the amplifier 549 and this comprises the connection to the 
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base electrode of another gate transistor 559. The emit 
ter of this transistor is returned to System ground. The 
collector electrode of the transistor is connected to the 
emitter reset terminals of the flip-flops 523, 526 and 536 
in the field gate circuits 425 and 422. The collector elec 
trode terminal 561 of the gate transistor 539 is also con 
nected to other portions of the circuits illustrated in 
FIG. 11, and in various other FIGURES, as described 
more fully hereinafter. 
The function of the channel reset circuit 573 is rela 

tively simple. Each time a new card, whether a detail 
card or a summary card, begins its movement through 
the sensing station, the diode 541 is masked by the lead 
ing edge of the card. This occurs before any data sens 
ing, with respect to that card, is initiated. As a con 
sequence, a reset signal is produced at each of the output 
terminals 553, 558 and 563 of the channel reset circuit. 
With respect to the field gate circuits 421 and 422, the 
signal appearing in the output terminals 562 of the chan 
nel reset circuit is effective to reset each of the trigger 
circuits 523, 526 and 536 to make sure that they are 
properly conditioned for the beginning of the data Sens 
ing operation each time a new card cycle is initiated. By 
the same token, the channel reset circuit 578 develops a 
similar reset signal each time operation of the control 
system is initiated, by virtue of the connection at the 
terminal 548 of the OR circuit 544. That is, whenever 
the system is placed in operation, a signal impulse is 
supplied to the terminal 548 that has the same effect as the 
signals normally developed by the gate transistor 543. 
This arrangement assures resetting of the various control 
circuits connected to the channel reset device 518, includ 
ing the field gate flip-flops, before the first card is fed 
into the machine. 
The combined field error circuit 423 provides a major 

link between the control system 460 (see FIG. 8) and the 
punching machine. It is this circuit which prevents er 
roneous operation of the machine in response to a variety 
of different kinds of errors which may occur as the result 
of improper recordation of data on the record cards or 
other errors. As noted above, the terminal 57 from the 
parity-check circuit 424 (FIG. 10) is connected to the 
combined field error circuit 423, comprising one input 
terminal for each of a pair of AND circuits 571 and 572. 
The AND circuit 571 is provided with a second input that 
is connected to the "A" terminal of the flip-flop 523 in the 
first field gate 42 A. Similarly, the AND circuit 572 in 
cludes a second input connected to the “i' terminal of 
the trigger 536 in the control gate 422 for the second 
data field. It is thus seen that the AND circuit 571 pro 
duces an output signal only during sensing of the first 
data field, in response to a signal appearing at the ter 
minal 517 and indicative of an error in the parity code 
markings. By the same token, and AND circuit 572 
produces an output signal, upon occurrence of a parity 
error, only when the second data field is being scanned. 
The AND circuit 571 is connected through an OR 

circuit 573 to the set terminal of a flip-flop circuit 574. 
The “6” output terminal of the flip-flop 574 is connected 
through a D.C. inverting amplifier 575 to the base circuit 
of a gate transistor 576. The collector electrode of the 
gate transistor 576 is identified by the reference character 
425, since it is this terminal which provides an output 
signal to the machine 1G to clear or void the setup of 
punches in the first field. That is, the terminal 425 com 
prises the first output from the combined field error cir 
cuit 423 to afford a control signal direct to the machine 
(see FIG. 8). Accordingly, any time that the flip-flop 
574 is actuated from its normal operating condition to its 
set condition, the first field of data punches in the ma 
chine are reset or otherwise actuated to prevent the punch 
ing of any data in a record card in this field. 
An essentially similar construction is utilized in the 

other section of the combined field error circuit 423, 
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Thus, the AND circuit 572 is connected through an OR 
circuit 577 to the set terminal of a flip-flop circuit 578. 
The '0' terminal of the circuit 578 is connected through 
a D.C. inverting amplifier 579 and through an OR cir 
cuit 581 to the base electrode of a gate transistor 582. 
Again, the collector of the transistor comprises one of the 
principal output terminals, the terminal 426, utilized to 
provide control signals to the card punching apparatus. 
The signal appearing at terminal 426 is effective to void 
any setup data in the punch mechanism to prevent the 
punching of data in the second field of a card. It is thus 
seen that either one or both fields may be cleared in 
dependently of each other upon occurrence of a parity 
error in the sensed data for that particular field, 
As noted hereinabove, the combined field error circuit 

423 is also employed to prevent the punching of data in 
either one or both of the data fields upon occurrence of 
other kinds of errors in the operation of the system. 
For example, it may happen that one or more data items 
are not properly recorded and that, accordingly, there is 
an undercount with respect to significant and required bits 
of data. Actuation of the field error circuit in this 
regard is accomplished by a suitable connection to the 
ring counter 414. Thus, the combined field error circuit 
423 includes a flip-flop or trigger circuit 583 having its set 
and reset terminals connected to the outputs of the last 
two stages, respectively, in the first field portion of the 
ring counter 414. That is, the set and reset terminals 
are connected to the devices 719 and 720, respectively, in 
the ring counter circuit 414 (FIG. 13). In this connec 
tion, and in the following description relating to the dif 
ferent fields, it is assumed that the total number of data 
items is fifteen and that the first ten data items constitute 
the first data field and the remaining data items constitute 
the second data field. It will be recognized that the total 
number of data items and the number assigned to each 
field could be different without affecting the basic opera 
tion of the control system. 
The '0' output of the trigger circuit 583 is connected 

to an AND circuit 584. The AND circuit 584 includes a 
second input that is connected through the amplifier 533 
to the finish gate transistor 531 in the first field gate de 
vice 421. The AND circuit 584 is also provided with an 
additional input from the error card circuit 409 and spe 
cifically from the “0” terminal of the flip-flop 556 in 
cluded therein. The circuit arrangement is such that the 
AND circuit 584 normally receives a continuous enabling 
signal from the error card flip-flop 556, the connection to 
the field gate being utilized only to prevent actuation of 
the circuit 584 under certain circumstances as described 
hereinafter. In the usual operation, and AND circuit 584 
receives an actuating signal from the flip-flop 583 when 
an insufficient number of individual data items are sensed 
in the first field. Consequently, and upon occurrence 
of an output signal from the amplifier 533 upon com 
pletion of scanning of the first field, the AND circuit 584 
produces an error signal that is supplied through the OR 
circuit 573 to the flip-flop 574 to clear the punches for 
the first field and prevent punching of data therein. Of 
course, if the full required complement of data items is 
sensed in the first field, the flip-flop 583 is reset to its 
original condition before the occurrence of any input sig 
nal from the amplifier 533, signifying completion of 
sensing of this field. Under these circumstances, no out 
put signal is produced by the AND circuit 584 and punch 
ing of the first field data is permitted. 
A similar arrangement is used with respect to the sec 

ond data field. The circuit in this instance comprises 
a trigger circuit 585 having its set and reset terminals 
connected to the last two stages in the second field portion 
of the ring counter 414 (FIG. 13). That is, the set and 
reset terminals of the flip-flop 585 of FIG. 11 are con 
nected to devices 734 and 735 respectively. The “0” out 
put terminal of the flip-flop 585 is connected to an AND 
circuit 586. The AND circuit 586 includes two additional 
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inputs, one of which is connected to an amplifier 587 
that, in turn, is connected to the collector of the gate tran 
sistor 538 in the finish circuit of the control gate 422 for 
the second data field. The third input to the AND circuit 
586 is again connected to the flip-flop 556 in the error card 
circuit, which normally provides an enabling signal to the 
AND circuit 586. The output of the AND circuit 586 is 
connected through the OR circuit 577 to the set input of 
the flip-flop 578. This circuit arrangement operates to 
prevent punching of data in the second data field when an 
insufficient number of data items has been sensed, in the 
same manner as the corresponding circuit arrangement 
described hereinabove for the first field. 
The combined field error circuit 423 may also be ac 

tuated to prevent punching of data in either one or both 
fields in the event that there are more data items in a 
given field than those assigned to that field. This may 
happen if extraneous markings are interspersed with the 
desired pre-printed data markings on the record cards, or 
may result simply from an erroneous recording operation. 
For the first data field, the overcount arrangement in the 
detailed illustration of circuit 423 (FIG. 11) comprises 
an AND circuit 591 having two input terminals 592 and 
593 that are connected to the rack memory circuit 411 
described in detail hereinafter in connection with FIG. 16. 
The AND circuit 591 is connected through a non-invert 
ing D.C. amplifier 595 to one of the inputs of an AND 
circuit 596. The AND circuit 596 is provided with a 
second input, indicated by the terminal 597, that receives 
a suitable actuating signal, once during each operating 
cycle, in response to actuation of a cam switch on the 
main shaft of the machine 10 that controls operation of 
the various machine devices such as the transport 12 and 
the punching station 14 (FIG. 1). In addition, the AND 
circuit 596 is provided with a third input circuit connected 
to the “0” terminal of a flip-flop 598 that is incorporated 
in the error card circuit 409. Again, this connection is 
provided to afford a means for disabling the AND circuit 
596 during the feeding of an error card. That is, under 
normal circumstances, an enabling signal is supplied 
from the flip-flop 598 to the AND circuit 596, and this 
signal is interrupted when an error card operation occurs. 

In the event of an overcount in the rack memory 411, 
actuation signals are developed at both of the terminals 
592 and 593. As a consequence, an output signal is sup 
plied from the AND circuit 591 through the amplifier 
595 to the AND circuit 596. Upon closing of the cam 
switch connected to the terminal 597, which occurs once 
during each card cycle, the AND circuit 596 is actuated 
and supplies a control signal to the set terminal of the 
flip-flop 574. This results in the voiding of the field one 
information for the card being processed; that is, the 
data is not punched because an overcount has occurred 
with respect to the number of data items present in the 
first field. 

Essentially the same system is utilized in connection 
with the second field except that in this instance only one 
circuit connection is provided to the rack memory 411, 
this being at the terminal 594. The terminal 594 is con 
nected through a D.C. amplifier 599 to an AND circuit 
601. The AND circuit 601 is connected to the terminal 
597 in the same manner as the AND circuit 596, Fur 
thermore, the AND circuit 601 is provided with a third 
input circuit that is returned to the "0" terminal of the 
flip-flop 598 in the error card circuit, the presence of an 
overcount signal at the terminal 594 results in the voiding 
of the second data field, in the same manner as in the case 
of the first data field, 
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Of course, means must be provided to reset the com 
bined field error circuit 423 in each cycle of machine 
operation. This is accomplished by the connection of 
the emitter reset terminal of each of the flip-flop devices 
574, 578, 583 and 585 to the output terminal 561 of the 
channel reset circuit 518. With respect to the two output 
flip-flop circuits, it is also desirable to assure resetting of 
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these circuits to the initial operation condition at the 
time that the machine is placed in operation. This is 
accomplished by a suitable circuit connection to the power 
supply from the reset circuit of each of the devices 574 
and 578. 
As noted hereinabove, a principal function of the error 

card circuit 409 is to cause the feeding of an error card 
from the second hopper 11A of the machine (see FIG. 
1) whenever it is determined that there is a difference 
between the data recorded in the accumulator 407 and 
the data sensed from a summary card fed through the 
machine following the sensing of a related group of 
detail cards. As shown in FIG. 11, the error card circuit 
includes an input amplifier 605 having an input terminal 
606 that is connected to the comparator error circuit 409, 
shown in detail in FIG. 15. The output of the amplifier 
605 is connected to one of three inputs for and AND 
circuit 607. A second input for the AND circuit 607 is 
connected to the output of the amplifier 587 actuated by 
the finish gate transistor 538 of the gate control device 
422 for the second data field. The third input for the 
AND circuit 607 is connected to an output terminal 608 
of the control card detector 427, described in detail 
hereinafter in connection with FIG. 17. The output of 
the AND circuit 607 is connected to the set terminal of 
the flip-flop circuit 556. The “1” output terminal of the 
trigger circuit 556 is connected to the AND circuit 555 
in the channel reset device 58, as noted above. More 
over, this same output terminal for the flip-flop 556 is 
connected to an AND circuit 609 having an additional 
input coupled to the output of the amplifier 533 that is 
controlled from the finish gate for the first field. The 
output of the AND circuit 609 is connected to the set 
terminal of the trigger circuit 598. 
There is an additional circuit connection to the “1” 

terminal of the intermediate flip-flop 556 in the error 
card circuit 409. This connection goes to the base elec 
trode of a gate transistor 611. The collector electrode 
of this transistor is connected to the actuating mech 
anism, in the machine i0, that is effective to initiate feed 
ing of an error card from the auxiliary hopper 11A to 
the machine transport. Thus, the collector terminal 612 
corresponds to the output terminal identified by the same 
reference numeral in the overall system diagram of 
FIG. 8. 
As noted hereinabove, the "0" terminal of the trigger 

circuit 556 is connected to the AND circuits 584 and 
586 in the combined field error circuit 423; it is also 
connected to the amplifier 527. The “0” output of flip 
flop 598 is connected to the AND circuits 596 and 601 
in the combined field error circuit. The “1” output ter 
minal of the trigger circuit 598 is connected to an AND 
circuit 6i3 having a second input terminal 614 that is 
actuated in each cycle of machine operation by cam 
switch or similar device actuated by the drive mechanism 
of the punching machine. The output of the AND cir 
cuit 613 is connected through an OR circuit 615 to the 
reset terminal of the trigger circuit 556. 

For actuation of the error card circuit 409, it is first 
necessary that a conditioning signal be received from the 
control card detector, since the error card circuit is not 
intended to control System operation during the sensing 
and punching of detail cards but is utilized only in con 
nection with the summary cards. Each time a control 
card is fed to the machine, therefore, an initial actuating 
signal is supplied to the AND circuit 607 from the termi 
nal 608 of the control card detector. 

Usually, the data sensed from the second field of the 
Summary card will correspond with that accumulated in 
the accumulator 407 (see FIG. 8), indicating that the 
pre-recorded data on the summary card is correct. Under 
these circumstances, no significant output signal is pro 
duced at the common terminal 606 of the comparator 
error circuit and the error card circuit. In the event that 
the comparison of the accumulated data from the detail 
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cards and the pre-printed code data from the summary 
card shows a discrepancy, however, an actuating signal 
appears at the terminal 606 and is supplied through the 
amplifier 605 to the AND circuit 607. Consequently, 
when a further actuating signal is supplied to the AND 
circuit 607 from the amplifier 587 upon completion of 
sensing of the second field of the summary or control 
card, an output signal is developed by the AND circuit 
607 and applied to the set terminal of the trigger cir 
cuit 556. 
Upon triggering of the flip-flop 556, an output signal 

from the “1” terminal of the flip-flop is supplied to the 
gate transistor 61, which produces an actuating signal 
to initiate the feeding of an error card from the second 
Supply hopper 11A of the machine (FIG. 1). Of course, 
the machine control apparatus is arranged to prevent si 
multaneous feeding of a record card from the other or 
main supply 11. At the same time, an enabling signal is 
Supplied to the AND circuit 609 and to the OR circuit 
555 in the channel reset device 518. Moreover, the ac 
tuation of the trigger circuit 556 to its second stable state 
cuts off the normal enabling signal supplied to the AND 
circuits 584 and 586 in the combined field error circuit 
423. This is done in order to make it possible to punch 
data in the error card, since otherwise a sensing operation 
with respect to the error card would fail to actuate the 
ring counter 414, which would result in voiding of the 
punch mechanism through this portion of the combined 
field error circuit. In addition, the normal circuit con 
nections for the emitters of the field gate transistors 552, 
535 and 538 are effectively changed by the signal supplied 
from the "0" terminal of the flip-flop 556 to the amplifier 
527. This is done to prevent a sensing operation with 
respect to the error card, which is blank and contains no 
pre-recorded data. Finally, the connection from the 
amplifier 527 to the OR circuit 581 provides for the void 
ing of punched data with respect to the second data field. 

With the circuit arrangement shown in FIG. 11, the 
photodiode 528 normally employed to detect the comple 
tion of sensing of the first data field is also utilized to 
detect the passage of an error card through the machine 
and it is for this reason that the emitter of the gate transis 
tor is returned directly to ground rather than through the 
amplifier 527. As the error card moves through the sens 
ing station, and the leading edge masked the diode 528, an 
output signal is supplied through the devices 529,531 and 
533 to the AND circuit 609. This signal, in conjunction 
With the actuating signal from the flip-flop 556, triggers 
the device 598 from its first stable condition to its second 
condition. This cuts off the normal enabling signal for 
the AND circuits 596 and 601 in the error device 423, pre 
venting an undesired voiding of the punch setting for the 
€rror card that might otherwise result from the extraneous 
signals supplied from the rack memory 412 as described 
hereinabove. Moreover, triggering of the device 598 
produces an output signal at the “1” terminal which is 
supplied to the AND circuit 613. Thereafter, and near 
the end of the cycle, a second actuating signal is supplied 
to the AND circuit 613, by operation of a cam-actuated 
switch or like timing device, through the terminal 614. 
The resulting output signal from the AND circuit 613 is 
effective to reset the trigger 556 and re-condition this 
portion of the error card circuit 409 for subsequent op 
eration with respect to additional cards. Resetting of the 
Second trigger device 598 in the error card circuit 499 is 
accomplished by a suitable circuit connection to the chan 
nel reset circuit 518 and specifically to terminal 561 there 
in. Of course, it is desirable to provide a means for assur 
ing the desired setting of the flip-flop 556 upon placing the 
System in operation, and this is accomplished by a suitable 
circuit connecting the OR circuit 615, in the reset input 
to the trigger device 556, to the power supply of the 
System. 

Solenoid Driver Matrix, FIG. 12 
FIG, 12 illustrates one stage of the solenoid driver and 
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storage matrix 404. It should be understood that there 
are as many Such stages as there are individual data items 
in the combined two fields on the record cards. Thus, 
with an initial field of ten items and a second field of five 
items as discussed hereinabove, there would be fifteen 
stages in the solenoid driver and storage matrix 404, each 
identical to the single stage shown in FIG. 12. 
The section of the accumulator 404 that is illustrated 

in FIG. 12 comprises five individual storage and driver cir 
cuits 622,624, 626, 628 and 629, the terminal digit in each 
reference character corresponding to the associated level 
of the machine code utilized to drive the punching ma 
chine 10. The set input to the circuit 622 comprises an 
AND circuit 632 having one input terminal connected to 
the OR circuit 472 of the machine code translator 403 
(see FIG. 10). The other input of the AND circuit 632 
is connected to the first stage of the ring counter 414 
(FIG. 13) and specifically to the device 711. The reset 
input for the device 622, on the other hand, is connected 
to the output terminal 553 of the channel reset circuit 518 
that is illustrated in FIG. 11. The “1” output of the de 
vice 622 is connected to the base electrode of a gate tran 
sistor 633. The emitter electrode of the transistor 633 
is returned to system ground. The collector electrode is 
connected through a solenoid 642 to the emitter of a gate 
transistor 631, The base electrode of the transistor 63 
is connected to an input terminal 630 and to another input 
terminal 627, the latter connection being made through 
a suitable resistor. The collector of the transistor 631 
is connected to a negative D.C. supply identified as G-. 
The circuit connections for the stages 624, 626 and 

628 are essentially the same, and hence are not described 
in detail. Briefly, the output of each of the devices 624, 
626 and 628 comprises a solenoid, these being the sole 
noids 644, 646, and 648 respectively, the connection in 
each instance being afforded by a suitable gate transistor. 
The set input for the stages 624, 626 and 628 comprises, 
in each instance, an AND circuit having one input con 
nected to the device 711 in the first output stage of the 
ring counter. 414 of FIG. 13. The other inputs to the 
AND circuits associated with each of devices 624, 626 
and 628 come from the OR circuits in the output of the 
machine code translator 403, and specifically from the 
devices 474, 476 and 478 (see FIG. 10). 
The functional illustration for each of the devices 622 

through 628, as shown in FIG. 12, corresponds to that for 
an ordinary flip-flop circuit (see FIG. 9H). However, 
instead of conventional trigger circuits, a preferred 
form of the present invention utilizes a unique control 
circuit for this particular component of the control sys 
tem. This novel circuit arrangement, which is described 
and claimed in the co-pending application of Max E. Sal 
lach, Serial No. 117,171 filed concurrently herewith, is 
illustrated in detailed schematic form in connection with 
the final stage 629 of the illustrated portion of the ac 
cumulator 404. 
The input AND stage for the device 629 comprises 

a first diode 651 that is connected to the output device 
711 of the ring counter 414 and is returned to the ter 
minal 553 through a resistor 652. The second input for 
the AND circuit comprises a diode 653 that is connected 
to the device 479 that comprises the final stage of the 
transistor 403 (FIG. 10). The two diodes 651 and 653 
are connected together. and are connected to an additional 
diode 654 that is returned to system ground through a re 
sistor 655. The junction of the circuit between the diode 
654 and the resistor 655 comprises the set input terminal 
'S' of the device 629. 
The set input terminal 'S' is connected through a coul 

pling capacitor 656 to the base electrode of a transistor 
657. The base electrode of the transistor 657 is con 
nected to a positive-polarity D.C. supply, identified as 
H-H, through a resistor 658. The emitter electrode of 
this transistor is connected to the E-- supply through 
a load resistor .659. The emitter of the transistor 657 
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also comprises the “1” output terminal of the device and 
is connected to the base electrode of the output or 
gate transistor 661. As before, the gate transistor 661 
has a grounded emitter and is connected to the gate device 
63 through an operating solenoid 649. 
The emitter electrode of the first transistor 657 is also 

connected through a resistor 662 to the emitter of a sec 
ond transistor 663. The transistor 663 is incorporated in 
a grounded-base circuit with the collector returned to the 
channel reset terminal 553 through a load resistor 664. 
The collector of the first stage transistor 657 is also re 
turned to the channel reset terminal 553, in this instance 
by means of a resistor 665. In addition, a feedback con 
nection is provided from the collector of the transistor 663 
to the input or base electrode of the first transistor 657. 
The initial stage of the circuit 629, following the input 

AND device, is a conventional emitter follower amplifier. 
The output of the device, the gate transistor 661, is sim 
ply a transistor switch which, to all intents and purposes, 
is normally open. That is, the device 661 is normally 
maintained substantially non-conductive and can be trig 
gered to conduction by a signal supplied to the base elec 
trode thereof. 
The bias conditions for the transistor 657 are also such 

that this transistor is normally non-conductive. In the 
presence of a negative-going input signal supplied to the 
set input terminal, however, the transistor 657 is mo 
mentarily driven to conduct. The output signal appear 
ing at the terminal "1" is, of course, a negative-going 
signal, since the emitter follower stage comprising the 
transistor 657 does not invert the polarity of the ampli 
fied signal. Moreover, the grounded-base stage compris 
ing the transistor 663 also functions as a non-inverting 
amplifier, producing a negative-going output signal that 
is fed back to the base electrode of the transistor 657. 
Thus, once a negative-going input signal is supplied to 
the set terminal "S" of the device 629, the device is trig 
gered from its normal or quiescent stable state to a second 
or actuated state in which it is also stable, the device 
657 being maintained conductive and the device 663 be 
ing maintained cut off by the feedback loop comprising 
the connection from the collector electrode of the trans 
istor 663 to the base electrode of the device 657. Fur 
thermore, the output signal from the “1” terminal actuates 
the gate transistor 661 and renders it conductive so that 
the solenoid 649 can be energized upon completion of 
an external circuit through the code transistor 631 to 
the G-supply. 
As set forth in greater detail in the aforementioned 

co-pending application of Max E. Sallach, the circuit 
629 shown as one stage of the device 404 in FIG. 12 
is quite advantageous, as compared with a conventional 
trigger or flip-flop circuit, because it draws little or no 
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current until triggered by an input signal. Moreover, 
even after actuation to its second stable state, the device 
629 draws only a limited input current until such time as 
the solenoid 649 is emergized by actuation of the gate 
device 631. Thus, the total power requirements of the 
solenoid driver and storage matrix 404 are greatly re 
duced as compared to an arrangement using conventional 
trigger circuits. 
From the foregoing description, it can be seen that, in 

any given sensing operation, a selected one (or a selected 
combination of two) of the devices 622, 624, 626, 628 
and 629 may be triggered to their second stable state 
in response to the machine-code output signals from the 
device 403 of FIG. 10. The input signals from the ring 
counter 4 i4 serve only to determine that the information 
is recorded in the illustrated stage of the matrix 404 
rather than in some other stage. The connection to the 
channel reset circuit 518, terminal 553, the solenoid 
driver matrix upon completion of each operating cycle 
of the system. The inputs supplied to the terminals 627 
and 630 perform only a timing function for energization 
of the solenoids 642 et seq. that perform the actual punch 
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selection by moving the individual punch selection racks 
(such as the rack 413 of FIG. 8) in setting up the punch 
operation for the machine 10. 

The Ring Counter, FIG. 13 
The logic arrangement for the ring counter 44 is 

shown in substantial detail in FIG. 13. Beginning at 
the lower left-hand corner of this figure, there are illus 
trated ten individual trigger devices 681 through 690, 
and these comprise the first ten stages of the ring counter, 
corresponding to the first data field in the data arrang 
ment described hereinabove. The initial stage 681 is 
provided with a connection to its set input terminal from 
the sequence timer 416 of FIG. 17, the connection being 
indicated by the terminal 691. The reset terminal of 
the stage 681 is connected to the '0' Output terminal of 
the next stage, the device 682. The auxiliary reset input 
“E” of the device 681 is connected to a circuit that pro 
vides a reset signal, at terminal 692, on the basis of 
operation of a cam-actuated Switch controlled by the 
printing machine 10. In addition to the usual comple 
ment of input terminals, the device 681 is provided with 
an auxiliary set input terminal “AS” that is connected 
to the “0” output of the final stage 690. 
The succeeding stages 682 through 689 of the ring 

counter are generally similar to stage 681. That is, each 
stage has its set terminal connected to the terminal 69. 
In each instance the reset terminal is connected to the 
“0” output of the next succeeding stage. The auxiliary 
reset connection is the same in each instance, being made 
to the terminal 692. The auxiliary set connection for 
each of these stages comes from the "0" output of the 
preceding stage. 
The final device 10 in the first decade of the ring 

counter 414 is, as might be expected, somewhat different 
in its circuit connections. In this instance, the set input 
is connected to the terminal 692. The auxiliary set input 
is connected to the terminal 691. The reset connection 
is made to the “0” output of the preceding stage 689. 
The auxiliary reset connection is made from an OR cir 
cuit 693 described in further detail hereinafter. 

In addition to the first decade comprising the stages 
68-690, the ring counter 414 includes an auxiliary stage 
694 and five additional stages 701, 702, 763, 704 and 
705. The stages 70?, 702, 704 and 705 are generally 
similar to each other. Thus, the set input connections of 
these devices are connected in common, and all are con 
nected to the “1' output of the penultimate stage 689 in 
the initial decade of the counter. in each instance, the 
auxiliary set input is connected to the '0' output of the 
preceding stage, the auxiliary set input of the device 70 
being connected to the device 694. The auxiliary reset 
circuit for each of the devices 701, 702, 764 and 705 is 
connected to the terminal 692 that is, in turn, connected 
to a cam-actuated switch circuit as noted hereinabove. 
The auxiliary reset circuit of the device 701 is connected 
to the "0" output of the next stage, and this is equally 
true of the reset input for the device 704. The main re 
set input for the device 702 is connected to the output 
of an AND circuit 695, the input arrangements for this 
AND circuit being described hereinafter. The reset cir 
cuit for the device 705, on the other hand, is connected to 
the output of an AND circuit 696. One input to the 
AND circuit 696 comes from the "1" output of the trig 
ger circuit 705. The other input to this AND circuit 
comes from the “1” output of the device 689 in the 
initial portion of the ring counter. The 'i' output of the 
device 70S is also connected to the OR circuit 693. The 
OR circuit 693 has a second input which is derived from 
the “0” output of the first stage 681 in the counter. 
The auxiliary stage 694 of the ring counter is provided 

with a reset input from an OR circuit 697. One input to 
the circuit 697 is from the “0” output of the ring counter 
device 701. The other input to the OR circuit 697 is 
taken from the output terminal 698 of the start gate 535 
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for the second data field, illustrated in FIG. 11. The Set 
terminal for the device 694 is connected to a terminal 
699 to receive an actuating signal from a cam-operated 
switch or similar timing device in the punching machine 
1. 
The cam-actuated input terminal 699 is also connected 

to an OR circuit 707 that is connected to the reset ter 
minal of stage 703 of the ring counter. The OR circuit 
707 is provided with a second input that is connected to 
the “0” output terminal of the succeeding stage 704. The 
set terminal of the device 703 is connected to an OR cir 
cuit 708 having two inputs. One input to the OR circuit 
708 comes from the AND circuit 695 and the other input 
is taken from the terminal 698 in the second field start 
gate of FIG. 11. 
The AND circuit 695, referred to hereinabove, is pro 

vided with three inputs. One of these inputs is taken 
from the “1” output terminal of stage 702 of the counter. 
Another is connected to the “1” output of the stage 689. 
The third input to the device 569 is derived from the error 
card circuit 409, and specifically the flip-flop 598 (FIG. 
11), as indicated by the common terminal 920. 
The output stages of the ring counter 414 are shown 

at the right-hand side of the drawing. They comprise the 
individual AND circuits 711 through 720 and 731 through 
735. Each of the AND circuits includes two input con 
lections. For the AND circuits 711 through 719, in 
each instance one input is connected to the 'i' output 
of the auxiliary stage 694 of the ring counter. The re 
maining input to each of these AND circuits is connected 
to an individual respective one of the units stages 681 
through 689. That is, the second input of the AND cir 
cuit 711 is connected to the “1” output terminal of the 
device 681, the AND circuit 712 is connected to the de 
vice 682, and so on. The tenth stage in the first decade 
in the output, the device 720, has its two input circuits 
connected to the "1' output terminals of the ring counter 
flip-flops 690 and 701 respectively. 

Each of the AND circuits 73-735 in the second rank 
of the ring counter is provided with one input that is con 
nected to the “1” output of the trigger circuit 703. The 
second input of the device 73 is connected to the "1" 
output of the units device 681, the second input of the 
AND circuit 732 is connected to the "1' output terminal 
of the device 682, and so on. It will be recognized that 
additional stages could be added to the ring counter and 
that the limited number shown are used because there are 
only fifteen data items to be checked in the system under 
consideration. In actual construction, it is usually pref 
erable to provide an individual amplifier stage in the out 
put of each of the AND circuits of the ring counter, but 
these have been onnitted from FIG. 13 in order to simplify 
the drawing. 
The operation of the ring counter 414 will be generally 

apparent to those experienced in the construction and use 
of circuits of this general kind, and is therefore described 
only briefly. When sensing of the first data field has been 
initiated, a set signal is supplied to each stage of the first 
decade of the counter through the terminal 691 from the 
sequence timer 416 described hereinafter in connection 
with FIG. 17. The setting of each stage is dependent 
upon two input signals, this being the purpose of the 
auxiliary set input in each instance. Thus, when the first 
signal is received at the terminal 691, only the first stage 
681 is actuated from its initial operating condition to its 
second stable state. This action proceeds progressively 
down the chain to the final stage 690 in the first decade, 
after which the stages at the top of the drawing in FIG. 13 
come into operation. These stages operate in much the 
same manner except that the circuit arrangement is such 
that they cannot start the counting sequence until an input 
signal is received at the terminal 698, indicating the initia 
tion of sensing of the second data field. Of course, it is 
necessary to provide for resetting of the counter, and this 
is accomplished with respect to each stage, during the 
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counting operation, by the indicated connection to the 
reset terminals. The auxiliary reset arrangement provid 
ed for most of the circuits is used to assure clearing of 
the ring counter prior to initiation of operation with re 
Spect to each card passed through the machine. This is 
accomplished through the connection, at the terminal 692, 
to a cam-actuated Switch incorporated in the machine it 
self. The connection to the terminal 920 in the error 
card circuit makes it possible to inhibit operation of the 
Second-field output devices 731-735 during an error card 
operation. Of course, other ring counter arrangements 
could be employed in the system instead of the particular 
Sequence of circuits illustrated in FIG. 13. 

Accumulator and Control, FIG. 14 
The accumulator control devices 406 and the accumula 

tor. 407 of the system 400 (FIG. 8) are shown in substan 
tial detail in FIG. 14. The accumulator control device 
406 comprises five individual stages 741, 742, 743, 744 
and 745. Because the individual stages are essentially 
identical with each other, with the exception of input sig 
nal connections only the final stage 745 is shown in detail. 
This stage of the accumulator control comprises the binary 
trigger circuits 751, 752, 754 and 758, the accumulator 
control being arranged for binary operation. According 
ly, the Set and reset terminals of each trigger circuit are 
connected to each other. The binary circuit 751 has its 
Set and reset terminals connected to an AND circuit 759 
having two inputs. The first input comes from the device 
481 in the binary coded decimal translator 405 (FIG. 10). 
The other input to the AND circuit 759 comes from the 
ring counter 44 (FIG. 13) and specifically from the out 
put AND circuit 735 of the ring counter. In addition, 
a further connection is provided to the set and reset 
input terminals of the trigger circuit 751 from an AND 
circuit 761 that is described more fully hereinafter. The 
auxiliary or emitter connection for the device 751 comes 
from the channel reset circuit 518 (FIG. 11) and specifical 
ly from terminal 561 therein. 
The second flip-flop 752 in the stage 745 of the ac 

cumulator control is essentially similar to the first trigger 
circuit 751. That is, the set and reset inputs for the de 
vice 752 are connected together and are connected to an 
AND circuit 762. One input for the AND circuit 762 
comes from the device 735 in the ring counter. The 
other input is connected to the device 482 in the binary 
convertor 405 (FIG. 10). In addition, the set and reset 
inputs to the devices 752 are connected to the “1” output 
of the first trigger circuit 751, which is also connected to 
an AND circuit 763. As before, the emitter or auxiliary 
reset connection is made to the channel reset circuit 518 
of FIG. 11. 
The connections for the next binary flip-flop 754 in 

the chain are similar, the set-reset circuit entailing the use 
of an AND circuit 764 having inputs from the ring counter 
output device 735 and from the convertor output device 
484. Again, the set and reset inputs are connected to the 
"1' output of the preceding stage, a further connection 
being made from that output circuit to the AND circuit 
763. The fourth and final stage in the binary chain, the 
device 758, is essentially similar and utilizes an input 
AND circuit 765. In this instance, one of the inputs of 
the AND circuit 765 is connected to the device 488 in 
the convertor 405 of FIG. 10. The only connection 
made to the "' output is that to the AND circuit 763, 
this being the last stage of the binary chain. 
The output of the AND circuit 763 is connected through 

a D.C. inverting amplifier 766 to one of the two inputs of 
the AND circuit 761. The second input for the AND 
circuit 761, at the terminal 767, comes from the clock 
timer 415 of FIG. 17. 
The other stages 741 through 744 in the accumulator 

control device 406 may be identical with the stage 745. 
The only exception is that instead of the connection from 
the device 735 in the ring counter, each of the stages 741 
through 744 is provided with a connection from the corre 
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sponding one of the devices 731 through 734 in the ring 
COunter. 
The accumulator 407, like the control circuit 406, com 

prises five stages 771 through 775 that are essentially 
identical with each other except for their input connec 
tions. Accordingly, only the stage 775 is shown in detail. 
The stage 775 of the accumulator 407 comprises a one 
shot multi-vibrator 780. The input to the multi-vibrator 
780 is taken from an AND circuit 779, the connections 
to the AND circuit being described in greater detail here 
inafter. The “1” output of the one-shot multi-vibrator 
780, is connected, at the terminal 778, to the overflow 
detector 430 (see FIG. 17). The "0" output of the multi 
vibrator is connected through an OR circuit 791 to the 
base electrode of a gate transistor 792. The base elec 
trode of the transistor 792 is returned, through a resistor 
793, to the C- Supply. The emitter of the device 792 
is grounded and the collector electrode is connected to 
the auxiliary reset input of each of the four binary flip 
flop circuits 781, 782, 784 and 788. 
The binary flip-flop device 781 has its set and reset input 

terminals connected to the output of the AND circuit 761 
in stage 745 of the accumulator control device 406. The 
"1' output is connected to the set and reset terminals of 
the next binary flip-flop 782. In turn, the “1” output 
of the device 782 is connected to the set and reset inputs 
of the next stage 784, and a similar connection is made 
from the “1” output of the device 784 to the input of the 
binary circuit 788. Thus, a complete binary chain is 
provided. 
The carry circuit for stage 775 in the accumulator 407 

comprises the AND circuit 779. The first input to this 
AND circuit is taken from the “1” output of the second 
binary circuit 782. A second input for the AND circuit 
779 is derived from the “1” output of the final binary cir 
cuit 788. The third input to the AND circuit 779 is 
derived from a cam-actuated timing circuit, this third input 
being applied at the terminal 794. As noted hereinabove, 
the output of the AND circuit is connected back to the 
input of the preliminary stage 780 for the binary chain. 
As noted hereinabove in connection with the descrip 

tion of FIG. 8, it may be desirable to afford a means for 
Supplying data from the accumulator 407 to the solenoid 
driver and storage matrix 404 to permit the punching of 
data in either a summary or error card that is derived from 
the accumulator rather than from pre-printed code data 
as in the case of the normal detail cards. Where this 
modification of the system is to be employed, the neces 
sary data signals are derived from the accumulator. 407 
by a series of AND circuits 801, 802, 804 and 808. The 
first input to the AND circuit 801 is derived from the ring 
counter 414 and specifically from the device 735 therein. 
A corresponding timing or actuating input connection is 
made to each of the AND circuits 802,894 and 808. The 
second input to each of these circuits is derived from an 
individual one of the binary devices 781,782,784 and 788 
in the accumulator proper. Of course, the output signals 
derived by the AND circuits 801, 802, 804 and 808 are 
still encoded in accordance with binary notation, and 
would require translation to the machine code before being 
applied to the solenoid driver and storage matrix 404. 
The remaining stages 771 through 774 of the accumu 

lator 407 are essentially identical with the fully illustrated 
stage 775 except for changes in input connections. Thus, 
stage 77 of the accumulator is provided with an input 
connection from device 731 in the ring counter 414 in 
stead from the device 735 as in the case of the stage 775. 
Similarly, the stages 772, 773 and 774 are provided with 
input connections from the ring counter devices 732, 733 
and 734 respectively. The input connection from the 
accumulator control for each of the devices 771 through 
774 is taken from the corresponding one of the stages 74 
through 744. Moreover, each of the individual stages in 
the chain comprising the accumulator 407 is connected to 
the preceding stage. Thus, an input connection to the 
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device 781 in the fully illustrated stage 775 is effected from 
the “1” output of the auxiliary multivibrator correspond 
ing to the device 780 but incorporated in the stage 774. 
Similar connections are made along the chain from each 
stage to the next. 

In considering the normal operation of the accumulator 
control circuit 406 and the accumulator 407, it should be 
remembered that the data from the converter 405 of FIG. 
10 is in binary decimal form but also in the form of the 
fifteens complement of the actual numerical data. It is 
believed that the operation can best be understood by 
consideration of a specific example. Thus, if the actual 
numerical value to be recorded in the accumulator 407 is 
six, then the fifteens complement would be nine. In ac 
cordance with conventional binary notation, this may be 
represented by the number 1001, with significant digits 
in the one and eight levels of the binary notation. Thus, 
this particular numerical value would be supplied to the 
accumulator control device 406 from the converter 465 
of FIG. 10 in the form of signals from the individual out 
put devices 481 and 488 of the converter 405. These 
input signals are supplied to the AND circuits 759 and 765 
simultaneously with timing signals from the ring counter 
414, and specifically from the device 735 therein (see 
FIG. 13). Accordingly, the binary flip-flops 751 and 758 
are actuated from their normal or "Zero' operating con 
dition to their set or “one' condition, recording in the 
stage 745 the binary numeral 1001. 
The construction of the circuits 761 and 766 is such that 

the AND circuit 761 normally receives an enabling signal 
from the D.C. amplifier circuit 766. Consequently, when 
a signal comprising a series of pulses is received from the 
clock timer 415 at the terminal 767, each of these pulse 
signals is passed by the AND circuit 76 until such time as 
the input from the amplifier 766 is cut off. Moreover, 
each of these pulses is supplied from the output of the 
AND circuit 761 to the first circuit 781 in the chain 775 
in the accumulator 407 and also to the initial binary flip 
flop 75 in stage 745 of the accumulator control. 

Considering what happens in the accumulator control 
stage 745, the first pulse from the AND circuit 761 resets 
the binary device 751, thereby producing an output signal 
that sets the device 752. Thus, after the first signal pulse 
from the AND circuit 761, the binary number recorded 
in the accumulator control stage 745 is 1610. The sec 
ond pulse from the AND circuit 761 again sets the binary 
device 751. No output signal is produced, in this in 
stance, so that the recorded binary number is now 1011. 
The third pulse output signal from the AND circuit 761 

again resets the initial binary circuit 751. This produces 
an output signal that resets the second circuit 752 in the 
chain and this circuit in turn produces an output signal 
that sets the circuit 754. Accordingly, at this point, the 
recorded binary numeral in the control stage 745 is 1100. 
The fourth signal pulse from the clock timer that is trans 
lated by the AND circuit 761 again sets the initial binary 
circuit 751, changing the recorded number to 1101. On 
the next pulse, the first stage 751 is again reset, producing 
an output signal that sets the device 752, the recorded 
number now being 1110. The sixth pulse is then applied 
to the circuit 751, again setting the first binary circuit 751, 
and resulting in recordation in the accumulator control 
stage 745 of the binary number 1111. When this level 
of recordation is achieved, the output connections from 
the “1” terminals of each of the binary devices 751, 752, 
754 and 758 produce an output signal from the AND cir 
cuit 763 that actuates the amplifier 766 to cut off the 
enabling signal to the AND circuit 761. Accordingly, 
it is seen that the AND circuit 761 will pass no further 
pulse signals. Furthermore the total number of pulse 
signals that have been passed are equal to the desired 
numerical value of six, and these pulse signals have also 
been applied to the binary chain 775 in the accumulator 
407 and are recorded therein. Thereafter, the binary 
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chain 745 is cleared by a reset signal from the channel 
reset device 518 of FIG. 11 and is ready for the next con 
version and control operation. Of course, the accumula 
tor binary chain 775 is not cleared, but continues to re 
ceive the signal impulses from the control stage 745 for 
each detail card and to cumulatively record the numerical 
values from the cards. 

It is necessary to effect a reset operation with respect 
to the accumulator 407 under certain circumstances. 
Thus, the accumulator must be cleared prior to initiation 
of machine operation. This is accomplished by means of a 
pair of multi-vibrator circuits 811 and 550. The "1" 
output of the device 811 is connected to the input of the 
device 558. The “1” output of the multi-vibrator 550 
is connected through an OR circuit 812 to a D.C. inverting 
amplifier 823 that, in turn, is connected to the OR circuit 
791 connected in the auxiliary reset input circuit for all 
of the binary devices 781, 782, 784 and 788. The initial 
one-shot multi-vibrator 811 receives a signal input from 
the power Supply build-up when the control system is 
placed in operation. As a result, it produces an output 
signal that triggers the device 550. After a consider 
able time delay, the device 550 produces an output signal 
that is translated through circuits 812, 833 and 791 to 
supply a reset pulse to each binary circuit in the ac 
cumulator stage 775. Of course, a similar reset arrange 
ment would be utilized in connection with the other ac 
cumulator stages 771 through 774 and, indeed, the neces 
sary connection can be taken from the amplifier 813 
without requiring duplication of the associated circuit 
arrangement. 

It is also desirable to assure complete clearing of the 
accumulator after translation of an error card through 
the machine. This is accomplished by means of an AND 

5 circuit 814 that is also conected to the OR circuit 812 and 
the amplifier 813 to the emitter or auxiliary reset cir 
'cuits of the individual components in the binary chains. 
One input for the AND circuit 814 is derived from the 
error card circuit 409 of FIG. 11 and specificially from the 
'0' output terminal (terminal 944) of the trigger circuit 
556 included therein. A second input for the AND cir 
cuit 814 is taken from the control card detector 427 of 
FIG. 17 and specifically from terminal 815 therein. A 
third input is provided for the AND circuit 824, and this 
comes from a signal source actuated by a cam switch 
controlled by the operating elements of the punching 
machine. The signal supplied to the accumulator 407 
through the AND circuit 814 are effective to clear the 
accumulator following the passage of an error card 
through the machine as described hereinabove. 

Comparator Error Circuit, FIG. 15 
FIG. 15 illustrates the comparator error circuit 408 

which is utilized to actuate the error card circuit 409. 
As illustrated in FIG. 15, the comparator error circuit 408 
is quite simple in construction. It entails five stages 821, 
822, 823, 824 and 825. Because the stages 821 through 
824 are essentially identical to the stage 825 except for 
the input circuit connection, only the stage 825 is shown 
in detail. 
The initial stage 325 of the comparator error circuit 

408 comprises a series of eight AND circuits 831 through 
838. Each of the AND circuits 831-838 is provided with 
two inputs. The first circuit 331 is connected to the “1” 
output terminals of the devices 751 and 781 in the ac 
cumulator control circuit 406 and the accumulator 407 
of FIG. 15. The next AND circuit 832 is connected to the 
"1" output terminals of the same two binary circuits in 
the accumulator and accumulator control devices. The 
AND circuit 833 is connected to the “1” outputs of the 
binary flip-flop devices 752 and 782 of FIG. 14. The 
next AND circuit 834 is connected to the “0” output ter 
minals of the same two binary devices. This connection 
pattern is continued, so that all of the "i" outputs of the 
accumulator control 745 and the accumulator stage 775 
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are connected to the comparator error stage 821, the “1” 
outputs always being paired and the "0" outputs also al 
ways being paired. 

All of the AND circuits 831 and 838 are connected 
to an OR circuit 839 which, in turn, is connected to an 
OR circuit 841. The construction of each of the remain 
ing stages 821 through 824 of the comparator error circuit 
408 is the same as described for stage 825, except that 
they are associated with different levels of the accumula 
tor control and accumulator circuits. That is, the compar 
ator error stage 821 is connected to the individual binary 
devices in the accumulator control stage 741 and the ac 
cumulator stage 771 of FIG. 14. The comparator error 
stage to the accumulator control stage 742 and the ac 
cumulator stage 772, and so on. As noted hereinabove, 
the output terminal 606 of the OR circuit that is common 
to all stages is connected to the error card circuit 409 
of FIG. 11. 
As will be apparent from the logic diagram, the circuit 

408 compares data already recorded in the accumulator 
407 with data recorded in the control. 406. Since in the 
one instance the data is in binary-coded decimal notation 
(accumulator 407) and in the other in complemental form 
(control 406), the corresponding stages in each chain of 
each device should always be in opposite stable operating 
conditions. Any variation from this condition produces 
an output signal from one or more of the multiple AND 
circuits of the comparator 408, triggering an error card 
operation. 
The rack memory 411 that is utilized to check the 

setting of the punches in the machine 10 against the 
input data is shown in FIG. 16. This device includes 
fifteen substantially similar stages 851 through 865. Be 
cause all of the stages are substantially identical except 
for input circuit connections, only the initial stage 851 
corresponding to the first data item is shown in detail. 
The binary counter stage 851 includes four binary 

flip-flops 871, 872, 874 and 878. The first binary device 
871 has its set and reset terminals connected to an 
AND circuit 881. The AND circuit 881 is provided with 
a first input from the ring counter 414, and specifically 
from the first output stage 711 of the ring counter 414 
(FIG. 13). The other input to the AND circuit 881 is 
from the device 481 of FIG. 10, this being the initial out 
put of the fifteens complement binary coded decimal trans 
lator 405. - 

The “1” output of the binary device 87.1 is connected 
to the set and reset terminals of the next device in the 
chain, the flip-flop 872. The “0” output of the flip-flop 
871 is connected to an OR circuit 883. The auxiliary re 
set terminal of the device 871 is connected to the channel 
reset circuit 518 of FIG. 11, and specifically to terminal 
561 therein. 
The circuit connections for the succeeding circuits in 

stage 851 of the rack memory 411 are essentially similar 
to those for the first stage. Thus, each of the devices 
872, 874 and 878 is provided with an input connection 
to the preceding stage in the chain. In addition, each 
is provided with an input connection to an AND circuit 
actuated conjointly by a first signal from the ring counter 
414 and a second signal from a respective one of the 
output stages of the fifteens complement decimal trans 
lator 405. In each instance, the "0" output of the binary 
flip-flop is connected to the OR circuit 883, the aux 
iliary reset inputs all being connected to the terminal 
561. 

In addition to the foregoing, a further input circuit is 
provided for the first device 871 in the binary chain. 
This input circuit comprises an AND circuit 884 having 
one input actuated by a suitable timing switch or the 
like. The second input to the device 884 is taken from 
the sensing device 412 associated with the first punch 
rack 413 in the machine, an amplifier 885 being included 
in this circuit. As noted hereinabove, the device 412 is 
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arranged to provide a series of output signal impulses 
indicative of the setting of the punch rack 413, the total 
number of pulses representing the decimal value of the 
rack setting. 

In operation of the initial stage 851 of the rack 
memory 411, the incoming data signals derived from 
sensing of the record cards are first recorded in the 
binary devices 871, 872, 874 and 878; more accurately, 
the fifteens complement of the first data item is recorded 
in the binary chain. Thus, the recording is essentially 
similar to that described hereinabove for the accumulator 
control device 406. When the punches are actually set, 
the pulse signals developed by the sensing devices 412 are 
supplied to the binary chain through the amplifier 885 
and the AND circuit 884. Consequently, the chain counts 
out and, if the setting of the punch rack matches the 
initial input data, the result is the actuation of each of 
the devices 871, 872, 874 and 878 to “set' condition. 
Stated differently, the net result for a correct setting of 
the punch rack would be the recording of the binary 
number 111 in the chain 851. The connection to the . 
OR circuit 883 is such that the OR circuit produces an 
output signal whenever any of the individual binary flip 
flops is not set in this manner. Consequently, if there 
is any error in the comparison operation effected by the 
first stage 851 of the rack memory, then an output signal 
appears at the terminal 592 that is connected to the 
OR circuit 883. 
The same construction and operation are employed in 

connection with the remaining stages of the rack memory, 
each being controlled in accordance with a different stage 
of the ring counter 414. It is thus seen that if all punches 
are set accurately, no output signal appears at any of 
the three output terminals 592–594. This is the con 
dition achieved in normal operation. Of course, if any 
discrepancy appears in the entailed comparison of punch 
settings with input data, then an output signal does 
appear at one or more of the terminals 592-594, and it 
is this signal that is supplied to the combined field error 
circuit 423 of FIG. 11 and utilized therein to prevent 
an erroneous punching operation, as described herein 
above. , 

Tinning and Related Circuits, FIG. 17 
FIG. 17 illustrates a number of circuits from the 

system 400 of FIG. 8, including particularly the con 
trol card detector 427, the clock timer 415, the sequence 
timer 46, and the overflow detector 430. 
One of the basic circuits illustrated in FIG. 17 is the 

clock timer 415. This device comprises a high-frequency 
oscillator 890 that is connected to a pair of substantially 
similar monostable multi-vibrators 891 and 892. The 
“1” output of the device 892 is connected to an AND 
circuit 893, and the AND circuit in turn is connected 
through an amplifier 894 to the output terminal 767 
that supplies counting pulses to the accumulator control 
device 406 of FIG. 14. The output of the other multi 
vibrator 891 is connected to an AND circuit 895 having 
five individual input circuits. One of these, indicated 
at terminal 896, is connected to a cam-actuated switch 
controlled by the cyclic operation of the punching ma 
chine. Another input of the device 895 is connected to 
the output terminal 608 of the control card detector 
427. Another input for the AND circuit 895, indicated 
by the terminal 897, is connected to the “0” output of 
the trigger circuit 578 in the combined field error circuit 
423 (FIG. 11). 
The output of the AND circuit 895 is connected to 

an OR circuit 898, the OR circuit 898 having a second 
input connected to the power supply of the system. The 
OR circuit 898 is connected to the set input of a flip 
flop device 899. The reset circuit of the device 899 is 
connected to a pulse developing circuit in the power 
supply. The device 899 further includes an auxiliary 
reset input taken from terminal 900 in the second field 
gate device 422 (FIG. 11). 
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The “0” output of the flip-flop 899 is connected back 
to the AND circuit 895 in one of the inputs thereto. 
it is also connected to the input of a one-shot multi 
vibrator 901. The “1” output terminal of the multi 
vibrator 901 provides the second input to the AND 
circuit 893. 

In operation, the oscillator 896 of the clock timer 415 
is operated continuously, producing a high frequency 
output signal. This signal may be of the order of 25 
kilocycles per second, although higher or lower fre 
quencies can be used if desired. The oscillator drives 
the two one-shot multi-vibrators which, as a result, pro 
duce output pulses of fixed frequency, determined by 
the operating periods of the multi-vibrators. 
The output signal from the device 891 is Supplied to 

the AND circuit 895. The device 895 also receives an 
input signal from the cam input 896, limiting the trans 
mission time for the AND circuit to a restricted portion 
of the machine cycle. Ordinarily, the AND circuit 895 
receives an enabling signal from the control card de 
tector 427, this signal being cut off when a control or 
summary card is fed to the machine. The signal Sup 
plied to the AND circuit 895 from the terminal 897 
restricts operation of the AND circuit to periods in 
which no error card is being fed through the machine. 
Thus, an output signal from the AND circuit 895 is 
available only under limited circumstances corresponding 
to those in which it is desired to actuate the accumulator 
control 406 to produce a recording operation in the 
accumulator 467 as described hereinabove. The output 
from the AND circuit 895 is the normal control for the 
trigger circuit 899 and the one-shot multi-vibrator 901. 
On the other hand, the power supply pulse circuit con 
nections provide a means for resetting the trigger circuit 
899 at the beginning of system operation. In each cycle 
of operation, of course, the circuit 899 is reset by a 
signal from the second field gate circuit 422 (FIG. 11) 
to initiate the clock timer operation at the proper point 
with respect to scanning of the second data field, since 
only this data field is concerned with data to be handled 
by the accumulator 497 in the system as described here 
above. 
The sequence timer 416 is relatively simple in con 

struction. The principal input is an OR circuit 91 
that is connected to the output terminal of each of the 
data code multi-vibrators 440, 441, 442, 444 and 447 in 
the data amplifiers 402 as illustrated in detail in FIG. 10. 
The output of the OR circuit 911 is connected to a D.C. 
inverting amplifier 912 which, in turn, is connected to 
the input of a one-shot multi-vibrator 913. The multi 
vibrator 913, in turn, is connected to the inputs of two 
one-shot devices 914 and 915 comprising sources of tim 
ing signals for the System. 
The output of the OR circuit 91 is also connected 

to an OR circuit 916. The OR circuit 96 has a second 
input connected to the AND circuit 918. A first input 
for this AND circuit is taken from the “1” output of 
the one-shot multi-vibrator 891 in the clock timer 45. 
A second input, terminal 959, comes from a cam-actuated 
timing switch in the punching machine. The third input 
to the device 98 is taken from the “1” output of the 
flip-flop. 980 in the error card circuit 409 (FIG. 11), the 
common terminal being identified by the reference charac 
ter 920. The output of the OR circuit 916 is utilized to 
drive a D.C. amplifier 917 having an output terminal 
691. The amplifier 917, therefore, is the source of the 
timing signals supplied to the ring counter 414 (FIG. 
13). 

F.G. 17 also includes the control card detector 427, 
illustrated in the upper left-hand corner of the drawing. 
This comprises a sensing device, the photodiode 93, 
which is coupled through an A.C. inverting amplifier 932 
to the base electrode of a gate transistor 933. The emitter 
of the gate transistor is returned to ground through a 
cam-actuated switch circuit, the details of which are not 
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48 
illustrated in the drawing, the switch being controlled by 
the cyclic movement of the operating mechanism in the 
punching machine 10. The collector of the transistor 
933 is returned to the C- supply through a suitable load 
resistor and is connected to the set terminal of a flip-flop 
circuit 934. 
The reset terminal of the flip-flop 934 is connected to 

an OR circuit 935. The OR circuit 935 has two inputs, 
one of which is a pulse developing circuit of conventional 
form utilized to develop an input signal upon energiza 
tion of the system power supply. The other input is 
from a timing switch, at the terminal 936, and is used 
to reset the flip-flop 934 in the control card detector 427 
(terminal 608) is used for several different purposes as 
described hereinabove. The '1' output (terminal 815) 
is connected to the set terminal of a second flip-flop 937 
and also to other circuits in the control System as noted 
in the foregoing description of those circuits. The reset 
terminal of the flip-flop 937 is connected to the channel 
reset device 518 of FIG. 11 and specifically to terminal 
565, of that device. The flip-flop. 937 is employed to 
control the scanning lamps that illuminate the various 
photocells at the scanning station 13 of the mechine 10 
(see FIG. 1), the light control circuit 938 not being 
shown in detail. 
The function of the control card detector 427 is rela 

tively simple and should be apparent from the logical 
diagram of FIG. 17. Briefly, the photocell 931 is ac 
tuated in the presence of a control card, being constructed 
to differentiate between the control or summary card 
and the other cards used in the system by virtue of the 
card color or a special control marking on each sum 
mary card. The photodiode 931 produces an output 
signal that actuates the gate transistor 933, the output 
signal from the transistor in turn being used to actuate 
the flip-flop 934. The output signals from the terminals 
608 and 815 of the device 934 control the circuit opera 
tions in various component circuits of the system, as 
described hereinabove. 
The last circuit illustrated in FIG. 17 is the overflow 

detector 430. The input of this device comprises an 
AND circuit 941 having one input connected to terminal 
85 in the control card detector 427. A second input 
signal to the AND circuit 941, the terminal 942, is con 
nected to a cam-actuated timing switch controlled by 
the cyclic operation of the punching mechanism. An 
other input 943 is connected to a sensing switch, not 
shown, that is located at the discharge end of the machine 
and produces a control signal when the card receiver is 
nearly filled to capacity. Finally, there is a fourth input 
to the AND circuit 941 that is taken from FIG. 11, and 
specifically from the “0” output of the trigger circuit 556 
in the error card circuit 409, this input being identified 
as terminal 944. 
The output of the AND circuit 941 is connected to 

an OR circuit 945. The circuit 945 has a second input 
taken from the output terminal 778 of the one-shot multi 
vibrator 780 in the accumulator 407 (FIG. 14). The 
OR circuit 945 also has a third input from an external 
Switch-controlled circuit that may be actuated by the 
machine operator. 
The output from the OR circuit 945 is coupled to the 

set input of an overflow trigger circuit 946. The reset 
circuit of the devices 469 is connected to the power sup 
ply by means of a conventional pulse-generating circuit 
that produces an input pulse upon energization of the 
power supply. The device 946 is also provided with an 
auxiliary reset circuit that may be actuated by a Switch 
accessible to the machine operator. The “1” output of 
this trigger circuit is connected to the base electrode of 
a gate transistor 947, the base electrode also being re 
turned to the H-- supply through a resistor 943. The 
emitter electrode is connected to the E-- supply. The 
collector is the output electrode for the gate and is con 
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nected to a terminal 949, the terminal 949 being in turn 
connected to the main operating electrical circuit of the 
punching machine 10 to provide a means for stopping 
machine operation. 
When the punching machine is in operation, it is of 

course undesirable to continue passing cards through the 
machine for punching when the card receiver at the end 
of the machine exceeds its capacity, because the cards 
Would inevitably be mixed and perhaps damaged under 
these conditions. On the other hand, it is not desirable 
to stop the machine mid-way through the sensing and 
punching of a related group of detail cards. When the 
card receiver of the machine is nearly filled, the sensing 
switch associated therewith (not shown) is actuated to 
supply the input signal to the AND circuit 941. This 
signal is developed when the card receiver nears its 
capacity but can still receive some additional cards. The 
next time a control card is detected by the device 427, 
a further input signal is supplied to the AND circuit 
941. An enabling signal is normally continuously sup 
plied to the AND circuit from the error card circuit 
(FIG. 11) through the terminal 944, and a further ac 
tuating signal is supplied cyclically to the AND circuit 
through the terminal 942. Thus, when the card receiver 
is nearing its capacity, passage of a control card through 
the machine produces an output signal from the AND 
circuit 941 that is translated to the overflow trigger 
circuit 946 through the OR circuit 945. Actuation of the 
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trigger circuit 946 produces an output signal that actuates 
the gate 947, stopping the machine by means of an output 
signal supplied to the terminal 949. The purpose of the 
connection to the error card circuit, through the terminal 
944 of the AND circuit 941, is to defer this action one 
more cycle where an error card is to be run through the 
machine due to an error in the summary card data. 
The overflow detector can also be actuated by a signal 

from terminal 778 of the accumulator 407, FIG. 14. 
Thus, it may happen that the total data from the detail 
card may exceed the capacity of the accumulator. When 
this happens, a suitable actuating signal is supplied 
through the OR circuit 945 to the overflow trigger circuit 
946 to stop the machine. The machine operator can also 
interrupt operation in the same manner by actuating a 
switch to supply an input signal to the system through 
the external set connection of the OR circuit 945. Re 
setting of the trigger circuit 946 requires manual actua 
tion of a separate switch by the machine operator, since 
the overflow detector 430 only operates when some con 
dition occurs which requires attention on the part of the 
operator. - 

Circuit Examples, FIGS. 18 and 19 
FIG. 18 illustrates, in substantial detail, a particular 

example of a circuit arrangement that may be utilized 
in constructing one of the sensing devices utilized for 
data sensing purposes, together with the associated trigger 
circuit and output amplifier. That is, FIG. 18 shows a 
complete construction for the amplifier and timing cir 
cuits of the device 401-0, the associated flip-flop circuit 
440 and the amplifier 450 (see FIG. 10). 
The initial pre-amplifier 432 comprises a transistor 951 

having its base electrode connected to the diodes 431. 
The collector of the transistor 951 is connected to the 
C- supply. The emitter is returned to ground through 
a load resistor 952. The coupling circuit to the next stage 
433 comprises a coupling capacitor 953 that is connected 
from the emitter of the transistor 951 to the base elec 
trode of a second transistor 954. The base electrode of 
the transistor 954 is also connected to the C- supply 
through a resistor 955. 

In the second pre-amplifier section 433, the emitter 
electrode of the transistor 954 is grounded. The collector 
electrode is connected to the C- supply through a load 
resistor 956. The collector electrode is also connected 
to the coupling circuit comprising the resistor 434 and 

30 

35 

4) 

50 

60 

65 

O 

75 

50 
the capacitor 435. The AND circuit 436 is of relatively 
simple construction and comprises a pair of diodes 957 
and 958 that couple the sequence timer 416 and the field 
gate circuits 421, 422, respectively, to the common ter 
minal 959 of the resistor 434 and the capacitor 435. The 
terminal 959, which comprises the output terminal of the 
AND circuit 436, is connected to the base electrode 
of a transistor 961 incorporated in the amplifier stage 437. 
The emitter of this transistor is returned to the F- sup 
ply and the collector is connected to the C- Supply 
through a bad resistor 962. - 
The one-shot multi-vibrator 440 comprises a pair of 

transistors 963 and 964. The emitter electrodes of these 
two devices are grounded. The collectors of these tran 
sistors 963 and 964 are connected to the C- supply by 
means of the resistors 965 and 966, respectively. The 
base electrode of the transistor 963 is connected to the 
collector of the transistor 964 by a capacitor 967. The 
base electrode of the transistor 963 is also connected to 
the H-- supply through a resistor 968 and to the C 
supply by means of a resistor 969. The base electrode of 
the device 963 is also returned to the F- supply through 
a resistor 971 and is coupled to the sequence timer 416 
by means of a coupling capacitor 972. 
The input for the device 440 comprises a diode 973 

that is connected between the collector electrode of the 
transistor 961 in the preceding stage and the collector of 
the transistor 963. The collector electrode of the device 
963 also serves as the "0" output to the parity-check cir 
cuit 424. This collector electrode is connected to the 
base of the transistor 964 through a parallel R-C circuit 
comprising a resistor 974 and a capacitor 975. The “1” 
output for the device 440 is the connection provided 
by the coupling capacitor 972. A second "1" output is 
provided at the collector of the transistor 964, which is 
connected to the next succeeding stage 450 by a coupling 
resistor 976 that is connected to the base electrode of 
a transistor 977. 
The base electrode of the transistor 977 that comprises 

the first stage of the amplifier 450 is connected to the 
E-- supply through a resistor 978. The emitter of the 
transistor 977 is grounded and the collector is connected 
to the C- supply by means of a resistor 979. The out 
put circuit to the next stage comprises a coupling resistor 
981 that is connected between the collector of the tran 
sistor 977 and the base electrode of a second stage tran 
sistor 982. The second stage of the device 450 is com 
pleted by a load resistor 983 that is connected from the 
collector electrode of the transistor 982 to the C- supply. 
The emitter of this stage is grounded. 
The individual circuits incorporated in the arrangement 

illustrated in FIG. 18 are quite well known; accordingly, 
only a brief description of their operation is deemed 
necessary herein. Thus, the first amplifier stage 432 
comprising the transistor 951 is a conventional emitter 
follower that is A.C.-coupled by the capacitor 953 to the 
second stage 433 comprising the transistor 954. The 
second stage 433 is equally conventional, and comprises 
a grounded-emitter stage which, of course, effects a sig 
nal inversion with respect to polarity. The output signal 
from the stage 433 is coupled to the transistor 961 of the 
amplifier 437. Ordinarily, however, an output signal from 
the amplifier 433 is not effective to trigger the transistor 
961 to conduction because the two diodes 957 and 958 
represent low-impedance paths in the input to the base 
of the transistor. In the presence of suitable signals on 
both of these diode inputs, however, a signal from the 
amplifier 433 is effective to render the transistor 961 
conductive and produce an output signal pulse that is 
supplied to the one-shot multi-vibrator 440. It should 
be noted that the input signal from the timer 416 is of 
quite short duration compared to the time required for a 
data mark to move past the sensing photodiode (FIG. 10), 
so that narrow-angle sampling of the data marks is 
achieved. 
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The one-shot multi-vibrator 440 is also of familiar 
construction and operation. Thus, the biasing arrange 
ment of this circuit is such that the transistor 963 is 
normally maintained in a conductive condition and the 
transistor 964 is biased to cut off. An incoming signal 
from the preceding stage, through the diode 973, drives 
the transistor 964 conductive. At the same time, the 
initial transistor 963 is driven to cut off. This changed 
or “set' condition obtains for a predetermined time in 
terval determined by the impedances of the circuit, and 
particularly the impedance of the capacitor 967 in rela 
tion to the resistor 969. Thereafter, the multi-vibrator 
440 automatically resets itself to its original operating 
condition. 
When the transistor 964 is driven conductive, a posi 

tive-going signal is developed at the collector electrode 
and is applied to the base electrode of the initial stage 977 
in the amplifier 450. This positive pulse signal is amplified 
in the two stages of the amplifier 450 and is supplied to 
the code convertor circuits. The duration of the signal is, 
of course, determined by the time constant of the multi 
vibrator 440. 

FIG. 19 illustrates a typical bi-stable flip-flop that may 
be employed in any one of a number of different individual 
circuits in the system 400; the particular circuit illustrated 
is the device 702 from the ring counter 414 of FIG. 13. 
The flip-flop comprises a pair of transistors 984 and 985 
having their collector electrodes returned to the C- supply 
through the resistors 986 and 987 respectively. The col 
lector electrode of the transistor 984 is connected to the 
base of the transistor 985 through the parallel R-C cir 
cuit 988, 990. A similar parallel R-C circuit 939, 991, 
connects the collector of the second transistor 985 back 
to the base of the first transistor. The base electrode of 
the two devices are individually connected to the H--- 
supply through the resistors 992 and 993. A diode 994 
connected to the base of the first transistor 984 affords the 
set input circuits for the device, the diode 994 being con 
nected to the “S” terminal through a capacitor 996 and 
to the "AS' terminal through a resistor 997. A diode 995 
is utilized to afford the reset circuit for the device, being 
directly connected to the reset terminal 'R' which is 
returned to the F- supply through a resistor 998. 

FIG. 19 also shows the details of the construction of 
the AND circuit 695. The first input to the AND circuit 
695 comprises the diode 999 that is connected from the 
“1” terminal of the flip-flop 702, the collector of the tran 
sistor 784, to the output terminal 1904, being returned 
to the C- supply through a resistor 1002. The output cir 
cuit for the AND circuit 695 comprises a capacitor 1003 
that is coupled from the output terminal 1004 of the 
AND circuit to the “R” terminal of the flip-flop 702. 
The second input for the AND circuit 695 is derived 

from the "S" terminal of the flip-flop 702, this being the 
terminal connected back to the device 689 in the ring 
counter 414 (see FIG. 13). The third input comprises 
the connection to the terminal 920 from the field error 
circuit, this connection being made to the diode 1001. 
The diodes 1000 and 1001 in the second and third inputs 
for the AND circuit are, of course, connected to the out 
put terminal 1004 in accordance with conventional practice 
to afford a circuit that produces an output signal only 
when input signals are applied to all three of the diodes 
999-001. 

In normal operation, the initial stable condition of the 
device 702 is established with the transistor 984 conduc 
tive and the transistor 985 non-conductive. This starting 
condition can be determined by suitable external control, 
in this instance, such control is achieved in the emitter 
circuit of the transistor 985 as indicated by the switch 
illustrated at the "E" terminal of the flip-flop. This switch 
is opened momentarily to establish the desired starting 
condition but remains closed during normal operation. A 
suitable actuating signal applied to either the "AS" or 
the "S" terminal of the flip-flop drives the transistor 984 
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to cut off and renders the transistor 985 conductive. This, 
of course, produces a positive-going pulse signal at the 
“0” output terminal and results in the "1" terminal being 
driven negative with respect to its normal operating poten 
tial. This condition is maintained until Such time as a 
suitable actuating signal is supplied to the "R" terminal, 
or until the conductive path for the transistor 985 is broken 
at the 'E' terminal. Under either circumstance, the con 
duction conditions in the two transistors are again re 
versed, producing a positive-going output signal at the 
“1” terminal and a negative-going signal at the "0" ter 
minal. Inasmuch as devices of this kind are quite familiar 
in the art, no further detailed explanation of circuit op 
erating conditions is considered necessary in this specifica 
tion. 

In order to afford a more complete illustration of the 
present invention, certain specific circuit data are set forth 
in detail hereinafter. These data are presented solely by 
way of illustration and in no sense as a limitation on the 
invention. 
Voltage supplies: Volts 

C ----------------------------------- -20 
D- ----------------------------------- -10 
E+ ----------------------------------- --3 
F- ----------------------------------- -3 
G- ----------------------------------- -35 
H- ----------------------------------- --12 

Resistors: Kilohms 
952 ------------------------------------- 15 
955 ------------------------------------- 68 
956, 434--------------------------------- 4.7 
962, 969, 983, 102 ----------------------- 10 
965, 966, 976, 986, 987 -------------------- 3.9 
968,992, 993----------------------------- 33 
971. ------------------------------------- 22 
978, 980 --------------------------------- 6.8 
979,981 --------------------------------- 2.7 
988,989 --------------------------------- 12 
997 ------------------------------------- 47 

Capacitors: Microfarads 
953 ----------------------------------- 20 
435 ----------------------------------- 15 
967 ----------------------------------- 0.04 
972, 1003------------------------------ 0.001 
975,990,991 --------------------------- 100 
996 ----------------------------------- 1 470 

Micronicrofarads, 

Transistors and Diodes 

FIGS. 18 and 19; all transistors except device 963 are 
Type 2N382; transistor 963 is Type 2N414. All diodes 
are Type GTO-3. 

Hence, while preferred embodiments of the invention 
have been described and illustrated, it is to be understood 
that they are capable of variation and modification, and I 
therefore do not wish to be limited to the precise details 
set forth, but desire to avail myself of such changes and 
alternations as fall within the purview of the following 
claims. 

I claim: 
1. In a card punch for punching data in record cards 

in accordance with a predetermined data code, including 
means, operable in accordance with a given machine code, 
for determining the data punched in the record cards, a 
control system for actuating the punch in response to 
data printed on said cards in accordance with a parity 
code substantially different from the machine code, said 
control system comprising: means for feeding record 
cards bearing printed code data sequentially through a 
scanning station to a punching station; photoelectric scan 
ning means, located at said scanning station, for scanning 
the printed code data on each of said cards and for de 
veloping parity-code signals representative of the printed 
code, data; a parity-checking circuit, coupled to said scan 
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ning means, for checking the parity-code signals to de 
velop a parity control signal indicative of the presence 
of extraneous code marks or the absence of code marks 
on each of said cards; a code translator, coupled to said 
photoelectric scanning means, for translating the parity 
code signals into machine code signals; a storage device, 
coupled to the code translator, for storing the machine 
code signals; and actuation means, coupled to the storage 
device and the partiy-checking circuit, for actuating the 
card punch in accordance with the machine code signals 
stored in the storage device upon advancement of each 
record card from the scanning station to the punching 
station. 

2. In a card punch for punching data in record cards 
in accordance with a predetermined data code, including 
means, operable in accordance with a given machine code, 
for determining the data punched in the record cards, a 
control system for actuating the punch in response to data 
printed on said cards in accordance with a parity code 
substantially different from the machine code, said con 
trol system comprising: means for feeding record cards 
bearing printed code data sequentially through a scanning 
station to a punching station; photoelectric scanning 
means, located at said scanning station, for scanning the 
printed code data on each of said cards and for develop 
ing parity-code signals representative of the printed code 
data; a parity-checking circuit, coupled to said scanning 
means, for checking said parity-code signals to develop 
a parity control signal indicative of the presence of the 
exact number of code marks required for each data item 
in said parity code; a code translator, coupled to said 
photoelectric scanning means, for translating the parity 
code signals into machine code signals; a storage matrix 
coupled to the code translator, for storing the machine 
code signals; means, coupled to said parity checking cir 
cuit and to said storage matrix, for preventing recorda 
tion of any data item in the storage matrix except in the 
presence of said parity control signal; and actuation 
means, coupled to said storage device, for actuating the 
card punch in accordance with the machine code signals 
stored in the storage device upon advancement of each 
record card from the scanning station to the punching 
station. 

3. In a card punch for punching data in record cards 
in accordance with a predetermined data code, including 
means, operable in accordance with a given machine code, 
for determining the data punched in the record cards, a 
control system for actuating the punch in response to 
data printed on said cards in accordance with a parity 
code substantially different from the machine code, each 
card bearing a predetermined number of parity-coded 
data items, said control system comprising: means for 
feeding record cards bearing printed code data sequen 
tially through a scanning station to a punching station; 
photoelectric scanning means, located at said scanning 
station, for scanning the printed code data on each of 
said cards item-by-item and for developing parity-code 
signals representative of the printed code data; a parity 
checking circuit, coupled to said scanning means, for 
checking said parity-code signals to develop a parity con 
trol signal indicative of the presence of the exact number 
of code marks required for each data item in said parity 
code; a code translator, coupled to said photoelectric 
scanning means, for translating the parity-code signals 
into machine code signals; an electrically-actuated stor 
age matrix, coupled to the code translator, for storing the 
machine code signals including a plurality of groups of 
stages equal in number to said printed data items; means, 
comprising a counter having a corresponding plurality of 
stages individually coupled to respective groups of stages 
in said storage matrix, and coupled to said parity check 
ing circuit, for conditioning said storage matrix to record 
'machine-coded data only in the presence of said parity 
control signal; and actuation means, coupled to the stor 
age matrix, for setting said card punch in accordance 
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with the machine code signals stored in the storage de 
vice upon advancement of each record card from the 
scanning station to the punching station. 

4. In a card punch for punching data in record cards 
in accordance with a predetermined data code, including 
means, operable in accordance with a given machine code 
substantially different from said data code, for determin 
ing the data punched in the record cards, a control system 
for actuating the punch in response to data in the form 
of individual items, each including a given number of 
marks, on said cards in accordance with a parity code 
substantially different from both the machine code and 
the punch data code, said control system comprising: 
means for feeding record cards bearing parity code marks 
sequentially through a scanning station to a punching sta 
tion; photoelectric scanning means, located at said scan 
ning station, for scanning the code data marks on each 
of said cards and for developing parity-code signals repre 
sentative of the code data marks; an adding circuit, cou 
pled to said scanning means, for adding said parity-code 
signals together to develop an actuation signal having an 
amplitude determined by the total number of marks 
present in each code item; a parity-checking circuit, cou 
pled to said adding circuit, for developing a parity con 
trol signal indicative of the presence of said given num 
ber of marks in any given data item; a code translator, 
coupled to said photoelectric scanning means, for trans 
lating the parity-code signals into machine code signals; 
a storage device, coupled to the code translator, for stor 
ing the machine code signals; means, comprising a stor 
age-conditioning circuit coupled to said parity checking 
circuit and to said storage device, for preventing recorda 
tion in said storage device except in the presence of said 
parity control signal; and actuation means, coupled to 
the storage device, for actuating the card punch in accord 
ance with the machine code signals stored in the storage 
device upon advancement of each record card from the 
scanning station to the punching station. 

5. In a card punch for punching data in record cards 
in accordance with a predetermined data code, including 
means, operable in accordance with a given machine code, 
for determining the data punched in the record cards, a 
control system for actuating the punch in response to data 
recorded on said cards in the form of data marks and in 
accordance with a parity code substantially different from 
the machine code, said control system comprising: means 
for feeding the record cards sequentially through a scan 
ning station to a punching station; photoelectric scan 
ning means, located at said scanning station, for scanning 
the code data marks on each of said cards and for de veloping parity-code signals representative of the code 
data marks; a parity-checking circuit, coupled to said 
scanning means, for checking said parity-code signals to 
develop a parity control signal indicative of the presence 
of extraneous code marks or the absence of code marks 
one each of said cards; a code translator, coupled to said 
photoelectric scanning means, for translating the parity 
code signals into machine code signals; a storage matrix 
comprising a plurality of electrically actuated storage 
elements, coupled to the code translator, for storing the 
machine code signals; actuation means, comprising a cor 
responding plurality of actuating solenoids individually 
electrically coupled to said storage element, for actuating 
the card punch in accordance with the machine code 
signals stored in the storage device upon advancement 
of each record card from the scanning station to the 
punching station; and control means, coupled to said 
parity-checking circuit, for preventing actuation of the 
card punch in response to erroneous data marks on said 
cards. - - 

6. In a card punch for punching data in record cards 
in accordance with a predetermined data code, including 
means, operable in accordance with a given machine code, 
for determining the data punched in the record cards, a 
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control System for actuating the punch in response to 
data items in the form of groups of marks, on said cards, 
arranged in accordance with a parity code substantially 
different from the machine code, said control system com 
prising: means for feeding said record cards sequentially 
through a scanning station to a punching station; photo 
€lectric scanning means, located at said scanning station, 
for Scanning the code data marks on each of said cards 
and for developing parity-code signals representative of 
the code data marks; parity-checking means coupled to 
said scanning means, for checking said parity-code signals 
to develop a parity control signal only in response to 
sensing of a preselected number of data marks in a given 
data item, said parity checking means including an output 
circuit responsive to an applied signal, a pair of one-shot 
multi-vibrators coupled to said output circuit in bucking 
relation to each other and having substantially different 
input signal amplitude threshold levels, and voltage adder 
means for developing an input signal having an amplitude 
proportional to the number of marks sensed in a given 
data item and for applying said input signal to each of 
said multi-vibrators; a code translator, coupled to said 
photoelectric scanning means, for translating the parity 
tode signals into machine code signals; a storage device, 
coupled to the code translator, for storing the machine 
code signals; actuation means, coupled to the storage de 
vice, for actuating the card punch in accordance with the 
machine code signals stored in the storage device upon 
advancement of each record card from the scanning sta 
tion to the punching station; and means, coupled to said 
parity checking means, for modifying operation of the 
card punch in response to said parity control signal. 

7. In a card punch for punching data in record cards 
in accordance with a predetermined data code, including 
means, operable in accordance with a given machine code, 
for determining the data punched in the record cards, a 
control system for actuating the punch in response to 
data marks on said cards arranged in discrete items in 
accordance with a two-of-five parity code that is sub 
stantially different from the machine code and the 
punched data code, said control system comprising: means 
for feeding record cards bearing code data marks sequen 
tially through a sensing station to a punching station; 
photoelectric sensing means, located at said sensing sta 
tion, for sensing the code data marks on each of said 
cards and for developing parity-code signals representa 
tive of the code data items; a parity-checking circuit, 
coupled to said scanning means, for checking the parity 
code signals to develop a parity control signal only in 
response to parity-code signals, two code marks in each 
data item on a card; a code translator, coupled to said 
photoelectric scanning means, for translating the parity 
code signals into machine code signals; storage means, 
coupled to the code translator, and to the parity checking 
circuit, for storing the machine code signals only in re 
sponse to co-incident application thereto of the parity con 
trol and machine code signals; actuation means, coupled 
to the storage device, for setting the card punch in ac 
cordance with the machine code signals stored in the stor 
age device upon advancement of a record card from 
the sensing station to the punching station; and means for 
actuating the card punch to punch the card in response 
to sensing of a predetermined number of parity code 
items each including only two marks. 

8. In a card punch for punching data in record cards 
in accordance with a predetermined data code including 
means, operable in accordance with a given machine code, 
for determining the data punched in the record cards, 
a control system for actuating the punch in response to 
data printed on said cards in accordance with a parity 
code substantially different from the machine code, said 
control system comprising: means for feeding record 
cards bearing printed code data sequentially through a 
scanning station to a punching station; photoelectric 
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scanning means, located at said scanning station, for 
scanning the printed code data on each of said cards and 
for developing parity-code signals representative of the 
printed code data; a voltage adder, coupled to Said Scan 
ning means, for adding said parity-code signals to develop 
a parity signal having a given amplitude in response to 
two parity-code signals but a substantially different ampli 
tude in response to either more or less than two parity 
code signals; parity-checking means comprising an ampli 
tude sensitive circuit, coupled to said voltage adder de 
veloping a parity control signal only in response to a 
parity signal of said given amplitude; a code translator, 
coupled to said photoelectric scanning means, for trans 
lating the parity-code signals into machine code signals; 
a storage device, coupled to the code translator, for stor 
ing the machine code signals; and actuation means, 
colipied to the storage device and the parity-checking 
circuit, for actuating the card punch in accordance with 
the machine code signals stored in the storage device 
upon advancement of a record card from the scanning 
station to the punching station, said actuation means in 
cluding means for preventing actuation of the card punch 
until a preselected number of parity-control signals have 
been applied thereto. 

9. In a card punch for punching data in record cards in 
accordance with a predetermined data code, including 
means, operable in accordance with a given machine code, 
for determining the data to be punched in the record 
cards, a control system for actuating the punch in response 
to data items of predetermined number printed on said 
cards in accordance with a parity code substantially differ 
ent from the machine code, said control system compris 
ing: means for feeding record cards bearing printed 
code data sequentially through a scanning station to a 
punching station; photoelectric scanning means, located at 
said scanning station, for Scanning the printed code data 
on each of said cards and for developing parity-code sig 
nals representative of the printed code data; a parity 
checking circuit, coupled to said scanning means, for 
checking the parity-code signals to develop a parity con 
trol signal indicative of the presence of extraneous code 
marks or the absence of code marks on each of Said 
cards; a code translator, coupled to said photoelectric 
scanning means, for translating the parity-code signals 
into machine-code signals; a storage device, coupled to 
the code translator, for storing the machine code signals; 
actuation means, coupled to the storage device, for actuat 
ing the card punch in accordance with the machine code 
signals stored in the storage device upon advancement 
of each record from the scanning station to the punching 
station; and error circuit means, coupled to said parity 
checking circuit and to said actuation means, for prevent 
ing punching of the card in response to said parity con 
trol signal, and for preventing punching of the card upon 
occurrence of any deviation from the aforesaid predeter 
mined number of printed data items. 

10. In a card punch for punching data in record cards 
in accordance with a predetermined data code, including 
means, operable in accordance with a given machine code, 
for determining the data punched in the record cards, a 
control system for actuating the punch in response to data 
items of predetermined number printed on said cards in 
accordance with a parity code substantially different from 
the machine code, said control system comprising: means 
for feeding record cards bearing printed code data se 
quentially through a scanning station to a punching sta 
tion; photoelectric scanning means, located at said scan 
ning station, for scanning the printed code data on each 
of said cards and for developing parity-code signals rep 
resentative of the printed code data; a parity-checking 
circuit, coupled to said scanning means, for checking said 
parity-code signals to develop a parity control signal in 
dicative of any discrepancy from the exact number of 
code marks required for each data item in said parity 
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code; a code translator, coupled to said photoelectric 
scanning means, for translating the parity-code signals 
into machine code signals; a storage matrix coupled to 
the code translator, for storing the machine code signals; 
setting means, coupled to said storage device, for setting 
the card punch in accordance with the machine code 
signals stored in the storage device; actuation means for 
actuating the card punch; means, coupled to said parity 
checking circuit and to said storage matrix, for preventing 
punching of any data item in the record card in the 
presence of said parity control signal; and means for 
preventing punching of said data in said record card in the 
event of any discrepancy between the actual number of 
data items sensed and said predetermined number. 

’11. In a card punch for punching data in record cards 
in accordance with a predetermined data code, including 
means for determining the data to be punched in accord 
ance with a given machine code, a translation and control 
system for actuating the punch in response to data items 
of predetermined number pre-printed on the record cards 
in accordance with a parity-code substantially different 
from the machine code, said system comprising: scanning 
means for scanning the printed code data on said cards 
and for developing parity-code signals representative of 
the printed code data; a parity-checking circuit, coupled 
to the scanning means, for developing a parity control 
signal indicative of any deviation in the parity-code signals 
from the parity-code; code translator means, coupled to 
said scanning means, for translating the parity-code signals 
into machine code signals; storage means, coupled to the 
code translator means, for storing the machine code 
signals; means for setting the punch determining means 
in accordance with data stored in said storage means; 
means for comparing the actual punch settings with the 
initial data derived by scanning the printed code data, 
said comparing means including means for storing the 
data in predetermined complemental form; actuation 
means for actuating the card punch; and error circuit 
means, connected to said parity-checking circuit and to 
said comparing means, for preventing punching of the 
record card in response both to the parity control signal 
and to any indication of erroneous punch setting from the 
comparing means. 

12. In a card punch for punching data in record cards 
in accordance with a predetermined data code, including 
means for determining the data to be punched in accord 
ance with a given machine code, a translation and con 
trol system for actuating the punch in response to data 
items of predetermined number pre-printed on the record 
cards in accordance with a parity-code substantially 
different from the machine code, said system comprising: 
scanning means for scanning the printed code data on 
said cards and for developing parity-code signals rep 
resentative of the printed code data; code translator 
means, coupled to said scanning means, for translating 
the parity-code signals into machine code signals; storage 
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means, coupled to the code translator, for storing the 
machine code signals; means for setting the punch deter 
mining means in accordance with data stored in said 
storage means; means for comparing the actual punch 
settings with the initial data derived by scanning the 
printed code data, said comparing means including means 
for storing the data signals in predetermined form, means 
for sensing the actual punch settings to develop setting 
signals complemental to said predetermined form, and 
means for adding the data and setting signals; actuation 
means for actuating the card punch; and error circuit 
means, connected to said comparing means, for prevent 
ing punching of the record card in response to any indica 
tion of erroneous punch setting from the comparing 
CaS. 

13. In a card punch for punching data in record cards 
in accordance with a predetermined data code and includ 
ing groups of detail cards each followed by a summary 
card, said punch including means for determining the 
data to be punched in accordance with a given machine 
code, a translation and control system for actuating the 
punch in response to data items of predetermined number 
pre-printed on the record cards in accordance with a 
parity-code substantially different from the machine code, 
said system comprising: scanning means for scanning the 
printed code data on said cards and for developing parity 
code signals representative of the printed code data; code 
translator means, coupled to said scanning means, for 
translating the parity-code signals into machine code sig 
nals; storage means, coupled to the code translator, for 
storing the machine code signals; means for setting the 
punch determining means in accordance with data stored 
in said storage means; means for comparing the actual 
punch settings with the initial data derived by scanning 
the printed code data, said comparing means including 
means for storing the data signals in predetermined com 
plemental form; actuation means for actuating the card 
punch; accumulator means, coupled to said scanning 
means, for accumulating data from the detail cards; addi 
tional scanning means for sensing the presence of a sum 
mary card; means for comparing the data from a sum 
mary card with the accumulated data in said accumulator; 
and error circuit means, connected to said comparing 
means, for preventing punching of a record card in re 
sponse to an indication of erroneous punch setting from 
the comparing means and in response to an indication of 
a discrepancy between accumulated data in the accumula 
tor and data derived from the summary card. 
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