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This invention relates generally to means for transfer-
ring data and it specifically relates to a device for trans-
ferring information data from a first memory device to
another one or to a plurality of other memories or de-
vices. The invention is useful in those cases where it is
necessary to selectively transfer, at certain steps of a pro-
gram, information data contained in predetermined posi-
tions of the first memory device.

In partial data transfer devices conventionally used
in electronic computing machines, the entire contents of
the memory is scanned and the selection of the informa-
tion data to be transmitted is performed by control cir-
cuits acting to block the flow of the information data not
to be transmitted. This process generally results in a
wasted extension in the time of data transfer. Addi-
tionally, in the case of magnetic core memories, if the
readout erases the information it is indispensable to later
rewrite the said information in the memory.

This invention has for its principal object transfer
means operable to avoid these drawbacks and is char-
acterized in that during a partial transfer, only that se-
lected data contained in predetermined parts of the whole
memory is read out.

Another object of the invention resides in the provision
of novel means adapted to scan a memory by the use
either of a single or the combination of a plurality of
scanning matrices.

Yet another object of the invention resides in the pro-
vision of scanning matrices comprising multicontact elec-
tromagnetically operated switches or relays where each
relay is energized during a scanning cycle for selecting
predetermined sections of a memory device.

Another object of this invention resides in the provision
of a single pulse emitting chain for simultaneously read-
ing out information data contained in a predetermined
part of the memory and for entering this data, thus se-
lected in a second memory device.

Another object of the invention resides in the provi-
sion of means for entirely emptying the contents of a
memory device by repetitively and sequentially selecting
predetermined memory sections for read-out.

The objects and advantages of this invention will be-
come apparent from the following description relating to
an example of embodiment applicable to supply data to
a printing device for a calculator. It will be assumed
that the said first memory is of such a size that it will
contain all the information data required for defining a
plurality of characters to be printed on a line. The print-
ing device, which forms no part of this invention, com-
prises a plurality of typebars, the number of which is
lower than the number of characters to be printed on a
line. This being the case, the printing is performed in
successive cycles; for example, if a printed line comprises
120 characters and if there are 9 typebars, the printing
of the line will be performed in 14 separate cycles. On
the first cycle 9 typebars will simultaneously print the
ist, 15th, 29th . . . 113th characters. At the end of
the 1st cycle the typebar assembly will be shifted by one
character position, and at the 2nd cycle the typebars will
print the 2nd, 16th, 30th . . ., 114th characters, the
process being repeated until the 14th cycle. It will be
apparent that in the chosen example, the last typebar
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will print nothing during the last 6 cycles. At the be-
ginning of each cycle the elements of the part of the
first memory defining the 9 characters to be printed dur-
ing the cycle are transferred into the second memory
associated with the print device. The print is performed,
which causes the second memory to be emptied, and the
machine is ready for the next cycle.

In the following text, the term “machine cycle” is de-
fined as the interval of time required for a complete trans-
fer of the first memory into a second memory. The term
“print cycle” is defined as the interval of time required
for a partial transfer, a use of the transferred data (print-
ing) and erasure of the second memory. In the chosen
example, one machine cycle comprises 14 print cycles.
Terminology aside, the invention should not be con-
strued as being limited to those cases where simple data
transfers are used for printing operations. The inven-
tion relates to all partial transfers and successions of par-
tial transfers, whether this succession covers all of the
information stored in the first memory or not. It will
be apparent that the term “memory” must be taken in its
general sense and thus is not limited to transient storage
devices useful in computing machines and designed for
buffering information data to be later transmitted to
counters or printing devices, but can be applied to these
devices themselves. Thus, for example, one would not
depart from the scope of this invention, if the read pulses
of the first memory, instead of being sent, as it is in the
described example, to a thyratron memory, would be
applied directly to the typebars. In this case the typebars
themselves would define, by their positions, the characters
to be printed and thereby would form the second memory.

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

In the drawings:

FIG. 1 shows a general block diagram of the device.

FIGS. 2 to 5 represent the basic circuits used in various
parts of the device.

FIGS. 5d through 54 represent waveforms.

FIGS. 6, 7 and 8 represent timing circuits.

FIGS. 9 and 10 show a chronological diagram of the
timing pulses.

FIGS. 11 to 15 show scanning circuits.

FIG. 16 represents a time diagram of the scanning
pulses.

FIG. 17 shows reading and output circuits,

FIG. 18 shows a time diagram of the reading and out-
put pulses.

FIG. 19 shows a scanning matrix which is comparable
with that of FIG. 11, and is an alternative embodiment of
the invention.

FIG. 20 is an assembly diagram showing intercon-
nections between FIGS. 1, 7, 10, 11, 12, 14 15 and 17.

General Description

The whole assembly of the device, diagrammatically
shown in FIG. 1, comprises:

A. A timing section incorporating a cycle distributor
1, a cycle divider 2, and a thyratron conditioning cir-
cuit 3.

B. A scanning section comprising a vertical scanning
matrix 4, a horizontal scanning matrix 5, a vertical scan-
ning pulse generator 6 and a horizontal scanning pulse
generator 7.

C. A memory reading section. In the described de-
vice there are 7 read sections all operating in parallel.
Each section is associated with one of 7 core planes (or
arrays) of a magnetic core memory in which is stored
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all of the information data to be transferred (each core
plane corresponds to one of the 7 binary elements used
to define a character). Each of the 7 read sections com-
prises a read circuit 8 and a pulse stretching device 9.

D. Output sections, comprising thyratron second mem-
ories 10 each of which is associated with one of the
read sections C.

This invention is adapted to be used in conjunction
with a printing device of the type which is disclosed in a
copending application of H. S. Beattie, et al., Serial No.
555,026 filed on December 23, 1955. In summary, this
application discloses a printing mechanism comprising
a single type element having numeric, alphabetic and
special characters engraved thereon. Carriage mecha-
nism is provided for advancing the print element, column-
by-column across a paper carriage. The printing mech-
anism here contemplated is provided with 9 separate
type elements as above explained thereby providing for
a greatly increased speed of printing.

Before proceeding with the description of the various
blocks, some details are given herebelow on the basic
component circuits.

Component Circuits

Before proceeding with a detailed description of the
various circuits, a brief description of representative ones
of the various circuit units utilized in the invention will
be given. It will be noted in the various circuit draw-
ings that the individual units making up each circuit, are
indicated as a box which is labeled according to the
particular type of unit that is represented.

Amplifiers and inverters—Amplifiers and inverters as
contemplated in this invention utilize circuits employ-
ing solid state device such as transistors rather than high
vacuum tubes.

FIG. 2a shows a diagram of an amplifier-inverter in
which the collector serves as the output, constructed as
a P-N-P transistor. In the following diagrams such
an inverter is represented in a simplified manner, as shown
in FIG. 2b, by a box labeled inverter-I. Input 16 is
represented in the lower left part, and output 17 in the
upper right part.

FIG. 2¢ represents the diagram of an emitter-follower
amplifier in which the emitter serves as the output. In
this embodiment the use of an N-P-N transistor is con-
templated. In the following diagrams an inverter such
as this is represented in a simplified manner, as shown
in FIG. 2d, by a rectangle labeled inverter-E;. Input
18 is indicated in the lower left part, and ouput 19 in
the upper right part. This circuit is used to obtain
power amplification rather than a voltage amplification.

Triggers—The triggers used are bistable circuits hav-
ing two outputs, both stable states being characterized by
a high potential condition at these outputs. In one of
these states, conventionally called the “rest condition,”
the first output (the left output) is at a high potential, and
the second output (the right output) is at a low potential.
In the other state called the “operation condition” the
left ouput is at a low potential, whereas the right out-
put is at a high potential. An input corresponds to each
output. The application of a negative pulse with suf-
ficient amplitude at the input corresponding to the low
potential output, or that of a positive pulse with sufficient
amplitude at the input corresponding to the high potential
output, causes the trigger to change from one state to
the other.

The triggers may be constructed in various ways, and
the circuit contemplated in this invention takes the form
of a transistorized circuit as is shown in FIG. 3a. In
the figures of this description the triggers are repre-
sented, as shown in FIG. 3b, by a rectangle designated
trigger, inputs 12 and 13 being represented on the sides at
the lower part, and outputs 14 and 15 above.

Thyratrons.—The thyratrons provided for use in the
embodiment of this invention are two-grid thyratrons of
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the 2 D 21 type. The circuit in which these thyratrons
are used is shown in FIG. 44. Both grids normally are
biased by a voltage of —100 v. and ignition of the thyra-
tron requires the presence of a pulse of at least the bias
potential to be applied to both grids.

The thyratron and their circuits are represented in
a simplified manner, as shown in FIG. 4b, by a rectangle
designated thyratron. Both inputs 2¢ and 21 are shown
in the lower left part and ouput 22 on the upper right
side. If one of the grids receives an advance condition-
ing voltage enabling ionization to develop as soon as a
shorter voltage pulse is applied to the second grid, that
fact is indicated by a diamond placed in proximity to
the input on which the conditioning voltage is applied,
i.e. input 20 in FIG. 4b.

“4AND” ecircuits—An AND circuit is constructed, as
shown in FIG. 5a, by a number of diodes (three in the
case of the figure) having separate inputs 23, 24, 25,
and a common ouput 26. The diodes are constructed to
conduct in output-input sense. Common output 26 is
connected through resistor 16 voltage more positive than
the normal potential of the inputs. The potential of
the common output, therefore, is equal substantially to
that of the input with a lower potential so that if all in-
puts normally have the same potential, a positive pulse
will be transmitted to the output only if it is applied to
all the inputs at the same time.

AND circuits are shown in a simplified manper by the
diagram of FIG. 5b, which is indicated by a triangle en-
closing an ampersand sign. The ampersand sign through-
out the drawings is used to indicate AND circuits, In
the case of an AND circuit with two inputs, where one
receives in advance a conditioning positive pulse capable
of producing an output pulse as a shorter pulse arrives
at the other input, this is represented by a diamond placed
in proximity to the input on which the conditioning volt-
age, as is shown in FIG. 5b.

Diode gate—An AND diode gate (FIG. 5¢) comprises
two inputs 27 and 28 connected to a common point 29.
The first input is connected through a resistor 17 and the
second through a capacitor 18. Common point 29 is
connected to common output 30 of the gate through a
diode which is considered to be conducting in the input-
output direction.

If the potential of input 27 is maintained at zero
level the application of a square positive pulse at input
28 will cause a voltage variation at point 29, shown by
curve in FIG. 5d, and comprising a positive peak corre-
sponding to the leading edge of the signal and a negative
peak corresponding to the trailing edge (curve represent-
ing the result of the differentiation of the signal by the
capacitor 18 and the resistor 17). As the diode operates
to clip the negative portion, only the positive portion of
the signal will appear at point 30.

If, in the absence of a signal at 28, a positive voltage
is applied to 27, this voltage will set up progressively
at 29, the assembly of the resistor-capacitor 17—18 serv-
ing as an integrating circuit, and the potential at 30 will
follow the potential at 29 as represented in FIG. Se.

If, at the same time, two square positive signals of the
same amplitude are applied, one to 27 and the other to
28, the voltage at 29 immediately will take a value com-
mon to the voltages at 27 and 28, and the situation will
be the same for the voltage at 30. The subsequent varia-

5 tion of the voltages at 29 and 30 will depend on the

relative position in the time of the trailing edge of the
two signals, but these voltages never will overshoot the
common amplitude (FIG. 5f).

On the other hand, if a positive conditioning voltage
is applied in advance at 27, and if the capacitor 18 has
been charged, then when a square positive signal is also
applied to 28, a voltage is developed at 29 having a peak
value which will be substantially the sum of the ampli-
tudes of the two signals. The shape of the curve rep-
resenting the voltage at 29 is given in FIG. 5g, assuming
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that the signal voltage applied to 28 ceases before the
second signal is applied to 27. The voltage at 30 will,
of course, be identical to that at 29.

If the output 30 is biased it is possible to cause the
gate to pass only voltage variations exceeding the bias
voltage level. Hence, if the output is biased at a level
equal to that of the amplitude of the signals applied
to 27 and 28, in the case just mentioned, a voltage is
obtained at output 30 which is represented by the curve
in FIG. 5h. In all the other cases there is no voltage
variation. Thus the gate, in this case, serves the purpose
of a conditioned AND circuit, that is, an AND circuit
in which the output signal requires not only the simulta-
neous existence of two signals at the input, but also the
applicaton of one of these signals prior to the other.

The signal appearing at 3¢ may be directed, through
a capacitor, to one of the inputs of a trigger. If the
various bias voltages are so adjusted that the peak volt-
age developed in the case shown in FIG. 5g or 5k are
such as to cause a change of state, then it will be seen
that the switching requires the following conditions:

(a) Previous development of a signal at 27.

() Application of a signal at 28 before the end of
the signal directed to 27, but after the voltage at 29
has reached a value close to that of the voltage at 28.

The time of the switching, in this case, will correspond
to the rise time of the leading edge of the signal impressed
upon 28. It will also be apparent that a negative signal
could be applied to 28 instead of a positive signal. Then
it would be the peak corresponding to the fall time of
the trailing edge of the signal that causes the desired
effect.

In the following description, the diode AND gates of
FIG. 5c are shown in a simplified manner in the diagram
of FIG. 5i, the diamond corresponding to the input upon
which the first or conditioning signal must be applied.

For convenience, this input is designated by the term
“slow input” and the term “fast input” designates that
to which the second signal is directed.

Print Cycle Distributor

During a machine cycle, the print cycle distributor
(FIG. 6) successively connects 14 circuits to a positive
voltage source, the break of each circuit preceding the
make of the next one, and each such circuit is thus con-
nected to the source during the major part of one of the
14 print cycles.

The print cycle distributor comprises 14 cams, 31
through 44, each of which closes the potential feed of
one of these 14 circuits. These cams are mechanically
driven by the machine through devices not shown, and
complete one revolution per machine cycle., Correspond-
ing circuits are designated respectively a, through ayg.

A 15th cam 45, which completes one revolution per
cycle, connects circuit d to a positive voltage source dur-
ing a part of each cycle. Circuit d serves the purpose of
starting the operation of the print cycle divider.

Print Cycle Divider

The print cycle divider (see FIG. 7) comprises:

(a) An oscillator 51

(b) Primary chain 52

(c) Starting device 53

(d) Scanning chain 54

The oscillator—Oscillator 51 provides high frequency
oscillations of the order of 250 kilocycles. These
oscillations are transformed through differentiating cir-
cuits into a pulse series in which the pulses are alter-
nately positive and negative going.

Primary chain—The primary chain 52 is a ring counter
comprising 5 triggers, b; through b5, and 5 AND circuits
e, through e;. Each AND circuit receives at one of its
inputs the output of oscillator 51, and at the other the
right output of the trigger designated by the same refer-
ence subscript. The output of each AND circuit is

10

20

30

40

50

60

70

75

simultaneously directed to the left input of the correspond-
ing trigger and to the right input of the next trigger. The
output of AND circuit ¢; is directed to the left input of
b5 and to the right input of b;.

At any given moment assume that trigger b; is On.
Then the first puise from oscillator 51 passes through cir-
cuit e; (the second input connected to the right output
of b, being at that moment at a high potential), and is
applied at the same time to the left input of b,, as well
as to the right input of b, causing b, to assume the Off
stable state and b, to flip to the On condition. The order
of the trigger being On advances by one unit through
the chain for each positive pulse received from oscillator
51. The switching of b5 to Off is accompanied by that
of b; to On. DPulses produced at the right outputs of
triggers b; and by are labeled, respectively, pulse R (or
reset puise} and pulse A (or read pulse). Pulses R and
A are used for the timing of other circuits to be described
hereafter. Pulses are also produced from the right output
of trigger b5 and are labeled B pulses (or write pulses).
These pulses may be used for reading without deletion, as
will be seen later on.

Starting device—Starting device 53 comprises two
AND circuits 61 and 62, both receiving A pulses at one
of their respective inputs. The second input of 61 is
connected to circuit d in FIG. 6, for the purpose of re-
ceiving advance conditioning pulses as provided by circuit
breaker 45, during part of each print cycle. Resistors 63
and capacitor 64 serve the purpose of eliminating transient
oscillations which could develop at the moment when
the cam contact makes. The second input of 62 is con-
nected to the output of a pair of inverters 65 in series,
the input to the pair of series inverters connected to cir-
cuit d. The outputs of 61 and 62, respectively, are con-
nected to the right and left inputs of a trigger 66. At the
first A pulse following the make of circuit d, trigger 66
switches to Off. Trigger 66 is switched back to On at
the first A pulse following the break of circuit d. The
right output D of trigger 66 is connected to the right input
of trigger 67, the left input of which is connected to the
output of AND circuit Eg of chain 44, to be described
later. The right output of trigger 67 is connected to ter-
minal Py. The pulses produced by this trigger are used
for synchronization purposes and serve particularly to
start scanning chain 54.

The scanning chain.—Scanning chain 54 is an open
chain comprising 9 triggers B; through By, and 9 AND
circuits E, through Eg. The arrangement of this chain
is the same as primary chain 52, with the difference that
the output of the last AND circuit is not connected to the
right input of the first trigger. It is connected, as already
mentioned above, to the left input of trigger 67 of the start-
ing device. All the triggers By through B, normally are
in the Off stable state. The switching of trigger B, to
the On state is controlled by AND circuits 68 and 69. The
inputs of AND circuit 68 are connected to the left out-
puts of triggers B, through By, and to the right output of
trigger 67. In the interest of clarification a single AND
circuit is shown, Actually in practice it is desirable to
split it up in several smaller cooperating AND circuits.
The inputs of the second AND circuit 69 are connected
to the output of AND circuit 68 and to the right output
of trigger b, in the primary chain. It will be recalled
that this circuit produces R pulses. As a positive voltage
develops in circuit P, as a result of the switching of
trigger 67, the output of AND circuit 68 is positive, in
fact all of the triggers By through B, left outputs are
positive since these triggers are Off stable state. At the
next R pulse, a positive voltage is applied to the left
input of B, causing it to switch to its On stable state, and
causing the potential at its right output to rise. At the
next R pulse trigger B, switches to Off and trigger B, to
On through a mechanism similar to that which has been
set forth in connection with primary chain 52. At each
of the next succeeding R pulses the order of the trigger
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being On progresses by one unit. AND circuit 58 prevents
switching back to On condition by reason of the fact that
the low potential of the left output of the trigger which
is On blocks the opening of AND circuit 58. At the A
pulse, following the switching of By to On, By comes back
to Off (all the triggers of the chain then are in Off con-
dition), and trigger 67 which was On is switched Off.
Pulses produced on the right outputs of triggers B,
through By are connected to circuits Py through Py.

Time Diagrams

FIG. 8 represents, during a time slightly longer than
a machine cycle, the voltages in circuits @, through ay,,
and also that in circuit d (these circuits are shown in
FIG. 6).

In FIG. 8, references t; through 14 designate the times
when cams 31 through 34 close circuits a; through a4
(FIG. 6).

FIG. 9 represents, during a time slightly less than that
of a print cycle, i.e. that time included between ¢’ and
in FIG. 8, the voltages in circuit d and present at out-
puts R, A, B, D, Py, P, through Py of the cycle divider
shown in FIG. 7, as well as the differentiated signals
produced by oscillator 51.

In FIG. 9, it can be seen that:

Primary chain 52, operating as a ring chain, produces
pulses R, A and B which develop regularly every time
oscillator 51 has produced 5 oscillations. The time dura-
tion of the individual pulses R, A or B is, therefore, equal
to a period of the base oscillator.

The pulse voltage present at D (right output of trigger
66) switches to its low Off value at the first A pulse fol-
lowing the energization of circuit d (action of AND cir-
cuit 61) and returns to its high value On at first A pulse
following the break of circuit breaker 45 (action of AND
circuit 62).

Voltage P, (right output of trigger 67) switches to
its high value when voltage D switches to its low value.

Circuits P, through Py successively receive a pulse the
duration of which is equal to that of the entire operation
cycle of chain 52 (that is 5 periods of the oscillator), the
pulse at P; being produced at the same time as the first
R pulse following the potential rise of P, (action of AND
circuit 68).

The end of pulse at Py causes the potential of Py to
return to its low value (action of circuit Eg) and switch-
ing of trigger 67. Scanning chain 54 remains in this
state for the remaining time of the print cycle.

Thyratron Conditioning Circuits

The thyratron conditioning circuit (FIG. 10) com-
prises 9 two-stage amplifiers. A single amplifier is shown
in the figure, each stage thercof being an inverter. The
inputs of these amplifiers are, respectively, connected to
terminals P; through P;. The amplifier outputs are
designated P’; through P’;, and the pulses produced
thereat have the same sense as those transmitted through
input cirouits P; through Py.

Circuits P’; through P’y are, respectively, connected
to the inputs of thyratrons 101 to 109 (FIG. 17), to be
described below.

Scanning Block

The scanning block serves the purpose of distributing
to the elements of the first memory array the pulses pro-
duced by the pulse distributing chain.

In order to secure a better understanding of the de-
scription and operation of these circuits, it will be helpful
to describe briefly the arrangement of the memory, an
array of which is shown in FIG. 17.

Memory —The memory is composed of 7 arrays each
corresponding to one of six bits which define a character
to be stored. The six bit code is comprised of two so-
called zone bits (Zone 1 and Zone 2), and four binary
coded-decimal bit positions 1, 2, 4 and 8. As is customary
each bit, of course, is given a value of 0 or 1. Combi-
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nations of the values of the 6 bits provide for 64 different
characters. An additional seventh bit position is pro-
vided for the six bit code and is known as the redundancy
bit position. The redundancy or seventh bit is a check-
ing element, the value of which is 0 or 1 according to
the evenness of the number of the other elements having
value 1. If the value of one of these 6 elements is modi-
fied accidentally, non-concordance of the value of the
checking element is used to disclose the error. The check
may be performed in the printing device and an example
of such an embodiment is described in the aforesaid
application for patent by H. S. Beattie et al, filed on
December 23, 1955.

Each of the 7 memory arrays comprises 120 saturable
magnetic cores, each having two stable states. Satura-
tion in one direction represents value 0 and that in the
other direction represents value 1. These cores are ar-
ranged in 10 rows and 12 columns in each array. Each
core has two windings, respectively labeled “row winding”
and “column winding.” Row windings are disposed ac-
cording to a serial arrangement just as are the column
windings of all the cores of the same column.

Besides the aforesaid windings, the cores are, in prac-
tice, provided with additional windings used in “write”
operations. These operations not coming within the
scope of this invention, the windings and their associated
circuits have not been shown.

In order to “read out” the information stored in any
selected one of the cores, simultaneous pulses are directed
into both row and column windings. Each pulse, indi-
vidually, is insufficient to change the state of the core.
Therefore, they have no effect on the other cores of the
row and those of the column except the selected core
at the particular coordinate intersection. However, the
combination of the two pulses, taken in a suitable direc-
tion causes switching of the coordinately selected core to
state 0 if it was in state 1, and does not change its state
if it was in state 0. A common readout wire traverses
all the cores. If the core, which has received the double
pulse, changes its state it induces a voltage pulse in this
line, and the presence of this pulse indicates that the
core was in state 1 whereas the absence of pulse indicates
that it was in state 0.

If the core is to be reset into its initial state rewrite
pulses are directed into circuits, not shown, this opera-
tion being irrelevant to the scope of this invention.

Rows are numbered L, to Ly, and columns Cy to Cyy.
Cores are numbered 0 to 119, the units digit in the
number of a core being equal to the number of its row,
while the tens digit corresponds to the number of its
column.

Row windings are fed through ten circuits Ly through
L,, and column windings through 12 circuits C, to Cyy.

In this preferred embodiment of this invention there
is a group of circuits Ly through Ly and C, through Cyy
for every one of the 7 memory arrays, only one of which
is illustrated in FIG. 17. However, it is also possible to
set in series the 7 circuits corresponding to the same row
or the same column in the various arrays.

The scanning operation—During each print cycle it is
necessary to successively read out the information in
those cores corresponding to the rows of the characters
which are to be printed during a printing cycle. The use
of 9 typebars provides for the printing of 9 characters.
During the 14 printing sub-cycles it is possible to print a
total of 14X 9=126 characters, but since memory arrays
comprise 120 cores, the last typebar will not be used
during the last 6 cycles.

The scanning is performed by a vertical scanning
matrix and a horizontal scanning matrix.

The vertical scanning matrix—The vertical scanning
matrix serves the purpose of distributing pulses to the
rows of the memory.

It should be noted that during each cycle, the first and
sixth pulses will cause the readout of two cores placed
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in the same row, since their number has the same unit
digit (0 and 70 at the first cycle, 1 and 71 at the second
cyele). So it is for the seccnd and seventh pulse, as also
the third and the eighth. The fourth and the ninth pulse
will cause at the first occurring eighth cycle readout of
the cores placed in the same row. Beginning with the
ninth cycle, the ninth pulse will not be transmitted.

The vertical scanning matrix is shown in FIG, 11, It
comprises 14 six-contact relays. Each of the 14 relays
R, through R4 is connected to one of the circuits ay
through a;4 cam-connected to the current supply during
successive print sub-cycles, (See FIGS. 6 and 8). The
first contact of each relay Ry, through Ry controls the
distribution of pulses from outputs P; and Pg of scanning
chain 54. (See FIGS. 7 and 9.) The second R,y through
Ry4p controls the distribution of the pulses from outputs
P, and P;. The third R;¢ through Ry controls the dis-
tribution of pulses from P; and Pg. The fourth Rjp
through Ry4p controls the distribution of the pulses from
P,. The fifth R;g through Ry controls the distribution
of the pulses from P;. The sixth R,z through Rgg con-
trols the distribution of the pulses from P,.

The pulses which traverse these contacts are directed
into circuits M, through M, associated with vertical scan-
ning pulse generators hereafter described with read cir-
cuits L, through Ly, previously mentioned. As shown in
the figure these circuits M are so selected that their order
is equal to the unit digit in the number of the cores to
be scanned,

In order to avoid back circuits, rectifiers 71 through
76 have been inserted in the input circuits,

It should be noted that the circuits P, and Py could be
connected in the same way as circuits P; and Pg.  In this
case then a switch should be inserted in circuit Py which
would be opened, ie. through cams, during cycles 9
through 14.

Also, it should be noted that the application of the
pulses at the 11th cycle, being the same as at the first
cycle, relays R; and Ry could be replaced by a two-coil
relay. The same combination could be applied to relays
Rz and R12, R3 and R13’ and Rg and R14.

The horizontal scanning mairix—The horizontal scan-
ning matrix (FIG. 12) is similar to that of the vertical
scanning matrix, but since the 9 pulses are used in the
scanning of the eleven columns of the arrays, the relays
have 11 contacts (only the first two and the last two con-
tacts have been represented in the figure). These con-
tacts are connected to circuits Cy through C,;; (FIG.
17), which in turn are connected to the horizontal scan-
ning pulse generators described hereafter.

Scanning matrix simplification—Hereinabove, in the
preferred embodiment of the invention, the description
has dealt with a structure wherein the number of print
cycles and typebars is different from the number of rows
and columns in the memory to be scanned. It will be
apparent to those skilled in this art that in the case of 10
print cycles and 12 typebars the circuits may be simpli-
fled substantially, each row being scanned during one
cycle, and each circuit in the pulse generation chain being
always intended for the same column, whatever the cycle.

As a result, the vertical scanning matrix relays need
rave only one contact (FIG. 13) while the horizontal
scanning matrix may be suppressed. As a matter of fact,
t is enough to permanently connect each one of the cir-
;uits Py through Py, to one of the circuits Cy through Ciq,
o provide for this simplified embodiment.

Vertical scanning pulse generator.—These generators
ierve the purpose of producing, from pulses directed into
ines M; through Mg by the vertical scanning matrix,
»ulses with an amplitude, a shape, a duration and a posi-
ion in time enabling data information entered in the
nemory to be read out correctly,

The vertical scanning pulse generator (FIG. 14) com-
rrises for each row of the memory:

(1) An AND circuit 81, one input of which is con-
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nected to circuit 1 corresponding to the row to be scanned,
the other input being connected to circuit Py from the
cycle divider (FIG. 7). The potential of circuit Py is
set at its high level during the part of the print cycle as-
signed to scanning (FIG. 9).

(2) A second AND circuit 82, one input of which is
connected to the output of the preceding AND circuit,
the other input being connected to circuit A of the cycle
divider (FIG. 7). Circuit A transmits pulses the dura-
tion of which is equal to one-fifth of that of pulses trans-
mitted from circuits Py to circuits m, the beginning of
which coincides with that of the latter (FIG. 9).

(3) A distributing amplifier 83 the input of which is
connected to the output of the preceding AND circuit
and the output connected to all seven circuits L, corre-
sponding to the 7 magnetic core arrays (vertical scanning
circuit of the memory), corresponding to the row to be
scanned.

The first AND circuit is not needed in normal opera-
tion. It serves for certain checks to be made in cycle
divider operation without scanning the memory.

The second AND circuit governs the duration and po-
sition in time of the scanning pulses produced at the out-
put of amplifier 83 and distributed among the 7 memory

5 arrays. By way of example, FIG, 16 represents the time

diagram of the scanning pulses during the 4th cycle (dur-
ing which circuits Py, Py, P; . . . Py are connected, re-
spectively, to circuits Mz, My . . . M; through the ver-
tical scanning matrix).

Horizontal scanning pulse generator—This generator
(FIG. 15) is constructed similarly to that of the vertical
scanning pulse generator and operates in the same
manner.

Other scanning arrangements—As previously men-
tioned, in the present invention the memory cores com-
prise two windings forming a part each of a group of
windings arranged in series. Without departing from the
scope of the invention, it could be possible to replace
that arrangement by single individual windings. The
number of scanning circuits, instead of being equal to
the sum of the number of rows and columns, would
become equal to that of the cores, but only one scanning
matrix would be needed instead of two.

Also, each core might be provided with more than two
windings so that the order of the core would be defined
by as many parameters as there are windings involved.
All core windings corresponding to the same parameter
are connected in series. The change of state of a core
thus will require the development of simultaneous pulses
in all the windings of this core. In this case, as many
scanning matrices are needed as there are windings in
each core.

Reading and output assemblies—FIG. 17 shows a read
device 8, a pulse amplifying and stretching device 9, and
a group of thyratrons 10. It will be recalled that 7 groups
of similar devices exist, each of which corresponds to one
of the 7 bits which define a character. These 7 assemblies
operate in a parallel fashion.

Read devices—The magnetic core memory has pre-
viously been described in connection with the scanning
circuits. It is sufficient to recall that through the scanning
of rows and columns, and successively during the process
of each print sub-cycle the 9 cores of each array which
contain the bits corresponding to the characters to be
printed during this cycle are scanned. This scanning is
expressed in pulse trains in read lines 91 conmnected to
the sense windings.

Pulse amplifying and stretching devices.—Pulses ap-
plied to lines 91 have a too low an amplitude and a too
short a duration to be used directly. Pulse amplifying
and stretching devices transform these into other pulses
having a suitable form, duration and amplitude so that
they can be applied to the output thyratrons.

In the described example, such a device comprises:
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(1) An amplifier 92 with its input connected to read
line 91.

(2) An AND circuit 93 which receives on one of its
inputs the output pulse from amplifier 92, and on the
other input pulse Py from the cycle divider (see FIGS.
7 and 9).

(3) A trigger 94 which is normally in On stable state.
This trigger receives on its right input, signals from the
output of amplifier 92 which switch it to Off condition,
and on its left input, signals R from the print cycle
divider (FIGS. 7 and 9) which switch it to On condition.

(4) An amplifier 95 which amplifies the signals pro-
duced on right output of trigger 94. Sngals developed on
output circuit 96 of this amplifier are directed to the out-
put thyratrons 101 through 109.

The same signals may be used in association with sig-
nals B from the print cycle divider (FIGS. 7 and 2) so as
to cause rewriting, in the magnetic core memory of the
information data erased by the reading operation. Inas-
much as the writing circuits do not form part of this in-
vention they are not described here.

In FIG. 18 a time diagram of the signals developed
during a complete scanning operation is shown. During
the time that pulse P, is active the following circuits are
energized: outputs R, A, Py of the print cycle divider
(FIG. 7); read line 91—and it has been assumed that the
1st, 3rd, 4th and 7th cores scanned during the print cycle
considered would change their state under the action of
the scanning pulses; output 96 of the pulse amplifying
and stretching device.

FIG. 18 also shows signals which are developed in the
first three output circuits P’;, P’p, P’; of the thyratron
conditioning circuit (FIG. 10), and it will be recalled that
these signals are similar to the signals developed at out-
puts Py, Py, P; of the print cycle divider.

It will be appreciated that AND circuit 93 is not needed
for normal operation. It only serves the purpose in cer-
tain check operations of scanning the memory without
affecting the output thyratrons.

Output thyratrons—Each of the 7 parts of the output
memory comprises 9 two-grid thyratrons 101 through
109 which can be ignited only by the simultaneous oc-
currence of positive voltages on the two grids. One of
the grids is connected to the output 96 of the pulse stretch-
ing device and the other to one of the output circuits P’y
through P’g of thyratron conditioning circuit 3.

During the progress of each print cycle, the thyratrons
successively receive impulses at their inputs P’ and those
also simultaneously receive a pulse from circuit 96. For
example, in FIG. 18 of the thyratrons 101, 103, 104, 107
are ignited and will so remain ignited until the end of
the print cycle. At the completion of this cycle, a cam-
controlled switch, not shown in the figure, opens the
anode circuit causing all the thyratrons to be extin guished.

It will be apparent that thyratrons could be replaced
by any other device operable to maintain a stable state
after it has been energized, i.e. transistorized amplifiers
associated with hold circuits may be used.

Operation

The operation of the various elements of the system
having been explained in connection with the description
of these elements, the operation of the assembly will be
described briefly hereafter. It will be assumed that power
has been applied and base oscillator 51 is operating. As
a result, base chain 52 also is operating and pulses R and
A are being continuously produced.

First print cycle—At the beginning of the first print
cycle cam 31 energizes circuit a, then cam 45 energizes
circuit d. At the first pulse A, AND circuit 61 switches
trigger 66 to Off and the pulse developed at output D of
the latter switches trigger 67 to On, whence a voltage rise
is produced in circuit Pg.

The first time R pulse occurs following the rise in
voltage Py, the scanning chain starts operating. Pulses

[543

10

20

25

30

40

50

60

70

75

12

are now produced successively at outputs P, through Ps.

These pulses are applied simultaneously to:

(1) The horizontal scanning matrix (FIG. 11) which
causes relay R, to be energized and to cause the successive
production of pulses in circuits Mg, Mg, My, M, M, Mg,
M, My, M, M, Subsequently, generators 6 operate to
produce the development of shorter pulses coinciding with
pulses A in circuits Lo, Ly, Lg, L2, Lg, Lo, Ly, Lg, Ly, suc-
cessively.

(2) The vertical scanning matrix (FIG. 12) which
causes relay R’; being fed the successive development
of pulses in circuits cg, €1, €3, €4 Cs €7, Cg, Cgy €1y, @and
subsequently to cause shorter pulses (coinciding with
pulses A) to develop in circuits Cy, Ca, Cy, Cs, Cy, Cys Co,
Cu.

As a result, all memory array cores of order ¢, 14,
28, 42, 56, 70, 84, 98, 112 receive, one after the other
simultaneous pulses in their two windings. Those cores
which were in state 1 switch to state 0 thereby producing
read out pulses in line 91, and subsequently stretched
pulses in output 96 of the pulse amplifying and stretching
device for the selective energization in each group of all
the thyratrons which in turn serve to energize selected
printing types.

At the end of pulse Py the return of trigger By to Off
condition causes trigger 67 to return to Off condition,
thereafter a potential drop in circuit P. Next pulses A
do not bring back trigger 67 to its On condition because
cam 45 has previously cancelled voltage at 4. The po-
tential of P then is maintained at its low value until the
end of the cycle.

The condition of the output thyratrons between the
end of pulse Py and the end of the print cycle therefore
defines the characters to be printed by the 9 typebars.
The output circuits of these thyratrons are intended to
be used by means such as is disclosed in the aforemen-
tioned patent application Serial No. 555,026 by H. S.
Beattie et al.

Second through eighth print cycle—The operation is
similar to that of the first cycle. Scanned rows and
columns being those which correspond to the make of re-
lays Ry and R’; at the second cycle, Ry and R’ at the
third cycle and so on.

Ninth through fourteenth print cycle-—The operation
is similar to that of the preceding cycles, but there are
only 8 cores scanned per each cycle, and thyratrons 109
of all the groups remain in Off condition.

At the end of the 9th print cycle circuits not shown
bring the typebars back to their initial position and the
system is ready for another machine cycle.

While there have been shown and described and
pointed out the fundamental features of the invention as
applied to a preferred embodiment, it will be understood
that various omissions and substitutions and changes in
the form and details of the device illustrated and in its
operation may be made by those skilled in the art, with-
out departing from the spirit of the invention. It is the
intention, therefore, to be limited only as indicated by the
scope of the following claims.

What is claimed is:

1. An electrical data information storage device which
comprises, a first information data memory means com-
prising plural arrays of magnetic storage means where
each array further comprises a plurality of coordinately
arranged magnetic cores in which data in modified binary
code is stored in the form of a pattern of saturated and
unsaturated cores, a plurality of second memory means
each of which corresponds to one of said plural arrays,
horizontal scanning means common to said plural arrays
and adapted to scan selected corresponding horizontal
portions of each array of said first memory means, verti-
cal scanning common to said plural arrays and adapted to
scan selected corresponding vertical portions of each
array of said first memory means, a plurality of reading
means, one for each array, responsive to said common
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horizontal scanning means and to said common vertical
scanning means for extracting all of the elements defining
a predetermined plurality ¢ characters in said combina-
tional code from said selected corresponding portions of
said first memory, cyclic control means, and timing gen-
erator means responsive to said cyclic control means for
operating said scanning means to produce a plurality of
predetermined interlaced scans of different selected por-
tions of said first memory in successive cycles for trans-
ferring data from said first memory to said second mem-
ory.

2. The invention as claimed in claim 1, where said
horizontal scanning means and said vertical scanning
means each comprise separate matrices of relay operated
contacts predeterminately rendered effective by said cyclic
control means,

3. The invention as claimed in claim 1, where said
each of said horizontal and vertical scanning means com-
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prises a coordinate matrix of vacuum tubes predetermi-
nately conditioned for operation by said cyclic contro!
means and rendered effectivc by said timing generator
means.
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