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United States Patent Office

3,295,111
INFORMATION STORAGE SYSTEM
Cyrus F. Ault, Lincroft, Lee E. Gallaher, Middletown,
and Tancred S. Greenwood, Colts Neck, N.J., assignors
to Bell Telephone Laboratories, Incorporated, New
York, N.Y., a corporation of New York
Filed Sept. 25, 1963, Ser. No. 311,424
38 Clzimns., (Cl, 340-—172.5)

This invention relates to information storage circuits,
and more particularly to such circuits adapted for use
in large scale data processing systems. One system in
which the circuit of this invention is advantageously
adapted for use is an electronic telepheone switching sys-
tem such as is deseribed, for example, 1n Patent No.
2.955,165 of W. A. Budlong et al., issued October 4, 1960.

In large scale data processing systems, the system rules
of acticn, or system logic, may be determined by perma-
nent wiring and circuit configurations or, as is the case
in the aforementicned telephone switching system, the
systemn rules of action may be stored in a semipermanent
memory. In an electronic telephone switching system
such as is described in the aforementioned pateat, for
example, it 1s necessary that the system be 1nstructed as
to the sequence of operation for every possible action
situation. Typically, such instructions would include
program information, which s employed by the central
control of the telephone system to control the detailed
operations of the system and their sequence priority, and
translation information. The latter information is con-
sulted by the system when a directory number is to be
converted to an equipment number, for example, or a
subscriber’s class of service is to be determined. As
mentioned above, information storage circuits may be
provided in a dala processing system which function
solely as a permanent source of iastructions in response
to which the system niay perform iis reguired operations.
Obviously, although such information would be perma-
nent with respect to predetermined operating conditions,
it should also be chanzeable to meet changing condiiions
encounicred by the system us they arise,

Memory circults capable of semipermanently storing
insiructional information for use in data processing sys-
tems are known in the prior art. One such circuit,
known as the Flying Spot Store, for example, is described
in Patent No. 2,830,285 of R. C. Davis et al. issued
April 8, 1938, and employs a light beam produced hy
cathode ray tube to recod information simultaneously
from muitiple storage plates. Conventionally, the infor-
mation is stored 1n binary form, the plates having pat-
terns of ¢pague and rnonopaque spots thereon represent-
ing one or the other of the binary values. This arrange-
ment advantageously provides for the nendestructive -
terrogation of the storsd information since the informa-
tion-bearing spots may be repeatedly sensed without af-
fecting their translucent character, Other memory ar-
rangements capaoble of permanently storing information
which mav be nondestructively interrogated and which
may be infrequently changed, employ conventional tor-
oidal magnetic cores as the binary storage addresses.
However, 1 order to achicve nondestructive readout,
considerable complexity is introduced into the core cir-
cuit with an attendant effect on reliability.  In large scale
data processing systems in which the semipermanent in-
formation store must be capable of storing in the order
of five muiilion binary bits, for example, it will further
be appreciated that the cost per bit of the store will con-
stitute an important consideration in the choice of the
bit storage medium. Related to the aforementioned fac-
tor of reliability 1s the further demand imposed on a
semipermanent information store that the permanency
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of the stored information bits be unafifected by power
fatlures or transient currents and fields generated in the
system during repeated interrogation of the stored in-
formation.

Another requirement of a semipermanent informa-
tion store, particularly when such a store is adapted for
use in a high-speed electronic telephone system, is that
access circuitry be provided for the actual memory of
the store which has an extremely short readout cycle.
Particularly in large scale memories the access circuitry
must also be capable of providing interrogation drive
pulses which are timed and shaped to suit the inductive
and capacitive loads presented by magnetic and electrical
circuit elements comprising the very large number of bit
storage addresses. Further, at the output side of the
memeory of the information store, readout circuitry must
be provided which makes available information-repre-
sentative discrete readout sigials of uniform waveshape
whnich require a minimum reshaping for use by the sys-
tem of which the semipermanent store is part. Finally,
in order to 1asure positive discrimination among the vari-
ous signals applied to and obtained from the store during
1ts interrogaiion by the parent system, it is necessary
that noise signals generated during interrogation be re-
duced to a minimum. Manifestly, all of the foregoing
and other considerations impose an extremely critical
burden on the organization of a semipermanent store and
the design of its circuit components.

With the advent of magnetic wire memory elements
such as are described, for example, in Patent No. 3,083;-
353 of A. H. Bobeck, issued March 26, 1963, an ad-
vantageous memory element has been made available
which is capable of having defined thereon a large num-
ber of binary bit storage addresses. The low power
requirements of these elements and the facility with
which they lend themselves to the fabrication of large
scale memories makes them particularly advantageous
i meeting the requirements of a store as generally noted
in the foregoing. When these magnetic wire memory
clements are emploved in conjunction with card-afhixed
patterns of information-bearing permanent magnets in
a manner such as is described in the copending applica-
tion of S. M. Shackell, Serial No. 708,127 filed Jan-
vary 10, 1938, for example, a memory arrangement re-
sults which has been found highly useful for the perma-
nent storage of binary information. In such a prior art
memory the actual storage of the permanent binary in-
formation 18 accomplished by means of eifective perma-
nent magnets arranged in a predetermined pattern on
a rctamning card. The magnet locations correspond to
the crosspoints of address locations defined on a coordi-
nate array of magnetic wire memeory elements and their
coupled solenoids. The permanent magnets associated
with particular bit addresses then control of the switch-
ing of discrete segments of the memory wires which in
turn countrols the generation of output signals indicative
of the information permanently stored on the magnet
cards.

This invention concerns itself with a semiparmanent
information store comprising the combination of a per-
manent magnet-magnetic wire memory and its access and
readout circuitry. Accordingly, it is one object of this
mvention to provide a new and novel semipermanent
information store,

It 1s another object of this invention to provide access
circaitry for a large scale memory which is capable of
extremely high speed operation and which offers im-
proved reliability.

It 1s also an object of this invention to increase the
access speed, reading speed, and storage capacity of a

senmipermanent information steore,
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A still further object of this invention is to provide a
new and improved semipermanent information store
adapted for use in an electronic telephone switching
system.,

Yet another object of this invention is to provide new
and improved access and readout circuitry for a semi-
permanent information store.

It is also an object of this invention to provide a new
and novel organization for a multiplane magnetic mem-
ory array.

The foregoing and other objects of this invention are
realized in one illustrative embodiment thereof compris-
ing in combination a random access, word organized,
bulk memory having associated therewith interrogation
access circuitry and readout circuitry. The memory it-
self has for its information storage eclements a pattern
of effective permanent magnets which are interrogated
by an array of magnetic memory wires of the character
briefly referred to in the foregoing. The general organi-
zation and features of the information store of this in-
vention will now be briefly described.

General description of the informiation store

The memory is organized as a plurality of individual
memory modules each of which in turn comprises a
plurality of planes of information storage arrays. Each
plane comprises a plurality of parallelly arranged mag-
netic wire memory elements which advantageously are
of the character described in the aforementioned patent
of A. H. Bobeck. More specifically, the wire memory
elements each comprise in this embodiment of the in-
vention, an electrical conductor having a magnetic tape
helically wound therearound, the tape being of a material
exhibiting substantially rectangular hysteresis charac-
teristics. Each of the wire memory elements of a plane
has associated therewith a return conductor which 1is
connected at one end to an end of the tape-wound elec-
trical conductor by a transformer primary winding. The
parallelly arranged wire memory element-return conduc-
tor pairs have coupled thereto a plurality of transverse
strip solenoids which are also arranged in parailel with
each other to define, with the wire memory element-
return conductor pairs, a coordinate array of crosspoints.
At each crosspoint a discrete switching segment 1s de-
fined on the helical magnetic tapes of the wire memory
clements,

According to one feature of this imvention, each of the
strip solenoids is doubled back on itself to present {wo
outer coperative faces serving, respectively, two informa-
tion planes. Two pluralities of parallelly arranged wire
memory elements are thus advantageously coupled to the
two faces of a single set of solenoids. The two plu-
ralities of memory elements may for convenience be
designated as falling in A and B planes of the plurahity
of information planes. As will be described in greater
detail hereinafter, the energization of a single solenoid
thus results in the simultaneous application of magnetic
fields to two sets of wire memory eclements. Selection
to determine which of the wire memory elements of the
A and B planes is operative is made in the readout cir-
cuitry.

Associated with each of the sets of wire memory
elements of the A and B planes is a pattern of effective
permanent magnets selectively affixed to a retaining card
having a coordinate array of address locations assigned
thereon. It is thus the pattern of permanent magnets in
which the information of the semipermanent store of this
invention is actually retained. The magnets are arranged
at the coordinate address locations on the card to register
with the crosspoints of a coordinate array of wire memory
element and transverse solenocids. Each of the perma-
nent magnets is so placed with respect to a discrete cross-
point segment of a wire memory element that its field
effectively magnetically saturates the latter segment and
maintains it in its saturated state. When the informa-
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tion stored in a pattern of permanent magnets is to be
interrogated, a selected solenoid is energized to apply
switching fields to the coupled segments of the wire
memory elements. The segments held saturated by ad-
jacent permanent magnets will be prevented from switch-
ing whereas the switching fields switch the flux of the
remaining segments to the other remanent magnetic state.
These operative conditions are manifested as the absence
and presence, respectively, of output voliages generated
across the ends of the tape-wound electrical conductors
of the memory elements. These output conditions are
then conventionally indicative of the storage in the pat-
tern of permanent magnets of binary {’s and 1's, respec-
tively, That is, the absence of an effective permanent
magnet at a corresponding address location on a magnet
card is representative of the storage of a binary 1 and
the presence of such a magnet at a corresponding address
location on the magnet card is representative of the
storage of a binary 0. The magnet card i1s arranged
with respect to the memory wire readout array in a man-
ner such that it may be readily changed for another
and different card having aflixed thereon a different pat-
tern of eftective permanent magnets and hence, having
stored therein different informaticon. Thus, although the
information is permanently stored in the memeory thus
organized with respect to given interrogation cycles, it
1s semipermanent in the sense that it may be changed
as determined by varying system operating demands.

Advantageously, the removal and reinsertion of a
magnet card makes possible a premagnetization of the
buffer regions existing between the crosspoint segments
of the wire memory elements. 7To insure that a com-
plete swilching of a crosspoint segment of a memory
ciement takes place during interrcgation, it is necessary
that the segment be properly aftected by the magnetic
state of the bufler region between it and the next succeed-
ing crosspoint segment on the same wire memory ele-
ment. Accordingly, in the memory of the information
store of this imvention, each of the buffer regions is
magnetized in a direction opposite to that of the inter-
rogation drive. This is accomplished by a column of
premagnetizing permanent magnets arranged immediately
preceding the first column of information storage mag-
nets on the magnet cards. The premagnetizing magnets
are arranged in the column between the rows of infor-
mation storage magnets, When the magnet card is in-
serted in its slot in the memory the premagnetizing mag-
nets successively pass the buffer regions of each wire
memory element of a plane and remanently set these
regions to the desired magnetic state. This state is re-
tained as a result of the remanent character of the wire
memory element wound 1ape. This premagnetization is
insured since it is repeated each time that a magnet card
1s withdrawn or inserted.

The memory of this invention, an A and B plane of
which was briefly described in the foregoing, is organized
in a rectangular array comprising pluralities of rows and
columns of memory modules, FEach module in turn
comprises the same number of information planes. As
will be apparent from the above brief description in
which a single solenoid is stated as interropating a plu-
rality of permanent magnets on each of its outer faces, the
memory modules are word organized. A single interro-
gating solenoid at a time is thus selected from the memory
to sense the binary information word stored at the corre-
sponding word address on a magnet card associated with
cither an A or a B information plane. The selection of
a word solenoid 15 accomplished by a coordinate array
of toroidal magnetic cores corresponding to the coordinate
disposition of solenoids presented at one side of the rows
and columns of the memory modules. Each of the sole-
noids is inductively coupled to its corresponding core so
that, upon the switching of the core, the coupled solenoid
1s energized to apply, in turn, switching fields to the switch-



3,295,111

5
ing segments of the coupled magnetic wire memory
elements.

The cores of the access core array have threaded there-
through in a manner well known in the prior art, X and
Y ccordinate access conductors, the selection of any single
¥ and Y conductor pair positively defining a threaded
core in the array. The cores are also threaded by a bias-
ing conductor for maintaining them in one state of
remanent magnetization. When a core is switched from
this remanent state by the coincident energization of its
defining X and Y conductors, which energization over-
rides the constantly applied bias, the bias serves to return
the core to its previous remanent state after the termina-
tion of the X and Y conductor energization, It will be
appreciated that the coupled solenoid will thus be ener-
pized in two directions—in one direction during the
switching of the core from its biased remanent state and
in the opposite direction during its restoration to the
laiter state by the applied bias. Advantageously, inter-
rogation of the memory inherently returns the switching
segments of the coupled wire memory elements to their
original flux states in preparttion for a subsequent inter-
rogation cycle.

According to one feature of this invention a tracking
circuit means is provided which responds to any variation
in the coincident currents applied to the X and Y con-
ductors of the access core array. Signals are thus gen-
erated to control, in accordance with the variations, the
current source which provides the bias for the cores, The
bias is thus variably controlled to insure the proper flux
excursion in the cores and thus compensate for variations
in the amplitude of either or both of the coincident selec-
tion currents.

With the foregoing general organization of the memory
of the semipermanent information store of this inven-
tion in mind, its access circuits may now be briefly con-
sidered. The ultimate function to be performed by the
latter circuits is the coincident energization of a selected
conductor of each of the X and Y conductor sets de-
fining the access core array mentioned in the foregoing.
Each set of X and Y coordinate conductors has its indi-
vidual and identical access selection circuits for controlling
the selective energization of its conductors, and a pulsing
circuit for providing the energizing pulse. Accordingly,
in the present general consideration and in the detailed
description which follows only one of these selection
control and pulsing circuits is specifically treated. It
may be noted at this point that, not only must a selection
control and pulsing circuit selectively energize a core
array coordinate conductor, but it is required to do so
with a current pulse having the requisite waveshape. The
coordinate core array conductors each thread a large
number of cores, and accordingly these conductors repre-
sent highly inductive electrical loads. The waveshape of
the pulse which is employed to energize these conductors
is thus of extreme importance. The rise and fall time
of the energizing pulse must also be carefully centrolled
and both must be of short duration. Further, the ampli-
tude of the plateau of the current pulse must be carefully
controlled and the pulse must be free of overshoots and
andershoots both at the base line and at the plateau.
The access control circuitry accerding to this invention
is advantageously adapted to achieve the desired current
pulses in accordance with the foregoing and other gov-

erning considerations.
Associated with each set of coordinate conductors are

two sets of address selection switches, each swiich com-
rrising essentially a gating means for steering a current
pulse to and from a selected coordinate conductor of the
access core array. One of the sets of address selection
switches is associated with one end of a set of coordinate
conductors and the other set of address selection switches
is associated with the other end of the same set of con-
ductors. At the one end, each of the address selection
switches has connected in common therewith a different
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group of cocrdinate conductors. At the other end each
of the associated sets of address selection switches also
has similarly connected in parallel therewith a different
group of coordinate conductors. However, the groupings
of the coordinate conductors for each selection switch
at either end of the conductors is such that no grouping
at one end of a set of coordinate conductors includes more
than one conductor of a grouping at the other end. In this
manner the enabling of a selected address switch at one
of a set of coordinate conductors simultaneously with
the enabling of a selected address switch at the other
end of the same set of coordinate conductors insures that
only a single conductor of a set of coordinate conductors
is selected as a current path for the core array drive
current.

The selective enabling of the address selection switches
is accomplished under the control of address signals pro-
vided from an address register which comprises a com-
ponent of contrgl circuitry also associated with an infor-
mation store according to this invention. Upon the simul-
taneous enabling of an address selection switch at each
end of the sets of coordinate conductors, a current path
is established from the selected address switch at the input
end of a coordinate conductor through the selected address
switch at the output end of the same coordinate con-
ductor. With the selection of drive current paths through
a selected pair of X and Y conductors, the switching of
the core of the access core array defined by the latter con-
ductors may be accomplished in a conventional manner
by the coincident application of two drive current pulses
thereto.

According to one feature of this invention, the two
coincident drive current pulses are supplied by identical
pulse generating circuitry individual to the two sets of co-
ordinate X and Y conductors. A constant current source
is connected to the input end of the address selection
switch at cne end of a selected coordinate conductor and
a circuit to ground for this source is completed via the
output end of the address selection switch at the other
end of the selecied coordinate conductor. However, a
normally closed current switch is shunted across the in-
ductive load presented by the selected coordinate conduc-
tor. Accordingly, in order to energize the interrogating
pulse circuit, the current shunt switch is opened under the
conirol of the aforementioned control circuitry. Since
the selected coordinate conductor being driven presents
an inductive load, the drive current in the conductor can-
not rise instantaneounsly to the constant current value of
the source. Therefore, a voltage limiter is connected 1n
parallel with the load which advantageously prevents the
voltage thereacross from rising above a chosen value. As
a result, the current supplied by the constant current
source initially divides between the inductive Joad and
the voltage limiter, the latter circuit providing a path for
shunt path for the current from the source. An advan-
tageous, rapid transfer of current from the direct path to
ground via the current shunt switch to the selected co-
ordinate conductor is thus effected without the generation
or occurrence of undesirable oscillations at the piateau
of the core array drive pulse.

When the selected core of the access core array has
been switched, and thereby the coupled memory solenoid
energized, the drive current pulse is terminated. How-
ever, it is impossible instantaneously to transfer the cur-
rent of the constant current source from the inductive
load back to the shunt path presented by the currrent
shunt switch. Advantageously, and in accordance with
another feature of this invention, the arrangement oif the
pulse generating circuits serves to effect this transfer mn
an extremely short time and without introducing unde-
sirable noise in the trailing ramp of the drive pulse. At
the ground side of the pulse generating circuit a current
series switch is provided which, although normally closed,
is opened to break the current to the inductive core load

75 before the shunt switch is again closed to divert the drive
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current pulse to ground. A second voltage limiter circuit
is connected in parallel with the series switch and thereby
provides a path for rapidly reducing the energy in the
inductive load.

As previously mentioned, address signals from the
address register control the selection of the address selec-
tion switches which ultimately select the particular X and
Y coordinate conductors of the access core array for
coincident energization. Timing pulses required to In-
sure that the switches so far described operate at the as-
signed times and for the necessary periods, are provided
by an access timing chain. The timing signals are also
emploved to terminate the effective duration of the ad-
dress signals which select and enable an address selection
switch at each end of the X and Y coerdinate conductors.
Positive control of the switching of a core in the access
core array is thus provided at a number of points within
the pulse generating and access circuits, both with respect
to the timing of the coincident drive pulses and their
waveshapes.

When a selected core of the access core is switched In
the manner briefly described in the foregoing, its coupled
solenoid is energized. As a result, an interrogation field
is applied along its entire length; that 1s, on both faces
of its doubled section, fields are applied to the address
segments of the A and B plane wire memory elements.
At those locations on the A and B plane wire memory
elements at which an effective permanent magnet appears,
no flux switching occurs due to the overriding fieid of
the magnets. However, the flux switchings at the re-
maining address segments generate voltages on the tape-
wound conductors of the memory elements. The mem-
ory of this invention is further organized such that the
individual wire memory elements of a module are con-
nected in parallel with the individual wire memory ele-
ments of the other modules of a module grouping of the
memory array. The parallel connections are then con-
nected to common transformer primary windings, which
windings serve as the output means for the corresponding
bit addresses of each of the modules of the particular
grouping. As a result, current signals generated by the
interrogative switching of address segments of the A and
B wire memory element by a word row solenoid are trans-
mitted only through single modules of a grouping to the
readout circuitry.

It will be recalled that the interrogation of the wire
memory element address segments inherently reset the
magnetic wire segments., After the segments not main-
tained in magnetic saturation by an associated informa-
tion magnet are switched, they are returned to their orig-
inal magnetic remanent state by the biased restoration
of the driving core of the access core array defining the
interrogated A and B word rows. This return of the ad-
dress segments to the original magnetic state will again
generate currents in the tape-wound memory elements
which are opposite in polarity to those generated by the
switching of the address segments. An A and a B set of
bipolar output signals is thus generated responsive to each
interrogation of the memory. The two sets of signal con-
ditions, which are read out in parallel, conventionally
represent the binary characters of the two binary words
stored in the word rows interrogated. The sets of signal
conditions will be made up of the presence of voltage
signals generated at each bit location where an address
segment of a wire memory element was switched and the
absence of such signals at these locations where an in-
formation magnet prevented the switching of the address
segment. Although an A and a B set of signals are sunul-
taneously generated at each interrogation, only one set 18
significant in providing the information required by the
parent system during a particular interrogation.

Selection between the A and B sets of output sig-
nals is made at readout selector circuits connected to
the ends of the wire memory elements passing through
the memory modules, The wire memory elements are
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arranged in pairs in accordance with their coupling to
the A and B faces of the interrogation solenoids and
each memory element pair has a dual selector circuit
associated with it, to which circuits the wire memory
element pairs are respectively connected, The dual out-
put selector circuits are grouped in association with the
groupings of the memory modules and perform their
sclection between the A and B sets of output signals
generated during any single interrogation under the ulti-
mate control of address signals also provided by the
address register associated with this invention. Spe-
cifically, each readout selector circuit comprises a pair
of amplifiers having inputs individual to the A and B
sets of wire elements which terminate thereat. Corre-
sponding ampiifiers of all of the dual selector circuits
associated with a memory grouping are then simultane-
ously enabled under the control of the address signals.
The selector circuits thus advantageously serve to i1so-
late, with respect to the readout circuitry, the particu-
lar module grouping within which the interrogation is
being made and, within the grouping, the significant A or
B word row of the two word rows interrogated by the
drive solenoid.

Proceeding from the selector circuits, the bipolar out-
put signals are applied to individual readout amplifiers.
The latter circuits are each connected in parallel to each
of the corresponding readout selector circuits of the
memory module groupings, this economy being made
possible in view of the fact that as previously men-
tioned, only one grouping of memory modules is inter-
rogated at any one time., Each of the readout ampli-
fiers has associated therewith a sampler circuit where
the bipolar output signals are rectified and sampled
under the control of sirobe signals provided by strobe
generators and amplifier circuits. The latter circuits pro-
vide precise strobe pulses which accurately time the out-
put information signals from the memory for transmis-
sion to the parent system originally requesting it from
the semipermanent store.

According to one feature of this invention, provision
is made to remove a source of possible noise existing
in the siray capacitance of the wiring of the memory.
Any stray capacitance present in the memory is pre-
charged to prevent dissipation of the interrogation drive
pulse through unselected coordinate conductor current
paths by means of a voltage source which normally holds
one end of the coordinate X and Y conductors at a
predetermined potential. The voltage source 15 controlled
to remove this potential immediately preceding the time
that the coincident drive current pulses are applied to
the X and Y conductors and to restore it when the latter
current pulses are terminated.

The foregoing general organization of the information
store of this invention may be seen in recapitulation by
reference to FIG. 1 where is depicted in block symbol
form the relationship between the major components of
this invention. The memory array 190 is interrogated
by access circuits 110 and the information thus
requested from the store i1s transmitted to readout cir-
cuits 120. The access circuits 110 are controlled to
perform their selection and energization operations under
the control of address signals originating m an address
register 130 comprising part of the information store
control circutts 140. The access circuits 110 are con-
trolled by timing signals originating at timing circuits
132 also comprising part of the store control circuits
140. A reset circuit 130’ i1s also included in the latter
circuits to reset the address register 130 after an inter-
rogation operation, The information read out of the
memory 100 and amplified by the readout circuits 120
together with a store sync pulse are transmitted to the
system of which this invention may advantageously com-
prise a part by transmission circuits 150 also compris-
ing a part of the control circuits 140. Not heretofore
mentioned and comprising a part of the present in-
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vention is circuitry for accomplishing a checking opera-
tion on the performance of the information store. This
circuitry, termed the All Seems Well circuits, provides
maintenance check signals for utilization by maintenance
circuits 160 which may also comprise a part of the con-
trol circuits 149, The control circuits 140 are in turn
controlled by, and provide the required response to, the
parent system in which the request for information origi-
nates.

Specifically, the control circuits 140 may be directly
associated with the central control of the previously
mentioned typical electronic telephone switching system.
This central control would then provide, for the con-
trol circuits 140, store address signals and control sig-
nals. In addition, the central control may comprise
the source of sync pulses to contrel the timing of the
various circuits of the information store and also may
comprise the receiver of the information read out of
the store memory 100. The control circuits 140 may
comprise other components as may be determined by
one skilled in the art for extending the flexibility of the
information store ¢f this invention and accordingly the
control circuits 140 are not to be understood as limited
to the circuits generally depicted in FYG. 1 as included
therein. Further, the source of synchronizing pulses and
the organization of the maintenance circuits 160 and
transmiission circuits 150 may be determined by the re-
quirements of the system with which the information
store of this invention is adapted for use. Since the
details of these circuits are not necessary for a com-
plete understanding of this invention, they are referred
to herein only generally to provide a background of
circuitry normally found in electronic telephone switch-
ing systems, for example.

Other circuits not included in the general outline of
the semipermanent information store described in the
foregoing also comprise a part of this invention. How-
ever, these will be considered 1n detail in connection
with the detailed description of the entire information
store together with other objects and features thereof
which follow. The detailed description will be made
with reference to the drawings in which:

FIG. 1 is a block diagram of the information store
of this invention showing the organization of the major
components thereof;

FIG, 2 1s a perspective view of a basic planar con-
struction which is repeated in each direction to make up
a memory module of this invention, the view being par-
tially broken to show its details;

FI1G. 3 shows the details and relationship of represen-
tative wire memory elements and a permanent magnet
card employed in the memory of this invention with spe-
cial reference to the premagnetizing magnets thereon;

FIG. 4 is a simplified diagram depicting the manner
in which the wire memory element pairs are interfolded
among the information planes of a memory module of
this tnvention;

FIG. 5 shows in three dimensional block diagram form
the organization of the memory modules to make up the
coordinate array memory of the information store of
this invention and which particularly shows representa-
five cores of the access core array and representative
coincident current drive conductors;

FIG. 6 depicts in simplified form the manner in which
corresponding wire memory elements of a memory mod-
ule group share an output transtormer winding;

FIG. 7 depicts the organization and wiring arrange-
ment of the access core switch array of the memory of
this invention showing only representative cores;

FIG. 8 15 a block diagram of the access circuitry of
the information store of this invention showing the or-
ganization of the major components thereof;

FIGS. 9 through 30 are a schematic diagram showing
the circuit details of an illustrative information store
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according to the principles of this invention when orga-
nized in accordance with the diagram of FIG. 36;

FIGS. 31, 32, and 33 are pulse comparison charts
showing the relationship among the various operative
control! and output signals occurring during an iliustra-
tive interrogation operation of the information store of
FIGS. 9 through 30;

FIG. 34 depicts the organization of an illustrative flip-
flop circuit of the character emploved variously in the
information store of this invention;

FIG. 35 depicts the details and organization of an
iliustrative AND gate and inverter combination em-
ployed in the flip-flop circuit of FIG. 34 and elsewhere
in the information store of this invention; and

FI(G. 36 shows the manner in which FIGS. 9 through
30 are organized to make up the detailed schematic
diagram of the imformation store of this invention.

An understanding of the details of the arrangement
and operation of an illustrative information store ac-
cording to the principles of this invention mayv best be
gained by the ensuing organization of the description
thereof which will be followed hereinafter. A detailed
description of the memory itself will first be provided
followed by a specific consideration of the circuits for
achieving access to the memory for interrogation pur-
poses. Before proceeding, however, to a description of
the readout circuits, an illustrative operation of the fore-
going circuits and the manner in which the memory is
caused to produce information representative output sig-
nals are described. Following this, the detailed organi-
zation of the readout circuits for discriminating among
the output signals and providing for their amplification
is considered. Next, a description of the operation and
manner in which the readout circuits respond to the out-
put signals generated by the memory during the forego-
ing 1llustrative interrogation operation i1s provided with
particular refcrence to the control exercised by readout
timing circuits. Finally, circuit features and their func-
tions, such as the Al Seems Well circuits previously men-
tironed together with other auxiliary circuits not specifical-
ly described in connection with the major circuits of the
information store, will be explained in detail.

Detailed description of the permanent maghet
memory 100

The basic planar corganization of the permanent mag-
net memory employed in the information store of this
invention is depicted in FIG. 2 and comprises a sym-
metrical disposition of layered sections cn each side of
a central soienoid retaining plate 16. The plate 10 may
advantageously be of a ceramic material such as that
known commercially as Micalex and has wrapped there-
around at spaced apart intervals a plurality of electrical
strip solenoids 114, 115, 115, . . . 11,. Each of the sole-
notds 11 1s mductively coupled at one end to a conven-
tional toroitdal magnetic core 12 having substantially
rectangltlar  hysteresis characteristics. The retaining
plate 10 thus divides each of the solenoids 11 into two
sections, the section in the background of FIG. 2 being
designated the A section and the section in the fore-
ground being designated the B section. On each side
of the retaining plate 10 and inside the two portions of
the solenoids 11 is a Permalloy sheet 104 and 105 which
acts as a return path to the magnetic field produced by
the energization of a solenoid 11. The sirip solenoids
11 are i1nductively coupled by each of their ocuter faces
at the A and B sections to two pluralities of wire mem-
ory elements 13a and 134, respeclively, arranged trans-
versely with respect to the solenoids 11. The wire mem-
ory elements 13¢ and 135 each comprise elements such
as are described in the patent of A, H. Bobeck previously
mentioned. Such elements comprise an electrical con-
ductor which has helically wrapped therearound a mag-
netic tape of a magnetic material having substantially
rectangular hysteresis characteristics, Associated and
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extending in parallel with each of the wire memory ele-
ments 13z and 135 is a return electrical conductor 14, Al-
though not so shown in the drawing to avoid complexity,
the wire memory elements 13¢ and the return conductors
14 are advantageously embedded in a flexible tape of
nonconductive, nonmagnetic material such as that known
commercially as Mylar, for example. 'The memory ele-
ments 134 and their return conductors are also in the
practice of this invention so embedded. As is evident
from the foregoing association of elements, two coor-
dinate arrays of crosspoints arg defined by the wire mem-
ory elements and the outer faces of the strip solenoids.

Proceeding in each direction from the planes presented
by the wire memory elements 13a and 134, the next of
the layered sections comprise a first and a second card
15 and 16 each having a paitern of permanent magnets
17 and 18, respectively, afbixed thercon. The cards 15
and 16 are each advantageously fabricated of an elec-
trically conducting material such as aluminum, for ex-
ample, card 16 being partially broken away in the draw-
ing to show more explicitly the details of the memory
construction. By virtue of their electrical conductivity
cards 15 and 16 serve to concentrate the magnetic field
produced upon energization of a solenoid 11 to the re-
gion immediately adjacent to the solenoid. The magnets
17 and 18 are arranged on the respective cards 15 and
16 at predetermined coordinate address locations cor-
responding to the coordinate arrays of crosspoints de-
fined by the wire memory elements and strip solenoids
mentioned above. The cards 15 and 16 are movably
arranged with respect to the wire memory element planes
such that they may be inserted or withdrawn from the
memory and, when so inserted, each of the magnets
affixed thereon is in registration with, and magnetically
coupled to, a segment of the magnetic tape wound on
a wire memory element. The card 15 is shown as being
partially withdrawn to show more clearly the manner
in which the magnet cards and wire memory element
planes are associated. With both of the cards 15 and
16 in place, some of the crosspoint segments of the ele-
ments 13¢ and 13b» will have permanent magnets adja-
cent thereto while the remaining such segments will not
be so attended.

The magnets 17 and 18 are arranged on the cards 15
and 16, respectively, in accordance with the binary in-
formation to be stored in the memory. Thus, as will
become more clear hereinafter in the description of the
operation of this invention, the presence of a permanent
magnet at a coordinate address location on its retaining
card corresponds to a binary (0 and the absence of a
permanent magnet at coordinate address location corre-
sponds to a binary 1. A coordinate row of magnets and
unoccupied address locations on its retaining card thus
represents a stored information word. The illustrative
stored word of the word row correspending to the strip
solenoid 11, in the foreground of FIG. 2 thus, for ex-
ample, contains the binary bits 1, ¢, 1, . . . 0. Other
binary words stored by the disposition 0f magnets on
the cards 15 and 16 may be determined by inspection
from FIG. 2, the absence of permanent magnets at ad-
dress locations on the card 15 being indicated by dotted
outlines. The strength of the magnets 17 and 18 1s
determined such that the fields are sufficient to main-
tain in magnetic saturation the coupled segments of the
tapes of the adjacent wire memory elements, and the
coercive force of the magnets is determined such that
they will remain magnetized under the action of an
energized solenoid.

In one alternate construction which effectively results
in a magnet arrangement functionally identical to the
one described, the cards 15 and 16 may have magnetiz-
able elements affixed at each coordinate crosspoint loca-
tion. At the predetermined crosspoints at which an
effective magnet is to appear the elements are magnet-
ized leaving the remaining elements unmagnetized. The
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magnet cards may have the information thus stored
thereon changed simply by demagnetizing the previously
magnetized metallic elements and magnetizing others.
Such cards and a novel manner for magnetizing and de-
magnelizing the magnetizable elements thereon are dis-
closed in the copending application of Ault-Friedman-
Granger-Madden, Serial No. 266,962, filed March 21,
1963,

In addition to the information magnets 17 and 18
described in the foregoing, each of the cards 15 and 16
also has affixed thereto preceding the first column of
magnet locations other permanent magnets not directly
concerned with the storage of information. The dispo-
sition of the latter magnets is more clearly shown in
FIG. 3 where the hidden portion of the card 15 of FIG.
2 1s depicted in association with a number of the wire
memory elements 13¢. Permanent magnets 19 are af-
fixed to each of the cards 15 and 16 in a column and
between the rows of permanent magnets 17 and 18 as
shown with respect to the card 15. The magneis 19
serve to premagnetize the buffer regions between the
crosspoint segments of the tapes of the wire memory
elements as the cards 15 and 16 are inserted in the mem-
ory. Thus as the card 15 is moved into position adja-
cent the wire memory elements 13aq in FIG. 3 and the
magnets 19 are displaced from position P, for example,
to the position P, each of the bufler regions along which
the magnets 19 are passed are driven to a remanent
magnetic state. Because of the rectangular hysteresis
characteristics of the magnetic tapes of the wire memory
elements, this remanent magnetic state will be retained
after the magnets 19 have passed by. The purpose of
the premagnetization of the tape buffer regions will be-
come clear as the detailed description of this invention
develops. Alternative disposition of the magnets 19 1o
accomplish the premagnetization of the bufler regions
will occur to those skilled in the art,

Adjacent each of the information planes comprising
the aluminum magnet cards 15 and 16 and outwardly
therefrom in each direction are disposed retaining plates
20 and 21. The plates 20 and 21 are of a nonmagnetic
material and have stamped therein or otherwise affixed
thereto by any convenient means a plurality of spring
clips 22, one of which is shown in the broken portion
of the plate 21 in F1G. 2. The spring clips 22 are formed
tc bear against the flexible magnet cards 15 and 16 and
thus maintain the permanent magnets 17 and 18 in a
positive relationship with the crosspoint segments of
wire memory element tapes. The final layered sections
of a basic construction of the memory of this invention
are shield plates 23 placed adjacent and outwardly from
the retaining plates 20 and 21, respectively. The plates
23 are formed of a magnetic material such as Permalloy,
for example, and function to prevent interference between
the fields of the permanent magnets on the adjacent mag-
net cards. The sections of the memory construction so
far described and their interrelationship may be positively
maintained by framework or other suitable supporting
means not shown in the drawing. Such means are readily
devised by one skilled in the art and do not comprise
elements necessary to an understanding of this inven-
tion and accordingly are only referred to in passing.

As mentioned previously, the memory of the infor-
mation store of this invention is made up of a coordinate
array of memory modules, each module of which in turn
comprises a plurality of the planar assemblies described
in the foregoing. Thus, in a basic memory module, the
construction depicted in FIG. 2 1s repeated in each direc-
tion to achieve the particular capacity of the module
required. However, although a plurality of solenoid
planes and associated permanent magnet cards are thus
required in each memory module, only two tapes con-
taining the wire memory elements and their refurn con-

ductors are employed in each module. The tape con-
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taining the A wire memory elements and their return
conductors and the tape containing the B wire memory
elements and their return conductors are individually ex-
tended and folded on either side of the successive sole-
noid planes of a memory module in the manner depicted
in the side view diagram of FIG. 4. As a result of this
interfolding of wire memory element tapes, although a
single word interrogating solenoid simultaneously gen-
erates, during readout, output signals in two sets of wire
memory elements, the output signals appear in different
tapes and accordingly may be individually detected as
will be described in detail hereinafter.

A description of the basic planar construction of the
memory of this invention depicted in FIG. 2 1s com-
pleted by the terminations of the A and B wire memory
elements and their return conductors. At one end, as
indicated in FIG. 6, after coupling to the soclenoids of
other solenoid planes in one direction, the electrical tape
wound conductor of each wire memory element 13 1s
connected to its return electrical conductor 14 by a direct
strapping means, At the other end, and also after cou-
pling to the solenoids of the solenoid planes in the other
direction, each of the electrical conductors of the wire
memory elements 13 is connected via a primary trans-
former winding 50 to its associated return conductor 14.
A complete loop circuit including therein a tape wound
electrical conductor of a wire memory element 13, its
return conductor 14, and a transformer winding is thus
provided for each of the corresponding bit addresscs of the
pairs of binary words stored in a basic planar assembly as
depicted in FIG. 2. Further, since as previously de-
scribed, the loop circuit is folded among the planes of a
memory module, it is also common to the corresponding
bit addresses of each of the other planes making up the
module,

To recapitulate, each of the memory modules of the
memory of the information store of this invention termi-
nates in an A set of transformer windings and a B set
of such windings, one transformer winding being pro-
vided for each of the wire memory element return con-
ductor loops interfolded among the solenoid planes of
a module. As will become more apparent in a con-
sideration of the association of memory modules to make
up the memory as a whole, each of the memory modules
making up a coordinate grouping of modules of the
memory shares the two sets of transformer primary wind-
ings. As will be described in connection with an 1llus-
trative operation of this invention hereinafter, a sub-
stantial noise reduction is thus achieved since, in the
particular module groupings employed, readout signals
generated in the wire memory elements of any one
memory module pass only through that module, the im-
pedance seen by the readout signals presented by the
other three memory modules causing the signals to be
transmitted only to the single coupled output transformer
primary windings. The organization and particular
groupings of the memory modules within the memory
array are described with particular reference to FIGS.
5 and 6.

The memory of this invention as a whole comprises
a 4 x 4 coordinate array of memory modules such as de-
picted in block symbol form in FIG. 5. The memory
modules, rather than being functionally grouped by their
rows and columns of four each, are associated by di-
agonals for noise reduction purposes which will become
more apparent hereinafter. Memory modules 40,
through 40, are grouped along a first major diagonal
extending from the third to the first quadrant and the
memory modules 43; through 43, are grouped along a
second major diagonal extending from the second to the
fourth quadrant. Memory modules 42, through 42, are
arranged along minor diagonals within the second and
fourth quadrants parallel to the former diagonal above
and the memory modules 41, through 414 are arranged
along minor diagonals within the third and first quadrants
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parallel to the diagonal of the memory modules 43.
This organization assumes a view in FIG. 5 as being from
the left foreground. With this organization in mind the
common output transformer windings and their connec-
tions to the wire memory elements of the memory module
sroups will now become clear, In FIG. 6 is shown in
simplified form the interconnection and sharing of a
single wire memory element-return conductor loop cir-
cuit of each of four modules making up a module group
of the memory array and the manner in which they share
a common transformer winding individual to a module
group. As is apparent from FIG. 6, each of the wire
memory elements 13 is connected at one end with its
associated return conductor 14 by a shorting strap. At
the other end, corresponding wire memory element-re-
turn conductor pairs of the memory modules of a group
of modules in the coordinate array memory are connected
topether in parallel and to a single common transformer
winding 80. From any grouping of four memory modules
of the coordinate memory array, two sets of transformer
windings 50 thus serve as output means for the A and B
wire memory elements, respectively, defining the corre-
sponding bit addresses of the word rows of each plane
of the modules.

The view of the memory array of this invention shown
in FIG. 5 is that of the right hand background of the
basic assembly of FIG. 2 and is also intended to depict
cencrally the relationship of the core access switch, rep-
resentative cores of which are also included in FIG. 2.
As described in the foregoing, each of the solenoids 11
depicted in FIG. 2 is coupled to an individual toroidal
maenetic core 12 having substantially rectanguiar hys-
toresis characteristics. The latter cores 12, as a result
of the coordinate arrangement of solenoids within each
of the memory modules and the coordinate organization
of the modules themselves, will also present a coordinate
array as depicted in FIG. 5. Each of the columns of
cores 12 thus arranged has an X coordinate conductor
44 threaded therethrough and each of the rows of the
cores has a Y coordinate conductor 45 threaded there-
through, representative ones of which X and Y conductors
are shown in FIG. 5. Every core 12 in the access core
switch array, and thus its coupled solenoid, 1s positively
defined by a particular X and Y conductor threaded
through the core. As will be described in greater detail
hereinafter, the X and Y coordinate conductors are con-
nected at each end to address selection switches which
function to select one of each for the ultimate energiza-
tion of a solenoid. The conductors 44 and 45 each thread
the cores 12 of the access switch array in the same sense
such that coincident currents applied thereto will tend 0
drive the coupled cores in the same direction. In addi-
tion to the conductors 44 and 45, each of the cores 12
of the access switch array has threaded therethrough a
biasing conductor 46. The relationship of the cores 12
and the threaded conductors 44, 45, and 46 ts more clearly
seen from FIG. 7 where representative cores 12 of the
array are shown in a simplified diagram. The biasing
conductor 46, which threads each of the cores 12 in the
same direction with a return provided between the col-
umns of the array, is connected at one end to a bias cur-
rent generator 47 and at the other end to ground. The
biasing current appearing in the biasing conductor 46 1s
determined to be of a polarity and magnitude such as to
maintain each of the cores 12 in remanent saturation in
a direction opposite to that of the magnetomotive drive
applied by the selected X and Y coordinate conductors.

In the foregoing detailed description, the specific ca-
pacity of the various assemblies of the memory of this
invention was left undetermined. In one iflustrative con-
struction of a memory so far described, which is espe-
cially adapted for use in an electronic telephone switch-
ing system, sixty-four of the solenoids depicted in FIG.
2 on each plate 10 define an equal number of binary
words on each of the outer faces thereof such that the
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capacity of each subassembly of a memory module as
shown in FIG. 2 is one hundred twenty-eight words.
Each of the binary words contains forty-four binary bits;
accordingly, each of the A and B wire memory element
tapes contains forty-four such wire memory elements and
an equal number of return conductors. Each of the
memory modules contains sixty-four of the subassemblies
shown in FIG. 2 thereby bringing the total capacity of
each module to 8,192 binary words of forty-four binary
bits each. One hundred twenty-eight permanent magnet
cards are thus provided, each having a 64 x 44 coordinate
array of permanent magnet address locations thereon.
With the memory array as a whole comprising a 4 x 4
array of memory modules, the total capacity of the mem-
ory 1s 131,072 words or 5,767,168 binary bits, The ac-
cess switch of the memory as depicted in FIGS. 5 and
7 thus comprises a 256 x 256 core array defined by two
hundred fifty-six X coordinate conductors and two hun-
dred fifty-six Y coordinate conductors. At the readout
side of the memory, each of the output leads 48 shown
in FIG. 5 represents eighty-eight transformer winding
terminations (forty-four for each of the sets of A and
B wire memory elements and their return conductors).

As is clear from the foregoing, the introduction and
change of information in the memory so far described is
accomplished by the insertion and replacement of in-
formation cards on which the information is contained
in the form of a pattern of permanent magnets. The
information is thus stored permanently until such time
as the magnet cards are changed. Access to the memory
for the interrogation of the stored information is had by
means of the access core switch array depicted in FIGS.
5 and 7. More specifically, the memory so far described
1s interrogated by the selective energization of one of
each of the X conductors 44 and Y conductors 45. The
access circuits 110 shown in block symbol form in FIG.
1 for selecting one of each of the latter conductors and
for applying coincident interrogation currents thereto may
now be described in detail.

Detailed description of the access circuits 110

The access circuits 110 of the information store of this
invention will best be understood by first considering their
general orgamzation with particular reference to FIG. 8
where these circuits are shown in block symbol form.
The memory 100, depicted in FIG. 1 and more particu-
larly 1n FIG. 5, is shown 1n detail only to the extent
of including a single winding 44’ as representing the
individual couplings of the X conductors 44 and the as-
sociated cores 12 and a single winding 45" as represent-
ing the individual couplings of the Y conductors 45 and
the associated cores 12. Each of the X conductors, as
represented by the winding 44’, 1s connected at one end
to an address selection switch 111 and at the other end
to an address selection switch 112, A {otal of sixteen
switches 111 are provided and each is associated with
a group of sixteen of the two hundred fifty-six X con-
ductors. Similarly a total of sixteen switches 112 are
also provided, each switch of which is associated with
a different group of sixteen of the two hundred fifty-six
X conductors. Selection, and accordingly the enabling
of an address selection switch 111, is accomplished by
address signals transmitted via an address cable 113 from
an address register 130 which comprises part of the con-
trol circuits 140. The address selection switches 112 are
also selectively enabled by address signals from the ad-
dress register 130 also via the address cable 113.

When the address selection switches 111 and 112
are selectively enabled, a pulsing circuit for applying an
interrogation drive current to the circuit path through
the access core switch array is provided which originates
at a negative potential source 114. The source 114 pro-
vides power for a constant current source 115 which 1s
normally connected 1n a circuit to ground including a
current shunt switch 116 and a filter network 117 via
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bypass conductors 118. Connected in parallel with the
switch 116 is a voltage limiter circuit 119. Paralleling
the circuit thus generally described is an X conductor
energization circuit which may be traced from the con-
stant current source 118 to ground at the other side of
the filter network 117 via a conductor 121, an input 122
of an address selection switch 112, an output 123 of the
same switch, a selected X conductor, an input 124 of
an address selection switch 111, an output 125 of the
same switch, a conductor 126, and a second current
switch 127. A voltage limiter 128 is shunted across the
energization circuit thus traced and a voltage limiter
circuit 129 is connected in parallel with the second cur-
rent switch 127,

The Y conductors, represented in the block diagram
of FIG. 8 by the winding 45’, are also provided with ad-
dress selection switches identical to those generally de-
scribed in the foregoing and are accordingly shown only
by the single block 131. The X and Y conductor ad-
dress selection switches are simultaneously activated dur-
ing an interrogation of the memory of the information
store under the control of timing signals supplied by tim-
ing circuits 132 via timing conductors 133. The timing
signals are ultimately controlled by a synchronizing pulse
originating through the control circuits 140 at a central
control not shown in FIG. 8 A voltage pulser 134,
also controlled by the timing circuits 132, provides a po-
tential to one end of the X conductors, which potential
is employved in the reduction of noise during interroga-
tion. Such a voltage pulser is also included in the Y
conductor access circuits as represented by the block
131. Since the maintenance circuits 160 and the trans-
mission circuits 150 of FIG. 1 are not essential to an
understanding of the general organization of the access
circuils of FIG. 8, these circuits have been omitted from
the latter figure. With the foregoing general organiza-
tion of the access circuits of this invention 1in mind, these
circuits may now be described 1n detail.

FIGS. 9 through 19 show the details of the access cir-
cuits of this invention, the circuits which are identical
repetitions of those shown in schematic detail being re-
peated only in block symbol form. Before considering
in detail the circuits which operate to apply the coinci-
dent interrogation drive currents to the X and Y con-
ductors of the access core switch array of FIG. 7, the
circuitry concerned with the selection of the particular
X and Y conductors to which the interrogation current is
applied will first be described. The X and Y conductors
of the access core switch array are connected at opposite
ends to individual pluralities of address selection switches
111 and 112, For convenience in associating the par-
ticular ends of the X and Y conductors, the address se-
lection switches at one end of the X conductors are
designated X111 and at the other end, X112. Similarly,
the address selection switches at one end of the Y con-
ductors are designated Y111 and at the other end, Y112.
Since the address selection switches Y111 and Y112
and their selective energization are identical to the

switches X111 and X112, only the switches X111 and
X112 and their interconnection with the X conductors
will be described in detail.

Representative ones of the X conductors 44 are shown
in FIG. 15, each including a single winding represent-
ing each of the couplings of a conductor to a core 12 of
the access core switch array. At one end, which for
convenience may be designated the X end, the X con-
ductors 44 are connected in parallel in groups by means
of a plurality of paralleling conductors 141-0 through
141-15. For purposes of describing an illustrative em-
bodiment of an information store according to this in-
vention, it will be assumed that the capacity of the store
is that described hereinbefore. Accordingly, the group-
ing of the X conductors 44 at the X end is such that each

of the paralleling conductors 141 connects sixteen of



3,205,111

17

the X conductors 44 in parallel. More specifically, the
two hundred fifty-six X conductors are greuped at the X
end by connecting the X conductors 0, 16, . .. 240 {o the
conductor 141-0, connecting the X conductors 1, 17, . ..
241 to the conductor 141-1, and continuing this process
through the last group by connecting the latter group
of X conductors 18, 31, ... 255 to the conductor 141-15.
The X conductors 44 are additionally labelled for thrs
purpose in FIG. 15 in accordance with the position In
the sequence of two hundred fifty-six conductors.

At the other end, which for convenience may be desig-
nated the X’ end, the X conduciors 44 are also con-
nected in parallel but in different groups by means of
a plurality of conductors 142—0 through 142-15. More
specifically, the two hundred fifty-six X conductors are
erouped at the X’ end by connecting the X conductors
0,1,...15to the conductor 142-1, and by continuing this
process through the last group by connecting the X con-
ductors 240, 241 . . . 255 1o the paraliching conductor
142—-15. Each of the X conductors 44 aiso nclides
therein at the X" end a diode 143.

Returning to the X end of the X conductors 44, each
of the groupings is connected by means of its paralleling
conductor 141 to an address selection switch X1E1 In
FIG. 11 individual to the group via a cable 144. The
cable 144 connects the groupings of X conductors 44 to
respective input terminals of the address selection switches
X111 such that the paralleling conductors 141-9 through
141-15 are directly connected to the input ternunals of
the address selection switches X111-0 through X111-15,
respectively, At the X’ end of the X conductors 44,
each of the groupings is connected by means of Iis
paralleling conductor 142 to an address selection switch
X112 individual to the group via a cable 145 extended
to FIG. 19. The cable 145 connects the groupings of
X conductors 44 to respective output terminals of the
address selection switches X112 such that the conductors
1420 through 142-15 are connected directly to the out-
put terminals of the address selection switches X112-0
through X112-15, respectively. From the foregoing
manner of grouping the opposite ends of the X con-
ductors 44 by the paralleling conductors 141 and 142
as depicted in FIG. 15, it will be apparent that the selec-
tion of any one conductor 141 and any one conductor
142 will select a single X conductor of the access core
switch array. This follows sincz no X conductor 44 in
a grouping at its X end occurs in more than one other
grouping at its X’ end. The energization of a selected
one of the address selection switches X111, to which the
paralleling conductors 141 are respectively connected,
and the simultanecus energization of a selected one of
the address selection switches X112, to which the paraliel-
ing conductors 142 are respectively connected, thus re-
sults in the selection of a single X conductor 44 of the
two hundred fifty-six such X conductors of the access

core switch array.

As mentioned in the foregoing, each of the address
selection switches X111 is connected by means of an
input terminal to a respective paralleling conductor 141
via the cable 144. Similarly, each of the address selec-
tion switches X112 is connected by means of an output
terminal to a respective paralleling conductor 142 via
the cable 145. FEach of the address selection switches
X111 is also connected by means of an output terminal
to a pulsing conductor 146, which latter conductor com-
prises one side of the energization circuit for supplying
a coincident current to the access core switch array. An
address selection switch X111, as will be seen hereinatter,
thus acts as a switch for completing a circuit path be-
tween the input and output terminals referred to above.
Similarly each of the address selection switches X112 1s
also connected by means of an input terminal to pulsing
conductor 147 via a cable 148 extending between FIGS.
15 and 19 and which latter conductor comprises the other

side of the aforementioned energization circuit. The lat-
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ter connections are made through diodes 149, the pur-
pose of which will become apparent hereinafter. An
address selection switch X112 thus similarly acts as a
switch for completing a circuit path between its input and
output terminals.

Each of the address selection switches X111 and X112
comprises identical circuit details as may be seen in con-
nection with switch X111-0 of FIG. 11 and swiich
X112-0 of FIG. 19. The switch X111-0, for example,
comprises a five-input low level logic AND gate followed
by a transformer coupled high power switch. The AND
gate comprises a timing input diode 151 parallelly asso-
ciated with four address input diodes 152 connected back
to back with a shifter diode 1583. A biasing circuit for
the diodes within the switch X111-0 is provided from a
source of positive potential 154, through a pair of re-
sistors 155 and 156, the diode 153, and the base of a
contrel transistor 157, Connections to ground are pro-
vided at the base of the latter transistor through a re-
sistor 158 and through a resistor 156 and a decoupling
circuit comprising resistor 155 and a capacitor 159. The
saturation of the transistor 157 completes a conducting
path from ground via its emitter-collector circuit, a pri-
mary transformer winding 161, a resistor 162, and the
resistor 155 to the potential source 154, Current in the
transformer. winding 161 is coupled by means of a
transformer secondary winding 163 to enable at ity base
a switch transistor 164 acress a resistor 165, The address
selection switch X111 completes its function when the
latter transistor completes a current path via its emitter-
collector circuit, a transformer primary winding 166, and
a diode 167 between the input and output terminals of the
switch X111 mentioned previously., The diode 167 pre-
vents negative voltage transients from appearing on the
collectors of the transistors 164 of the address selection
switches X111 other than the selected one during an inter-
rogation operation. Additional circuit details and the
specific operation of the circuit elements will become ap-
narent from a consideration of an illustrative operation
of the access circuits to be described hereinafter.

The address selection switches X112 are substantially
similar to the switch X111, the organization of which
was described in the foregoing. Accordingly, identical
circuit elements of the switch X112-0 are indicated by
the same reference characters primed. A switch X112
thus also completes its function when the transistor 164’
completes a current path via its emitier-collector circuit
and a transformer primary winding 166" between the
input and output terminals of the switch X112 also men-
tioned previously. It may be noted that the switch
X112-0 includes, in addition to the elements catalogued
for the switch X111-0, a resistor 167/, connected between
ground and the collector of transistor 164, and a source
of negative potential 168" connected through a resistor
169’ to the base of the latter transistor. These elements
comprise parts of a circuit which provides for the re-
charging of the access core array for noise reduction
purposes to which this description will return hereinafter.
Other elements of the switches X112 will also be con-
sidered in more appropriate sequence.

The orpanization of the circuitry for selectively en-
abling the address selection switches X111 and X112 may
now be considered with particular reference to FIG. 12
which depicts an address register in which the addressing
information may advantageously be stored. It will be
recalled from the organization of the switches X111-0
and X112-0 that four logic inputs were provided for each
switch across the diodes 152 and 152/, respectively. Ad-
dress signals for the inputs of these and the remaining
X111 and X112 selection swiiches are provided by an
address register 130 depicted in FIG. 12. The address
register 130 comprises seventeen bistable circuits, which
may conventionally comprise flip-flop circuits of a char-
acter to be described in detail, designated by the F0
through F16 numbered binary bits produced thercby in
accordance with the illustrative assumed capacity of the
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information store of this invention. Each of the flip-flops
of the register 130 has double-rail logic output conductors
on which the signals appear as determined by the binary
output of a flip-flop. In accordance with the conventicon
assumed in the present description, the output conductors
of the flip-flops are designated by the numbered binary
bits and their negations thus: 0, 0; 1, T; 2, 2; 3, 3; etc.
Each of the flip-flops of the register 130 has a reset input
connected to a common reset conductor 171. The reset
conductor 171 is extended through FIGS. 11, 15, and 19
fo an address register reset circuit 13(° of the program
store control circuits 140 of FIG. 18. In addition, each
of the flip-flops also has a set input carried via a cable
314 to the store control circuits 140 where the address
control signals are ultimately received from a central
control or other circuitry of the parent system of which
the present information store may comprise a part.

The address binary bits provided by the register 130
are transmitted from the output conductors of the flip-
flops to the logic inputs of the sets of address selection
switches X111-X112 to accomplish the selection of one
switch from each of these sets of switches in accordance
with any convenlent assignment of the bits O through 16.
In accordance with the particular assignment chosen for
the illustrative embodiment of this invention being de-
scribed, binary bits 6 through 9 control the selection of the
address selection switches X111-0 through X111-15,
binary bits 10, 11, 15, and 16 control the selection of the
address selection switches X112--0 through X112-15,
binary bits ¢ through 3 control the selection of the address
selection switches Y111-0 through Y111-15, and the
binary bits 4, 5, 13, and 14 control the selection of the
address selection switches Y112—0 throngh Y112-15, The
twelfth bit is employed to discriminate during interroga-
tion between the binary words simultaneously read out on
the A and B memory element tapes as will be considered
in detail hereinafter.

More specifically, the interconnections between the flip-
flops F6, F7, I8, and F9 of the register 130 are carried
via a cable 173 extended to the address selection switches
X111-0 through X111-15 of FIG. 11 in accordance with
the binary translation of the numerical designations of the
swilches X111. In order to avoid complexity of detail in
the drawings, these interconnections are not specifically
shown but will be understood by one skilled in the art to
be represented by the cable 173. Since the binary transli-
tion of the numerical designation of the switch X111-0
are the binary bits 0, 0, 0, 0, the interconnections with the
flip-flops F6, F7, F8, and F9 include connections from the

output conductors 6, 7, 8, and 9 of the latter circuits to the
inpuis similarly marked at the control side of the switch
X111-0, with the sixth bit, which is the most significant
binary bit, appearing on the right hand side of the latter
sequence. In the same manner the interconnections with
the flip-flops Fé6, F7, F8, and F9 include connections from

the output conductors 6, 7, 8, and 9 of the latter circuits
to the inputs similarly marked at the control side of the
switch X111-1 in accordance with the binary translation
0, 0, 0, 1 of that switch. These interconnections are con-
tinued through the sequence of sixteen switches, the last
switch X111-15 having its control inputs 6, 7, 8, and 9
connected via the cable 173 to the similarly marked output
conductors of the flip-flops F6, ¥7, F8, and F9 in accord-
ance with its binary code translation, 1, 1, 1, 1, of its
numerical designation.

In an identical manner to that described for the ad-
dress selection switches X111, the control inputs of the
switches X112 are interconnected with the output con-
ductors of the flip-flops F10, F11, F15, and F16 in accord-
ance with binary code translations of their numerical des-
iznations. The interconnections are represented, and the
address signals are carried, by a cable 174 extending from
FIG. 12, through FIGS. 11 and 15, to the control inputs
of the address switches X112 of FIG. 19. Thus, to cite an

10

15

20

bo
1

30

40

50

60

65

75

20

example of the X112 sequence of switches, the switch

X 1120 has the control inputs marked 10, 11, 15, and 16
connected to the similarly marked output conductors of
the flip-flops F10, F11, F15, and F16 of the register 130.
The remaining interconnections of the switches X112-1
through X112-15 may be determined from an inspection
of FIGS. 12 and 19.

Returning now to the one remaining input of each of
the switches X111 and X112, it will be recalled that the
AND gates comprising the logic control input of each of
these switches includes a timing diode 151 and 1517, re-
spectively. Each of the diodes 151 of the switches X111
15 connected to a common timing conductor 175 which is
extended through FIG. 15 to a timing cable 306 which is
in turn connected to timing circuitry in FIG. 18 in a man-
ner 1o be described hereinafter. A corresponding com-
mon conductor 177 connecting the diodes 151" of the
switches X112 in parallel is also connected to the timing
cable 306,

At this point, 1t is convenient to leave the access core
switch array X conductor access circuitry and consider
generally the duplicate of this circuitry provided for the
Y conductors of the array and the manner in which ad-
dress signals from the address register 130 are supplied
thereto. The Y conductor access circuitry is shown in
block symbol form in F1GS. 16 and 17, representative
ones of the Y conductors 45 being shown in FIG. 16 each
including a single winding representing each of the cou-
plings of a conductor to a core 12 of the access core switch
array. At one end, which for convenience may be desig-
nated the Y end, the Y conductors 45 are connected in par-
ailel in groups by means of a plurality of paralleling con-
ductors 181-0 through 181-15. The grouping of the
Y conductors 45, just as the grouping of the X conductors
44 previously described, at the Y end is such that each of
the paralleling conductors 181 connects sixteen of the
Y conductors in parallel. More specifically, the two hun-
dred fifty-six Y conductors 45 are grouped at the Y end by
connecting the Y conductors 0, 16, . . . 240 to the con-
ductor 181-0, connecting the Y conductors 1, 17, ... 241
to the conductor 181-1, and continuing this process by
connecting the last group of Y conductors 15, 31, ... 255
to the last paralleling conductor 181-15. The Y con-
ductors 45 are additionally labelled for this purpose in
FIG. 16 in accordance with the positions in the sequence
cf two hundred fifty-six conductors.

At the other end, which for convenience may be desig-
nated the Y’ end, the Y conductors 45 are also connected
in parallel but in different groups by means of a plurality
of conductors 182-0 through 182-15. More specifically,
the two hundred fifty-six Y conductors are grouped at the
Y’ end by connecting the Y conductors 0, 1, . . . 15 to
the conductor 182-0, the Y conductors 16, 17, . . . 31
to the paralleling conductor 182-1, and by continuing
this process to the last group by connecting the Y con-
ductors 240, 241, . . . 255 to the paralleling conductor
182-15. Each of the Y conductors 45 also includes
therein at the Y’ end a diode 183,

Returning to the Y end of the Y conductors 45, each of
the groupings is connected by means of its paralleling
conductor 181 to an address selection switch Y111 individ-
val to the group via a cable 184. The cable 184 connects
the groupings of Y conductors 45 to respective input ter-
minals of the address selection switches Y111 such that
the paralleling conductors 181-0 through 181-15 are di-
rectly connected to the input terminals of the address selec-
tion switches Y111-0 through Y111-15, respectively, At
the Y" end of the Y conductors 45, each of the groupings
1s connected by means of its paralleling conductor 182 to
an address selection switch Y112 individual to the group
via a cable 185. The cable 185 connects the groupings
of Y conductors 45 to respective output terminals of the
address selection switches Y112 such that the conductors
1320 through 182-15 are connected directly to the out-
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put terminals of the address selection switches Y112-0
through Y112-15, respectively.

Each of the address selection switches Y111, the de-
tailed organization of which has already been seen from
the description of the identical switch X111, is also con-
nected by means of an output terminal to pulsing con-
ductor 186, which latter conductor comprises one side
of the energization circuit for supplying a coincident cur-
rent to the access core switch array., An address selec-
tion switch Y111 thus also acis as a switch for complet-
ing a circuit path between the input and output terminals
referred to above. Similarly, each of the address selec-
tion switches Y112, the details of which are identical to
those of the swilches X112, is also connected by means
of an input terminal to a pulsing conductor 187 via a
cable 188 which latter conductor comprises the other
side of the aforementioned energization circuit. The lat-
ter connections are made through diodes 189, the purpose
of which will become apparent hereinafter. An address
selection switch Y112 thus similarly acts as a switch for
completing a circuit path between its input and output
terminals.

The address selection switches Y111 and Y112 are also
selectively enabled by means of address signals from
the address rezister 130 applied to their input logic gates
as was the case for the address selection switches X111
and X112, 1t will be recalled that the address bits 0
through 3 control the selection of the switches Y1110
through Y111-15 and the address bits 4, 5, 13, and 14
control the selection of the switches Y112-0 through
Y112-15. Accordingly, the interconnections between
flip-flops FO, F1, ¥2, and F3 of the register 130 of FIG.
12 are carried via a cable 193 extending from the latter
register to the address selection switches Y111-0 through
Y111-15 in accordance with the binary translation of
the numerical designations of the latter switches. Here
also, in order to avoid complexity of detail in the draw-
ings, these interconnections are not specifically shown but
will also be understood by one skilled in the art to be
represented by the cable 193, Since the binary transla-
tion of the 0 numerical designation of the switch Y1110
are the binary bits O, 0, (0, 0, the interconnections with the
with the flip-flops FO, F1, F2, and F3 include connec-
tions from the output conductors G, 1, 2, and 3 of the
latter circuits to the mput similarly marked at the con-
trol side of the switch Y111-0, again with the most

significant binary bit appearing on the right hand side
of the latter sequence. In the same manner the inter-

connections with the flip-flops F@, F1, F2, and F3 include

connections from the output conductors ¢, 1, 2, and 3 of
the latter circuits to the inputs similarly marked at the
control side of the switch Y111-1 in accordance with the
binary translation 0, 0, 0, 1 of that switch. These inter-
connections are continued through the sequence of six-
ieen swiiches, the last switch Y111-15 having its control
inputs 0, 1, 2, and 3 cennected via the cable 193 to the
similarly marked output conductors of the flip-flops F0,
F1, F2, and F3 in accordance with its binary code trans-
lation 1, 1, 1, 1 of its numerical designation.

In an identical manner to that described for the ad-
dress selection switches Y111, the control inputs of the
switches Y112 are interconnected with the output con-
ductors of the fip-flops F4, FS5, F13, and ¥14 in accord-
ance with the binary code translations of their numerical
designations. The latter interconnections are represented,
and the address signals are carried, by a cable 194 ex-
tending to the control inputs of the address switches Y112
of F1G. 16. Thus, to cite one example of the Y112 se-
quence of switches, the switch Y112-1 has the control

inputs thereof marked 4, 5, 13, and 14 connected to simi-
larly marked output conductors of the flip-flops F4, FS§,
F13, and F14 of the register 130. The remaining inter-
connections of the switches Y112-0 and Y112-1 through
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Y112-15 may be determined from an inspection of FIG.
16.

Fach of the timing inputs of the switches Y111 is
connected to a common timing conductor 195 which is
extended 1o the timing cable 306 and a corresponding
common timing conductor 197 connected to the timing
inputs of the logic gates of the switches Y112 in parallel
is also extended to the timing cable 306, The latter cable
is in turn connected to timing circuitry as previously men-
tioned and which will be considered in proper sequence
hereinafter. This concludes a detailed consideration of
the circuitry for selecting and providing an energization
current path through one conductor in each coordinate of
the access core switch array depicted in FIGS. 5 and 7.
In recapitulation, a partial energization circuit may be
traced for a selected X conductor from the pulsing con-
ductor 147 of FIG. 15 to the return pulsing conductor
146 of FIG. 11 as follows: a diode 149, cable 148, the
emitter of a transistor 164" of a selected address selec-
tion switch X112 of FIG. 19, the collector of the same
transistor, primary winding 166°, cable 145 extending
to FIG. 15, a paralleling conduclor 142, a diode 143, the
selected X conductor threading two hundred fifty-six
cores 12 of the core access switch, a paralleling con-
ductor 141, cable 144 extending to FIG. 11, the emitter
of a transistor 164 of a selected address selection switch
X111, the collector of the same transistor, a primary
winding 166, and the conductor 146. A similar current
path may be traced which includes a selected Y conduc-
tor between the puising conductors 187 and 186 in FIG.
16. The pulsing conductors 146 and 147 and similar
conductors 186 and 187 connect the X and Y conduclor
energizailon circuits just described with current sources
and pulsing circuitry shown generally in the block dia-
oram of FIG. 8 and which may now be considered 1n de-
tail.

Referring to FIG. 8, the current source and other con-
trol components are shown as connected in circuit paths
extending from corresponding terminals of the X and X’
address selection switches via conductor 126 and 121,
respectively. The conductor 121 terminates at a source
of potential 114 through a constant current source 113
and tthe conductor 126 terminates at ground through a
current switch 127 and a filter network 117. Bridging the
extensions of the pulsing circuit thus generally described
is a current shunt switch 116 by means of a conductor
118. In the present detailed description, the conductors
121 and 126 are identified as the pulsing conductors 147
and 146, respectively, and will be referred to by the
latter character references. The inputs of the address
selection switches X112 are connected via cable 148 and
the diodes 149 to the pulsing conductor 147 of FIG. 135,
which is extended through FIGS. 14 and 10, and ulti-
mately via conductor 201 of FIG, 13 to the constant cur-
rent source 115 of FIG. 9. The current source 115 may
comprise any suitable circuit devisable by one skilled in
the art capable of providing a direct current of the char-
acter to be described in greater detail hereinafter. The
source 115 is powered from a source of negative potential
114. Immediately before its connection with the cur-
rent source 115 and following its connection with the
bridging conductor 118, the pulsing conductor 147 is
diverted to a tracking circuit shown in detail in FIG. 13,
The tracking circuit provides for the compensation for
any variations in the current source 115 and, as will be
seen, in the current source 115’ supplying the Y coordinate
conductors of the access core switch array, by varying the
biasing current of the latter array in accordance with the
variations. The desired flux switching action in the se-
lected cores of the access switch array is thus nsured
notwithstanding variations in either or both of the co-
incident selection currents.

The connection of the pulsing conductor 147 with the
tracking circuit 1s made via an auxiliary conductor 201
having connected in series therewith a plurality of pri-
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mary windings 201" of four multiwinding transformers
200, through 2004 each of which has a saturable core hav-
ing a substantially square hysteresis curve, The latter
transformers are paired together to generate, for the first
pair, 200; and 200, a control signal for the bias cur-
rent generator 47 of FIG. 7, and for the second pair,
200, and 2004, a checking signal for diagnostic purposes
which will be described generally herecinafter., Within
each transformer pair the primary windings 201" are
oppositely poled. Each of the transformers 200 also
includes a second primary winding 202, which latter
windings are also oppositely poled within each transformer
pair and are szrially connected together and to a con-
stant current generator 203. Third primary windings
203" of each of the transformers 200, also oppositely
poled in each transformer pair and in a sense opposiie
to that of the windings 202, are serially connected be-
tween the bias current generator 47 of FIG. 7 and the
bias winding 46 of the access core switch array depicted
in FIGS. 7, 15, and 16. Each of the transformers 200
has included therein a secondary winding 204 which wind-
ings are all similarly poled and serially connected only
to the corresponding winding 204 of the other trans-
former of each transformer pair and then to respective
tracking detector circuits 204" and 204’°. The output of
the former tracking detector circuit, that is, the one asso-
ciated with the transformers 200, and 200, is a con-
tinuous direct current applied to an output conductor
205" which ultimately connects with the maintenance
circuits 160 of the store control circuits 140 for purposes
which will be described.

The output of the tracking detector circuit 204’ is
transmitted via a control conductor to control the out-
put of the bias current generator 47. In order to control
the latter output in conjunction with the current pulses
supplied by the constant current source 115 of FIG. 9
and the constant current source 115’ of FIG, 17, another
primary winding 202" is coupled in each of the trans-
formers 200, again, oppositely poled in each transformer
pair. The latter windings 202°, which each in the same
sense as the corresponding windings 202 of the trans-
formers, are serially connected together and, as will be
seen, connected between the pulsing conductor 187 and
the constant current source 115 of the Y coordinate con-
ductor access circuifry. The transformers of the trans-
former pair 200, and 200, each also have oppositely poled
and serially connected windings 207" included therein.
The latter windings are connected between a source of
negative potential 206" and ground through a resistor
208°. The latter potential, applied through the oppositely
poled windings 207, serves to off-set the hysteresis curves
of the saturable cores of the transformers 200, and 200,
in opposite directions to make possible the detection of
positive and negative current variations. As mentioned
previously, the corresponding windings 202 and 202’
are coupled in the same sense which is opposite to the
sense of the coupling of the corresponding primary wind-
ings 203, Although the number of turns of each of the
latter windings is the same, the amplitude of the cur-
rent applied to the bias current winding 203 is twice
that of each of the normally equal amplitudes of the
currents applied to the windings 202 and 202’ from the
sources 115 and 115’, respectively. As a result, ideally
the algebraic sum of either the X or Y access drives ap-
phied to the access core switch array and the bias drive
applied to the same swiich is zero. Any sum greater or
less than zero is detected by the detector circuit 204’
which in turn provides a control signal to restore the bias
current from the source 47 to a value which will give
the zero sum. The tracking circuit has little effect on
other circuifs because dual transformers 200; and 2090,
as well as transformers 200; and 200, cancel alternating
current signals induced from the constant current gen-
erator 203.

At the other side of the energization circuit, the pulsing
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conductor 146 is extended from the output terminals of
the address selection switches X111 in FIG, 11, through
FIG. 10, to ground through a current series switch 127 and
a filter network 117 in FIG. 9. The switch 127 will be
considered hereinafter. The filter network 117 1s provided
to minmize the existence of large transient currents both to
protect the access circuitry and to reduce noise in the read-
out circuits. The filter network 117 is connected at one
end to the conductor 146 and comprises a plurality of
branch paths connected at the other end to ground. A
first of the parallel paths includes a varistor 205 and a
diode 206, another of the paths includes a diode 207 and
a resistor 208, and the last of the paths includes only an
inductor 269, The mductor 299 is selected to present a
high impedance to rapid current changes but presenis a
low resistance direct current path to ground for the ener-
gization current of the access core switch array. In ac-
complishing its noise reduction function, the network 117
provides a precharging of its associated X conductors of
the access core switch array and this charging current
value 1s determined by a suitable selection of the values
of the resistor 208 and diode 207, the latter diode being
poled in the direction of current flow for the charging
operation. The varistor 205 and diode 206 set the voltage
at which the inductor 209 recovers.

In order to apply an energizing current pulse to a se-
lected X conductor 44 during an interrogation of the
memory 100, a circuit is completed between the current
source 115 and ground at the filter network 117. This cir-
cult is controlled at two points: by a current shunt switch
116 connected in parallel with the X conductors 44 di-
rectly between the current source 115 and filter network
117 and by a current series switch 127 serially connected
in the pulsing conductor 146. The switches 116 and 127
are substantially identical in organization and only the
current shunt switch 116 will be described in detail in
terms of its operation. The current shunt switch 116
shown in FIG. 9 is normally on to provide a current path
between the source 115 and ground via the filter network
117 thereby shorting out a parallel current path between
the source 115 and ground through the X conductors 44
of the access core switch array. Specifically, in the switch
116 this shunt path is provided through the primary wind-
g of a transformer 2164, a resistor 211, and the collector
and emitter of a transistor 212. The transistor 212 is con-
nected in a conventional circuit arrangement with a second
transistor 213 such that the latter holds the former tran-
sistor saturated. The collector of the transistor 213 is
connected through the resistor 211 to the collector of the
transistor 212. The emitter of the transistor 213 drives
the base of transistor 212 through a resistor 214 with the
result that the emitter of the latter transistor is the output
point of a current amplifier comprising the two tran-
sisors. Transistor 213, in turn, is maintained in a satu-
rated state by a current flowing from a source of positive
potential 215 through a resistor 216, an inductor 217, and
a diode 218. An alternative path for this current is pre-
sented through a resistor 219 connected to the base of the
transistor 213; however, the latter base presents a low im-
pedance as compared to that of the resistor 219. The
current thus flowing from the source 215, which is a rela-
tively small current, thus maintains the transistor 213 satu-
rated which in turn holds the transistor 212 on. This
current leaves the circuit 116 at the emitter of the tran-
sistor 212.

Turnming to the input control side of the current shunt
switch 116, the circuitry for changing the operation there-
of from the normally obtaining state considered in the
foregoing may now be described. Control of the switch
116 1s achieved by selectively applying 2 high or a low
potential to an input conductor 220 connected to a diode
221. During the foregoing normal condition of the switch
116, 1n which a low impedance current path is maintained
therethrough, a relatively low potential is applied to the

conductor 220. Accordingly, a current will flow also from



3,205,111

25

the positive potential source 215, through a resistor 222,
through the diode 221, and out through the low potential
conductor 220. This follows since the output of the diode
221 is also low at its point of connection with the re-
sistor 222. During a cut-off control of the switch 116, a
relatively high potential is applied through the conductor
220, with the result that the diode 221 is nonconducting,
and the current normally flowing from the source 2185 will
be diverted through a diode 223 and thereby to the base
of a transistor 224 which presents a low impedance path
as compared with the path also presented by a leakage
resistor 225. The transistor 224 is thus turned on, with
the result that a current again originating in the source
215 is drawn through the primary winding of a trans-
former 226, the collector and emitter of the transistor
224 to ground at the latter element. A filter comprising a
resistor 227 and a capacitor 228 is provided to protect the
source 215 from instantaneous current peaks and a szcond
resistor 229 connected 1n series with the current path limits
the current drawn through the transformer primary wind-
ing. The transformer 226 applies a current pulse via its
secondary winding to the base of a second transistor
230. The resistor 229 comprises a high impedance in
series with a relatively high voltage presented by the
source 215 in comparison with the driven transistor 2308,
with the result that a currcnt, rather than a voltage pulse,
is applied to the base of the latter transistor. A resistor
231 connected across the secondary winding of the trans-
former 226 limits the negative-going pulse generated at
the recovery of the transformer 226, when the swiich 116
1s restored to normal, to a value less than the breakdown
potential of transistor 230. The saturation of the tran-
sistor 230 provides a bypass path for the current flowing
from the source 215 threugh the diode 218 which current
maintains both of the fransistors 213 and 212 on. The
latter current is thus diverted through the transistor 2340
with the result that the latter transistor shorts out the
input to the transistor 213 turnine both the latter tran-
sistor and the transistor 212 off. The internded result of
the foregoing control of the current shunt switch 11§ is
thus achieved; that is, the low impedance path between
the current source 115 and ground at the filter network
117 1s opened. The secondary winding of the transformer
210, the primary winding of which is connected in series
with the aforementioned low impedance path, is connected
to readout conirel circuitry which will be considered in
detail hereinafter., The input conductor 220 of the switch
116 is connected to the timing cable 306 and timing con-
trol circuitry which will also be described in more ap-
propriate sequence.

The pulsing circuit completed via the pulsing conduc-
tors 146 and 147 contains one other switch for controliing
its continuity. Connected in series with the pulsing
conductor 146 between the address selection switches 111
of FIG. 11 and the filter network 117 is a current series
switch 127, The switch 127, shown in FIG. 10, is identi-
cal i organization and operation to that of the current
shunt switch 116, the details of which have just been de-
scribed. Thus, the switch 127 completes, in the conduc-
tor 146, a current path via a primary winding of a trans-
former 2107, a resistor 211°, and the collector and emitier
of a transistor 212°, each of which latter elements are
the counterparts of identical elements in the switch 116.
'The secondary winding of the transformer 210" comprises
a part of the All Seems Well checking circuitry to which
this description will return. Operation of the swiich 127
is controlled via an input conductor 229" to which con-
ductor a relatively high potential is applied also from
timing circuifs via the timing cable 306 to be described
in proper sequence hereinafter, The swilch 127 is nor-
mally closed as is the switch 116 and the continuity of
the pulsing conductor 146 1s broken by the operation of
the switch 127 at the completion of an interrogation
operation,

When the swiich 127 is operated to open the pulsing
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circuit in the conductor 146 and thereby terminate the
pulse applied to a selected X conductor coincidentally
with the pulse applied to a selected Y conductor of the
access core switch array, a voltage drop is developed
across the switch 127 which is limited by means of a
voltape limiter 129. This voltage drop when added to
the drop across the selected X conductor of the access
core switch array, insures that the core selection X con-
ductor pulse is terminated with the same voltage as that
which caused its initiation. The voltage limiter 129 is
connected in parallel with the switch 127 in the conductor
146 at one side by means of a bridging conductor 2335
and at the other side by means of a conductor 236. The
conductor 236 is connected through a capacitor 237 to
the base of a transistor 238, the collector of which is also
connected to the conductor 236 through a resisior 239
and the primary winding of a transformer 240. The base
of the transistor 238 as well as the connected side of the
capacitor 237 is connected to a voltage regulator circuit
comprising a diode 241 which is connecled to ground
through a resistor 242. A second resislor 243 is also con-
nectod between the base of the transistor 238 and ground.
The voltage rezulator circuit is completed by the con-
nection of the diode 241 through a Zener diode 244 to a
saurce of negative potenhal 245, The emitter of the
transistor 238 is connected via the conductor 233 to a
common conncciion of the input of the switch 127 with
the pulsing conductor 144, The secondary winding of
the transformer 240 provides an output through a diode
247 across a recsistor 248 to the All Seems Well circutry
previously mentioned. An output cf the voitage Iimiter
129 is also provided at the base of the transistor 238
across a resistor 249 to provide signals for diagnostic
circuitry the purpose of which will be described herein-
after,

Normally transisior 238 cf the voltage lIimiter 129 is in
a nonconducting state.  In this condition capacilor 237
will be charged to a potential determined primanly by
the nepative potential source 245 and the Zener diode
244,  Also in this condition, the conductors 235 will both
be at near ground potentials since conductor 236 1s con-
nected to ground by conductor 146 and filter network
117, and conductor 235 is connected 1o conductor 236
by cable 145 through the normally closed series switch
127. The base of transistor 238 will thus be rendered
necative relative to its emitter by the potential stored
on capacitor 237, Thus the transistor 228 is in a non-
conducting state as previously mentioned. When the
normally closed series switch 127 is opened, the potential
on conducter 235 will rapidly go increasingly negative.
When the potential difference between conductor 233 and
conductor 236 exceeds the potential on capacitor 237,
transistor 238 will be forward-biased and will conduct
sufficient current to prevent any further increases in the
sotential difference between conductors 233 and 236.
Rezsistor 239 aids in dissipating some of tihe power which
would otherwise be dissipated by the transistor 238 when
this transistor is in a conducting state. Diode 241 pro-
vides the necessary isclation 1o allow the voltage limter
to limit the potential difference exislinz beiween con-
ductors 235 and 236 even though both conductors may be
napative relative to ground at the time the potential dif-
ference exists.

One further control circuit may conveniently be de-
scribed at this point. As shown in FIG. 10, connected
between the conductors 235 and 147, that is, across the
load represented by the X conductors of the access core
witch array, is a damper circuil comprising a resistor
250 and a Zener diode 251. The resistor 250 is con-
nected at one side to the conductor 146 via the bridging
conductor 235. The damping circuit i1s provided across
the inductive load presented by the X conduciors to pre-
vent ringing which otherwise might occur. Accordingly,
the resistor 250 represents the critical damiping resistance.
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The Zener diode 251 limits the damping effect of the
circuif to the rise time of the energization pulse.

A second limiter circuit, a load limiter 128, is also
connected across the load presented by the X conductors
of the access core switch array. This limiter circuit 128,
shown in FIG. 14, is connected between the pulsing con-
ductors 146 and 147 by means of the bridging conductors
254 and 255. The limiter circuit 128 is substantially
similar in organtzation and operation to the limiter cir-
cuit 129 of FIG. 10 previously described, with the excep-
tion of the voltage regulator section. 1In the circuit 128
the base of the counterpart transistor 256 is connected to
a source of negative potential 257 only through a diode
258 which is the counterpart of the diode 241 of the
limiter circuit 129. The conductor 254 connects with the
base of the transistor 256 through a capacitor 259 and
the emitter of the latter transistor is connected to the
conductor 147 via the conductor 255. Between pulses
applied to the pulsing circuit from the constant current
source 115 of FIG. 9, the base of the transistor 256 1s
connected to the source 257 through the forward-biased
decoupling diode 258. Current through resistor 269 and
diode 258 to source 257 maintains the diode 258 in its
forward-biased state. During the time that a pulse 1s
applied to the pulsing circuit, if the voltage on conductor
255 is more negative than the voltage on conductor 254
by the amount of voltage on the capacitor 259, transistor
256 is driven into conduction. As a result conductors
254 and 255 are effectively connected together through
resistor 902 and transistor 256, limiting further difference
in potential between the two conductors. Capacitor 239
is recharged after each pulse in the pulsing circuit. The
function of the limiter circuit 128 is thus to limit the
voltage across the selected X conductor of the access core
switch array. A large voltage would otherwise be gen-
erated when the constant current source 115 supplies 1ts
X conductor drive current, As mentioned previously
herein, the load of the latter array comprises essentially
an inductance because of the core windings. The limiter
circuit 128 thus limits this undesired voltage buildup.
The limiter circuit 128, like the limiter circuit 129, also
includes a transformer which is employed to provide an
output for the All Seems Well circuitry previously re-
ferred to. The limiter circuit 128 also provides three
outputs for checking the operation of the pulsing circuit.
These outputs are taken at a first point at the base of the
transistor 256 across a resistor 262, at a second point at
the collector of the same transistor through a resistor 263,
and at a third point, at the conductor 254 side of the
capacitor 259 through the primary winding of the afore-
mentioned transformer and a resistor 264. Each of these
points is connected in this manner to diagnostic circuitry
to be discussed.

One final limiter circuit of the X conductor pulsing cir-
cuitry remains to be described. This Iimiter circuit 119,
shown in FI1G. 9, is connected in parallel with the current
shunt switch 116 between the conductors 146 and 147
and is intended to operate only in the event that the
previously described limiter circuits 128 and 129 fail to
operate. If the latter limiter circuits function properly,
the voltage across the limiter circuit 119 normally fails
to reach its breakdown voltage and the latter circuit 18
thus effectively a standby circuit. The limiter circuit 119
is substantially similar to the circuits 128 and 129 and is
connected between the pulsing conductors 146 and 147
by conductors 265 and 266, respectively. The conductor
265 is connected to the base of a transistor 267 through a
Zener diode 268, which base is also connected through a
resistor 269 to a source of negative potential 270. A
transformer 267’ also provides a mecans for obtaming an
output for the previously mentioned All Seems Well cir-
cuitry, the primary winding of which transformer is con-
nected between the conductor 265 and the collector of the
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sistor 271. Finally, the emitter of the transistor 267 is
connected to the conductor 266.

The limiter circuit 119 operates in a manner substan-
tially similar to that already briefly considered in con-
nection with the limiters 128 and 129, that is, the circuit
119 1s caused to operate when the base-emitter junction
of the transistor 267 is forward-biased, causing the latter
transistor to conduct current., This current effectively
fimits the voltage at the conductor 266 side of the switch
116 to the value of the potential drop across Zener diode
268. The resistor 271 is inserted in the circuit to dis-
sipate the power generated i1n the collector.

The access core switch array of FIG. 7 within which
the access circuitry presently being described is adapied
to select a particular crosspoint, presents a considerable
amount of stray capacifance as previously mentioned.
Accordingly, in order to prevent dissipation of the ener-
gizing drive pulse provided by the pulsing circuit through
unselected paths, this capacitance is precharged 1n accord-
ance with the principles of this invention by means of a
voltage pulser. The voltage pulser 134, shown in detail
in FIG. 14, is connected at its output side with each of
the X conductors 44 of the access core switch array via
a conductor 275. This connection i1s made through a
plurality of diodes 276, as depicted in FIG. 15, and i1s
further made to the X conductors 44 at the access selec-
tion switches X111 side. The voltage pulser switch 134
is substantially similar to the current shunt switch 116
and the current series switch 127, the organization and
operation of which have already been considered i1n the
foregoing. Accordingly, the voltage pulser swilch 134
will be described only briefly in terms of its operation.
The switch 134 is also normally on, this state being main-
tained by a conventional output circuit arrangement com-
prising a pair of transistors 280 and 281. A normal cur-
rent flowing from ground, through a resistor 282, an
inductor 283, and thence to the base of the transistor 280
via a diode 284 maintains the lafter transistor furned on.
A normal current path is thus provided from ground
through a resistor 285, a primary winding of a trans-
former 28%, a second resistor 287, through the collector-
emitter circuit of the transistor 281, to a source of nega-
tive potential 288. A current normally flowing in the
path thus traced places the conductor 275, which is con-
nected to one side of the primary winding of the trans-
former 286 through a resistor 289, at substantially the
potential of the voltage source 288. This potential is
applied via the diodes 276 to the X conductors 44 of the
access core switch array as shown generally in FIG. 15,

This precharging of the X conductors 44 1s interrupted
during an interrogation operation and the voltage pulser
134 is controlled by means of a relatively high potential
applied to its low level logic input stage from timing cir-
cuitry via conductor 290. This control potential serves
(¢ open the conducting path through the transistor 281
in the manner identical to that already described for the
switches 116 and 127. A minor diflerence existing in
the pulser 134 is the provision of the voltage source 288
to constitute a power source for the current in the voltage
generating output circuit, Since a current path exists in
the pulsing circuit as a whole for the switches 116 and
127, the source 288 is unnecessary in the latter circuits.

The forepoing completes a detailed description of the
organization of the pulsing circuit for the X conductors
44 of the access core switch array shown in FIGS. 5 and
7. As mentioned previously, an illustrative information
store according to this invention also provides identical
pulsing circuitry for the Y conductors 45 of the access
core switch array. Because these pulsing circuit compo-
nents are identical to those just described in the foregoing
for the X conducters, they will be described here only
renerally with particular reference to FIG. 17. Wher-
ever it is appropriate, the same reference characters will
be primed to indicate circuitry and components which are
identical to those already described in detail.
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The current source and other control components of
the Y conductor 45 pulsing circuitry are connected in ctr-
cuit paths extending from corresponding terminals of the
Y111 and Y112 address selection switches via conductors
186 and 187, respectively. The conductor 187 termuinates
at a source of potential 114’ through a constant current
source 115" and the conductor 186 terminates at ground
through a current switch 127’ and a filter network 117°.
Bridging the extensions of the pulsing circuit thus gen-
erally traced is a current shunt switch 116" by means of a
conductor 118°. The pulsing conductor 187 1s extended
from the connections with the inputs of the address selec-
tion swiiches Y112 through the diodes 189 of FIG. 16
to the constant current source 115" of FIG, 17. The lat-
ter connection is made through a primary winding 202’
of the access core switch array bias tracking circuit al-
ready described hereinbefore. At the other side of the
pulsing circuit, the pulsing conductor 188 is extended
from the output terminals of the address selection switches
Y111 in FIG. 16 to ground through a current series
switch 127’ and a filter network 117,

In order to apply an energizing current pulse to a se-
lected Y conductor 45 during an interrogation of the mem-
ory 100, a circuit is completed between the current source
115" and ground at the filter network 117,
cuit 1s also controlled at two points: by a nermally on
current shunt switch 116" connected in parallel with the
Y conductors 45 directly between the current source 115’
and the filter network 117" and by a normally on current
series switch 127’ serially connected in the pulsing con-
ductor 186. A voltage limiter circuit 129’ is connected
in parallel with the switch 127’ in the conductor 184 at
one side by means of a bridging conductor 235" and at
the other side by means of a conductor 236". At this
point also a damper circuit comprising a resistor 2590’ and
a diode 251’ is connected between the conductor 235" and
the conductor 187 throvgh a connecling conductor 118’.
A second Iimiter circuit 128’ is also connected across the
load presented by the Y conductors 45 of the access core
switch array by means of a pair of conductors 254’ and
255", One further limiter circuit 119’ is connected in
parallel with the current shunt switch 116" between the
conductors 186 and 187 and is also provided as a pro-
tection for the circuit in the event that the previously
referred to limiier circuits fail to function. The limiter
circuit 116" is connected between the pulsing conductors
186 and 187 by means of the conductors 265’ and 266,
respectively.

In order to precharge the Y conductors 45 of the ac-
cess core switch array, a voltage pulser circuit 134 is
provided, the single output of which is connected to esach
of the Y conducters 45 of FIG. 16 through individual
diodes 276’ via a conductor 275’. Each of the circuits
generally referred to in the foregoing operates in a man-
ner and for a purpose identical to those already described
in connection with the circuits of FIGS. 9, 10, 13, and 14.
Each of these circuits also includes provisions for obtain-
ing an output for the All Seems Well circuitry which will
be considered in more detail hereinafter. In addition.
the voliage pulser 134° and the limiter circuits 128" and
129’ have provision for generating output signals em-
ployed for diagnostic purposes also to be later considered.
The foregoing circuits of the Y conductor pulsing circuit
are also controlled by signals provided by the timing cir-
cuits 132 mentioned previcusly which comiprises part of
the store control circuits 149 shown generally in FIG. 1.
Thus, the current switches 116" and 127" and the voltage
pulser 134’ are controlled by signals applied via the con-
ductors 323, 233, and 29, respectively. The latier con-
ductors are extended to the aforementioned timing circuits
132 which may now be generally considered.

In order to supply proper timing for the various com-
ponents of the access circuitry so far described and for
the readout circuits of the store to follow, timing circuits
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132 are provided, which circuits generate a number of
suitably timed control signals as determined by operative
needs of the system. The timing circuits 132, which is
shown in block symbol form in FIG. 8 and in more de-
tail in FIG. 18, comprises part of a group of store control
circuits 149 and may comprise any multisignal generator
devisable by one skilled in the art capable of providing
the control signals of the character and at the times to
be described. The timing circuits 132 contemplated for
use in the present information store includes a section for
generating the timing signals for the access circuitry and
a separate section for generating mitial ttming signals for
the readout circuitry. Although within the timing cir-
cuits 132 the individual circuits are shown generally only
in block symbol form, they may be undersicod to com-
prise conveniently two chains of serially connected pulse
generators beiween which individual flip-flops are con-
{rolled to provide the voltage timing signals. Thus, the
access chain 301 of the timing circuits 132 comprises a
plurality of pulse generators which may advantageously
comprise circuits of the character which will be described
1n detail in connection with the readout circuitry of the
store to follow. A plurality of flip-flop circuits, repre-
sented by the single block 392, are suitably connected be-
tween the pulse generators at points as determined in ac-
cordance with the timing of the voltage output signals
required for the operation of the present store. The read-
out chain 3903 of the timing circuits 132 similarly com-
prises a sequence of pulse generators with an attendant
plurality of flip-flop circuits represented in FIG. 18 by
the single block symbol 304. In the latter section a num-
ber of signal cutputs are thus made available, only par-
ticular ones of which are employed for the readout op-
eration as will appear hereinafter.

Both the access chain and the readout chain of the 1im-
ing circutts 132 are controlied by a sync pulse supplied via
a conducter 305 from the central control of the system
with which the present information store may be em-
ployed. The output circuits of the timing circnits 132 are
carried by cables to the various components of the store
system, the idividual conductors of the cable being
onutied from the drawings for the sake of avoiding com-
plexity of detail. A plurality of output circuits are shown
in FI1G. 18 as originating at the flip-flops 302 and each of
these provides a contrel signal which is carried to its con-
troiled component of the access circuiiry by a conductor
understood to be included in a cable 306. Thus, specifi-
ceily, a control signal is supplied to the address selection
swiiches X111 via the cable 306 extended to FIG. 19 and
thence through FIG. 15 by means of the conductor 175
supplying cach of the selection switches X111 of FIG. 12.
The cable 386 also connects in FIG. 19 with the conductor
177 which, in that figure, carries the control signal to the
address selection switches X112. The cable 306 is also
extcnded through FIGS. 19 and 20 to supply similar con-
trol signals via the common conductors 195 and 197 to the
address selection switches Y111 and Y112, respectively,
of FIG, 16,

The cable 306 is further extended to the X conductor
puising circuitry to supply a control signal for the voltage
pulser 134 via its input conducior 290 of FIG. 14 and is
then continued to FIGS. 9 and 10 where control signals
are applied to the input conductors 220 and 220’ of the
current shunt switch 116 and the current series swiich
127, respecltively. In a similar manner the cable 306 is
extended to the Y conductor pulsing circuitry of FIG. 17
io supply a control signal for the voltage pulser 134’ via
its input conductor 290°. Conirol signals are further sup-
plied by the cable 306 to the input conductors 232 and 233
of the current series switch 116 and the current shunt
switch 127’ respectively, of FIG. 17. The specific con-
trol signals employed initially to control the timing of
the readout circuitry and their transmission thereto will
be considered in connection with the description of the
latter circuits hereinafter. These signals originate at the
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flip-flop circuits 304 of the timing circuits 132 and are also
carried to the controlled components by means of a cable
to be identified in a more appropriate sequence. With the
foregoing description ¢of the manner in which the various
timing control signals of the information store of this
inventicn are achieved and conducted to the controlled
components, an illustrative interrogation operation of the
memory 100 by the access circuitry 110 so far described
may now be considered.

Hlustrative operation of access civcuits 100 and interroga-
tion of memory 100

As has been previously pointed out, a cycle of operation
of the information store of this invention advantageously
does not necessitate a write or a rewrite phase. The in-
troduction of the information to be stored into the memory
is accomplished by the mechanical insertion of iniorma-
tion cards 15 each having affixed thereon at coordinate
locations, patterns of effective permanent magnets, which
patterns represent the information to be stored. The
manner of the insertion of the information cards 15 and
their relationship to the interrogation circuitry have al-
ready been considered in connectron with FIG. 2 et seq.,
and it will be assumed for purposes of description that the
word row defined by the solenoid 11, containing the binary
bits 1, 0, I, . . . 0in the B secticn of the memory plane
shown in FIG. 2 is to be interrogated. It will also be
assumed for purposes of description that the illustrative
word row is found in memory module 43,, the position of
which, relative to the other modules of the memory 160 1s
shown in FIG. 5, and further that this illustrative word
row is defined in the access core switch array of that fig-
ure by the X coordinate conductor 445 and the Y coordi-
nate conductor 45s. The latter conductors, because of
their coordinate positions in the access core switch array,
may also be identified among the representative conductors
shown in FIGS. 15 and 16 as the conductors 44s and 43s
respectively, each designated 1 in its sequence of con-
ductors 0--255,

A readout cycle of operation of the information store
of this invention may be initiated at any time that no other
readout cycle is in progress in response to an order from
the central control of the system with which this inven-
tion is adapted for use. Thus, although a periodic read-
out may be instructed, the information store as here con-
templated provides information output signals in response
to the application of a sync pulse from the common con-
trol to the store control circuits 140 and thereby to the
timing circuits 132 of FIG. 18. This sync pulse then ini-
tiates the interrogation cycle and sets the times and mter-
vals of the various timing control signals provided by the
timing circuits 132. Although the energization of a word
row solenoid 11 for ultimate interrogation of a row of
permanent magnets is accomplished by overlapping or
simultaneous operations of the access circuifry compo-
nents, an interrogation cycle may conveniently be divided
into two distinct operations. In the first, an X and Y
coordinate conductor of the access core switch array defin-
ing the solenoid to be energized, is selected by the address
selection switches X111, X112, Y111 and Y112. In the
second operation the pulsing circuits of the latter con-
ductors are energized. The illustrative interrogation op-
eration will accordingly be considered in that sequence.

The operations of the access circuitry of the mforma-
tion store of this invention will best be understood by
reference to FIG. 31 which depicts the time relationship
between the various operative control signals employed,
the waveforms being shown in idealized form. In the
illustrative embodiment of the invention being described,
the intervals between each of the times #,, #;, 2, €iC., IN-
dicated in FIG. 31 and elsewhere, may be understood as
one microsecond. An interrogation cycle is initiated by
the application to the store control circuits 140 of a sync
pulse 310 at the time t,. The sync pulse 310 is supplied by
the central control of the system with which the present
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information store may be adapted for use and is trans-
mitted to the store whenever information is to be read
therefrom. The sync pulse 310 is applied to an input con-
ducter 305 of the timing circuit 132, and it is also applied
to a gating means 311 which represents a number of gates
for simullaneously applying address signals to the set
inputs of the address register 130 of the store control cir-
cuits 149, which address register is shown separately in
FIG. 12, Address instructions for the interrogation oper-
ation are received also from the central centrol via an
input cable 312 and these instruction signals, represented
by the new address signal 313 at time £ in the chart of
FIG. 31, are carried from the gating means 311 by means
of a cable 314 extended from F1G. 18, through FI1GS. 19,
15, and 11, to the input cable 314 of the address register
130 and thus to the set inputs of its flip-fiops of the ad-
dress register 130 are available some interval, say a quarter
microsecond, later. The new information output voltage
siznal on each of the flip-flops is represented in FIG. 31
by waveform 315 which continues to the reset of the ad-
dress register 130.

It will be recalled from the previous description of the
assignment of flip-flops of the address register 130 to the
address selection switches, that the flip-flops FO through
F3 control the selection of the address selection switches
Y111 at the Y side of the Y cerordinate conductors 45,
flip-fiops F4, F5, F13, and F14 control the selection of the
address selection switches Y112 at the Y’ side of the Y
coordinate conductors 45, flip-fiops F6 through F9 control
the selection of the address selection switches X111 at the
X side of the X coordinate conductors 44, and that flip-
flops F10, F11, F15, and F16 control the selection of the
address selection switches X112 at the X’ side of the X
coordinate conductors 44. Accordingly, in view of the
particular illustrative operation being described, address
instruction signals will set the flip-flops FO and F§, the
remaining flip-flops of those above enumerated being left
in their reset states. The binary outputs of the flip-flops,
which will be available shortly after the time 7, and which
are represented in F1G. 31 by the voltage pulse 318§, will
appear on the binary designated output circuits of the
fiip-flops FO through F11 and F13 through F16 as follows:

0.1,2 33,5, 6,7,8, 9, 10, 11, 13, 14, 15, and 18, respec-
tively. The output voltage of the flip-flop F12 and 1ts
binary character will be considered in connection with the
description of the operation of the readout circuits sub-
sequently.

In accordance with the foregoing binary outputs of
the flip-flops of the address register 130, a voltage signal
315 will be applied from the latter register to each of the
correspondingly designated inputs of the address selection
switches., However, by inspection of the low level logic
inputs of the latter switches in FIGS. 11, 16, and 19, it 1s
evident that only in the address selection switches X111-1,
31120, Y111-1, and Y112--0 will each of the coded
binary inputs of the multiple AND gates be energized.
The latter switches will thus control the selection of one
of each of the X and Y coordinate conductors of the access
core switch array. The voltage signals 315 are continu-
ously applied for substantially the interrogation period
from the address register 130 and the operation of the
foregoing address sclection switches now depends only
upon enabling timing control signals to be applied to the
remaining inputs of the logic input gates of the latter
switches.

Before proceeding to the operation of the enabling
timinz control signals for the selected address selection
switches, one further preparatory operation for the ener-
gization of the selected X and Y conductors will be con-
sidered. It will be recalled that mention was made of the
precharging of the capacitance of the wiring of the access
core switch array to prevent dissipation of the interroga-
tion current pulse applied thereto during an interrogation.
This precharginy operation is accomplished by the voltage
pulzers 134 and 134" of FIGS. 14 and 17, respectively.
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As previously stated in connection with the detailed de-
scription of the organization of the latter circuit, negative
potentials originating at the source 288 and the corre-
sponding source in the pulser 134 are applied to one end
cof the X and Y conductors, respectively. For the X con-
ductors, this voliagze is applicd via the conductor 275 and
a plurality of diodes 276 and for the Y conductors the
voliage is applied via the conductor 275" and a plurality of
dicdes 276°. Before the X and Y conductors are coin-
cidentally creruized during the interrogation opetation,
the voltage pulsers 134 and 1347 are simultanecusly opened
by timing control signals provided by the timing circuits
132 at the time iy These enabling signals, depicted
ideatly in ¥IG. 31 as the pulses 316 and 317 are trans-
mitied from the timine circuits 132 via the cable 306 to
the input conductors 290 and 299" of the veltage pulsers
34 and 1347 of FIGS. 14 and 17, respectively.  Accord-
ingly, at the time £ 5 the voltage pulsers 134 and 1347 are
conirolled to disconnect the voltage socurces comprising
part of their circuitry from the ends of the X and Y con-
ducicrs 44 and 45 in order to permit their selective ener-
gization.

At the same time signals are applied from the timing
circuits 132 and accomplish the preliminary activation
of the address selecction swilches X1¥1-1 and Y111--1
previously selected by the binary coded address signals
215 received from the address register 130, A fiming
control signal depicted as the pulse 318 in FIG. 31, 18
provided by an ouiput fip-fiop 302 of the timing circuits
132 to each of the input gates of the input gates of the
address selection switches X111 via the cable 306, the
conductor 176, and the commmon conductor 175, At the
same time a timing control signal 3192 15 also provided
from an output flip-flop 302 to the input gates of the
address selection switches Y111 via the cable 306, the
conductor 1%6, and the common conductor 195, As a
result, the selected switches X1i1-1 and Y1il-1 are
encrgized to complete current paths therethrough 1n a
manner already previously constdered.

At this time one ond of the groups of X and Y coord:-
nate conductors in which the selected X and Y conduce-
tors anpear which are to energize the selected word row
solenoid, are connected to the pulsing conductors 1498
and 186, resnectively.  Thus, specifically, of the X con-
ductors, the conductors designated by their numerical
sequence 1, 17, . . . 241 and connecled together by the
common conductor 141-1 in FIG. 15 are connected in a
current path which may be traced as follows: common
conductor 141-1, cable 144 extended to FIG. 11 and
then to the address selection switch X111-1, the con-
trolled current path of the latter switch including, as may
b2 seen from the switch X111, the collector-emitter cir-
cuit of a transistor 164 and a primary winding 166, to the
nulsing conductor 146, By means of the latter conduc-
tor, the foregoing current path may be continued throngh
the controlled current path of the current serigs switch
127 of FIG. 10, the pulsing conductor 146 extended to
FIG. 9, and therebv to ground fhrouczh the filter net-
work 117, Since the voltare pulser 134 was previously
opened at the time ¢, 5, each of the X conductors con-

ected to the common conductor 1411 15 connected to
ground via the path above traced, and the Intier conduc-
tors are quickly brought to ground potential before the
energization «circuit therethrough is completed by the
enargization of an address selection switch X112 which,
as will be seen, occurs sometime later,

In a similar manner, of the Y conductors, the con-
ductors designated by their numerical seguence 1, 17,
. . . 241 and connected together hy the common con-
dictor 1811 of FIG. 16, are connected together in a
carrent path which mav be traced as follows: common
comnductor 181-1, cable 184, extended to the address
selection switch Y111-1, the controlled current path of
the latter switch identical to that of the switch X111--1
previously considered, to the pulsing conductor 186. By
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means of the Iatter conductlor the current path 15 extended
via the current series switch 127" to ground through the
filter nctwork 117'. The voltage pulser 134" was also
opened at the time #; 5 and each of the Y conductors con-
nected to commmion conductor 18I-1 s connected to
ground via the path above traced to bring the latter con-
ductors quickly to ground potential before the energiza-
tion circuit therethrough is completed by the subsequeiil
encreization of the address sefection switch Y111-0 which
may now be constdered.

Subsequent to the energization of the address selection
switches X1E1-1 and Y111-1 as above described, the ad-
dress selection switches X112-0 and Y112-0 are actl-
vated by timing control signais 320 and 321 applied
from the timing chain 132 at the time 15 as represente:d
in FIG. 31, The timing signal 320 is provided by an
output flip-Aop 302 to each of the input gales of the
address selection swiiches X112 via the cable 306, con-
ductor 176, and the common conductor 177. The Lim-
ing siepnal 321 is applied to the input gates of the address
selection switches Y112 via the cable 396, conductor 196,
and the common conductor 197. As a result, the ad-
dress selection swilches X112-0 and Y112-0, previously
selected by the binary coded address signals 31§ recerved
from the address register 139, are activated to complete
current paths therethrough as previously considered.

With the energization of the address selection switches
X111-1 and X112-0, a current path is established be-
tween the pulsing conductors 146 and 147 which path
includes only the single X conductor 44s since the latter
conductor is the only one common to the two groups
of X conductors associated by the common conductors
141-1 and 142-0. Similarly, with the energization of the
address selection switches Y111-1 and Y112-4, a cur-
renth path is established between the pulsing conduciors
186 and 187 which path includes only the single selected
Y conductor 43s. This alsc follows since the latter
conductor is the only one common to the two groups of
Y conductors associated by the common conductors 181
1 and 182-0. At this time the selected X conductor 44
and selected Y conductor 45s are in readiness for the
application of coincident interrogation drive pulses
thereto. During the times f;5 and f; 5, the X and Y
conductors 44s and 45s were brought to ground potential
by their connection to ground at the filter networks 117
and 117",

Although in the foregoing the selection of an X and
a Y coordinate conductor of the access core switCh array
was described as a preparatory operation, the energiza-
tion of the latter conductor by coincident selection cur-
rents occurs at time 7, At this time timing controi
sipnals from the timing circuits 132 serve to open the
current shunt switches 116 and 116" of the X and Y
nulsing  circuitry, respectively. These timing controi
signals, represented in FIG. 31 by the idealized wave-
forms 322 and 323, respectively, are provided at a thip-
flop 362 output of the timing circuits 132 and are con-
ducted to the respective current shunt switches 116 and
116" by means of the cable 306 extended to FIGS. 9
and 17 to the input conductors 220 and 232 of the latter
switches, respectively., As previously described 1n con-
nection with the consideration of the detatled organiza-

tion of the latter swiiches, the control signals 322 and

323, during their application, open the wcurrent shunting
paths between Lhe puising conductors 146 and 147 and
the pulsing conductors 186 and 187. As a result, the
current from the constant current source 115, for the X
conductors, and from the constant current source 1157,
for the Y conductors, are now conducted at the time 7,
to the selected X conductor 44s and the selected Y con-
ductor 45s.

More specifically, at the X conductor access circuttry
side, the current from the constant current source 115, 1s
normally conducted to ground via the path which may be
traced as follows: conductor 201 and its serially included
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primary winding 202 of the tracking circuit of FIG. 13,
shunting conductor 118 and its connected current shunt
switch 116, and the filter network 117. Upon the open-
ing of the current shunt switch 116 at the time ¢, this
current now follows the pulsing path which may be
traced again through the conductor 201 and its serially
connected primary winding 202, pulsing conductor 147
extended from FIG. 9 through FIGS. 1! and 14 to FIG.
15, a diode 149, cable 148, an input of the energized ad-
dress selection switch X112-0, emitier-collector circuit
of the transistor 164’ and primary winding 166", output
of the latter selection switch, cable 145 extended to FIG.
19, common conductor 142-0, diode 143, selected X con-
ductor 44s, cable 144 extended to FIG. 11, input of the
energized address selection switch X111-0, the emitter-
collector circuit of the transistor 164 and primary wind-
ing 166 of the latter switch, pulsing conductor 146 ex-
tended through the now closed current path of the cur-
rent series switch 127 of FIG. 10, to ground at the filter
network 117 of FIG. 9. The current pulse following the
above traced path is represented ideally as the waveform
324 1n FIG. 31.

At the Y conductor access circuitry side, the current
from the constant current source 118" is normally con-
ducted to ground via the path which may be traced as fol-
lows: the primary winding 202’ of the tracking circuit
200 shown independently in FIG, 13, shunting conductor
118" and its connected current shunt switch 116°, and the
filter network 117’. Upon the opening of the current
shunt switch 116° at the time 7, this current now follows
the pulsing path which may be traced again through the
primary winding 202’, pulsing conductor 187 extended to
FI1G. 16, a diode 189, cable 188, the input of the energized
address selection switch Y112-@, the controlled current
path through the latter switch to its output, cable 183,
common conductor 182-0, a diode 183, the selected Y
conductor 45s, cable 184, input of the energized address
selection switch Y111-1, the controlled current path
through the latter switch to its output, pulsing conductor
186 extended through the now closed current path of the
current series switch 127" of FIG. 17, to ground at the

iter network 117, The current pulse following this
traced path is represented ideally in FIG. 31 as the wave-
form 325. The diodes 149 and 189 decouple the unse-
lected X and Y address selection switches.

As mentioned previously, because the selected X and
Y conductors of the access core switch array present -
ductive loads, the current pulses 324 and 325 cannot rise
instantaneously to the constant current value of the
sources 115 and 115", At each side, the puising circuits
have bridged across the current series switches 116 and
116’, the voltage limiter circuits 128 and 128°, respective-
ly. Since these limiter circuits are placed in parallcl
with the inductive loads represented by the selected X
and Y conductors, the voltages across the loads are pre-
vented from rising above a predetermined value, Accord-
ingly, initially the currents from the constant current
sources 115 and 115 divide between the inductive leads
and the latter limiter circuits. A rapud transfer of cur-
rent from the direct path to ground via the current shunt
switches 116 and 116" to the selected X and Y conductors
is thus effected without the generation of undesirable
oscillations at the plateau of the pulses 324 and 325,

With the generation of the coincident selection pulses
324 and 325 and their transmission to the selected X and
Y coordinate conductors 44s and 455 of the access core
switch array as above described, attention may now be
directed to the selection of an access core of the latter
switch with particular reference to FIGS. 2, 5, and 7.
Fach of the cores 12 of the access core switch array
shown in FIGS. 5 and 7 is biased by a continuously ap-
plied current in the same direction of magnetic satura-
tion. This current is provided by a bias current source
47 and is applied to each of the cores 12 of the array by
a bias conductor 46 threading each of the cores in the
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sane direction. Although, as will become apparent here-
inafter, the cores 12 are employed as transformers, to
nrovide an operating threshold, each of the cores 12 18
advantageously fabricated of a magnetic material having
substantial rectangular hysteresis characteristics,  I-or
convenience each of the cores 12 may be understood as
being biased to negative saturation by the biasing current.
The sense of the coupling of the X and Y coordinate con-
ductors is then such that the cores 12 are driven by the
coincident currents 324 and 325 to the direction of op-
posite, ar positive saturation. The relative amplitudes
of the biasing current and the current pulses 324 and
325 are adjusted such that their algebraic sum is suffi-
cient, when coincidentally applied, to drive a core 12
bevond its switching threshold. Accordingly, when the
current pulses 324 and 325 are applied to the X and Y
conductors 44s and 45s, the core 12° which the latter
conductors define in the access core array, is driven
around the knee of its hysteresis loop and into the direc-
tion of positive saturation. As a result of this flux excur-
sion in the core 12 a current is genevated in its coupled
solenoid 11,, which latter element is more clearly shown
in FIG. 2, The current pulse so generated is represented
in FIG. 31 by the waveform 326 occurring substantially
between the times t, and #4. For reasons which will be-
come apparent hereinafter, the positive-going current
pulse 326 in the solenoid 11, is followed by a negafive
current 327 beginning sometime after the time 74.

The tracking circuit 200 of FI1G. 13 insures, as pre-
viously mentioned, that despite variations in cither or
both of the current pulses 324 and 325, the algebraic sum
of the latter currents and the oppositely poled biasing
current arc sufficient to cause the desired flux excursion
in the selected core. The tracking circuit further msures
that the aleebraic sum of either one or the other of the
currents 324 and 325, together with the bhiasing current
is mmsufficient 10 cause undesired flux excursions in the
remaining unselected cores of the access core switch ar-
ray.

In FIG. 2 it is apparent that the solenoids 11 are cou-
pled at the outer faces of their loops to individual groups
of address segments of two separate groups of memory
elements. It will be recalled that in the memory plane
of FIG. 2, the near memory elements as viewed in the
drawing were dcsignated the B section and the far
memory elements similarly viewed were designated the
A section. As is obvious from FIG. 4, the directions of
the A and B secticns are reversed in alternating adjacent
planes of the memory modules and this reversal will cause
the generation of information representative output sig-
nals from the memory 180 of opposite polarities for the
adjacent planes as will be subsequently seen. In the il-
lustrative embodiment of the information store, the inter-
rcgation operation of which is being described, it will be
assumed that the sense of the coupling of each of the
solenoids 11 of the memory 100 is such that the interroga-
tion drive pulse 326 generates a current therein which is
positive in the A section, that is, in the far face as viewed
in FIG. 2, and is negative in the B section, that is, in the
near face similarly viewed, considering the source of the
current as being a core 12. It will further be assumed
that the eflective permanent magnets 18 of the mforma-
tion cards 15 maintain the coupled address segments of
the wire memory elements 13 in a direction which may
be understood as being downward as viewed in the draw-
ing. The drive magnetic fields generated by the current
pulse 326 in the solencid 11, will alse be downward on
each face thereof with respect to the coupled address seg-
ments of the wire memory elements 13. The magnitude
of the solenoid drive pulse 326, and hence that of the
drive fields, is such that the fields are sufficient at the
crosspoints having no effective permanent magnets 18
thereat to cause a flux switching in the helically wound
tape of the coupled wire memory element 13. As will be
seen shortly hereinafter, the magnetic conditions of the
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switched address segments of the wire memory elements
13 are restored to the upward direction as viewed 1n the
drawing during each interrogation with the result that
ecach address segment unattended by an effective perma-
nent magnet will be in a flux condilion permitting 2
response to the interrogation drive fields of the sole-
noids 11,

Specifically, during the illustrative interrogation opera-
tion being described with respect to the exemplary word
row defined by the solenoid 11,5, a flux switching will oc-
cur in the downward direction as viewed in the drawing
in the address seements of the wire memory elements
135, and 13h, since, as previously described, at these
crosspoints no effective permanent magnets appear. On
the other hand, flux switching of the address segments
defined by the solenocid 11, in the memory clements 1354
and 135, will not occur since these address segments are
alrcady held in the direction of magnetic saturation to
which ihe drive fields tend to drive them by the coupled
nermanent magnets 18 at these points. These address
segments will merely undergo a minor flux excursion fur-
ther into saturation. As a result of the flux switchings
of the address segments in the wire memory elements
134, and 1355, output voltages will be generated in the
electrical conductors of the latter elements on which the
magnetic tapes are wound, which voltages generate out-
put currents in the electrical circuits presented by the
wire memory element 13, its associated return conductor
14, and a common transformer primary winding 50,
which circuits are more clearly depicted in FIG. 6. The
output voltages generated are represented in FIG. 31 by
the idealized waveform 328 and appear in each of the
wire memeory elements 13 of the interrogated word row
defined by the solenoid 11, of FIG. 2 not having an effec-
tive permanent magnet 18 coupled thereto. In the con-
ventional manner, such an output voltage Is indicative of
the storage in the word row of a binary 1.

At the address segments of the exemplary word row
at which permanent magnets appear, only negligible volt-
aoes are generated. However, the shuttling of half-
selected access cores on the selected X and Y conductors
causes the generation of small voltages at a hundred
twenty-six other points on the memory wires. The aggre-
gate voltage produced at these points by wavelorms 329
and 329 is depicted in the comparison chart of FIG. 31.
The disposition of the information representative output
signals so far described will be considercd hereinafter
following a discussion of the termination of the pulsing
of the access core switch array and the eflect of this
termination on the output signals.

During the interrogation operation so far described,
the normally closed current series switches 127 and 127’
remained in that condition to permit the completion of
the pulsing circuit traced hereinbefore. These switches
are opened to initiate the termination of the interrogation
operation and function to transfer the pulsing currents
324 and 325 from the selected X and Y conductors back
to the direct paths to ground presented throngh the re-
stcred current shunt switches 116 and 116°. The prob-
lem of the transfer of the pulsing current mentioned
nreviously also is presented at the termination of the
pulses 324 and 325. Thus, it is difficult to transfer in-
stantansously the current from the constant current
sources 115 and 115 back to the current series switches
116 and 116’, respectively. The control of the pulsing
circuitry of the information store according to this inven-
tion is also contemplated to provide for this transfer.
Ths termination of the interrogation cycle is initiated at
the time #; 7=, indicated in FIG. 31, by the application of
timing control pulses 330 and 331 from output flip-fiops
362 of the timing circuits 132 to the input conductors
2128” and 233 of the current series switches 127 and 1277,
respectively. The timing control pulse 330 is conducted
from the timing circuits 132 by means of the cable 306
extended through FIG. 14 to the input conductor 220°
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of FIG. 10; similarly, the timing control pulse 331 is con-
ducted 1o the input conductor 233 of FIG. 17 via the
cuble 386 also extended through FIGS. 19 and 20, The
conirol pulses 330 and 331 control, in a manner previ-
ously described, the switches 127 and 127 to open the
conducting paths serially connected in the pulsing con-
ductors 146 and 186, respectively. Approximately a
guarter microsecond later, at the time /4, the control
pulses 322 and 323 are terminated with the result that
the direct paths to ground through the current shunt
switches 116 znd 116’ are rcstored. As a result, the
intter switches almost immediately provide a path for
ihe pulsing current from the sources 115 and 115 now
interrupted at the open series switches 127 and 127,
However, the energy which is stored in the inductive load
presented by the selected X and Y coordinate conductors
of the access core switch array must be dissipated. Ac-

cordingly, the limiter circuits 129 and 12% connected

across the current series switches 127 and 1277, respec-
tively, serve to limit the voltages across the latter switches
and to provide a path for rapidly reducing the energy of
the induciive load.

Upon the opening of the current series switches 127
and 127 and closure of shunt switches 116 and 1167, tae
drive currents 324 and 325 of the X and Y conductors
are terminated with the result that the selected core 127
of the access core switch array is returned to the influence
of the biasing current from the source 47. The buasmg
current as a result drives the core 127 back from the point
on its hysteresis ioop to which it was earlier driven by
the coincident current pulses 324 and 325 to its normally
biased point in negative saturation. This restoring fiux
excursion again induces a voltage in the coupled solenoid
11.; this voltage is of opposite polarity to, and foliows
immediately upon, the voltage pulse 328, being representad
in F1G. 31 by the negative-going waveform 327. The
resulting current generated in the two faces of the sole-
noid 11, will in turn gencrate magnetic fields 1n the op-
posite direction (rom those which caused the above-de-
seribed flux excursions in the address segments of the in-
terrogated word row not having permanent magnets 18 as-
sociated therewith, The previously switched address seg-
ments of the wire memory elements 13 of the miterrogated
word row will accordingly be restored to their preinter-
rogated mogznetic state and thus be in readiness for a
subsequent interrogation cycle. Output signals will, as o
result, agnin be generated in the output circuits presented
by the wire memory elemenls 13, the return conductors
14. and the common primary windings 58, which signals
will be of opposite polarity to those generated during the
switching of the address segments. These signals are rep-
resentad in F1G. 31 by the negative-gomg wavelorm 332
following immediately upon the positive output signal 328.

During the above-described restoration of the address
seoments of the wire memory elements 13, the restor-
tion fields of the solenoid 11; were also applied to the
sddress segments having coupled thereto permanent mag-
nets 18, These segments, it will be recalled, were already
maintained in the direction of magnetic saturation n
which the initial interrogation drive tended to drive them,
Accordingly. during the latter drive only negligible flux
excursions were induced 1n those segments with resali-
ine small output signals such as the signal 329 depicted
in FIG. 31 being generated in the respeclive wire memory
elements.  In the same manner, during the restoration
phase of the interrogation cycle, although the solenod
pulse 327 i1s of suflicient magnitude to overcome the
holding fleld of the permanent moagnets 8, a small flux
excursion is again induced in each of the address seg-
ments having a permanent magnet coupled thereto.  The
output currents induced in the wire memory element ound-
nul circuils will again be smull signals of opposite polarity
to those earlier eenerated and are represented in FIG. 31
by the waveform 333, As a result of the interrogation
of a bit address in the illustrative word row having stored
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therein a binary 1, that is, having no permanent magnet
18 associated therewith, a relatively large, positive output
signal followed immediately by a similar, negative output
signal are generated in the wire memory element output
circuits. At a bit address in the illustrative word row
having stored therein a binary 0, that is, a bit address
having a permanent magnet associated therewith, a rela-
tively small, positive output signal followed immediately
by a similar, nagative output signal are generated in the
wire memory element output circuits.

At this point it should be noted that as previously
mentioned, the polarities of the output signals described
in the immediately for=going apply only to the plane of
the memory module in which the illustrative interrogated
word row is located and to the corresponding altcrnating
planes of the memory module. Tt will be recalled that,
due to the alternating directions of the A and B sections
of wire memory elements 13 as they pass the opposite
faces of the scolenoids 11 of the adjacent memory planes,
not only are the positions of the A and B sections reversed
in adjacent planes, but the sense of the coupling to the
solencoids 11 in adjacent planes of the continuous elements
13 is also reversed. As a result, for the memory planes
immediately adjacent the plane shown in FIG. 2 in which
the 1llustrative word row assumed for purposes of descrip-
tion is located, the output signals representative of the
storage of a binary 1 and O are reversed in polarity. Thus,
had the illustrative interrogated word row been located
in the planes immediately adjacent to the plane shown n
FIG. 2, the output signals representative of the two binary
values would be of the polarities indicated for the rep-
resentative signals 3287, 329, 332°, and 333 shown by
the dashed waveforms in FI1G. 31. The manner in which
discrimination is accomplished among the foregoing vari-
ous output signals will be described in connection with
the organization and operation of the readout circuitry to
follow.

From the foregoing interrogation cycle of operation so
far described, 1t is clear that the bmary information is
permanently stored. That i1s, no destructive effect can be
had on the effective permanent magnets or the absaence of
effective permanent magnets at the crosspoints of the
coordinate information storage locations on the informa-
tion cards 15 by the applied ficlds during an interroga-
tion. The applied solenoid interrogation fields are insuffi-
cient to change the magnetization of the permanent mag-
nets and also have no effect on the locations where no
magnets, or as the case may be, no effective permanent
magnets appear. With respect to the interrogating array
of wire memory elements and solenoids, an interrogation
cycle of operation i1s also nondestructive in the sense that
the interrogation array is self-resetting durine each opera-
tive cycle. As was seen in the foregoing, the permanent
magnets 18 prevent any permanent magnetic changes in the
coupled address segments of the interrogation arrav. For
the address segments not so coupled, the biased restoration
of the selected care of the access core array alsp causes
the switched address segmenis to restore to therr normal
magnetic states.

To restore completely the rematning circuits of the ac-
cess circuitry to their normal operative states, simultane-
ously with the restoration of the current shunt switches
116 and 116 at the time 74 the timing control pulses
316 and 317 controliing the operation of the voltage
pulsers 134 and 134', respectively, are terminated. As
a result, the voltage of the source 288, for the X side of
the access circuitry is restored to the X conductors of the
access core switch array bringing the latter conductors
again to the potential of the source 288. The charging
of each of the X conductors is accomplished via the con-
ductor 275 and the diodes 276. Similarly, for the Y side
of the access circuitry, the Y conductors of the access
core switch array are brought again to the potential of the
source of the voltage pulser 134 through the conductor
275" and the diodes 276’

To nsure that euch of the forcgoing operations is
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completed, the selected address selection switches X111,
X112, Y111, and Y112 are continued in an energized
state until the time 7, 75 al which time the timing control
pulses 318 through 321 applied to their input logic cir-
cuits pre terminated. At the time {445 also an address
register reset pulse 325 is applied under the control of
the controt circuits 140 to the address rezister 130 to
re-et each of the flip-flops FO through F6. The pulse
3358 1s applied from the reset circuit 139’ of the control
circuits 1494 via a conductor 171 cxtended from FIG. 18,
through FIGS. 19, 15, and I1 to the reset inputs of the
address register 120, As a result, the address register
signals 315 arc also terminated with respect to their in-
formation character at this time. As a result, the con-
trolled current paths through the resistors 164 of the
previously sciected switches X111-1, X112-0, Y1ii1-1,
and Y112-0 arec restored to their normally open states.
After the address selection switches are restored to their
normai states, the current series switches 127 and 127
may also be again closed and this restoration is accom-
plished by the termination of the timing control pulses
330 and 331 at the time 75 45.. Sufficient time is thus
allowed for the transfer of the current from the access
core switch array load to the direct path to ground through
the current shunt switches 116 and 116°. The access cir-
cuits 110 are now fully restored and are prepared for
a subsequent interrogation operation.

It 1s convenient at this point to return to the selection
of an access core of the access core switch array of
FIGS. 5 and 7 in order to consider one advantageous
organizational aspect of the information store of this in-
vention, When the coincident selection current pulses
324 and 325 are applied to the selected X conductor 445
and sclected Y conductor 45s to select the core 127, the
current pulse 325 alone is also applied to, and mag-
netically affects, each of the other cores 12 courled to
the selected X conductor 44s.  Similarly, the current
pulse 324 alone is also applied to, and magnetically affects,
each of the other cores 12 coupled to the selected Y
conductor 45s. The small flux excursions caused in these
cores 12 by the individual half-select current pulses 324
an<l 325 induce noise currents in the sclenoids 11 cou-
pled to these cores with resulting small drives being ap-
phied to the address segments of the wire memory ele-
ment 13 ol the memory in turn coupled to the solenoids.
The noise voltages generated in the wire memory ele-
ment ctreuits by these minor drives for any single word
row would be neglivible. However, as is apparent from
F1G. 5, for example, two hundred fifty-five solenoids in
each X and Y coordinale are subject to the cffect of the
minor flux excursions in the coupled cores 12 and the
cumulative efiect of the signals gencrated in the wire
memory elements 13 coupled to the solenoids would tend
seriously to interfere with the generation of the desired
information output siznals as above described. The noise
problem thus presented is advantageously reduced in the
present information store by the grouping of modules
in the memory 160, Thus, it is clear from FIG. § that
uhhu;ugh a selecled X conductor cortrols the flux ex-
cursiens 1it each of its coupled cores 12 of each of the
moduies of a particular colummn, the cores of only one
module of a diagonal grouping of modules are affected.
stmilarly, although a selected Y conductor controls the
flux cxcursions in each of its coupled cores 12 of each
of the modules of a particular row, the cores of only onc
module of o dingonal grouping of modules is acain effect-
ed. This may be demonstrated in connection with the
Hustrative interrogated word row emploved for descrip-
tive purposes in the foregeing. The ilustrative word row
appears in the memory medule 43, which is one of the
diagonal grouping also including the modules 43, through
434, In the latter grouping of moedules the corresponding
wire memory elements 13 are connected, together witl:
their return conductors 34, in parallel with a common
transformer primary winding 50. Thus, for example, in
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FIG. 6, assuming the wire miemory element 13; o rep-
resent the memory element 136; of FIG. 2 which for
nurposes of illustration was assumed to be in the module
43,, then the elements 13,4, 133, and 13, would lie 1n the
modules 435, 435, and 40,, respectively, each sharing a
common primary winding 0. From this organization,
it is evident that the only noise which would be generated
in the primary transformer 56 would be that created by
the cores 12 of the X and Y conductors associated with
the module 43, alone. Any noise signals generated 1n
the other modules 42,, 41,, and 40, or ciher modules
42,, 41, 40, which share the column and row, respec-
tively, of the module 43, will not be generated 1n the
same wire memory elements 13 as those generated in
the illustrative elements 13 of the module 43,, Although
noise signals may be gencrated in the olher moduizs of
the column and row, they will aprear in separate and dit-
ferent wire memory element circuits,

In recapitufation, as a result of the aforedescribed iilus-
trative interrcgation oneration, the currents generated In
the word row defined by the exemplary solenocid 11, of
FIG. 2 are as follows: a posilive current pulse 3228 fol-
lowed by a negative current puise 332 are generated In
the wire memory elements 13bh, and 1355 and smalt posi-
tive and negative shuttle current pulses 329 and 333 are
cenerated in wire memory elements 135, and 135,. The
manner in which these information representative out-
put signals are utilized and the circuitry involved in ac-
cordance with the principles of this invention may now
be considered. The organizaticn of the readout circuits
120 shown in block symbal form in FIG, 1 will first be
described followed by a detailed consideraticn of their
operation.

Detailed description of readout circuits 120

The organization and details of the readout circuits 120
are shown in, and will be described with particular refer-
ence to FIGS, 20 through 30. In order to facilitate an
understanding of the organization of the readout circuiis,
portions of the memory 100 are repeated in FIG. 20. In
the latter fizure each of the module groups 40 throuch 43
of FIG. 5 15 shown as an individual block symbol each
having extending therefrom representative first and last
ones of the forty-four wire memory element-return con-
ductor terminations of the A and B sections of the four
module groups described in the forecoing. Each module
eroup is thus shown as having termination pairs 14a-9
and 13a-0 through 144-43 and 134-43, and 145H-0 and
1356-0 through 145-43 and 136-43 extending therefrom,
the terminations being so designated only at the module
group 40. As previously described, each of these termina-
tion pairs is completed at a common transformer primary
winding 50 as depicted in FIG. 6, the latter winding serv-
ing as a common circuit cutput for the corresponding
wire memory element-retiirn conductor pairs of the
memory modules of a module group. The transformer
primary windings 30 to which the A and B terminations
are connected appear in pairs in selector circuits, which
circuits are arranged in groups individual to the module
oroups 49 through 43. Specifically, the terminations of the
module group 40 are connected to transformer windings
50 of a group of selector circuits 350-0 through 35043,
representative first and last ones of which selector circuits
are shown in FIGS. 23 and 24, respectively. In like man-
ner, the terminations of the module group 41 are con-
nected to transformer windings 50 of a group of selector
circuits 351-0 through 351-43, only the first of which
selector circuits 1s shown in FIG. 24, The ternunations
of the module group 42 are connected to transformer
windings 56 of a group of selector circuits 352-0 through
352-43, cnly the first of which selector circuits is also

shown in FIG. 24, Finally, the terminations of the
module group 43 are connected to transformer windings
50 of a group of selector circuits 333—0 through 333-43,
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only the first and last of which selector circuits are shown
in FIG. 24,

The details of the selector circuits 359 through 333 are
specifically shown only with respect to the first selector
circuit 353-0; since these details are identical with re-
spect to each of the other selector circuits, the latter cir-
cuits are shown in block symbol form only. The specific
interconnections ¢of the terminations of the module groups
40 through 43 with their transformer windings 30 of the
selector circuits are net shown in detail in the drawings,
these interconnections being represented only by single
cables. it will be recalled that from each module group
there are eighty-eight lerminations divided into f{orty-
four terminations for each A and B section of the memory
planes. Each of the terminations in turn comprises a wire
memory element and its return conductor which are
designated in FIG. 20 with respect to the module group
40 consistent with the designation of these elements in
FIG. 2. The first of the forty-four A section terminations
is a return conductor 14a-0 associated with ifs wire
memory element termination 13a-9. The first of the
forty-four B section terminations is a return conductor
1450 associated with its wire memory element termina-
tion 130-8, These pairs of terminations are carried to
the transformer primary windings 58« and 53b. respec-
tively, of the selector circuit 350-0 by means of a cable
354 extended to FIG. 23. The second through forty-third
termination pairs are to be understood as being similarly
carried to the respective selector circuits 358-1 through
350-42, not specificallv shown in the drawing. Similarly,
the last of the forty-four A section terminations is also a
return conductor 14a—43 associated with its wire memary
element termination 13a-43. The last of the forty-four
R section terminations is a return conductor 145—-43 asso-
cialed with its wire memory element termination 13543,
The latter pairs of terminations are carried to the selector
circuit 350-43 and therein to transformer primary wind-
ings 80a and 50b via a cable 355, The terminations of
the module group 41 are similarly carried via cables to
the selector circuits 351. Thus, a cable 356 carries the
first of the forty-four A and B section terminations to the
transformer primary windings 504 and 585, respectively,
of the selector circuit 351-0. Only the latter selector cir-
cuit is shown as representative of its group, and 1t is vnder-
stood that each of the selector circuits 351-1 through
351-43, not shown In the drawing, Is similarly connected
to the remaining A and B section terminations of the
module group 41.

The terminations of the module group 42 are connected
in a manner identical to that described for the selector
circuits and module groups previously considered, the
representative connectiens via the cable 357 being shown
only for the first selector circuit 352-0 of the selector
circuit group.  Finally, with respect to the last module
croup 43, the representative first and Iast A and B section
terminations are shown in FIG. 24 as being carried by
the cables 358 and 359 to the representative selector cir-
cuits 353-0 and 353--43, respectively.

A recapitulation at this point of the organization of
the binary address output terminations and their associa-
tion with the groups of selector circuits will serve to
provide a clearer background for the further readout cir-
cuits to foliow. It will be recalled that each of the corre-
sponding binary bit addresses of the A and B sections
of the planes of each of the memory modules of a module
group is defined by a single wire memory element-return
conductor circuit and, further, that the corresponding
ones of the iatter circuits share a common transformer
output winding 59 as depicted in the simplified schematic
of FIG. 6. Thus, since each word row of the memory
of the information store contains forly-four bit addresses,
each of the meodule groups Lhas an A scction of forty-
four ouiput windings 58a and a B seclion of forty-four
output windings 50b. The corresponding output windings
50q and 505 of each bit address of a module group are
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paired in each of the individual sector circuits 350 through
353. Each module group thus has forty-four selector
circuits associated with it, each selector circuit being con-
nected to both the A and B section bit addresses defined
by a set of the corresponding wire memory element-
return conductors of a module group. As will appear
from the description of the circuit details of the selector
circuits hereinafter, a further assignment of individual
circuits is made for the individual transformer primary
windings 50a and 500 within each selector circuit,

From the illustrative interrogation operation described
hereinbefore, it is apparent that information representative
output signals are generated in a- particular memory
module within a module group as controlled by the ad-
dress signals received from the address register 130. In
accordance with this selective interrogation, the selector
circuits 350, etc., serve the function of transmitting from
the information store only the output signals desired from
the interrogated word row of the store and isolating any
spurious signals which may be generated in other mem-
ory modules during an interrogation. As will be seen
hereinafter, this isolation operation is accomplished by
enabling only those selector circuits of the group asso-
ciated with the module group in which the interrogated
word row appears. However, it will further be recalled
that, during an interrogation, because an interrogate sole-
noid 11 is inductively coupled to both an A section and a
B section group of wire memory elements 13, both of the
forty-four bit binary words stored in the magnet cards of
the two sections are simultaneously read out. Thus, since
only the information represented by one of these words is
desired at any given interrogation, an additional discrimi-
nation s made in the selector circuits 350, etc., between
the A and B section words simultaneously read out. This
is accomplished by choosing between the outputs of two
identical amplifier circuits contained in each of the se-
lector circuits 350 through 353. The details of the latter
circuits may now be considered with particular reference
to FIG. 23 and the single amplifier circuit 360-0a there
shown in detail as partially comprising the selector circuit
355-0. Since the other amplifier circuit 360-05 complet-
ing the lalier circuit is identical in organization and de-
tail, it is shown in block symbol form only. Similarly,
although pairs of amplifier circuits are not specthcally
shown in the remaining selecter circutts 350 through 383,
it is to be understood that each of the latter circuits in-
cludes a pair of amplifier circuits identical to the single
one now to be described 1n detail,

An individual amplifier circuit 360 of a selector cireuit
comprises a pair of transistors 361 and 362 connected for
Class A amplification. The Class A amplifier output is
through the transformer windings 373 and 373’. The
input transformer transforms the output impedance of
four memory modules to the correct value to work into
the base of transistor 361. There are three feedback
paths. Resistor 372 and 369 form a direct current feed-
back which determines the operating point of the ampli-
fier. Resistor 363 and capacitor 384 provide both direct
and alternating current feedback of a nature so as 10
make the input transformer winding 371 see a lower im-
pedance than the base of transistor 361. Resistor 407
oresents an alternating current feedback path from the
selected output coupled through resistor 495 and windings
359 and 406 and is of a nature so as to raise the imped-
ance seen hy winding 371.

The two feedback paths together cause transformer
winding 371 to operate into the optimum impedance.
Feedback from winding 406 is to both amplifiers 360-0c
and 360-0h, and is effective in reducing the amplitude of
switching transients which may occur when changing the
selected paths. The internal gain of the amplifier 1s very
large compared to the gain with feedback. The fre-
quency response is controlled by the high frequency roll-
off due 1o capacitor 364. Both amplifiers 360-04 and
360-0h may simultaneously be amplifying signals. Since
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only one is to be used at one time, a means Is provided
for choosing the desired path. If either side is desired,
then lead 393G 1s made near ground and current from
source 392 and resistor 391 will cease flowing through
diode 395 and start to flow through windings 379 and
380. If side 360-0q is selected then lead 382A 1s made
positive and lead 4098 is made near ground., The current
from windings 379 and 380 therefore flows through
diodes 377 and 378, windings 374 and 375, potentiomeler
376, and resistor 381 and 384 to source 383. Because
of the high voltage difference between sources 383 and
392 the amount of current flowing is constant and inde-
pendent of the resistance of diodes 377 and 378. The
two diodes will generally have different resistances so
potentiometer 376 is adjusted to cause the current through
windings 374 and 379 to equal the current through wind-
ings 375 and 380. Since the currents are equal and n op-
posite directions in windings 374 and 375 and windings 379
and 380, there is a negligible transient caused by making or
removing a selected path.

Since amplifier 360—04 1s identical to amphifier 360-0q¢,
it is selected over amplifier 360—-0a by making lead 409B
positive and 382A near ground. When so selected, the
memory signal connected to winding 505 is amplified and
coupled to windings 379 and 380 through diodes equiv-
alent to diodes 377 and 378. The impedance of diodes
377 and 378 is very low compared to the impedance
around the loop of windings 374, 375, 378, 380, 379, 377,
and again to 374, therefore very little signal is Jost in the
diodes and windings 374 and 375 are essentially connected
to windings 379 and 380 in the correct polarity so as to
couple the signal on windings 373 and 373 to the winding
398,. If neither side is 10 be selected then lead 393G 15

made positive and the current through resistor 391 flows

through forward-biased diode 395 and leads 382A and
409B are made near ground to assure that diodes 377 and
378 in both amplifiers 360—0« and 360056 are back-biased
or open circuited.

To recapitulate, each of the amplifier circuits within
each of the selector circuits 358, etc., is provided with a
control conductor such as the control conductors 382A
and 4098. As will become apparent hereinafter, control
sipnals selectively applied to the latter conductors deter-
mine which of the A and B section word row signals are
to be transmitted from the selector circuit stage to subse-
quent stages of the readout circuits. Each of the selector
circuits is furiher provided with a control conductor such
as the control conductor 393G and, as wiil be seen, a con-
trol signal applied on a selected one of the latter con-
ductors determines which group of selector circuits is to
be collectively enabled. Each selector circuit has a single
output taken from a secondary winding such as the sec-
ondary winding 398; and the binary coded signals gen-
erated in the memory of the information store are frans-
mitted via these windings of an enabled group of selector
circuits to the subsequent stages of the readout circuits.
The manner 1o which the control conductors, such as ihe
conductors 382A, 4098, and 393G, are multiplied to each
of the other selector circuits 350-0, etc., to form new
groupings of the latter circwits, may now be considered
in detail.

As previously mentioned, the selector circuits are en-
abled collectively in particular groups associated respec-
tively with the module groups 40 through 43 as arranged
in FIG. 20. Thus, during an interrogation only one of
the groups of selector circuits 350 through 353 is col-
lectively enabled. To accomplish this enabling operation
control signals are simultaneously applied to the corre-
sponding control conductors of the selector circuits of
a group such as the control conductor 333G of the
selector circuit 350-0. Accordingly, each of these con-
trol conductors is connected to a common conductor.
Simtlarly, selection between the A and B section outpul

signals is simultaneously made in each of the selector
circuits of the enabled group. Each of the control con-
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ductors of the selector circuits such as the control con-
ductors 382A and 4098 of the sclector circuit 330-0
is thus connected to a common conductor. More spe-
cifically, each of the corresponding conductors 382A,
4098, and 393G of the selector circuit group 350 serving
the module group 40 is connected to respeclive common
conductors represented in FIG. 23 by the cable 413 ex-
tended to FIG. 24. The corresnonding control conduc-
tors, designated merely as A. B, and G, of the selector
circuit group 351 serving module group 41, are connected
to respective common conductors represented in FlG. 24
by the cable 416. In a similar manner the corresponding
conirol conductors A, B, and G of the selector circuit
oroups 352 and 353 serving respectively the module groups
42 and 43, are connectad to respective common conduc-
tors represented by the cables 417 and 418, respeciively.
The input terminations of the cables thus designated will
be considered hereinafter in connection with an 1tlustra-
tive operation of the readout circuits. It is clear from
the foregoing organization of the control input conductors
of the selector circuits 350, etc., that cne group of forty-
four selector circuits may be enabled at one time and
that simultaneously within each of the selector circuits
within the enabled group, the same A or B section am-
plifier circuit output is prepared.

Turning now to the output ends of the selector circuits
350, etc., the output organization of the latter circuits
will be considered. From the assignment of forty-four
selector circuits to each of the module groups 40 through
43, it is apparent that one selector circuit is assigned for
each of the forty-four double bit addresses of the two
word rows simultaneously read out during an interroga-
tion of the memory. Since during any interrogation only
one module group is involved, corresponding ones of the
four selector circuit groups 3590, 351, 332, and 353 share
a single output circuit. Accordingly, the ouiput circuits
of the latter selector circuits are also connected to cem-
mon output conductors corresponding to the foregoing
bit address grouping. Thus, one end of the output wind-
ing 398, of the first bit address selector 350-0 of the
first selector circuit groupn associated with the moduie
oroup 49 is connected by means of a common conductor
419 to the corresponding windings 398, of each cof the
first bit address selector circuits 351-0, 3520, and 353-9.
These winding connections are shown explicitly in FIG.
24. The other ends of each of these four windings are
carried to subsequent circuitry in the manner ta be de-
scribed. Similar connections are made for each of the re-
maining forty-three bit address selector circuits of each se-
lector circuit group. The last such bit address connections
are shown in FIG. 24 for the selector circuit grouns 356
and 353 which comprise connections of the corresponding
ends of the output windings 3984, of the selcctor circuits
35043, . . . 353, by means of the common conductor.
The other ends of each of these windings will also be
considered shortly in connection with a subsequent stage
of the readout circuits which may now be described,

As is apparent from the foregoing organization of the
selector circuits 350, etc., for output purposes, the group-
ing of these circuits is by bit address.  Thus, for exampie,
the selector circuils 350-0, 351-0, 352-0, and 353-0
constitute the first bit address group, the selector circuifs
350-1, 351--1, 3521, and 3531 constitute the second bit
address group, etc. Forty-four such selector circuit
groups are thus formed, each comprising four selector
circuits. Each of the bit address selector circuit groups
thus formed has associated herewith a single readout
amplifier 450, Specifically, the selector circuil group
350—0 through 353-0 has associated therewith the readout
amplifier 450—0 depicted in detail in FIG. 27. Alihough
not specifically depicted in the drawing, the selector cir-
cuit groups 356-1 . . . 353-1 through 35042 . . .
3533-42 are understecod as similarly having readout am-
plifiers 450-1 through 450-42, respectively, associated
therewith, The last selector circuit group 350-43 through
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353-43 has associated therewith the readout amphifier
450-43. Since the readout amnlifiers are identical in
organization and operation, only representative ones are
shown in the drawing, the amplificr 450-43 being shown
only in block symbol form,

Each of the readout amplifiers 450 is connected to its
four selector circuits by means of an input circuit coms-
prisine a parallel connection of four resistors 46¢ through
463. The capacitor 493 of each of the amplificrs 430
is connecled to the common conductor connecting one
end of the output windings 398 of its asscciated group
of four selector circuits, Thus, for example, the capaci-
ter 493 of the amplifier 450-8 is coniected via a con-
ductor 465 to the common cenducter 419 connected to
one end of each of the windings 398, of the first bu
address group of selector circuits 3500 through 353-0.
Although not explicitly shown in the drawing, the second
croun of cutput windings 398, are connected via a similar
conductor to the capacitor 493 of the amplificr 456-1
comprising the second amplifier of the forty-four ampl-
ficrs 450, These connections are continued through the
last of the readout amplifiers 458-43 in which the capaci-
tor 493 is connected to the common conductor 420 via
a conductor 466. The other ends of cach of the output
windings 398 of the selector circunis are connected to
the other resistors 4690 through 463 of the amplificrs 459
accordinge to the particular module group 48 through 43
with which the cutput windings 398 are associated.  Thus,
specifically, the other end of the output winding 398,
of the selector circuit 359-0 is connected via a conductor
467 to the resistor 460 of the readout amplifier 450-0,
the output winding 398, of the selector circuit 351-0 is
connected via a conductor 468 to the resistor 481 of the
same readout ampilifier, the output winding 328, of the
selector circuit 332—-0 1s connected via a conductor 469
to the resistor 462 of the same readout ampl:fier, and the
cutput winding 398, of the selector circuit 353-0 15 con-
nected via a conducter 470 to the resistor 463 also of
the same readcout amplifier. In a similar manncr the
other ends of the cutput windines 3%8,, 393, 398,, are
connected to the correspondine resistors of the readout
ampiifiers 450-1 through 450-43. To cile oneg last ex-
ample, the other ends of the output windings 398, of
the selector circuits 350-43, 35143, 35243, and 353-43
are connected to the resistors 468 through 463 of the
readout amplifier 458—43 via conductors, the representa-
tive flirst and last of which are shown in the drawing as
the conductors 471 and 472, Each readout amplifier
459 thus serves a corresponding bit address sclector cir-
cuit of each of the four selector circuit groups.

Each readout amplifier is organized for Class A am-
plification and comprises, as may be secn with reference
to the respresentative amphfier 450G, 11 odditicn to the
resistor input circuit described in the foregoing, a first
and a second transistor 480 and 481, the former having is
emitier conrected to the paralleled resistors 469 through
463 and its base connected to ground and zlsp to the
emitier of transistor 481, The collector of trunsistor 488
13 connected to the base of transistor 481 and to a source
of positive potential 482 through two resistors 483 and
484, A third transistor 485, connected as an emitter-
follower, has its base connected to the collector of tran-
sistor 481 and also to the potential source 482 through
a rvesistor 486. The collector of the transistor 485 1s
also connected to the latter potential source throueh a
resisior 487, The potential source 482 provides a power
source for the three transistors and a capacitor 488 con-
nected to the common powger connections prevides an
alternating current path to ground. The output of the
amplifier 450-0 15 taken at the emitter of the emitter-fol-
lower transistor 485 and a feedback circuit 13 provided
from the latier output pomnt through a resistor 489, o
variable resistor 490 for controlling the gain of the cir-
cult, a resistor 491 having a capacitor 492 connected
thereacross and also throueh resistor 498" and windings
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328, to the emitter of transistor 480. An alternating
current path to ground connected to one end of the
output windings 398 cof the selector circuits, via the con-
ductor 465 for the amplifier 450-0, is provided through
a capacitor 493. Reference potential levels are estab-
lished for the mputs and cutput ends of the circuit by a
source cf negative potential 494 through resistors 493
and 496, respectively.

Continuing with the organization of the readout cir-
cuits of the information store of this invention, one final
cutput stage is considered. As depicted in FIG. 29, as-
soclated with the readout amplifiers 450 1s a plurality
of sampler circuits 50®. Thus, sampler circuits $06-0
through 500-43 are associated respectively with the read-
out amplifiers 450-9 through 450--43. Before proceeding
to a detailed consideration of a sampler circuit, it will be
helpful to an understanding of its organization to describe
briefly the function it is intended to perform. 1t wiil be
recalled that, as depicted in FIG. 31, the initial polarity
of a readout signal indicative of a binary 1 may be either
positive or negative, depending upon the particular plane
of a module in which an interrogation takes place. As a
result, these signals, applied via the output windings 50a
and 504 to the sclector circuits 350 through 353 and
amplified in the readout amplifiers 459, will also be bipolar
when applied to the sampler circuits 560. Accordingly,
a sampler circuit 500 again amplifies either its positive
or negative input and provides, in either case, at its
output, a positive signal indicative of the readcut of a
binary 1. Tt also serves as a means for providing a
threshold for noise and bipolar shuttle signals generated
at the bit addresses of the memory containing binary 0s.

The first of the forty-four sampler circuits, the sampler
circuit 5000, is shown in detail in FiG. 29, and may be
divided into three sections: a first amplifier section, a
rectifier section, and a detector, second amplifier section.
The first amplifier section comprises a pair of transistors
501 and 592, the latter transistor heing connected as an
emitter follower. The input signal is coupled by a capac-
ttor 504 and appears across feedback resistor 503. The
input voltage appearing across resistor §03 develops an
input current. This input current is almost exactly bal-
anced by the current from feedback resistor 509, The
difference between these two currents i1s the mnput to tran-
sistor 501 which obtains its direct current bias from re-
sistor 510 and the source 511. Transistor 501 amplifies
this current which flows through resistor 505. The volt-
age across resistor 505 is coupled to the output of the
amplifier winding 512 by emitter-follower transistor 502,
Connected at one end between the collector of the tran-
sistor 501 and the base of the transistor 502 1s a diode
508 connected at its other end to the emitter of the fran-
sistor 502. This diode, as will be seen hereinafter, per-
mits the emitter of transistor 382 to follow transistor
501 even though its current capabilities have been ex-
hausted. The output of the emitler-follower transistor
502 is applied to a transformer primary winding 512
which is coupled to two secondary windings 513 and 514
which latter windings comprise the input to the rectifier
section of the sampler circuit 500-0. A resistor 5§15 hav-
ing a capacitor 516 connected thereacross and connected
between one end of the primary winding 312 and ground
determines the biasing for transistor 502. The secondary
windings 513 and 514 as shown in FIG. 29 are coupled
in the same sense to the primary winding 512 in order to
achieve the discrimination between the bipolar input sig-
nals which the rectifier section of the sampler now to be
described accomplishes.

Each of the secondary windings 513 and 514 has
connected thereto identical control circuits to which
strobe control signals are selectively applied in the man-
ner to be described. These control circuits are connected
to opposite ends of the secondary windings 513 and 514
in a2 manner such that the control signals applied there-
to opgrate on signals of opposite polarity transterred from
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the primary winding 512. The first of the two control
circuats 1s connected to one end of the secondary wind-
ing 513 and includes a pair of diodes 517 and 518 con-
nected back-to-back in an input conducter 519. The
fatter diodes at their junction point are also connected
through a resistor 520 to a source of positive potential,
which 1n this case conveniently comprises the source
506. The above-mentioned end of the secondary wind-
ing S13 i1s alse connected through a third diode 521 (o
ground and to a source of negative potentiul 522 through
a resistor 823. The second control circuit is connected
to the end of the secondary winding 514 opposite to that
corresponding to the end of the secondary winding 513
to which the first control circuit is connected. The latter
circuit comprises a patr of diodes 524 and 525 connected
buack-to-back 1n an 1nput conductor $526. The Ilatter
diodes at their junction point are also connected through a
resistor 327 to the source of positive potential S06. The
above-mentioned end of the secondary winding 514 is
also connected through a third diode 528 to ground and
to the source of negative potential 522 through a resis-
tor 529. The other ends of the secondary windings 513
and 514, from which the output signals are taken in the
detection section of the sampler are connected respectively
to circuits connected together at a commeon point at a tran-
sistor of the output amplifier section. The circuit con-
nected to the above-mentioned end of the secondary wind-
ing 513 includes a diode 5330 and a capacitor 531 and the
circutt connected to the end of the secondary winding 514
includes a diode 532 and a capacitor 833. The latter cir-
cults are also connected between the diode and capacitor
through resistors 334 and 535, respectively, to the source
of negative potential §22. A potential control 15 pro-
vided for the thresholds of the diodes 530 and 532 by a
pialr of potentiometers comprising, respectively, a resis-
tor 336 and a resistor 537 connected together at one
end through a resistor 538 to a source of positive poten-
t1al 539 and also connected together at the other end to
around through a resistor 549 and a diode 541. The po-
tentiometer resistors 536 and 537 each have a variable
contact associated therewith, the contact of the resistor
536 being connected througch a diode 538’ to the negative
side of the diode 530 and the contact of the resistor
837 being connected through a diode 539’ to the nega-
tive side of the diode 532,

As previously mentioned, the outputs of the detection
section of the sampler circuit 540-0 are taken from the
tronsformer secondary windings 513 and 514 and specifi-
cally at the capacitors 531 and 533 which have a common
connection with the base of an output amplifier tran-
sistor 545, The latier base is also connected to the source
of potential 522 through a resistor 546 and has con-
nected to it a third control input circuit comprising
conductor 547 having a pair of back-to-back diodes 548
and 3549 serially connected therein. The transistor 545
1s connected as an amplifier and has its output taken
from 1its collector across a primary winding 550 which
winding has its other end connected to ground through a
capacitor 551 and to the potential of the source 506
through a rvesistor 852, The base and the coliector of
the amplifier transistor 545 have connected therebetween
a diode 553 and a Zener diode 554. The junction point
of the back-to-back diodes 548 and 549 of the control
conductor 547 1s connected through a resistor 555 to the
potential of the source 506,

The output of the second amplifier section, and there-
by the output of the sampler circuit, is taken across a
pair of secondary windings 556 and 557 coupled to the
primary winding 550. The windings 556 and 557 are
serially connected together at one end, the other end of
the winding 5356 being connected to ground and the other
end of the winding 557 being connected to an output
conductor 558 of the sampler circuit 500-0. The latter
end of the winding 557 is also connected through a diode
539 1o the junction of the diodes 548 and 549. A test
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pad comprising resistors 560, 561, and 562, is connected
across the winding 856 and provides a convenient point
for testing the output of the sampler circuit 300-¢ at a
test terminal 563.

The sampler circuits 500 comprise the final circuits of
the sequence of output stages of the memory of the infor-
mation store of this invention and, as previously men-
tioned, provide the means for generating an information
output signal of a single polarity regardless of ihe polarity
of the bipolar signals generated in the memory during an
interrogation operation. A number of controls is pro-
vided to a sampler circuit as already suggested by the
foregoing reference to the control input conductors 319,
526, and 547. Before proceeding to a description of the
control and logic circuits provided to insure the desired
output signals and their timing, the operation of the sam-
pler circuit 500-0 will be generally described. Such a
general description will facilitate an understanding of the
readout control and logic circuits to be described herein-
after. It will be recalled from previous description that
the signals applied to a sampler circuit 580 are bipolar in
nature: that is, a binary 1 is signalled by the introduction
to the sampler circuit of either an initial positive or a nega-
tive going voltage followed immediately by a negative or
a positive voltage, respectively. As will subscquently ap-
pear, the sampler circuit concerns itself only with the ini-
tial entering waveform and it is only with this input volt-
age that the following general description wili deal.

Whatever the polarity of the initial phase of an input
signal to the sampler circuit 500, the input signal is ampli-
fied in the conventional amplifier section comprising the
transistors 501 and 502, and this amplified signal 15 ap-
plied to the primary winding 512 connected to the emitter-
follower comprising the latter transistor. Even should
the current carrying capabilities of the transistor 302 be
exhausted, provision is made for the latter element to fol-
low the transistor 501 by the introduction of the diode
808. Ordinarily the potential of transistor 501 1s that of
the emitter of transistor 502 and when the latter transistor
is unable to follow the transistor 501 the diode 508 be-
comes forward-biased and the recovery of the transistor
502 after becoming saturated is insured. Assuming for
purposes of description that the initial phase of the wnput
sicnal applied to the first amplifier section i1s negative-
going, this signal is inverted during amplification and 1is
applied as a positive signal to the secondary windings 513
and 514 of the detection section. The latter windings, it
will be recalled, are coupled in the same sense 1o the pri-
mary winding 512; accordingly, with the application of a
positive signal thereto the end of the winding 514 con-
nected to the control conductor 526 and the correspond-
ing end of the winding 513 will be positive and the end of
the winding 513 connected to the control conductor 519
and the corresponding end of the winding 514 will be
negative. Diode 530 is, as a result, being driven by a
positive voltage, however, not sufficiently to overcome its
forward-biasing. The diode 532 i1s being driven by a
negative voltage, and is accordingly further back-biased.
The output voltage from the winding 513 may thus be
transmitted to the output section of the sampler if an addi-
tional positive potential is applied to the positive side of
the diode §30. Accordingly, at the optimum time a posli-
tive strobe voltage is applied to the conductor 519. The
strobe voltage causes the junction of the diodes 517 and
518 to go positive which permits the negative end of diode
517 to go in a positive direction until diode 521 15 for-
ward-biased. As a result, the negative end of winding 513
also goes positive. The timing of the strobe veltage 18
such that this rise in potential of the latter winding occurs
at the point of the positive-going signal apphed from the
primary winding 512 at which the greatest difference be-
tween a 1 and a O signal occurs. The combined posilive
signals are then sufficient to complete the forward-biasing
of the diode 530. To insure that the negative end of the
diode 530 is at a proper level to insure the forward-bias-
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ing, the variable tap of the potentiometer resistor 536 is
adjusted to an optimum poiat. The signal amplified 1n
the first amplifier section is thus strobed, or sampled, dur-
ing the duration of the strobe current applied to the con-
irol conducior 519. As will appear hereinafter, this
strobe voltage is appiied for one-guarter microsecond and
samples the input signal at the aforementioned optimum
point, thereby discriminating against between 1 and 0 and
also extraneous noise signals advantagecusly to achieve
the maximum signal to noise ratio. The particular timing
of the strobe signal with a concurrently applied strobe
voltage on conductor 547 and its source will be considered
in detail hereinafter.,

The sampled signal is applied through the capacitor 531
to the base of the output transistor 545 which, as pre-
viously mentioned, is connected as an amplifier. The
latter transistor is normally conducting current from the
source 506 through resistor 552 via the primary winding
530 to ground at the emitter of the transistor. The diodes
553 and 554, the former of which is a Zener diode, are
emploved to cstablish a suitable potential between ground
and the collector of transistor 545. A bias is supplied to
the base of the transistor 545 by its connection through
the resistor 546 to the potential source 522. When the
positive signal is applied to base of the latter transistor
through capacitor 531, the collector of transistor 545 goes
negative. The coupling of the secondary winding 537 1s
such that, as the result of the positive current on the con-
nected end of the winding 550, the output conductor 558
also has a positive potential applied thereto. This latter
positive signal was initiated by the strobe control current
pulse applied to the control conductor §19.  This positive
output signal would ordinarily terminate at the termination
of the latter strobe current. However, by means of an
advantageous feedback circuit the positive output signal is
regeneraled in the second amplifier circuit and is termi-
nated by the termination of a previously applied second
positive strobe current pulse on the control conductor 547.

Prior to the time that the sirobe voltage pulse is apphied
to the conductor 547, diodes 549 and 559 are conducting
current from the source 509 to ground through the resistor
§55, ground for the diode 542 being provided in the subse-
quent control circuitry to be described and ground for the
diode 559 being provided at one end of the secondary
winding 556. The diode 548, which is a shifter diode, 1s
back-biased by the positive signal applied from the detec-
tion circuit as previously described. When the positive
strobe voltage is applied to the conductor 547, the circuit
operation is unaffected since diode 559 is conducting,
thereby holding the potential of the junction of the diodes
548, 549, and 559 at a constant value, When the positive
potential appears on the secondary winding 557 at the
time of the strobe voltage applied to the conductor 519
previously, the diode 559 becomes back-biased with the
result that the diode 548 gocs posiiive at its positive end.
The latter diode then conducts, thereby applying a regen-
erative feedback current to the base of the transistor 548
which current originates at the source 506 and is trans-
mitted via the resistor 555. As a result, after the termina-
tton of the strobe voltage applied to the conductor 319,
the transistor 545 continues to conduct until the regenera-
tion of the current is terminated. This termination is
accomplished by terminating the strobe voltage applied
to the conductor 547 which thus terminates the positive
output signal appearing on the output conductor 358.
The duration of the latter output signal 1s thus determined
by the two strobe voliages applied to the two conductors
S19 and 547.

In the forepoing, the operation of a sampler circuit was
described when its input was an initially negative-going
signal representative of the storage in the memory of the
information store of a binary 1. For this signal a strobe
voltage was applied to the control conductor 5§19 preceded
by a strobe voltage on the control conductor 547. In the
equally possible event that the binary 1 representative sig-
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nal is an initially positive-going signal, a strobe voltage is
applied to the control conductor 526 rather than to the
conductor 519. 1In the latter case the control circuit con-
nected to the secondary winding 514 of the rectifier sec-
tion is energized and ifs operation is identical in every re-
spect to that described for the control circuit connected 1o
the winding 513 and the control conductor 519. In this
case, the output amplifier section of the sampler circuit
receives its input via the diode 532 and capacitor 533. It
may be noted at this point that the succeeding phase of
etther a positive or negative signal applied to the sampler
circuit has no effect on the output produced. Since a
strobe voltage is applied on neither the control conductor
519 nor 326 during this phase, the signal applied to ihe
secondary windings 513 and 514 is insufficient by itself to
forward-bias either the diode 530 cor the diode 532.

Each of the remaining sampler circuits 500-1 through
300-43 is organized and operates in a manner identical to
that described in detail for the sampler circuit 500-0 and
the representative last of the series of sampler circuits is
shown in block symbol form only. Each of the latter cir-
cuits also has provided thereon an output conductor 558°,
The source of the strobe voltages, the control of their appli-
cation and their precise timing, and the manner in which
1s determined the polarity of the readout signal to be ex-
pected from the memory and which is ultimately applied
to a sampler circuit 500 may now be considered in detail.

Detailed description of readout control circuits

The timing and control circuitry for the readout cir-
cuits of the information store described in the foregoing
are depicted in the sequence of FIGS, 21, 25, 28, and 30
and will be described with reference thereto. It will be
recalled from the foregoing description of the sampler cir-
cuits 500 of FIG. 29, that each of these circuits is selec-
tively supplied with a strobe control signal on its control
conductor 547 and also a strobe control signal to either
one of its control conductors 519 or 526. These strobe
control signals, the specific character of which will subse-
quently be considered, originate in a strobe generator 600,
shown in FIG. 21, and are suitably delayed by a series of
delay pulse generators 650-1 through 650-4, shown in
FIGS. 25 and 28, and are separately amplified in strobe
amplifiers 700-1 through 700-3, depicted in FIG. 30,
from which latter amplifiers the strobe control signals are
applied to the sampler circuits 560. The organization of
the foregoing circuits may now be considered in detail.

The strobe generator 600 of FIG. 21 comprises a three-
input AND gate followed by a pulse amplifier section.

The three inputs are applied across three diodes 601, 602,

and 603. The diodes 601 and 602 are connected to-
gether at their positive sides and to the base of a transistor
604 and also to the positive side of a fourth diode 605,
The latter diode is connected at its negative side to the
diode 603 and to a source of positive potential 606
through a resistor 607. A bypass capacitor 608 is also
connected to this end of the diode 605 and to ground at
its other end. In the circuit of the transistor 604, the
base is connected through a resistor 609 to the potential
source 606, the emitter being connected through a resis-
tor 610 to ground. The collector is connected to the
potential source 606 through a transformer primary wind-
ing 611 and a resistor 612. During the operation of the
circuit, recovery of the transformer is insured by a diode
613 and resistor 614 connected across the primary wind-
ing 611 and to ground through a capacitor 615. A nor-
mally conducting transistor 616 normally prevents the
transistor 604 from conducting by the connection of the
two emitters. The transistor 616 is supplied through its

base via a resistor 617 by the potential source 606 to 7

which its collector is also connected through a resistor
618. The potential at the common emitter point of the
two transistors is determined by the potential source 606
as applied through a diode 619 and the potentiometer
variable tap of a resistor 620. The latter resistor is con-
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nccted between ground and the collector of transistor 604,
A transformer sccondary winding 621 coupled to the
primary winding 611 is connected at one side to the col-
lecter of transistor 616 and at its other side to an output
conductor 622 of the strobe amplifier 600. A Zener diode
623, connected between ground and the collector side of
the winding 621, provides for the potential control of out-
put signals generated by the strobe circuit.,

The strobe amplifier 600 is energized at the concurrent
application of positive control signals applied to the three-
input gate including the diodes 601 through 603, the tim-
ing and character of the control signals being considered
hereinafter in connection with a description of the opera-
tion of the read-out control circuits. One of the positive
control signals applied to the gate diode 601 originates
at an output of the current shunt switch 116’ of the store
access circuits and the positive control signal applied to
the gate diode 602 originates at an output of the current
shunt switch 116 of the store access circuils, More spe-
cifically, the control signal applied to the diode 602 is
generated upon the energization of the current shunt
switchh 116 in the secondary winding of the transformer
210 depicted in FIG. 9, connections being carried from
each end of the latter winding by means of a cable 624
extended from FIG. 9, through FIGS. 10, 14, 15, 19, 20
to FIG. 21 where one side of the secondary winding is
grounded in the strobe generator 606. In a similar man-
ner, the control signal applied to the gate diode 601 is
generaled upon the energization of the current shunt
switch 116” in the secondary winding of the correspond-
ing transformer, which shunt switch 116" is shown in
block symbol form in FIG. 17, connections being carried
from each end of the latter winding by means of a cable
625 extended from FIG. 17 to FIG. 21 where one side
of the secondary winding is also grounded in the strobe
cenerator 600,

The last positive control signal applied to the gate
diode 603 is provided by an output of a flip-flop circuit
626 via a conductor 627. Since the flip-flop circuit 626
1s of a character emploved generally in the information
store being described and, further, since it incorporates in
its circuitry gating means also generally emploved in the
store, these circuits will be described at this point with
particular reference to FIGS. 34 and 35. The flip-flop
circuit 626 comprises a pair of two-input AND gates 629
and 630 having connected to the respective outputs in-
verter circuits 631 and 632 as shown in FIG. 34. One
of the inputs of the gate 629 is designated the set 1nput
and one of the inputs of the gate 630 is designated the
reset input. The other inputs of the gates 629 and 630
are cross connected to the outputs of the opposite in-
verter circuits 632 and 631, respectively. The output of
the inverter circuit 631 also provides the 1 potential con-
dition and the output of the inverter circuit 632 also pro-
vides the 0 potential condition. The AND pgate-inverter
combinations will be better understood by reference to
the circuit details depicted for one such circuit in FIG.
35. The two-input AND gate section of the combination

comprises a pair of diodes 633 and 634, the positive sides
of which are cennected together and to a source of POSi-

tive petential 635 through a resistor 636. The negative
sides of the diodes 633 and 634 are connected to the in-
put terminals of the AND gate. A transistor 637 is also

connected by means of its base and the negative side of

ancther diode 638 to the sonrce 635 through the resistor
636. The collector of the transistor 637 is connected to
the output terminal of the AND gate-inverter combination
and also to a second source of positive potential 639
through a resistor 640. The emitter of the transistor 637
is connected directly to ground and the base is connected
thereto through a resistor 641.

The circuit of FIG. 35 operates between a low, sub-
stantially ground potential and a high potential of sub-
stantially 4.5 volts established by the potential source
639. When either of the inputs of the diodes 633 or 634
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is low, the diode 638 is back-biased with the result that
the transistor 637 is cut off. The output of the latter
transistor is thus substantially at the potential of the source
639, that is, hich. When, on the other hand, both of the
inputs to the diodes 633 and 634 are high, that is, in the
present case, at 4.5 volts, the latter diodes are back-biased
and the diode 638 is forward-biased. The source 635
thus supplies current to the base of the transistor 637
through resistor 636 causing the latter element to conduct.
The ocutput terminal at the collector is thus brought essen-
tially to ground potential. The logic side of the circuit
of FIG. 35 is thus responsive to the AND condition of
positive-going input signals, the output of the logic side
being inverted by transistor 637 to provide a negative-
poing, or low potential condition responsive to the posi-
tive inputs. Any other input combinations will produce
a positive-going, or high potential on the terminal of
transistor 637.

In view of the operation of the AND gate-inverter
combination circuit of FIG. 33, the operation of the flip-
flop circuit of FIG. 34 is evident. Assuming that the
flip-flop circuit of FIG. 34 is originally in a reset state,
with a positive or high potential appearing on the § out-
put terminal, then this high potential is also applied to
one of the inputs of the AND gate 629 by a cross con-
nection as depicted in the figure. When a negative-going
potential is now applied to the set input connected to the
AND gate 629, the output of the latter gate will be low or
substantially ground potential. This output condiiion is
inverted by the inverted circuit 631 to provide at its | out-
put a positive-going signal indicative of the set condition
of the fiip-flop. This output potential is aiso applied via
a cross connection to one of the inputs of the AND gate
630. The reset input of the latter gate is also high with
the result that the 0 output has low, or ground potential
appearing thereon. The flip-flop circuit of FIG. 35 i1s
thus switched from one of its states 10 the other by apply-
ing a negative-going potential to a normally high input
of the gates 629 and 639.

Assuming that the three input signals are concurrently
applied to the input gate of the amplhifier 630, the nor-
mally nonconducting transistor 604 begins to conduct
because of the positive potential applied to its base, As
a result, a negative-going potential is developed at its col-
lector thereby causing the base of transistor 816 to go
negative, momentarily shutting off the latter transistor.
The common emitter point of transistors 604 and 616 also
goes negaftive, resulting in a fast pulse rise time at the
collector of transistor 604. A negative output pulse is
thus generated at the secondary winding 621, The resistor
607 and capacitor 668 at the input gate provide a delay
circuit to delay the deenergizing action of the termination
of the positive signal applied to the diode 603 for reasons
which will appear hereinafter.

The negative output of the strobe generator 6090 is
applied to the first of a succession of delay pulse gener-
ator 650-1 through 650—-4 with intermediale ouiput points
provided along the series of generators for control pur-
poses such as are provided in the timing circuits 132 of
FIG. 18. Since each of the delay pulse generators 650
15 identical in organization and operation only the first
of the generators 650-1 is shown in detail in FiIG. 25 and
will now be described. The input side of the delay pulse
generator 630-1 comprises a logic gate comprising a pair
of diodes 651 and 632 connected back-to-back in serics
with the conductor 622 and the base of a transistor 653.
Current normally flowing from a source of positive po-
tential 654 through a resistor 655, connected between the
latter source and the junction of the diodes, to ground
through a resistor 656 connected to the base of the tran-
sistor 653, maintains the latter transisior normally con-
ducting, The fransistor 683 normally conducts along a
circuit originating at the potential source 654 including
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collector of the transistor 653, and the emitter of the
latter transistor to ground., The input stage thus far
described controls a second stage comprising a transistor
658 having its base connected through a varistor 6589 to
a control circuit traced from a source of positive potential
660, through a resistor 661 to ground through resistor
664’, and a diode 662 connected to one side of the varistor
659. A current flowing in the latter circuit maintains the
transistor 658 also normally conducting with the result
that its base is substantially at ground potential. The
iransistor 658 normally conducts along a path originating
at a source of positive potential 663, through a resistor
664, its collector and emitter, a diode 663, and resistors
666 and 667 to a source of negative potential 668, A
timing capacitor 669 is connected between the junction
of the resistor 666 and diode 665 and the collector of
transistor 653, which capacitor, as will appear, controls
the delay introduced between the input and output of the
generator circuit 650-1.

When a negative-going input signal is applied to the
gcnerator circuit 650-1 via the conductor 622, the diode
652 is back-biased and the transistor 653 is turned ofl.
As a result, the potential on its collector will rise as Iimited
by a diode 670 connected between the latter collector
and the positive end of the diode 665 through a resistor
671. The diode 665 operates in conjunction with a Zener
diode 693 connected between ground and the positive
side of diode 665 throuch resistor 671 to clamp the coil-
lector of transistor 653 to a predetermined vollage during
its de-energized state. This voltage is applicd instantane-
ously to the timing capacitor 669 thereby charging the
latter capacitor and back-biasing the connected diode 695.
Cnce the latter diode is cut off, the potential on the emitter
of transistor 658 tends to rise because of its connection
throngh the resistor 671 to the positive potential source
660 through resistor 661. The extent to which the emitter
rises in potential is controlled by a dicde 672 connected
between the latter emitter and ground. During this time
the capacitor 669 discharges through the circuit termi-
nating in the negative potential source 68 until such time
as the diode 665 is again forward-biased, which discharge
time is the delay introduced by the generator circuit 639
1. Raising the potential on the emitter of transistor 658
turns off the latter element and the current normally flow-
ing in the collector-emitter circuit of transistor 638 1s now
steered through a diode 673 and a resistor 674 and through
the path previously traced to the potential source 6638,
The diode 673 is connected to the base of a transistor 675
which is normally nonconducting with the result that the
latter transistor is rendered conductive by the current
flowing in the diode 673. 1t may be noted that the Iatter
transistor begins to conduct substantially at the same
time that the negative-going input pulse i1s applied to the
circuit 650—1 via the conductor 622 previously mentioned.
The transistor 675 conducts along a circuit from the po-
tential source 660, a resistor 676 and its collector-emitter
circuit to ground at the latter element, The potential
drop across the transistor 675 during its conduction 1s
applied to the negative side of a diode 677 connected
between the junction of the input diodes 651 and 652
and the collector of transistor 875. As a result, the cur-
rent normally maintaining the input transistor 653 con-
ductive is steered through the diode 677 through the tran-
sistor 675 to ground to maintain the transistor 653 off
after the termination of the input control pulse applied
to the conductor 622. The potential drop existing across
the itransistor 675 is also applied at about the same time
as the application of the input control pulse to an output
conductor 678 which output condition extends for the time
that the transistor 675 conducts which is, as will appear
hereinafter, until the time that the diode 665 is apain
forward-brased, that is, until the timing capacitor 669 is
discharged.

A normally nonconducting output transistor 679 has

o resistor 637 connected between the latter source, the 75 its base connected through a diode 686, a capacitor 681,
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and a second diode 682 1o the colleclor of the transistor
675. One side of the capacitor 681 is connected to the
negative potential source 668 via a resistor €83 and the
other side of the capacitor 681 is also connected to this
potential source through a resistor ¢84 and to ground
through a diode 685. The base of the transistor 679 is
connected to a source of positive potential 686 through
a resistor 687. A second output conductor 688 of the cir-
cuit 650-1 is connected to the collector of the transistor
679 which collector is also connected to the source of
positive potential 660 through a resistor 689. Since the
transistor 675 is normally nonconducting, a negative cur-
rent flows from the source 668 through the resistor 657,
through the resistor 683, the diode 682, the resistor 676,
to the positive supply of the source 660. Similarly, a
negative current flows from the negative source 668,
through the resistor 684, the diode 680, to the positive
source 686 through the resistor 687. These currents
maintain capacitor 681 charged sufficiently to hold tran-
sistor 679 nonconducting. When transistor 675 begins to
conduct the potential across it drops and diode 682 be-
comes back-biased with the result that the current in the
resistor 683 is steered to the capacitor 681, As a result,
capacitor 681 charges, holding the base of transistor 679
more negalive. When transistor 675 1s again turned ofl
at the termunation of the delay time set by the discharge
time of capacitor 669, diode 682 1s again forward-biased
and the potential at the junction of diode 682, resistor
683, and capacitor 681 rises. As the latier capacitor dis-
charges it back-binses the diode 680 raising the poten-
tial on the base of transistor 679 from the source 686
thereby rendering the latter fransistor conductive. The
latter transistor will remain on for the length of time
required to recharge capacitor 681 through the resistor
684. The capacitor 681 and the latter resistor are thus
the timing circuit for determining the length of an output
signal on the output conductor 688. When the capacitor
681 is again charged, transistor 679 is turned off thereby
terminating the output signal on its collector and the out-
put conductor 688.

A pair of dicdes 694 and 695 connected between the
collectors of the transistors 675 and 679, respectively, and
potential source 660 serve to limit the potential excursions
at the latter collectors and also stabilize the potential at
a predetermined level. Zener diode 690, diode 691, and
varistor 692 connected to the negative potential source
668, insure a stable potential from this source. In re-
capitulation, the delay pulse generator circuit 650-1 is
energized by a one-quarter microsecond negative pulse
from the strobe generator circuit 600 and produces vir-
tually simultaneously, a negative pulse on the cutput con-
ductor 678 for the length of the delay time of the circuit
650--1, which 1n the case of this particular circuit is one
microsecond. After the delay time, a negative pulse last-
ing for one-half microsecond is generated on the output
conductor 688.

The delayed output of the delay pulse generator 650-1
is carried along a series of substantially stmilar generators
650-2 through 650-4 which differ only in the value of
the timing capacitors corresponding to the capacitor 669
of the generator 650-1. The values of these capacitors
are determined such that the generators 6350-2, 650-3,
and 650-4 provided a delay between their inputs and out-
puts of one-quarter microsecond. Another similar gen-
grator 630-5 provides a delay of one-half microsecond
for purposes which will subsequentiy appear. The re-
maining delay pulse generators are accordingly shown in
block symbol form only, their details being ascertainable
by reference to the foregoing description of the gener-
ator 650--1. The specific interconnections of the delay
pulse generators 630 may be described with reference to
FI1GS. 25 and 28. The output conductor 688 of the gen-
erator 650-1 1s connected to the input of the generator
650-2; the output conductor 678 of the generator 650-1
is connected to the reset input of the flip-flop circuit 626

10

20

30

40

oy
Gt

60

70

75

56

of FIG. 21, which circuit is also of the character as de-
picted in FIG. 34 as are other flip-fiop circuits associated
with the pulse generators 650-2 through 650-5. An
output conductor 688-2 of the generator 630-2, corre-
sponding to the cutput conductor 688 of the generator
650-1, connects at one point to the input of the delay
pulse generator 650-3. A corresponding outpit con-
ductor 688-3 of the latter pulse generator in turn is con-
nected at one point to the input of a third delay puise
generator 650-4. 'The corresponding output conductor
688-4 of the latter delay pulse generator is connected to
the 1 output of a flip-flop circuit 696. Returning to the
output conductor 688-2 of the pulse generator 650-2
this conductor is also connected to the set input of a flip-
flop circuit 697. The output conductor 688-3 of the
pulse generator 650-3 i1s also connected to the set in-
put of the flip-flop circuit 696. Only the first delay pulse
generator 650--1 provides an output on its conductor 678,
this output not being necessary for the purposes achieved
by the remaining generators.

The relationship of the one-half microsecond delay
pulse generator 630-5 to the other such generators al-
ready mentioned may best be understood by proceeding
to the final components of the readout control circuitry
depicted in FIG. 30. These circuits comprise three strobe
amplifier circuits 700-1, 700-2, and 7€0-3, interconnected
variously with the above-mentioned flip-flop circuits to
provide the stroke signals for the sampler circuits 500 of
FI1G. 29,

The strobe amplifier 700-1 comprises a two-input logic
section and a current amplifier section. The input logic
section at the right hand of the diagram of FIG. 30 com-
prises a pair of transistors 710 and 711 having the bases
connected to respective input conductors 712 and 713.
The mnput conductor 712 has serially connected therein a
diode 714 and the input conductor 713 has similarly con-
nected therein a diode 715. In the case of the strobe
amplifiers 700-2 and 760-3 the corresponding input con-
ductors are each controlled by control signals applied
thereto in a manner to be described to achieve an AND
logic operation. For the strcbe amplifier 7891, how-
cver, one of the AND inputs is permanently supplied by
the connection of the input conductor 713 to srcund,
which ground potential is the condition also selectively
applied to the companion input conductor 712 and to the
corresponding input conductors of the amplifiers 7002
and 700-3 to cause their operation. Normally, positive
potential conditions on the input conductors 712, etc.,
matintain the logic transistors 710 and 711 conducting by
back-biasing the diodes 714 and 715. To insure that the
control signals applied to the input conductors in fact are
sufficient to cause the back-biasing of the diodes 714 and
715 the potentials on the bases, emitters, and collectors
of the transistors 710 and 711 are controlled by a num-
ber of potential control circuits. The emitter-base po-
tentials of the conducting transistors 710 and 711 are
partially controlled by a bleeder circuit comprising a re-
sistor 716 connected to the collectors of the laiter tran-
sistors, which resistor is also connected to ground through
two other resistors 717 and 718. Control of the potentials
at the bases of the two transistors is also provided by
a pair of parallel, normally conducting current paths
traced from a source of positive potential 719, dividing
through two resistors 720 and 721 connected to the latter
source, back to a common circuit path through a pair of
diodes 722 and 723 at their junction point, the resistors
717 and 718 to ground at the latter resistor. The nega-
tive ends of the diodes 722 and 723 thus also establish the
potentials at the bases of the normally conducting tran-
sistors 710 and 711.

At the output sides of the transistors 710 and 711
voltage divider circuits are provided to supply the neces-
sary potentials to the amplifier section of the circuit
700-1. Thus, one divider circuit, comprising a con-
ducting path through the transistors 710 and 711, com-
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nrises a pair of resistors 724 and 725 serially connected
between the ground resistor 718 and the collectors of the
latter transistors. Another divider circuit may be traced
from the latter collectors through a pair of resistors 726
and 727, a diode 728 to the ground resistor 718. The
current in the conducting transistors 710 and 711 is car-
ried via the foregoing paths from ground at the resistor
718 through the collector-emitter paths ot the latter tran-
sistors through a resistor 729 to a source of negative po-
tential 730.

The amplifier-output section of the circuit 760-1 com-
prises two parallel conducting paths each having included
therein a pair of series connected transistors. The first
of the paths includes a pair of transistors 731 and 732
and the second path includes a pair of transistors 733 and
734. These transistors are further paired by connecting
topether the bases of the transistors 731 and 733 and
connecting together the bases of the transistors 732 and
734. 1In the first parallel conducting path the emuitter
of the transistor 731 is connected to the collector of the
transistor 732 and in the second conducting path the emit-
ter of the transistor 733 is connected to the collector of
the transistor 734. The parallel conducting paths may
be further traced from the origin at a source of positive
potential 735, a resistor 736, a further paralle]l connec-
tion comprising parallelly connected transformer primary
windings 737 and 738, and to the collectors of the tran-
sistors 731 and 733 which are directly connected together.
The two paralle] conducting paths are terminated at the
emitters of the transistors 732 and 734 which are each
connected to eround through respective resistors 739 and
740 having canacitors 741 and 742 respectively con-
nected thereacross.

The transistor pairs 731-732 and 733-734 are main-
tained normally conducting under the control of either
or both of the normally conducting transistors 716 and
711 by the potentials supplied via connections to the afore-
mentioned bleeder circuits. Thus, enabling potentials are
sunplied to the bases of the transistors 731 and 733 by
their common connection to the junction of the bleeder
resistors 724 and 725. Similarly, enabling potentials are
supplied to the bases of the transistors 732 and 734 by
their common connection to the junction of the bleeder re-
sistor 727 and the positive side of the diode 728. One
side of the primary windings 737 and 738 is maintained
at a regulated predetermined potential by a regulator cir-
cuit connected in parallel with the current path leading to
the primary windings comprising a transistor having its
collector connected to one side of each of the primary
windings 737 and 738 through a resistor 744 and iis emit-
ter connected to ground. Its base is also connected to the
one side of the primary windings through a resistor 745
and a Zener diode 746, and it is also connected to the
emitter through a resistor 747. The potentials for main-
taining the transistor pairs 731-732 and 733--734 con-
ducting will be supplied only during the time that either
or both of the loeic transistors 710 and 711 are conduct-
ine, which conditions prevent any output from the strobe
amplifier 760-1. Only when both of the AND mput con-
ditions on the input conductors 712 and 713 are present
will an output be generated at the output end of the cir-
cuit, which operation may now be described.

In the case of the strobe amplifier 700-1 being de-
scribed, one of the AND input condifions is permanently
present in the connection of the terminal of the conductor
713 to ground. This ground connection forward-biases
the input diode 715 to cause a current flow from the
source 719 through the resistor 721 to ground through
the latter diode. As a result, the base of the transistor
711 will be at substantially eround potential, thereby
cutting off the latter transistor. However, since In the
normal, unoperated state the diode 714 is still back-
biased by a high potential applied from the other end
of the input conductor 712 as will hereinafter appear,
the transistor 710 continues to conduct and thus provide
the operative potentials for the normally conducting
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transistor pairs. The other AND condition to be ap-
plied to the strobe amplifier circuit 700-1 is a negative-
ooing signal to substantially ground potential. This sig-
nal, as will appear subsequently, is provided at the proper
time by the flip-flop circuit 697 of FIG. 28 for the ampli-
fier 700-1. When this negative-going signal is applied to
the input conductor 712, the diode 714 is also forward-
biased with the result that it also conducts current from
the source 719 bringing the base of transistor 710 sub-
stantially to ground potential. This back-biases the base-
emitter junction causing the transistor 710 to turn off.
Since both of the emitters of the now nonconducting tran-
sistors 710 and 711 are connected to the negative poten-
tial source 730, they now go negative, thereby forward-
biasing a diode 748 connected between the latter emitters
and the junction of resistors 726 and 727. This negative
potential signal is transmitted through a capacitor 749
connected across the resistor 727, and is directly applied
to both of the bases of the transistors 732 and 734. Both
of the latter transistors are, as a result, turned off. As
the transistors are turned off, the transistors 731 and 733
also are cut off. As both pairs of transistors are simul-
taneously turned off, a positive voltage pulse appears
at the collector ends of the primary windings 737 and
738. To prevent an undue rise in this voltage and to
protect the transistors 731 and 732 across which the voli-
age appears, a Zener diode 750 1s connected between
the collector of the transistor 731 and the winding 737
and a conventional diode 751 is serially connected with
the diode 750 to prevent current conduction through this
path during normal operation. A resistor 752 1s con-
nected between the collectors of the transistors 731 and
732 and the windings 737 and 738 1o prevent ringing
when the energy in the latter windings 1s dissipated at
the time that the amplifier 7001 is restored to 1ts normal
operative state at the termination of the controlling input
signals.

At the output end of the amplifier 700-1 the primary
windings 737 and 738 have coupled thereto the second-
ary windings 753 and 754, respectively. One end of the
winding 753 is connected to a source of positive potential
755 providing a predetermined voltage less than that
provided by the positive source 733. The other end of
the latter winding is connected through a diode 736 to
an output terminal 757. The latter terminal 1s also con-
nected through a resistor 758 to the potential source 735
through the resistor 736. One end of the secondary
winding 754 is connected to an output conductor 7589,
and the other end of the same winding is connected to
ground. When the normally conducting transistor groups
of the amplifier 700—1 are cut off as previously described,
the positive-going signal cenerated in the windings 737
and 738 is made available in opposite polarities at the
secondary windings 753 and 754 A positive signal on
the winding 754 is conveyed to the sampler circuits 500

of FIG. 29 at the time to be considered. _
Since the terminal 757 is connected to the opposite end

of the winding 753 from that of the connection of the

output conductor 759 to the corresponding winding 754,
a negative signal is appled to the terminal. In thE: case
of the specific amplifier 700-1 being described thrs: ter-
minal is not employed. The corresponding terminals,
not shown, of the strobe amplifiers 700-2 and 700-3 are
connected together and to the delay pulse generator 650-
5 of FIG. 28 for purposes which will subsequently ap-
pear. The resistor 738, connected to the source 735
insures, for the amplifiers 700-2 and 700-3, that the

terminals 7587 are brought back to a normal potential
~fter the termination of the negative pulse applied there-
to. The diode 756 serves to isolate the nonenergized
amplifiers 700 from the particular one energized during
an interrogation operation. A capacitor 760 1s con-
nected between the junction of the resistors 736 and 758
and ground and assists the regulator circuit including the
transistor 743 in providing voltage regulation at this point.
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It will be appreciated that when either but not both
of the input conductors 712 and 713 are energized some
coupling within the input logic stage of the amplifier
700-1 may cause the connected transistor 710 or 711 to
respond. Accordingly, in order to prevent the genera-
tion of unwanted noise signals from the amplifier 700-1,
the diode 748 is inserted between the emitters of the
transistors 710 and 711 and the bleeder circuits already
described. The diode 748 is maintained back-biased
sufficiently so that only the complete cut off of both of
the transistors 710 and 711 will cause the emitters to go
sufficiently negative to forward-bias the diode 748. The
output conductor 759; of the amplifier 700-1 is carried
via a cable 762 to each of the strobe control input con-
ductors 547 of each of the sampler circuits 540 of FIG.
29. The cable 762 alsc carries the corresponding cutput
conductors 759, and 7595 of the strobe amplifier circuits
700-2 and 700-3 to the strobe control input conductors
519 and 526, respectively, of each of the sampler circuits
500 of FIG. 29.

The foregoing completes the detailed consideration of
the readout control circuits of one specific illustrative in-
formation store according to this invention. The de-
scription of an illustrative operation of the information
store, previously begun with a consideration of an illus-
trative interrogation of the memory 100 and the apera-
tion of the access circuits 110, may now be completed.
The readout circuits 120 operate both responsive to and
in coordination with the operation of the access circuits
110. Accordingly, circuitry, not yet considered, for pro-
viding for the cooperation of the readout circuits 120 with
the access circuits 110 will be described at the time at
which they are operated during the operation of the
readout circuits 120, which operation may now be con-

sidered.

Operation of readout circuits 120

It will be recalled from the previous description of the
operation of the access circuits 110 and the interrogation
of the memory 100, that bipolar, alternating waveforms
are received from the memory 100 representative of
the binary values read out. Thus, a binary 1 output
may be represented by a relatively large positive signal
followed immediately by a negative such signal or it
may be represented by a relatively large negative signz.tl
followed immediately by a positive such signal. Simi-
larly, a binary 0 output may be represcnted by a relatively
small positive signal followed immediately by a nega-
tive such signal or it may be represented by a relatively
small negative signal followed immediately by a positive
such signal. These output signal conditions are depicted
ideally in FIG. 31 by the waveforms 328-332, 328'-332’,
329-333, and 329'-333’. As also previcusly explained,
the bipolar nature of the binary output signals results
from the alternating direction in which the A and B sec-
tion tapes containing the wire memory elements 13 pass
along the solenoids 11 of the succession of memniory planes
making wp a memory module. Within each of the mem-
ory modules 40 through 43 making up the array depict-
ed in FIG. 5, the output binary signals thus alternate
with respect to polarity for the succession of memory
planes within which the interrogation occurs. The par-
ticular physical arrangement of the output points con-
templated in the specific embodiment of the mformation
store of this invention being described is such that the
polarities of the binary output signals also alternate
among the corresponding memory planes of the memory
modules. Thus, referring to the memory array depicted
in FIG. 5, the output signals representing binary 1’s gen-
erated upon the interrogation of any word row in the
first memory plane, reading from the leli &5 viewed 1
FIG. 5, of each of the memory modules 43;, 42, 41,,
and 40¢; of the first column of modules, will be a signal
comprising an initial negative-going wave followed by a
positivegoing wave as depicted by the waveforms 328'—
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332" in FIG. 31. These polarities then aliernate as an
interrogation moves to the right in the memory modules
of the first column. The output signals so generafed In
any word row in the first memory plane, also reading
from the left in FIG. 5, of each of the niodules 42,, 43,,
40,, and 41, of the second cclumn of modules, on the
other hand, will be a signal comprising an initial positive-
gomg wave followed by a negative-going wave as depict-
ed by the waveforms 328-332 in FIG. 31. These polar-
ities then also alternate as an interrogation moves to ihe
left 1n the memory modules of the second column. This
alternation of polarities in the first memory planes of the
modules 1s continued through the third and the last col-
umn of modules of the array of FIG. 5. Obviously,
the arrangement and organization of the oulput points
of the memory modules may be such that corresponding
word rows of the modules would have identical output
signal polarities.

From the foregoing, it is evident that since a signal
representing a single binary bit may be of either polarity,
the readout circuitry is controlled to anticipate the par-
ticular polarity of signal which may be expected from an
interrogated word row of the memory 100. This func-
tion, 1t will be recalled, 1s accomplished by the detection
section of the sampler circuits 580 of FIG. 29 where
either one of two circuits in each one is simultaneously en-
abled by a strobe control input signal selectively appiied
to the input conductors 519 and 526. Since the latter
conductors obtain their inputs from the strobe amplifiers
T00-2 and 700-3, respectively, of FIG. 20, the lutter cir-
cuits must be selectively enabled. The sampler circulls
S00--0 through 560-43 are also collectively enabled by
strobe conitrol signals applied to the strobe input conduc-
tors 547 from the strobe amplifier 760-1 of FI1G. 30. The
latter circuit thus also necessitates a timely encrmzation.

In still another selection operation to be accomplished
by the readout circuits 120, the signals generated simul-
taneously in the wire memory elements of both an A and
a B section tape during an interrogation are discrumialted.
This 1s accomplished by the seleclively applied control
signals on the control conductors 382A and 4028 of the
sclector circuits 350 through 353 depicted in FIGS. 23
and 24. 1t will also be recalled in connection with these
circuits that a particular group associated with the module
group of FI1G. 20 in which an intcrrogation takes piace
is collectively enabled. Control signals for accomplish-
ing the latter enabling are applied to the control conduc-
tors 393G of the selector circuits 350-353,

Thus, in recapitulation, the operation of the readout cir-
cuits imvolves a number of controls and selections: at
the time that the forty-four information signals representa-
tive of the desired word being read out appear across the
wire-memory element-return conductor pairs, the proper
group of forty-four selector circuits 350-353 and all of
the sampler circuits 560 must be placed in a condition to
receive the information signals; within the selected group
of selector circuits the desired amplifier sections must be
enabled to discriminate between the simultaneously ap-
pearing A and B section information signals; and within
the sampler circuits the required rectiiier sections are ad-
vantageously enabled to anticipate the polarity of the in-
formation signals. Since each of these control and selec-
tion operations must be accomplished to correspond pre-
cisely to the selections performed by the access circuitry,
each is also directly determined by the addressing source
controlling the access circuitry, namely, the address reg-
ister 130 of FIG. 12. However, before proceeding to a
description of the manner in which the address register
130 provides the control of the readout circuilry, the

control and operation of the readout control circuits of
F1GS. 21, 25, 28, and 30 will be considered with par
ticular reference to the pulse chart provided in FIG. 32,

From the pulse chart of 1G. 31, 1t will be recalied
that an interrogation ot the information store of this
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invention is initiated at a time ?, by a sync pulse 310
received from the central control of the parent system.
The sync pulse 310 will also constitute the reference
point from which each of the operations of the readout
circuits is timed. Particular ones of the operations now
to be described are intended to provide an enabling strobe
signal on one or the other of the strobe input conductors
519 and 526 of the sampler circuits 500, depending on
the polarity of the binary information signals gencrated
in the memory. This enabling is timed, as previously
mentioned, to occur during the first alternation of the
information signals and within this period, at a time at
which the waveforms representative of a binary 1 and a
binary 0 present the maximum amphtude difference
order to achieve an optimum discrimination beiween (he
two. For the specific illustrative information sicre bemng
described, this time has been determined as occurring at
tq 5 following time 7y in the chart of FIG. 32, the ume
divisions again representing one microsecond. Accord-
ingly, the development of the strobe signals by the read-
out control circuits for application to the sampler circuits
will now be described.

At the time ;5 a negative pulse 869 is applied from
a flip-flop in the readout pulse generator chain 363 ot
the timing circuits 132 of FIG. 18 via a cable 881, ex-
tended through FIGS. 12 and 20, to the set input of fiip-
flop 626 of FIG. 21. The latter flip-flop, which was
previously reset as will be described, as a resuit, provides
a positive-going potential, represented as the pulse 802
in F1G. 32, substantially without delay, to the mput con-
ductor 627 cf the strobe geaerator 609. The latter cir-
cuit, however, is not energized (in order to avoid mistak-
ing any noise in the readeut circuits as being a 1) untii
the access circuitry becomes active at about time fy as
indicated in the chart of FI1G. 31. The complete encr-
gization of the strobe generator 600 occurs upon the ap-
plication of the other inputs to its AND gate mmput from
the X and Y access circuitry current shunt switches 116
and 116" of FIGS. 9 and 17, respectively. Simultaneous
positive pulses 803 are applied from these swiiches via
cables 624 and 625, respectively, at the time ;. The AND
condition is not satisfied until both pulses 803 are simul-
taneously present. The strobe generator 604, in the man-
ner previously explained, develops at the time #;,, a nega-
tive pulse 804 which is applied via the conductor 622 to
the input of the first delay pulse generator 650-1 of
FIG. 25. The latter circuit is energized and instantane-
ously a negative pulse £05 is generated on 1ts output con-
ductors 678. This pulse is carried via the latter conduc-
tor back to the reset input of the flip-flop 626 causing the
removal of the signal 802 from its output conductor 627,
The strobe generator 608 is thus turned off; however,
internal circnit delay assures that its output pulse 804
has a duration of about one-quarter microsecond.

The delay pulse generator 650-1 provides a delay of
1.0 microsecond; accordingly this time interval after its
energization, at the time f;, provides a negative pulse 306
on its output conductor 688. This pulse thus occurs dur-
ing the application of the X and Y conductor coincident
drive pulses 324 and 323 as shown in FIG. 31. The pulse
806 is applied via the conductor 688 to the nput of the
second delay pulse generator 650-2, which generator pro-
vides a second delay of 0.25 microsecond to apply at its
output conductor 688-2, a negative pulse 807. This
pulse is applied via the conductor 688-2, at one point, 1o
the set input of the flip-flop circuit 697 of I'IG. 28, As
a result, the latter circuit is set, causing its 0 cutput to
produce a negative-going signal 808. This signal s
applied via the input conductor 712 to the input AND
circuit of the strobe amplifier circuit 700-1 of FIG, 30,
Since the other input of the latter circuit is already per-
manently connected to ground which is substantially ihe
potential of the signal 808 as previously explained, the
AND condition for this circuit is satisfied, thereby cutting
off this normally conducting circuit to produce a positive
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sirobe signal 889 across its secondary winding 754, The
sienal 809, occurring at the time #5395 as the result of the
delay introduced by the delay pulse generator 656-2, 18
applied via the output conductor 789; and the ¢able 7621
to the input conductors 547 of each of the sampier cir-
cuits 884 of FidG. 25, The iaiter circuils thus are pro-
vided withh one of the three strobe signals necessary 1o
produce the final information output signals to be {rians-
mitted to the store control circaits 148 and thence Lo Lthe
central contro! of the parent system. In the foregoing
only the initiation of the first strobe cootrol signal 809
is described; its termination is accomplishied by the encr-
gization of one or the other of the romaining strobe
amplifier circults 760-2 and 7080-3 in a manner which
Ay DOW considered,

The sinnnt 307 provided at the output conducior 688-2
of the dolay puise generator 650-2 of I'IG. 25, 1n addi-
tion (o being opplied to the flip-tlop circuit 697, 15 also
applicd at the time #3595 10 the input of the delay pulse
cenerator 659-3 of FIG. 28. Vhis circuit provides for
a further delay of 025 microsccond and after this mnter-
val, at the time fy5, peneraies o negative signal 313 on
its cutput conductor €38-3. This signal is applied at
one point to the scl input of another flip-Hop circuit 696
with the result that its O output muakes avatlable a nega-
Live-coing poientinl 811, also at the time f5 5 This pulse
811 is applied via an input conductor 712-2 (o the puts
oi both of the sirobe ampihifizry T00-2 and 796-3 corre-
snonding (o the mmat conducior 712 of the slrobe ampli-
fier 708-1. 1t will be recalicd that these nputs of {he
former circwuits are cornected tegether amd cuch com-
prises part of an AND logic laput of these circuits. Al
the time 75 5 cach of the inputs of the remamning strobe
amplifiers 766--2 and 788-3 may be energized depending
upon which oue also recewves the cihier of tis AWD inputs,
The Jatier input polential 1s selectively received via thic
remaining input conductors 712-3 and 71i-4. Which of
these conductors is encreized 1s controlled by the informa-
tion present o the address register 138 of FiG, 12 in the
manner (o be described. The signal condition originating
at the address register and which appears on one or the
other of the conductors 712-3 and 71Z-4 conlinues {ar
a time duration extending {rom fgqs 0 f4q5 and is tndi-
cated on the chart of TI1G. 32 as the wavelorm 813,
Accordinglv, at the time #; 5 a positive-going sirobe con-
trol signal 814 is gencrated on an cutput conductor 73%.
Or 7593.

In addition to the strobe control pulse 814 gencrated
on one of the output conductors 758%, and 759;, a nega-
tive pulse 815 i1s also generated on an oulput conductor
737-2 or 757-3 of the amplifiers 70¢-2 and 760-3. This
pulse is negative because, as previously explained, of the
sense of the coupling of the ocutput transformer winding
in these amplifiers corresponding to the winding 733 of
the strobe amplifier 708-1. (This output of the Jafter
amplifier, it will be recalled, is not utilized.) The out-
put conductors 7587-2 and 757-3 are connected fogether
and are extended in an OR connection via a conductor
757—4 to the input of a final delay puise generator 650-5
of FIG. 28. This generator provides for a delay of 0.5
microsccond.  Accordingly, since the strobe amplifier
output pulse 815 occurs at the time 735, the deiay gen-
erator 630-35 produces a negative output puise 816 at
the time £, on its output conductor 688-5. 'This signal
is applied thereby to the reset input of the flip-flop circuit
657, the effect of which is to restore the O output to a
posilive-going potential and its 1 output to a negative-
going potential. The positive-going potential on the con-
ducter 712 thus cuts off the strobe amplifier 7601 at the
time #, thercby providing for a strobe contrel signal 809
on the input conductors 547 of the sampler circuils 580
of FIG. 29 of 0.75 microsecond duration as depicied
the chart of FIG. 32.

Prior to the termination of the strobe control pulse
80¢ at the time f, and during the 0.5 microsecond deluy
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introduced by the delay pulse generator 650-5, the strebe
control pulse 814 is terminated under the control of flip-
flop circuit 696. The output signal 810 occurring at the
time #3 5 18 applied not only to the set input of the Gip-
flop circuit 696, but also the input of the delay pulse
pencrator 650-4 via the conductor 688-3. This gener-
ator provides for a delay of 0.25 microsecond; accord-
ingly, at the time 13 75 a negative-going potential 817 is
produced on its cuiput conductor 688-4 which pulse is
thereby applied to the 1 output of the flip-flop circuit
693. As a result, as the 1 ouiput goes negative, the 0
output goes positive, thereby terminating the negative
pulse 811 appearing therecon after a duration of one-
quarter microsecond. The delay pulse generator 650-4
i1s thus employed only to provide a positive-going cut-off
pulsc on the O oulput of the liip-flop 696, which cut-off
pulse in furn cuts off whichever of the strobe amplifier
circuits 780-2 or 780-3 was energized via the conductor
712-2 ot the time /375, This completes the description

of the seauence and manner of control of the operation -

of the strobe amplifiers 700-1, 700-2, and 700-3. The
readout control circuits, however, provide for the timely
ceneration of one further control signal.

It will be recalled that the initintton of an interroga-
tion operation of the imformation store of this invention
was controlled by a sync pulse 310 originating in the
central control of the parent system which was supplied
to the store control circuits 149 at the time 5. At the
time that information ocutput signals are returned to the
central conirol in response to a direction for interroga-
ticn, the information store of this invention alsc provides
for a storc sync pulse to be returned at the time #3 5. The
store sync pulse 818 is generated as the result of the set-
ting of the {lip-flop circuit 696 responsive to the applicd
pulse 810 from the delay pulse gencrator 650-3. The
negative pulse 811 generated by the flip-flop 696 as a
result is applied, not only to initiate the opertaion of
ong of the strobe amplifiers 700-2 or 700-3 via the con-
ductor 712-2 as previously described, but also to the set
input of a flip-flop circuit 698 via a conductor 712-5.
As the latter circuit is set, a positive-going pulse is pro-
vided on its 1 output conductor 319 which is initiated at
the time 5 5. The pulse 819 is terminated at the time 1y
when the flip-flop circuit 697 is reset responsive 1o the sig-
nal 816 applied from the delay pulse generator 650-5. At
this time a negative potential appears on the 1 output of
Lhe flip-flop circuit 697 which is carried to the resct input
of the flip-flop circuit 6928 via a conductor 820. The store
sync pulse 818 is transmitted by means of the conductor
819 extended through FIGS. 27, 24, 20, and 19 to trans-
mission circuits 150 of the store control circutts of FIG.
18 which transmission circuits 150 provide for the ulti-
mate delivery of the store sync pulse to the central con-
trol of the parent system,.

In the normal operative case the readout control cir-
cuits are de-cnergized, as was seen, by the resetting of
the flip-flop circuit 625 of FIG. 21 by the pulse 805 sup-
plied by the dclay pulse generator 650-1 at the time fs.
It will further be recalled that the operation of the strobe
generator 680 was dependent upon the application of
each of its three AND inputs, two of which are received
from the current shunt switches 116 and 116" of the X
and Y access circuits.  Should for any reason the Iatter
inputs not appear, provision 18 made in the readout con-
trol circuits for turning the strobe generator 680 off to
any extraneous noise which may be present. This is ac-
complished by applying in every case at the time /4 a nega-
tive pulse 821 frecm the readout pulse generator chain
303 via the cable 881 to the reset input of the flip-flop
circuit 626. In the description of the readout control
circuits where, in the pulse chart of FIG. 32, the dura-
tion of a pulse is not described, such as in the case of the
delay pulse generator outputs, the duration is approxi-
mately 0.5 microsecond.

The manner in which selection 1s made betwecn the
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strobe amplifiers 700-2 and 700-3 via the selection con-
ductors 712-3 and 712-4 and the further selection cof
the group of selector circuits 350-353 and, within the
selected group, the A and B section amplifiers, may now
pe considered. The ultimate control of these selection
operations, 1t will be recalled, was mentioned as originat-
mg in the address register 130 of FIG. 12. As previously
explained, selection between the strobe amplifiers 7002
and 700-3 is made for the purpose of anticipating in the
readout circuits the polarity of the information represent-
ative signals generated in the readout amplifiers 450.
~ince this polarity alternates between the planes of each
memory module and also belween each module of the
memory and, further, since the polarity of readout sig-
nals remains constant for the corresponding planes of
the memory modules of a column of such modules as
depicted in FIG. §, only the address signals from the ad-
dress register 130 controlling the vertical, or X, con-
ductors 44 of the access core switch array of FIG. S are
relevant to a determination of the polarity of the read-
out signals which may be anticipated. The selection of
a vertical, X conductor 44, it will be recalled, is con-
trolled by the information bits from flip-flops F6, F7, F8,
F9, F19, F11, F15, and F16 of the address register 130.
From the previously provided description of the selec-
tion of the address selection switches X111 and X112, it
may be shown that the bits 6 and 15 define the polarity
of the output signals for the particular plane within the
memory 100 in which the interrogated word row appears.
From the previously provided description of the parti-
cular polarities of the readout signals from each plane
and module, the sense of the couplings of the secondary
windings 513 and 514 of the sampler circuits 500 of FIG.
29 may be adjusted so that the proper detection sections
with respect to the polarity of the readout signals con-
nected thereto may be enabled responsive to the selection
of a strobe amplifier 700-2 or 700-3 of FIG. 30.

The latter amplifiers are energized in an AND connec-
tion, as previously described, partially via the conductors
712-3 and 712-4 extended through FIGS. 28 and 27 to
FIG, 26 at which point they connect to a plurality of
AND gating arrangements, the details of which are de-
picted 1n FIG. 35 and which have been previously de-
scribed, More specifically, AND gates 830-1 through
830-4, each having a pair of inputs, have their outputs
connected 1o 2 respective inverter circuit 831. The out-
puts of the latter circuits are associated with the con-
ductors 712-3 and 712—4 in OR connections in a manner
stuch that either the output of the inverter circuit 831 of
the gate 830-1 or the output of the inverter circuit 831
of the gate 830-3 1s connected to the conductor 712-3
and either the output of the inverter circuit 831 of the
gate 830-2 or the output of the inverter circuit 831 of the
pate 830-4 i1s connected to the conductor 712-4. The
inputs of the gates 830 are designated in accordance with
the outputs of the flip-flops of the address register 130
to which they are connected. These connections are car-
ried via a cable 832 extended through FIGS. 23, 19, 15,
and 11 to the respective conductors 833 through 836
which complete the connections to the outputs of the
6th and 15th bit flip-flops of the address register 130.

At this point it is convenient to return to the illustrative
oneration of the access circuitry previously described.
It will be recalled that, for purposes of illustration, it
was assumed that the word row being interrogated is
the one defined by word row solenoid 11, depicted in
FI1G. 2 appearing in the second plane from the left of
the memory module 43; of FIG. 5. This word row con-
tains the bits 1, @, 1 . . . 0 and, as previously described
the 1 readout signals generated by the interrogation of
this row will comprise an initially positive signal followed
by a negative signal depicted as the waveforms 328 and
332 in FIG. 31. The X conductor 44s selection bits pro-
vided by the address register 130 to select the word row
solenoid 11, to read out this exemplary word are the bits
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and 15 are a 1 and 0, respectively. Positive-going po-
tentials indicative of these values are carried by the con-
ductors 833 and 836, respectively, and the cable 832
to the AND gates 830 of FIG. 26. These potentials from
the address register have already been described and are
represented in FIG. 31 by the waveform 315. Also as
previously described, the gates 830 are AND gates pro-
viding a positive-going output potential upon the appli-
cation of simultaneous positive signals to their two in-
puts. Inspection of the designated inputs of the gate

830-2 indicates that, in view of the bits 6 and 15 received
from the address register 130, this gate will be enabled,
thereby producing a positive-going potential on 1ts out-
nut. This positive signal is inverted in the associated
inverter circuit 831 and applied to the conductor 7124
and carried to the strobe amplifier 700-3. The latter
circuit is energized in the manner already described, to
apply the strobe control pulse 814 to the control con-
ductor 526 of the sampler circuits 500 via the cable 762,
The sense of the coupling of the winding 514 of the
particular detection section of the latter circuits to which
it is connected is such that the diode 532 of this section
is forward-biased to strobe, or sample, a portion of the
information readout signals applied to the output am-
plifier sections of the sampler circuits 500.

One further selection under the control of information
bits provided by the address register 130 remains to be
described. A particular group of selector circuits 330—
333 of FIGS. 23 and 34 and, within the particular group,
an A or a B section output stage is selected. In order
to select among the selector circuit groups 350-333 the
two most significant Y conductor information bits 13
and 14 and the two most significant X conductor informa-
tion bits 15 and 16 are emploved and to select between
the A and B sections of the selector circuits 350-333
the 12th bit is employed. The information bits 13
through 16 are taken from the address register 130 out-
puts by means of the conductors 837 through 843, re-
spectively, and are carried to readout selection gating
circuits of FIG. 22 by means of a cable 844 extended
through FIGS. 16, 15, 14, and 18. The i2th bit is car-
ried via a céble 845 extended through the latter figures to
A and B selection gating circuits of FIG. 21,

The readout selection gating circuits comprise a plural-
ity of groups of five inputs AND gates 846 through 849,
Fach group of gates in turn comprises four gates des-
icnated by subscripts and each group 846 through 849
‘¢ associated with and controls the selector circuits 330
through 353 associated respectively with the memory
module groups 4§ through 43. The module groups are
represented in FIG, 20 and the module organization with-
in each module group is shown specifically in FIG. 5.
Four of the inputs of each of the gates 846 through 349
are connected to the outputs of the 13th, 14th, 15th, and
16th flin-flops of the address register 130 via the cable
844 such that the connections ore made In accordance
with gate inputs as designated in FIG. 22. Although these
logic connections are not specifically shown in the draw-
ings, they are readily envisoned by one skilled in the art.
As was described in connection with the addressing of
the X and Y conductor address selection switches of the
qccess core switch array previously herein, it will be ap-
parent that the 15th and 16th information bits from the
address register 130 define the four columns of the
memory array 100 and 13th and 14th information bits de-
fne the four rows. The designations of these bits will
therefore positively define a particular column and row
and, hence in accordance with the memory organization
shown in FIG. 5, the particular module group within which
an interrogation is taking place. These bits are thus adl-
vantageously employed to make the proper selection
among the selector circuits 350-353.

More specifically, in accordance with the illustrative 75 at the time ! g,
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interrogation operation assumed previously, these bits are

Accordingly, each of
the inputs of the AND gates 846-849 of FIG. 22 thus
labelled will have a positive potential applied thereto via
the cable 844 extended from the address register 130 of
FIG. 12 and its connections through the conductors 838,
840, 842, and 842’. Inspection of the gate group 849
determines that the AND gate 849, alone has a positive
potential on each of its logic inputs designated In accord-
ance with the information bits provided by the address
register 130. 1In this connection reference may be made
to the pulse comparison chart of FIG. 33 where for con-
venience particular pulses depicted in FIGS. 31 and 32
are repeated and which chart may also be employed for
recapitulation hereinafter. The output of the address reg-
ister 130, the positive-going waveform 3185, is that ap-
nlied to the AND gate 849, and the inverted output of
the address register 130, depicted as the negative-going
waveform 813, is that applied via the AND gates 830
to select between the strobe amplifiers 700-2 and 700-3.
At the time #; o a positive-going pulse 855 is applied from
a flip-flop 304 output of the readout pulse generator chain
303 of FIG. 18 via the cable 801 and a common conduc-
tor 856 to the timing input of each of the AND gates
846-849 including the gate 849,. The latter gate is
thus alone enabled and provides a positive-going output
signal indicative of the fact that each of its input condi-
tions has been met. This positive output is inverted In
the connected inverter circuit 850 and applied to a com-
mon conductor 857 connecting together each of the out-
puts of the inverters of the group of gates 849. The gates
846 through 849 together with their connected inverter
circuits 850 may each comprise the details of the AND
gate-inverter combination depicted in FIG. 35 and pre-
viously described in conjunction therewith.

The inverters of each of the other groups of gates 846
through 848 are similarly connected together at their out-
puts by common conductors 854 through 836, respectively.
The gates 846 through 849 are connected with their respec-
tive inverter circvits 850 in a manner so that the com-
pletion of each of the AND conditions of the AND gate
nroduces a negative-going potential on the ouiput of
the inverter circuit and the failure of each of the AND
conditions produces a positive-going potential on the
output of the inverter circuit. The common conductors
854 through 836 accordingly have positive-going poten-
tials thereon and the conductor 857 has a negative-
going potential thereon as the resuit of the information
provided by the address register 130. 'These potentials
are applied to a second group of AND gates 860. The
latter gates 860, through 860, are each two-input gates
cne input of which is connected to a respective common
conductor 854 through 857. The gates 860 are also
provided at their outputs with an associated inverter cir-
cuit 861 in a manner to supply output potentials such
as described for the AND gate-inverter combinations
846-849. The common conductors 854-857, in addition
to being connected to the respective inputs of the gates
860, are also extended to bypass the gates to provide at
each gate-inverter combination a pair of connections to a
buffer register 862,

The negative-going potential on the common conductor
857 is applied to one of the inputs of the AND gate 860
at the same time that the positive-going potentials on the
conductors 854 through 856 are applied to one input of
the AND gates 860, through 860;. Also at the time /1
another positive timing pulse 863 is applied to the other
inputs of the gates 860 via a common conductor 864. The
latter conductor is extended via the cable 801 from the

output flip-flops 304 which are associated with the readout
nulse generator chain 303 which originates the pulse 863.
As a result of the negative potential from the gate 849,
and the positive potential 863 from the timing circuits
the output of the AND gate 860, will be
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negative-going, which signal condition is inverted by the
associated inverter circuit 861 into a positive-going signal,
At the same time the negative going potential also by-
‘passes the gate 860, via the extension of the conductor
857. Positive potentials, on the other hand, are applied
to both inputs of the remaining gates 860, through 860;,
and negative-going outputs, as a result, will appear on the
outputs of the associated inverter circuits 861 at the same
time that positive potentials will appear on the bypass
extension of the conductors 854 through 836.

An input of each of the gates 860 and the outputs of
each of the latter gates having potential conditions there-
on as described above are connected to the inputs
of associated flip-flop circuits 865 of the buffer register
862. These flip-flop circuits advantageously are also of
the character depicted in FIG. 34. More specifically, the
inverter outputs of the gates 860, through 860, are con-
nected to the reset inputs of the flip-flop circuits 865,
through 865,, respectively. The bypass conductors 834
through 857 are connected, respectively, to the set in-
puts of the latter flip-flop circuits. The flip-flop circuits
are set and reset by the application of near ground
potentials and produce positive or near ground poten-
tials, respectively at their 1 outputs, which are the only
ouputs employed. A negative potential applied to a set
or reset input will thus serve to set or reset the flip-flop,
respectively, In accordance with the potentials pre-
viously described on the inputs of the flip-fiops 865,
each of the flip-flop circuits 865, through 865, will
be reset and the flip-flop circuit 865, will be set.
As a result, the flip-flop circuits 865, through 865,
will provide a near ground potential on the 1 out-
put and the flip-flop circuit 865, will provide a
positive potential on its 1 output. The latter pulse is
depicted in FIG. 33 as the waveform 866 and the former,
near ground potential is depicted in that figure as the wave-
form 867. Both of these pulses will continue unless
changed by a new address at the time f; of a following
cycle. The output potential conditions of the fip-tflop
circuits 865 are transmitied via a cable 870 through FIG.
23 to select control circuits 871 of FIG. 26.

The select control circuits 871 comprise, with respect
to the selection of a particular group of selector circuits
350-353, only a plurality of inverter circuits 872 asso-
ciated respectively with the flip-flop circuits 865. Thus
the flip-flop circuits 865; through 865, are connected
via the cable 870 with the inverter circuits 872, through
872,, only the first of these inverter circuits being shown
in the drawing. The inverter circuits 872 are in turn
connected via the cables 415 through 418 to the group
selection mput conductors of the groups of selector cir-
cuits 350 through 353. Thus, for example, the inverter
circuit 872, 1s connected to the input conductor 393G of
each of the selector circuits 350-0 through 350-43 of
FIGS. 23 and 24 via the cable 415. In accordance with
the potentials applied to the inverter circuits 872 of
FIG. 26 from the flip-flop circuits 865 as described in the
foregoing, after inversion in the latter circuits, the out-
puts of the inverter circuits 872, through 872; are posi-
tive potentials which are applied to the input conductors,
such as the input conductor 393G, of each of the selector
circuits 350 through 352. The output of the inverter

circuit 8724, not specifically shown in the drawing but
which is associated with the flip-flop circuit 865,, on the
other hand, will be a positive potential which i1s applied
via the cable 418 to the group input contro! conductors
of the selector circuits 353—0 through 353-43 correspond-
ing to the conductor 393G of selector circuit 350-0. Ikt
may be mentioned at this point that the inverter circuits
872 and other inverter circuits to be described as in-
cluded in the select control circuits 871 may advanta-
geously comprise a circuit combination such as depicted
in FIG. 35 with the exception that only one input is pro-
vided.
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At this point and before proceeding {o a consideration
of the operation of the above-described control potentials
applied to the group input conductors of the selector cir-
cuits 350 through 353, the final selection operation for
determining the A and B section memory output signals
will be described. As previously mentioned this selection
operation 1s controlled by the oulput of the 12th flip-flop
circuit of the address register 130 of FIG. 12. The setting
of this flip-flop circuit is controlled by information received
irom the central control of the parent system and, as also
previously mentioned, controls which of the two binary
words simultaneously read out of the memory during an
interrogation operation is to be allowed to emerge from
the information store. In accordance with the iliustrative
binay word to be read out of the memory during the in-
terrogation operation being described, the address register
130 is controlled to select, by means of the 12th informa-
tion bit, the B section tape of the memory plane being
interrogated in the memory module 43,. As will appear

hereinafter, either the bit 12 or its complement 12 may be
arranged to select etther the A or the B tape readout sig-
nals for transmission to central control making the in-
formation request. In this specific embodiment of the in-

formation store of this invention, the bits 12 and 12 are
arranged 1o select the A and B tape readout signals, respec-
tively., Accordingly, the cutput conductor of the 12th
flip-flop circuit of the address register 130 designated in
accordance with the bit 12 has a positive potential, de-
picted in FIG. 33 as the waveform 315, appearing thereon.
This posilive potential 1s carried via the cable 845 ex-
tended through FI1GS. 16, 15, 14, and 18 to timing gate-
inverter circuits preceding the buffer register 862 of FIG.
22. The timing gates comprise specifically a pair of two-
input AND gates 875, and 875, each having one of its

inputs connected via the cable 845 to a 12 or a 12 oulput
conductor of the 12th flip-flop of the address register 130.
The other input of each of the gates 875 is connected to
the common timing conductor 864 also connected to an
imput of each of the AND gates 8§60. Each of the gates
875 also has connected thereto at its output side an in-
verter circutt 876 with the result that, when the address
register information bit 12 is applied to the AND gate
875, coincidentally with the timing signal 863 appearing
on the timing conductor 864 at the time ¢, a near ground
potential will appear at the ocutput side of its connected
inverter circuit 876.

The outputs of both of the inverter circuits 876 are
connected, respectively, to the set and reset inputs of a
Hip-flop circuit 877 of the buffer register 862. Thus, more
specifically, the near cround potential produced by the
inverter circuit 876 connected to the AND gate 875, is
applied to the reset input of the flip-flop circuit 877. The
latter circuit, which is of the character identical to the
flip-flop circuits 8635, is as a result reset to provide a posi-
tive potential on Hs O cuiput and a near ground potential
on 1ts 1 output. These potentials are carried via a cable
878 through FIG. 23 to the selection control circuits 871
cf FIG. 26. At this circuit the cable 8§78 applies the po-
tentials to two common conductors 879 and 884, the con-
ductor 879 being connected via the cable 878 to the
I output of the flip-flop circuit 877 and the conductor
880 being connected via the cable 8§78 to the 0 output
of the latter flip-flop circuit.

The common conductor 879 is connected to four in-
verter circuits 881, through 881, associated respectively
with the groups of control conductors of the selector
circuit groups 350 through 353. Only the inverter circuit
881, 1s shown in FIG. 26, the remaining inverter circuits
881, through 881, being included in the block symbols
depicted in FIG. 26. In the selection control circuit 871,
the B output of the inverter circuit 881, 1s connected via
the cable 415 to each of the input control conductors 4098
of each of the selector circuits 350-0 through 350-43.
Similarly, the common conductor 880 is connected to four
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inverter circuits 882, through 882, also associated, respec-
tively, with the groups of contrcl conductors of the
selector circuit groups 350 through 353. Only the inverter
circuit 882, is shown in FIG. 26, the remaining inverter
circuits 882, through 882, being included in the block
symbols depicted in FIG. 26. In the selection control cir-
cuit 871, the A output of the inverter 882, is connected
via the cable 415 to each of the input conirol conductors
382 A of each of the selector circuits 350-0 through 330-
43. Fach of the remaining A and B outputs of the in-
verter circuits 881 and 882 are similarly connected to the
A and B input control conductors of the selector circuits
351-0 through 351-43, 352-0 through 352-43, and
353-0 through 353-43, corresponding to the conductors
382A and 409B of the selector circuits 350-0 through
350-43, via the cables 416, 417, and 418, respectively.

Within each of the selection control circuits 871, the
aroupings of inverter circuits 872, 881, and 882 have two
more inverter circuits associated therewith. Connected
between the output of each of the inverter circuits 872
and the outputs of the associated inverter circuits 882 and
881 are respectively connected the further inverter cir-
cuits 883 and 884, the inverter circuits of the selection
conirol circuit 871, being designated 883; and 884;. Al-
though not specifically shown in FIG. 26, each of the
remaining of these groupings in the selection control cir-
cuits 871 also has a corresponding pair of inverter cir-
cuits similarly connected as the inverter circuits 883, and
884,. The positive potential appearing at the O output
of the buffer register 862 flip-flop 877 is thus applied via
the cable 878 and the common conductor 880 to each of
the inverter circuits 882 of the selection control circuits
§71. In a similar manner the near ground potential now
appearing on the 1 output of the flip-fiop circuit 877 is car-
ried by the same cable and the common conductor 879 to
each of the inverter circuits 881 of the selection control
circuits 871. The inverter circuits 883 and 884 make pos-
sible a second function of the select control circuits 871 in
addition to that of selectively providing the potentials to
select a group of selector circuits and, within the selected
group, of selecting the desired A or B amplifier section.
The select control circuits 871 also insure that the non-
selected proups of selector circuits are inoperative during
an interrogation operation and thus will be unable to
transmit noise or other undesired signals fo the readout
amplifiers and subsequent circuitry.

As will be described in greater detail hereinafter, the
selection of a particular group of selector circuits 350
through 353 is accomplished by the application of a near
oround potential to the group input control conductors
of the selected group, such as the conductors 393G of
the group of selector circuits 350. Selection of an A or
a B section within the selector circuits of a selected group
is accomplished by the application of positive potential
o the selected A or B input control conductor, such as
the conductors 382A or 409B of the selector circuits 359,
From the potentials applied from the buffer register 862
of FIG. 22, it will be recalled that these control condi-
tions are met by the outpuis of the select control circuit
871,. The positive potential depicted as the waveform
866 in FIG. 33 applied from the flip-flop circuit 8635
via the cable 878 is inverted in the inverter circuit 8724
and thus is applied as a near greund control signal via
the cable 418 to each of the group input control con-
ductors of the group of selector circuits 353—0 through
353-43 of FIG. 24. The positive potential also depicted
ac the waveform £66 in FIG. 33 applied from the O
output of the flip-flop circuit 877 via the cable 878 and
thereby to each of the inverter circuits 882 of the selected
control circuits 871, is inverted in each of the latter in-
verter circuits and is thus applied as a near ground con-
trol signal via the cables 415 through 418 to each of the
A control conductors of the selector circuits 350 through

353.
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The near ground potential, depicted as the waveform
867 in FIG. 33, which is applied from the 1 output of
the flip-flop circuit 877 via the cable 878 is transmitted
to each of the inverter circuits 881 of the select control
circuits 871. At these points, the near ground potentials
are inverted and thus applied as positive control signals
via the cables 415 through 418 to each of the B control
conducters of the selector circuits 350 through 353, Each
of the selector circuits of the selector circuit groups thus
would normaily have the B section amplifier therein par-
tially selected. However, since only the group control in-
put conductor of the selector circuit group 353-0 through
353-43 has the selecting near ground potential appearing
thercon, the latter group, as will presently become evi-
dent, is selected for operation. The group and A selec-
tion potential outputs of the select control circuits 871,
through 8715 are such that, as previously explained, none
of the associated selector circuits 350 through 3352 can
be energized by the incoming information signals from
the memory 100 during the presently considered interro-
gation operation. Further to insure that these selector
circuits will not respond to the incoming information sig-
nals, the B section outputs of the select control circuits
871, through 871, are inverted to the polarity opposite to
that necessary to enable the B amplifier sections of the
selecior circuits 356 througnh 352.

This is accomplished by the addition of the inverter
circuits 884. For example, in the sclector control cir-
cuit 871,, the positive potential appearing on the group
output of the inverter circuit 872; is inverted in the in-
verter circuit 884, thereby bringing the potential on the
connected B output also down to the near ground low
potential. (This operation may be better understood by
a reconsideration of the circuit of FIG. 35 where it will
be evident that if an identical circuit to the one depicted
has its output connected to the output of the transistor
637, then the cutputs of both circuits will be near ground
if one is in that condition.) Shculd the A section of the
selected selector circuits have been sclected for ener-
aization, the inverter circuits 883 would accomplish the
same function for the A sections of the nonselected selec-
tor circuit groups. The inverter circuits 883, and 884, of
the presently active selector centrol circuit 871, will have
no efiect on the potentials appearing on the A and B
outputs since the A output will remain low and the 1n-
verter circuit 884, provides the same polarity output as
the inverter circuit 881, which selects the B section ampli-
fier of the selector circuits 350-8 through 350-43,

Turninz now to the selector circuits 358-0 through
350-43, the operation of these circuits responsive to the
group and amplifier section sclection control signals pro-
vided thereto by the select control circuits 871 may be
consiciered. The details of the A section amplifier of the
selector circuit 359-9 are provided in FIG. 23 and refer-
ence may conveniently be had thereto in this conpection.
In the amplifier section 380-0a, m order to pass a posi-
tive or necative information signal read out of the mem-
ory 108 during an interrogation, the diodes 377 and 373
both must be enabled. The companion amphfier sec-
tion 360—0b, shown in FIG. 23 in block symbel form, has
a similar pair of diodes. The diodes 377 and 373, and
the corresponding dicdes of the amplifier section 360--0h,
are enabled by the cooperative forward-biasing provided
by potentials supplied by the group and A or B section
input control conductors 393G, 382A, and 4098, respec-
tively. Thus, when the selector group 350 is to be select-
ed, the near ground potential 867 is apphed to the con-
trol conductor 393G in the monner previously described.
At the same time a positive potential 866 is applied, also
as previously described, to one or the other of the con-
ductors 382A or 409B of each of the selected selector cir-
cuits 350-0 through 350-43; in the present illustrative
operation being described this will be the conductor 409B.
The positive signal 866 is thus applied to the positive side
of the diodes 377 and 378 of the amplifier sections 360-
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05 through 369-43) and the near ground signal 867 i1s
applied to the negative side of each of the foregoing di-
odes through the common selector circuit primary wind-
ings 379 and 380. The diodes 377 and 378 of each of
the amplifier sections 360-0) through 360—435 of the
selector circuits 353--0 through 353-43, respectively, are
thus forward-biased by the cooperative application of the
positive B select signals and the near ground group
select signals.

In the A section amphfiers of the selector circuits 353-
through 353-43 it may be noted that, although the partial
biasing provided by the group select near ground poten-
tials are present, the diodes are maintained back-biased
by the near ground potentials applied to the A input con-
trol conductors from the select control circuits 871. Simi-
larly, in each of the nonselected selector circuit groups
350 through 352, cach of the A and B section amplifier
control signals as well as the group control signals main-
tain the diodes in a back-biased condition.

The control signals provided by the selector control
circuits 871 of FIG. 26, as described in the foregoing,
thus select the selecter circuits 353—0 through 353—43 and,
within these circuits, the B section amplifiers which are
associated with the module group 43 for transmission of
the information signals representative of the binary bits
being read out during the illustrative interrogation opera-
tion being described. As previously described, the selec-
tor circuits 353-0 through 353—-43 transmit their outputs
to forty-four readout amplifiers 450-0 through 430-43,
respectively, shown 1n FIG. 27, Thus, the binary bits
1,0, 1, . . . 0 of the binary word being read out will be
transmitted via the output windings 398,, 398,, 398,, . . .
398,; to the readout amplifiers 456-0, 450—1, 450-2, . . .
450-43, respectively. More specifically, the information
signals 328-332 will be transmitted to the readout ampli-
fier 450-0 via the input conductor 470, the information
signals 329-333 will be transmitted to the readout ampli-
fier 450-1, via its input conductor, the information signals
328-332 will be transmitted to the readcut amplifier
450-2 via its input conductor corresponding to the con-
ductor 470, the intermediate bits of the exemplary word
not determined in this illustrative operation will be trans-
mitted to the readout amplifiers 450-3 through 45042
via their input conductors, and the information signals
329-333 will be transmitted to the readout amplifier 450-
43 via its input conductor 472. These information sig-
nals are depicted in the pulse chart of FIG. 31 and are
repeated for convenience in the chart of FIG. 33. The
polarities of the 1 and 0 information signals indicated are
i accord with the polarities of these signals generated 1n
the particular memory module and, within that module,
the particular plane, chosen for describing an illustrative
interrogation operation of the information store of this
invention as previously explained.

The foregoing information signals are amplified in the
listed readout amplifiers 450 and then transmitted to the
associated respective sampler circuits 560 of FIG. 29 via
the conductors 507. Specifically, the foregoing signals
are fransmitted to the sampler circuits 500-0, 500-1,
500-2, . . . 500-43 where, after further amplification,
they are strobed by the strobe control signals applied
thereto from the strobe amplifiers 700-1, and 700-2 or
700-3 of FIG, 30. From the previous description of the
operation of the strobe amplifiers 700, it will be recalled
that the amplifier 700-1 was enabled at the time /3 95 tO
provide the three-quarter microsecond positive strobe
pulse 809 depicted in the chart of FIG. 32. Further, the
strobe amplifier 700-3 was enabied responsive to address
signals supplied by the address register 130 of FIG. 12
via the gate-inventer circuits 830-831 of FIG. 26 to pro-
vide, at the {ime #3 5, the guarter microsecond positive
sirobe pulse 814 also depicted in the chart of FIG. 32,
These strobe pulses are applied to the control conductors
547 and 526, respectively, of each of the sampler circuits
500-0 through 500-43 to enable the proper detection and
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output amplifier sections thercof at the time when the
optimum ratio between the 1 and 0 information signals
incoming from the readout amplifiers 450 exists. The
strobe pulses 809 and 814 are repeated in the chart of
FIG. 33 for convenience and, as there indicated by the
dashed lines, only the initial alternation, in the present
illustrative case, the positive phase, is strobed by the strobe
pulse 814. However, as described in connection with the
detailed organization of the sampler circuits 500, the re-
generation of the output amplifier sections thereof pro-
vides for an output signal extending to the trailing edge
of the strobe pulse 809. Thus, a positive output signal
indicative of a binary 1 extending from the time 7535 toO
the time ?4 1S generated by the sampler circuits 5068. Each
of the latter circuits also provides discrimination so that
no output signal responsive to the input of the 0 signal
329 is produced.

In accordance with the illustrative interrogation opera-
tion being described, the sampler circuits 500-0 and 500-2
will produce positive output signals, depicted as the pulses
885 in F1G. 33, and the sampler circuits 500-1 and 500-
43 will produce no output pulses during the output time
interval t3 5 to #4. These output signal conditions, repre-
sentative of the forty-four bit binary word 1,0, 1, . . . O
being read out of the memory 100, are carried via the
output conductors 558 of the sampler circuits 500 and a
cable 886 extended through FIGS. 27, 24, 23, and 19 to
the transmission circuits 150 of FIG. 18. The latler cir-
cuits comprise part of the information store control cir-
cuits 140 by means of which the information signals read
out of the memory 100 during an interrogation are trans-
mitted to the central control of the parent system in which
the request for the information originated. Each of the
circuits involved in the illustrative interrogation described
in the foregoing is restored at the time and in the manner
already set forth hereinbefore in connection with the de-
scription of their detailed organization and operation,
Thus, upon the resetting of the address register 130 at the
time #5 by the pulse 335 from the address register reset
circuit 130" of FIG. 18, the information store of this in-
vention will again be in readiness for another interroga-
tion operation at the time #,". At this point the descrip-
tion of the information store proper and an illustrative
operation thereof are completed. There remains only to
consider briefly auxiliary checking and maintenance op-
erations advantageously made possible by the informa-
tion store of this invention.

All seems well and diagnostic functions

At various points in the information store signals may
be taken, either during each interrogation of the memory
or at the request of central control, which indicate the ap-
rarent proper or improper functioning of particular cir-
cuils. These signal conditions are carried to maintenance
circuits 160 of the store control circuits 140, The main-
tenance circuits 160, since they do not comprise essen-
tial aspects of this invention, are shown in block symbol
form only in FIGS. 1 and 18. One group of checking
circuits, termed the All Seems Well circuits, maintain
surveillance over the pulse generating circuits of the in-
formation store and provide signals during each interroga-
tion operation of the store. Diagnostic circuits check par-
ticular static voltage states only upon the request of this
information from central control.

Each of the limiter circuits 119, 128, and 129 of the
X conductor access circuits as well as the corresponding
circuits of the Y conductor access circuits, as previously
mentioned, provides for an output signal! to be taken
from a transformer secondary winding incorporated there-
. Specifically, the limiter circuit 128 of FIG. 14 is pro-
vided with a transformer 256" across the secondary wind-
g of which may be taken voltage signals indicative of
the degree of operation of this circuit, Thus, in normal
operation a voltage of a predetermined level appears
across this secondary winding. Should this limiter circuit
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be called into operation as previously described, this volt-
age level will increase. The absence of a voltage signal,
or the exceeding of the predetermined normal voltage
level may then be detected in the maintenance circuits
160 by any means devisable by one skilled in the art,
such as, for example, trigger circuits which respond to
different input voltage levels, The limiter circuits 119
and 129 are similarly provided with transformers 267
and 240, respectively, across which similar voltages of
different levels may appear to indicate the normal opera-
tion or variance from the normal operaticn. The cur-
rent series switch 127 and the voltage pulser 134 also are
provided with All Seems Well output transformers 210
and 286, respectively, across the secondary windings of
which output voltages identical to those described for the
limiter circuits may be developed to indicate the normal
operation or malfunctioning of these circuits. For each
of the foregoing circuits, the All Seems Well signals are
carried to the maintenance circuits 160 of F1G, 18 by
means of a single cable 890 extending from each second-
ary winding output point.

The corresponding limiter, current series switch, and
vcltage pulser circuits of the Y conductor access cir-
cuits are similarly provided with All Seems Well output
transformers, and the voltage signals generated therein
are also carried to the maintenance circuits 160 of FIG.
18 via a cable 890" which connects with the cable 890.
Fach of the address selection switches X111 is also pro-
vided with an All Seems Well oufput secondary trans-
former winding 166a coupled to its primary winding 166.
Similarly, each of the address selection switches X112
also has coupled to its primary transformer winding 166’
a secondary All Seems Well winding 1164’. The winding
166 of each of the switches X111 is connected to a com-
men conductor 175 which in turn is carried through
FIG. 15 to a cable 890. The winding 1664” of each of
the swiiches X112 is connected to a common conductor
177’ also carried to the cable 860, The latter cable 1s
extended to the maintenance circuits 160 in FIG, 18 as
previously explained. Similar windings, not shown, for
providing an All Seems Well output, are supplied for
each of the address selection switches Y111 and Y112
and are carried via common conductors 195 and 197’
to cable 8¢9 in FIG. 16. The latter cable is extended,
as also previously traced, to the cable 890 and, thereby,
{0 the maintenance circuits 169 of FIG. 18, From the
foregoing All Seems Well secondary windings 166a and
166a’ of the X address selection switches and similar
windings in the Y address seclection switches, the fact
that a selected pair of selection switches is closed 1in each
aroup and the amplitude of the current pulses transmitted
thereby may be determined by the maintenance circuits
1690. In addition, a substantial reduction in the ampli-
tudes of the current pulses may also indicate the fact
that an unselected one of the address selection switches
is closed due to some malfunctioning.

In the readout circuits, All Seems Well signals may be
taten from the select control circuits 871 of F1G. 26,
specifically from the A and B selection output conductors.
Fach of the A and B selection output conductor pairs of
the control circuits 871 has connected thereto checking
conductor pairs 892 through 8925, Each of the conductor
nairs 892 terminates in a detection circuit 893 having in-
cluded therein four AND gates 894, through 894, asso-
ciated respectively with the conductor pairs 892, through
£92,. Only the AND gate 894, is specifically shown in
FIG. 26; however, each of the gates 8%4 advantageously
comprises gates of the character depicted in detail in
FI1G. 35. Thus, each of the gaies 894 also has connected
to the cutput thereof an inverter circuit 895 having a
single output. Each of the conductor pairs 892 are con-
nected to the two inpuis of its respective gate 894 in the
detection circuit 893. The single outputs of the inverter
circuits 8958 are carried by means of a cable 896 extended
through FIGS. 23 and 19 to the All Seems Well cable
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890 and thercby to the maintenance circuits 160 of
FI1G., 18.

It will be recalled that, during an interrogation opera-
tion, either an A or a B selection conductor alone of
one of the select control circuits 8§71 has a positive poten-
tial appearing thereon to be conveyed to the connected
selector circuits of the group 350 through 353 and, with-
in these circuits to the selected amplifier section. Each

of the other A and B selection conductors will have a

negative potential appearing thereon.  Accordingly,
should any A and B seclection conductor pair or pairs
both have positive potentials appearing thereon, the con-
nected AND gaie 894 in the detection circuit 893 will
be enabled to provide an output signal, which latter sig-
nal is inverted in the associated inverter circuit 895. A
neeaiive signal is thus transmitted via the path above
traced to the maintenance circuits 160 of the store con-
trol circuits 140 as indicative of an abnormal condition
in the addressing of the readout control circuits,

At each of the points of the store described in the
foregoing, signals are supplied during an interrogation
operation indicative that AH Seems Well in the oper-
ation or that a malfunction has occurred calling for cor-
rective action. In additicn to the checking signals thus
made available during each interrogation of the memory
of the store, the central control with which the informa-
tion store of this invention may be associated may call
at other times for specific diagnostic information reterred
to previously. Thus, as specifically depicted 1n the
detailed circuitry of the X conductor access circuitry,
notentials may be checked at the limiter circuit 129 of
FIG. 10 and the volage pulser 134 and limiter circuit
128 of FIG. 14. More specifically, at the limiter circuit
129 of FIG. 10 of the X conductor access circuits the
potential appearing at the base of the transistor 238
is applied across the resistor 249 to provide an indica-
tion of its level as compared to the level of the corre-
sponding potential appearing at the same point of the
Iimiter circuit 129’ of the Y conductor access circuits,
These potentials are carried from the respective himiter
circuits 129 and 129" by a diagnostic cable 898 which
15 extended for the limiter circuit 129 througn FIG. 14
to the matntenance circuits 160 of FIG. 18, For the
limiter circuit 129’ the diagnostic cable 898 is extended
through FIGS. 16, 20, and 19 to the same mainienance
circuits 160,

At the voltage pulser 134 the potential applied thereby
to the diodes 276 of the access core switch array of
FIG, 15 betwszen interrogations may be checked by a
connection to the veltage conductor 275 across a resistor
839 and compared with the potential applied at the
same time to the diodes 276" by the corresponding voltage
pulser 134 of the Y conductor access circuitry. These
potentials should be the same between interrcogations of
the memory and this comparison may also be made at
the maintenance circuits 168 of FIG. 18 to which the
potentials are carricd via the cable 898. Also at the
voltage pulser circuits 134 and 134 the diodes 276 and
276, respectively, may be checked for shorts by detect-
ing the presence of currents therethrough. This is accom-
plished by detecting across a resistor 901 the potential
at the voltage conductor 275 at each of the pulser cir-
cuits 134 and 134°. These potentials are also carried by
means of the diagnostic cable 898 to the maintenance
circuits 160 of the store control circuits 149.

At the himiter circuits 128 and 128" of the X and Y
conductor access circuitry, respectively, particular poten-
tials may also be checked by the maintenance circuits
160, Thus, the potentiai at the base of the transistor
255 of the limiter circuit 128 may be compared with that
of the corresponding transistor of the hnmuter ¢ircuit 128,
Since these potentials must be egual during the oper-
ation of the information store of this invention, the main-
tenance circuits 160 may check these conditions at par-
ticular times via the diagnostic cable 898, IFinally, the
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presence of current in the All Seems Well output trans-
former may be checked at times other than during an
interrogation by determining the presence of a potential
across a resistor 902 connected between the collector of
the transistor 256 and the primary winding of the All
Seems Well transformer 256’ of the limiter circuit 128’,
for example. This potential is measured across two
resistors 263 and 264 connected to each end of the resistor
902 and carried to the diagnostic cable 898 via two
conductors 903 and 904. Similar connections for the
same purpose are made at the Limiter circuit 128" of the
Y conductor access circuits in FIG, 17. As previously
generally described in connection with the All Seems Well
circuits of the limiters of the access circuits, the presence
of a potential across the transformer secondary windings
in any of these circuits during an interrogation indicates
a malfunctioning of the circuits which the limiter circuits
are intended to protect. The presence of a current in
the same transformer primary windings may thus be
checked at times other than during an interrogation by
the diagnostic checks briefly described in the foregoing.
The tracking detector circuit 204" of FIG. 13 also sup-
plies, as previcusiy mentioned, a steady direct current,
indicating that the tracking circuit is operating properly,
to the conductor 205°. The latter conductor is extended
to FIG. 14 where it connects to the diagnostic cable
898 for ultimate connecticn to the maintenance circuits
160 of FIG. 18.

In describing the information store of this invention
as a whole and in the description of its various com-
ponents and subcombinations, specific circuit details and
organizations were assumed in order to present one illus-
trative embodiment of this invention. It is to be under-
stood, however, that various modifications may be made
in the circuit details and among the individual circuits
themselves by one skilled in the art in order to achieve
the functions ascribed. Similarly, particular reorganiza-
tions may also be devised by one skilled in the art among
the various memory, access, control, and logic circuits,
for example, fo achieve an information store according
to the principles of the invention as defined in the accom-
panying claims without departing therefrom 1n any essen-
tial or material manner.

What is claimed is:

1. An information storage system comprising memory
means for magnetically storing binary information in
rows and columns of mmformation addresces, an access
switch for accessing said information addresses compris-
ing rows and columns of magnetic cores corresponding
to said rows and columns of addresses and a first and a
second plurality of access conductors threading said
rows and columns of cores, respectively; a first and a
second energizing circuit for said first and second plu-
ralities of access conductors each comprising a pair of
parallel branches, one of said branches including a
selected access conductor, and a normally closed shunt
switch included in the other of said parallel branches;
a first and a second current source for applying a drive
current to each of said energizing circuits, means for
coincidently opening the shunt switches of each of said
energizing circuits for initiating a drive current pulse on
each of said selected access conductors, and readout
means responsive to infermation signals generated in
saild memory means.

2. An information storage system as claimed in ¢laim 1
also comprising a series switch included in the said one
of said parallel branches of each of said enerpizing cir-
cuits, means for coincidently opening each of said series
switches for terminating said drive current pulses, and
means for subsequently restoring said normally closed
shunt switches.

3. An information storage system as claimed in claim
2 also comprising an individual voltage limiting circuit
means connected across each of said shunt switches and
each of said series switches,

10

15

20

29

30

35

40

o0

60

65

70

75

76

4. An information storage system claimed in claim 3
also comprising an individual wvoltage Ilimiting circuit
means connected across the said one of said parallel
branches of each of said energizing circuits.

5. An information storage system as claimed in claim
4 1n which each of said energizing circuits also comprises
means for applying a precharging potential to each of
the associated access conductors and means for controil-
Ing said last-mentioned means to remove said precharg-
ing potential for the duration of said drive current pulses.

6. An information storage system comprising memory
means for magnetically storing binary information in
rows and columns of information addresses, an access
switch for accessing said information addresses compris-
ing rows and columns of magnetic cores corresponding
to said rows and columns of addresses and a first and a
second plurality of access conductors threading said rows
and columns of cores, respectivelyv:; a first and a second
energizing circuit associated with said first and second
plurality of access conductors, respectively, each of said
energizing circuits comprising a pair of parallel branches,
one of said branches including a selected one of said
access conductors, a normally closed shunt switch included
in the other of said parallel branches, a series switch
included in the said one of said branches, and a con-
stant current source connected to said pair of parallel
branches; means for coincidently opening the shunt
switches of each of said energizing circuits for initiating
drive current pulses on each of said selected access con-
ductors, means for subsequently coincidently opening the
series switches of each of said energizing circuits for
terminating said drive current pulses, and tracking means
for determining variations in magnitudes of said drive
current pulses.

7. An information storage system as claimed in claim
6 also comprising biasing means for applying a biasing
current to each of said magnetic cores comprising a bias-
ing conductor threading each of said cores and a bias
current source; and control means for controlling said
bias current source in accordance with said variations in
magnitudes of said drive current pulses.

8. An information storage system as claimed in claim
7 in which said tracking means comprises a transformer
means having a plurality of windings thereon including
a first and a second winding connected respectively be-
tween said constant current source and said pair of par-
allel branches of each of said first and second energizing
circuits, a third winding coupled in a sense opposite to
that of said first and second windings connected between
said bias current source and said biasing conductor, means
including a fourth winding on said transformer means
for applying an alternating current to said first, second,
and third windings, and detection circuit means includ-
ing a secondary winding on said transformer for generat-
Ing an output current corresponding to the algebraic sum
of currents present in said first, second, and third wind-
ings; and in which said control! means comprises means
for adjusting said bias current source responsive to said
output current.

9. An information storage system as claimed in claim
8 in which each of said first and second energizing circuits
aiso comprises means for connecting therein said selected
access conductors responsive to coded address signals
applied thereto.

10. An information storage system comprising a mag-
netic memory means for storing binary information in a
plurality of planes, each of said planes having a plurality
of drive solenoid means defining a row of information
addresses thereon, an access switch comprising rows and
columns of magnetic cores inductively coupled to the
pluralities of drive solenoid means of said planes, respec-
tively, a first and a second plurality of access conductors
inductively coupled respectively to said rows and columns
of magnetic cores; a first and a second energizing circuit
each having a current source connected thereto, a plu-
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rality of address selection switches operated responsive
to coded address signals for connecting a selected conduc-
tor of each of said first and second plurality of access
conductors in said first and second energizing circuit, re-
spectively, a first and a second shunt circuit including a
normally closed shunt switch for bypassing said first and
second energizing circuits, respectively, means for coin-
cidently opening each of said shunt switches for initiating
a drive current pulse in each of said selected access con-
ductors, a first and a second series switch connected 1n
said first and second energizing circuits, respectively, and
means for subsequently coincidenily opening each of said
series switches for terminating said drive current pulses.

11. An information storage system as claimed in claim
10 in which said row of information addresses of each
of said planes of said memory means comprises a piu-
rality of segments of continuous magnetic memory wircs
inductively coupled to said drive solenoids and passing
in alternating directions in successive planes of said mem-
ory means so that signals of opposite polarity are
generated in said memory for the same binary informa-
tion in adjacent planes.

12. An information storage system as claimed in claim
11 also comprising a plurality of sampler circuits asso-
ciated with said row of information addresses, respec-
tively, of each of said planes, each of said sampler cir-
cuits comprising a first and a second output section re-
sponsive to said signals of opposite polanty, said cutput
sections selectively energized responsive to parficular ones
of said coded address signals for generating a readout
signal of one polarity indicative of said same binary in-
formation.

13. An information storage systeml comprising a mag-
netic memory for storing information in a plurality of
planes comprising a first and a second plurality of con-
tinuous magnetic memory wires passing in alternating
directions in adjacent ones of said planes, a plurality of
single drive solenoids in each of said planes coupled to
both said first and second plurality of memory wires and
defining first and second rows of information address
segments thereon; an access switch for selectively apply-
ing interrogate current pulses to said drive solenoids to
interrogate simultaneously a row of information address
segments in both said first and second plurality of mem-
ory wires, said access switch comprising rows and col-
umns of magnetic cores inductively coupled to the plu-
rality of drive solenoids of each of said planes, respec-
tively, a first and a second plurality of access conductors
inductively coupled respectively to said rows and columns
of magnetic cores; a first and a second energizing circuit
each having a current source connected therefo, means
responsive to coded address signals for connecting a
selected access conductor of each of said first and second
plurality of access conductors in said first and second
energizing circuits, respectively, a first and a second
shunt circuit each including a normally closed shunt
switch for bypassing said first and second energizing cir-
cuits, means for coincidently opening each of said shunt
switches for initiating a drive current pulse in each of
said selected access conductors, a first and a second series
switch connected in said first and second energizing cir-
cuits, respectively, and means for subsequently coin-
cidently opening each of said series switches for termi-
nating said drive current pulses.

14. An information storage system as claimed in claim
13 also comprising a plurality of readout selector circuits
associated respectively with the corresponding address
segments of said rows of information address segments,
each of said readout selector circuits comprising a first
and a second output section for said first and second
rows of information address segments, respectively, and
means responsive to coded address signals for selectively
enabling said first and second output sections of each
of said readout selector circuits.

15. An information storage system comprising mag-
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netic memory means having a plurality of storage planes
and comprising a first and a second informaticn card
at each of said planes, each of said cards having binary
information stored thereon in the form of a pattern of
permanent magnets arranged at particular crosspoints of
a coordinate array, means for interrogating said Infor-
mation comprising a first and a second plurality of con-
tinuous magnetic memory wires magnetically coupled to
the magnets of said first and said second information
cards, respectively, of each of said planes and being in
registration with first coordinates of said array, said first
and second plurality of memory wires passing in alter-
nating directions at adjacent planes of said memory
means, a plurality of drive solenoids inductively coupled
to both of said first and second plurality of magnetic
memory wires at each of said planes and arranged (n
registration with second coordinates of said coordinate
array, an access switch for selectively applying interro-
gating current pulses to said drive solenoids of said planes
comprising rows and columns of magnetic cores induc-
tively coupled to said drive solenoids of said planes, and
a first and a second plurality of access conductors induc-
tively coupled respectively to said rows and columns of
cores: a first and a second energizing circuit each hav-
ing a constant current source connected thereto for
applving coincident switching currents to sclected cores
of said access switch to switch said selected cores {rom
one magnetic state to another, a plurality of address
selection switches operated responsive to coded address
signals for connecting selected conductors of each of
said first and second plurality of access conductors in
said first and second energizing circult, respectively, a
shunt circuit including a normally closed shunt switch
for bypassing each of said energizing circuits, means for
coincidently opening each of said shunt switches for
initiating a drive current pulse in e¢ach of said selected
access conductors, a series switch connected in each of
said energizing circuits, means for subsequently coin-
cidently opening each of said series switches for termi-
nating said drive current pulscs; and means for controliing
potentials in said energizing circuiis at said initiating and
terminating of said drive current pulses comprising 2
first voltage limiting circuit connected across said shunt
switch of each of said shunt circuits and a second volt-
age limiling circuit connected across said series swiich
of each of said energizing circuiis, an interrogating cur-
rent pulse on a particular drive solenoid simultanecusly
generating in ones of both said first and second plurality
of memory wires information ouiput signals as deter-
mined by the presence of said permanent magnets on said
first and second information card at the coordinate of
said particular drive solenoid, said output signals being
of opposite polarity for the same binary information in
an adjacent plane of said memory means.

16. An information storage system as claimed in claim
15 also comprising readout circuit means comprising 2
plurality of selector circuits associated respectively with
said first and second plurality of continuous magnetic
memory wires, each of said selector circuits comprising
a first and a second output section, said first plurality
of memory wires being connected at one end to corre-
spnonding first output sections of said plurality of selector
circuits and said second plurality of memory wires being
connected at one end to corresponding second output
sections of said plurality of selector circuits, and means
responsive to coded address signals for selectively en-
abling said first and second output sections of said plu-
rality of selecior circuits for selecting between said out-
nut signals in said first and second plurality of memory
wires.

17. An information storage system as <laimed 1n claim
16, said readout circuit means also comprising a plu-
rality of sampler circuit means connected respectively
to said plurality of sclector circuits, each of said sampler
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circuits having a first and a second detection section
energized responsive to signals of one and the opposile
polarity respectively for generating signals of one polar-
ity indicative of said selected output signals, and means
responsive to coded address signals for selectively en-
avling said first and said second dctection sections.

18. A magnetic switching arrangement comprising an
array of magnetic cores arranged in rows and cclumns
each core being magnetized in one magnetic state and
each having an output winding inductively coupled
thereto, a first and a second plurality of energizing con-
ductors inductively coupled to said rows and columns
of magnetic cores, respectively, a first and a second en-
ergizing circuit associated with said first and second plu-
rality of energizing conductors, respectively, each of said
energizing circuits comprising a constant current source,
circuit means including a first and a second parallel
branch connected to said current source, said first branch
including a selected one of said energizing conductors
and a normally closed series switch, and a normally
closed shunt switch connected in said second branch;
means for coincidently opening said shunt switches of
said first and second energizing circuits to initiate coin-
cident current pulses on said selected energizing con-
ductors for applving a switching magnetomotive drive
to the core defined by saird last-mentioned conductors
for switching said last-mentioned core to another mag-
netic state, and means for subsequently coincidently open-
ing said series switches of said first and second ener-
gizing circuits to terminate said coincident pulses.

19. A magnetic switching arrangement as claimed in
claim 18 also comprising individual voltage limiting
means connected across said shunt and series switches
of each of said first and second energizing circuits.

20. A magnetic switching arrangement as claimed in
claim 18 also comprising a biasing conductor inductively
coupled to each of the cores of said array, a bias cur-
rent source connected to said biasing conductor for ap-
plying a biasing magnetomotive drive to each of said
cores in the direction of said one magnetic state, and
means for comparing said switching and biasing mag-
netomotive drives comprising a transformer means hav-
ing a plurality of windings thereon including a first and
a second winding connected in each of said first and
second energizing circuits between said constant current
source and said circuit means, respectively, a third wind-
ing coupled in a sense opposite to that of said first
and second primary windings connected belween said
bias current source and said biasing conductor; means
including a fourth winding on said transformer for ap-
plving a predetermined alternating current to said first,
second, and third windings, and detection circuit means
including an output winding on said transformer means
for generating output signals corresponding to the al-
gebraic sums of said switching and biasing magneto-
motive drives.

21. A magnetic switching arrangement as claimed in
claim 19 also comprising means for controlling said bias
current source responsive to said output signals.

22. A magnetic switching arrangement as claimed in
claim 21 in which the energizing conductors of said
first and second plurality of energizing conductors are
connected together at each end m groups so that each
group of conductors at one end includes only one con-
ductor of a group at the other end, and also compris-
ing a first and a second plurality of address selection
switches associated with said first and second plurality
of energizing conductors, respectively, selectively ener-
pized responsive to coded address signals for connecling
particular groups of said conductors at each end in said
first branch of each of said first and second energizing
circuits.

23. An information storage system comprising a plu-
rality of memory modules, each of said modules com-
prising a plurality of memory planes each comprising
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a first and a second plurality of parallelly arranged mag-
netic wire memory elements, said first and second plural-
ity of wire memory elements of each plane being con-
nected at alternate ends with the corresponding memory
clements of the adjacent planes, a plurality of inter-
rogate solencids each inductively coupled to both said
plurality of first and second magnetic wire memory ele-
ments, said plurality of interrogate solenoids defining
a coordinate array of information bit addresses on said
first and second plurality of wire memory elements, and
when energized, causing flux switching at said defined
information addresses, and a first and a second infor-
mation card associated with said coordinate arrays of
information bit addresses, said first and second infor-
mation cards each having permanent magnet means
thereon at particular crosspoints of said arrays for pre-
venting the switching of flux in said first and second
plurality of wire memory elements representative of
stored information: an access switch for said memory
modules comprising a coordinate array of magnetic cores,
each inductively c¢oupled to a particular one of said
interrogate solenoids, and a first and a second plural-
ity of access conductors coupled to said magnetic cores
in first and second coordinates of said last-mentioned
array, respectively; a first and a second energizing cir-
cuit for said first and second plurality of access con-
ductors, respectively, each of said first and second ener-
gizing circuits comprising a constant current source, a
first circuit branch connected to said current source,
means for selectively connecting an access ¢onductor in
said first circuit branch, a normally closed series switch
in said first circuit branch, a second circuit branch con-
nected to said current source, and a normally closed
shunt switch connected in said second circuit branch;
means for coincidently opening said shunt switches in
each of said second branches in said first and second
energizing circuits to initiate coincident drive current
pulses in said selected access conductors for causing
a change of magnetic state in the particular magnetic
core threaded by said selected access conductors there-
by to energize the interrogate solenoid coupled to said
last-mentioned core, and means for subsequently coin-
cidently opening said series swiiches in each of said
circuit branches in said first and second energizing cir-
cults to terminate said drive current pulses.

24. An information storage system as claimed in claim
23 also comprising individual voltage limiting means con-
nected across the shunt switches, series switches, and
selected access conductors of each of said first and second
energizing circuits.

25, An information storage system as claimed in claim
24 also comprising means connected to each of said shunt
switches, series switches, and individual voltage limiting
means for determining the magnitude of currents present
in each of said last-mentioned elements.

26. An information storage system as claimed in claim
25 1n which each of said first and second energizing Cir-
cuits also comprises a voltage pulser means for precharg-
ing said selected access conductor to a predetermined
potential and means for interrupting said voltage pulser
means for the duration of said drive current pulses.

27. An information storage system as claimed in claim
26 in which the energization of the interrogate solenoid
coupled to said particular core applies an interrogate
magnetomotive drive to the information addresses defined
thereby on said first and second plurality of wire memory
elements to cause flux switching simultaneously in both
of said last-mentioned pluralities of wire memory ele-
ments as determined by the presence or absence of per-
manent magnet means at said last-mentioned information
addresses, said storage system also comprising readout
means comprising means including said wire memory ele-
ments for generating output signals responsive to said flux
switching in both of said first and second plurality of wire

memory elements, a first and a second plurality of output



3,205,111

81

selector circuit means respensive to output signals gen-
erated in individual wire memory elements of said first
and second plurality of wire memory elements, respective-
ly, and means for simultaneously enabling a selected
plurality of said first and said second plurality of output
selector circuit means and disabling the other plurality of
said first and said second plurality of output selector cir-
cuit means.

28. An information storage system comprising a mag-
netic memory means divided into a plurality of modules
each comprising a coordinate arrary of binary word ad-
dresses, accessing means associated with each of said
addresses responsive to interrogate currents applied there-
to for generating readout signals representative of binary
word bits stored in the associated word addresses, means
for applying an interrogate current to a selected one of
said accessing means associated with a word address of a
selected module comprising a plurality of magnetic cores
arranged in rows and columns defining said coordinate
arrays of word addresses of said plurality of modules,
and a first and second plurality of access conductors
threading said rows and columns of magnetic cores, re-
spectively; a first and a second energizing circuit means
associated with said first and second plurality of access
conductors, respectively, each of said energizing circuit
means comprising a constant current source, a first branch
circuit including a selected access conductor threading a
core partially defining said selected one of said accessing
means and a normally closed series switch, and a second
branch circuit bypassing said first branch circuit including
a normally closed shunt switch; means for nitiating ener-
gizing current pulses on said selected access conductors
included in each of said first branch circuit means com-
prising means for simultaneously opening the shunt
switches of each of said first and second energizing cir-
cuits, and means for terminating said energizing current
pulses comprising means for subsequently and simultane-
ously opening said series switches of said first and second
energizing circuits,

29. An information storage system as claimed in claim
28 also comprising a first and a second plurality of ad-
dress selection circuits for connecting said selected access
conductor of each of said first and second plurality of
access conductors in said first branch circuit of said first
and second energizing circuit means, respectively, said
first and second plurality of address selection circuits be-
g energized responsive to coded address signals applied
thereto, and address means for appiying particular coded
address signals to selected ones of said first and second
plurality of address selection circuits,

30. An information storage system as claimed in claim
29 also comprising a plurality of groups of readout selec-
tion circuits assoclated with said plurality of modules,
respectively, the readout selection circuits of a group be-
ing collectively enabled responsive to coded address sig-
nals for detecting said readout signals from the associated
modules, and means for applying said particular coded
address signals to said plurality of groups for enabling
only the readout selection circuits of the group associated
with said selected module.

31. An information storage system as claimed in claim
30 also comprising a plurality of readout amplifier cir-
cuits associated respectively with the individual readout
selection circuits of each of said groups of said plurality
of groups of readout selection circuits and OR circuit
means for connecting each of said groups of readout
selection circuits to said plurality of readout amplifier
circuits.

32. A memory organization comprising a plurality of
memory modules arranged in first groups of rows and
columns and also arranged in second groups, each of said
rows and columns of modules having only one module in
common with a different one of said second groups, an
access switch having rows and columns of selection con-
ductors associated respectively with said rows and columns
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of memory modules, and a plurality of common readout
means associated respectively with each of the memory
modules of said second groups. |

33. A memory organization as claimed in claim 32 1n
which said second groups of modules are arranged in
major and minor diagonals of the rows and columns of
said first groups.

34, A memory organization comprising a plurality of
memory modules, an access switch for said modules in-
cluding rows and columns of selection conductors associ-
ated respectively with rows and columns of first groupings
of said modules, said selection conductors defining at their
crosspoints word addresses in said modules, and a plural-
ity of common readout means associated with each of the
memory modules of respective second groupings of said
modules, each of said second groupings of modules in-
cluding only a single module of any row and column of
said first groupings of modules.

35. A memory organization as claimed in claim 34 also
comprising a common output circuit means for said
plurality of common readout means and a plurality of
output selector means selectively controllable for connect-
ing said plurality of readout means t{o said common out-
put circuit means.

36. An information storage system comprising a plural-
ity of memory modules, an access switch for said modules
including rows and columns of selection conductors as-
sceiated respectively with rows and columns of first group-
ings of sard modules, said selection conductors defining
at their crosspoints word addresses in said modules, a first
and a second energizing circuit for sald rows and columns
of selection conductors, respectively, each of said ener-
gizing circuits comprising a pair of parallel branches,
one of said branches being connectable to a selected selec-
tlon conductor and including a series switch, and the other
of said branches including a normally closed shunt switch,
a first and a second current source for applying a drive
current to said first and second energizing circuits, respec-
tively, means for connecting a selected selection conduc-
tor of each of said rows and columns of selection con-
ductors in said one of said branches of each of said ener-
gizing circuits, means for coincidently opening the shunt
switches of each of said energizing circuits for initiating
an interrogating pulse on each of said selected selection
conductors, a plurality of common readout means as-
sociated with each of the memory modules of respective
second groupings of said modules, each of said second
groupings of modules including only a single module of
any row and column of said first grouping of modules, a
common output circiit means for said plurality of com-
mon readout means, a plurality of output selector means
seiectively controllable for conmecting said plurality of
readout means to said common output circuit means,
means for coincidently opening each of said series
switches for terminating said interrogating pulses, and
means for subsequently restoring said normally closed
shunt switches,

37. An information storage system as claimed in claim
36 in which said access switch also comprises a magnetic
core at each of said crosspoints of said rows and columns
of selection conductors and biasing means for applying
a biasing current to each of said magnetic cores com-
prising a biasing conductor coupled to each of said cores
and a bias current source.

38. An information storage system as claimed in claim
37 also comprising control means for controlling said

bias current source in accordance with variations in said
interrogating pulses comprising a first and a second trans-
former means each having a saturable core and a plural-
ity of corresponding windings thereon, each of the wind-
ings of said first transformer means being serially con-
nected to the corresponding winding of said second trans-
former means, said windings of each of said transformer
means inciuding a first and a second like poled winding
connected respectively between said first and second cur-
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rent sources and said pair of parallel branches of each of
said first and second energizing circuits, a third winding
oppositely poled to said first and second windings con-
nected between said bias current source and said biasing
conductor means for offsetting the operating points on the
hysteresis loops of the cores of said first and second
transformer means comprising a fourth winding also in-
cluded in said windings of each of said transformer means
connected to a source of potential, said first, second, third
and fourth windings of one transformer means being op-
positely poled to the corresponding windings of the other
transformer means, means including a fifth winding on
each of said transformer means for applying an alter-
nating current to all of the windings of each of said trans-
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former means, detection circuit means including a sixth
winding on each of said transformer means for generating
an output current corresponding to the algebraic sum of
currents present in said first, second, and third windings,
and means for adjusting said bias current source respon-
sive to said output current.
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