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This invention relates to an improved magnetic core

memory of the type used in digital data processing equip
ment, and more particularly, it relates to a magnetic

core memory provided with improved reliability in the
writing and reading processes in which information is
fed into the memory and retrieved from it. Novel read
ing and ' Writing circuits operated by constant voltage
sources provide greatly improved control of magnetiza
tion of the individual cores and at the same time result

in substantially lower fabrication and maintenance costs.
A magnetic core memory comprises a plurality of
toroidai core-s of magnetic material having a substantially

rectangular hysteresis loop. With a magnetic characteris
tic of this nature, if a core is magnetized in one direction

and a magnetic ñeld produced by current through an elec
trical conductor is applied to reverse the direction of mag

netization, the magnetization ideally will not change until
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The information is retrieved from the cores by means

of a sensing conductor which is threaded through each of
the cores. The row and column conductors passing
through a selected core are energized with half units

of current illustratively having a direction corresponding
to the ZERO state in the core. lf a one is stored in the

core, the magnetization of the core will change from the
ONE to the ZERO state, and this will induce a voltage
in the sensing winding. If a ZERO is stored in the core,
there will be no change in magnetization, and therefore
there will be no voltage induced in the sensing conductor.
Thus, the presence or absence of a voltage pulse in the
sensing conductor indicates the state of the individual
core prior to interrogation. The process of storing in
formation in a memory is termed “writing” and recovery
of the information is termed “reading”

Errors in storing and retrieving information in mag
etic core memories largely result from reading and writ
ing currents which are either too large or too small.
The hysteresis or magnetization curves for the cores are

not exactly rectangular. That is, as the magnetic ñeld
produced by the current through a conductor is increased
toward the value corresponding to maximum magnetic
linx, the magnetization does not suddenly shift from

When the 25 saturation in one direction to `saturation in the other
direction, as would be the case with an ideal rectangular
current reaches this point, the magnetization reverses
magnetization characteristic. Instead, the magnetization
Completely and reaches its maximum value in the direc
changes over an appreciable range of current, and any
tion opposite to its original direction. A reverse current
value of current in this range will shift the magnetization
of the critical value will then cause the magnetization to
assume its original direction. The two directions of mag 30 of the core somewhat, though only a relatively large cur~
netization may in binary nomenclature be termed the
rent (one unit) will shift it to the fullest possible extent
ZERO and ONE directions. Thus, if a core is magnetized
(saturation) .
Changes in magnetization resulting from current in this
in the ZERO direction, it stores a ZERO, and yin the ONE
range will result in output voltages in the sensing con
state it stores a ONE.
Assuming that the critical field necessary to reverse H ductor which in some cases are large enough to indicate
a complete shift in magnetization and in other cases are
the magnetization of a core is produced by one unit of
insulîicient to do so. Therefore, if these magnetization
current through a conductor passing through the core, a
shifts are obtained with two half units of current, ie.,
pair of conductors may be used, each of which carries one
when the core is selected by current in both the column
half unit of current. If a half unit of current is passed
through either of the conductors and not the other, there 40 and row conductors passing through it, the output voltage
may be insufñcient to indicate a change in magnetization
will be no change in magnetization, and therefore the
even though the direction of magnetization requires such
binary state of the core will not be changed. However,
an indication. On the other hand, if a half unit of cur
if current of the proper direction is passed through both
rent, i.e., the current carried by a single row or column
conductors, there will be a total of one unit of current,
conductor through an unselected core, falls within this
sufficient to reverse the magnetization.
region, there may be a sufficient change in the magnetiza
The individual magnetic cores are arrayed in rows and
tion of the core to give rise to an output voltage incor
columns, and a single conductor is passed through each
rectly indicating the information stored in a selected core.
core in a column; other conductors pass through each
In order to avoid errors of this type, the individual
core in each row. Each row conductor intersects each 50
the current reaches a certain critical value.

column conductor at one core, that is, at the intersection
of the corresponding row and column of cores is the only
core through which both conductors pass. Therefore, an

individual core may be selected by passing half units
of current through the column and row conductors pass
ing through it. There will thus be a total of one unit
of current through the core, and if the current generates
a field opposing the direction of magnetization of the
core, it will be suh’icient to reverse the magnetization and

conductor currents must be maintained below the range
of ambiguity while a full unit of current, i.e., the sum
of the currents carried by the row and column conduc
tors through a selected core, must be kept above this
range. The conductor currents must therefore be con
trolled within fairly narrow tolerance limits. This prob

lem is aggravated by the fact that the magnetization
characteristics of the cores are affected by temperature,
and to minimize errors in the face of temperature change,
the tolerance limits for the current must be narrowed

thereby change the binary state of the core. The other
still further. The current should also be varied to com
individual cores through which the two conductors pass
pensate, at least in part, for such changes in core char
will encircle only a half unit of current, and therefore
their states will not be affected.
acteristics. The problem is further complicated by the
fact that the characteristics of individual cores vary, and
Thus, in order to store aniitern of information in a
core, the row and column conductors passing through 65 this imposes an additional limitation on the range of
variation permitted the column and row currents.
the core are selected, and then a pulse of current is passed
Y through each of the two conductors in the proper direc
Prior to our invention, the currents in core memories
tion to obtain magnetization corresponding to the in
have been controlled by various vacuum tube and tran
formation to be stored. More specifically, if the core
sistor-operated sources connected in a variety of circuit
is in the cleared or ZERO state and a one is to be stored 70 configurations. These circuits are relatively prone to
in it, the current is passed in the ONE direction to mag
error of the above type and, as a result, must be care

i

Anetize the core in the corresponding ONE direction.

fully checked and adjusted at frequent intervals in order
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to minimize such errors. A further contributing factor
to errors of this type is the requirement that the column
and row conductors carry currents in opposite directions

adapted to perform consecutive operations at rates of
several megacycles per second.
In our memory circuits, current control is provided

for the reading and writing functions. Vacuum tube and
by means of resistors connected in series with the var
transistor circuits of the types used prior to our inven Ul ious conductors. The values of these resistors are such
tion are difficult to operate in two directions, and careful
that, in combination with the inductances of the lines,
control of the current level is particularly troublesome
they provide the correct :time constant for appropriate
under these conditions. As an alternative, separate
rise time of the current pulses through the lines. In
sources may be provided for the reading and writing
other words', the inductive properties of the lines them
functions. This increases the complexity and cost of 10 selves are combined with the resistors to regulate timing
the equipment as well as the number of currents which
of the output pulses generated in the sensing conductor.

must be subjected to rigorous control. Another prob
lem results from the necessity of keeping the timing of
the current pulses through the row and column conduc
tors following a triggering or input pulse to the memory

With the correct timing of the pulses thus set, the
maximum values of the currents through the lines are

controlled by setting of the voltage from the regulated
supply. The maximum current follows the simple
Ohm’s Law relationship and thus depends on the applied
voltage and the resistances of the resistors ,connected

within cetrain limits in order to provide correct timing
of the output pulses from the sensing conductor.
Accordingly, it is a principal object of our invention

to the individual row and column conductors.

to provide a magnetic core memory overcoming the var

sistances of the conductors and the individual switches

The re

ious deficiencies in prior memories enumerated above.

are so low as to be negligible in comparison with the re

A more speciñc object of the invention is to provide a

sistances of the series resistors, and therefore variations
in the switch and conductor resistances do not affect the

magnetic Core memory in which the row and column cur
rents are readily controlled to minimize errors result

ing from partial changes in magnetization of the cores.

currents passed by them. High speed operation of our
circuits is enhanced by elimination of the effect of shunt

Another object of our invention is to provide a memory
of theabove character in which the timing of the current

ing capacitances as described below. Further advan
tages of our invention are the requirement of but a single

pulses through the conductors is readily controlled with

power supply for both reading and writing currents in
both the column and row conductors, and simplicity in

in desired limits. Another object of our invention is to
provide a memory of the above character which requires
a minimum amount of maintenance and adjustment. A
further object of the invention is to provide a memory
of the above character requiring a minimum number of
adjustments to regulate the various conductor currents
Aand thereby adapted for automatic regulation to com

pensate for changes in temperature and other environ
mental factors. Yet another object of our invention is
to provide a memory of the above character requiring
vva minimum number of components in the current-con

the circuitry, resulting in considerable savings in fabrica
tion costs.
In FIGURE l we have illustrated a four core memory

incorporating the principles of our invention.

The

memory includes magnetic cores it), 12, 14 and i6 en

circling X (row) conductors 18 and 20 and Y (column)
conductors 22 and 24. A sensing conductor 26 is
threaded through each of the cores lil-16, and there
fore across its terminal 26a and 26b, the conductor 26

registers voltages induced by changes in magnetization

trolling circuits and thereby providing savings in fabrica

of the individual cores.

tion costs. A still further object of our invention is to
provide current-controlling circuits for memories of the
above type. `Other objects of our invention will in part
be obvious and will in party appear hereinafter.

The driving circuit for the memory of FIGURE l in
cludes a regulated power supply 2S, an output terminal
23a of which is connected to eac-h end of each of the
conductors 18-24 by means of busses 30, 32, 34 and 36
and resistors .RI-R8. Line-selecting switches in the form
of transistors 355-45 are connected between the ends
'of the conductors 18-24 and the other terminal 281; of
the power supply 2S by way of a grounding bus 46, as

The invention accordingly comprises the features of
construction, combinations of elements, and arrange
ments ofrparts which will be exemplified in the construc

tions hereinafter set forth, and the scope of the inven
tion will be indicated in the claims.
indicated in the drawing.
For a fuller understanding of the nature and objects
The transistors Prä-d5, whose emitters, collectors and
of the invention, reference should be had to the follow 50 bases are indicated by the subscripts a, b and c, respec
ing detailed description, taken in connection with the
tively, are iliustratively shown as p-n-p transistors, and
accompanying drawings, in which:
therefore their emitters are connected to the bus 46 and
FIGURE l is a schematic diagram of a magnetic core
their collectors are connected to the ends of the lines

memory embodying the principles of our invention, and
FIGURE 2 is a schematic diagram of a second em

bodiment of `a magnetic core memory madeV according to
our invention.

In general, our invention makes use of constant volt
age sources in supplying current for the magnetizing
conductors. These sources include well-regulated power

supplies and low impedance switches which connect the
power supplies to pass currents through selected conduc
tors in the appropriate directions for the reading and
writing functions. In prior circuits of this type, con
stant current sources have generally been used. Switches
in series with each of the row and column conductors
route currents from the sources through the conductors

passing through the selected cores. Relatively complex

îS-24, with the polarity of the power supply 28 indi
cated in FIGURE 1. The transistors are selectively actu
ated by means of negative pulses applied to their bases.
The transistors 38, 40, 42 and 44 are selectively actuated
to write information into the memory, and the transistors
39, di, d3 and 45 are operated to read information stored
therein. The transistors SaS-d5 may be conventional
switching transistors such as type 2N601 which saturate
and thereby exhibit negligible resistances between their
emitter and collector terminals when actuated. The regu
lation of the voltage produced by the power supply 23
provides the supply with an internal impedance substan
tially lower than that of the resistors {Q_-R8.
,
The operation of the memory of FIGURE l will read
ily be understood by consideration of some examples.
Assume that the memory has been cleared of stored in
formation and that, in this condition, the magnetic cores
are all magnetized in the ZERO state.` Also, we may

circuits are used to provide the constant> current charac
teristics of the sources. Compensation for changes in
the characteristics of the cores due to temperature
changes causes further complications. The error rates
define the ONE state as the direction of magnetization
of the prior circuits have been found to increase consid
resulting from current passing from right to left (FIG
erably as the speed of operation is advanced, and this
URE l) in _the X conductors 18 and 2t) and from top
has been a serious problem in the design of computers 75 to bottom in the Y conductors 22 and 2d (using the`V
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positive current convention). The ZERO state results
from currents liowing in the opposite directions.
If it is desired to Write a ONE into the core 1€?, nega
tive pulses are applied to the bases 38C and 44e of the
transistors 38 and 44. This grounds the ends of the
conductors 18 and 22 adjacent the resistors R1 and R7.
Current from the power supply 28 then iiows from the
ground terminal 28h of the supply to the bus 46 and
thence through the transistors 38 and 44 to the X con
ductor 18 and Y conductor 22.

The currents in these

two conductors pass through the resistors R2 and RS
and back to the terminal 28a of the power supply. The
regulated voltage of the power supply 28 has the cor
rect value in combination with the resistors R1-~RS to

vention, the memories actually used in representative
applications comprise many more rows and columns of
magnetic cores. For example, there may be sets or
planes of cores, each containing 64 rows and 64 col
umns. A number of planes may be stacked, one above
the other, with a single row conductor passing through a
row comprising a vertical stack of individual rows, one

in each plane in the stack. Similarly, a single column
conductor passes through each individual column in a
stack of columns. Thus, if current is passed through a
row conductor, a half unit of current passes through
each core in the corresponding row in each plane.
Current through a column conductor is carried through

each of the corresponding columns in the various planes.

pass through each conducting X or Y conductor one half 15 There is a sensing conductor in each plane.
lt will be apparent that each time a row and column
the current required for reversal of the magnetization of
conductor are energized, there will be in each plane a
a magnetic core.
single core surrounding a full unit of current carried by
More specifically, the values of the voltage V of the
Vthe selected conductors. Thus, during the reading proc
supply 2S and resistors R2 and RS in series with the
conductors 18 and 26 are such as to provide a half unit 20 ess, the contents of a vertical stack of single cores is re
trieved from the memory by means of the sensing con
of current through each of these conductors when the

bases 38C and 44C are supplied with negative pulses.
The two half-unit currents carried by the conductors 18

ductor in the individual planes. In the writing process,
however, the writing current should be capable of affect

ing the magnetization of only those cores which are to
and 22 through the core 10 are in the same direction
through the core, and therefore there is a resultant core 25 store ONE’s. The cores which are to store ZERO’S
current sutiicient to magnetize the core in the ONE di
should, as pointed out above, be left in the cleared con
dition. Therefore, each plane is provided with an in
rection. The conductors 18 and 22 also carry half units
hibit winding passing through all the cores therein. When
of current through the cores 12 and 14, but this amount
ever information is read into a stack of cores, the row
of current is insufficient to alter the magnetization of
and column conductors are energized with half units of
these cores.
current in the writing direction as described above. Half
In like manner, others of the cores may be selected
unit currents in the read direction are simultaneously
for the writing-in of ONE’S in the memory. For exam
passed through the inhibit windings threaded through
ple, a ONE may be stored in the core 15 by simultane
the cores which are to remain in the ZERO state. This
ously pulsing the transistors 40 and 42, or in the core 14
cancels out half the magnetizing force resulting from the
by pulsing transistors 4t? and 44. If a ZERO is to be
two half-unit currents carried by the row and column
stored in a core, it is merely left in its initial cleared or
conductors and prevents magnetization of these cores in
ZERO state.
the ONE direction. The other cores in the selected
If it is then desired to read the information contained
stack change to the ONE state in the manner previously
in the core lil, the transistors 39 and 45 are pulsed, there
.
by grounding the ends of the conductors 18 and 22 ad 40 described.
It will be apparent that selection of row and column
jacent the resistors R2 and R8. Half units of current
conductors and control of currents therein in a multi-plane
then llow through each of the conductors 18 and 22 in

memory may be accomplished by our invention in the
same manner as in the single plane units described here
full unit, suiiicient to reversethe magnetization of the 45 in. Currents in the inhibit windings may also be con

the opposite direction from the writing currents. The

total current passing through the core 10 is therefore a
core and return it to the ZERO state.

The core is then

trolled in this manner.

'

cleared for the writing-in of new information in the
From the above, it will be apparent that, in general,
manner described above. The change in magnetization
the resistors R1~R8 will have equal resistances. This
of the core 1t) is indicated by the appearance of a volt
common resistance is determined by the desired rise time
age pulse across the terminals 26a and 26h of the sens 50 of the current pulses through the X and Y conductors
ing conductor 26. Again, the conductors 18 and 22
18-24 following the switch-closing action of the transis
carry half units of current through the cores 12 and 14,
tors 38-45 upon actuation thereof. The timing is gov
insuñicient to affect the magnetic states of these latter
erned by a well-known relationship .between this resistance
cores.
and the inductance of the conductors. When the resist
In order to read the information in the core 12, the 55 ance is thus computed, the output voltage V of the supply
transistors 39 and 43 are pulsed to ground the ends of
28 is set to provide individual conductor currents of one
the conductors 18 and 24 connected to the resistors R2
half unit as defined above. The regulation of the supply
and R6. A full unit of current then passes through the
28 maintains the voltage V at this level, and the X and Y
core 12, but since this core is already in the ZERO state,
conductor currents are thereby kept at their correct values.
there will be no change in magnetization thereof. Ac 60
The circuit of FIGURE 1 requires but one power sup
cordingly, there will be an absence of a voltage pulse
ply, thereby simplifying control of the currents through
across the terminals 26a and 26]; indicating the ZERO.
the row and column conductors, as well as the inhibit
In other words, the presence of a pulse across these ter
windings described above. This feature is of particular
minals indicates the storage of a ONE in the selected
advantage in setting the voltage V to adjust the currents
core, and the absence of such a pulse indicates a ZERO. 65 to their proper one-half unit values and also in controlling
The inductances of each of the conductors 18-24 will
the voltage in response to environmental factors such as
generally be substantially equal. Moreover, the resist
ances of these conductors are much less than the re

temperature which change the magnetization character

preciably as permitted by standard Wire tolerances with
out significantly affecting the magnitudes of the currents
through the individual conductors.

i.e., the power supply 28 in series with the individual
switching transistors 39-45, renders insignificant any
changes in the internal impedance of the voltage source,

istics of the individual cores and thereby alter the cur
sistances of the resistors R11-R3 in series with them.
Hence, the resistances of the conductors may vary ap 70 rent requirement. Moreover, the use of a voltage source,

since this impedance is so much smaller than the resist
It will be understood that While the four-core memory
of FIGURE 1 fully illustrates the principles of our in 75 ances of the resistors R1-R8.

7
, It will be noted that each transistor in the circuit of
FIGURE l carries a full unit of current when switched
on, even though it causes only a half unit to iiow through
the X or Y conductorY to which it is connected. For ex

ample, when the transistor 38 is pulsed, a half unit of
current iiows through it to the conductor IS and resistor
R2, and roughly, another half unit ñows through it to the
resistor R1 and back to the power supply by way of the
bus 3i). This presents no real problem, since available

to the transistors 52 and 55 will cause a full unit of cur
rent to i‘low through the core I@ to magnetize the core in

the ZERO direction.

The shift in magnetization from

the ONE to the ZERO state causes a voltage pulse to ap
pear at the terminals 26a and 25h of the conductor 26.
Operation of the memory of FIGURE 2 is thus the same
as that of the circuit of FIGURE 1.
The switch S2, which may have the same construction

of our invention using a somewhat diiferent switching

as the switch SI, is shown in detail in FIGURE 2. A
transistor 6@ has a collector @0b connected to the nega
tive terminal 28a of the power supply 2S and an emitter
60a connected to the bus 32. The base 60C is connected
to the terminal 2&1 by way of a resistor R9 and a biasing

arrangement. Single pole-double throw switches SI and

supply illustratively indicated as a battery 63. A tran

S2 are interposed betweenthe busses Sil and 34, and 32
and 36, respectively, and both terminals 28a and 2S!) of
the power supply 28, the connection to the terminals

terminal 28h of the power supply by way of a ground

transistors, including the type 2N601, are fully capable of
handling this current requirement.
.
In FIGURE 2 we have illustrated a second embodiment

sistor 62 has an emitter 62a connected to the positive
connection and a collector 6217 connected to the bus 32.

28h being by way of a ground connection. Each of the
The emitter-collector paths of the transistors 60 and 62
switches normally connects its associated busses to ground.
provide the alternate conducting paths between the bus
However, upon the application of a positive pulse to an 20 32 and ground (positive) or the negative terminal 28a.
input terminal Sla or 82a, the ground connection of the
Still referring ¿to FIGURE 2, the switch S2 includes a
particular switch is broken and the associated bus is con
nected tothe terminal 25a of the power supply. In each
case, the switches provide low impedance paths, as will

third transistor 64 whose emitter 64a is grounded and
whose collector 64b is connected to the base 60C. The
bases 62C and 64C of the transistors 62 and 64 are con

25 nected to the negative terminal 28a by a resistor Rit),
be explained below.
and the input terminal 82a is connected to the bases
Thus, the switches SI and S2, together, operate to reg
ulate the lpolarity of the voltage from the supply 28 ap
62C and 64C. Under normal conditions, ‘there is a nega

tive potential on the bases 62e and 64C from the power
plied across the X and Y conductors I8, 2t), 22 and 24.
supply terminal 28a, causing the transistors 62 and 64
»With a positive pulse applied to switch SI and no pulse
applied to the switch S2, the busses 30 and 3d are given 30 to conduct and thereby providing a low impedance path
between the bus 32 and ground. There is also a low
a negative potential and the busses 32 and 36 a positive
impedance path between the base 66C and ground by
potential. On the other hand, if a positive pulse is ap
way of the emitter-collector path through the transistor
plied to the terminal 82a and the switch SI is left in its
6d, and with the base @tic at ground potential, the tran
normal position, the negative potential will be applied to
the busses 32 and 36, and the busses 3i) and 34 will be 35 sistor 60 is cut off.
When a positive pulse is applied to the input terminal
connected tothe positive terminal 28b. In this manner,
S261 to `actuate the switch S2, both transistors 62 and 64
the switches S1 and S2 control the direction of currents
are cut off, thereby removing the ground connections
through the individual magnetic cores, which are selected
from the bus 32V andthe base 6de. The base 6de there
in a manner presently to be described, and thereby deter
fore obtains a negative potential from the battery 63
mine whether writing or reading is to take place. rl`he
through the resistor R9, and ‘the transistor e@ then con
function of the switches SI and S2 of FIGURE 2 is thus
ducts to provide a low impedance conducting path be
similar to- one function of each of the transistors FaS-45
tween its emitter @da and collector otib.
of FIGURE I in that the latter also control the directions
The bidirectional transistors 5255 may be type 2N462
of the currents through the X and Y conductors.
Still referring to FIGURE 2, the X and Y conductors 45 transistors, or each one 'may consist of a pair of type
2N601 transistors connected in parallel, with 4the emitter
are connected in series with bidirectional switching tran
of each connected to the collector of the other. The
sistors 52, 53, 54 and 55, as wellV as the resistors Ri, R3,
transistors 6i), 62 and 64 may be type 2N60l.
R5 and R7. Resistors R2, R4, R6 and R8 are not-needed
It will be noted that the series resistors RI, R3, R5
in this embodiment, since current flowing in both direc
tions through the X and Y conductors Iii-24 passes 50 and R7 in FIGURE 2 are preferably connected directly
to the conductors Itâ-24 instead of on the opposite sides
_through the resistors RI, R3, R5 and R7.
of the transistors 52-55. This prevents the base cur
The resistances of the resistors RI, R3, R5 and R7 and
rents in the transistors from affecting the magnitudes of
the voltage of the power supply 2S of FIGURE 2 are
the currents through the selected conductors. Since all
selected in the same manner as their counterparts in FIG
the other resistances in the circuit are small compared to
_URE l. Accordingly, assuming that a ONE is to be
the series resistors, the resistances of these resistors de
stored in the core l0, a positive pulse is applied to the
termine, in combination with the power supply voltage,
terminal S211, and the busses 32 and 36 are thereby sup
the magnitude of the conductor currents as pointed out
plied with negative voltages. At the same time, nega
above. If »the resistors are connected on ‘the other sides
tive pulses are applied to the transistors 52- and 55 and
half units of current thereby flow from right to left in the 60 of the transistors, the row and column currents will in
part be determined by the resistors and in part by the
X conductor I8 and from top to bottom in the Y con
individual transistor base currents, which must then ñow
ductor 22. A full unit of current is thereby passed
either through the resistors or the row and column con
through the core It) which is then magnetized in the ONE
ductors.
`
direction. In like manner, the core I2 might be selected
Where high-speed operation is not required, the re
by pulsing the transistors 52 and 54. The transistors 65
sistors connected to each of the X and Y conductors
52-55 thus accomplish the second function of Vthe tran
IIS-24 of FIGURE 2 may be combined in'to single re
sistors 38-45 of FIGURE l, viz., selecting the individual
sistors
connected to the busses 32 and 36 and having the
X and Y conductors through which half units of current
same values as the individual resistors RI, R3, R5 and
are to be'passed.
The reading function is accomplished by applying a 70 R7. For example, resistors RI and R3 may be replaced
by a single resistor connected between the switch SI
positive pulse to the input terminal'SIrz of the switch SI
and the bus 3u. This will considerably simplify fabri
Vand thereby rendering the busses Si@ and 3d negative.
cation of ‘the memory. However, where high-speed
»Current will then flow in the reverse direction in the
operation is contemplated, the individual resistors should
selected X and Y conductors. Assuming that the switch `
S1 is operated in this manner, simultaneous pulses applied 75 be used. The nonconducting ones of the transistors 52
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55 exhibit significant capacitances between their emitter

driving circuits incorporated in them. Furthermore, our

and collector terminals. When the switch S1 or S2 is
actuated together with a pair of transistors in series with
the selected row and column conductors, current fiows
not only through the actuated transistors and the con

circuits pass currents through the conductors in either di
rection without complication, and a single power supply
may be used to provide unitary control of both the

ductors in series with them, but also into the capacitances
of the other transistors. If combined resistors are used,
the latter currents will subtract from the currents through
the selected conductors, and at high frequencies, the
proportion of the resistor currents diverted from the de 10
sired paths will be large enough to serve as a cause of
error. In fact, it appears that some of the deficiencies

X and Y currents in both directions as well as currents

through the inhibit windings in a multi-plane memory.
This facilitates compensation of the current levels for
changes in characteristics of the magnetic cores.
t will be understood that while our invention has been
specifically described with respect to toroidal cores, cores

of other shapes may be used. For example, the cores
may consist of segments of magnetic film, with the row

of prior circuits are due to capacitive currents of this

and column conductors crossing over the individual seg

nature.

ments.

On the other hand, the individual series resistors R1,
R3, R5 and R7, shown in FIGURE 2, serve to isolate
each row and column conductor from the effect of cur

rents through the other conductors. The voltage across
the series combination of a selected conductor and its

It will thus be seen that the objects set forth above,

among those made apparent from the preceding descrip
tion, are etliciently attained and, since certain changes
may be made in the above constructions without depart
ing from the scope of the invention, it is intended that

series resistor is maintained constant by the regulated 20 all matter contained in the above description or shown
power supply 28. Capacitive currents in the nonconduc
in the accompanying drawings shall be interpreted as
ing transistors do not affect this voltage and therefore
illustrative and not in a limiting sense.
cannot affect the currents through the selected conductors.
It is also to be understood that the following claims are
The transistors 52-55 and resistors R1, R3, R5 and R7
intended to cover all of the generic and specific features
of FIGURE 2 should be connected to the ends of the 25 of the invention herein described, and all statements of
X and Y conductors electrically adjacent the read switch
the scope of the invention which, as a matter of language,
S1, as illustrated in the drawing. When both switches
might be said to fall therebetween.
S1 and S2 are at ground potential, all the X and Y
We claim:
conductors 18-24 are also at this potential. When the
l. A magnetic core memory comprising, in combina
switch S2 is actuated, the voltages on all the X and Y
tion, a plurality of magnetic cores schematically arranged
conductors are changed to the level at the terminal 28a
in rows and columns, column conductors magnetically
of the power supply 28. This results in currents in these
coupled to the cores in the respective columns, row con
conductors because of the capacitances between the con
ductors magnetically coupled to cores in the respective
ductors and other conductors at other potentials. The
rows, a substantially constant voltage source and means
currents in -turn induce voltages in 'the sensing conductor
connecting said voltage source across said conductors,
26, causing noise at the terminals 26a and 26h.
said voltage source including a power supply and low
Since the Voltage across the terminals 26a and 2617
impedance switching means adapted to selectively connect
is ascertained only during the reading process, the pres
individual column and row conductors to said power
ence of this noise during writing, when the switch S2
supply in either polarity to effect writing or reading of
is actuated, presents no problems. During reading, when 40 information in said memory, a separate impedance ele~
the switch S1 is actuated, only the selected X and Y con
ment in series between each of said conductors and said
ductors undergo an appreciable change in voltage, since
voltage source, each of said elements having a substan
the other conductors are directly connected to ground
tially higher impedance at a frequency corresponding to
through the switch S2. Therefore, the noise problem
the rate of operation of said memory than the impedance
is substantially mitigated. If the transistors 52~55 and
of said voltage source and the impedance of the conductor
the resistors in series with them were connected at the 45 in series with the element.
Write switch ends of the X and Y conductors, there
2. The combination defined in claim 1 in which said
would be a considerably greater noise problem.
impedance elements are resistors.
The circuit of FIGURE 2 has certain advantages in
3. The combination defined in claim 2 in which said
that a resistor is required at only one end of each of
resistors have substantially the same resistance.
the X and Y conductors, thereby cutting in h-alf the
4. The combination defined in claim 2 in which the
number of these resistors. Furthermore, the number of
resistance of each resistor is such as to pass through each
transistors required in the circuit of FIGURE 2 is fewer
conductor selected by said switching means one half the
in memories having a large number of cores. For eX
current required to change the magnetization of one of
ample, in a memory containing 64 rows and 64 columns
of cores, the circuit of FIGURE 1 requires 256 tran

sistors, whereas the circuit of FIGURE 2 requires but
134 transistors.
Thus, we have described a novel magnetic core mem

said cores.

5. The combination defined in claim 2 in which the
resistance of each resistor has a value providing the de

sired rise time of the current pulse passing through the

elected line to which the resistor is connected.
6. The combination defined in claim 2 in which each
provide greater reliability than the circuits previously 60 of said resistors is directly connected to the conductor
used for memories of this type. Our memories use low
in series with it.
impedance, constant voltage sources comprising regulated
7. A magnetic core memory comprising, in combina

ory including driving or current control circuits which

power supplies and low impedance switches -to supply the
tion, a plurality of magnetic cores schematically arranged
currents through the X and Y conductors. Resistors in
series with the conductors regulate the timing of the 65 in rows and columns, column conductors magnetically
coupled to the cores in the respective columns, row con
current pulses through -the conductors, and control of
ductors magnetically coupled to the cores in the respective
the regulated power supplies maintains the peak current
through each conductor at its correct one-half unit value.

rows, a substantially constant voltage source, said voltage

there can be no undesirable variations in the currents

that the stability and reliability of our circuits are con

said resistors having first terminals connected to one end
of each of said conductors and second terminals con
nected to said first terminal of said power supply, and

siderably greater than those of prior memories and the

low impedance switches connected between each end of

source including a low impedance power supply provided
With the impedances of the switches thus being negligible
in comparison with the resistances of the series resistors 70 with first and second terminals of opposite polarity, a
separate resistor in series with each of said conductors,
and with the vol'tage regulation of the power supply,

through the individual conductors. It will be apparent

ll.
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each of said conductors and said second terminals of said
power supply, whereby simultaneous actuation of one
of said switches connected- to said column conductors and

having a value providing the desired rise time of the
current passing through the selected line to which the

one of said switches connected to said row conductors
passes a current through both ones of said conductors
and a combined current in close proximity to the core

being such as to pass through each selected conductor
one half the current required to change the magnetization
of said selected core, the impedances of said power supply

resistor is connected, the voltage of said power supply

coupled to both of said conductors.

and said switching means being substantially less than

8. The combination defined in claim 7 in which the
resistances of said resistors are such as to provide the

that of said resistors.

desired rise time of the current pulses through said
column and row conductors following actuation of said

switches.
9. The combination defined in claim 8 in which the
values of said resistors are such as to pass through each
of the selected row and column conductors one half
the current required to reverse the magnetization of a
core.

10. The combination defined in claim 7 including a
sensing conductor coupled to each of said cores.
1l. A magnetic core memory comprising, in combina
tion, a plurality of magnetic cores schematically arranged
in rows and columns, column conductors magnetically
coupled to the cores in the respective columns, row con
ductors magnetically coupled to the cores in the respective
rows, a power supply having iirst and second terminals

Y

17. A driving circuit for a magnetic core memory hav
ing row and column conductors coupled to the magnetic

cores therein, said driving circuit comprising, in combina
tion, a power supply, switching means adapted to'selec
tively and simultaneously connect a row conductor and
a column conductor to said power supply in either polarity
to etïect writing or reading of information in said memory
and a separate resistor in series with each of said selected

conductors and said power supply, the value of each of
each of said resistors being such .as to provide, in com
bination with the inductance of the selected conductor
connected thereto, the desired rise time of the current
passinf7 through the selected conductor after actuation of
said switching means, »the voltage of said source being
such as to pass through each selected conductor one half

the current required to change the magnetization of a

core, the imp/:dances of said power supply and switching

of opposite polarity, single pole-double throw switching

means being substantially less than that of each of said
resistors.
means providing alternative reversible conducting paths
18. A magnetic core memory comprising, in combina
between adjacent ends of said row and column conductors
tion, a plurality of magnetic cores schematically arranged
and said first and second terminals of said power supply,
thereby to apply the voltage from said supply across said 30 in rows and columns, column conductors magnetically
conductors with selected polarity, bidirectional switches in
coupied to the cores in the. respective columns, row
conductors magnetically coupled tothe cores in the respec
series with each of said conductors, actuation of one of
said switches connected to one of said row conductors
tive rows, a power supply having first and second ter
selecting said one row conductors for the passage of
minals of opposite polarity, read switching means arranged
current from saidv power supply and selection of one of 35 to provide a conducting path from adjacent first ends of
said switches in series with one of said column conductors
said row'and column conductors to alternate ones of
selecting said one column conductor for passage of current
said terminals, write switching means arranged to provide
a conducting path from the other ends of said row and
>from said powersupply, and a separate resistor in series
with each of said selected conductors, the impedances of
column conductors to alternate ones of said terminals,
said power supply, said single pole-double throw switch~ 40 bidirectional switches connected between said' first ends
ing means and said switches being substantially less when
of said conductors and said read switching means, a
said switches and switching means conduct than the re
separate resistor in series with each of said conductors,
sistances of said series resistors.
the resistance of each of said resistors being substantially
12. The combination deiined in claim 11 in which the
greater than the combined impedances of »said power
'resistance of each of said resistors is such as to provide 45 supplv , said switching means and the bidirectional switch
and conductor in series with the resistor.
the desired rise time ofthe current pulses through said
selected conductors following actuation of said switches.
19. The combination defined in claim 18 in which each
of said resistors is connected between a first end of one
A 13. _The combination deiined in claim 12 in which the
esistances of said resistors provide a current through
of said conductors and said read switching means.
each selected conductor equal to one half the current 50
20. The combination de‘tined in claim 18 in which each
required to reverse the magnetization of one of said cores.
of said resistors is connected between a ñrst end of one
14. The combination defined in claim 11 including a
of said conductors and the bidirectional switch in series

sensing conductor magnetically coupled to each of said

therewith.

21. The combination defined in claim 19 in which the
15. The combination defined in claim 1l in which each 55 resistances of said resistors are substantially equal and
of said resistors is directly connected to the conductor
are such as to provide in each conductor selected by
in series with it.
actuation of the bidirectional switch in series therewith a
16. A magnetic core memory of the type comprising
current substantially equal to one half the current re
cores.

a plurality of magnetic cores, row and column codnuctors

magnetically coupled to said cores, energizing means for 60
passing through a selected row conductor and a selected

quired to reverse the magnetization of one of said cores.

22. The combination defined in claim 15 in which each
of said resistors is connected between one end of a con~

ductor and the switch in series therewith.
column conductor one half the current required to change
the direction of magnetization of a selected core coupled
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to both of said conductors, and means for sensing changes
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comprising a substantially constant voltage source and

means connecting said source across said conductors, said

voltage source including a power supply and switching
means adapted to selectively connect individual column
and row conductors to said power supply in either polarity 70
to effect writing or reading of information in said memory,
a separate resistor in series between each conductor and
said power supply, the resistance of each of said resistors
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