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United States Patent Office 3,172,087 
Patented Mar. 2, 1965 

3,172,037 
TTRANSFORMER RAMATTEREX SYSTEMA 

Francis R. Dirgin, Poughkeepsie, N.Y., assignor to inter 
national Business Machines Corporation, New York, 
N.Y., a corporation of New York 

Filed May 20, 1954, Ser. No. 431,164 
5 Ciaims. (Cil. 340-174) 

The present invention relates to a matrix switching sys 
tem of the type used extensively in digital computing de 
vices and in other systems where electrical signals repre 
Senting an instruction are employed to exercise control 
of multiple electric circuits. 

In a three dimensional array of magnetic cores em 
ployed as a memory element in digital computers, it is 
desirable that an addressing system be capable of selec 
tively providing either a positive or a negative current to 
a designated address in the array in order to allow storage 
and read out of information. Heretofore, complex cir 
cuitry has been required to allow such addressing. 
An object of the present invention is to provide a sim 

plified and more reliable system for addressing any one 
of a plurality of magnetic memory registers with bi-direc 
tional currents for read in and read out purposes. 
Another object of the invention is to provide a trans 

former matrix for selectively energizing any one of a 
plurality of output conductors with bi-directional cur 
rents. 

Still another object is to provide a simple, reliable trans 
former selecting matrix readily adaptable to low cost 
manufacturing methods. 

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

in the drawings: 
FËG. 1 is a schematic diagram of a magnetic core stor 

age system showing the principal components in block 
form. 
F.G. 2 is a wiring diagram of the transformer matrix 

iliustrated in block form in FIG. 1, together with some 
of its associated terminal equipment. 

FEGS. 3a, 3c and 3d illustrate the various windings 
used in a magnetic storage array, and F.G. 3b is a curve 
illustrating the hysteresis loop of the magnetic cores in 
volved. ?? 

FIG. 4 shows in perspective view a three dimensional 
magnetic core array. 

Reference is made to FIG. 1 wherein an address register 
169 shown in block diagram form is connected by six out 
put lines, a through 16 inclusive, to a matrix 17 which 
in turn is connected by eight output lines, 18 through 25 
inclusive, to a transformer matrix 26. A matrix having 
L input lines and K output lines will be referred to as 
an L X K matrix for convenience throughout the specifica 
tion. Matrix 17, for example, will be referred to as a 
6 x 8 matrix. The address register i0 is further connected 
by six additional lines, numbered 30 through 35, to a 6 x 8 
matrix 36 which is connected by lines 37 through 44 to 
the transformer matrix 25. It is seen that the upper half 
of the output lines of the address register 16 supplies 
signals to matrix 17, whereas the lower half of the output 
lines supplies signals to matrix 36. Matrices 17 and 36 
are preferably of the same type; for example, if matrix 
17 is a crystal matrix, then matrix.36 is also a crystal 
matrix. 
The address register 10 may be any one of a variety 

of well-known types such as a vacuum tube register com 
posed of flip-flops, a relay register composed of electro 
magnetic relays, a magnetic core register, a transistor 
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register, etc. Likewise, matrix 17 may be any one of a 
plurality of well-known types of matrices such as a vac 
uum tube matrix, a crystal matrix, a magnetic relay mat 
riX, a transistor matrix, etc. 
One suitable circuit illustrating the upper half of ad 

dress register 10 and matrix 17 in detail is disclosed in 
an article entitled Rectifier Networks for Multiposition 
Switching, published in the Proceedings of the I.R.E. in 
February 1949 on pages 139 through 147. Particular 
reference is made to FIGS. 3 and 20 of that article. The 
circuits for the lower half of address register 10 and mat 
rix 36 are preferably a duplication of that used for the 
lipper half of address register 10 and matrix 17 regardless 
of the particular type of address register or particular type 
of matrix selected, 

Transformer matrix 26, described more fully herein 
after, is connected by sixty-four output lines to a magnetic 
memory unit 60 composed of a plurality of magnetic core 
arrays. Only two lines numbered 50 and 51 on one end 
of the sixty-four output lines of transformer matrix 26 
and two lines numbered 52 and 53 on the opposite end 
are shown. The magnetic memory unit 60, described in 
detail hereinbelow, is a three dimensional system of mag 
netic core arrays forming 4096 magnetic core registers of 
33 bits each. The sixty-four output lines from trans 
former matrix 26 supply energy to the Y coordinate lines 
of the magnetic memory unit 69 and will be referred to 
hereafter as Y-drivers for convenience. Address register 
EB, matrix 57, matrix 36 and transformer matrix. 26 con 
stitute the driving circuit for selectively energizing any 
one of the Y coordinate lines of the magnetic memory 
unit 68. 
The X-plane driving circuit for the magnetic memory 

unit 66, shown in the lower half of F.G. 1, is like the 
Y-plane driving circuit shown in the upper half of FIG. 
1. An address register 6i is connected by the output lines 
of the upper half thereof to a 6 x 8 matrix 62 and by 
the output lines of the lower half to a 6 x 8 matrix 63. 
The outputs of matrices 62 and 63 feed into a transformer 
matrix 65 which is identical to transformer matrix 26, 
and the outputs of transformer matrix 65 constitute the 
X-drivers for magnetic memory unit 60. By energizing 
the address registers 6 and 6i with proper signals any 
one of 4096 magnetic registers in the magnetic memory 
unit 66e can be selected for reading or writing informa 
tion therein. 

In operation, the X-plane driving circuit and the 
Y-plane driving circuit perform in similar manner. An 
address signal from the address register 16 causes various 
ones of the output lines 1 through 6 and various ones 
of the output lines 36 through 35 to be energized. Activa 
tion of certain ones of the lines is through 6 causes 
matrix 17 to energize only one of lines 18 through 25, and 
activation of certain ones of the lines 38 through 35 cause 
matrix 36 to energize only one of the lines 37 through 44. 
In other words, the register 10 can be controlled to selec 
tively energize any one output line of matrix 17 and any 
one output line of matrix 36. Transformer matrix 26 
will, therefore, have only one input line of the group of 
lines i3 through 25 and only one line of the group of lines 
37 through 44 energized, which in turn cause this matrix 
to energize only one of its sixty-four output lines feeding 
the Y coordinate lines of the magnetic memory unit 69. 
In a like manner, the X-plane driving circuit selects one 
of the sixty-four X-coordinate lines of the magnetic mem 
ery unit 66. By means of this system of addressing the 
X and Y coordinate lines, any register in the magnetic 
memory unit 60 can be selected for storage or interroga 
tion. The transformer matrices shown by blocks 26 and 
65 in FIG. 1 are illustrated in detail in FIG. 2. 
A transformer matrix it, illustrated in FIG. 2 as that 
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equipment within the broken line block 71, has its X co 
ordinate lines 80 through 87 connected to the cathodes 
of vacuum tubes labeled 90 through 97, respectively. The 
output lines 18 through 25 of matrix. 7 (FIG. 1) are 
connected to the control grids of vacuum tubes 90 through 
97, respectively. The transformer matrix 70 has its Y 
coordinate lines 100 through 105 connected to the anodes 
of a group of vacuum tubes labeled i0 through 115, 
respectively. Each of the vacuum tubes 90 through 97 
and 10 through 115 are normally biased below cut off by 
means not shown. For convenience, five pairs of Y lines 
have been omitted in FIG. 2. Output lines 37-44 of 
matrix 36 (FIG. 1) are connected to correspondingly 
labeled lines in FIGURE 2, line 37 supplying energy to 
each grid of vacuum tubes 110 and 111 through a pair 
of logical AND circuits 120 and 121, respectively, line 38 
supplying energy to each grid of vacuum tubes 112 and 
113 through a pair of logical AND circuits 22 and 123, 
respectively, and line 44 supplying energy to each grid of 
vacuum tubes 114 and 115 through a pair of logical AND 
circuits 124 and 125, respectively. The logical AND cir 
cuits 120, 122 and 124 are each connected to a write gen 
erator 126 whereas the logical AND circuits 12i, 123 
and 25 are connected to a read generator 827. Each 
of the logical AND circuits must receive two input signals 
simultaneously in order to produce an output signal. 
Thus, it can be seen that before energy from any one of 
the lines 37 through 44 can be applied to any one of the 
grids of the vacuum tubes 110 through 15, it is necessary 
that either the write generator i26 or the read generator 
127 simultaneously supply energy to its respective logical 
AND circuits. 
The Y lines 60 through 105 and the X lines 80 through 

87 of the transformer matrix 763 of FIG. 2 can be con 
sidered as corresponding to Cartesian coordinates which, 
instead of forming conventional intersections in terms of 
Cartesian rectangular coordinates, have a series circuit 
connected between the X and Y lines at the position where 
such rectangular coordinate intersections would occur. 
That is to say, the X and Y lines are displaced to cross 
one another at points where rectangular coordinate inter 
sections would occur and are interconnected at Such cross 
over points by a circuit consisting of a transformer pri 
mary winding and series connected unidirectional con 
ducting device. Thus, the term "coordinate intersection,” 
hereinafter referred to with reference to FIG. 2, will de 
fine these cross-over points. 
A series circuit such as that described and comprising 

a transformer primary winding 130A and diode 131 is 
connected between the Y line 100 and X line 80 at the 
coordinate intersection thereof. Likewise, a Series circuit 
consisting of transformer primary winding 130B and diode 
32 is connected between the X line 80 and Y line 101 

at their coordinate intersection. Primary windings 30A 
and 130B are mutually coupled to a common secondary 
winding 36 which supplies bi-directional currents, de 
pending on which primary winding is energized, to one 
of the coordinate drive lines of magnetic memory unit 60. 
A separate secondary winding mutually coupled to a sin 
gle primary winding may be used, but the arrangement 
employed reduces the number of secondaries to a mini 
mum. While only the primary windings 130A and 130B 
together with associated diodes 131, 132 and secondary 
winding 136 have been labeled and described, it is under 
stood that the remaining circuit components for each un 
numbered coordinate intersection are connected and per 
form in a like manner. 

Alternatively, the transformer matrix 70 may be con 
sidered to consist of a plurality of banks of transformers. 
It is to be understood that the term "bank” as used herein 
refers to an electrical arrangement rather than a mechan 
ical configuration of transformers. The banks of trans 
formers may be designated as horizontal and vertical. 
One horizontal bank of transformers, for example, is 
shown between Y lines 100 and 101 with the transformers 
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connected in electrical circuits. One electrical circuit 
shown in the upper left corner of FIG. 2, for example, 
includes a first diode 13, a first primary winding 36A, 
a second primary winding 3B and a second diode 132 
serially connected. The first and second primary winding 
may be respective halves of a center-tapped transformer 
primary winding. The common point between the two 
primary windings of this electrical circuit is connected to 
X line 80 as at point 35, and in a like manner each such 
common point in the other electrical circuits included 
between Y lines 100 and 101 is connected to a respective 
X line. A group of electrical circuits with their common 
points between the two primary windings connected to a 
single X line constitutes a vertical bank of transformers. 

Resistors 40–147, connected to X lines 80-87 respec 
tively, serve as cathode return resistors for vacuum tubes 
96-97 respectively. Although not essential, these resistors 
are desirable because they maintain the cathodes of the 
vacuum tubes 90-97, when in a non-conducting state, at 
such a value of potential that the bias required on the 
grids of these tubes to insure non-conduction is smaller 
than that required where these cathodes are left floating 
or unconnected. Consequently, smaller input signals may 
be used on the lines 18-25 for control purposes. 
The resistors 140-147 should be large to prevent back 

currents from giving the transformer matrix a poor Selec 
tion Ratio. Back current is defined as current flow in 
an unselected transformer. Selection Ratio is defined as 
the ratio of current flow in a selected transformer to the 
current flow in a non-selected transformer, and should 
be as high as possible. In order to illustrate current flow 
in an unselected transformer, consider X line 80 and Y 
line 102 to be energized. Current now flows in the trans 
former primary winding 150 and diode 5. In addi 
tion, an undesired current flows from ground through the 
resistor 141, transformer primary winding 152, diode 153 
to Y line 102 since this line is at a value of potential de 
termined by the voltage drop across vacuum tube 12. 
In a like manner, an undesired current will flow in each 
of the transformer primary windings and its associated 
diode connected to Y line 102. Since the voltage drop 
across vacuum tube 12 is relatively small and the resist 
ance value of individual resistors 41 through 47 is large, 
it follows that the magnitude of individual back currents 
is relatively small. Although the back currents never 
approach a value sufficient to select an undesired trans 
former, they nevertheless represent a power loss, which 
can be minimized by proper selection of circuit com 
ponents. 
To illustrate the operation of the transformer matrix 

70, assume that line 18 is energized with a positive signal, 
line 37 is energized with a positive signal and the write 
generator 126 is energized. Vacuum tube 90 then con 
ducts and X line 80 is energized with a positive potential. 
The AND circuit 120 supplies a positive signal which is 
applied to the grid of the vacuum tube 110 and over 
comes a negative bias normally maintained theeron by a 
source not shown, and renders this tube conductive. En 
ergy then flows from X line 80 through the transformer 
primary winding 130A and 13 to Y line 100 and thence 
through the vacuum tube 10 to ground. A voltage pulse 
of one polarity is thereby induced in the secondary wind 
ing 136. The vacuum tube 10 derives its positive plate 
potential from the X line 80 in this instance. Now as 
suming that line 18 is energized with a positive signal, 
line 37 with a positive signal, and the read generator 127 
is energized. Vacuum tube 90 remains conductive, but 
in this case, the logical AND circuit 121 supplies a posi 
tive signal to the grid of vacuum tube 111 to render it 
conductive. The energy flow in this instance is from the 
X line 80 through the transformer primary winding 
130B, crystal diode 132 to Y line 101 and through vac 
uum tube 111 to ground. The transformer secondary 
136 now develops a voltage pulse of opposite polarity. 
Vacuum tube 111 also receives its positive plate potential 
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from the X line 80. Vacuum tubes 110 through 115 re 
ceive positive plate potential from an energized X line 
in any given case. Thus, it is seen that the secondary 
winding 136 may be selectively energized with a voltage 
of one polarity or of the opposite polarity dependent 
upon energization of the read or write generator. As 
previously mentioned, the secondaries of one transformer 
matrix are connected to the X lines of magnetic memory 
unit 60 of FIG. 1 and the secondaries of another trans 
former matrix are connected to the Y lines thereof, with 
the several matrices controlled, as described, in directing 
bi-directional currents to particular registers of the mem 
ory unit 60 for storage or interrogation purposes. 

Reference is made to FIGS. 3a, 3b, 3c and 3d for a 
more detailed illustration and an explanation of the opera 
tion of the magnetic memory unit 66 shown in block form 
in FIG. 1. The memory unit 60 is composed of 33 ar 
rays with each array sixty-four cores wide and sixty-four 
cores high. For ease of illustration, FIGS. 3a, 3c and 3d 
are limited in their showing to an array six cores wide 
and six cores high. A complete core array has the X 
and Y coordinate lines of FIG. 3a, the Z winding of FIG. 
3c and the sense winding of FIG. 3d all wound in a single 
array. However, each of the various windings of a com 
plete array is shown separately in FIGS. 3a, 3c and 3d 
in order to avoid confustion and facilitate tracing the 
path each winding follows. 
The bistable magnetic cores employed for the purposes 

of the present invention are interlinked with X and Y 
input windings, which, when energized, cause the core 
to be magnetized in one or the other direction. A single 
X or Y line passing through a core is equivalent to a 
winding having one turn. An output sense winding as 
sociated with the cores develops an induced voltage as 
a result of the change in flux occasioned by shifting the 
magnetic state of the core through pulsing of the X and 
Y drive windings. 

FIG. 3b illustrates an idealized hysteresis loop for com 
mercially obtainable magnetic material. If the state of 
remanence of a core of such material is that indicated 
by the point "a,' application of a positive magnetomotive 
force causes it to traverse the hysteresis curve to point 
"c,” and, upon relaxation of this positive force, reverts 
to point “a.” Application of a negative magnetomotive 
force, greater than the coercive force, causes the curve 
to be traversed to point “d' and, when the force is ter 
minated, traversed to point "b.' Similarly, with the 
remanence state of the core standing at point "b" appli 
cation of a negative magnetomotive force causes the 
curve to be traversed to point "d,” and return to point 
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“b' when the negative force is relaxed, while a positive 
force, greater than the coercive force, causes a traversal 
of the curve from point “b' to point “c” and return to 
point “a” when the positive force is terminated. 

Points “a” and “b' are stable remanence states readily 
adapted for representing binary information and a core 
may be driven to one or the other of these two states by 
energizing both its X and Y lines. A change in state 
is observed through a voltage pulse induced in the out 
put winding as the magnetic field in one direction col 
lapses and builds up in the other direction. With point 
“a” arbitrarily selected as representing a binary “one' 
state and point “b' a binary "zero' state, application of 
a negative force by pulsing the X and Y drive windings 
simultaneously causes a voltage to be induced in the out 
put sense winding if a “one' is stored, while a negligible 
voltage is induced in the output winding if a "zero' is 
stored. 

FIG. 3a shows how the X and Y lines are threaded 
through the cores of each array, and FIG. 4 shows how 
the X and Y lines of each array are interconnected. The 
arrow heads on the X and Y lines show the direction of 
current flow for a read operation. It is pointed out that 
the sense windings and inhibiting windings are not inter 
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connected between core arrays as are the X and Y wind 
ings. In this arrangement, the cores are driven to one 
remanence state by coincident currents, individually less 
than the coercive force, applied to the X and Y windings. 
The magnitude of either the X or the Y line current alone 
is insufficient to overcome the coercive force, but applied 
together, they exceed the coercive force. To prevent a 
change in the magnetic state of a core, the windings X 
and Y are pulsed in coincidence with energization of the 
inhibiting winding which is labeled as element Z in FIG. 
3c. The inhibiting winding, for convenience called a Z. 
winding, of each array is individually controlled by a 
Z driver which, although not shown, may be any suit 
able energizing circuit. The magnetomotive force pro 
duced by current in the inhibiting winding opposes the 
magnetomotive force produced by either the X or Y line 
current. This prevents the applied total magnetomotive 
force from reaching the coercive force thereby inhibiting 
a change in the remanence state of a core. FIG. 3c 
shows how the Z winding is threaded through the cores in 
each array, where, for example, it is desired to oppose 
the Y line currents. Output signals are obtained on a 
sense winding shown in FIG. 3d upon reversal of the 
direction of current flow through the X and Y windings 
whereupon those cores which have changed remanence 
states in storing binary ones are returned to their initial 
state. The transformer secondaries of matrices 26 and 
65 of FIG. 1 supply current pulses to the Y lines and X 
lines, respectively, of each magnetic core array of mem 
ory unit 60. The X and Y lines of each array are inter 
connected as shown in FIG. 4 with each Y line in a hori 
zontal plane threading all cores of each array in that 
plane and each X line in a vertical plane threading all 
cores of each array in that plane. The cores are ar 
ranged to form registers for storing binary numbers. The 
bits of one register, composed of the cores in the lower 
left corner of each array in FIG. 4, are shown in solid 
black lines and numbered 1400 through 1420, respective 
ly. 

In order to illustrate the operation of the system of 
F.G. 1, assume that the binary number 101 previously 
has been written into the cores labeled 400 to 42 
which define a register whose address is X1, Y1 in FIG. 4. 
Core 400 holds a binary one, core 410 a binary zero, 
and core 1420 a binary one. In other words, cores 1400 
and 420 are in the state of remanence indicated by point 
'a' in FIG. 3b, and core 149 is in the state of remanence 
indicated by point "b’. Since it is desired to read the 
binary number 101 from the subject register, this reg 
ister must have its Y line and its X line of FIG. 4 
energized with coincident negative currents sufficient in 
magnitude to change the magnetization of the cores 40 
and 420 from the point “a” to the point 'd' on the 
curve of FIG. 3b. 
The Y line and the X line are energized by the Y 

plane driving circuit of FIG. 1 and the X plane driving 
circuit, respectively, when proper address signals are ap 
plied to address registers 10 and 61, respectively. It will 
be noted that the X and Y lines in FIG. 4 are threaded 
in a manner to cause a change in direction of current 
flow through the cores of a given register in alternate 
arrays. The direction of the resultant magnetomotive 
force acting on each core, however, is such as to create 
a flux in the same direction within each core. The sense 
winding of each array is sampled by sensing means, not 
shown, during the period when X and Y negative currents 
are present to determine which ones of the cores undergo 
a change in magnetization from point 'a' to point "d' 
in FIG. 3b. Since each sense winding must be elec 
trically separate and distinct from the remaining sense 
windings, the sense winding in each core array has its 
own individual sensing means. Binary ones are indicated 
by voltages induced in the various sense windings when 
a change of magnetization within associated cores take 
place. The induced voltages are supplied to a load 
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device, not shown. A relatively large voltage is induced 
in the sense winding in the first array and the third array, 
respectively, when the coincident negative currents are ap 
plied because of the resulting change in flux as cores 1400 
and 1420 change their magnetization from point “a” to 
point 'd' in FIG. 3b. Thus binary ones are indicated. 
There is negligible change in flux as core 1410 changes 
its magnetization from point "b' to point 'd' of FIG. 3b. 
Consequently, a voltage of negligible magnitude is in 
duced in the sense winding of the second array, and a 
binary zero is indicated. 
Assume now, that it is desired to rewrite the binary 

number 101 into the subject register. It is necessary, 
therefore, to energize the Y line and the X line of FIG. 
4, with coincident positive currents sufficient in magnitude 
to change the magnetization of the cores 1400 and 1420 
from the point "b" to the point 'c' on the curve of FIG. 
3b. Coincident positive currents for the Y line and the 
X1 line likewise are supplied by the Y plane driving 
circuit and the X plane driving circuit of FIG. 1 when 
proper address signals are applied to address registers 10 
and 61, respectively When the coincident positive cur 
rents are relaxed all the cores return to the stable state of 
remanence indicated by point “a” of FIG. 3b with binary 
one representations stored in all cores. Since a binary 
zero is to be stored in core 1410, in the example taken, 
it is necessary to prevent this core from being magnetized 
to point 'c' of FIG. 3b. This is done by energizing the 
Z winding in the second array with a current from the 
Z driver that is approximately equal to and in opposition 
with the Y line current. The Z driver must come on 
simultaneously with or earlier than the X and Y drivers 
to prevent core 1410 from being magnetized to point 'c' 
of FIG. 3b. The magnetomotive force applied to core 
1410 by the Z winding current neutralizes the magneto 
notive force applied to this core by the Y line current. 
The total magnetomotive forces applied to core 1410 are 
thus less than the coercive force, and the core remains 
in the stable state representing a binary zero as indicated 
at point "b' of FIG. 3b. Thus, the binary number 101 
is restored. 
The normal sequence of operation employed here is to 

read first then write. This is because binary ones are 
written, and it is necessary to insure that all cores are in 
the binary zero state of remanence before writing takes 
place. The read operation changes all cores in a given 
register to the binary zero state of remanence. It is 
equally feasible, however, to write with binary zeros and 
return all cores to the binary one state by the reading 
operation. 

While there have been shown and described and pointed 
out the fundamental novel features of the invention as 
applied to a particular embodiment, it will be understood 
that various omissions and substitutions and changes in 
the form and details of the device illustrated and in its 
operation may be made by those skilled in the art, with 
out departing from the spirit of the invention. It is the 
intention, therefore, to be limited only as indicated by 
the scope of the following claims. 
What is claimed is: 
1. In an electronic signal system wherein electric energy 

pulses of different character are selectively applied to 
different ones of a plurality of conductors: a plurality 
of transformers each having at least one secondary wind 
ing connected to one of Said conductors and at least first 
and second primary windings; and, a matrix system for 
selectively energizing said primary windings said system 
including first and second pluralities of x-coordinate 
conductors, first and second pluralities of y-coordinate 
conductors, means connecting one end of each of different 
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3 
group of said first primary windings to one of said first 
aw-coordinate conductors and the other end of each of said 
first primary windings to one of said first y-coordinate 
conductors, and means connecting one end of each of said 
different groups of said second primary windings to one 
of Said second x-coordinate conductors and the other 
end of each of said second primary windings to one of 
said secondy-coordinate conductors. 

2. For selectively applying positive and negative current 
signals to any one of a plurality of output circuits, a drive 
circuit including: a transformer for each output circuit, 
each of said transformers having a secondary winding 
and first and second primary windings; means connecting 
said first and second windings, respectively, into first and 
Second matrices of x- and y-coordinate conductors; each 
of said first primary windings being connected between 
an x and a y conductor of the first matrix at their inter 
Section and each of said second primary windings being 
similarly connected between an x and a y conductor of 
the second matrix; a separate individual switching element 
connected in series circuit with each individual x and y 
conductor of each matrix; and, means for selectively actu 
ating a pair of switching elements connected to an x and a 
y conductor of any selected one of the matrices to allow 
current to flow through the primary winding at the inter 
section of those conductors and thereby induce an output 
signal in the secondary winding of the selected trans 
former, the first and second primary windings of each 
transformer being so arranged as to induce currents in 
opposite senses in the secondary winding. 

3. A drive circuit according to claim 2 in which the 
means for actuating the Switching elements include: an x 
coordinate selection matrix connected to the x-coordinate 
switching elements of the first and second matrices, a y 
coordinate selection matrix connected to the y-coordinate 
switching elements of the first and second matrices; and, 
means for selectively applying an actuating signal to the 
x- and y-coordinate switching elements of the first and 
second matrices. 

4. A drive circuit as claimed in claim 3 in which pairs 
of switching elements consisting of one of the x- or y 
coordinate switching elements of the first matrix and 
one of the x- or y-coordinate switching elements, respec 
tively, of the second matrix consist of double triodes. 

5. A drive circuit according to claim 4 including an 
isolating diode connected in series with each primary 
winding between the x- and y-coordinate conductors to 
which it is connected. 
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