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The present invention relates to .a switch core matrix
having cores made of magnetizable material of approxi-
mately rectangular ' hysteresis curves. At every cross
point of such matrix hereinafter referred. to 'as inter-
sections of the columns and rows, a positive and a nega-
tive current pulse is to be produced and to be conveyed
to an associated load, which load may be the row or the
column wire of a storage matrix.

The switch core matrices known in the art have a sin-
gle switch core at each intersection, and this core has
an output winding' connected to an associated load. A
core is-excited upon column and row coincidence and a
positive and a negative output pulse succession is pro-
duced, prov1ded the output circuit contains an appreci-
able ohrnic component besides the inductive component.
The impedance of a storage matrix thus controlled by a
switch' core -matrix 1is - predominantly inductive when
either one of its row or its column wires is excited at
about half of the current necessary for saturation. - Thus,
in the switch .core matrices known per se, every output
switch -matrix circuit (which is'an input circuit for the
storage matrix) must contain an additional ohmic re-
sistance. - Further disadvantages. of the known switch
core matrices will be discussed later. )

1t is an object of the present invention to provide a
novel and improved switch core matrix.

t is another object of the invention to provide a novel
and improved wiring circuit for the excitation of cores
in a switch core matrix.

It is a further object of the invention: to provide a
switch core matrix-using cores of considerably smaller
saturation flux than the flux required for saturation of
the cores in known switch core matrices.

it js-a still further object of the invention to reduce
the power input requirements of switch core matrices.

It is another object of ‘the invention to reduce noise
pu‘ses in the cutput circuits -of switch core matrices.

It is a further object of the invention to reduce the
time interval “between “operation cycles in switch core
matrices.

It is an additional object of the invention to equalize
the positive and the negative pulse Iengths in the output
circuits of switch core matrices.

Tt is another object of the invention to improve ‘the
shape of output pulses of a switch core matrix.

According to- a primary embodiment of the invention,
each intersection in a switch core matrix is provided with
a pair of cores, whereby one core produces the positive
- puise and the other one produces the negative pulse; and
the common output load of the two cores is almost ex-
clusively inductive.

Still further objects and the entire scope of applicabili-
ty of the present invention will become apparent from
the detailed description given hereinafter; it should be
understood, however, that the detailed description and
specific examples, while “indicating preferred embodi-
ments of the invention, are given by way of illustration
ouly, since various changes-and modifications within the
spirit and scope -of the invention will become. apparent
to those skilled in the art from this detailed . description.

In the drawings:

FIGURE 14 is -a.circuit diagram of a smgle core used
in a prior art switch core matrix;
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FIGURE 15 is a diagram of the hysteresis curve of
the core used in FIGURE lag;

FIGURE iIcisa dlagram of the output pulse success1on
of the circuit shown in FIGURE la, plotted against
time;

FIGURE 1d is another dlagram of the output pulse
succession of the circuit shown in FIGURE. la, oper-
ated in another way than shown in FIGURE Ic, also
plotted against time;

FIGURE 2¢ is a-circuit diagram of ‘a pair of cores
used in aswitch core matrix in accordance with the pres-
ent invention;

FIGURE 2b is a diagram showing the combined hys-
teresis-loops of the cores shown in FIGURE 2g;

FIGURE 2c is a diagram showing the output of the
circuit shown in FIGURE 2a, plotted against time;

FIGURE 3 illustrates . schematically a switch core
matrix in accordance with the invention;

FIGURE 4a illustrates schematically a modified switch
core matrix in accordance with the invention;

FIGURE 45 shows the winding circuits on a pair of
cores used in a switch core  matrix as shown in FIG-
URE 4gq;

FIGURE 5 shows an arrangement of the output cir-
cuits of the pairs of cores shown in’ FIGURE 4g, to
attenuate noise pulses.

Referring -in detail to the drawings, in FIGURE lq,
W is an output winding of a switch core K, said winding
being connected in series with an inductance L and an
additional ohmic resistor R: The core K may be biased
magnetically by -means of a current 7, flowing through
a winding W, connected to an appropriate voltage source,
The core is thus pre-saturated, as indicated 'by O in
FIGURE 1b.

Upon coincidénce of the actuation of the row and the
column of the matrix to which the core K pertains, a
resultant current #; is passing through a common winding
Wy and the core K is thus energized. This current which
actually is a resultant.of row and column excitation over-
comes the bias current i, and produces the hysteresis loss
current i, and the secondary current i, in the winding W.
(In FIGURE 1), an equal number of windings of W,
W, and W, is assumed.) In order to produce a current
Ip-in the inductive load L, the core must produce a flux
A®=L-1,, bringing the saturation of the core up to point
2 (See FIGURE 1b), whereby the secondary current iy
During the time
interval of a positive current pulse in the winding Wy,
i.e., during the time from the initiation of a current flow
in Wl until the current 7; is torned off (interval #, in FIG-
URE Ic¢) the core must supply a flux A®y=Iy'R-#; in
order to produce the current emergy loss in the resist-
ance R. Upon reversal of the excitation current iy, a flux
A<I>3:2A<I>1 is necessary to reduce the current I3 ﬂowmg

{in the load and to produce a current of equal magmtude

but of opposite polarity: —I,.  The remaining flux
A$y=—IyR-1, produces the energy loss in the resistance
R during ‘the time of the. negative -current flow —I,.
This remaining flux A®, thus determines the length of
the time interval ¢, of the negative current pulse. -When
the magnetic condition of the core reaches point.6 on the
hysteresis ‘loop, the current fades along -an exponential
function in time containing the time constant L/R." This
effects an undesired prolongation of the duration of the
cycle of the entire system by apprommately three times
the time constant value L/R.

With A®;=L-Iy and A®y=Iy'R-4, there is obtained
for the time interval #y the equation

A@g L

= 2%, R



o -3
The time interval # can be calculated from
A@1=L'IZ
and
’ IA@4!=[A‘I’2—A‘I>II=112I'RIZ 7
This results in 7y,

A®, L L
w=(G—1)F="%

~ In other words, in such an arrangement as shown in
FIGURE 1aq, the time interval #, of the negative current
pulse is always shorter than the time interval # of the
positive current pulse, and the difference is precisely the
amount of the time constant L/R.

The ratio of these pulse widths is given by

t AD,—AD;

h ADy

It is therefore necessary, for such arrangements, that a
finite resistance R be used in order to make it possible to
obtain a negative pulse.
If, for example, this ratio shall have at least a value of
‘ L 2 4
% 375
the total flux between saturation A®;--A®, must be twice
(or three times) the value of the flux 2-A®;, necessary
solely for the purpose of reversing the current in the in-
dutance L from -1, to —I,. In other words, if
. 2

e
is required, 50% of the entire flux changes produced by
the coreis aloss. If -

th 4

— T

B
the loss amounts even to 67% of the total flux A®;--A®,.
Thus, if
l2
Ty
approaches 1, the loss increases considerably.

The ratio of the inductance I, of a saturated switch
core to the predetermined load L determines the primary
voltage drop across the half-excited switch cores, i.e.,
those cores through which flows, besides the biasing cur-

ren_t iy, only a row current or a column current iy/2.
This occurs when the column to which the particular

core pertains is selected but not the row, or vice versa.
The ratio Ly/L also determines the noise current in the
secondary windings. But with a given magnetic material
being used for a core,

AdD

2L,
in
where the total flux A®==A®;4-A®,. Furthermore, the
current efficiency
. 1
ST

as well as the current I, itself are predetermined, so that
Lg~A®, Thus, the larger the total flux of the switch
core, the larger must be the power delivered by the pri-
mary driving stages. This power is determined by the
product of the maximum voltage and the maximum cur-
rent at'a given time for the current increase. Also, the
Jarger the total flux of the switch core, the higher will be
the secondary noise current pulses which the half-excited
cores supply fo the corresponding row or column wires
of the storage matrix. :
i the pulse width ratio is
2o )

tx
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the flux difference between saturation of the switch cores,

is to be four times (or six times) the flux A®, required
to satisfy the power requirement of the inductive load L.
This rule for proportioning the core circuits results in a
considerable increase of the primary driving power and
in a considerable increase in the height of the disturbance
pulses.

The irreversible branches of the hysteresis loop have a
finite slope. Thus, the hysteresis. loss current increases
from #, to i’y during the time of a positive current pulse
(when the flux changes by A®;. At the same time, the
current in the winding W decreases from Iy to I’;. The
latter decrease is the greater the higher the flux variation
A®, during this time interval #. In the example above,
A®, is three times (five times) the flux A®, required by
the inducance L when the pulse width ratio is

E=2(or _‘%)

The thus produced slope of the output pulse is very unde-
sirable because of the very marrow tolerance of half of
the excitation current for a storage matrix.

In another mode of operation of a known switch core
matrix, having but one switch core at each of its inter-
sections, every core is designed in such a manner, that it
becomes demagnetized completely upon every positive
current pulse and it will be re-magnetized upon the follow-
ing negative current pulse. -

FIGURE 1d shows the secondary current i through
the inductive load L during the time of one cycle. In
a manner similar to the mode of operation explained
above, a flux A®y==LI, is produced first by the core upon
a coincidence of row and column excitation. 'This is to
produce a current Iy in the inductive load L. During the
time interval #; of the positive current pnlse, the core
first changes its magnetization along the irreversible
branch of its hysteresis loop up to point 3, thereby pro-
ducing a flux A®y=I,-R-t. Thereafter, still during a
portion of the interval #, the magnetization of the core
is shifted into the reverse branch of the hysteresis loop
designating the saturation of the core. During the latter
portion of the time interval #;, the current in the induct-
ance L fades out from I, (or, more exactly, from I,") in
accordance with an exponential function having the time
constant L/R. After a time period which is approxi-
mately 3-L/R, the current is almost zero and the core
has a saturation indicated at 7. At that time, the pri-

. mary current i; is shut off. As a result, the magnetiza-

tion of the core is shifted to point 4 of the hysteresis loop,
and it produces the flux A®;, whereby a current —I flows
through the inductive load L. The remaining flux A®,
equals the flux A®,. Thus, in this mode of operation,

- the negative current pulse has a width equal to the width

b5

60

65

70

of the positive current pulse. Upon a magnetization in-
dicated by 6 in the hysteresis loop, the current again fades
out along exponental function: in the inductive load and,
after approximately »
L
3.3
has a magnitude of about zero.
As one can see from this second mode of operation of
a device as shown in FIGURE 1g, there is a loss in time
of about

L
3%

after the positive current pulse. Thus, for a similar flux
difference between saturation A®;--A®, of the core, the
cyclc here is even longer than in the first mode of opera-
tion, as explained above. Or, when in the second mode

,; of operation, the cycle equals the cyclé of ‘the first mode

78

of operation, the flux difference A<§1+A<I>2 must be higher
in the former than in the latter, This means a still higher



¥

8,004,172

5
driving stage power and higher disturbance pulses from
a half-way excited core and; furthermore; there would be
a steeper slope of the output pulse at the beginning there-
of. . : i
Turning now to the matrix in accordance with the pres-
ent invention, there is shown in FIGURE 24 a core cir-
cuit thereof and the diagrams of FIGURES 2¢ and 2b
illustrate its mode of operation. In FIGURE 24, KT and
KX are two cores positioned at each intersection of a
switch core matrix. There are two output windings WI
and W, each positioned oni“one core. The input excita-
tion windings are not shown, but their effect will be de-
scribed explicitly in the following. - The output windings
WIand W are connected in series. Each core is pro-
vided with a premagnetization winding and primary ex-
citation windings (not shown).” An:example of a com-
plete circuit will be explained with referenice to FIGURE
4b; it will be understood, however, that the means to pro-
duce particular fluxes, as called for in the following, can

_be carried out with conventional windings positioned on

a core.  An inductance L is connected in series with the
windings WT and WIH,
have the magnetization indicated with O in FIGURE 25.
During the time interval #;, incident to the occurrence of
the positive current pulses in the excitation windings oc-
curring upon line and row coincidence, the total excita-
tion current for the cores shifts the flux in the core KI
by A®;=LI,, thereby inducing. a current I, in the wind-
ing WT to flow through the inductance Joad L. During
the time interval f;, the core KT has its magnetization
shifted from poinf 2 to  point 3, whereby a. flux
Ady*==Iy-r-tj is prodiced to cover the energy losses of
the ohmic resistance » of the windings, themselves, which
cannot be avoided. : After the time interval 7, has elapsed,
the exciter current i; of the core K is turned of and the
exciter current iy for the core KM is turned on. ‘Both
of the cores produce the flux A®;=2A necessary to re-
verse ‘the current in. the inductive load L from +1, to
—Iy. The core KI produces the flux A® -+ AS* and
attenuates thereby the current I, causing 4 current —Ig
to -flow through the inductance ‘(dashed lines in FIG-
URES 2b and 2c). Thus, the core K only needs to
produce a flux of A®;—AF* to negatively increase the
current in the inductance L from -7y, to —1,, whereby
the magnetization of the core K is shifted to point 5 of
the hysteresis loop. During the fime interval o=t of
the negative current pulse, the energy loss-of the wind-
ings having the inherent resistance r is produced by a
flux change of [Ady*|=|AGy¥|=|I,|-r-t,. “After the time
interval #, has elapsed, the core KX has a magnetization
indicated by point 6 and the curresit iy of the core KIT'is
turned off. - The present’ fiux |A®y=L-l,| is just suffi-
cient to reduce the current —Iy in the inductance L to
zero. . -In other words, the core KM returns directly o
saturation point O and the negative current pulse obtains
a steep trailing edge, as shown in FIGURE 2c.

*In the following, the two devices shown in FIGURES
1a and 24 are being compared.

(1) In an arrangement using two cores, the core KE
(FIGURE 24) is proportioned to merely produce a flux
difference A®;--A®,*, the latter sum exceeding the flux
A%, desired by the inductive load only by an amount
APy =L5-r-1;, due to the unaviodable energy Ioss in the
windings. The core X is proportioned only to produce
a flux A®,. Thus, the flux to be produced by the two
cores totals 2A®;--Ad,*. . This sum is considerably small-
er than the flux A®,A®, io be produced by the single
core of FIGURE la. ' In the assumed example, employ-
ing a single core, the required flux 2481 -Ady*, ‘where
r==0 and, therefore, A%,*=0, is theoretically only 50%
(or 33% ), practically 60% (or 40% ) of the required flux

The ‘bias causes ‘both cores to
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Ad - APy==4AP; (or 6A®;) of one core in the present
arrangement, if the ratio of the puse width

\ b 204

3 5

Consequently, if a double-core arrangement is used‘_, the
switching power to ‘be produced by the primary driving
stage and the secondary disturbance pulses of semi-excited
cores are considerably -smaller than they are in a single
core arrangement, because the said power and the said
disturbance pulses increase with the total flux change of a
core.

This advantage shows off particularly where the opera-
tien takes place with a high current: efficiency factor of
2I,/i; which, in turn affects the driving power require-
ments. i ;

(2) During the time interval #, the magnetization of
the core K of a double core arrangemeént merely shifts -
by the small -amount. of A®,*=I,-r-¢; on the irreversible
branch of the hysteresis loop having a finite slope..  Thus,
the slope of the current during this interval #; is consider-
ably reduced as compared with the corresponding slope
when a single core arrangement is used, wherein the
long portion A®y=Iy-r-#;==3A%; (or 5A%:), on the ir-
reversible branch of the hysteresis loop is required to be
covered during the time interval ¢;.

(3) When a double core arrangement is used, the pulse
width ratio amounts to

fy
=1

and the trailing edge of the negative current pulse slopes
down steeply and the slope does not follow a relatively
slow exponential function having a time constant of Z/R.

‘The time of one cycle totals only. #;--#;==2#, which is

given by the load requirements, to- which sum merely the
naturally finite slope of leading and trailing edge is added,
said slopes being determined by the driving stage.” There
are no waiting periods between pulses which must elapse
during a proper operation of the switch. core matrix,

Having now fully disclosed the salient element used in -
the present invention, examples of complete arrangements
thereof are being explained in the following with refer-
ence to FIGURES 3, 4a and 45.

In FIGURE 3, there are illustrated m lines and n rows
of a switch core matrix having pairs of cores Kyt Kyt
Kpo®, Ko™ L o Ko, Ko Koty Kop™ Kool Kool .
KaniIKan ool ey KmlI, K™ Ko, Kmatto Loy Kmn's

—_—

Every core is provided with a bias winding connected
to an appropriate voltage source similar to the winding
W, shown in FIGURE 1. Every core is further pro-
vided with a pickup winding corresponding to. the wind-
ing ‘W, shown in FIGURES 1z and 24. Pickup wind-
ings of corresponding cores are connected in series, as
shown with the windings W and W, as shown in FIG-
URE 2a. : ‘ .

FIGURE 3 shows n-m arrangements, are shown in FIG.
URE 2a.- Furthermore, there are provided n electronic
timing switches Sy, Sg . - . S,m, ‘adapted to turn on
and off the current in column excitation wires 31%, 311,
32%,-327; o, L 3,L 3 “respectively.  These -column
wires pass through the cores, as shown, and it is to be
understood that they have appropriate windings connected
in series to excite the said wires. Line wire 311, 321 , |, .
34" terminate at a common conductor 41 which is con-
nected 1o the negative terminal 46 of a voltage source via
an electronic time switch ST, while column wires 317,
32, L3 terminate at a comthon conductor 42
which is also connected to the negative términal 46 of the
said voltage source. Every one of the wires has inserted
a diode DzIIs Dzln, Dzzl, D, ... Dan, DanI, Iespec-
tively, ¥t will be appreciated that, for example, the wire
317 is connected in series with the diode Dyt and with the
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switch S%, and the wire 31 is connected in series with the
diode D™ and with the switch ST, while these two
series circuits are connected in parallel and are further
connected in series with the electronic switch S,, the latter
being connected to a positive terminal 47 of the voltage
sotrce via a conductor 43. ‘The cores K%, Ky to Kyt
are passed by a common row wire 515, cores Kyol, Kool,
to Kpo! are penetrated by a common row wire 52 and,
correspondingly, cores KjpI, Kot to Ky are penetrated
by a common wire 5,I. Cores formmg the in-between
rows are correspondingly penetrated by common wires.
Furthermore, cores Ky, Ko™ to Kpypy™* are penetrated
by a common row wire 51 connected to wire 51%; cores
Ko™, Koo't to K™ are penetrated by a common row
wire 52T which is connected to wire 521,

The cores of the following rows are penetrated by
common row wires which are, in turn, connected to the
corresponding wires penetrating the cores marked with
I Wires 51T, 52T to 5, are connected to a common
line 44 which, in turn, is connected to line 41 and to
switch SI  Correspondingly, the wires 51, 521 to
5, are connected to a common line 45 which, in turn,
is connected to line 42 and switch ST,

The wires 511, 51, 521, 52T to 5.% 5.1 are con-
nected in series thh dlodes Dy, DT, Dsz y, DgatL, t
Dyt DT, respectively.

Thus, the wire 517 is connected in series with the di-
ode DSI, said wire 51T being connected with the diode
D, and these two series circuits are connected in paral-
lel and are further connected to the positive terminal of
the voltage source via an electronic switch Sy. Cor-
respondmgly, the wire 52T with diode Dg;* is connected
in parallel to the wire 52U with diode Dy and both
are connected in series with the switch S, which, in
turn, is connected to the positlve terminal of the voltage
source. The other row wires are connected correspond-
mgly and, finally, wire 5,T with diode DI is connected
in parallel to the wire 5 I and the diode Dsnn, while
both are connected to the positive terminal via an elec-
tronic switch Sgy,.

It will be appreciated that there are two matrices of
cores which correspond to each other. Thus, core Kyy?
and KT, Ko and K1 . form pairs of switch cores
and the entire device becomes a double-core matrix ar-
rangement.

When, for example, the electronic column switch Sz,
is closed, column mz is selected and, furthermore, when
electronic switch Sy is closed, the second row is selected
and the core pair Ky,' and K™ may be energized.
This is caused by closing the switch ST for the time of
a positive current pulse and by closing the switch ST for
the time of a negative current pulse. Upon closing
switch ST, the switch ST is opened simultaneously. The
switches ST and S thus energize those cores which were
selected by any of the switches S,y to S,y and by
any one of the switches Sy fo Si. The diodes
avoid the excitation of the cores of group II dur-
ing the positive current pulse and the excitation of the
cores of group I during the negative current pulse via
shunt paths. Considering, for example, the case dis-
cussed above, wherein the switch Sy was closed for
selecting row 2, and wherein for the time of the positive
current pulse switch ST was closed. Thus, there was
flowing a current through the wire 52I. The switch S©
was still open, because no current is supposed to flow
through the wire 521 during the time of a positive pulse.
However, suppose diode Dyt were not there, a current
would flow from the positive terminal via closed switch
Sg2, wire 521, wire 51X, wire 515, line 44, closed switch
ST to the negative terminal. Similar parallel currents
could flow through all other wires of group II if the di-
odes were omitted. Thus, without diodes, there would
be a stromg excitation” of the cores in group I during
the time of a positive pulse even. if the sw1tch ST were
open.
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When, for example, the core pair Kpg' and Kot is

selected by closing the switches S,y and Sy, the switch

ST is closed for a first time interval and switch ST is

closed immediately thereafter for a second time interval

of a length equal to the first time interval. The cores
Kot and KyoI are energized thereby in a manmer ex-
plained with reference to FIGURES 24 to 2¢ and, upon
selection of any core pair, similar excitation will result

FIGURE 4q illustrates a modification of the device
shown in FIGURE 3. For the sake of facilitation, the
matrix shown has three columns and three rows, but it
is to be understood that this number is in no way a lim-
itation of the concept of the invention and any other
number of columns and rows may be used, whereby
the number of rows may not necessarily be equal to the
number of columns. Core pairs are shown in related

position and they are penetrated by common column

wires 61, 62 and 63.

There are three pairs of row wires 71, 711, 72, 7215
731, 731 and each wire pair penetrates each core of its as-
sociated row. However, the fluxes produced in each
core by different wires oppose one another, Diodes are
inserted only in the row wires because the diodes in
the column wire may be omitted. It is to be under-
stood that, in a given matrix, the designation rows and
columns is arbitrary. Thus, either the row diodes or,
the column diodes in FIGURE 3 may be omitted. The
arrangement of FIGURE 44 has the advantage over that
in FIGURE 3, that a compensation of the noise pulses
can be provided, said compensation being explained
more fully with reference to FIGURE 5.

The exact circuit of the windings for every one of the
core pairs is shown in FIGURE 4b. The cores are gen-
erally designated by Ky,* and Kmn in general Every
core has five windings Wiy 1%, Wig,of, Wi 3% 3 Wi, o8 Wiash
and Wiy 1™, Wi g%, Wi g, Wia, 411, Wm 55 respecuvely
Wi, i and Wm 111 are connected in series and to the volt-
age source via a switch Sy to produce a pre-magne’uza-
tion, shifting the two cores into the position of negative
remanence (point O in FIGURE 2b) The windings
Wit and Wy, 211 are also connected in series, but they
produce fluxes in the two cores of equal magnitude but
opposite to the fluxes produced by wmdmgs Wi, it and
Wy, T. These windings Wig oF and Wy o™ are inserted in
the column wire which would be de51gnated in FIGURE
4a with Gl controlled by switch S,;, wherein &k can be
an integer from: 1 to 3 and [ can also be any integer from
1to 3. The windings Wi 5T and Wy 5™ are connected in
series, but in such a manner that winding Wiy 3* produces
a flux of the same magnitude in the same direction of the
flux produced by winding Wi o', while winding Wy ¥
produces a flux of equal magnitude in the same direction
as the flux produced by winding Wy ;**. Upon closure
of switches Sg; and ST during a positive pulse, the pre-
magnetization of core Wy, by winding Wy ;¥ is compen-
sated to zero, while the pre-magnetization of core Ki,? by
winding Wy ;¥ is increased towards negative saturation.
If both switches S, and S,; are closed upon coincidence
of row and column for selecting core pair KT and Ky,
the magnetization of core Ky, I is reversed and shifted into
positive saturation. Thereby, a pulse is produced in an
output winding Wi, * and in its load Ly; which is an as-
sociated column or row wire of a storage matrix (not
shown. ) The fourth windings Wi ,f and Wiy 47 are con-
nected in paralle] but in such a manner, as to oppose the
fluxes produced by windings Wy o and Wiy 3™ Upon
a megative current pulse, switches Sy and S¥ are closed
and the core Ky I is shifted even more into negative
saturation. While -in the second core Kkln, the pre-
magnetization produced by winding Wy (& is cancelled
to zero. Switch S,y is still closed, thus, core Ky,! remains
negatively saturated. The magnetization of core Ky, is
shifted to positive saturation, whereby an output pulse is
produced in winding Wy ¥, connected in series with
winding Wyy,s'. Due to the direct series connection of
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the windings Wi oF and Wy 7, the noise pulses compen-
sate each other in the fifth windings, which are connected
to produce oppositely directed pulses. The noise pulses
occur, due to the slight slope of the saturation branches
of the hysteresis loop of half-way excited cones.

FIGURE $ illustrates how the noise pulses are can-
celled which pulses are produced by the half-way excited
cores of a switch core matrix in accordance with the in-
vention. ~ This figure shows the output windings of the
first row of the matrix shown in FIGURE 4aq, Wiy 5%
Wi s™, Wit Wars™, Warsl, Wi st Winding Wiy 5f
is the output wmdmg (the fifth wmdmg accordmg to the
circuit shown in FIGURE 4b), of core K;T and is
connected in series with windings W,y 5™ of core K4, in
- a manner also shown in FIGURE 4b. These two wind-
ings are connected with output inductance L;;. Accord-
ingly windings Wy 5T and Wy s of cores WmI and Wy, II
respectively ‘of FIGURE 4a are connected in series with
output inductance Lm Thus, windings Wiy 5* and Wiy, s
are connected in series with output inductance Ls. All
three series circuits are connected in parallel and they are
all connected in series with an inductance L;. The wind-
ings of the second and third row are connected corre-
spondingly and have series inductances L, and Lj;, re-
spectively.

Thus, in every one of the three rows of a matrix, the
series circuits of the output windings and the inductive
output ‘load of each of these circuits are connected in
" parallel and they are connected in series with a common
inductance. Lj, Ly, L3 - The latter compensation induc-
tances are designed in such a manner that, upon a current
pulse therethrough, the voltage drop produced - thereby
equals the disturbance pulse produced in any one of the
output windings of ‘any row when the cores, as described
above, are initially half-way excited.

The examples shown in FIGURES 4a, 45 and 5 il-
lustrate that the switch core matrix in accordance with
the present invention provides for a theoretically com-
plete cancellation of noise pulses. Even though in prac-
tice one can reduce the noise currents to a fraction of
their signal magnitude, the invention provides for a con-
siderable improvement along the same line as the possible
reduction of all the core columns, as outlined above.

I claim:

1. In a switch core matrix havmg intersecting column
and row conductors and having a core circuit at each
intersection of a column and ‘a ‘row, said core circuits
each comprising a pair of permeable cores each having
a substantially rectangular hysteresis loop, an output wind-
ing on each core of the pair and connected in series with
means for producing first a positive and thereafter a nega-
tive pulse in ‘a predominantly inductive load connected
thereacross; first and second exciter windings on each
core of the pair, one of the windings on each core being
excited by a column conductor and the other winding on
each core being excited by a row conductor; bias wind-
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mg means on each core normally biasing the cores of each
pair to saturation in opposition to the exciter direction
of both associated exciter windings, and switch means to
selectively excite one row conductor and one column con-
ductor in the matrix,

2. In a matrix core circuit. as set forth in claim 1,
one core of each pair having a different saturation flux
than the other core.

3. In a core matrix as set forth in claim 1, said switch
means - comprising selector switches selectmg the row
conductor and the column conductor to be excited, and

_exciter switch means successively energizing one core to

produce in the-output winding a pulse of one polarity and
then ' energizing the other core of the pair to produce
in its output wmdmg a pulse of the opposite polarity.

4. A core circuit to be inserted at each column and
row conductor intersection in a switch core matrix, com-
prising a first and a second core ‘each having a substan-
tially. rectangular hysteresis ‘loop, bias winding means
to pre-magnetize said first -and said second cores, first
exciter winding means connected to ‘a column conductor
to selectively magnetize said first and said second cores
in - opposition to 'said pre-magnetization, second exciter
winding means connected to.a row conductor to selec-
tively magnetize 'said first core in oppos1t10n to said pre-
magnetization and said second core in opposition to the
magnetization caused by said first exciter winding means,
third exciter winding ‘means actuated in positive relation-
ship with and immediately after operation of said sec-
ond ‘exciter winding means and adapted to magnetize said
first ‘core in opposition to said magnetization caused by
said first- exciter winding means and to magnetize said
second ‘core in  opposition to said pre-magnetization, an
inductive load, first -output winding means adapted to

-derive an output from- said first core, and second output

winding means connected in series with said first output
winding means through sad load and adapted to derive
an output from said second core, said output wmdmgs
producing successive positive and negative pulses in said
inductive load.

5. A switch core matrix including at each column and
row intersection a core circuit as set forth in claim 4, and
the output winding and load circuits of each core circuit
in-one conductor ‘being connected mutually in parallel
and the parallelly connected circuits being connected in
series wtih a common load inductance, the common load
inductance ‘being so proportioned that the voltage drop
caused by a current pulse in one of the output circuits
cancels the noise pulses from the other output circuit
associated with the same selected conductor.
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