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United States Patent Office 

3,134,909 
MAGNETIC CONTROL CRCUITS 

David E. Carlson, Hazlet, and Paul Maliery, Union, N.J., 
assignors to Bell Telephone Laboratories, incorporated, 
New York, N.Y., a corporation of New York 

Filed Aug. 5, 1959, Ser. No. 831,775 
11 Claims. (C. 307-88) 

This invention relates to electrical switching circuits 
and particularly to such circuits in which magnetic ele 
ments are employed to control the generation of output 
signals. 
The use of square loop magnetic elements, particu 

larly toroidal magnetic cores and the like, to serve as 
control devices for the switching of electrical signals is 
Well known in the electrical arts. The capability of such 
elements to remain in a particular condition of remanent 
magnetization to which driven by an applied magneto 
motive force has been widely exploited to realize various 
and numerous control circuits in which electrical signals 
are selectively switched. Thus, for example, logic cir 
cuits, access circuits, commutator circuits, and counter 
circuits, to name a few, all have been represented in the 
toroidal core circuitry. A departure from the well-known 
toroidal core element, and one with which many of the 
foregoing specific switching circuits may be more advan 
tageously achieved, is described by T. H. Crowley and 
U. F. Gianola in a copending application Serial No. 
732,549, filed May 2, 1958, now Patent No. 2,963,591 
issued December 6, 1960. A magnetic structure is there 
described having a general ladder-like configuration to 
present a plurality of legs connected at either end by a 
pair of side rails. 
The structure accordingly presents a plurality of flux 

limited flux paths and, in one embodiment, a flux induced 
in a leg at one end may be closed through any succeed 
ing leg or legs including the leg at the other end of the 
structure. In this manner, by coupling an output wind 
ing to the latter rung, an output signal may be generated 
Whenever all of the paths defined by the intermediate 
legs are blocked to the induced flux. In the embodiment 
described in the copending application referred to, a 
reset flux distribution is initially induced in the legs and 
side rails of the structure by means of reset windings 
linked to each possible flux path. A switching current 
pulse is subsequently applied only to an input winding 
coupled to an input end leg to induce a switching flux 
therein. By applying coincident holding currents to wind 
ings linking each possible intermediate flux closing paths, 
the Switching flux is steered to close through the last 
output leg of the structure to generate the aforementioned 
output signal. The holding currents maintain the flux 
in each of the possible intermediate closing paths in a 
remanent condition thereby effectively closing these paths 
to the closure of additional flux therethrough or to the 
closure of a switching flux. In the basic configuration 
described in the above copending application, only a 
single drive input is effective to cause a switching of flux 
in the output leg and thereby generate an output signal. 
A separate reset circuit energized after each switching 
operation is also required whether or not a proper com 
bination of holding currents was applied to achieve an 
output signal. This is necessary each time to prepare the 
flux distribution in the structure for a subsequent opera 
tion. 
A magnetic structure such as briefly described in the 

foregoing may, according to the principles of the present 
invention, be advantageously adapted to perform coinci 
dent drive switching functions which in the past have 
been performed by toroidal magentic cores. Arrange 
ments for performing such coincident drive functions in 
which the latter cores are utilized have laid considerable 
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stress on the maintaining of the partial switching cur 
rents within critical limits. Frequently any variation in 
such currents may cause an unselected core to switch or 
prevent a selected core from switching. The problems 
presented by the necessarily narrow margins of the par 
tial currents making up the total switching drive in many 
cases limit the number of such coincident currents for 
practical purposes to two. Thus, a greater flexibility in 
the number of coincident drive currents and the sequence 
of their application has hitherto been obtainable only 
at the cost of more complicated and expensive external 
current supply circuitry. 
An object of the present invention is to provide a new 

and novel switching circuit in which an output may be 
generated by means of applied coincident drive currents 
without regard to the number of the individual coincident 
currents making up the total drive without adding to the 
cost or complexity of external current sources. 
Another object of this invention is to accomplish a 

Switching operation in a magnetic control structure by 
means of a particular combination of applied coincident 
currents without regard to previous switching operations 
performed by other combinations of coincident currents. 

Still another object of this invention is to provide a 
magnetic control device in which both a switching and 
a reset operation may be performed under the control of 
applied coincident energizing currents. 
A still further object of this invention is to provide 

a new and novel magnetic flux-control switching device. 
The foregoing and other objects of this invention are 

achieved in one specific illustrative embodiment thereof 
comprising a ladder-like magnetic structure in which a 
pair of side rails connect at either ends a plurality of 
transverse rungs or legs. The structure is advantageously 
fabricated in a unitary construction of any magnetic 
material well known in the art displaying substantially 
rectangular hysteresis characteristics. The various ele 
ments of the structure are organized in accordance with 
the known magnetic principle that an induced flux will 
be closed through an available path offering the least 
reluctance. In this connection, flux closure paths be 
tween what may be designated as switching legs of the 
structure need be maintained in no particular uniformity 
in length. A path between a last of the switching legs 
and an output leg is, however, in one embodiment, made 
substantially longer than the longest flux path existing 
between the switching legs to permit a flux preference be 
tween paths of different reluctances. A structure having 
a pluraltiy of apertures therein with one aperture substan 
tially larger than the sum of the other apertures thus 
results. 

According to one feature of this invention a plurality 
of input drive circuits are provided. A first input circuit 
including a source of current pulses is connected to a 
drive winding coupled to the first leg of the structure 
alone. Each of succeeding pairs of the switching legs 
has other drive windings coupled thereto, each of the 
pairs of drive windings so resulting being connected re 
spectively to other sources of current pulses. The drive 
windings are coupled to the switching legs in particular 
senses such that a current pulse on each collectively is 
required to cause a flux closure around the longest path 
including the output leg. 
Thus it is another feature of this invention that the 

combination of drive windings are so wound on the 
switching legs that no combinations of drive inputs less 
than or different from the particular proper combina 
tion, which former combinations may have been applied 
to the drive windings during preceding operations, will 
prevent the generating of an output signal when the prop 
er combination of input drives is in fact applied. No 
reset phase of operation is thus required before an out 
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put signal is generated and the circuit is always in readi 
ness during a switching phase for the introduction there 
in of the proper combination and character of input drive 
CurrentS. 
. It is another feature of this invention that, when an 
output signal has been generated responsive to the ap 
plication of the proper combination of input drive cur 
rents, reset may be accomplished in the same combina 
torial manner with another usable output signal being 
produced during this phase. Except for one of the 
switching legs of the structure, input drive currents of 
the same polarity may be advantageously employed 
during the combinatorial reset phase of operation as 
were applied during the switching phase. In the specific 
embodiment being generally described, the reset flux redis 
tribution results from the application to the input drive 
winding of the first leg of the structure of a coincident 
current pulse of a polarity opposite to that applied to 
generate an initial output signal. Means for providing 
currents of opposite polarity at different times may con 
veniently be connected to the same input drive winding 
of the first switching leg. 
A coincident drive magnetic flux control device ac 

cording to the principles of this invention may advan 
tageously find employment in the access circuitry of 
conventional magnetic core or memory wire information 
storage matrices. The substantially wider drive current 
margins permissible with the present invention and the 
generation of a usable output signal during both a switch 
ing and a reset phase of operation will be appreciated as 
ideally adapting the present control structure for use in 
connection with coordinate memory arrays, for exam 
ple. In such coordinate arrays drive currents of oppo 
site polarities are required to energize a particular infor 
mation address for writing and interrogation. Thus, the 
output signals generated during the two phases of op 
eration may advantageously be utilized as such write and 
interrogation currents generally required in such mem 
ory arrays. 

This invention together with the foregoing objects and 
features and other advantageous adaptations will be bet 
ter understood from a consideration of the detailed de 
scription thereof which follows when taken in conjunc 
tion with the accompanying drawing in which: 

FIG. 1 is a schematic presentation of one specific il 
lustrative embodiment of this invention; and 

FIG. 2 is a flux comparison table showing the dis 
tribution and direction of flux in the legs of a core struc 
ture according to this invention at various operative 
stages. 
As depicted in FIG. 1, an illustrative embodiment of 

this invention comprises as its basic control means a 
magnetic core structure 10 of a material having sub 
stantially rectangular hysteresis characteristics. Mag 
netic materials such as the ferrites displaying these char 
acteristics are well known in the art. The core structure 
i0 is formed to present a pair of side rails 11 and 12 
which connect therebetween a plurality of transverse 
switching legs 3, 14a, 14b, 15a, and 15b. An output 
leg 16 is also thus connected by the side rails 11 and 
12 at an output end of the structure 10. The switching 
legs are separated from each other to form a plurality 
of apertures in the structure 10. The output leg 16 is 
spaced at a greater distance from the last of the switch 
ing legs 15b than that separating the latter switching leg 
1.5b from the first switching leg 13 to form a single, 
large aperture in the structure 10 for reasons which will 
appear hereinafter. The minimum cross-sectional areas 
of the side rails 11 and 12 and the switching legs and 
output leg are maintained substantially equal for flux 
limiting purposes. 
An input drive winding 17, connected at one end to 

a ground bus 18, is coupled to the first of the switching 
legs 13. A pair of serially connected input drive wind 
ings 19a and 19b are coupled respectively to the switch 
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4. 
ing legs 14a and 14b, the drive winding 19b being con 
nected at one end to the ground bus 18. Another pair 
of serially connected input drive windings 20a and 20b 
are coupled respectively to the switching legs 15a and 
15b, the drive winding 20b also being connected at one 
end to the ground bus 18. An output winding 22 also 
connected at one end to the ground bus 18 is coupled 
to the output leg 16. 
The other end of the input drive winding 17 is con 

nected to an A source of drive currents 23 and the other 
ends of each of the drive windings 19a and 20a are con 
nected respectively to similar B and C sources 24 and 
25. The drive current sources 23, 24, and 25 may each 
comprise circuits well-known in the art capable, in the 
present embodiment, of delivering positive current pulses 
under the selective control of the system in which the 
present invention is adapted for use. As will become 
evident hereinafter, the magnitudes of the positive cur 
rent pulses produced have only a lower limit and com 
plete uniformity of output current values is thus not re 
quired of the drive current sources. 
The other end of the input drive winding 17 is also 

connected to an A reset source of drive currents 27. 
The latter current source may also comprise a circuit of 
the character well-known in the art capable of deliver 
ing, in this case, a negative current pulse during a reset 
phase of operation also under the selective control of a 
parent system. 'The magnitude of the latter current pulse 
also has only a lower absolute limit for its contribution 
to a resetting operation. Connected to the other end of 
the output winding 22 is a utilization circuit 28 which 
may also comprise a part of the system with which the 
embodiment being described may be adapted for use. 
An exemplary and highly advantageous application of 
the circuit of the present invention is its employment as 
an access switch for conventional toroidal magnetic 
core or memory wire storage arrays. Since the details 
of particular utilization circuits 28 do not properly con 
stitute a part of this invention, they are not specifically 
shown in the drawing. However, in order to facilitate 
an understanding of illustrative operations of this in 
vention such an application may be briefly, described. 
One possible mode of operation in connection with stor 
age arrays in which this invention may be employed is 
to supply the write and interrogation pulses to energiz 
ing conductors of a memory array. The utilization 
circuit 28 could, in such an adaptation comprise, for 
example, an energizing solenoid coupled to magnetic 
wire memory elements of a storage array such as is de 
scribed in the copending application of D. C. Weller, 
Serial No. 791,230, filed February 4, 1959, now Patent 
No. 3,000,004 issued September 12, 1961. Each of the 
energizing solenoids of such a storage array would then 
be directly coupled to an output leg 16 of a core struc 
ture 0. In order to effect a selective. generation of an 
output signal for any particular one of such solenoids, 
the core structures 10 according to this invention may 
be organized in groups and subgroups in a well-known 
manner. A, B, and C drive inputs may then be multi 
plied to individual core structures 10 so that the coin 
cidence of inputs within any one group can occur at only 
a single core structure 10 at one time. With the fore 
going organization of the details of an illustrative em 
bodiment together with an exemplary adaptation as an 
access switch to a memory array in mind, illustrative 
operations of this invention may now be described with 
particular reference to the flux comparison chart of 
FIG. 2. 
For purpose of describing, such operations, it will be 

assumed that during a prior reset phase of operation, 
a flux distribution was induced in the switching and out 
put legs of the structure 10 as indicated by the double 
arrows in each of these legs in FIG. 1. Each arrow is 
representative of one-half the total flux value capable 
of being closed through a leg. The direction of the 
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arrows in each case represents the polarity of the flux 
which may be understood as being completed through 
the side rails 11 and 12. The initial reset flux alignment 
in the legs is represented in FIG. 2 by the flux-represen 
tative arrows of row I. At this point, it may be recalled 
that the minimum cross-sectional area of each of the 
side rails 11 and 12 and of each of the switching and 
output legs was determined to be substantially equal. As 
a result, each of the possible closure paths for the flux 
induced during any phase of operation is flux-limited. 
Accordingly, when such a path is once saturated no more 
flux can be closed therethrough and the path is effec 
tively blocked to the passage of any additional fiux of the 
same polarity. Since each of the possible paths is equal 
ly flux-limited, a positive control of flux closure in its 
redistribution during operative phases of the circuit is 
advantageously provided. 

Initially it may be determined from an inspection of 
FIG. 1 that the energization of any one of the A, B, or 
C drive sources alone will be ineffective to cause a change 
in direction of flux in the output leg 16 of the core struc 
ture 10. This will be appreciated bearing in mind the 
known magnetic principle that an induced flux will be 
completed through a path which offers the least reluc 
tance-in this case, the shortest available path. Thus, 
the sense of the drive winding 17 is such that when a 
positive drive pulse 30 is applied alone from the A drive 
source 23, a magnetomotive force will be induced in a 
direction such as to switch the flux in the switching leg 
13. The switching flux readily finds closure through 
the nearest available path by switching the flux in the 
adjacent switching leg 14a, leaving the flux in the re 
maining legs including the output leg 16 undisturbed. 
The sense of each of the drive windings 9a, 19b, 20a, 
and 20b is such that when a positive current pulse 31 
or 32 is applied from either of the B or C drive Sources 
24 or 25, respectively, magnetomotive forces are de 
veloped which merely tend to drive the flux in the cou 
pled switching legs in the direction in which the flux is 
already saturated. The only effect in either of the lat 
ter cases is that the flux is driven further into Satura 
tion or “shuttled.' Only in the case of an isolated 
energization of the C drive source 25 will any preceptible 
effect be caused in the core structure 10. Since the drive 
winding 20b energized by the C drive source is linked 
to the flux closed through the output leg 16, the shuttling 
of the flux in the latter leg will induce an ineffective 
shuttle signal in the output winding 22. The flux di 
rections in the various legs of the structure 10 after iso 
lated energization of the A drive source 23 is depicted 
in row II of FIG. 2 by the directional arrows, the pos 
itive switching drive pulse input being designated As to 
distinguish it from a negative reset drive pulse input A 
to be described. The arrows 35 through 38 depict the 
only flux change occurring as a result of the isolated 
A drive. 

Further operations of this invention may convenient 
ly be described within the context of the energization 
programming of the A, B, and C drive sources necessary 
to accomplish the selection and pulsing of a magnetic 
wire memory energizing solenoid such as is shown in 
the disclosure of Weller referred to. The representa 
tive operations described in this connection will also pro 
vide an understanding of other and more generalized 
combinations of operations possible with this invention. 
In order to select by means of three coincident currents 
one of a plurality of switching structures 10 which struc 
tures may be grouped as suggested above and which may 
share multiplied drive windings, each of such core struc 
tures 10 will have at least one drive applied thereto. A 
group of the structures 10, including the one selected, 
will have at least two drives applied thereto, and the se 
lected structure 10 will have a coincidence of all of the 
applied drives. For purposes of description this se 
quence of drives may be taken as the A, B, and C drives 
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6 
in that order. Thus, for any selection operation, each 
switching structure 10 of a group will have an A drive 
applied thereto, some structures of a group will have 
an A and B drive applied, and a selected switching struc 
ture 10 within a group will have the coincidence of the 
A, B, and C drives applied thereto. In a sequential Se 
lection of particular switching structures 10 in the con 
text assumed, the coincidence of the applied A, B, and 
C drives follows the coincidence of an applied A and 
B drive. The latter coincidence follows upon the single 
application of an A drive. 
The effect of the applied single drive A on the flux of 

a structure 10 in a first of a sequence of selection steps 
has already been demonstrated above. In the next suc 
ceeding selection step, the coincidence of only the A 
and B drives will be described. Considering first the A 
drive, it will be seen from an inspection of FIG. 1 that 
the application of the positive current pulse 30 to the 
drive winding 17 need merely drive the flux in the switch 
ing leg 3 further into saturation in the direction in which 
the preceding isolated A drive has already driven it. The 
simultaneously energized B drive source 24 applies a posi 
tive current pulse 31 to the drive windings 19a and 19b. 
The latter pulse generates a magnetomotive force in the 
switching leg 14b which also need merely drive the flux 
therein further into saturation. The latter flux may be 
understood as initially having been closed through the 
leg 5a. The magnetomotive force generated by the 
pulse 31 in the drive winding 19a, however, opposes the 
flux already in the leg 4a, and accordingly applies a 
switching force against the latter flux. The saturation 
fluxes in the legs 3 and 14b, however, have pre-empted 
closure paths in the flux-limited structure such that the 
flux in each may be understood as closing through the 
other. The net effect of the A and B drives thus is to 
reduce the flux in the leg 4a to a magnetic neutrality 
which is represented in row III by the flux change of the 
arrow 39. Consistent with the foregoing theoretic explar 
nation of the internal flux behavior of the structure 10, 
no flux is now closed through the switching leg 15a, 
which change of condition is represented in row III of 
FIG. 2 by the arrow 40 as the reversal of part of the 
flux to leave the leg 5a magnetically neutral. The co 
incidence of an A and B drive following an isolated A 
drive thus leaves the flux in the output leg 16 undisturbed. 
Both of the flux values in either of the legs i5b and 16 
may be understood as being closed through the other leg. 
The final possibility during a selection sequence in 

connection with the illustrative memory array assumed 
is the coincident application of each of the A, B, and C 
drives following the coincidence of an A and B drive. At 
this time each of the sources 23, 24, and 25 will be ener 
gized and the positive drive current pulses 30, 31, and 
32 applied to the drive windings 7, 19a and 19b, and 
20a and 20b, respectively. The application of the drive 
pulses 30 and 31 will have no effect on the legs 3, 14a, 
and 14b except to drive the flux in the legs 13 and 14b 
further into saturation and prevent any flux changes in 
those legs as a result of the B drive in other parts of the 
structure 10. The flux distribution controlled by the pulses 
30 and 3 accordingly remains unchanged as is indicated 
in row IV of FIG. 2. The positive drive pulse 32 applied 
to the drive windings from the C drive source 25 de 
velops a magnetomotive force in the winding 20b which 
need merely drive the flux in the leg 15b further into 
saturation. The force developed in the winding 29a, 
however, is in a direction such as to cause a partial flux 
switching in the leg 15a which change is represented in 
row IV of FIG. 2 by the arrow 41. The flux in the leg 
5b originally closed through the output leg 6 now closes, 

as a result of the magnetomotive force being applied to 
the leg 15a and the shorter path presented, through the 
leg 5a. A flux change accordingly results in the output 
leg 6 as that leg is reduced to magnetic neutrality to 
induce an output signal in the coupled output winding 
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22. This flux change is represented in row IV of FIG. 2 
by the arrow 42. 

In the foregoing sequence of application of the combi 
nations of A, B, and C drives described, the physical iso 
lation of the output leg 16 from the last of the Switching 
legs 15b advantageously tends to reduce the transmission 
of "noise' flux changes to the output leg and, therefore 
the generation of noise signals. Insofar as the foregoing 
particular illustrative sequence of drives is concerned, 
the circuit of FIG. 1 would have operated as effectively 
had the output leg 16 been generally equally spaced with 
the switching legs 13, 14a, etc. However, in a more gen 
eralized situation in which any isolated drive or combi 
nation of drives may follow a particular switching opera 
tion, the disparity in the lengths of the flux loops is neceS 
sitated. Thus, a switching situation may be demonstrated 
in the manner employed in connection with the illustrative 
operations described, in which a switching flux in the 
switching leg 15b has two possible closure paths available 
thereto: either through the output leg 16 or the farthest 
removed switching leg 3. In order to insure that no 
flux change will prematurely occur in the output leg 6 
in such an event, a preferential path is presented through 
the switching leg 13 due to the lower reluctance offered as 
a result of its shorter length. 
The foregoing theoretic explanation of the internal flux 

behavior has thus been provided to demonstrate the com 
plete isolation of the output leg 16 during the applica 
tion of any combinations of the A, B, and C drives ex 
cept the coincidence of all three. On the basis of the 
same or any other explanation, the flux-limited restric 
tions of the structure 16 and the physical isolation of the 
output leg 16 will permit only the coincidence of the de 
scribed input drives to cause the generation of an output 
signal. It is, of course, to be understood that this in 
vention is not to be limited to the particular sequence 
or combinations of drives described above. The pre 
vious flux switching history of the structure 0 prior to 
the application of a coincidence of drives will have no 
bearing on whether or not an output signal is produced 
when a coincidence of all three drives does occur. The 
particular flux distribution resulting from a previous in 
complete switching operation, merely determines which 
of the three input drives is the one which in fact causes 
the flux change in the output leg i6 to produce an output 
signal. 
The polarity of the output signal generated as the result 

of a completed switching operation as described above, 
may obviously be determined by the sense of the output 
winding 22. This output signal may advantageously be 
employed as a write signal in connection with the mem 
ory array context suggested hereinbefore. A signal of 
opposite polarity is then generally required to accomplish 
the interrogation of an associated memory. The latter 
signal may advantageously be provided as the result of 
a completed reset operation, which operation may now 
be described also with reference to the flux distribution 
table of FIG. 2. The reset operation is performed in a 
manner similar to that described for the switching phase 
with the exception that an A reset drive source 27 supply 
ing a negative reset drive current pulse 33 is provided. 
For the B and C reset drives, the same sources 24 and 
25 may advantageously be utilized. Each of the drive 
windings thus performs a dual function-as drive wind 
ings during the switching phase and as reset drive wind 
ings during the reset phase. At the initiation of a reset 
phase the flux distribution as symbolized in row IV of the 
flux table of FIG. 2 will be assumed. In the reset phase, 
an illustrative sequence of inputs also organized in con 
nection with the selection of a particular energizing sole 
noid of a memory array will be further assumed. Thus, 
the sequence of inputs of a structure 10 during the reset 
phase will also be: A alone, the coincidence of Ar, and 
B, and finally the full coincidence of the A, B, and C 
reset drives to produce an output signal. 
During an isolated. A drive input, the application of the 
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negative reset drive signal 33 to the winding 17 generates 
a magnetomotive force in a direction to switch the flux 
in the switching leg 13. Since no other drives are being 
applied at this time closure of this Switching flux may 
be had through the nearest leg which is the leg 4a. Since 
the latter leg was in a neutral magnetic condition as a 
result of the previous switching operation, a partial flux 
switching occurs therein. The flux changes thus result 
ing are represented by the directional arrows 43, 44, and 
45 in row V of FIG. 2. Since the flux in the leg 13 
initially closed through the longer path including the leg 
E4b, the latter leg is now left effectively unmagnetized, 
which flux change may be understood as the reversal of 
one of the flux values in that leg and represented in row 
V by the reversed arrow 46. Since no other drives are 
being applied no further flux changes occur at this time 
and the flux in the remaining legs 15a, 3b, and the out 
put leg 16 remain undisturbed. No signal as a result, is 
generated in the output winding 22. By inspection of 
the table of FIG. 2, bearing in mind the polarity of the 
reset drive input pulse 3 and the sense of the windings 
19a and 19b, it may readily be determined that an iso 
lated B reset drive will cause a partial switch of flux in 
the leg 4a to induce a saturation flux in that leg which 
closes through the adjacent, also driven, leg 14b. The 
leg 13 would then be left in a magnetically neutral con 
dition. More importantly, the flux closure through the 
legs 15a and 15b is left undisturbed and no flux change 
is caused in the output leg 16. In a similar manner, it 
may be shown that an isolated C reset drive at this time 
merely has the effect of driving the flux in the legs 15a 
and i5b further into saturation, again without disturbing 
the magnetic neutrality of the output leg 6. 
The next possible input combination to be considered 

after the isolated A reset drive input, is the coincidence 
of the A and B drives. The A drive pulse 33 will 
act to drive the flux in the leg 13 further into saturation, 
its closure being unaffected because of the direction of 
the drive simultaneously being applied by the reset drive 
pulse 3: on the switching leg 14a. The A and B reset 
drives thus for one thing insure the maintenance of the 
latter flux closure loop. The simultaneous magnetomo 
tive force being applied through the drive winding 19b 
on the leg 14b, however, induces a saturation flux in the 
latter leg which, because of the low reluctance path 
offered, closes through the leg iSa in the direction such 
as to link with the remanent flux already in that leg. The 
resulting flux change in the leg 44b is represented by the 
reversed arrow 47 in row VI of FIG. 2. Since the rema 
nent flux in the leg 15a now no longer closes through 
the switching leg 15b, the latter leg is rendered mag 
netically neutral. The latter fiux change is represented 
by the reversed arrow 48 in row VI of FIG. 2. The flux 
in the output leg 16 is, as a result of the coincidence of 

- the A and B drives alone, again left undisturbed and no 
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output signal is generated. 
Following the reset selection step in which the input 

drives A and B are applied to a structure 0 of this in 
vention, an access sequence of an illustrative memory array 
provides for the next different combination of inputs to 
constitute the coincidence of all three of the A, B, and 
C reset drives. Thus at this time the pulses 33, 31, and 
32 are coincidentally applied to the drive windings 17, 
19a and 19b, and 26a and 20b. Since the remanent fluxes 
in the legs 13, 14a, and 14b controlled by the A and B 
drives are already in the direction of the latter drives, 
only an excursion further into saturation in these legs 
occurs without a directional change in flux. The effect 
of the C drive on the flux in the leg 15a is similarly to 
drive it further into saturation without a directional 
change. The C drive simultaneously being applied to 
the switching leg 15b, however, induces a saturation flux 
in the latter magnetically neutral leg, which flux finds a 
closure path through the also magnetically neutral output 
leg 16. Accordingly, a partial flux change occurs in each 
of the latter legs and an output signal is induced in the 
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output winding 22 coupled to the output leg 16. The latter 
flux changes are represented by the reversed arrows 49 and 
50, respectively, in row VII of the table of FIG. 2. The 
flux distribution in the core structure 10 after a reset 
phase of operation as described and as shown in row VII 
of FIG. 2, is seen to accord precisely with the reset flux 
distribution initially assumed prior to a switching phase 
and as shown in row I of FIG. 2. 
The output signal generated as a result of a completed 

reset phase of operation is seen to be opposite in polarity 
to the output signal generated during a switching phase. 
Assuming that the sense of the output winding 22 re 
mains the same, this becomes clear from the different di 
rections of the flux change in the output leg 16 in the 
two operative phases. The output signal generated dur 
ing a reset phase accordingly may advantageously com 
prise an interrogation pulse for an energizing solenoid 
of a memory array of the character suggested herein 
before for which the output signal generated during the 
switching phase comprised the write pulse. 

Combinations other than and sequences different from 
the combinations and sequences of the input drives de 
scribed in the foregoing may also be applied to a struc 
ture 10 according to this invention during either a switch 
ing or a reset phase of operation. In each case, how 
ever, it may be demonstrated in a maner similar to that 
of the illustrative combinations and sequences selected, 
that the coincidence of the A, B, and C drives and only 
that combination of drives will cause an output signal to 
be generated, and that regardless of the previous switch 
ing history of the core structure 10. In each case the dis 
tribution of the drive windings and the physical isola 
tion of the output leg from the switching legs prevents 
any flux change in the output leg unless the proper coin 
cidence of input drives is applied. It is further to be 
understood that, although the core structure 18 of the 
illustrative embodiment of this invention of FIG. 1 is 
shown as providing for three drives, the structure 10 may 
also be formed so as to make a coincident operation with 
any desired number of drives possible. It is only neces 
Sary to add a pair of switching legs for each coincident 
drive to be added while maintaining the disparity be 
tween the spacing of the Switching legs and the spacing 
between the last of the latter legs and the output leg. The 
principles of operation and control of the flux distribu 
tion are the same in any case. 
The organization and operation of a novel coincident 

drive magnetic switching element has thus been described 
which element lends itself advantageously as an access 
circuit element for magnetic memory arrays. As such, 
a usable output signal is achieved as the result of both 
a switching and a reset phase of operation, both of which 
latter operations may be selectively performed by a re 
quired coincidence of input drive current pulses. As 
long as the input drive currents exceed the minimum 
value necessary to accomplish a flux switching in the 
legs of the structure 16, a wide variation in the coinci 
dent drive currents is permissible and still insures a suc 
cessful switching or reset operation. 
What has been described is considered to be only one 

illustrative embodiment of this invention. Accordingly, 
it is to be understood that various and numerous other 
arrangements and adaptations other than the ones spe 
cifically described may be devised by one skilled in the 
art without departing from the spirit and scope of this 
invention. 
What is claimed is: 
1. An electrical control circuit comprising a magnetic 

structure of a material having a substantially rectangular 
hysteresis characteristic, said structure presenting a pair 
of side rails having a plurality of discrete flux switching 
legs therebetween, said side rails and said switching legs 
having substantially equal minimum cross-sectional areas, 
a first drive circuit including a first source of drive pulses 
and a drive winding coupled to a first one of said flux 
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switching legs in one sense, a second drive circuit in 
cluding a second source of drive pulses and further in 
cluding only a drive winding coupled to a second one of 
said flux switching legs in said one sense and a drive 
winding coupled to a third one of said flux switching 
legs in the opposite sense; a third drive circuit including 
a third source of drive pulses and further including only 
a drive winding coupled to a fourth one of said flux 
switching legs in said one sense and a drive winding 
coupled to a fifth one of said flux switching legs in said 
opposite sense; an output flux leg between said side rails 
also having a cross-sectional area substantially equal to 
the cross-sectional areas of said side rails and said Switch 
ing legs, and an output winding coupled to said output 
leg. 

2. An electrical control circuit according to claim 1 
also comprising a reset drive circuit means including a 
source of reset pulses and said drive winding coupled to 
said first one of said switching legs. 

3. An electrical control circuit according to claim 2 
in which said output flux leg is spaced farther from the 
switching leg nearest said output flux leg than said last 
mentioned switching leg is spaced from the switching leg 
farthest from said output flux leg. 

4. An electrical control circuit comprising a plurality 
of separate flux switching elements and an output flux 
element, means for completing flux paths between each 
of said plurality of flux switching elements and said out 
put flux element, said last-mentioned means, said switch 
ing elements, and said output flux element being so di 
mensioned in cross-sectional areas to have substantially 
the same flux carrying capacities, said output flux ele 
ent being spaced from the nearest of said switching 

elements such that the flux path through said output flux 
element and said last-mentioned switching element is 
longer than the longest path between any of said switch 
ing elements, each of said plurality of flux switching ele 
ments and said output flux element being of a material 
having substantially rectangular hysteresis characteristics, 
control means in a first phase of operation comprising a 
plurality of drive circuits each including a first source of 
drive pulses, a first of said drive circuits also including 
a drive winding coupled to a first one of said switching 
elements in one sense, each of the remaining ones of said 
drive circuits also including a drive winding coupled to 
another of said switching elements in said one sense 
and further including only a drive winding coupled to a 
succeeding switching element in the opposite sense; and 
an output winding coupled to said output flux element. 

5. An electrical circuit according to claim 4 also com 
prising control means in a second phase of operation 
comprising a second source of drive pulses connected to 
said drive winding coupled to said first one of said switch 
ing elements and said last-mentioned control means also 
comprising each of said remaining ones of said drive 
circuits. 

6. An electrical control circuit comprising a magnetic 
structure of a material having a substantially rectangular 
hysteresis characteristic, said structure having a plurality 
of apertures therein to define a plurality of switching flux 
legs and an aperture therein larger than the sum of said 
aforementioned apertures to define an output flux leg, 
said structure and said apertures being so dimensioned 
such that all of the flux paths defined in said structure 
have substantially the same flux carrying capacities, 
means for causing a flux change in said output flux leg 
in one direction comprising a first drive circuit including 
a drive winding coupled to one of said switching flux 
legs in one sense, a plurality of other drive circuits each 
including a pair of drive windings coupled only to re 
spective ones of succeeding pairs of said switching legs 
in opposite senses, and means for coincidentally applying 
drive pulses of one polarity to each of said drive circuits; 
and an output winding coupled to said output leg ener 
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gized responsive to a flux change in said one direction 
for generating an output signal. 

7. An electrical control circuit according to claim 6 
also comprising means for causing a flux change in said 
output leg in the opposite direction comprising said 
means for coincidentally applying said drive pulses of 
said one polarity to each of said plurality of other drive 
circuits and means for coincidentally applying a drive 
pulse of the opposite polarity to said first drive circuit, 
said output winding being energized responsive to a 
change in said opposite direction for generating an out 
put signal of another polarity. 

8. An electrical control circuit comprising a magnetic 
structure of a material having substantially rectangular 
hysteresis characteristics, said structure presenting a pair 
of side rails having a plurality of transverse switching 
legs and an output leg therebetween, said side rails, said 
switching legs, and said output leg having substantially 
equal minimum cross-sectional areas, said Switching legs 
forming a plurality of first apertures therein and said 
output leg forming a second aperture therein having an 
area substantially larger than the sum of the areas of 
said first apertures, a first of said switching legs having 
a drive winding coupled thereto in one sense, each of 
the remaining of said switching legs having a drive wind 
ing coupled thereto in alternating senses, an output wind 
ing coupled to said output leg, means including a first 
pulse source for applying a drive pulse of one polarity 
to said drive winding coupled to said first of said switch 
ing legs in one phase of operation, a plurality of means 
each also including a first pulse source for applying a 
drive pulse of said one polarity to only pairs of the re 
maining drive windings of one and the opposite sense, 
also in said one phase of operation, and means including 
a second pulse source for applying a drive pulse of the 
opposite polarity to said drive winding coupled to said 
first of said switching legs in a subsequent phase of op 
eration. 

9. A coincident drive device comprising a magnetic 
structure presenting a first, second, and third discrete flux 
switching leg and a discrete flux output leg, said structure 
being of a material displaying substantially rectangular 
hysteresis characteristics and being so dimensioned that 
all of the flux paths defined in said structure have substan 
tially the same flux carrying capacities, a first drive wind 
ing coupled to said first switching leg in one sense, a 
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second drive winding coupled to said second switching 
leg is said one sense, a third drive winding coupled to 
said third switching leg in the opposite sense, first con 
trol means operative in one phase of operation compris 
ing a first drive circuit including a first source of drive 
pulses of one polarity and said first drive winding, and a 
second drive circuit including a second source of drive 
pulses of said one polarity and only said second and third 
drive windings; and an output winding coupied to said 
output leg. 

10. A coincident drive device according to claim 9 
also comprising a second control means operative in a 
Subsequent phase of operation comprising said second 
drive circuit and a third drive circuit including a third 
Source of drive pulses of the opposite polarity and said 
first drive winding. 

11. A magnetic control circuit comprising a magnetic 
structure capable of assuming stable magnetic remanence 
states, said structure having a plurality of first apertures 
therein defining a plurality of switching legs and a single 
Second aperture therein having an area larger than the 
Sum of the areas of said first apertures defining an output 
leg, each of said Switching legs, said output leg and con 
nective portions of said structure being flux limited to 
the same flux magnitude, a plurality of drive windings 
coupled to said switching legs, said drive windings being 
interconnected in predetermined combinations and senses, 
means for selectively energizing said drive windings to 
induce magnetic fluxes in said coupled switching legs, 
said combinations and senses being such that a flux in 
duced in any switching leg is closed through another 
SWitching leg when said drive windings are energized 
Separately and cause a flux change in at least said output 
leg when said drive windings are energized coincidentally, 
and an output winding coupled to said output leg ener 
gized responsive to flux changes therein for generating 
an output signal. 
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