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My invention relates to an electromagnetic alternating 
current switching device. More particularly my inven 
tion relates to such a switching device which may be se 
lectively controlled to on and off states in accordance 
with the polarity of direct current control signals supplied 
thereto and which also, if each such control signal com 
prises a pulse of direct current, has provisions for retain 
ing a memory of the state to which the device was last 
controlled. 

In an alternating current switching system it is Sone 
times necessary to provide means to insure that, should 
the alternating current supply be cut off to the System or 
to some component of the system, there is no loss of in 
structions stored in the system or that component of it. 
In order to achieve this it is necessary to employ a Switch 
ing device whose state, after the alternating current has 
been restored, is a function of the last control signal fed 
to it, regardless of when this control signal is received in 
relation to the period of supply failure. 

It is an object of the present invention to provide an 
improved switching device which will fulfil the above 
function. 

In accomplishing the above object of my invention I 
employ a switching device including a magnetic core 
which is provided with an alternating current winding ar 
rangement, the core being incorporated into the magnetic 
circuits of a permanent magnet, and the magnetic circuits 
of an electromagnet which is arranged to be energized by 
a direct current control signal, and the device being so 
arranged that the inductance of the alternating current 
winding arrangement may be switched between two values 
by reversing the polarity of the control signal. A memory 
of the switching is maintained when the control signal is 
removed by means of remanent magnetism present in the 
magnetic circuit of the switching device. 
Other objects and characteristic features of my inven 

tion will become apparent as the description proceeds. 
In the accompanying drawings: 
FIG. 1 represents diagrammatically a Switching device 

having a core arranged according to the present invention, 
and 

FIG. 2 shows the magnetization curve of the core of 
the device of FIG. 1. 

In carrying the invention into effect, according to one 
convenient mode by way of example, a switching device 
as shown in FIG. 1 includes a rectangular four-limbed 
core C constructed from laminations of a high permea 
bility material, such as a nickel-iron alloy, carrying wind 
ings W1 and W2 wound upon two opposed limbs L1 and 
L2, respectively. A load LD is connected in series with 
windings Wii and W2 which are also connected in series 
with each other so as to produce series aiding fuxes in 
core C when a Source of alternating current has its ter 
minals connected across terminals 6 and 7 as shown in 
FIG. 1. 

5 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

current as shown in FIG. 1. 

2 
The core C is interposed between two magnetic sys 

tems, one being a permanent magnet M having pole pieces 
P1 and P2, and the other being an electromagnet EM 
consisting of a winding W3 connected across terminals 
designated 8 and 9 and wound upon a core C1 having pole 
pieces P3 and P4. Air gaps G and G2 are included in 
the permanent magnet circuit to provide adjustment for 
initial setting up of the circuit. 
The cross-sectional area of core C is so proportioned, in 

accordance with the alternating current supply frequency 
and voltage, that windings Wii and W2 can each be limited 
to a number of turns which can be accommodated upon 
limbs L1 and L2 with adequate mechanical isolation and 
electrical insulation from each other, thereby ensuring the 
prevention of short circuits between them. 
The magnetizing characteristics of core C are as shown 

in FG. 2, with the core saturating at a flux level (bs as 
a result of a predetermined value of magnetomotive force 
M.M.F. The alternating current supply voltage is so se 
lected that the alternating current flux swing in core C is 
smail compared with the saturation flux level qbs. A 
reasonable proportion is considered to be one third. 
The core material for the core C1 of electromagnet EM 

is chosen so that it will exhibit remanent magnetism. In 
this way the core C1 will remain magnetized in a par 
ticular north-south configuration depending upon the po 
larity of the last D.C. control current supplied across 
terminals 8 and 9 of winding W3, even after this control 
current has ceased to exist or when it comprises merely a 
pulse of direct current. The power to winding W3 is sup 
plied from a suitable source of reversible polarity direct 

The direct current can be 
either continuous or pulsed and of either polarity accord 
ing to the control desired. 
With the arrangement shown in FIG. 1, flux due to 

permanent magnet M is distributed in core C in the fol 
lowing way. With the north-south configuration shown, 
flux will flow from A1 directly to B1 and also from A1 
to B1 via a second path Ai, A2, B2, B1. By suitable 
choice of the geometry of core C, the flux densities in the 
two paths A, B1; and A1, A2, B2, B are in the ratio 3:1. 

Similarly any flux from the electromagnet EM will be 
divided in the ratio 3:1 along the paths A2, B2 (or B2, 
A2), and A2, A, B1, B2 (or B2, B1, A1, A2), respec 
tively, depending on the polarity of the control current 
last Supplied to winding W3. If a pulse of direct current 
is Supplied across terminals 8 and 9 and flows in winding 
W3, thereby magnetizing core C1 of electromagnet EM 
So that the pole pieces P3 and P4 are made south and 
north poles respectively, then the total fluxes in the limbs 
of the core C due to the magnetic systems of magnet M 
and electromagnet EM will be as follows. 

Fluxes oppose one another in limbs L1 and L2 and aid 
one another in limbs L3 and L4. The total flux density in 
limbs L3 and L4 is such that the alternating current flux 
charge due to windings W1 and W2 cannot be fully 
realized in core C. By suitable proportioning of the mag 
netic circuit, the total flux density in limbs L3 and L4 can 
be made at least equal to the saturation flux density ps 
of the material. In this case windings W1 and W2 will 
then possess Zero inductance. 

If now the direct current supplied across terminals 8 
and 9 and flowing in winding W3 is reversed in polarity 
so that P3 becomes a north pole and P4 a south pole, 
fluxes will aid one another in limbs L1 and L2 and Oppose 
one another in limbs L3 and L4. Due to the geometry 
of core C, the total flux density in each limb will be 



3,285,744 
3 

approximately the same. By suitable adjustment of air 
gaps Gi and G2, the total alternating current flux charge 
due to windings W. and W2 can be realized in core C, 
and windings Wii and W2 will possess a significant in 
ductance, 

In this way, two distinct output conditions or states are 
provided depending upon the polarity of control current 
supplied to winding W3. 

In terms of load current, these conditions are: 
(i) A low current associated with core C and windings 
W1 and W2 when alternating current flux charge can 
be realized and windings Wii and W2 possess induct 
aCe 

(ii) A higher current limited only by the resistance of 
windings W1 and W2 and the impedance of load LD 
when the core C is saturated and windings W1 and 
W2 possess zero inductance. 
By the use of a suitable core material for core C1 of 

electromagnet EM which exhibits permanent magnet prop 
erties, that is, remanent magnetism, and whose state of 
magnetization is a function of the polarity of the last di 
rect current supplied to winding W3, a device is provided 
which has a latching or memory function, and polar re 
sponsive properties, respectively. 

Thus, once the device described has been switched to 
one of the two states or conditions (i) and (ii) set out 
above, by the flow of control current of first or second 
polarities through winding W3, the device will remain in 
the condition to which switched, even though the control 
current may thereafter be removed or even when such 
current comprises a pulse of current. For example, upon 
the failure of the alternating current supply, when such 
supply is thereafter restored, even though the control cur 
rent may not be restored or even when such current com 
prises a pulse of current, the device will still respond to 
the condition to which it was last switched, because the 
remanent magnetism of the electromagnet EM and the 
permanent magnet M will provide a memory of such con 
dition. 

It will be appreciated, therefore, that the device may 
be employed in a system for switching between condi 
tions (i) and (ii) in response to the polarity of direct 
current control signals supplied thereto and that, where 
there is a failure of the alternating current supply, the 
device will store its last instruction, or any instruction 
fed to it during the failure, so that when the alternating 
current supply is restored the device will provide the de 
sired condition (i) or (ii). 

While I have shown and described but one form of ap 
paratus embodying my invention, it is to be understood 
that various changes and modifications may be made 
therein within the scope of the appended claims without 
departing from the spirit and scope of my invention. 

Having thus described my invention, what I claim is: 
1. An alternating current switching device comprising: 
(a) a rectangular shaped core of a material having high 

permeability characteristics, 
(b) a winding arrangement on first and second oppo 

site limbs of said core and connected in series with a 
source of alternating current and a load, 

(c) a permanent magnet having pole pieces so arranged 
in relation to a third limb of said core as to induce 
flux in a predetermined direction in the limbs of said 
core, and 

(d) an electromagnet having a core of a material hav 
ing remanent magnetic characteristics and pole pieces 
arranged in relation to the fourth limb of the first 
mentioned core so as to induce flux in the limbs of 
such core in a direction to aid or oppose the flux 
induced by the permanent magnet in the limbs of 
that core according as a pulse of direct current of a 
first or a second polarity is supplied to the electro 
magnet, the core of said electromagnet maintaining a 
predetermined flux level upon the interruption of 
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4. 
said pulse of direct current to control the power to 
said load from said source of alternating current be 
tween on and off states according to the polarity of 
the direct current pulse last supplied to said electro 
magnet. 

2. A memory device for switching a source of alter 
nating current connected across a load to on and off states 
according to the polarity of the last direct current control 
signal supplied thereto, said device comprising: 

(a) a rectangular shaped core of a material having 
high permeability characteristics, and having first 
and second opposite limbs, and third and fourth oppo 
site limbs, 

(b) first and second windings on said first and second 
limbs, respectively, and connected to each other in 
series aiding flux relationship and in series with said 
load and said source of alternating current, 

(c) a first magnet having pole pieces located in rela 
tion to the ends of the third limb of said core so 
as to induce flux in a predetermined direction through 
Said core, and 

(d) a second magnet having a core of a material hav 
ing remanent magnetic characteristics, a winding, and 
pole pieces located in relation to the ends of the 
fourth limb of the first mentioned core so as to induce 
flux in such core in a direction to aid or oppose the 
flux induced by the first magnet according as direct 
current of a first or second polarity is supplied to 
the last mentioned winding, the core of the second 
magnet substantially maintaining its flux level upon 
the interruption of said direct current to retain the 
net flux relationship of said device according to its 
last energized state. 

3. An alternating current switching device comprising 
in combination: 

(a) a four-limbed rectangular core of a material hav 
ing high permeability characteristics, 

(b) a U-shaped permanent magnet having pole pieces 
adjacent the ends of one limb of said core and sepa 
rated therefrom by adjustable air gaps, said magnet 
operating to induce flux in a predetermined direction 
in said core and of a value in accordance with the 
adjustment of said air gaps, 

(c) a U-shaped electromagnet having pole pieces lo 
cated adjacent the ends of the limb of said core 
opposite said one limb, a core of a material having 
remanent magnetic characteristics, and a winding 
adapted to receive direct current of first or second 
polarities, the electromagnet operating to induce flux 
in the first mentioned core in said predetermined 
direction or in a direction opposite to said predeter 
mined direction according to the polarity of direct 
current last supplied to said winding, 

(d) a source of alternating current, 
(e) a load device, and 
(f) first and second windings on third and fourth 

limbs, respectively, of the first mentioned core, said 
windings connected in series with said source of alter 
nating current and said load device, and also con 
nected to each other so as to produce series aiding 
fluxes in the first mentioned core when such core 
is other than saturated. 

4. An alternating current switching device comprising 
in combination: 

(a) a four-limbed rectangular core of a material hav 
ing high permeability characteristics, 

(b) first and second windings arranged on first and 
second opposite limbs of said core so as to produce 
when energized series aiding fluxes in said core, 

(c) a load device, 
(d) a source of alternating current connected in series 
with said load device and said windings, 

(e) a permanent magnet having pole pieces located in 
relation to the ends of a third limb of said core so 
as to produce a predetermined flux in the core, and 
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(f) an electromagnet having a core of a material hav- References Cited by the Examiner 
ing remanent magnetic characteristics, a winding UNITED STATES PATENTS 
adapted to receive direct current, and pole pieces 
located in relation to the ends of the fourth limb 1,739,579 12/1929 Dowling ----------- 340-174 
of the first mentioned core so as to produce flux in 5 2,682,632 6/1954 Cohen et al. --------- 340-174 
such core in a direction to oppose or aid the flux 2,730,694 1/1956 Williamson -------- 307-88 X 
produced in that core by the permanent magnet ac- 2,741,757 3/1956 Devol -------------. 340-174 
cording to the polarity of direct current last supplied 
to the electromagnet winding. IRVING L. SRAGOW, Primary Examiner. 


