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This invention relates to a signal responsive device of
the type known as a trigger or switching circuit in which
the vsual electron discharge tubes are replaced by a sat-
urable core reactor.

In modern information handling apparatus such as
digital computers, considerable utility is made of electronic
switching and trigger circuits which are used to perform
various control and storage functions. A basic form of
such circuits is the Eccles-Jordan or flip-fiop circuit which
responds to input signals to produce two different levels
of output potential. The two outputs are produced by
two different states of the circuit, which may be charac-
terized by one of the tubes of the circuit being either con-
ductive or non-conductive. Generally, in the Eccles-Jor-
dan type of circuit, two tubes are used; the tubes being
cross-coupled so that a change in a tube to one state pro-
duces a change to the opposite state in the other tube.
Thus, the circuit has an essential binary character and
mode of operation.

Due to the limited reliable life of an electron discharge
tube leading to problems of tube replacement, circuitry
has been developed, in the art, which performs essentially
the same function as electronic trigger circuits but which
dispenses with the electron tube as the basic circuit ele-
ment. One such circuit is described in the Thompson
Patent No. 2,519,513, See also the Wood Patent No.
2,524,154, These circuits make use of a pair of saturable
core reactors (magnetic cores each with alternating and
direct current coils wound thereon) which are cross-cou-
pled in a manner analogous to the archetype Eccles-Jor-
dan circuit.. These saturable core reactor circuits alsc
have a binary character or mode of operation. Two dif-
ferent levels of output potential are produced by two
different states of the circuit which may be characterized
by one of the magnetic cores being either saturated or un-

saturated. As indicated in the above cited patents, trig- .

ger circuits using saturable core reactors may replace elec-
tron tube circuits in many applications.

The saturable core reactor trigger circuits of the prior
art depend on one reactor being in a saturated state to
maintain the other reactor in an unsaturated state. Sim-
ilarly, a change in the state of saturation in one reactor
is used to produce the opposite in the other reactor. Re-
placement of one of the two saturable reactors by a simple
electric circuit so as to produce substantially the same
result would apparently be an economical simplification.

Accordingly, it is an object of this invention to pro-
vide a new signal responsive device in which a saturable
core reactor is used as a basic circuit element.

Another object of this invention is to provide a signal
responsive device having a binary mode of operation uti-
lizing but a single saturable core reactor as a basic circuit
element. .

Still another object of this invention is to provide an
economical signal responsive device utilizing a single sat-
urable core reactor.

A feature of this invention is that a variation in perme-
ability in a reactor core produces a variation in the induc-
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tive coupling between two coils to produce a voltage for
controlling core permeability.

These and other objects of this invention are achieved
by utilizing a single saturable core reactor having a mag-
netic core and a biasing coil energized from a unidirec-
tional current source for varying the permeability of the
core between saturated and unsaturated conditions. A
control network is provided which includes the saturable
core reactor and at least one inductance element. The
network is energized by alternating current, and its in-
ductive characteristics vary with variations in core per-
meability. An output terminal of the control network is
coupled to the biasing coil through a rectifier, known
hereafter as the biasing coil rectifier. With changes in
core permeability, output voltages are produced at the
output terminal which permit or oppose flow of current
in the biasing coil, and thus, control the permeability of
the core. In the embodiment disclosed in detail below,
the control network comprises a primary coil on the mag-
netic core connected to a source of alternating voltage, and
a secondary coil on the core inductively coupled to the
primary coil through the magnetic core and connected
through a rectifying circuit to the output terminal.

Changes in core permeability may be initiated by input
signals applied to an input terminal coupled to the bias-
ing coil rectifier. An input signal voltage opposes the
source voltage applied to the biasing coil and thus blocks
flow of current in the biasing coil. The permeability of
the core increases when the biasing current is removed,
and the inductive coupling between the coils of the con-
trol network increases. As a result, there is an increase
in voltage induced in the secondary coil of the network.
This voltage is rectified and applied to the biasing coil
rectifier to continue the blocking of current in the biasing
coil. The core remains in this state until another input
signal of opposite polarity is received. This signal re-
duces the voltage at the biasing coil rectifier and permits
current flow in the biasing coil to saturate the core. Sat-
uration of the core reduces the coupling of the coils in the
network. Thus there is no voltage induced in the sec-
ondary coil to oppose current flow in the biasing coil,
and the core remains in a saturated state.

The organization and method of operation of the in-
vention may be best understood from the following de-
scription and the accompanying drawing in which there is
shown a schematic circuit diagram of an embodiment of
the invention.

Referring now to the drawing, there is shown a single
saturable core reactor comprising a magnetic core 2
having three coils 4, 6, 8 thereon. One of the coils is
a saturating or biasing coil 4, and it is energized from
the positive side of a source 10 of unidirectional volt-
age; the energizing circuit being completed through a
rectifier 12 and a load resistor 14 to ground. Another
coil 6 is connected to a source of osciflating voltage
16 and functions as the primary coil of a transformer
network which controls current flow in the biasing coil
4. The third coil 8, the secondary of the control net-
work, is inductively coupled to the primary coil 6 through
the magnetic core 2, and has its ends connected through
a pair of rectifiers 18, 20 to an output terminal 22.
The load resistor 14 and a peaking condenser 24 are
connected between the output terminal 22 and a center
tap 26 on the secondary coil 8. The center tap of the
secondary ccil is connected to ground potential. An
input terminal 28 is coupled through a condenser 30 to
the cathode 32 of the biasing coil rectifier 12, and it
receives iaput signals from any appropriate source 34
of positive and negative pulses. The output terminal
22 is also connected to the cathode 32 of the biasing
coil rectifier 12.

The unidirectional current flowing through the biasing
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coil 4 is of sufficient magnitude to saturate the mag-
netic core 2. When current is blocked in the biasing
coil 4, the permeability of the magnetic core 2 increases
and the core is essentially in an unsaturated condition.
When the core is unsaturated, its permeability is high
and, therefore, the inductive coupling through the core
between the coils 8, 8§ of the control network is large.
At that time, the oscillating flux produced by the cur-
rent in the primary coil 6 induces a voltage in the sec-
ondary 8. When the core is saturated, the inductive
coupling through the core between the coils 6, § is
reduced substantially, and any voltage induced in the
secondary coil 8 is insignificant.

Considering the condition when a unidirectional cur-
rent is flowing in the biasing coil 4, the magnetic core
is saturated and voltage is not induced in the secondary
coil 8. The potential at the output terminal 22 is above
ground potential by the drop across the load resistor
314 cansed by biasing coil current flowing there-
through. If a positive signal pulse is applied to the
input terminal 28, the peaking condenser 24 charges
and the voltage at the cathode 32 of the biasing coil
rectifier 32 rises to oppose the voltage applied to the
biasing coil 4. The veltage rise at the rectifier cathode
32 is sufficient to cut off current flow in the biasing
coil. With the biocking of the saturating current, the
coupling between the coils 6, 8 of the control network
increases and a voltage is induced in the secondary coil.

The resulting current flow in the secondary coil cir-
cuit is rectified, and the vecltage drop across the load
resistor 14 maintains a high voltage at the output ter-
minal 22. This conirol voltage is applied to the cath-
ode 32 of the biasing coil rectifier, and has a magni-
tude sufficient to maintain or stabilize the blocking of
current in the biasing coil. The period of the oscillating
voltage is small relative to the time conmstant of the
blocking circuit formed by the peaking condenser 24
and the load resistor 14. . As a result, rectification can
build up a blocking voltage before the peaking con-
denser voltage decays below the value necessary to block
flow of saturating current.

The circuit remains in this stable condition of the
biasing current blocked and the core saturated until a
negative signal pulse is applied to the input terminal
28. This puise reduces the potential at the cathode 32
of the biasing coil rectifier 12 and initiates current
flow in the biasing coil 4. The core is again saturated
and the coupling between the coils §, 8 of the imped-
ance network is substantially reduced. Thus, the volt-
age at the output terminal 22 continues to be low, and
current flow is maintained in the biasing coil until the
next positive input pulse is received.

The output terminal 22 of the control network may
be used as the output terminal of the entire circuit.
Two stable levels of potential are provided at the out-
put terminal as in the usual trigger circuit. When the
core is saturated, the potential at the output terminal
is above ground due to the voltage drop produced in
the load resistor 14 by the biasing coil current. When
the core is unsaturated the terminal is much more above
ground potential due to the rectified current from the
secondary coil being larger than the biasing coil cur-
rent.

These output potentials may be used for switching
or gating purposes in the usual manner. Where the
device to be controlied by the output voltages draws
a significant amount of current, the voltage at the out-
put terminal may be reduced below the level required

for blocking current in the biasing coil. Under such
circumstances, an auxiliary output circuit may be pro-
vided.

The auxiliary output circuit is identical to the sec-
ondary coil circuit previously described and comprises
an additional coil 36 on the core inductively coupled
to the primary coil 6, a pair of rectifiers 38, 46 con-
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nected to the ends of the coil 36, a center tap con-
nected to ground, and a load resistor 44 and peaking
condenser 46 connected between the center tap 42 and
the cathodes of the rectifiers 38, 48. An output ter-
minal 48 is provided at the cathodes of rectifiers 38,
40 in the same manner as previously described. This
output terminal 48 presents two levels of output poten-
tial, and small currents drawn from this circuit do not
materially affect the operation of the circuit.

The schematic circuit diagram is intended for explana-
tory purposes and not to show actual construction of
the core and windings since suitable arrangements are
well known in the art. For example, a three-legged
magnetic core may be used, with the primary coil wound
on the outer jegs and the biasing coil on the center leg
to prevent induction of oscillating voltages in the bias-
ing coil.

1t is, therefore, evident from the above description
that a simple signal responsive device is provided utiliz-
ing but 2 single saturable core reactor which is eco-
nomical in the components required.

What is claimed is:

1. A signal responsive device comprising a control
network including (1) a saturable magnetic core, (2)
a first coil on said core, and (3) means for applying
an oscillating voltage to said network, a biasing coil on
said core, means for applying a unidirectional voltage
to szid biasing coil, input means whereby a variation
in core pe;r‘*eamhty may be produced and thereby a
variation in an electrical characteristic of said control
network; and circuit means connecting said control net-
work to said biasing coil for affecting current flow in
said biasing coil in accordance with a variation in an
electrical characteristic of said control network whereby
variaticns in cors ’o:rweabxllty are controlled.

2. A signal responsive device as recited in claim 1
wherein said control network has an output terminal,
variations in core permeability producing variations in
voltage at said output terminal, and said circuit means
conunects said output terminal to said biasing coil.

3. A signal responsive device as recited in claim 2
wherein said control network includes a secondary coil
on said core inductively coupled thereby to said first coil,
and rectifier means coupling said secondary coil to said
outpur terminal, variations in core permeability produc-
ing variations in the inductive couplmv between the first
and secondary c¢oils of said network.

4. A signal respensive device as recited in claim 2
wherein said circuit means includes a rectifier connected
between said output terminal and said biasing ccil where-
by current flow in said biasing coil depends on the voltage
at said output terminal.

5. A signal responsive device comprising a single sat-
urable magnetic core, a coil on said core, means for ap-
plying an oscillating voltage to said coil, a biasing coil
on said core, means for applying a unidirectional voltage
to said biasing coil, input means whereby variations in the
permeability of said core may be produced, and circuit
means coupled to said oscillating voltage coil and to said
biasing coil for producing a unidirectional voltage hav-
ing a direction opposite to that of the voltage applied to
said biasing coil responsive to a variation in the per-
meability of said core.

6. A signal responsive device comprising a single sat-
urable magnetic core, a first circuit including (1) a coil
on said core, and (2) means for applying an oscillating
voltage to said coli, a biasing circuit for varying the
permeability of said core including (1) a second coil on
said core, and (2) means for applying a unidirectional
voltage to said second coil, input means whereby a varia-
tion in core permeability may be produced, and circuit
means coupling said first circuit to said biasing circuit
for reflecting a variation in core permeability to said
biasing circuit whereby a variation in core permeability
is stabilized.
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7. A signal responsive device comprising a single sat-
urable magnetic core, a first circuit including (1) a coil
on said core, and (2) means for applying an oscillating
voltage to said coil, a biasing circuit for varying the per-
meability of said core including (1) a biasing coil on
said core, and (2) means for applying a unidirectional
voltage to said biasing coil, an input terminal for receiv-
ing input signals, circuit means coupling said input ter-
minal to said biasing circuit whereby current flow in said
biasing coil is changed upon reception of an input signal,
and circuit means coupling said oscillating voltage cir-
cuit to said biasing circuit for reflecting a variation in
core permeability to said biasing circuit whereby varia-
tions in core perimeability are controlled. -

8. A signal responsive device comprising a saturable
magnetic core, a coil on said core, means for applying
a source of oscillating voltage to said coil, a biasing cir-
cuit including a biasing coil on said core for receiving
a unidirectional current of saturation magnitude, an in-
put terminal for receiving an input signal, means coupling
said input terminal to said biasing circuit for applying an
input signal to said circuit to block flow of current in said
biasing coil, and circuit means coupled to said oscillating
voltage coil and effective upon current flow being blocked
in said biasing coil tc apply a signal to said biasing cir-
cuis to maintain the blocking of said current flow.

9. A signal responsive device comprising a saturable
magnetic core, a first coil on said core, means for apply-
ing a unidirectional current to said coeil to change the
ability of said core, an input terminal for receiving
mpui signals, means coupled to said input terminal and
to said first coil for blocking flow of said unidirectional
curient upen application of a signal to said input terminal
whereby the permeability of said core is changed, and
aeans including a second coil on said core for main-
taining the blocking of said unidirectional current re-
sponsive te a change in the permeability of said core.

10. A signal responsive device comprising a control
network including a magnetic core and an cutpui ter-
minai, a first coil on said core, means for applying a
unidirectional current to said coil, input means whereby
the permeability of said core may be varied, and a
rectifier having a first and a second electrode, said first
rectifier electrode being connected to said first coil, said
neiwork output terminal being connected to said second
rectifier electrode, said control network including a second
coil on said core and being responsive to an increase in
the permeability of said core for producing a voltage
at said ocutput terminal to oppose flow of current in said
first coii and responsive to a decrease in the permeability
of said core for producing a voltage at said output ter-
minal to permit flow of current in said first coil.

11. A signal responsive device comprising a saturable
magnetic core, a primary coil on said core, means for
applying an oscillating voltage to said primary coil, a
secondary coil on said core inductively coupled to said
primary coil, means for determining the permeability
of said core and thereby determining the inductive cou-
pling between said primary and secondary coils, and means
coupling said secondary coil to said permeability deter-
mining means for stabilizing the determined permeability
of said core.

12. A signal respousive device comprising a saturable
magaetic core, a first winding, means to apply an exciting
current to said first winding, a second winding coupled
to said first winding through said core, means to saturate
said core whereby the coupling between said first and
second winding is rendered ineffeciual, means to apply
an inactivating signal to said core saturating means, and
means coupling said second winding to said core saturating
means to maintain said core saturating means inactivated
following the application of said inactivating signal.
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13. A signal responsive device comprising a control
netwerk including (1) a saturable magnetic core, (2) a
pr Ima: ; coil on smd core, (3) means for applying an
¢ n said primary coil, (4) a sncondary coil
ively coupled thereby io said primary
cuiput terminary, and (6) rectifier means
coupling said secondary coil to said output terminal, a
’oic.sinn coil on said core, means for applying a unidirec-
1 voltage to said biasing coil to produce biasing cur-
w therein, Input means wmreby the permeability of
WIBT vaued and a biasing coil rectifier element
ing said output terminal to said biasing coil whereby
and‘iloﬁ in core permeability produces a variation in
tage at said output terminal and theleby at said
rectifier element to control current flow in said biasing

coil.

14. A signal responsive device as recited in claim 13
wherein said input means includes an input terminal
coupled to said biasing coil rectifier element whereby an
input signal may be applied to said input terminal to
vary the voltage at sald rectifier element.

15. A signal responsive device as recited in claim 14
wherein said rectifier means inciudes a second and third
rectifier element each having a pair of electrodes, one
clectrode of each of said second and third rectifier ele-
mexnts being connected to different ends of said secondary
coil, and a resistor and a capacitor connected in parallel
between the others of said rectifier electrodes and a central
point on said secondary coil, said output terminal being
connected to the others of said rectifier electrodes, and
said biasing coil rectifier includes a pair of electrodes,
one of said biasing coil rectifier elecirodes being con-
nected o ene end of saild biasing coil, and the other of
said biasing coil rectifier electrodes being coupled to said
input and cutput terminals.

16. A signal responsive device comprising a saturable
magaetic core, a primary coil on said core, means for
applying an oscillating voltage to said first coil, two sec-
ondary coils on said core each inductively coupled to
'vid ;;r"nary coil, two output terminals, separate rectifier

ans Pouplmg each of said secondaxy coils to a dif-
ferent one of said ouiput terminals, a biasing coil on said
core, means for applying a unidirectional voltage to said
biasing coil, an input terminal, and a rectifier element
coupling said input terminal and one of said output ter-
minals {c said biasing ceil.

i7. A signal responsive circuit having two stable states
comprising a single magnetic core, a biasing circuit in-
cluding a biasing coil on said core for receiving a unidirec-
tional current of predetermined magnitude, said core hav-
ing one and another permeability respectively when said
unidirectional current is flowing and not flowing in said
biasing coil, and circuit means responsive to the state of
permeability of said core for controlling the flow of said
unidirectional current, whereby said signal responsive
circuit is in one or the other of said stable states accord-
ingly as said unidirectional current is flowing or not
flowing.
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