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This invention relates to a novel device for
varying the current flow in an electrical circuit
and, more particularly, to a novel device for caus-
ing the current in said circuit to vary at a

g sensible rate from a predetermined low value to
a predefermined maximum value and vice versa
and to repeat this operation cyclically and auto-
matically.

The principal object of the invention is to

10 provide a novel device of this character which is

“simple in construction, economic to manufacture
and operate, and highly efficient in operation.

Another object of the invention is to provide a
device comprising one or more units, each of

18 which controls one or more electrical circuits,
and each of which comprises a current-regulating
device controlled by a space discharge device
whose operation is cyclically varied by alternate
energization and deenergization of such device.

20 A further object of the invention is to provide
a device of this character employing a reactor
comprising a saturable magnetic core for regulat-
ing the current flow in the circuit being con-
trolled, the said core having associated therewith

28 3 winding controlled by the space current of the
space discharge device, whereby the saturation
of the magnetic core is controlled by the space
discharge device.

A still further object of the invention is to pro-

80 vide a device of this character wherein the alter-
nate energization and deenergization of the said
space discharge device is effected by means of a
relay controlled by the space -current of the
discharge device.

Other objects and features of the invention will
appear hereinafter.

In the accompanying drawings:

Fig. 1 is a diagrammatic illustration of a two-
unit. or two-stage device constructed according

40 to the invention;

Fig. 2 is a similar illustration of a modifica-
tion; and

Fig. 3 illustrates a further modification.

Referring to Fig. 1, there are provided two

45 similar control devices or units designated re-
spectively A and B adapted to control different
working circuits or load circuits. In any instance,
the complete apparatus may be composed of any
desired number of these units. The apparatus

80 illustrated employing two units has been chosen
arbitrarily to disclose the invention.

Each of the control devices or units comprises
a current regulator in the form of a saturable
magnetic core C: or Cz which, together with its

{ . associated windings, comprises a variable re-

actor serving to control the current flow in the
associated load circuit. Each device or unit com-
prises further a space discharge device Vi or Va
and a relay R: or Ra novelly arranged to control
the associated current regulating device, as de- §
scribed hereinafter.

Each of the current-regulating reactors pref-
erably comprises a magnetic core having two
outer legs and an inner leg as illustrated, the
core being formed of any magnetic material, 10
such as iron or steel, suitable for the purpose in
view. On the respective outer legs of the core,
there are provided windings | and 2 which are
serially connected with one another and are in-
cluded in the working or load circuit to be con- 15
trolled. In the specific illustration, the windings
{ and 2 are included in circuit with parallel con-
nected load devices 3 and 4 which may take the
form of lamps. Each of the load circuits con-
trolled by the devices.or units A and B is ener- gg
gized by supply conductors 5 which may be con-
nected to the usual 110 voit A. C. source.

On the inner leg of each saturable core, there
is provided a winding 6 which is supplied with
variable current in the manner described here- of
inafter, to vary the flux density in the core and
thus vary the reactance of the current-regulat-
ing device which, in turn, varies the current sup-
plied to the load devices 3 and 4. The windings
1 and 2 are arranged so that during any given gg
half cycle of the energizing current, the current
flowing in these windings sets up magnetic lines
of force in opposite directions in the two outer
legs, with the result that the magnetic flux, due
to the current in windings | and 2 traverses. a
loop, as indicated by the arrows, without entering
the inner leg. Obvicusly, the components of the
flux oppose one another insofar as the inner leg
is concerned, as is well understood in the art.

A transformer T has its primary winding P
connected to the A. C. source and is provided
with a plurality of secondary windings for sup-
plying the necessary voltages to the tubes Vi and
Va. Preferably, each of these tubes comprises a
double-diode rectifier, thus providing full-wave 4
rectification of the current supplied to the trans-
former T from the supply source. The secondary
winding S has its extremities connected to the
anodes of the tubes as illustrated, while its center
tap is grounded. The secondary windings S: g
and S3 serve to suppy current to the energizing
circuits for the fllaments or heaters of the tubes.
Each of the relays Ri1 and Rz comprises contacts

* 1 and 8 which are included in the energizing cir-

cuit for the filament of the associated tube. The g5
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winding of each relay has one extremity grounded,
while its other extremity is connected to one end
of the winding 6 of the associated current regu-
lator. The other end of the winding 6 is con-
nected to the cathode of the associated tube.
Since the operation of each of the devices or
units A and B is the same, it is only necessary to
describe the' operation of one of these units,
Considering the unit A, for example, and assum-
ing that the tube Vi is in the cold condition, the
relay contacts T and 8 are closed so that when
the transformer T is energized, the filament of
tube V commences to heat. At this time, the
current supplied to the load devices 3 and 4 is at
its minimum value and is limited by the reactance
of the windings | and 2 and the associated core,
there being no current fiow through winding 6.
As the cathode of tube Vi hecomes heated, it

. emits electrons and its electron emission gradu-

ally increases, thereby establlshmg an increasing

space current flow through the tube and through
the space current circuit including winding 6 and
the winding of relay Ri1. During one-half cycle of
the supply current, a unidirectional ¢urrent flows
through one of the diodes of tube V1 and through
a portion of the secondary winding S: to ground,
thence through the winding of relay Ri1 and the
winding 6 back to the cathode. During the next
half cycle of the supply current, a unidirectional
current flows through the other diode of tube V1
and-through the other portion of secondary wind-

ing S: to ground and thence through the winding”

of R; and winding 6 to the cathode. The increas-
ing current flow through the winding 6 increases

the flux density of core Ci substantially to the.

_ saturation point and thus decreases the reactance
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of the current regulator until the current sup-
plied to the load devices 3 and 4 is increased to a
predetermined high value. Af that time, the mag-
nitudé of the current flowing through the relay
winding is sufficient to operate the relay, thereby
opening the energizing circuit for the fllament
or heater of tube Vi. Consequently, the cathode
of the tube commences to cool, thereby effecting
a gradual reduction of the space current flow
through the relay winding and through winding
6. Hence the flux density of core C: is gradually
reduced, thereby gradually increasing the react-
ance of the current regulator and effecting
gradual decreasing of the current supplied to the
load devices 3 and 4. Since much less current is
required to maintain the relay Ri energized than
is required to energize it, the relay holds the ener-
gizing circuit for the filament of V1 open for a
substantial period of time. When the space cur-
rent flow through the winding of R1 has decreased
to a low value, the relay is deenergized permitting
contacts T and 8 to close and thereby reenergiz-
ing the filament circuit of tube V1 The cycle
then repeats itself.

Thus, the current supplied to the load devices
3 and 4 gradually decreases and increases cycli-
cally between two predetermined values. Obvi-
ously, the frequency of the cyclic operation will
depend upon the design of the apparatus and,
more particularly, upon the heating and cooling
rate of the fllament and cathode of tube Vi and
also upon the design of relay Ri. Obviously, the

frequency may be varied not only by varying the
design of the apparatus but also by the employ-
ment of well-known expédients, for example by
the use of a variable resistor in the filament
circuit of the tube to vary the current flow therein
or by the use of time delay circuits of known
character. If desired, the relay may have a time
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delay characteristic to retard its switch closing
operation.

While the apparatus is applicable for any use,
it is particularly adapted to provide various light-
ing effects. . By providing a plurality of units,
such as the units A and B, and assigning different
colors to the lamps controlled thereby, and by
causing the devices to operate at different fre-
quencies, it will be apparent ‘that various color
lighting effects may be obtained. Thus, in Fig. 1
the frequencies of the two units may be made
different by employing tubes having different
heating and cooling characteristics or by em-
ploying any other well-known expedient such as
above mentioned. Where it is desired to have
a fixed color sequence, the frequencies may be
adjusted accordingly. The possibilities of such
a system are substantially unlimited, particularly
in the cyclic blending or changing of color com-
binations. It will be understood that the inven-
tion contemplates the employment of one unit
alone or the employment of any desired number
of units for controlling any number of circuits
regardless of the specific character of the load

-devices included in such circuits.

- Obviously the relay R: or Rz may be connected
for voltage operation instead of for current oper-
ation. For example, the relay winding could be
connected in shunt with winding 6 instead of in
series .therewith,

It will be apparent also that a single double
acting relay could be used to control both units

_of Fig. 1, such relay having front and back con-

tacts and a single armature so that the tubes
Vi and Va2 would be energized alternately. Such
a modification of the apparatus is shown in Fig. 3
wherein the double-acting relay Ra controls the
filament energiging circuits of both of the tubes
Vi1 and Va. The contacts 12 control the filament
circuit of tube Vi while the contacts i3 control
the filament circuit of tube V2, It will be appar-
ent that in this instance the filaments are ener-
gized alternately and cyclically, and the space
currents of the tubes are varied cyclically and

differentially, thus effecting corresponding vari-
_ation of the current in the work circuits.

Further, the tube of either or both units may
be alternately energized and deenergized by any
suitable means other than a relay.

_In Fig. 2, there is illustrated a modified form
of the invention which may be used to advantage
under certain conditions, for example when sub-
stantial amounts of power are involved. In this
instance, the load-controlling reactor is directly
controlled by the grid-controlled. vacuum tube
V4 which, in turn, is controlled by the diode rec-
tifier tube Vi, as will be explained in detail
presently. The heater element of tube V3 is ener-

. gized from the secondary winding S« of the trans-
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former T: and the energization of this tube is @0

controlled by the relay Riz. The anode of tube
V3 is connected through the secondary winding
Ss and through the winding of relay Rs to the
grounded resistor R and to the control grid of
tube Vi. It will be seen that the space-current
circuit of tube V3 extends from the anode through
winding S5 and resistor R to ground and thence
to the cathode of the tube.

The grounded filamentary cathode of tube Va
is energized from the secondary winding Ss. 'The
anode of this tube is connected through the con-
trol winding 9 on the saturable magnetic core
C3 and through the secondary winding 81 to
‘ground.

The load circuit being controlled includes the
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series-connected windings 10 and {1 on the core
Cz so that the magnitude of the current in the
load circuit is variable by means of the control
winding 9, as will be understood from the above
description.

Considering the operation of this device, when
the contacts of relay Rz are closed as illustrated,
the tube V3 is energized, causing an increasing
space-current flow through the space-current
circuit of the tube, including the relay winding
and the resistor R. Consequently, an increasing
negative bias voltage is built up across the re-
sistor R and, since this voltage is applied between
the grid and cathode of tube V4, it serves to de-
crease the -plate current of the tube flowing
through the control winding 9. As a result, the
flux density in the magnetic core Cs is decreased,
thereby increasing the reactance’of the reactor
which, in turn, decreases the magnitude of the
current flowing in the load circuit.

‘When the space current of tube Vi is of suf-
ficient magnitude to energize relay Rs, the tube
Vs is deenergized and the space current of the
tube diminishes. Consequently, the negative bias
across resistor R decreases, causing the plate cur-
rent of tubs Vi to decrease. The increasing cur-
rent flow through winding 9 increases the flux
density of the core Cs, thereby decreasing the re-
actance of the reactor which, in turn, causes the
current in the load circuit to increase in magni-
tude. ;

Thus, it will be seen that the magnitude of the
current in the load circuit is caused to vary cycli-
cally between predetermined low and high val-
-ues. It will be noted that the space current of
tube V3 controls the relay Rs to thus control the
energization of tube Vi and also controls the bias
across resistor R to thus control the plate cur-
rent of tube V4 which, in turn, controls the re-
actance of the reactor.

‘While a single unit has been shown in Fg. 2,
it will be understood that any desired number of
such devices may be employed to control differ-
ent load circuits and varying effects or results
may be obtained, as mentioned above in connec-
tion with ¥ig. 1. )

Although certain embodiments of the invention
have been illustrated and described for the pur-

pose of disclosure, it will be understood that vari-.

ous other embodiments and modifications are
possible without departing from the scope of the
invention.

I claim: .

1. In combination with an electric power sup-
ply and a work circuit, an impedance having a
control winding, the terminal voltage of said im-
pedance varying in response to changes in the
magnitude of current in sald control winding,
a circuit connecting said power supply to sald
work circuit through sald impedance, an electri-
cal discharge tube having a fillament which has
an appreciable thermal lag whereby the current
therethrough is dependent upon said lag, a space

-current circuit for said tube, an energizing cir-
- cuit for said filament, a relay having a winding.

in said space current circuit and contacts con-

trolled by ihe relay winding and arranged in

said energizing circuit to control the same, where-
by the space current of said tube is caused to
vary cyclically, and means for varying the mag-
nitude of current in said impedance winding in
correspondence to the cyclic variation of said

3 .

3

space current, whereby the terminal voltage of

said impedance is caused to vary cyclically to
thereby vary the current in said work circuit ac-
cordingly. :

2, In combination with an electric power sup-
ply and a work circuit, an impedance having a
control winding, the terminal voltage of said im-
pedance varying in response to changes in the
magnitude of current in said control winding, a
circuit connecting said power supply to said work
circuit through said impedance, an electrical dis-
charge tube having a filament which has an ap-
preciable thermal lag whereby the current there-
through is dependent upon said lag, a space cur-
rent circuit for said tube, an energizing circuit
for said filament, means for controlling said en-
ergizing circuit so as to cause heating or cooling
of said filament, means associated with said space
current circuit for operating said controlling
means so as to effect cooling of said filament
when the space current reaches 8 predetermined
amplitude and to effect heating of said filament
when the space current decreases to a predeter-
mined low amplitude, whereby the space current
of sald tube is caused to vary cyclically between
said amplitudes, and means for varying the mag-
nitude of current in said winding in correspond-
ence to the cyclic variation of sald space cur-
rent, whereby the terminal voltage of said im-
pedance is caused to vary cyclically to thereby
vary the current in said work circuit accordingly.

3. In combination with an electric power sup-
ply and a pair of work circuits, a pair of imped-
ances each having a control winding associated
respectively with sald work circuits, the terminal
voltage of each said impedance varying in re-
sponse to changes in the magnitude of current
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in said control winding, circuits connecting said -

power supply to said work circuits through said
impedances, a pair of electrical discharge tubes
associated respectively with sald impedances,
each said tube ha s fllament which has an
appreciable th lag whereby the current
therethrough is dependent upon said lag, & space
current circuit for each tube, an energizing cir-
cuit for each fllament, a double-acting relay hav-

‘ing a winding in one of said space current cir-

cuits and having contacts in one fllament ener-
gizing ciréuit and other contacts in the other

and the space currents of sald tubes are
cyclically and differentially, and means for vary-
ing the magnitude of current in each said im-
pedance winding in correspondence to the cyclic
variation of the space current in the assoclated
tube, whereby the terminal voltages of said im-
pedances are caused to vary cyclically and dif-
ferentially to thereby vary the current in said
work circuits accordingly. - '

ROBERT L. WILCOX.
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