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CIRCUIT-CONTROL APPARATUS.

Application filed August 16, 1928. Serial No. 129,380.

My invention relates to apparatus for con-
trolling the connections of electrical circuits,
and has for its principal object the provision
of an improved circuit control apparatus
which comprises both a vapor electric device
connected in the circuit to be controlled and
means operable to extinguish the arc be-
tween the cathode and anode of this device
very quickly either in response to manual
control or In response to a predetermined
electrical condition of the circuit.

In a copending application for Letters
Patent, Serial No. 102,597 filed April 16,
1926, and assigned to the same assignee as
the present application, I have disclosed a
circuit control apparatus wherein the grid
or control electrode potential of an eisctri-
cal valve is maintained at a negative poten-
tial of sufficient magnitude to prevent the
starting of current through the valve when
it is delonized and whereln means are pro-
vided for neutralizing the potential between:
valve cathode and anode long enough to per-
mit deionization of the valve and interrup-
tion of the anode current. My present in-
vention is in some respects similar to that
disclosed by the aforesaid application, but
differs therefrom in that a valve provided
with a vaporizable cathode of mercury or
the like is associated with means for neutral-
izing the potential between its cathode and

anode long enough to extinguish the cath--

ade spot.

My invention will be better understood
from the following description when con-
sidered in connection with the accompany-
ing drawing and its scope will be pointed
out in the appended claims.

Referring to the drawings, Fig. 1 shows
an apparatus for controlling the connections

" of a direct current circuit; Fig. 2 shows an
apparatus for controlling the connections
between direct and alternating current cir-
cuits; and Fig. 3 shows a modified form of
apparatus for controlling the connections of
a direct current circuit. ,

Fig. 1 shows a consumption device 1 to
which current is supplied from a suitable
source through direct current terminals 2
and 3, a vapor electric device 4 and the pri-

mary -circuit 5 of a current transformer 6.-

* Means shown as a source 7 and a switch 8

- b5

are provided for causing an arc to be start-
ed between a vaporizable cathode 9 and an
anode 10 of the device 4. The'cathode 9

may consist of any suitable material or mix-

ture of. materials which facilitates rapid
deionization of the device 4. I have found
that mercury containing a small percentage
of aluminum meets these requirements.

An apparatus comprising a vapor electric
device 11, transformers 6 and 12, sources 13
and 14, resistors 15 and 16, a switch 17 and
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energy storage means shown as a condenser -

18 is provided for interrupting the current
of the device 4 either in response to change
in the current of the device 1 or in response
to closure of the switch 17. 'The device 11

is provided with a cathode 25 and an anode -

19 and with a grid 20 for controlling the
current between this cathode and anode. It
will be observed that the grid 20 is connect-
ed to the cathode 25 through the source 14,
the resistor 16 and a transformer 12; that
the primary circuit of the transformer 12 is
connectedd to the secondary circuit of the
transformer 6; and that the anodes 10 and
19 are interconnected through parallel cir-
cuits, one of which eomprises the condenser
18 and the other of which comprises the

source 18 and resistor 15. An exciting elec-

trode 22 connected to the cathode 25 through
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any suitable source of exciting current may -

be provided for maintaining the excitation
of the device 11. ,
Assuming current to have been started
through the device 10 and the various
switches to be in their illustrated positions,
current is supplied to the consumption de-
vice 1 and current is prevented from start-
ing through the device 11 because of the
negative potential applied to the grid 20
by the source 14. At the same time, the
condenser 18 is maintained in a charged
condition due to its connection with the
source 18. Upon closure of the switch 17,
however, the condenser 18 is permitted to
discharge through the device 4, thereby pro-
ducing between the anode 10 and the cathode
9 a transitory counter-voltage whereby the
cathode spot of the device 4 1s extinguished

-and the current of the consumption device 1
is interrupted. Likewise, upon’an increase

of the current of the device 1 a positive po-
tential is applied to the grid 20 through the
current transformers 6 and 12, the device
11 is opened, and the condenser 18 dis-
charges through the devices 4 and 11, there-
by applying between the anode 10 and the
cathode 9 'a transitory counter-voltage
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whereby the current of the consumption de-
vice is interrupted. The condenser 18 thus
serves as a means for storing energy which
is at all times available for interrupting the
current of the load device. It will of course
be understood that any suitable means other
than that shown and described may be uti-
lized to store and discharge the energy re-
(uired to interrupt the circuit.

Fig. 2 illustrates the invention as applied
to a system for transmitting current between
direct and alternating current = circuits.
This system comprises alternating current

terminals 26 which are interconnected with

direct current terminals 27 through a trans-
former 28, a vapor electric device 29 and an
impedance device 80. The device 29 is pro-
vided with anodes 31 and 32 which are con-
nected to the end terminals of the secondary
circuit 33 of the transformer 28, with a va-
porizable cathode 34 connected to an interme-
diate terminal of the secondary circuit 33
through the impedance device 30 and the di-
rect current circuit 27, and with an excita-

‘tion anode 25 which may be connected to the

cathode 84 through reactor 36, resistor 37,
and a suitable source of exciting current. An
energy storage element comprising a condens-
er 88 connected in parallel with a source 39
and a resistor 40 is arranged to have one of
its terminals connected to the cathode 34 and
the other of its terminals connected through
the switch 41 and condensers 42, 43 and 44
respectively to the anodes 31, 82 and 35.
The usual source 45 and switch 46 may be
provided for starting the arc which is there-
sfter maintained by the exciting anode 35
when the switch 46 is operated at its illus-
trated open position.

Assuming the are of the device 29 to have
been started snd the switches 41 and 46 to
be in their illustrated positions current is

transraitted between the .circuits 26 and 27

in a manner readily understood without
further explanation.
this current, the switch 41 is closed, thereby
permitting the condenser 38 to discharge and

_produce between the cathode and the various

anodes transitory counter voltages whereby
the cathode spot is extinguished and the
main and exciting circuits are interrupted.
The usefulness of an energy storage ele-
ment for the purpose of producing a transi-

‘tory - counter-voitage whereby the cathode

spot is extinguished and the current between
the cathode and anode is interrupted is not
Limited to an apparatus of. the type illus-
trated by Figs. i and 2, but may also be
utilized in conjunction with a vapor electric
dey(%ce provided with a control electrode or

id. :

Fig: 8 illustrates the consumption device 1

‘as connected to the direct current terminals
2 and 3 through a vapor electric device 47

provided with a vaporizable cathode 48,

In order to interrupt
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anodes 49 and 50 and grids 51 and 52.
While the device 1 has been shown as a re-
sistor, it will be apparent that current may
be supplied to different types of devices, such
as the primary circuit of a transformer
through which an inductive kick is produced
by intermittently interrupting the circuit
through the device 47. As will hereinafter
appear, the current of thé device 1 is nor-
mally transmitted between the cathode 48
and the anode 49 and the anode 50 is pro-
vided for completing a path through which
a transitory counter-voltage is applied be-
tween the cathode 48 and the anode 49. It
will be observed that the grid 51 is connected
to the cathode 48 through a source 53, an

energy storage element comprising a re-

sistor 54 and a condenser 55, and the second-
ary circuit of a transformer 56 which is
energized through a current transformer 57
connected in circuit with the device 1; that
the grid 52 is connected to the cathode 48
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through a source 58, a resistor 59 and a .

transformer 60 which, like the transformer
56, is energized through the current trans-
former 57; and that the anodes 49 and 50
are interconnected through an energy stor-
age element comprising a condenser 61 con-
nected in parallel with, a resistor 62 and
source 63. For manual control of the circuit
interrupting apparatus, a switch 64 is ar-
ranged to connect a gource 65 to a secondary
circuit of the transformer 60. o

Assuming current to’ have been started
between the cathode 48 and anode 49 in
any suitable manner and the connections to
be as llustrated, the condenser 61 1s charged
but the path through the anode 50 is closed
due to the fact that grid 52 is maintained
at a negative potential by the source 58.
Elosure of the switch 64, however, produces
between the.cathode 48 and the grid 52 a
transitory voltage whereby the grid 1s
charged to a positive potential long enough
to permit the discharge of the energy stored
in the condenser 61. Upon this discharge of
energy, the cathode spot is extinguished and
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the current of the consumption device 1 is-

interrupted as previously set forth.

This current may also be interrupted in
response to a sudden increase in the current
of the device 1. The effect of such an in-
crease in current upon the potential of the

grid 52 is to release the stored energy of the

condenser in the same manner that this en-
ergy is released by operation of the switch
64. At the same time a further effect tend-
ing to interrupt the current between the
anode 49 and cathode 48 is produced by the

erid 51 which is initially charged to a high

positive potential but is immediately there-
after charged to a high negative potential
both due to the negative charge produced at
the upper terminal of the condenser 55 by
electrons attracted to the grid during the in-
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stant that its potential is positive and to the
decrease in the magnitude of the grid cur-
rent transmitted through the resistor 54.
It has been found that the time required
to extinguish the arc and interrupt the cir-
cuit in accordance with my invention is ex-
tremely short and that this time may be
materially shortened by the use of a cathode

consisting of a material or a mixture, such

as mercury mixed with a small percentage
of aluminum, which tends to fix the cathode
spot. Thus 1t has been observed that, with
a cathode of mercury, a current of three
amperes may be interrupted in 5 micro

-seconds while a current of one-half ampere

is interrupted in much shorter time if alu-
minum and mercury are mixed in the pro-
portions of .008 gram aluminum to 170
grams of mercury. A further advantage of
this method of interrupting the circuit is
that is is effective over a very considerable
range of vapor pressures and does not re-
quire that the vapor electric device be as
highly evacuated as when a heated filament
or mercury cathode is utilized and starting
of the current.is prevented by an electro-
static grid charged to a negative potential.

The embodiments of the invention illus-
trated and described herein have been se-
lected for the purpose of clearly setting.
forth the principles involved. It will be

apparent, however, that the invention is sus-

ceptible of being modified to meet the differ-
ent conditions encountered in its use and 1
therefore aim to cover by the appended

claims all modifications within the true.

- spirit and scope of my invention.
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What I claim as new, and desire to secure
by Letters Patent of the United States, is:

1. A circuit control apparatus compris-
ing an anode and a vaporizable cathode, an
energy storage element, and a space dis-
charge device comprising an electrode con.
nected to said element and a grid connected
to said cathode for controlling the transfer
of energy from said element through said
cathode and anode. :

2. A circuit control apparatus comprising
an anode and a vaporizable cathode, an

energy storage element, control means. ar-

ranged to respond to an electrical condition

3

of said anode and cathode, and a space dis-
charge device provided with an electrode

‘connected to said anode through said ele-

ment and with a grid connected to said
cathode through said control means.

8. A circuit control apparatus compris-
ing an anode and a vaporizable cathode, an
energy storage element, control means ar-
ranged to respond to an electrical condition
of said anode and cathode, a space discharge
device provided with an electrode connected
to said anode through said element and with
a grid connected to said cathode through
said control means, and means for biasing
said grid to a negative potential.

4. A circuit control apparatus compris-

ing an anode and a vaporizable cathode, an

energy storage element, control means ar-
ranged to respond to an electrical condition
of said anode and cathode, a space discharge
device provided with an electrode connected
to said anode through said element and with
a grid connected to said cathode through
said comtrol means, and manual control
means arranged to cause a positive potential
to be applied to said grid.

5. A circuit control apparatus compris-
ing an anode and a vaporizable cathode, an
energy storage element, a resistor, control
means arranged to respond to an electrical
condition. of said anode and cathode, and a
space discharge device provided with an
electrode connected to said anode through
said element and with a grid connected to
said cathode through said resistor and said
control means. '

6. An apparatus comprising an anode and
a cathode, a grid for controlling the start-
ing of current between said cathode and
anode, an energy storage element, a space
discharge device, an electrode connected to
said anode through said élement and a grid
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connected to said cathode for controlling the -

current between said electrode and cathode,
and means operable to control the potentials
of said grids in accordance with an electrical
condition of said anode.

- In witness whereof, I have hereunto set
my hand this 12th day of August, 1926.

IRVING LANGMUIR.
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