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My invention relates to electric discharge ap-
paratus and it has partficular relation to discharge
apparatus for signalling purposes.

Various systems have heretofore been used for

5 producing and transmitting light signals. In one
of the most widely used signalling systems a
hand-controiled shutter or a rotating disc is
moved in the path of a beam of light. The ef-
ficiency of such an arrangement is low since it

10 requires that the light be operated at full bril-
liancy all of the time.

Other prior art systems of which I am aware
have similar efficiency limitations or are compli-
cated in structure and difficult to operate.

16 It is accordingly an object of my invention to
provide signalling apparatus of simple and inex-
pensive structure that shall operate efficiently.

Another object of my invention is to provide
a source for signalling purposes that shall be

90 capable of emitting radiations of high intensity
and a cireuit to control the source.

An incidental object of my invention is to pro-
vide a simple and inexpensive discharge device
particularly adapted to signalling purposes.

25 An ancillary object of my invention is to pro-
vide a source which may be used for photography
of fast moving objects or for conversion of light
impulses into electric impulses in conjunction
with a photo-~cell.

Tn accordance with my invention I provide an
electric discharge device for signalling purposes
which comprises an evacuated envelope having
disposed therein at least one electrode composed
of mercury or other metal capable of emitting
electrons when excited. A collecting electrode
cooperates with the emitting electrode and a
starting electrode composed of boron carbide,
silicon carbide or other resistant material is sup-
ported from the collecting electrode and is in
contact with the emitting electrode. When a cur-

40 rent is transmitted through the starting electrode

and the emitting electrode, a discharge is initi-

ated and a comparatively heavy current is trans-
mitted between the emitting electrode and the
collecting electrode.

Since the starting electrode is composed of ma-
terial having a high resistivity as compared to
the effective resistance of the arc path, the arc
will bridge the starting electrode and the flow of
go starting current through the starting electrode

will be substantially decreased.

The novel features that I believe to be char-
acteristic of my invention are set forth with par-

. ticularity in the appended claims. The invention

55 itself, however, both as to its organization and

45

(CL 250—8)

its method of operation, together with further ob-
Jects and advantages thereof, will best be under-
stood by reference to the following description
taken in connection with the accompanying draw-
ing, in which: :

Figure 1 is a sectional view showing a dis-
charge device constructed according to my in-
vention;

Fig. 2 is a diagrammatic view showing an em-
bodiment of my invention;

Fig. 3 is a diagrammatic view showing a modi-
fication of my invention; and :

PFig. 4 is a diagrammatic view showing another
modification of my invention.

Fig. 5 is a partial diagrammatic view illus-
trating the use of a grid-controlled tube.

The apparatus shown in Fig. 1 comprises an
evacuated envelope | provided with a plurality of
lead~in wires 3 and 5. The envelope | may be
constructed of glass or quartz or other transpar-
ent material, or it may be constructed of metal
having a transparent opening or window. One
of the lead-in wires 3 is threaded at the end 4
that projects into the envelope i.

A disc T having the form of a spherical sector
and provided with an opening at its center is
slipped over the threaded end 4 of the wire 3.
The disc T operates as an anode. One end of the
starting electrode 9 is placed in direct contact
with anode T by fastening it over the threaded
end of the lead-in wire 3. 'The other end of the
starting electrode 9 is in contact with a pool of
mercury |1 which functions asa cathode.

The starting electrode 9 is ordinarily a bar of
boron carbide, although other resistant material
such as silicon carbide may be used. The pool of
mercury which comprises the cathode {1 may be
replaced by a solid metal such as tin. Mercury,
however, has an advantage as cathode material in
that the metal vaporized by the discharge will
run back down the walls of the envelope {. The
lower end of the starting electrode 9 is coated
with some insulating material 13 such as silica
paint or glass. When a current of predetermined
magnitude flows through the starting electrode
9 to the cathode, an arc is initiated. To confine
the arc to a certain spot, a portion of the lower
end of the starting electrode 9 is left uncoated.

Hereafter, I shall use the expression “cathode
(or electrode) of the mercury type” meaning
thereby not only a mercury cathode but also a
cathode of metal such as tin may be used. Ishall
also use the expression “starting electrode’” mean-
ing thereby a bar of boron carbide or any ma-
terial of high resistivity such as silicon carbide
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which may be utilized for the purpose of my in-
vention. It isto be further understood that when
the expression “high resistivity” is used, it means
that the resistance of the material composing
the starting electrode 9 is high relative to the
effective resistance of the arc path.

In the apparatus shown in Figure 2, a capacitor
15 is provided and it is charged by a battery 6.
In series with the battery {6 is a wvariable re~
sistor 1T which limits the charging current and
hence determines the time which it takes the ca~
pacitor 15 to charge to full voltage.. Thus, for a
given battery voltage, the time it takes for the
capacitor {5 to reach 63% of the battery voltage
is expressed mathematically by the following
equation {=RC where R is the current limiting
resistance 17 and C is the capacity of the capaci-
tor 15.

The upper plate of the capacitor 15 is con-
nected to one terminal of a switch 18 which is in
the usual practice of my invention a telegraph
key, although a grid-controlled tube 51 as shown
in Fig. 5 may be used. The key 9 when de-
pressed, connects the upper plate of the capacitor
15 to the discharge device . The current then
flows through lead-in wire 3 to the anode cap 1,
passes through the starting electrode 8 which is
in contact with the anode 7 to the cathode (1.
The current may be of the order of several thou-

80 sand amperes and persisting for only a few micro-
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seconds produces g discharge at the junction of
the starting electrode 9 and the cathode surface
1.

The capacitor 15 may be an electrolytic con-
denser with capacity ranging from 1 to 100 micro-
farads. The inductance 21 and resistance 23 to-
gether with the capacitor {5 determine the dis-
charge character. In many cases where a very
short time light impulse is desired, the resistance
23 and inductance 21 may be only the circuit lead
resistance and distributed inductance inherent in
the leads. The current producing the discharge
determines the amount of light emitted by the
lamp. ‘Thus, for a very intense light, a discharge
of several thousand amperes for a few micro-sec-
onds may be used. For a practical case, the arc
drop may be 20 volts or less, the starting voltage
50 volts, the capacitor or battery voltage 100 volts
or more. When the arc bridges the starting elec-
trode 9, as heretofore described, the surge imped-
ance of the circuit may be .05 ohm or less per-
mitting a flow of several thousand amperes for a
few micro-seconds.

The illuminution from the arc formed may be
confined to one spot by shielding the starting
electrode 9 over all but the desired spot. By the
aid of a suitable lens 25 and reflector 27, the light,
from the cathode spot may be reflected, con-
densed or otherwise directed to form a large or
small or concentrated or diverged beam of light.
The light may be of a single pulse persisting for
only a fraction of a micro-second, or it may be of
an oscillatory nature with repeating flashes.. By
repeating the condenser discharges so as to pro-
duce 30 or more light flashes per second, the light
signals may be made to appear steady. Any
known standard type of receiving apparatus 28,
for example a photocell, may be used to pick up
the light flashes through an amplifier 29 and then
transformed to impulses of an electrical na-
ture,

While I do not wish to confine myself to any
specific circuit or apparatus, one must bear in
mind that other circuits may be used with an
equal degree of satisfaction, Fig. 3 of the draw-
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ing shows one modification of my invention using
the standard Ignitron tube 31. It is to be noted
that the starting electrode 33 is disconnected
from the anode 35. A resistor 37 is inserted in
series with the starting electrode 33 and limits
the discharge current. When the key 19 is closed,
current flows from the positive side of the con-
denser 15 through the igniter electrode 33 to the
cathode {1, and to the negative terminal. The
sum of the igniter resistance and the resistance
3T must be low enough to permit the flow of suf-
ficient current through the igniter electrode 33 to
start the tube. The remainder of the circuit and
mode of operation is substantially the same as in
the previous described circuit.

The circuit shown in Fig. 4 may be utilized
when an alternating source of current is used.
Power is supplied from a suitable transformer 41
and a rectifier 43 converts the alternating cur-
rent into direct current which flows to the lead-
in wire 3 thence to the discharge device which is
constructed according to my invention. The dis-
charge device 1 -also acts as a rectifier and assists
in the rectification of the current.

While I have illustrated but one form of device
for carrying my invention into effect, and have
indicated in a diagrammatic way several circuit
connections for utilizing my invention, it will be
apparent to those skilled in the art that my in-
vention is by no means limited to the particular
device or circuit arrangements shown, but that
many modifications in the form of the apparatus
used, as well as in the circuit arrangements em-
ployed, may be made without departing from the
scope of my invention.

I claim as my invention:

1. In combination, an electrical discharge de-
vice comprising a cathode composed of metal
capable of emitting electrons, a bar of high re-
sistant material, an electrode mounted to Coop-
erate with said cathode, said bar being suspended
from said electrode in such manner that it con-
tacts said cathode and a control circuit for said
discharge device including a ecapacitor, means
for charging said capacitor, and means for dis-
charging said capacitor through said bar to form
an intense arc on the surface of said cathode.

2. In a signalling system for the transmission
and reception of light waves, a transmitting ar-
rangement comprising an electric discharge de-
vice including an anode, a cathode and a bar of
high resistant material having one end supported
from and in electrical contact with said anode
and the other in contact with said cathode, a
power supply for energizing said device including
a control circuit and a capacitor capable of pro-
ducing a discharge through said bar to form a
radiant-energy emission spot on the surface. of
said cathode.

3. In a signalling system for the transmission
and reception of light waves, a transmitting ar-
rangement comprising an electric discharge de-
vice having a plurality of principal electrodes,
one of which is of the mercury type, a starting
electrode in electrical contact with, and support-
ed by, one of said principal electrodes and ad-
jacent to said mercury type electrode for initi-
ating a discharge, means for storing electric
charges, means for charging said storing means,
and means for discharging said storing means
after having been charged including said start-
ing electrode and said mercury electrode whereby
a pulse of current is transmitted therethrough to
form a Iuminous spot on the surface of said mer-
cury electrode.
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4. In combination, an electric discharge device
including an anode, a cathode of the mercury

type and a bar of high resistant material having.

one end supported from and in electrical contact
with said anode and the other in contact with
said cathode, an alternating-current source and
means for connecting said source between said
anode and cathode, the last said means including
current rectifying means.

5. In combination, an electric discharge device
of the immersed ignition-electrode type including
an anode, a cathode and a starting electrode per-
manently conductively, connected to said anode
and immersed in said cathode, a control circuit
connected between the starting electrode and the
cathode comprising an inductive reactance and a
capacitor, and means for charging the said ca-
pacitor.

6. In combination, an electric discharge device
including an anode, a cathode and a starting
electrode in electrical contact with and supported
by the anode, a control circuit connected be-
tween the anode and the cathode comprising a
capacitor and an inductive reactance connected
in series, and means for charging the said ca-
pacitor.

7. In combination, an electric discharge device
including an anode, a cathode of the mercury
type and a starting electrode of high resistant
material having one end permanently conduc-
tively connected to said anode and the other
end in contact with said cathode, and a control
circuit connected between said starting electrode
and said cathode, said control circuit including
an inductive impedance and means for impress-

ing an intermittent potential upon said starting

electrode.

8. In combination, an electrical discharge de-
vice comprising a cathode of the mercury type,
an anode, & starting electrode coated on its
outer surface with shielding material over all
but 2 minor portion thereof, said starting elec-
trode being electrically :connected to and sus-
pended from said anode in such manner that it
contacts said cathode, & control circuit connected
between the anode and the cathode comprising
& capacitor and an inductive reactance connected
in series, means for charging said capacitor, and
means for discharging sald capacitor including
another discharge device having a plurality of
principal electrodes whereby a discharge is in-
itiated through said starting electrode to form
an intense arc on the surface of said mercury
cathode,

9. In combination, an electric discharge de-

vice of the immersed-ignition-electrode type in-.

cluding an anode, a cathode of the mercury type,

_and an ignition electrode permanently conduc-

tively connected to sald anode and associated
with said cathode, & capacitor connected to dis-
charge through the ignition electrode and also

between the anode and cathode, and means for

charging the sald capacitor.

3

* 10. In combination, an electric discharge de-
vice of the immersed-ignition-electrode type in-
cluding an anode, & cathode of the mercury type
and an ignition electrode permanently conduc-
tively connected to said anode, a capacitor con-
nected between the anode and the cathode, means
for discharging the capacitor through the igni
tion electrode, the last said means including a
circuit closing and opening device interposed in
the circuit between the ignition electrode and
the capacitor, and means for charging the ca-
pacitor.

11. An electric discharge device for transmit-

10

ting light signals,, the said device having a plu-

rality of principal electrodes, one of which is of
the mercury type, a starting electrode in perma-
nent electrical contact with said principal elec-
trodes for initiating a discharge, means for stor-
ing electric charges, means for charging said
storing means, and means for discharging said
storing means after having been charged in-
cluding said starting electrode and said mercury
electrode whereby a pulse of current is trans-
mitted therethrough to form a luminous spot on
the surface of said mercury electrode.

12. An electrical discharge device for trans-
mitting light signals, the said device having a
cathode of the mercury type, an anode, and a
starting electrode coated on its outer surface with
shielding material over all but a minor portion
thereot, said starting electrode in permanent elec-
trical contact with sald anode and cathode, and

- means for supplying a current through said start-

ing electrode to initiate an arc and form an in-
tense spot on the surface of said mercury cath-
ode in the region of said minor portion.

© 13. In a system for transmitting light Im-
pulses of high intensity and predetermined dura-
tion, an electric discharge device having anode,
cathode and a starting electrode supported by
said anode and in electrical contact with both
said electrodes, & power supply for energizing
said device, circuit elements including means for
producing positive pulses of current, and switch-
ing means for initiating and controlling flow of
said current between electrodes of said device and
sald supply.

14, In combination, an electrical discharge de-
vice having a cathode of the mercury type, an
anode and an igniting electrode coated on its
outer surface with insulating material over all
but a minor portion thereof, sald electrode be-
ing electrically connected to and suspended from
said anode in such manner as to contact said
cathode, a circult for energizing said device in-

cluding a power supply, means for producing

positive pulses of current and circuit elements
for controlling the initiation and duration of
sald current pulses.
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