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LIGHT SENSITIVE ELECTRIC DISCHARGE
DEVICE AND CONTROL CIRCUITS THERE-

FOR

Elmer D. McArthur, Schenectady, N. Y., assignor
to General Electric Company, a corporation of

New York

Original application September 24, 1942, Serial
No. 459,532, Divided and this application Sep-
tember 11, 1944, Serial No. 553,528

9 Claims.

1

My invention relates to light sensitive or photo-
responsive electric discharge devices and control
circuits or systems therefor. This application is
a division of my Patent No. 2,434,622, issued Jan-
uary 13, 1948.

Heretofore, in ' photo-sensitive or photo-re-
sponsive circuits where it has been desired to ef-
fect a circuit controlling operation in response to
light intensities, it has frequently been necessary
to- employ a conventional type photo-emissive
electric discharge deviee with a highly sensitive
voltage or current means, such as an electromag-
netic relay, in order that sufficient actuating cur-
rent or power ‘is obtained to carry out the in-
tended circuit eontrolling operation. For exam-
ple, where it has been desired to actuate a mech-
anism of appreciable size, it has frequently been
necessary to employ a highly sensitive electro-
magnetic type relay or equivalent device, resulting
in a relatively expensive system which lacked the
desired degree of flexibility in control or adjust-
ment. :

It is an object of my invention to provide new
and. improved light sensitive control systems.

It is another object of my invention to provide
new and improved pheto-emissive or light sensi-
tive electric discharge devices. .

It'is a further object of my invention to pro-
vide new and improved photo-emissive or light
‘sensitive electric discharge devices of the type
employing ionizable mediums.

It:is a still further object of my invention to
provide new and improved electric discharge de-
vices of the photo-emissive type wherein a high
degree of sensitivity is obtained by electrode con-
struction and configuration sueh that the ther-
mal effect of the thermionic cathode upon the
photo-emissive control member is substantially
negligible. i
.4t is a still further object of my invention to
brovide new and improved light sensitive or
Pphoto-emissive electric discharge devices of the
controlled type which employ an ionizable me-
dium and which are capable of operation in a
manner so that the anode current is accurately
controllable or adjustable within -a region not
effecting ionization of the medium and which
also-permifs conduction of current between an
anode. and.a cathode by an arc discharge when
either the intensity of the light impinging on the
light sensitive surface attains a predetermined
value, or when the control member voltage is
raised with respect to the cathode.

Briefly stated, in the illustrated embodiments
of ‘my. invention I provide new and improved
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electric discharge devices of the light sensitive
or photo-emissive type which comprise an anode,
a cathode, and a photo-emissive or light sensitive
electrostatic control member enclosed within an
atmosphere of an ionizable medium such as an
inert gas. The electrode configsuration is such that
the thermal effects of the thermionic cathode
upon the photo-emissive control member are sub-
stantially minimized, thereby not appreciably af-
fecting the emission characteristics of the control
member. In this manner a greater sensitivity of
control is obtained than that afforded by ar-
rangements provided heretofore.

In accordance with a still further feature of
my invention, I provide in light sensitive elec-
tric discharge devices of the above described type’
a heat shield which may be metallic and which
is positioned between the thermionic cathode
and the photo-sensitive control member, there-
by ‘absorbing a large percentage of the radiation
and -convection heat incident to the thermionic
cathode and rendering the control member emis-
sion characteristics substantially independent of
cathode temperature.

In accordance with a still further feature of
my invention, I provide new and improved con-
trol circuits for electric discharge devices of the
above-described type whereby appreciable power
or current is available for the actuation of elec-
tromagnetic devices such as relays, etc. In ac-
cordance with a still further feature of my in-
vention, I provide new and improved light sensi-
tive electric discharge devices of the controlled
type having a photo-emissive electrostatic con-
trol member the potential of which permits con-
trol or adjustment of the anode ecurrent for given
values of light intensity impinging on the con-
trol member within a region of operation which
does not effect appreciable ionization of the me-
dium surrounding the electrodes. The potential
of the electrostatic control member may also be
controlled so that the medium does become ion-
ized to establish an are discharge between the
anode and cathode in the event the intensity of

‘the light impinging on the photo-emissive sur-

face of the control member attains a predeter-
mined value.

For a better understanding of my invention,
reference may be had to the following descrip-
tion taken in connection with the accompanying
drawings, and its scope will be pointed out in the
appended claims. Figs. 1 and 2 diagrammati-
cally illustrate one embodiment of my invention
which is a light sensitive electrie discharge de-

‘vice of the controlled type; Figs. 3 and 4 dia-
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grammatically illustrate alternative forms or
configurations of the photo-sensitive electrostatic
control member; Fig. 5 represents diagrammati~
cally a light- sensxtwe system embodying one fea-
ture of my invention wherein ‘the.anode current

of the discharge device may be controlled or ad-
justed within two separate regions, that is with-
in a region where ionization of the medium is ob-
tained and a second region wherein ionization. is

not produced. Fig. 6 represents. certain. operat-

ing characteristics of my invention, particularly

the system shown in Fig. 5. Figs. 7-10 inclusive

diagrammatically illustrate still:furthes lght-sen-
sitive systeins ernbodying featiires of my inven-
tion; Fig. 11 diagrammatically represents a still
further embodiment of my invention-wherein the
electrode configuration is of ‘différent form, than
that illustrated in Figs. 1 and 3, and Fig. 12-il-
lustrates a still further modification wherein: &
mesh type anode and a heat shield are provided.

Referring now. to Figs. 1 and 2 of the drawings,

my mveﬂt_Oﬁ is there iliustrated as comprising a
light-sensitive or, photo-sensitive electric dis-
charge deviee of the controlled type including a
plurality of electrodes mounted within a. glass
receptacle or bulb | mounted. on 2 base mem-
ber 2.and which. acts as a support for the dis~
charge device 2s.a whole. The bulo [-may con-

taih an ionizable medium, such as.an inert gas.
ab the desired low pressure, and this operation

may. be effected by filling. the exhausted bulb
with d. gas.throungh a suitable glass tubulation
(not shown) which is sealed.off.and which may
lie within. the base 2. For example, I may em-
ploy. an atmosphere of argon at a.pressure of
substantially 100 to 150 microns.
preciated that I may eraploy.other. inert gases
such .as neon and xenon, ete. if desired. I pro-
vide within the enclosure of the bulb .| a thermi-.
onic. cathode 3-of elongated form and.which may
be constructed.of an.electron. emissive material
suigh as tungsten, thoriated tungsten, or the like.

Alternatlvely, the cathode 3. may: be.constructed.

of a metal, such as nlckol which is.coated with an
alkaline earth metal 4
ihcrease the electron emissivity. A cathode heat-
ing-element.. (not. shown) extends, into the. in-
terior. of  the. c¢ylindrical.cathode 3, and. cathode
heamngelement_telmmals 5.and 6, also-shewn

in Fig. 2, are provided. A.glass press.»,'f,supportsr

and seals. conductors 8 and. 9 which are con-
nected to terminals. 8:and. 6.

the. base.2.
I provide an .anode {2 which .may be of elon-
gated configuration, such as a metallic cylinder

or.rod having. its pr 1ncmal dimension or-length-

substantlaﬂy parallel with that of the therrmaionic
cathode 3 and which is of .relatively small area.

A conductor and supporting member (3 for the -
anode .12 is supported by .and sealed in the glass:

press.1.and is-terminated in an externally acces-
sible. conductor 13’ attached to-the base 2.

of anode structure may be employed.
In: order to control the. anode current and to
provide means. which is light-sensitive; I provide

a. photo ~emissive. electrostatic. control.member (4:

which is.connected .in-spaced- relation between
the.cathode 3 and the.anode:12 and may be sup-
ported by a. stem or. conductor. I5.which is.in:

turn, supported by and. sealed .in the.glass press:

1 and made. externally. accessible: by means..of-a.

it will be ap--

. or an_oxide thereof to 4

A cathode. con--
dugtor. 9 is, also supported by.and:sealed.in the:
glass press-7 and. is terminated-in.the -metallic.:
prong or conductor !, which.is also attached to. 5:

of,
course, it is to be .appreciated: that other forms:
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5 the. cathode. 3:.

conductor {6 which is supported by the base 2.
A rigid construction of the control member (4
and the supporting means therefor may comprise
supporting members IT and 18 which may be
welddd or soldered to the: control member 14 and
one of which, such as supporting member {8,
may be attached or welded to conductor {5 and
the other of which may be supported by the
member- {9 which is embedded or anchored in
the glass press.T..

The photo-emissive electrostatic control mem-
ber (4 is coated with a.material to provide a high
degree of whoto-emissivity. For example, the
electrostatic control member (4 may comprise
an oxidized silver base over which a layer of
caesium is applied, Of course, other photo-
emissive metals or alioys may be employed. The
control member {4 in one modification of my
invention is preferably of semi-cylindrical con-
fAguration being concave to the anode (2 and
convex toward the cathode 3. Furthermore, the
area. of: the control member. 14 is great as com-
pared: with that of the cathode 3. so.that the.:
thermal effects of the thermionic cathode 3.upon.
the emission characteristics and control charac--
teristics. of the control member 14 are-substan-
tially negligible. Stated in other words; the pro--
jected-area-of:the: cathode 3 upon the :surface:of:
the control memker is very small.

The. light sensitive surface-of: control- member
t4. may. be placed upon the-concave-portion:of:
control member {4 facing the anode 12 and may.
he - dergsited- thereon in the-usual or convens-
tional manner. One-detail.view of the-form; of:
the control member (4. is: illustrated in. Fig,. 3:
where the portion of -the -control member nearest:
the cathode 3 is provided: with an-elongated aper--
ture- 20 which is- substantially co-extensive -with .
the:principal dimension of the cathode 3.. When:
such: a- configuration of: the control member. is:
employed, it-will. be arpreciated-that some means:
is required to support the two sections of.the.
control. member and to accomplish- this. result
I may.employ.semi-circilar conductors 21 and 22
which are welded or soldered.to the control mem-
ber.ié.

An slternative form of-the photo-emissive:elec-.
trostatic control: member; is:; shown. in: Fig: 4
wherein g semi-cylindrical-control member:-23.is;

) provided with .a-series-of vertically:spaced .apers.

tures 24 in 2 line which is substantially: co-exten--
sive,with the principal. dimension or: height:of
the thermionie cathode 3.

It will -be-appreciated that: in:both :of the:ars-
rangements.illustrated: in Pigs: 3 and-4; the pros.
jected area: of: the:thermioni¢: cathede:on: the:
photo-sensitive - control! member - is: relatively:-
sinall, approaching-zero.as a-limit in the arrange=
ment shown in Fig. 3. In this manner, thether-
mal effect.of:the:cathode:on the -control member
are minimized; and at the:same time: there is.
provided- an appreciable path: for the arec- dis-
charge: which .is-established: under: certain:con--
ditions; of: operation-betweenthe: anodeé 12 and-
The- operation of:the.: embodi=-
ment of my invention-illustrated in Figs.. 1.and 2:
may ‘he more fully-appreciated:by referring.to:
the. circuit -arrangement. shown:in:Flig. 5 wherein:
the photo-emissive-or light sensitive electric.dis--
charge device:25:is:diagrammatically -illustrated:
and :may be -constructed :to. comprise the: strue=-
tural . features -described . above: with. particular:
reference to Pigs: 1 and-2.. In the arrangement:
of: Fig, 5; the:electric discharge:device.25 is illus-
trated-as.comprising an:anode: 26;” a-thermionig=
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cathode 27 having a heating element 28, and a
photo-emissive electrostatic control member 29
which may be subjected to light of different in-
tensities derived from a source which is diagram-
matically illustrated as comprising a lamp 39.

The cathode heating element 28 may be ener-
gized from any suitable source of current such
as a transformer 31 energized from an alternat-
ing current supply circuit 32. An adjustable
biasing potential, such as a negative unidirec-
tional biasing potential, may be impressed upon
the control member 29 by means of a battery 33.
The output circuit of the discharge device 25
which comprises the anode 26 may be energized
from a suitable source of current, such as a bat-
tery 34, to supply various amounts of unidirec-
tional current to a load device 35 in accordance
with the conditions of operation controlled by
the discharge device 25.

Although the outpuf circuit of the discharge
device 25 may be connected in the manner illus-
trated in Fig. 5, that is connected across the anode
26 and the control member 29, it will be appre-
ciated in view of the various modifications of my

invention explained hereinafter that the output -

circuit may be connected across the anode and
cathode,

Apparatus embodying the embodiments of my
invention may be operated in several ways. One
way in which electric discharge devices of the
type described above may be employed is by the
adjustment of the negative unidirectional biasing
potential to effect current flow between the anode
25 and the control member 28 of adjustable or
controllable value in response to the intensity of
the light impinging upon the photo-emissive sur-
face of control member 29. That is, by the ad-
Justment of the magnitude of the biasing poten-
tial the anode current may be established to
have different values, depending upon the mag-
nitude of the biasing potential. Within this
region of operation, the medium is ionized but
not sufficiently to produce an arec discharge. Fur-
thermore, the magnitude of the biasing potential
may be adjusted so that the current within the
discharge device varies as a function of the in-
tensity of the light impinging on the electrode
29, o

“A still further way in which the electric dis-
charge device may be operated is by establishing
the magnitude of the unidirectional biasing po-
tential to a value which, acting in conjunction
with a given intensity of impinging light, ef-
fects ionization of the medium and establishes
an arc discharge within the device.

The various operating characteristics of elec-
tric discharge devices constructed in accordance
with the principles of my invention may be more
fully appreciated by referring to the character-.
istics illustrated in Fig. 6 wherein the solid por-
tion of curve A represents the variation of the
anode current 5 ip of the discharge device 25 for
a given intensity of lisht applied to the light
sensitive surface of control member 28. 'The
dotted curve B represents the amount of current
which would flow between the control member
29 and anode 26 with no light present. Tt is
emphasized that upon application of light to the
control member 289, the magnitude of the current
which flows is substantially increased but may
be adjusted throughout an appreciable region
within which the electron flow is not sufficient to
effect ionization of the medium by collision with
the ions of the medium. The dotted extension
A’ of ‘curve A represents that region of operation
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within which the medium becomes ionized to
effect the establishment of an are discharge. This
type of operation may be effected by a relative
decrease in the magnitude of the unidirectional
biasing potential, or by an increase in the in-
tensity of light which impinges on controi mem-
ber 29, or may be obtained by the joint action of
two such controlling influences. For example,
referring to the charaeteristics shown in Fig. 6,
ionization of the medium ocecurs when the bias
potential impressed on grid 29 is reduced to a
value somewhat less than 1 volt for a given in-
tensity of light impinging upon the control mem-
ber. It is apparent that if the bias potential is
maintained constant and the intensity of the
light increased, the breakdown or the ionization:
of the medium would occur at a point determined
by the joint action of these two quantities.

With a plate voltage of substantially twenty
volts and a negative biasing potential of three
volts for the characteristics illustrated in Fig. 6,
I have also found that the medium becomes
ionized to effect an arc discharge for a particular
intensity of light employed.

Fig. 7 illustrates a still further embodiment
which may employ electric discharge devices of
the type described above, and is diagrammatical-~
ly illustrated as including an electric discharge
device 36 comprising a thermionic eathode 37, an
anode 38, and a photo-emissive electrostatic con-
trol member 39. These latter mentioned ele-
ments may have configurations similar to those
shown in PFigs. 1 and 2 and may also take the
form of the elements shown in Figs. 11 and 12
to be described presently. I provide means for
impressing across the anode 38 and cathode 37
of the discharge device 3§ an alternating poten-
tial which may be furnished by means of a trans-
former 48 energized from an alternating current
circuit 41. A load device, such as a relay 42, may
oe connected to be energized in accordance with
the anode-cathode current and may comprise an
actuating coil 43 and contacts 44 which are con-
nected to control a cireuit 45. In order to main-

45 tain the current through the coil 43 at a substan-

tially constant value so long as the operation of
the discharge device 3§ dictates energization
thereof, I may connect g capacitance 46 across
the actuating coil 43.

A suitable biasing potential may be impressed
on control member 89 and may be of the self-
rectifying type comprising a parallel connected
capacitance 47 and g resistance 48. These latter
mentioned elements serve to prodice a negative
tnidirectional biasing potential during each in-
verse half cycle of the anode-cathode voltage
due to the control member rectification charac-.
teristic so that at the beginning of each positive.
half eycle the discharge device 38 is in a con-.
dition to diseriminate as to the inteasity of the
light which impinges upon its photo-emissive
surface.

One way in which the arrangement of my in-
vention shown in Fig. 7 may he employed is as a

5 means for debecting varioug intensities of light

and for operating the relay 42 when the light
intensity attains a predetermined value. So
long as the light intensity remains below a pre-
determined value, the negative biasing potential
established by capacitance 47 and resistance 48
is sufficient to maintain the electron flow from
the control member 239 to the ancde &8 at a value
sufficiently below that which effects ionization
of the medium and below that which effects
However, if the photo-~.
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electriccutrentireaches:a-value:sufficientito cause
ionization-of sthe-medium: upon .impingement -of
a-lightiof ag;pﬁedetezmined';intensity,; -an:are dis-
charge will.be established:between:anode 28-and
cathode 31, causing the flow-of -appreciabie:cur-

rent:to.actuate :coil A2 of welay 42, thereby.caus~
ing.the. relay.to..close its:contacts. .44: -So long
as.the_light . intensity remains..above this.pre-
determined . value, current-will: be:transmitted to
the actuating -coil 42 during -each
cycle :of: voltage applied to snede. 28, and the
cg,pa,(;;ltance, £4€: serves 5o maintain the-eur vent
through-the actuating: ceilisubstantially constant
even. during . negative; half reycles. However, if

the light intensity decreases o a -,value-ﬂb_elow that.

b - ceff sitiation. of are discharges
dur;ng .each pesitive half -cycle, the anede-cath-
ode curzent-flow wi
of -capacitance A8 willoe dissipated: causing. coil

42.-to be deerergized:or sufficiently reduced in .

energlzatzon ‘thereby .opehing. contacts 44
Acstill further. megdification . of ‘my. invention
is:. 1llustrated in Fi
respects to that SAG‘JJD inFg, 7 and correspond-
ing-elements hav
numerals. In: the modification of:Fig. 8:2 sepa-
rate;source:of: biasing ool ential such.as.-an al-
. current: source: 48, {s .employed . to im-
press .a-biasing : potenmal 2eros
39 -and: cathode,. 37; thromgh a fransformer. &3
The: alternatmg bias:voltaze is:preferably. ad-

Justed to he. 180 electqcal dee,rees out of nhase.

ode- voltave the Voltage produced by tr.ms;o rer.
50 estabnshea 2 bla ing. potential- on ~controk

the capacitaace. 8i,. the
current for. prod*

by vir tue of the. elcétron emission current which

flows . hetwesn ('o“ltrol member. $8and- catizode-
hi nécr.eases_omm
issive: current:

31. .If the. intensity..of t
ﬁcxently to . increase the: photo~
to.a. Value Wh1ch effects. 10mzamon of the medium
and eata‘chshes i
38 becomes. pos

ing energization of the load:device .w
be actuating. coil. 42. In this manner,

it will

be. applematnd that the negative biasing poten-
tial is established during each negative-half cycle .
arge - of -
51 facilitates establishment. of the,
This.type. of
operamon will be_ efFected when the increase. of - 5:

of a*lode cathode voliage. The dis
capacltan g

are dlsvharge w1thm device.. 83,

light mtenqtv oceurs during a positive half cycle
or-during a nevatlve half cycle.of applie
catbode voltage When the initiation of the in-
creased light intensity occurs during.a negafive
half cycle, the 1omzat10n effect is_ sufficient to.
carry over into the stcceeding positive half cyele
so that current flow is produced in the ancde-
cathode circuit.

A further embodiment of

have been assigned like reference nuinerais, In-

stead of emploving ‘an alternating current cir-.

cuit for- establishing the voltage difference. be-

tween the.cathode 37 and the control member 7

39, I may employ a unidirectional source such as
a battcry §2. TIn this arrangement, when the

light-intensity attains a ; predetermined value, an

are -discharge will be initiated and -current; flow
will ‘be established in the anode-cathode circuit:

positive: half 1

molb:continue.and-thé. charge

Bowliich. is simdiar in many.

ve, been:aszigred like .referénce .

.contzol member.

ing this charge: being obtamed.

har ge-when the anode
its. cycllc variation 1n;
potentlal a noue—cathoqe uule”lt will fow cifgoi~-.
hich-may.

anode- .

my invention is.
iltustrated - in Fig. 9 which is similar in many. -5
respects to Fig. 7, and corr espondmg elements_,
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One of the:prineipal:features.of lght:sensitive
electric :dischiarge -devices- built in- accordance
with my-invention . is-that ‘the:control. circuit
which ‘establishes the sensitivity ofthe:initiation
of .operation‘may:be.a low-impedance circuitiand
not-one:which ifunctions prineipally:in-response
to-potential:. By the- provision-of :such a:.device.
and csystem, itcis.possible.to:obtain greater-de=
grees:of rsensitivity-than that . afforded by-many
ofthe.prior-artarrangements; particutarly-where
it:ig:desired to.employ:the.device and the system:
ju-aclimateswhiehds:subjected to: extreme varias
tions.in-atmospheric ‘conditions rsuch- as::varia=
tions imrelative hwmidity .and temperature which
would: tend.:to , preduce ‘condensation :of .mois-
ture.onhigh voltage elements:comprising the sen-
sitive -part: of the-cireuit, thereby:reducing:its
sensitivity.:

In Fig. 10 I have diagrammatically :illustrated
a -still: further - embodiment: of ~my: invention
wherein ia..low:.impedance; -control ‘circuit 53 "is
connected .across . the- control: member .38 and:
cathode .37.0f electric. discharge. device- 36, the
initiation :of ‘the -anc.discharge or -operation of
the.device (being -effected by ithe.current which:
fiows -hetween conirel member 33 -and cathode:
37. That is, the circuit is primarily a .current
responsive -circuiti;and .does :not :depend ‘appre-
cigbly upon large:volbage variations, thereby dis-
pensing with-the employment of:impedance ele-
ments- of relatively :high: value- - which: .in :turn.
effeci.;or ~cause ~the .presence :of irelatively -high-
voltages.

Fig. 11 -diagrammatically illustrates a still fur--

-« thenymedification:of my -invention;. particularly:

a new.-and impreved-light sensitive electric (dis-~.
charge-device.which employs an ionizable medium:
steh as an;inertgas, and a plurality of electrodes
inciuding :an.electrostatic .photo-emissive control:
member, = Referring. particularly to the -eleciric
discharge :device shown:in- Fig,: 11, il comprises:
an-enclosing receptacle such, as a -glass bulb:54:
whieh may .ingludea cylindrical type. glass:press-
55 which-is.sealed-at; the, desired pressure.. The:
glass -bulb. 54, may.- be -evacuated..and ‘gas-filled
*bzoagn a tubulatlon (not shewn)..: The buth:54-
is..supperfed by-a base L&, I provme a: photo~
emissive electrostatlc control member 58 which-
surgounds.-an .appreciable. dimension:.of ;awire
anode .57, and, which-may be.an.inverted trun-.
catgd-cone having -a -pheto-emissive :surface; on:
the concave poztion therle facinc* the : anode,
lower opemng 68 tbyuugh wh1nh the anode 51 ex»
tends. Anode BT: and.control memher 58 may-be.
supported. above -the.. glass . press - §5 Dby uprights
66..61,. .and. 62 1esnect1vely Anode 51 .and up-
ught 59, may be, supported by .a .vitreous: or glass
slegve or, pencﬂ 80 in-which these members and:
conductors 65.ars embedded or sealed. . The up-.
rights 69 .and: 51. are connected - to prongs. 63 and.
64 . through conductors 65. and. 6§ respectively .
which may be sealed in.the glass, press:. 55..
I.provide a. thermlomc cathode. prefe1 ably cons..
mzn_u,.,emlssx.ve, ...chalacterlstxcs and_ whlch mav
have .a substantially .circular configuration. 1y,ing:
ina plane substantlally perpendicular fo the prin-.
cipal axis of the anode 51. The cathode 67 may
be suppmted by wire uprights 68 and. 68 which.
in turn are sealed in the glass press 55 .and made .
externally. accessible by, prongs. or.conductors .10 .
and. 11 which_are supported by. base. §6... It will
be noted that, thﬂ projected area, of. cathod;e rib-..
bon BT upon the. surface of .the..control memniber,
58 is inappreciable so that the thermal effects of
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the cathode do not materially affect the emission
characteristics of the control member 58.

In operation, the embodiment of my invention
shown in Fig. 11 functions substantially the same
as that explained above in connection with Figs.
1,2, and 5.

In the modification of my invention shown in
Fig. 12, which is similar in many respects to that
shown in Fig. 11 and corresponding elements have
been assigned like reference numerals, I provide
a heat shield in spaced relation between the
thermionic ribbon cathode 81 and the photo-emis-
sive electrostatic control member 58. This heat
shield may be constructed of metal such as nickel
or copper having an appreciable thermal capacity
to absorb heat which is radiated from the eath-
ode 67. The heat shield may comprise a metal-
lic cylinder 712 supported upon a pencil or glass
stem 13 and may be sealed thereto by employing
an alloy of iron-nickel-cohalt. The portion of
the shield which extends toward the control mem..
ber 58 may comprise a flared or flanged section
including a metallic annular member 74 which
lies in a plane substantially perpendicular to the
direction of heat flow or heat radiation between
members 87 and §8. Conductors 77 and 78, which
are connected to anode 75 and control member
58, may extend through and be sealed in the glass
stem 73, and may be made externally accessible
by means of a base (not shown).

In the modification of my invention shown in
Fig. 12, I provide an anode which may take the
form of an inverted cone 15 and may be con-
structed of a wire mesh or grid and which is

supported at the vertex thereof by means of an 33

upright 76 which extends through the lower open-
ing 59 in the control member 58. The concave
portion or surface of the control member 58 is
also coated with a photo-emissive material and
the initiation of current between the anode and
cathode may be accomplished in the same man-
ner, as explained above, in connection with the
devices shown in Figs. 1, 2, 5, and 11.

While I have shown and described my inven-

tion as applied to particular systems employing 4

various devices diagrammatically shown, it will
be obvious to those skilled in the art that changes
and modifications may be made without depart-
ing from my invention and I therefore aim in
the apvended claims to cover all such changes and
modifications as fall within the true spirit and
scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States, is:

1. A circuit comprising a light sensitive elec-
tric discharge device including g plurality of elec-
trodes enclosed within an ionizable gaseous me-
dium, said electrodes including an anode, a cath-
ode and a photo-emissive electrostatic control
member for confrolling the flow of current be-
tween said anode and cathode, a source of alter-
nating ancde voltage connected between said
anode and cathode for causing an anode current
to flow in said device, means connected %o said
control member for establishing and applying
thereto a self-biasing voltage responsive to ener-
gization of said circuit for controlling the fow
of said anode current, said self-biasing voltage
and said anode voltage being mutually propor-
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tioned at values insufficient to establish an ion-
ized gaseous discharge in said discharge device,
and photo-emissive means afiixed to said control
member whereby the potential of said control
member may be raised responsive to the impinge-
ment of light thereon to a value sufficient to
establish an ionized gaseous discharge in said
discharge device.

2. A circuit as in claim 1 in which said first
mentioned means comprises a capacitor con-
nected to said control member.

3. A circuit as in claim 1 in which said first
menticned means comprises a resistor and a ca-
pacitor in a parallel circuit connected in series
with said control member.

4. A circuif as in claim 1 including relay means
selectively responsive to an ionized gaseous dis-
charge in said device.

5. A circuit comprising a light sensitive electric
discharge device including a plurality of elec-
trodes enclosed within an ionizable medium, said
electrodes including an anode, a cathode and a
photo-emissive electrostatic control member, a
source of alternating anode voltage connected be-
tween said anode and cathode for causing an
anode current to flow in said device, a source of
alternating control voltage and means responsive
thereto for establishing and applying to saig con-
trol member a self-biasing voltage connected to
said control member for controlling the flow of
said anode current, said self-biasing voltage and
said anode voltage being mutually proportioned
at values insufficient to establish an ionized dis-
charge in said discharge device, and photo-emis-
sive means affixed to said control member where-
by the potential of said control member may be
raised responsive to the impingement of light
thereon to a value sufficient to establish an ion-
izeq discharge in said discharge device.

6. A circuit as in claim 5 in which said first
mentioned means comprises g capacitor in series
with saild source of alternating control voltage
and said control member. )

7. A circuit as in claim 5 in which said first
mentioned means comprises a resistor and a ca-
pacitor in a parallel circuit connected in series -
with said control member.

8. A circuit as in claim 5 in which said alter-
nating control voltage is displaced in phase sub-

0 stantially 180 electrical degrees with respect to

said ancde voltage whereby said biasing voltage is
established by flow of current between said cath-
ode and control member during inverse half cy-
cles of said anode voltage.

9. A circuit as in claim 5 including relay means
selectively responsive to an ionized gaseous dis-
charge in said device.

ELMER D. McARTHUR.
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