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My invention relatesto light-sensitive electric 
discharge devices and particularlyto light-sensi 
tive discharge devices in which the initiation of 
an electrical discharge in a gaseous medium is 
Controlled by the intensity of radiation incident 
to an electrode Surface therein, 
One Object Of my invention isto produce a dis 

- Charge device in which the initiation of gaseous 
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discharge in response to the intensity of incident 
radiation may be employed in Controlling relays 
and CirCuits generally requiring a Current flow of 
Substantial magnitude. 
Another Object of my invention isto provide a 

light-reSponsive electrical-discharge device which 
Shall maintain its electrical characteristics sub 
Stantially inVariable throughout long periods Of 
Operation. 
Afurther Object of my invention isto provide 

an electrical-discharge device of the character 
deSCribedabowein whichthe range ofwave1ength 
Of radiation to which it is reSponsive may be 
Waried between Wide limits. 
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In COnnection With many branches Of the eleC? 
trical art it is desirable to provide a relay device 
adapted to initiate and Cut off the flow of Current 
of Considerable magnitude in reSponse to the 
amount Of illumination falling upon a particular 
point Or area The present invention provides a 
Single electrical-discharge tube having One of its 
electrodes covered by a photo-electrically-sensi 
tive Substance When a Voltage is impreSSed be 
tweenthe electrodes of Suchatube a Critical volt 
age exists below which Substantially negligible 
Current flows through the tube and above which 
a Current of the magnitude Of One-tenth Of an 
ampere is Conducted in Connection with a glow 
in the tube and the value of this critical voltage 
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deCreases as the intensity Of radiation falling 
uponthe photo-electrically-sensitive electrode in 
CreaSeS. 

It is true that a number of Substances are 
known which are photo-electrically responsive 
and will, aCCOrdingly Wary the electrical-Current 
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flow through a gas by Which they are Surrounded 
in aCCordance With the amount of illumination 
falling Upon their Surfaces. However in the Case 
of Substances heretofore known, it is found that 
the SenSitivity Of the SubstanCe to light Varies 
Withtime perhaps dueto a ChemiCal Combination 
between the photo-electric Substance and the 
gaseous atmosphere. In aCCOrdance with One 
feature of my present invention, I have found 
that if the photo-sensitive surface comprises an 

55 
underlying layer Of Silver or alternatively an al 
kaline-earth metal Or preferably magnesium, 

(Cl.250?27.5) 
Which has superposed upon it an extremely thin 
layer of an alkali metal such as caesium the 
electrical Characteristics of a gaseous discharge 
path Comprising one of the noble gases such as? 
helium remained unaltered through extremely 
long periods Of use Light-sensitive surfaces of 
the Character above described have the further 
advantage Of being capable of simple and quick 
manufacture by processes well adapted to large?? 
SCale production, * 
With the foregoing principles and objects in 

mind my invention may be better understood by 
reading the following Specification, taken in con 
nectionwith the drawinginwhichthesinglefigure? 
is a View partly inelevation and partly a longi 
tudinal Section of a tube embodying the prin 
CipleS Of my invention, 
Referring in detail to the drawing the tube 

COmprises a VaCuum-type Container 1 of ordinary 
form into which are Sealed a Cathode lead 2 and 
an anode Wire 30fthe general form Shown in?he 
drawing The lead 2 lies parallel and closely ad 
jacent to the Wall of the Container1 for a con 
siderable distance its upper end being bent and 
provided With a disk 4 of Some suitable metal, 
Such as nickel On the disk 4 is welded a Small 
piece Of magnesium or other volatilizable metal 
5. The an0de Wire 3, which may Suitably be of 
nickel and of a diameter of40 mils?is surrounded, 
eXCept for One-eighth of aninch or so atitsupper 
end by a glaSS Sleeve 6 which Constitutes a pro 
jection integral with the Container wall The 
tube 6 preferably does not fit tightly over the 
Wire 3 but is Spaced away fromit by a distance 
Of the Order of magnitude of the diameter of 
Wire 3. 
A tube, ConStructed aS hereinbefore deSCribed, 

iS first exhausted by rneth0dS Wel1 known in the 
VaCuum-tube art. In acCordance with Such 
methods, the tube is heated to a temperature 
as high as the glass Wall thereof will withStand 
WithOut CollapSing but before Sealing Off a noble 
gas at less than atmospheric pressure is intro 
duCed into the tube by any rnethod Wel1 known 
in the art. It rnay then be Sealed Off from the 
WaCuum pump. Such having been done, a high 
frequency magnetic field is produced in the vi 
Cinity of the electrode 4 and the 1atter is heated 
to Suchtemperature that the magnesium 5there 
on is Vaporized and immediately dep0sited On the 
Walls Of the tube making Contact With the Wire 2 
and forming the base for the photo-SenSitive 
film At the Sametime, the magneSium actS aS 
agetter for any gases or vaporS remaining Or lib 
erated during the Sealing-of prOCeSS The Sleeve 

60 

65 

70 

80 

85 

90 

95 

I00 



10 

20 

25 

30 

35 

40 

45 

55 

70 

2 
6 preventSthe Wapor of magnesium from dep0Sit? 
ing On the glaSS near the joint with lead 3 and 
thereby inSures the insulation of the latter from 
the magneSium Coating. 

It will be noted that while I have deSCribed 
magnesium as the metal to be vaporized metals 
Of the alkaline-earth group arad eVen aluminum 
alloys Such as the Wel1 known Calcium?rnagne? 
Sium alloy “misch metal", may be utilized for 
thiS purp0Se. The metalto be uSed dependSupOn 
Convenience of manufacture and the particular 
Characteristics of the phot0-electric tube which 
are deSired. 
Where it is deSired to employ a baSe layer Of 

Silver the latter may be formed by Subliming 
SilVer from an electriCally heated Wire Within the 
COntainer Or eVen by the CherniCal-reduction 
methods well known in the mirror-making art. 
In Order to provide the Other element Of the 

pair Of metals which are Combined in the phot0 
electric Surface which I have invented Several 
methods and materials are available. 
anCe With One method a Small an10unt Of the Wa? 

In acCord 

por Of a metal or metals may be introduced,…after 
a high VaCuurn has been produCed in the tube by 
heating a Small tube 
netal. 

COntaining the deSired 
The metals Chosen Should be Such aS 

have a naaximum On their erniSSiVity VerSuS Wave? 
length Curve in the region Of the Wave length Of 
the radiation to which reSponSe 

taSSum rubidium and CaeSium which have max? 
inna Of enaiSSiVity in the Visible region are Ordi? 
narily preferable for uSe. 
A Way which I. prefer however ConsistS.in 

painting a weak Solution of an alkali-metal trin? 
itride Such as CaeSium trinitride on the portion 
Of the electrode:4 COnSiderably rennOVed fron the 
magneSiuna 5. 

Still another nnethod Of Setting?free the re? 
quired alkali metalis.to place a Small amount of 
Some Salt thereof?which will not yield a deposit 
When heated in VaCuunn t0 about 500 degreeS.C., 
On an eleCtrode Within the tube and produce a 
diSCharge Which Shall bombard the Salt With iOnS 
and COnSequently deCOmpOSe it. 

After the Vaporization Of the magneSium it 
may?ingeneral be neCeSSaryto heat a Snall p0r? 
tion of the tubewall to clear a window so that 
1ight may enter and strike upon the photo-Sensi 
tive Surface. 
In the foregoing manner?a layer of magnesium 

7.Will be depOSited On the tube Wall and, upon 
the SurfaCe of the latter will be deposited a thin 
1ayer Of CaeSiurn 8. It Will be reCOgnized that the 
proportionS Of the layers 7 and 8 Shown.in the 
draWing are diagrammatical Only and do not rep 
resent the true magnitude or relative proportion 
Of the materials probably actually employed in 
Dracticing my invention The lead.2 Serves to 
make COntact betWeen an external circuit and the 
phot0-Sensitive layer 7?8. If a Voltage of a mag 
nitude leSS than a Certain Critical Value is im 
preSSed betWeen the anOde 2 and the lead 3?Sub? 
Stantially negligible Current flow Will 0ccur 
throughthe interior Of tube 1. If now the photo 
SenSitive SurfaCe 7?8 be illuminated the radiation 
Of a Suitable Wave-length photo-electrons will 
be projected fromit into the gaseous atmosphere 
Of the tube and Will SO inCrease the electrical COn 
ductivity thereOf thationization by Collision will 
increase to an enormous degree and a very Con? 
Siderable Current Will flow betweenthe electrodes 
Of tube 1 aCCOmpanied by a glow in the tube, 

iS deSired.? 
USually reSponse is deSired to radiation in the 
.Visible Spectrum; hence lithium?.Sodium, p0 

1,955,335 
This Current may be employed to Control relays 
or any other electrical devices which it is deSired 
to actuate in reSponse to the amount Ofillumina 
tion falling upon the Seasitive Surface 7?8. 
As indicated On the drawing the Cathode 7?8 

preferably has a Surface area at least ten timeS 
as great as the free Surface Of the anode 3. 

If the voltage inpreSSed between the leadS 2 
and 3 is a continuous-Current potential Current 
“flow once initiated will persist even after the 
illumination Of the tube CeaSeS. 
hand if the voltage impressed upon the tube iS 

On the Other 

periodic, falling to Zero at intervals, Current flOW 
Once initiated will persist until the Voltage fallS 

; to Zero for the first time after the illumination iS 
Cut off The gasin the tube Will then almOSt in 
stantaneously return to its Substantially nOn? 
conductive condition and appreciable Current 
flow will only begin again when radiation is again 
incident to the light-SenSitive SurfaCe. 
In accordance with my invention, I have found 

that the electrical characteristics of the tube, 
suchas the critical voltage for-a given intensity 
of illumination?remain substantially unaltered 
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throughout an active life of hundreds Of hourS.100 
Such a permanency of electrical Characteristics 
is obviously of the highest importance from a 
practical standpoint and is found in the Case of 
no other gas-filled photo-sensitive discharge 
tubes which carry Currents of the magnitude ofi105 
one-tenth of an ampere such as the above-de? 
scribed device is capable of carrying Such a 
performance isto be distinguished from that of 
ordinary photo-electric tubes in which the Cur? 
rents actually traversing the device are measured 
in micro-amperes. That such relatively large 
current flow should not Cause Variation in the 
electrica1 characteristics of the photo-Sensitive 
device is a very remarkable fact and by obviating 
the employment of auxiliary amplifying devices, 
produces a device of high commercial value. 
Another important-practical advantage of the 

device above described lies in the fact that by 
properly choosing the base layer 7 and the Sur 
face 1ayer 8, the particular wave length of radi? 
ation to which the device is most Sensitive may 
.be varied over a wide range; thus by employing 
.barium as the outer layer in Combination with 
the magnesium base a device having maximum 
sensitivity in the visible region of the Spectrum? 
is obtainable By substituting Caesium for bari? 
?um?the maximum sensitivity is displaced toWard 
the blue-green region of the visible Spectrum. 
The-substituttion of rubidium potassium and SO? 
dium as the surface layer successively.deCreaSeS 
the wave length of maximum SenSitivity farther 
and-farther into the ultra-violet On the Other 
hand?by employing two Or more of the alkali 
metals?in combination?in the Surface layer Sen 
sitivity corresponding to that of both CompOnentS? 
is obtained?so that a substantially uniform Sensi 
tivity over a very considerable range of Wave 
1engths may be attained In fact by properly 
Combining and proportioning the Various Sub 
stances enumerated as Suitable for the photo 
sensitive layers a wide range of photo-electric 
characteristiCS may be Obtained. 
While I have described the foregoing particu? 

1ar embodiments of my invention?it Will be evi 
dent to those Skilled in the art that many m0di 
fications thereof may be employed to meet Special 
problems without departing from the broad prin? 
ciples which I have deSCribed Accordingly I 
desire that the claims shall be.given the broadest 
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reaSOnable interpretation to Which their terms 
are Susceptible in view of the prior art. 
I Clainn as nny inVention: 
1. A glow tube comprising a photo-senSitive 

electrode having an Outer layer of a metal of the 
alkali metal group and an underlying layer Of a 
metal of the alkaline-earth group Surrounded by 
an atm0Sphere adapted t0glowin Operation Com 
priSing a noble gas at leSSthan atmOSpheric preS 
Sure and another electrode COOperating With Said 
first mentioned electrode. 

2. A glow tube Comprising a photo-Sensitive 
electrode having a layer of a metal of the alkali 
metal group and an underlying layer of a metal 
of the alkaline-earth group Surrounded by an 
atmosphere adapted to glow in Operation Com? 
prising a noblegas at leSS than atmOSpheric preS? 
sure and another electrode Cooperating With Said 
first mentioned electrode. 

3. Aglow tube comprising an anode having a 
relatively Small exposed Surface and a photo 
Sensitive Cathode Comprising an Outer layer Of a 
metal of the alkaligroup and an underlying layer 
of a metal Of the alkaline-earth group, Said eleC? 
trodes being Surrounded by a noble gas at a Sub? 

3 
Stantial pressure adapted to glow in operation. 
4?A glow tube Comprising an anode having a 

relatively Small exposed Surface and a photo 
Sensitive cathode comprising a layer of a metal 
Of the alkali group and an underlying layer 
Of a metal Of the alkaline-earth group Said elec? 
trodeS being Surrounded by a noble gaS at a Sub? 
Stantial preSSure adapted to glow in Operation, 

5. A glow tube Comprising an anode having a 
1elatively Small free Surface, a gaSeous atmOS 
phere at a Substantial preSSure adapted to glow 
in Operation and a photo-Sensitive Cath0de haV? 
ing a relatively extensive Surface and COmprising 
an underlying layer of a metal of the alkaline 
earth group and an Outer layer Of a metal of the 
alkaligroup. 

6. A glow tube Comprising an an0de having a 
relatively Small free Surface an atmosphere of a 
gas at a substantial preSSure adapted to glow in 
Operation and a photo-Sensitive Cathode having 
a Surface area at least tentimes the free Surface 
Of Said an0de and COmpriSing an underlying layer 
of magnesium and an Outer layer of Caesium. 

DEWEY D. KNOWLES. 
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