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This invention relates to electric discharge 
devices and more particularly to electric dis 
charge devices of the gaseous conduction type 
and to electrodes employed therein. 

5 One of the objects of this invention is to 
increase the operating efficiency of gaseous 
conduction devices. 
Another object of this invention is to :pro 

vide an electrode for such devices having a 
10 relatively low electrode drop in potential. 

Another object of this invention is to pro 
vide a gaseous conduction device operable at 
relatively high electrode current densities 
with a relatively low electrode drop in poten 

1s tial. 
Other objects and advantages will be ap 

parent as the invention is more fully dis 
closed. 
This invention is an‘improvement in the 

2o invention disclosed in my copending applica 
tion Serial No. 417,091 lfiled December 28, 
>1929, which application is assigned to the 
same assignee as the present invention. In 

y said copending application I have disclosed 
25 the use in an electric discharge device of the 

gaseous conduction type of open ended hollow 
electrodes comprised at least in part of re 
fractory thermionically active metal, speci?i~ 
cally thorium. In such a type electrodethe 

30 cathode glow of the discharge is substantially 
confined to the hollow interior of the elec 
trode and by reason of certain electron emit 
ting properties of the thorium component of 
the electrode, the electrode drop in potential 

35 is materially lowered, thereby permitting the 
application of materially higher electrode 
current densities to the electrode without ac 
companying undesirable electrode sputtering 
effects. 

40 With such open ended hollow electrodes the 
permissible size and depth of the opening 
therein is dependent upon the specific gases 
employed in the device, the pressure of the 

Y gas, and the desired operating potential 
45 across the electrodes, etc. l 

In accordance with theobjects of the pres 
ent invention the operating efliciency of this 
type electrode may be still further increased 
by coating the interior surface of the open 

5° ended hollow electrode with thermionically 

active alkaline or alkaline earth metal com 
pounds. y 

Before further disclosing the nature of 
my invention reference should be had to the 
accompanying drawings wherein, 

1g. is a perspective view of a gaseous 
conduction device of the positive column type 
embodymg the specific type electrodes of the 
present invention; 

Fig. 2 is an enlarged cross-sectional view of 
the electrode, and 

Fig. V3 is a voltage-current graph illustrat 
ing thebeneficial eíi’ects obtained by the prac 
tice of the present invention as compared to 
those obtained heretofore with prior art elec 
trodes.  

Referring to Fig. 1 the discharge device is 
comprised of a long tubular glass envelope 1 
which is relatively small in diameter with re 
spect to its length, having enlarged ends 2 
within which are enclosed electrodes 3 inte 
gral with support member 4 passing through 
press 4 to make electrical connection with 
current carrying conductors 6. 
In the present illustration the narrow tu 

bular portion 1 is shaped in the form of a 
letter N and the enlarged portions 2 are bent 
at right angles to the plane of the narrow 
tubular portion 1. ’ Electrodes 3 are comprised 
of metal and in accordance with the present 
invention are hollow tubular inform, one end 
being closed, the open end 7 substantially 
facing the channel of the tubular portion of 
the device. » 

The electrode structure is shown in greater 
detail in Fig. 2 which is a cross sectional 
view of the same showing the hollow tubular 
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. feature in greater detail. Preferably the elec 
trode is comprised of a solid cylindrical mass 
of metal and the recess portion 7 is obtained 
therein by drilling a hole therein of the roper 
or desired diameter to the proper or esired 
depth, depending upon the contemplated ap 
plication or use of the electrode in gaseous 
conduction devices. 
The particular sizeÁ and depth of the hole 

and the overall dimensions ̀ of the electrode 
and the speciíic composition of the electrode 
will depend upon the specific device within 
which it is to be employed, the kindof gas 1°“ 
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" tion of the alkaline earth metal. 

2 

filling, the gas pressure and the current den 
sities to be applied thereto. The inner sur 
face of the electrode is coated with thermioni 
cally active alkaline earth metal compounds. 

In the device illustrated in Fig. l the tu 
bular shaped envelope is approximately .150 
inches in diameter, and the gas filling is com 
prised preferably of neon at a pressure ap 
proximating 13.3 mm. of mercury. A com 
mon sized electrode which is useful over a 
Wide range of current densities in such a 
device is approximately .15 inches in diam 
eter, about 5;/8 inches in length, and withln 
which a hole of about .O76 inches diameter to 
a depth of about l@ inch is drilled. 
The electrode 3 is comprised preferably 

substantially of thorium, which may be pre 
pared in accordance with the invention of 
copending application Serial No. 717,940, 
filed June 5. 1924, by J. W. Marden, et al., 
which application is assigned to the same 
assignee as the present invention. It may 
be comprised however of a refractory alloy 
of thorium or of a refractory metal base sur 
faced with or comprised at least in part of 
thorium. 

In accordance with the practice of the 
present invention the interior hollow surface 
of the electrode is surfaced with a thermioni 
cally active alkaline or alkaline earth metal 
compound, specifically barium oxide, in any 
convenient manner, such as by repeatedly 
dipping the electrode in a barium nitrate 
solution and subsequently baking at elevated 
temperatures, or by applying the oxide as an 
aqueous or non~aqueous suspension to the 
surface. A thermally decomposable com 
pound of barium may be employed if `de 
sired. The exterior surface of the electrode 
may or may not be oxidized as is set forth 
in my copending application in order to more 
efliciently concentrate the glow discharge in 
the interior of the electrode. 
The electrode thus coated is then mounted 

in any convenient manner upon the electrode 
support wire 4 and sealed into the glass enve 
lope 1 of the device in the usual manner. The 
device is then exhausted, the electrodes 3 and 
envelope 1 being thoroughly freed of dele 
terious adsorbed and absorbed gases. During 
this exhaust operation the electrodes are in 
candcsced to elevated temperatures by high 
frequency induction means to effect thermal 
decomposition of the alkaline earth metal 
compounds to oxide compounds and further 
heated to effect at least in part activation of 
the electrode. 
This activation of the electrode is believed 

to comprise substantially effecting at Lleast 
in part a thermal dissociation of the alkaline 
earth metal compounds and an interaction of 
the alkaline earth metal oxides or an alkaline 
earth met-al with the metal of thc electfrode 
element to effect the formation of a propor~ 

This alka 
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line earth metal remains upon the electrode 
either as a component of the coating or as a 
surface film adherent to the base metal or 
alloyed at least in part therewith. Although 
the exact reaction involved is not clear the 
effect produced is believed to be due to the 
presence upon the electrode of metallic alka 
line earth metal. 
Following activation of the electrode and 

the complete removal of atmospheric gases, 
the desired monatomic or inert gas filling is 
introduced within the device and the device 
is sealed off' from the exhaust means in the 
customary manner. 
The device is then given a preliminary 

seasoning operation during which an elec 
trical discharge is maintained therein until 
the gas filling has been completely freed 
of deleterious residual atmospherical gases. 
During this seasoning stage the thorium com 
ponent of the electrodes serve as the gas clean 
up agent. 
A gaseous conduction device constructed in 

accordance with the present invention in 
corporating drilled or open ended hollow 
thorium electrodes having the surface coated 
with barium oxide, activated and seasoned 
in accordance with the above disclosed proc 
ess, may be operated at relatively high elec 
trode current densities at relatively low elec 
trode drop in potentials. 

Referring to Fig. 3 of the accompanying 
drawings a graphic comparison of the oper 
ating characteristics of three types of elec 
trodes operating in substantially the same 
pressure of an inert gas is clearly set forth. 
Curve I shows the type of operating curve 
obtained with solid thorium electrodes; curve 
II shows the type obtained with the drilled 
(or open ended hollow) electrodes of co 
pending application Serial No. 417,091 above 
identified, which electrode for simplicity of 
identification has been labeled “Drilled 
thorium cathode,” and curve III illustrates 
the marked effect on the same type of drilled 
thorium electrode when coated with barium 
oxide and activated in accordance with the 
present invention. 

It will be noted, for example, that when a 
current of 20 ma. is applied to the electrodes 
of such type that the electrode drop in poten 
tial of the electrode varies markedly. The 
solid thorium electrode has a potential'drop 
of approximately 150 volts; the drilled 
thorium electrode has a potential drop of 
about 140 volts; whereas the activated 
drilled thorium electrode has a potential drop 
of about 125 volts. 
At 30 and 40 milliamperes current density 

the activated drilled thorium electrode has 
a potential drop not far different from the 
potential drop at 20 ma., and far below that 
of either the solid thorium or the drilled 
thorium electrode. This is believed due to 
the presence of the barium or other alkaline 
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earth metals either within the coating com 
position, or superficially coating the electrode 
or alloyed therewith, depending upon the 
particular activated electrode theory that is 
applied. ` 
While I have indicated in curve III that 

at higher electrode currents the voltage drop 
of the electrode rapidly lowers, it is to be 
appreciated that this does not give a measure 
of the satisfactory operating life of the elec 
trode under such conditions. It is of course 
desirable toobtain a reasonably long operat 
ing life from the activated drilled thorium 
electrode vand this may only be obtained at> 
the lower electrode current densities, below 
substantially two amperes per square deci 
meter electrode surface area. At electrode 
current densities materially greater than 
this the rate of evaporation or sputtering of 
the alkaline earth metal from the electrode 
due to positive ion bombardment is exces 
sive and in due course the beneficial effect of 
the same is lost. 
In calculating this current density I have 

taken overall surface of the electrode. With 
the drilled electrode of the size herein desig 
nated this overall surface approximates 260> 
square millimeters. It is to be specifically 
noted however that in employing a drilled 
electrode the glow concentrates within the 
recessed portion of the electrode’and it is 
estimated that approximately 90 to 95 per 
cent of the current is drawn from the re 
cessed portion. When the exterior surface 
of the electrode is coated with insulating ma 
terial the glow is concentrated to the inte 
rior and it is estimated that the maximum 
current density that may be safely applied 
to such an electrode without deleterious sput 
tering approximates 7'.0 ampers per squarev 
-decimeter of surface. v 

Having broadly and specifically disclosed . 
the nature and scope of the present inven 
tion it is apparent that many modifications 
and departures can be made from the specific 
embodiment hereinf set forth, but such modi 

i ñcations and departures are anticipated as 
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may fall within the scope of the following 
claims. ' c 

What is claimed is: 
l. In a gaseous discharge device an elec 

trode comprised of an open ended hollow 
metal base element superficially coated with 
alkaline earth metal compounds, said base 
element being comprised atleast in part of 
thorium. 

2. In a gaseous conduction device an elec 
trode comprised substantially of an open 
ended hollow thorium base ielement super 
?icìally coated with activated alkaline earth 

 metal oxide compounds. 

65 

3. In a gaseous conduction device, an elec~ 
trode comprised substantially of thorium 
superñcially coated with thermionically ac 
tive alkaline earth metal compounds. 

3 

4. A' aseousconduction discharge device 
comprising an 'enclosing glass envelope, a 
gaseous ñlling and at least one internally 

v disposed electrode, said electrode being com 
prised substantially of thorium, and one face 
of said electrode being recessed a substantial 
depth, the face of said recessed portion be 
ing surfaced at least in part with thermi 
onically active alkaline earth metal com 
pounds.  

5. In combination an enclosing envelope, 
an inert gas filling, and at least one inter 
nally disposed electrode, said electrode be 
ing comprised substantially of an open end 
ed hollow rare refractory metal body the re 
cessed portion thereof bein superficially 
coated at least in part with activated alkaline 
earth metal compounds. ` 
>In testimony whereof I have hereunto sub 

scribed my name this 25th da of June, 1930. 
CHARLES HASTING THOMAS. 
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