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This invention relates to electric discharge de 

vices, and more particularly to luminous devices 
of the positive column type. . 

It has been found that by the use of higher 
amperages in such devices higher light efficiencies 
can be obtained when the tubes are loaded with 
rare gas at lower gas pressures than the pressures 
commonly used in Cold Cathode tubes. The use 
of such higher amperages, however, requires cer 
tain significant changes in electrode construc 
tion. The present invention, in certain of its 
aspects, provides electrode construction satisfying 
these requirements. Pursuant to the present in 
vention, tubes having an efficient light-giving 
life of more than 1000 hours is made possible. 
As the gas pressure is lowered in these tubes, 

the intensity of light increases for a given tube 
current, and it happens that the voltage drop 
of the tube decreases as the pressure is lowered 
down to a certain value. These two facts make 
it apparent that the tube is consuming less Watts 
and giving more light as the pressure is lowered 
from the cold cathode tube pressures. In a mer 
cury discharge tube of the fluorescent type, other 
technical reasons besides those mentioned, make 
the low pressure gas loadings more necessary for 
obtaining an efficient light Source of proper color. 

Hot cathode tubes have the definite disadvan 
tage that a supplemental heater element and an 
independent circuit for heating this element are 
required. 
There is another type of tube which has been 

utilized with mercury vapor discharges. In such 
tubes filamentary electrodes are used, these being 
in the form of a U, one end of each of which is 
connected with an operating circuit and the other 
end of each of which is connected with a shunt 
circuit containing a switch. In order to start the 
arc the switch is closed to pass current through 
the electrodes. Once a hot spot is formed on the 
cathode, the switch is opened to strike the arc, 
and a self-sustaining arc is continued. 
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These last electrodes have the following dis 
advantages: 

(1) Even though a constant source of heating 
current is not supplied to the electrodes, two 
wires must be connected to each end of the tube. 

(2) A starting switch of some type must always 
accompany the tube, and the proper operation 
of the lamp depends upon, the switch which is 
not as reliable as the tube itself, and the tube 
does not strike as soon as the voltage is applied. 

(3) As the self-sustaining stability of the dis 
charge is obtained only through the bombard 
ment of positive ions of gas or vapor, there will 

50 

always be a good deal of sputtering. The sput 
tered materials from the electrodes with the mer 
cury vapor in their path, have full freedom to 
reach the neighboring inside face of the glass 
tube causing a black ring which augments con 
tinuously. The provision of baffle means between 
the operating electrode and the tube wall pur 
Suant to the invention has the marked advantage 
of eliminating the formation of such a dark spot. 

(4) These electrodes could not well play the 
part of an anode when the tube is connected tu 
an alternating current source, and the direction 
of the current changes to make these electrodes 
anodes. Some of the quick sputtering is due to 
this reason. 
Any attempt to strike and operate this last tube 

by applying to the circuit a high enough voltage 
by any means without using a switch would badly 
damage the electrode and decrease the tube life enormously. 
The use of the cylindrical or cone-shaped elec 

trodes used in conventional types of luminescent 
tubes operated at relatively low currents is un 
satisfactory at relatively high currents. If the 
voltage is increased enough to strike and operate, 
for example, at 200 to 600 milliamperes, the elec 
trodes will disintegrate very quickly. 
A filamentary electrode formed of a metal such 

as tungsten which has a high melting point, a 
high resistivity, and enough rigidity to hold its 
shape in filamentary form, and coated with an 
oxide of an alkaline earth metal, provides an ex 
cellent electrode during operation of a low-pres 
sure discharge tube but is unsatisfactory for the 
striking of the arc with relatively high current 
(e. g. currents of from 200 to 600 milliamperes) 
without preheating it to red temperature. 
With the foregoing and other considerations 

in mind, the present invention, in certain of its 
aspects, contemplates the provision of a two-part 
electrode, one member of which serves to receive 
the major portion of charged particles during 
Operation and the other member of which serves 
while cold to receive the major portion of the 
charged particles during the striking of the arc, 
and, in certain of its more specific aspects, a 
proper arrangement and design of this last mem 
ber facilitates the shifting of the discharge to 
the former member quickly. 
In low pressure tubes it is desirable that there 

be provided a metallic shell electrode, the thick 
ness of which is very small-e.g. 001 to 003 of 
an inch compared with .02 to .03 of an inch, which 
has been the thickness of previously utilized 
shells. In addition, in positive column mercury 
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discharge tubes difficulties have arisen due to the 
tendency of the liquid mercury to come in Con 
tact with the electrode. In addition, in the strik 
ing of the arc, the mercury evaporation is SOSwift 
and intense that the fluorescent coated surfaces 
in proximity to the electrodes become covered 
with a fine layer of condensed globules, a large 
percentage of which remain there resulting in an 
unilluminated area at that point. In an attempt 
to overcome this condition, and other, there are 
cold cathode heavy shells coated with mixtures 
of barium and strontium compounds which are 
supposed to break down at low temperatures. 
This does not give the desired results because if 
the ceramic powders break down to partially 
emitive oxides during bombardment or process 
ing at lower temperatures, these partially broken 
down emitive chemicals become deposited on the 
heavy metal shells in a loosely piled up state and 
are not fused in with the metal shell to become 
an integral part of same. During the said proc 
essing, the heavy shells cannot be freed of all 
gases and vapors occluded in them in great quan 
tities. These gases and vapors coming out of the 
heavy shells also prevent a good bond between 
the metal shell and the ceramic emitive oxides. 
With the foregoing and other considerations in 

view the present invention in certain of its as 
pects contemplates the provision of an electrode 
comprising a metallic shell and a tungsten fila 
ment, and, more specifically, also of an Outer 
shell-like member which is interposed between 
the metallic shell and the tube. The Sputtered 
material deposited on the outer shell-like mem 
ber is of such character as to enable the Outer 
shell-like member to be utilized as an additional 
electrode, and to this end the invention in cer 
tain of its specific aspects further contemplates 
the provision of means to connect this deposit 
with the lead Wire. 
The invention accordingly comprises an arti 

cle of manufacture possessing the features, prop 
erties, and the relation of elements which will 
be exemplified in the article hereinafter described 
and the scope of the application of which will be 
indicated in the claims. 

For a fuller understanding of the nature and 
objects of the invention, reference should be had 
to the following detailed description taken in 
connection with the accompanying drawing, in 
which: 

Fig. 1 is a longitudinal sectional view of One 
end of an electric discharge device embodying 
the invention; and 

Fig. 2 is a similar view of another form of an 
electric discharge device embodying the inven 
tion. 
The particular embodiment of the invention 

illustrated in Fig. 1 is an electric discharge device 
of the luminescent tube type used in luminous 
signs. This tube is designed to operate at cur 
rents of from 200 to 600 milliamperes. It com 
prises a sealed tube 5 composed of glass or other 
suitable transparent material, ordinarily of a 
vitreous nature, the inside surface of which may 
be coated with fluorescent powders for light gen 
eration. The tube may vary in volume, the ex 
emplified tube having a volume of 38 cubic 
inches. The tube contains a suitable inert (non 
atomic) gas at a low pressure-in the present in 
stance argon (or, in certain instances, an argon 
neon mixture) at a pressure of from 1 to 4 mm. 
(When millimeters of pressure are specified here 
in, millimeters of mercury column are intended.) 
It also contains mercury in such quantity as, to 

provide a mercury vapor pressure of from .01 mm. 
to .1 mm. depending on the tube cross section, 
the current, and rare gas loading, and the am 
bient temperature. For example, with a tube 48 
inches in length and having an interior diame 
ter of one inch (except at its ends where the 
diameter is % of an inch), a current of 300 milli 
amperes, and a rare gas loading of 3 mm., the 
mercury vapor pressure should be .02 mm. Only 

10 one end of the tube is illustrated. In it is an 
electrode generally designated as 6. In the other 
end is a second electrode. This second electrode 
may be similar, to the electrode 6 in which case 
the tube may be used with alternating current, 

15 each electrode serving alternately as an anode 
and as a Cathode; or it may be of a well known 
Or desired type adapted to serve as an anode, the 
electrode 6 serving as a cathode. The tube 5 
in the present instance has the dimensions above 

20 indicated. 
The electrode 6 is supported by a current-car 

rying lead consisting of a portion 8 which is 
sealed in the glass tube and extends inwardly 
thereof to a larger diameter portion 9 composed 

25 of nickel or iron and welded to the portion 8. 
The portion 8 is covered by a protective layer of 
its own oxide or other insulation. About the end 
of the portion 9 there is wrapped, and welded 
thereon, one end of a filamentary electrode mem 

30 ber 10, composed of a high-melting-point, high 
resistance metal, and consisting in the present 
instance of a tungsten wire having a thickness 
of from .001 to .003 inch, for currents of 200-600 
milliamperes. For higher currents it may be up 

35 to .01 inch in thickness. Other metallic mate 
rials having these characteristics as well as suf 
ficient rigidity in filamentary form, for instance 
thoriated tungsten, molybdenum, tantalum, plat 
inum, osmium, indium, or alloys thereof may be 

40 used in certain instances. A metallic substance 
which has a resistivity at red heat greater than 
30x10-6 ohm-cm. and a melting point greater 
than 2000 C. is desirable. It should also desir 
ably have a substantial rigidity at a dull red tem 

45 perature. The tungsten filament is desirably, 
\and as exemplified, in the form of a coil as it 
extends from the lead, and this coil is itself coiled 
to provide a coiled coil extending inwardly from 
the lead. Filaments in other form may be en 

50 ployed however. The filament O is coated with 
an emitive material such as the oxides of alkaline 
earth metals, a mixture of barium and strontium 
Oxides being employed in the present instance. 
These are in the form of carbonates when the 

55 tube is originally manufactured, but become ox 
ides when the tube is processed. 
On the outside of the portion 9 there is secured 

an insulating member which in the present in 
stance is in the form of a tubular quartz portion 
and which, preferably and as exemplified, ex 
tends inwardly of portion 9 So as to surround the 
outer end portion of the filamentary electrode 
f0. The tubular quartz portion is formed at a 
point in proximity to the inward end of the coiled 

65 filament 0, with an exterior annular recess 2 
in which is secured the lower end of a second 
electrode member 3 which is in the form of a 
metallic shell. The shape of this shell 3 is pref 
erably frusto-conical with an inwardly expand 

70 isg interior diameter. The shell in the present 
instance is uncoated, but, if desired, may be 
Coated interiorly with barium oxide or other 
emitive material. 
An important consideration is that the outer 

75 end of the shell should be fairly close to the in 



2,314,184 3 
terior surface of the tube 5. For example 6 of 
an inch is a desirable diameter for the large end 
of the shell in the present instance, leaving 
of an inch between it and the tube. The external 
diameter of the portion f and the diameter of 
the outward end of the shell may be between 
of an inch and of an inch in the present in 
stance. If the diameter of the tube were only A 
of an inch and the diameter of the Outward end 
of the shell were still 6 of an inch, for example, 
a shell with a uniform diameter would operate 
Satisfactorily in certain instances. 
The outward end of the shell is pressed in at 
4 to fit in the recess 2, and a molybdenum wire 
5 acts to secure the shell Snugly in the recess. 
This provides a closure at the outward end of 
the shell to prevent the escape of charged par 
ticles to a point where they might form an arc 
between the shell and the lead 8. The shell 3 is 
composed of nickel for example, or of any metal 
or alloy having the proper qualities for the re 
quirements of metallic shells used as cold cath 
odes, such for instance as Swedish iron, certain 
nickel-iron alloys, or certain iron-aluminum 
alloys. 

in accordance with the invention in certain of 
its more specific aspects, there is deposited at 
two or three points along the inner edge of the 
shell 3 a metal, for instance thorium, having 
comparatively high emission characteristics when 
coid. Other Erietals than thorium, e. g., barium, 
Calcium and Caesium, may be employed in certain 
instances. Powdered thorium may be adhesively 
secured to the shell as indicated at 6, or pieces 
of thorium may be welded thereon. The filia 
ment () is coated. With an emitive material, for 
example, barium oxide or other oxide of an alka 
line earth metal, and the filament is connected 
at its inward end by means of a connector wire 
to the shell 3 at a point which is preferably 
spaced somewhat from the inward edge of the 
shelli. In the present instance, for example, the 
length of the shell is 56 of an inch and the dis 
tance from the inward edge of portion 9 to the 
point where the filament is attached to the shell 4 
is is of an inch and the distance between the 
botton of the shell and the in Ward end of the 
portion 9 is between 4 to s of an inch. 

It is to be noted that the tubular portion f 
extends inwardly over the outward end of the 
coil (about 6 of an inch in the present instance). 
By this means the junction point of coil and por 
tion 9 of the lead is protected-an important Con 
sideration since the density of ionized molecules 
is greater in the outward portion of the shell, 
i. e., the cavity inside the small end of the shell 
in the exemplified construction. 

In operation, as soon as proper voltage is ap 
plied to the tube, the arc builds up instantly on 
the interior of the shell 3, but due to the pres 
ence of the insulating member , cannot reach 
the lead except through the filament i with the 
result that tungsten filament heats up Sufficiently 
to serve as the main electrode during continued 
operation-approximately 95% of the current is 
then carried by the filament to and only about 
5% thereof by the shell. 
This desirable action and the operating char 

acteristics of a tube equipped with an electrode 
of the type under consideration are greatly in 
proved when the tube contains mercury vapor. 
The reason for this may be due to the following: 

(a) It is easier for the heavy mercury ions to 
grab electrons from the emitive filament with 

the least amount of damage to it, due to their 
comparatively low velocity. 

(b) In the intense mercury ionization in this 
locality where the coated filament is, ultra-violet 
rays also-caused the coated filament to emit elec 
trons. 

(c) This is due to the heat generated by the 
ionization in the cavity of the electrode. 

(d) This very high current density on the 
10 small shell, causes an intense field to aid the at 

traction of electrons from the filamentary cath 
Ode. 1. 

(e) Before leaving the tube, the initial dis 
charge current on the shell, passing through the 

5 Cathode coil, increases the temperature of the 
filamentary cathode for emission. 
A construction such as exemplified permits the 

striking of the arc with a current of from 200 
to 600 milliamperes in a tube containing mer 

2 cury having a rare gas pressure of from one to 
four millimeters, without damaging the electrode 
and at the same time giving a commercial life 
to the tube, whereas in previous tubes when the 
mercury pressure dropped due to a drop in the 

5 Outside temperature the bombardment of the 
cathode increased, and tube voltage drop in 
creased, because instead of the current being car 
red fully by the highly conductive mereury va 
por, at the optimum pressure, the inert gas car 

30 red. Some with a resulting increase in sputtering. 
In addition, outside temperature changes affected 
adversely the generative light if the particular 
mercury tube is of a fluorescerit type (that is, with 
the inside surface of the tube coated with fiu 

35' orescent powders). This is avoided in the present 
construction due to the needed increased heat 
supplied by the metalic shell electrode member. 
An important consideration in the construc 

tion of electrodes such as those under consid 
40 eration, is that there be a zone of intense ioniza 

tion in the outward portion of the shell and to 
this end the volume is restricted at this point. 
Excellent results have been obtained when the 
interior volume of that portion of the shell which 

5 lies between the end of the shell toward the lead 
and a bisector of the axis of the shell (e. g. the 
outward end portion of the space within the 
shell--that portion which is disposed about the 
half of the axis of the shell which is adjacent 

so the lead) is approximately .01 cubic inch, which 
is a preferred volume. This volume should de 
sirably be from .007 to .018 cubic inch. When 
such volumes are used there is provided within 
the limitations of construction and operating 

55 considerations, an intense ionization zone which 
facilitates the shifting of the arc from a shell 
such as 3 to the filament such as O, and, in 
8ddition, assures, especially effectively, the cool 
ing of certain of the parts of the filament other 
than the point thereon where the hot spot is 

60 formed, because of the small size of the area, 
between the flament and shell. 

in Fig. 2 there is exemplified a form of con 
struction embodying the invention and designed 

65 for Operation at relatively low currents, e.g. cur 
rents of less than 200 milliamperes. In this form 
of construction, there is provided an electrode 
arrangement including a tungsten filament, a 
thin metallic shell which, in this instance, must 

70 be interiorly coated with emitive material, and 
an outer shell of substantially non-conductive 
(ordinarily vitreous) material, in connection with 
which there is provided a plate connecting the 
lead wire with the interior of the shell so that 

75 this plate together with the material deposited 
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during the processing on the interior of the shell 
will form a supplementary electrode. By the 
provision of an intermediate metallic shell which 
is very thin it is possible for the shell to reach 
very much higher temperatures during the bon 
bardment of the finished tube on the exhaust 
pump. By the provision of an outer shell extra 
protection is provided for the metal shell during 
the striking instant due to the thin layer of 
particles sputtered from the inner shell during 
the very high heat of processing and deposited 
on the interior of the Outer vitreous shell. In 
addition, this added layer on the vitreous shell 
increases the capacity of the tube and facilitates 
the Striking. Without this glass Shell the Sput 
tered hot particles will deposit themselves on 
the inside wall of the tube, or on the fiuorescent 
powders bonded to the inside of said tube. In 
most cases these hot evaporated sputtered metal 
particles will crack the walls of the glass tube 
upon striking same. 
The following will explain why it is necessary 

to reach the high metal boiling temperatures in 
bombarding. 
When, in a vacuum device, a metal is coated 

with a molecularly balanced mixture of barium 
and strontium carbonates, and when, during the 
processing of the tube, these carbonates are bro 
ken down to metal oxides of highly emitive char 
acteristics, the metal bed at this point, must have 
a high enough temperature so that these emitive 
ceramic oxides will have a chance to fuse with 
the metal and form a tight bond with it. In 
this manner all of the carbonates are changed 
to the desirable barium and strontium emitive 
oxides which become an integral part of the 
shell and will be least affected by positive ion 
bombardment. 

In the exemrolified construction there is pro 
vided a tube 20. The tube contains a suitable 
inert (monatomic) gas at a low pressure-in 
the present instance argon (or in certain in 
stances an argon and neon mixture) at a pres 
sure of 3 to 6 millimeters. It also contains mer 
cury in such quantities as to provide mercury 
vapor at a pressure of from .01 to .02 mm.-.015 
mm. for a tube 6 feet long having an inner diam 
eter of 78 inch thruout the major portion of its 
extent, and a current of 100 milliamperes. 
As in the case of the construction exemplified 

in Fig. 1, only one end of the tube is illustrated, 
there being provided in the other end of the 
tube an electrode construction of similar con 
struction to that shown in Fig. 2 or of different 
construction if the tube is to be used only with 
direct current rather than with alternating cur 
rent. Through the illustrated end of the tube 
20 there extends a lead 22. On the inward end 
of this lead is a tungsten filament 23 which is 
desirably, and as exemplified, in the form of a 
coiled coil as in Fig. 1 and which is coated with 
an emitive material which may be similar to that 
on the filament exemplified in Fig. 1. On the 
outside of the filamentary electrode 23 and con 
nected with the lead at the same point as the 
electrode 23 is a second electrode member 24 
consisting of a metallic shell generally conical 
in shape and having a thickness of about .001 
of an inch to .003 of an inch. The shell 24 is 
coated interiorly, with a mixture of barium and 
strontium Cxides. Mounted on the lead 22 is 
an exterior shell of vitreous or other substantially 
non-conductive material-in the present instance 
"Pyrex' glass-and providing an enclosure for 
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2,314,184. 
member 25 extends inwardly of the inward ends 
of the interior electrodes and has its inward edge 
turned interiorly as indicated at 26, leaving a 
central opening 27 for the discharge. As above 
indicated a conductive metallic deposit is formed 
on the interior of the shell 25 during the process 
ing of the tube. In order to enable the vitreous 
shell 25 to serve its additional electrode member 
there is provided a curved plate 28 welded to the 
lead at a point inwardly of the point where the 
member 25 is mounted on the lead and outwardly 
of the point where the lead joins the electrode 
members 23 and 24. This plate 28, serves to 
gether with the material deposited on the in 
terior of the member 25 to form a complete shell 
like electrode member. 
Instead of the filament 23 being formed of 

tungsten it may be formed of other suitable metal 
as Suggested as substitutes for the filament in 
Fig. 1. The shell 24 may be formed of nickel 
or Swedish iron or a suitable nickel-iron alloy. 
The lead may be formed of a suitable metal 
such as suggested for the lead 8 of Fig. 1. The 
shell 24 may desirably be between of an inch 
to 2 of an inch in length and may have a di 
ameter of about 38 of an inch at its open inward 
end. The vitreous outer member 25 should be 
spaced about is of an inch from the shell 24 at 
its closest point. The opening at inward end of 
the member 25 should correspond in diameter to 
the inward end of the shell, being about 3% of an 
inch in diameter in the present instance. 
The volume within that portion of the shell 24 

which is between the point where the shell 24 
joins the lead 22 and a point half way along 
the axis of the shell should be about 0023 cubic 
inch for the maximum effectiveness of operation. 
Desirably this volume should be from .001 to .005 
cubic inch, thus providing, within the limitations 
of construction and operating considerations, 
especially effective conditions for shifting the 
arc from a shell such as 24 to a filament such 
as 23, and an especially effective cooling effect 
On certain of the parts of the filament other 
than that where the hot spot is formed. 
Not only is the metallic shell 24 very thin, but 

the thickness of the filament 23 is exceedingly 
Small; being desirable from .0005 inch to .0009 
inch. The combination of the thin filament and 
thin shell provides an electrode unit which per 
forms exceedingly well at low currents Sulch, for 
example, as 150 milliamperes. The outer 'Pyrex' 
shell 25 serves to collect particles evaporated from 
the metallic shell 24 at the high temperature emi 
ployed in the processes of the tube and to pre 
vent these from reaching the walls of the tube 
20. These particles provide an interior layer 29 
which during each striking of the arc serves as 
a supplementary electrode, thus providing the 
maximum electrode surface during the high volt 
age low current striking. As the current builds 
up, the Outer shell 25 acts as a charged grid mak 
ing it easier for the discharge to build up to full 
value, and to settle on the metallic shell 24. The 
discharge is drawn of from the deposited layer 
29 by means of the plate 28, which has the addi 
tional function of preventing the summit of the 
cone 24 from heating up too fast during the proc 
essing. The outer shell 25 also has an addi 
tional function in preventing liquid mercury in 
the tube from coming in contact with the metal 
lic shell 24. 
Since certain changes may be made in the 

above article and different embodiments of the the interior electrodes 23 and 24. The exterior 75 invention could be made without departing from 
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the scope thereof, it is intended that all matter 
contained in the above description or shown in 
the accompanying drawing shall be interpreted 
as illustrative and not in a limiting Sense. 

I claim: 1. An electrode device for a gaseous discharge 
device of the positive column type, said electrode 
device comprising an electrode member compris 
ing a plurality of electrode elements, One a fila 
ment composed of a high-melting-point. and 
high-resistivity metal coated with emissive mate 
rial, and another a shell surrounding at least a 
part of said filament but separated therefrom, 
electrical leading-in means for said electrode 
member, means to connect said filament with said 
leading-in means, and means to connect said fla 
ment with said shell, said shell being electrically 
unconnected with said leading-in means except 
through said flament. 

2. An electrode device for a gaseous discharge 
device of the positive column type, said electrode 
device comprising an electrode member compris 
ing a plurality of electrode elements, one a coiled 
tungsten filament coated with emissive material, 
and another a shell Surrounding at least a part 
of said filament but separated therefrom, elec 
trical leading-in means for said electrode men 
ber, means to connect one end of said flament 
with said leading-in means, and an electric con 
nection running to said shell, from a point on 
said filament remote from said end, said shell 
being electrically unconnected with said leading 
in means except through said filament. 

3. An electrode device for a gaseous discharge 
device of the positive column type, said electrode 
device comprising an electrode member compris 
ing a plurality of electrode elements, one a fila 
ment composed of a high-melting-point and high 
resistivity metal coated with emissive material, 
and another a shell surrounding at least a part 
of said filament but separated therefrom, said 
shell having an interior which tapers toward one 
end of said filament, electrical leading-in means 
for said electrode member, means to connect the 
other end of said filament with said leading-in 
means, and an electrical connection running to 
Said shell from a point on said filament remote 
from said other end thereof, said shell being 
electrically unconnected with said leading-in 
means except through said filament. 

4. An electrode device for a gaseous discharge 
device of the positive column type, said electrode 
device comprising an electrode member compris 
ing a plurality of electrode elements, one a fila 
ment compCsed of a high-melting-point and 
high-resistivity metal coated with emissive mate 
rial, and another a shell surrounding said fila 
ment but separated therefrom, electrical leading 
in means for said electrode member, means to 
Connect One end of Said filament with said lead 
ing-in means, and an electric connection running 
to said shell from a point on said filament re 
note from said end, insulating means closing the 
end of said shell adjacent said leading-in means, 
Said shell being electrically unconnected with said 
leading-in means except through said filament. 

5. An electrode device for a gaseous discharge 
device of the positive column type, said electrode 
device comprising an electrode member compris 
ing a plurality of electrode elements, one a fila 
ment composed of a high-melting-point and 
high-resistivity metal coated with emissive ma 
terial, and another a shell surrounding said fila 

5 
ing-in means for said electrode member, means 
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to connect one end of said filament with said 
leading-in means, and an electric connection 
running to said shell from a point on said fla 
ment remote from said end, insulating means 
closing the end of said shell nearest said leading 
in means and surrounding the portion of said 
filament adjacent said leading-in means, said 
shell being electrically unconnected with said 
leading-in means except through said filament. 

6. An electrode device for a gaseous discharge 
means, said electrode device comprising a thin 
high-melting-point and high-resistivity filament 
coated with an emitive material, conductive 
means enclosing the flament at its sides and one 
end to provide a constriction in which an intense 
field may be built up around the coated filament, 
a single lead for said device, and means for elec 
trically connecting said filament and said con 
ductive enclosing means with said single lead. 

7. An electrode device for a gaseous discharge 
device of the positive column type, said electrode 
device comprising an electrode member compris 
ing a plurality of electrode elements, one a fia 
ment composed of a high-melting-point and 
high-resistivity metal coated with emissive ma 
terial, and another a shell Surrounding at least 
a part of said filament but separated therefrom, 
electrical leading-in means for said electrode 
member, means to Connect said filament with 
said leading-in means, means to connect said 
filament With said shell, said shell being electri 
cally unconnected with said leading-in means 
except through said filament, and insulating ma 
terial about a portion of Said leading-in means, 
said shell being mounted on said insulating ma 
terial. 

8. An electrode device for a gaseous discharge 
device of the positive column type, said electrode 
device comprising an electrode member com 
prising a plurality of electrode elements, one a 
filament composed of a high-melting-point and 
high-resistivity metal coated with emissive ma 
terial, and another a shell surrounding at least 
a part of said filament but separated therefrom, 
electrical leading-in means for said electrode 
member, means to connect Said filament With 
said leading-in means, said shell having an open 
end at a point remote from the point of con 
nection of said filament with said leading-in 
means, and an electric connection running from 
a point on said filament remote from the point 
at which it is connected with said leading-in 
means to a point on said shell spaced from said 
open end, said shell being electrically uncon 
nected with said leading-in means except 
through said filament, 

9. An electrode for a gaseous discharge device, 
said electrode comprising an electrode element 

it. 
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having a large area for the reception of charged 
particles during the starting of the arc, and an 
electric conducting means to carry current Set 
up by the reception of Said particles, a portion 
of Said carrying means consisting of an electrode 
element which is coated with an emitive material 
and which will receive the major portion of the 
discharge during operation after striking the arc. 

10. An electrode for a gaseous discharge device 
comprising an electrode element having a large 
area on which a discharge can be built up when 
the electrode is cold, and means to carry of Said 
discharge current, at least a portion of the last 
mentioned means consisting of an electrode ele 
ment in the form of a high-resistivity metallic 

ment but separated therefrom, electrical lead- 75 filament disposed interiorly of the first men 

  



6 
tioned electrode element and Coated with an 
emissive material whereby it is adapted to be 
heated up as it carries off said discharge current 
and serves to receive the greater part of the arc 
during operation. 

11. An electrode for a gaseous discharge 
means, said electrode comprising a metallic shell 
on the edge of which there is disposed thorium. 

12. A gaseous discharge device containing 
mercury vapor at a pressure of not Over One 
tenth of a millimeter, an electrode therein, Said 
electrode comprising a plurality of electrode ele 
ments, one a filament composed of a high-melt 
ing-point and high-resistivity metal coating with 
emitive material, and another a shell surround 
ing at least a part of said flament but separated 
therefrom, a lead running from one end of said 
filament, and an electric connection running to 
said shell from a point on said filament remote 
from said end, said shell being unconnected with 
said lead except through said flament. 

13. An electrode device for a gaseous discharge 
means, said electrode device comprising an elec 
trode member comprising a plurality of electrode 
elements, one a flament composed of a high 
melting-point and high-resistivity metal coated 
with an emitive material, and another a shell 
surrounding at least a part of said flament, Said 
electrode elements being electrically connected, 
and a lead running to at least one of Said elec 
trode elements, the portion of said shell disposed 
about that half of the axis thereof which is ad 
jacent said lead having an interior volume of 
from .001 to .018 cubic inch. 

14. An electrode device for a gaseous discharge 
means, said electrode device comprising an elec 
trode member comprising a plurality of electrode 
elements, one a tungsten flament coated with an 
emitive material, and another a thin metallic 
shell surrounding said filament, said electrode 
elements being electrically connected, and a lead 
running to at least one of said electrode elements, 
the portion of said shell disposed about that half 
of the axis thereof which is adjacent said lead 
having an interior volume of from .001 to .005 
cubic inch. 

15. An electrode device for a gaseous discharge 
means of the positive column type, said elec 
trode device comprising an electrode member 
comprising a plurality of electrode elements, one 
a filament composed of a high-melting-point and 
high-resistivity metal coated with emitive ma 
terial, and another a shell surrounding at least 
a part of said filament but separated therefrom, 
a lead running from one end of Said filament, 
and an electric connection running to said shell 
from a point on said filament remote from said 
end, the portion of said shell disposed about that 
half of the axis thereof which is adjacent Said 
lead having an interior volume of from .007 to 
.018 cubic inch. 

16. In an electrode device for a gaseous dis 
charge device, an electrode member comprising 
a plurality of electrode elements, one a filament 
composed of a high-melting-point and high-re 
sistivity metal coated with an emitive material, 
and another a shell surrounding at least a part 
of said filament but spaced therefrom thruOut 
at least the greater portion of its extent, Said 
shell being of increasing radius toward an open 
end thereof, the other end of Said shell being 
closed, and a single lead for said electrode men 
ber, said filament and said shell being collected 
with said lead, 
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17. In a gaseous discharge device an electrode 76 

2,314,184, 
device comprising a plurality of electrode ele 
ments, one a flament composed of a high-melt 
ing-point and a high-resistivity metal carrying 
an emitive material, and another a shell sur 
rounding at least a part of Said flament but 
spaced therefrom thruout at least the greater 
portion of its extent, and a substantially non 
conductive member surrounding the aforesaid 
elements, said non-conductive member being 
open at one end and closed at its other end. 

18. In a gaseous discharge device an electrode 
device comprising a plurality of electrode ele 
ments, one a filament composed of a high-melt 
ing-point and a high-resistivity metal carrying 
an emitive material, and another a shell sur 
rounding at least a part of said flament but 
Spaced therefrom thruout at least the greater 
portion of its extent, a substantially non-con 
ductive member Surrounding the aforesaid ele 
ments, said non-conductive member being open 
at one end and closed at its other end, and a 
lead running through said other end to said non 
conductive member, Said electrode elements be 
ing Connected to said lead. r 

19. In a gaseous discharge device an electrode 
device comprising a plurality of electrode ele 
ments, one a filament composed of a high-melt 
ing-point and a high-resistivity metal carrying 
an emitive material, and another a shell Sur. 
rounding at least a part of said flament but 
spaced therefrom thruout at least the greater 
portion of its extent, a substantially non-con 
ductive member Surrounding the aforesaid ele 
ments, said non-conductive member being open 
at One end and closed at its other end, a lead 
running through said other end to said non-con 
ductive member, said electrode elements being 
connected to said lead at a point near said other 
end of Said non-conductive member, said non 
conductive member having an emissive deposit 
on its inner surface, and means providing an 
electrical connection within said non-conductive 
member between the said lead and said deposit. 

20. In a gaseous discharge device an electrode 
device comprising a plurality of electrode ele 
ments, one a filament composed of a high-melt 
ing-point. and a high-resistivity metal carrying 
an emitive material, and another a shell sur 
rounding at least a part of said filament but 
Spaced therefrom thruout at least the greater 
portion of its extent, a substantially non-con 
ductive member Surrounding the aforesaid ele 
ments, said non-conductive member being open 
at one end and closed at its other end, a lead 
running through Said other end to said non-con 
ductive member, said electrode elements being 
connected to said lead, and a metallic plate pro 
viding a connection to an interior side of said 
non-conductive member from said lead at a point 
between said other end of said non-conductive 
member and the point of juncture of said fila 
ment and said shell. 

21. An electric discharge device comprising a 
Sealed tube loaded with an argon-containing in 
ert gas and mercury vapor and containing an 
electrode device comprising a high-resistivity fil 
ament coated with emissive material and con 
ductive means enclosing this filament at its sides 
and one end to provide a constriction in which 
an intense field may be built up around the 
coated filament, a single lead for said device, and 
means for electrically connecting said filament 
and Said conductive enciosing means with said 
single lead. 

22. An electrode for gaseous discharge means 
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comprising a metallic shell on the edge of which 
there are disposed particles of thorium. 

23. A gaseous discharge device comprising a 
Sealed tube, electrodes in said tube, leads to said 
electrodes, mercury vapor in Said tube, at least 
one of said electrodes comprising one or more 
interior electrode elements and an outer elec 

trode element in the form of a shell which en 
closes said elements, the emissive portion of the 
outer electrode element having an emissive de 
posit on the inner surface of the shell, and 
means to electrically connect said deposit with 
at least one of the interior electrode elements. 

HRANTEKNAYAN. 

  


