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This invention relates to a lamp or similar de 
vice for the radiation of energy, either luminous 
or non-luminous, and particularly to an improved 
device for utilizing the energy of an electric dis 
charge of a gaseous medium for obtaining radiant 
energy. 
An important object of the present invention 

is to provide an energy emitter of the type which 
utilizes an electric discharge in a gas and in 
which the energy of the discharge is confined to 
a relatively constricted area, so that the density 
of light emission is high. 
Another object of the invention is to provide 

a type of electric discharge device wherein the 
discharge takes place between separated elec 
trodes and in which the breakdown potential 
neceSSary to cause the discharge to be initiated 
between the electrodes is relatively low. 
Another object of the invention is to provide 

an electric discharge device which has high util 
ity When employed for purposes of illumination. 

Still another object of the invention is to pro 
vide a gas discharge emitter which may be Oper 
ated at the ordinary potentials of commercial 
lighting circuits as used in dwellings as distin 
guished from analogous devices requiring abnora 
mal operating voltages. 
Another object contemplated is to provide a 

device of the type indicated in which the dif 
fusion of the arc about and intermediate the elec 
trodes is automatically controlled. 
An object also is to provide an electric dis 

charge emitter in which there is no tendency 
for the localization of the discharge at any given 
points of the electrode surfaces but in which 
the discharge tends to proceed from the whole 
end surfaces of the electrodes, thus distributing 
the heat energy evolved and tending to prevent 
fusion of the electrode material. 
Another object of the invention is to provide 

means for assembling a series of arcs. So that 
there will be a minimum tendency for potential 
breakdown between the points separated by the 
highest potential. 

Various other objects will appear on consid 
eration of the following specification and of the 
accompanying drawings, in which: 

Fig. 1 is a view in elevation of an "embodi 
ment of the invention which may be shown as 
the application to a single discharge unit; 

Fig. 1a is a fragmentary view of a modified 
form of the construction of Fig. ; 

Fig. 2 is an enlarged detail of the electrodes 
and accompanying parts of Fig. 1 showing the 
heating coils; 

(C. 6-1) 
Fig. 2a is similar to Fig. 2 but shows a modi 

fication thereof; 
Fig. 3 is a view of the modified electrodes; 
Figs. 4, 5, and 6 are views of three modifications 

of the electrode discharge device; 
Fig. 7 is an elevation showing in part the Se 

ries connection of the electric discharge units; 
Fig. 8 is an enlarged detail of a modified con 

Struction for producing a plurality of discharges 
in Series; 

Figs. 9, 10, 11, 12, and 13 are fragmentary 
views of modified forms of the construction of 
Fig. 8: 

Fig. 14 is a view of a plurality of the discharge 
gaps connected in parallel and electrically op 
posed to each other; 

Fig. 15 is an enlarged detail of still another 
type of discharge unit; 

Fig. 16 is a side elevational view of a single 
discharge unit but showing a different arrange 
ment of the unit; 

Fig. 17 is a perspective view of another emi 
bodiment of the invention showing a plurality 
of discharge units connected in series; 

Fig. 18 is a front elevational view of a device 
embodying the invention in which the discharge 
occurs outside of the heater coil and spaced 
slightly therefrom; 

Fig. 18a is a front elevational view of a modi 
fied form of the construction of Fig. 18; 

Fig. 19 is an enlarged fragmentary sectional 
View of the electron emitting elements shown in 
Figs. 18 and 18a; 

Fig. 20 is a front elevational view of a device 
Somewhat similar to the construction of Fig. 18 
but showing a different type of electrodes; 

Fig. 21 is a front elevational view of an em 
bodiment of the invention in which the electrodes 
operate similarly to those shown in Figs. 18 and 
20 but surround the heating element; 

Fig. 22 is a perspective view of another em 
bodiment of the constructions shown in Figs. 18, 
20 and 21; 

Figs. 23, 24, and 25 are front elevational views 
of embodiments of the invention with electrodes 
connected to the electron emitting element and 
adapted to carry a portion of the current; 

FigS. 26 and 27 are front elevational views of 
two embodiments of the invention wherein uni 
potential electron emitting cathodes are used; 

Fig. 28 is a perspective view of the element 
structure of another embodiment of the inven 
tion wherein two unipotential cathodes are used; 

Fig. 29 is a perspective view illustrating still 
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2 2,007,923 
another embodiment of the invention using two hold the coating on the wire, and the flament is 
unipotential cathodes; and 

Fig. 30 is a perspective view of the element 
structure of still another embodiment where two 
unipotential cathodes are used with a single 
heater. 
In my co-pending application, Serial No. 

459,048, filed June 3rd, 1930, I have described a 
type of energy emitter which utilizes the emission 
of a highly activated layer of ionized gases about 
a conductor in conjunction with a gas discharge 
between separated electrodes positioned adjacent 
the activated gas layer, both units being enclosed 
in a container which contains inert gases at a 
pressure reduced below atmospheric pressure. In 
accordance with said application, it has been 
found that with appropriate pressure conditions 
in the container and applied voltages On the 
mains, particularly when the density of electron 
emission from the conductor is intensified by the 
use of coating material which when heated emits 
electrons in profusion, a highly luminous layer 
of activated gases forms immediately adjacent 
the conductor. It has also been found, as stated 
in the above identified application, that if elec 
trodes are connected in parallel with the con 
ductor so that the external voltages are applied 
across the electrodes that when these electrodes 
are sufficiently heated a luminous discharge 
forms between. Should the distances between 
electrodes be properly selected in conjunction 
with the voltages employed the energy of the de 
vice may be concentrated in the discharge, al 
though both elements of the discharge device may 
be made to function independently of each other. 
Preferably, the electrodes should be coated with 
electron emitting material so as to aid in Over 
coming the breakdown potential of the inter 
vening gases. 
In my co-pending application above referred 

to I have described specifically the method by 
which a conductor with a satisfactory electron 
emitting coating thereon may be prepared Suit 
able for use in a radiating unit either alone or, 
if desired in conjunction with an electric dis 
charge electrode. In accordance with the prin 
ciples of the invention, a conductor is coated with 
electron emitting materials so as to increase the 
electron emissivity per unit area, and electric Cur 
rent passed through the conductor to heat the 
coating in the presence of an atmosphere of in 
ert gases, such as neon, argon, krypton, and mer 
cury and caesium vapors. With appropriate 
voltage, gas and pressure conditions, a layer of 
highly activated gases forms about the conductor 
which is a source of radiation, acting as Such in 
conjunction with the conductor. 
In forming a radiator of this type, a filament 

of appropriate resistance, such, for example, aS 
150 ohms, is coated with various alkaline Oxides, 
Such as the oxides of barium, strontium, calcium, 
or other materials which have been found to emit 
electrons densely when heated. The base fla 
ment is tungsten or tantalum wire, although other 
metal conductors may be used. It is not neces 
sary ordinarily that the base material be highly 
refractory, as the operating temperatures may 
be relatively low, in many cases not being above 
that of low red heat. 
The filament is preferably coiled and coated 

with materials as above mentioned, which may 
be initially in the proportions of 40 grams of 
barium carbonate, 40 grams of calcium carbonate, 
8 grams of barium nitrate with a binder of suffi 
cient nitrocellulose dissolved in amyl acetate to 

then mounted on a stem support and sealed in the 
bulb of the envelope. 
The exhaust pump is then connected to the 

bulb and an Oven lowered thereupon to raise the 
temperature of the bulb and contents to about 
400 C., or to as high a temperature as the en 
velope will stand without softening. Simultane 
Ously, electric current is passed through the fla 
ment which is heated to red heat of approximately 
600° C. The heat and exhausting process is con 
tinued until there is no fluorescence when the 
high tension current is directed against the wall 
of the bulb, or in other words, until there is prac 
tically no more gas inside of the bulb. A vacuum 
of about one-half of a micron is an approximate 
limiting value. 
The current is then increased through the fila 

ment so that the temperature thereof is slowly 
raised until it is about 800 degrees, or a bright 
red color, the exhaust operation being continued 
until the newly emitted gases are removed. The 
oven is then raised from the bulb and the fla 
ment heated to about 1200° C., the pumping be 
ing continued until a high vacuum of one-half 
micron is again obtained. 
The pump is then shut off, the current turned 

off, and about one-half mm. Of neon gas admit 
ted to the bulb. The filament current is then 
turned on and gradually increased until a dif 
fused glow completely fills the bulb. When the 
discharge is uniform throughout the bulb, which 
usually takes less than ten minutes, the so-called 
activating process for the flament coating is 
completed. Should white discharge spots appear 
on the filament or Support rods, it is an indica 
tion that the gases or vapors within the bulb have 
not been completely removed, and the bulb is 
again exhausted and the whole process of acti 
vation repeated. When the activating process 
is finally complete, the flament temperature is 
raised for a short interval to about 1400° C., and 
the pumping Operation is again resumed to re 
move any undesirable gases which may have 
been thrown off during the activation process. 
The filament circuit is then disconnected and 

the pump turned off and the appropriate amount 
of gas admitted to the bulb. In one form of my 
invention I utilize neon and argon gases in the 
relative amounts of 50 mm. of neon gas, and 150 
mm. of argon. Other monatomic gases, such as 
krypton, helium, or metal vapors, such as those 
of mercury, caesium and rubidium may also be 
used. The bulb is then sealed off and a small 
quantity of magnesium flashed to absorb addi 
tional impurities, thus completing the process. 
The gases used should preferably be as pure as 
possible so that after completing the bulb the 
impurities in the gases do not exceed one per 
cent. 

Referring to the drawings, I have illustrated the 
container O of glass or other material which is 
appropriately transparent to the type of radia 
tion which is desired to be secured from the energy 
emitting unit. This container or envelope is 
gas-proof and One end is sealed to a support stem 

which protrudes inwardly inside of the con 
tainer and in which are mounted the inwardly 
projecting standards 2, 3, 4, and 5, which 
may be of nickel. Secured to the top of the 
standard f2 at right angles thereto is a length 
of tungsten wire f6, the end T of which forms 
one of the open electrodes of the electric dis. 
charge element. Similarly, to the standard 5 a. 
length 8 of tungsten is welded or otherwise at 
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tached, the free end 9 of which being adjacent 
but separated from the end IT of the tungsten 
electrode 6. 
Wound about portions of the electrode rods 
6 and 8 is a coll2O of refractory wire Such as 

tungsten, the coil bridging the gap between the 
electrodes 7 and 9 and continuing as above 
intimated on parts of the electrode rods 6 and 
8. The ends 2 and 22 of the coll 20 are at 

tached to corresponding standards 3 and 4. 
Lead-in wires 23, 24, 25, and 26 are connected 
to the corresponding standards 2, 3, 4, and 5, 
whereby electrical energy is transmitted to the 
electrodes 7 and 9 and to the coil 20 hereinabove 
described. 

If desired the leads 23 and 24 may be connected 
together and also the leads 25 and 26, either in 
side or outside of the bulb, or the construction 
of Fig. la may be used where two of the support 
rods are entirely eliminated. Here the two up 
rights 2a and 5a support the electrodes 6 and 
8 while the ends of the coil 20 are attached to 

short connectors 3a and 4a which are welded 
respectively to the uprights 2a and 5d. 
As shown more clearly in Fig. 2 of the drawings, 

the electrodes 7 and 9 are coated by material 27 
which when heated emits electrons densely, par 
ticularly when under the influence of a potential 
gradient and under appropriate gas pressure Con 
ditions. The coating material may be such as 
hereinabove described in connection with my co 
pending application. The oxides of barium, 
strontium, and calcium, are found satisfactory 
as coating material for this particular use. The 
coating may be only on the opposing end surfaces 
of the electrodes, or it may be on the ends and 
also extend outwardly on the sides of the elec 
trodes, or it may be entirely on the sides of the 
electrodes with the opposing end surfaces un 
coated, or both electrodes may be left uncoated 
while the coil itself may be coated between them, 
as shown in Fig. 2d. In this latter case the coil 
may be coated either on the inside or the out 
side or the individual turns may be coated. The 
electrodes or coil may, in some instances, be made 
of a metal having electron emitting material in 
Corporated therein such as the well known thori 
ated tungsten which is generally made by treating 
tungstic acid and thorium nitrate. 
The type of emitting surface depends upon the 

particular uses intended for the device as well 
as upon the physical features involved, such as 
the pressure, density, or type of gases used and 
the extent of separation of the electrodes, and 
the material of the electrodes. 
The coil 20, as shown, is wound about the elec 

trode rods 6 and 8, the function of the coil be 
ing in part to heat the rods and bring the elec 
trodes up to Such a temperature that the coat 
ing will reach temperatures of dense electron 
emission. The portion or section 28 of the coil 
20 intermediate the electrodes 7 and 9 may 
have additional functions in that it may serve to 
heat the gases intermediate the electrodes by 
convection or by electron bombardment, and also 
to weakly ionize the region included by its coil so 
that the discharge between the electrodes forms 
more rapidly than would otherwise be the case. 
The coil section 28 may also serve as a barrier to 
the discharge, offering a resistance to lateral dis 
charge movement and tending to hold the dis 
charge within restricted limits. The various ele 
ments mentioned, including the electrode rods f6 
and f 8 and the attached elements f and 9 of 
the coil 20, constitute, with their supporting and 

3 
conducting circuits, an energy discharge unit 
generally referred to by the numeral 29. 
The container to contains a gas or a plural 

ity of gases which, as hereinabove referred to in 
connection with my co-pending case, has or have 
a relatively low breakdown potential, such gases 
including the monatomic or the .inert gases of 
the type argon, neon, nitrogen, either alone or 
in combination with certain metallic vapors such 
as mercury, caesium, and rubidium. Helium gas 
may be employed in combination with other gases 
for certain types of radiators, particularly where 
heat conductivity is desirable. In the present 
instance I find a combination of argon and neon 
gives Satisfactory results, these gases being in 
the proportion in accordance with pressures of 
practically three to one, that is, about 150 mm. 
of argon mixed with 50 mm. Of neon, giving a 
total pressure of approximately 200 mm. of mer 
Cury. 
The metal vapors may be introduced by pro 

viding a small container 2a of pressed metal 
having a pin hole therein and attached to one of 
the standards or support rods, as the rod 2, by 
means of the wire 3d. A Small quantity of a 
Salt such as a chloride of the desired netal is 
placed in the container together with a piece of 
magnesium or calcium and when the container is 
heated to a high enough temperature aS by ex 
ternal bombardment the magnesium or calcium 
Will combine with the Salt forming magnesium 
or calcium chloride and liberating the free metal 
which is ejected through the pin hole and con 
denses on the walls of the bulb to be vaporized 
again when the device is heated in use. 
In the operation of this embodiment of my in 

vention, when electrical energy is applied to the 
leads 24 and 25 the coil 20 becomes heated 
throughout its entire length and by radiation and 
conduction transmits energy to the electrode rods 
6 and 8 and to the electrodes 7 and 9. When 

the coatings 27 on the electrodes 7 and 9 be 
come heated there is a tendency to break down 
the potential of the inter-electrode gases and 
when appropriate temperature conditions are 
reached an electric discharge forms between the 
electrodes. This discharge is intensely luminous, 
giving off illumination at the rate of approxi 
mately 5 watt per candle power, the type of dis 
charge being very similar to that of the electric 
arc. At the same time the heating of the elec 
tron emitting material increases its conductivity 
so that portions of the coil contacting there 
With become short circuited thus automatically 
reducing the resistance through the coil when the 
arc forms. 
For a given pressure the potential across the 

electrodes may be varied, but I have found that a 
peak of illumination forms when the inter-elec 
trode potential lies in the neighborhood of a 
range of 30 to 40 volts with a separation of elec 
trodes approximately one-eighth of an inch. 
Under these conditions a current ranging from 
one-half ampere to two amperes may flow, thus 
indicating an ohmic resistance of approximately 
two ohms or under between the electrode ter 
minals. Obviously, by modifying the physical 
dimensions of the device proportionately, the 
device may be changed to operate under any 
other desired potential, such as 110 volts. Dur 
ing the discharge the conductor Section 28 ap 
pears to be at white heat with the discharge ap 
parently within and without the same. The 
point of maximum light intensity appears to be 
when the discharge has approximately the same 
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diameter as the heating coil. Due to the low 
resistance of the gas path between the electrodes 
only a small portion of the current appears to 
pass through the conductor 20. 

It is to be noted that the discharge is not con 
centrated between definite points on the surface 
of the electrodes, but On the contrary, is spread 
over the entire surface. This is due, apparently, 
to the electron emitting coating which, being 
highly conductive, tends to spread the discharge 
emission area not only over the opposing ends of 
the electrodes but also over the coated portions, 
if any, which extend on the sides of the elec 
trodes. This feature of the invention has utility 
in tending to prevent pitting and fusion of the 
electrode points, thus making possible a practical 
device of this type. 

In Fig. 3 of the drawings I have illustrated an 
embodiment of the electrode terminals which 
instead of being in the shape of tungsten rods are 
fashioned as coils 30 and 3f, the adjacent ter 
minals 32 and 33 of which being formed in the 
shape of cones with coils of decreasing diameter. 
By this means, particularly where the coil mate 
rial has a marked resistance, as, for example, 
tantalum, there is a potential gradient between 
the end points, as, for example, 34 and the rear 
wardly positioned point 35, so that when a dis 
charge area forms intermediate the electrodes it 
will extend backwardly from the point 34 to the 
point 35, the point 35 having greater potential 
and hence functioning to force a discharge cur 
rent through the longer path between the elec 
trodes than is the condition between points 34. 
The electrode coils intermediate points 34 and 35 
should be coated with electron emitting material, 
preferably as is the case as illustrated in the 
modification of Fig. 2. 
A modification of the electrodes is illustrated 

in Fig. 4, in which the electrodes 40 and 4 are 
formed of a second class conductor, Suci as the 
Oxides of cerium, calcium, and Other combina 
tions of oxides, such as the combination of the 
Oxides of thorium and cerium, all of which when 
heated become conducting, although when con 
ducting offering a greater resistance under equiv 
alent conditions to the passage of electricity than 
that of metals. The potential gradient on elec 
trodes of this type is relatively high So that the 
discharge may be readily diffused along a pre 
determined area, as intermediate the points 42 
and 43. These electrodes may be coated on their 
terminals as at 44. 
The modification of Fig. 5 illustrates electrodes 

50 and 5 which may combine the features of the 
modification of Figs. 2 and 4 in that the discharge 
is spread over the electrode terminals not only by 
means of the electrode coating 52 but also by the 
use of high resistance material in the electrodes 
which may be of oxides or high resistance metal 
which serves to spread out the area of discharge. 
A further modification is illustrated in Fig. 6 

in which instead of Solid electrodes coiled wire is 
used in the manner somewhat similar to the 
showing of Fig. 3, with the exception that the 
electrode is formed by placing a Small Section 60 
of conducting coil on to the heating coil 20, this 
electrode coil 60 having a coating 6 of electron 
emitting material. 

Heretofore I have described my invention as 
utilizing a single pair of electrodes as forming the 
unit 29 of Fig. 1. In order, however, to make use 
of higher potentials such as are available in pri 
vate dwellings and elsewhere, it may be desirable 
to connect a number of these units in Series. In 

2007,928 
Fig. 7 I have illustrated an arrangement of sev 
eral units so connected that this device is usable 
under higher potential conditions than a single 
unit. In the container 0 is mounted on the sup 
port two standards TO and Ti. The standard 

is joined at its upper point T2 to a support bar 
3. Also, there is mounted on the standard T a 
tubular insulating rod T4 and from a point TS 
thereof connection is made to a supporting wire 
76 welded or otherwise fastened at the end there 
of to a length of tungsten or other refractory 
metal . Tungsten rods 78 and 79 are also 
attached respectively to the support wire 73 and 
standard 70 so that the open ends of the tungsten 
rods 78 and adjoining end of the rod 7 form 
Opposing electrodes and the open end of the rod 
79 and the adjacent end of the rod 77 also form 
Opposing electrodes. A coil of wire 80 joins elec 
trodes 9 and and extends upon and around 
the same and is attached thereto. Similarly, a 
coil 8 connects the electrodes 78 and 77 and is 
Wound about and attached to the same. Lead-in 
wires 82 and 83 respectively connect the standards 
70 and 7 to a source of electric energy, 
When an electric potential is applied to the 

lead-in wires 82 and 83, with gases of appropriate 
Substances and pressure immersing the electrode 
elements and conductors, the current passes 
through the standard?, support wire 73, and the 
various electrode and conductor elements 78, f, 
7, 80, 79, and 70, thus heating the conductors 

80 and 8 and causing the electrode coatings 84 
to ionize the inter-electrode gases and permit the 
formation of intensive gas discharges therebe 
tWeen. Any number of discharge units of this 
type may be placed in series, provided each in 
dividual discharge is properly confined to its in 
ter-electrode area. This may be done by proper 
control of the voltage conditions, by physical spac 
ing of the electrodes, by proper pressure condi 
tions of the gases, and by utilization of inter-unit 
barriers or conducting Sections, such as described 
in my copending application hereinabove men 
tioned. 

If desired the series arc produced by the cons 
struction of Fig. 7 may be formed by a construc 
tion as shown in Fig. 8. Here a pair of electrodes 
85 and 86 corresponding to the electrodes 8 and 
79 of Fig. 7 are connected by a single coil 87 which 
is provided inside thereof at substantially the cen 
tral point with a solid short rod 88 of tungsten or 
other desired material. The rod 88 may be held 
in position by a slight deformation of the coil at 
the ends thereof and it may have its ends coated 
with electron emitting material. This construc 
tion breaks the discharge into two arcs which 
form between the electrode 85 and the rod 88 and 
between the rod 88 and the electrode 86. While 
I prefer to coat the ends of the rod 88 with the 
electron emitting material the rod may, of course, 
be coated on the sides as well although this may 
tend to cause the arc to jump outside of the coil. 

In Fig. 9 a modified form is shown where, in 
stead of a Solid rod in the center of the coil, a 
sleeve 90 is provided which may be coated on the 
inside thereof with electron emitting material. 
In some instances it may be desirable to omit 
the sleeve 90 and coat the interior of the coil at 
the center thereof with the electron emitting ma 
terial. 

Figs. 10 and 1 are Sectional views of still further 
modifications of the constructions of Figs. 8 and 9. 
Fig. 10 shows a Solid member 9, which is half 
round and fills half the internal diameter thus 
providing an opening through the coil at this 
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point. The ends of the member as well as the 
flat surface 92 may be coated with the electron 
emitting material. In Fig.11 a ribbon of tungsten 
may have its sides coated with the electron emit 
ting material and may be placed inside of the 
coil similarly to the other constructions. The 
ribbon is thin enough to leave a space on each 
side of it to permit the discharge to pass through 
the coil at this point. 

In Fig. 12 a modification of the construction of 
Fig. 9 is shown in which a sleeve 94 is provided 
inside of the coil and having a somewhat larger 
diameter than the sleeve of Fig. 9 so that the in 
side diameter thereof is about the same as the in 
side diameter of the coil. The several turns 95 
of the coil are larger in diameter so as to receive 
and hold the sleeve 94. The inside of the sleeve 
may be coated with electron emitting material 
similarly to the sleeve 90 of Fig. 9. 
In Fig. 13 a still further modification of this 

construction is shown where a sleeve 96 is pro 
vided outside of the coil at the center thereof. 
The coil itself may be coated as at 9 with electron 
emitting material and the sleeve slipped over the 
coil and held in position thereon by slightly press 
ing the edges down over the turns as indicated. 
A parallel arrangement of the discharge units 

is shown in Fig. 14 of the drawings. In this emi 
bodiment of my invention, the container, the in 
cluded gases, and the coating material is similar 
to that utilized in previously described forms. On 
the support are mounted three standards 98, 
99, and 00, to each of which are connected lead 
in wires O, O2, and O3. To the standard 98 is 
secured the support wire 4, to the end of which 
the electrode rod 05 of tungsten is Welded Or 
otherwise attached. Similarly, to the end of the 
standard 99 is attached the tungsten electrode 
rod iOS. Intermediate the adjacent ends of the 
electrode rods 5 and 06 is the electrode rod O. 
which is held in place by the croSS Support wire 
08 mounted upon the standard 00. The elec 

trodes 05, O6, and iO are mounted in line and 
are joined to each other by the coils 09 and 0, 
the coil 09 joining the electrode rods 05 and 
OT and the coil Ojoining the electrode rods 06 
and O. These coils are fastened to the elec 
trode rods and serve as bridging conductors inter 
mediate the electrodes. They also serve to heat 
the electrode coatings . 
The lead-in wires O and 02 are joined to 

gether either within or without the container So 
that when an electric potential is applied to the 
junction of these lead-in wires and also to the 
lead-in wire O3, current passes up through the 
standard 00, support wire 08, and divides, pass 
ing to electrodes 05 and 06 in opposite direc 
tions. This simultaneous opposite movement of 
the current in the adjacent discharge units tends 
to prevent a spilling over of the discharge be 
tween points of highest potential within the con 
tainer, and hence affords a practical means of 
multiplying the number of units and increasing 
in this way the luminosity of the emitter. 

Attention is directed to the Support rod as a 
spacing element between the discharge units, 
tending to prevent "spilling over' between the 
units. As a conductor, the support absorbs radi 
ation which breaks acroSS. 

In Fig. 15 a still further modification of the 
invention is shown. Here a pair of electrodes 85 
and 86 similar to those shown in Fig. 8 are 
bridged by a coil 20 provided with a solid con 
ductor 88 similar to the construction of Fig. 8 
and having the ends thereof coated With electron 
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emitting material. The conductor 88 is held in 
position by deforming the coil at the ends of the 
rod as already described in connection with Fig. 
8. In this construction however I may employ 
an auxiliary coil which is wound in a larger 
diameter than the coil 20 and is spaced from it 
being connected at its ends to additional sup 
port rods f8 and 9 as indicated. In this con 
Struction the two coils 20 and 7 are connected 
in parallel and are therefore both heated when a 
Current flows through them. As the two coils 
are in parallel the resistance will be less and 
therefore more turns will be necessary to make 
the desired resistance. The outer coil tends to 
aid in keeping the discharge within bounds and 
prevent any tendency to “spill over' or arc be 
tween the high potential points of the lamp. 

In Fig. 16 another modification of the con 
struction shown in Figs. 1 to 6 inclusive is shown. 
Here a single coil 20 having a relatively long 
length may be Supported at its lower end upon 
a Support rod 2 and at its upper end upon a 
Support rod 22 which extends horizontally and 
is bent downwardly to be sealed in the press 23 
together with the support rod 12. Coated elec 
trodes 24 and 25 are positioned in the ends of 
the coil as indicated and are welded to the sup 
port rods. A tube of insulating material 26 
Such as glass or quartz may be inserted over the 
rod 22 so as to insulate the rod from the sur 
rounding gas as far up as the horizontal portion 
thereof. Additional support rods 27 of suitable 
metal may be sealed in the tube 26 and may 
extend outwardly having loops 28 at the ends 
thereof to hold the filament against lateral dis 
tortions. 

In Fig. 17 a modification of the construction 
shown in Figs. 7, 14, and 15 is illustrated. In this 
Construction a plurality of coils 30, 3, and 32 
are mounted in parallel relation. The coil 30 
is mounted between support rods 33 and 34 
which are parallel with each other throughout a 
portion of the length thereof and then are bent 
inwardly to be sealed in the press 35. The coil 
3 may be mounted upon support rods 136 and 
37 which are similar to the support rods 33 
and 34 and are also sealed in the press 35. 
Similarly the coil 32 may be mounted upon the 
Support rods 38 and 39 which are also sealed 
in the press similarly to the others just described. 

Electrodes 40 and 4 may be positioned 
Within the coil 30 and attached respectively to 
the Support rods 33 and 34, and similarly elec 
trodes 42 and 43 may be positioned within the 
coil 3 and attached to the corresponding Sup 
port rods and electrodes 44 and 45 may be posi 
tioned in the coil 132 and attached to its cor 
responding Support rods. These electrodes may 
be coated at their ends as described in connec 
tion with the other figures and they may be 
Spaced Sufficiently apart to produce an arc be 
tween them when the coils are energized. 

Leading-in wires 46 and 47 may be connected 
to the extreme Support rods 33 and 39 while 
wires 48 and 49, connected to the support rods 
34 and 36, may be connected together as in 

dicated; also leading-in wires 50 and 5 may 
be connected respectively to the support rods 
3 and 38 and may also be connected together. 
This connects all of the coils 30, 3, and 32 
in Series and inasmuch as there are three sep 
arate discharges the potential drop acroSs each 
One is one-third of the total line voltage. 
While constructions showing an enclosed dis 

charge have been described it is also possible to 
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make the discharge Occur Outside of the heating 
coil and such a construction is shown in Fig. 18. 
Here an electron emitting element 55 is connect 
ed between two support rods f$6 and 57 which 
are mounted in the press 58. The ends of the 
support rods extend upwardly and are bent in 
wardly and closely wound coils 59 and 60 made 
of tungsten or other metal capable of standing 
high temperatures are welded respectively to the 
ends of the rods f56 and 57, there being a slight 
space between the two coils and between the coils 
and electron emitting element 55. The elec 
tron emitting element may comprise a coil 6 
of wire (see Fig. 19) which is coated with elec 
tron emitting material 162. The wire may be re 
fractory metal such as tungsten, molybdenum, 
nichrome, or tantalum, while the electron emit 
ting coating may be any material used for that 
purpose such as the oxides of the alkali earth 
metal group or mixtures of Such oxides held 
together with a suitable binder. The coils 
59 and 60 should be near enough so as to 

be in the region of the discharge When the 
element is energized and are then heated 
by bombardment by the element whereupon the 
discharge takes place between the coils. The 
resistance along the coils is sufficient to Spread 
out the discharge along the surface thereof in 
stead of permitting a concentrated arc to form at 
the ends. 

In Fig. 18a, the coils 59a and 60a are sini 
lar to the coils f 59 and 60 of Fig. 18 and the 
emitting element 55a is also similar to the ele 
ment 55 of Fig. 18 but a bimetallic thermostat 
switch 55b is connected between the end of the 
element f 55a and the support rod 56a, the ther 
mostat and end of the element being mounted 
upon an auxiliary support rod 56b. When the 
temperature of the device is raised by the dis 
charge high enough the thermostatic Switch opens 
thus opening the circuit through the emitting 
element. The discharge between the coils 59a 
and 60a is then self-maintaining. 

In the construction of Fig. 20 a similar electron 
emitting element 65 is used connected between 
similar support rods 56 and 157 and coils 63 
and 64 of tungsten, somewhat similar to the 
coils 59 and 60 are connected respectively to 
the ends of the support rods 66 and 6, be 
ing spaced similarly to the coils in Fig. 18. These 
coils however are enclosed by tubes 65 and 66 
of quartz or other insulating material which ex 
tends the full length of the coils leaving a space 
between them. When the discharge occurs in 
this construction it is confined in outside dimen 
eter by the quartz sleeves so that it takes place 
inside of the coils. 
In Fig.21 a construction is shown which com 

bines the constructions of several previous figures 
into one. In this figure a coil of wire 67 is mount 
ed between two support rods 68 and 69 which 
are sealed in a press TO. Electrodes 7 and 
2 may be connected respectively to the ends 

of the Support rods 68 and 69 and may ex 
tend a short distance inside of the coil 67, the 
inner ends of the electrodes 7 and T2 being 
coated with electron emitting material. Around 
each end of the coils 67 I have provided addi 
tional coil electrodes 3 and 74 which are at 
tached to the support rods 68 and 69 respec 
tively. These coils may also be coated with elec 
tron emitting material or not as desired. When 
the coil 6 is heated up the coils 73 and T4 
heat by bombardment and a discharge will occur 
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both inside of the coil 167 and outside of it be 
tween the coils 73 and 74. 

In Fig. 22 a construction is shown in which 
the external discharge is at right angle to the 
electron emitting element and across it. The 
electron emitting element 75, similar to the ele 
ments already described, may be connected be 
tween two support rods T6 and T 7 which are 
Sealed in the press 78. A pair of tungsten 
electrodes 80 and 8 may be positioned in line 
with each other and at right angles to the ele 
ment 75 with the inner ends spaced slightly 
from the element as indicated and supported re 
Spectively upon two support rods 82 and 83 
which extend downwardly and are also sealed 
in the press f 18. Leading-in wires 84 and 85 
may be connected respectively to support rods 
82 and 76 and may be connected together so 

as to connect the electrode 80 to the end of the 
filament connected to the support rod 76. Simi 
larly two leading-in wires 86 and 87 may be 
connected respectively to the support rods 87 
and 83 and may be connected together to con 
nect the electrode f8 f with the other end of the 
element 75. 
In Fig. 23 a construction is shown in which the 

electrodes are at the end of the electron emitting 
element. In this case the electron emitting ele 
ment f88 has a coil 89 attached to it in any de 
sired manner and a coil 190 attached to the op 
posite end. The coils 89 and 90 are preferably 
Somewhat larger in diameter than the coil of the 
element f88 and may be attached to the element 
88 by a paste made by mixing powdered tung 

Sten and tungsten paratungstate with a small 
amount of water, or the coils 89 and 90 may be 
made of a different metal than the coil 88 such 
as molybdenum, if the coil is made out of tung 
sten, and the ends of the wires welded together. 
The outer ends of the coils 89 and 90 may be 
connected respectively to support rods 91 and 
92 which may be sealed in the press 93 simi 

larly to the support rods described in the other 
figures. 

In Fig. 24 an electron emitting element 94 is 
shown connected between two support rods 95 
and 96 which are sealed in the press 97. Two 
coils 98 and 99 are positioned around the ends 
of the element being connected respectively to 
the Support rods 95 and 96 at their outer ends 
While their inner ends may be connected respec 
tively to two support rods 200 and 20 which are 
Sealed in the press 97. In this case the dis 
charge occurs between the coils 98 and 99 
around the electron emitting element 94. Lead 
ing-in wires 202 and 203 may be connected to the 
Support rods 200 and 20? and when the device 
is connected in a circuit the current flows through 
the leading-in wires 20 and 202, the support rod 
200, the coil f$8, the electron emitting element 
94, the coil f99, the support rod 20?, and out 
through the wire 203. It will thus be seen that 
the high potential ends of the coils 98 and 99 
are nearest together so as to aid in starting the 
discharge. 
A modification of this structure is shown in 

Fig. 25 where a pair of electron emitting elements 
204 and 205 are mounted in line with each other 
and Spaced apart and with their outer ends at 
tached respectively to two support rods 206 and 
207 which are mounted in the press 208. The 
inner ends of the emitting elements are attached 
respectively to the inner ends of two coils 209 and 
20 which extend outwardly around the elements 
204 and 205 and have their outer ends attached 
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to two support rods 2 i? and 212 respectively which 
are also sealed in the press 208. Leading-in wires 
23 and 24 are connected to the support rods 2 
and 22 to form the leads for connecting to the 
external circuit while leading-in wires 25 and 
26, connected respectively to the support rods 
206 and 207 may be connected together as indi 
cated so that the coils and emitting elements are 
connected in series but with the high potential 
ends of the coils 209 and 20 away from each 
other and a gap between the two units. 
In Fig. 26 a modified form of the invention is 

shown in which two unipotential cathodes 27 
and 28 coated with electron emitting material 
are mounted respectively upon two support rods 
29 and 220 by means of short connectors 22 
and 222. The cathodes 27 and 28 are positioned 
in alignment with each other but spaced apart 
a small distance and a heater 223 is provided ex 
tending through both cathodes and insulated 
therefrom by a coating 224 of insulating material. 
The heater is bent in the form of a hairpin and 
the ends thereof are welded one to the support rod 
29 and the other to the additional Support rod 
225 which is also sealed in the press 226 with the 
other support rods 219 and 220. A ballast wire 
227 may be connected between the support rod 
220 and the support rod 225. This wire may be 
made of tungsten or other desirable resistance 
material which will preferably give Some light 
when the device is operated. A pair of lead-in 
wires 228, 229 may be connected respectively to 
the support rods 225 and 29 and when these wires 
are connected to a source of energy the current 
will flow in through the wire 228, through the 
support rod 225, through the heater element 223, 
through the support rod 29 and out through the 
wire 229. This will raise the temperature of the 
heater and heat the cathodes 27 and 28 and 
when these have been raised to electron emitting 
temperature the discharge will appear between 
them and then additional current will flow in 
through the wire 228, through the Support rod 
225, through the ballast resistance 22, through 
the end portion of the support rod 220, the con 
nector 222, the cathode 28, through the gaseous 
gap between the two cathodes, through the 
cathode 27, the connector 22, the support rod 
227, and out through the wire 229. Inasmuch as 
the ballast wire 227 is in the cathode circuit there 
is no danger of an arc forming between the 
cathodes and concentrating at One point causing 
overheating of the parts or other damage. 
In Fig.27 a modification of the construction of 

Fig. 26 is shown in which the two cathodes 230 
and 23 are mounted vertically within the bulb 
and in alignment with each other as in the previ 
ous structure. In order to space the Cathodes 
close together but still insulate them electrically 
from each other I provide a disc 232 of mica or 
other insulating material which may be placed 
between the cathodes and in contact with the 
inner ends thereof. The lower cathode 230 may 
be mounted by means of a band 233 upon a Sup 
port rod 234 which is sealed in the press 235. The 
upper cathode may be mounted by means of a 
band 236 surrounding the upper end of the cath 
ode and welded to a support rod 237 which ex 
tends downwardly spaced from the cathode and 
inwardly to be sealed in the press 235. The 
heater filament 238, similar to the filament 223 
of Fig. 26, extends through the cathode passing 
through holes provided for it in the insulation 
disc 232 and is supported at its lower ends by 
means of the support rods 239 and 240 which are 
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sealed in the press 235. The support rod 240 may 
have its end bent outwardly and a ballast 24 of 
tungsten wire or other resistance material may be 
attached to it and may extend upwardly to be 
welded to the end of the support rod 237. Lead 
ing-in wires 242, 243, and 244 may be attached 
respectively to the support rods 234, 239, and 240. 
The two wires 242 and 243 may be connected to 
gether so as to connect the cathode 230 to one end 
of the heater 238 and when the wires are con 
nected across the circuit current will flow in 
through the wire 243, through the support wire 
249, through the heater element 238, through the 
Support rod 240, and out through the lead-in 
wire 244. As in the previous figure the cathodes 
230 and 23 will be heated to electron emitting 
temperature and a discharge will start between 
the cathodes which will cause current to flow 
through the leading-in wire 242, the support rod 
234, the cathode 230, the space of ionized gas be 
tween the cathodes, the cathode 23, the band 
236, the ballast resistance 24, the support rod 
240, and out through the lead wire 244. 
Another embodiment of this same construction 

is illustrated in Fig. 28 where a pair of cathodes 
245 and 246 may be mounted parallel to each 
other and Spaced apart and a pair of insulated 
heater elements 247 and 248 may be inserted in 
the cathodes, being connected at their ends to 
two support rods 249 and 250 in such a manner 
that the heaters are in parallel, but of course they 
may be connected so that they are in series if 
desired. The ends farthest away in the illus 
tration may be surrounded by bands 25 and 252 
which are connected respectively to support rods 
253 and 254 sealed in the press 265 together with 
Support rods 249 to 250. The nearest ends of the 
cathodes may be connected respectively by bands 
256, 25 the former of which is attached to the 
support rod 258 sealed in the press 255 and the 
latter to a connector 259 which is welded to the 
Support rod 250. A ballast wire 260 may be con 
nected between the support rods 253 and 249. 
Leading in wires 26 and 262 may be connected 
respectively to the support rods 249 and 250 and 
when the device is connected to a circuit the cur 
rent will flow through the support rods 249 and 
250 and through both of the heaters 247 and 248 
and when the cathodes are raised to emitting tem 
perature and a discharge occurs between them 
current will also flow through the connector 259, 
the cathode 246 and the cathode 245, and the 
ballast resistance 260, to the support rods so that 
the current through the cathode circuit must pass 
through the ballast as in the previous case to pre 
vent any concentration of the arc at a localized 
point on the cathode. 
A still further modification of this construction 

is illustrated in Fig. 29 in which the unipotential 
cathodes 263 and 264 are formed of small pieces 
of ribbon made of tungsten or other refractory 
metal and bent in the form of a V with the ver 
tices of the V's adjacent each other and both in 
the same plane and on the same axis. The ex 
treme ends of the V-cathode 263 may be attached 
to a connecting rod 265 which may be welded to 
a support rod 266 extending downwardly and 
sealed in the press 26 while the ends of the V 
cathode 264 may be attached to a connecting rod 
268 which is welded to a support rod 269 which 
also extends downwardly and is sealed in the 
press 267. Inside of the vertex of the cathode 
263 I attach a heating filament 270 which may 
have its other end attached to a support rod 27 

- which extends down parallel to the support rod 
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266 and is also sealed in the press 26. In like 
manner the cathode 264 has a heating filament 
22 connected at the vertex thereof and having 
its other end attached to a support rod 273 which 
is sealed in the press 267 alongside of the support 
rod 269. Between the support rods 2 and 273 I 
connect a ballast resistance 274. Lead-in Wires 
275 and 276 may be connected to the Support rods 
266 and 269 and when so connected current will 
flow when the device is connected in a circuit, 
through the lead wire 275, the support rod 266, 
the connecting rod 265, the cathode 263, the heat 
ing filament 270, the support rod 27 f, the ballast 
274, the support rod 273, the heating filament 
272, the cathode 264, the connecting rod 268, the 
support rod 269, and out through the lead wire 
276. When the heating filaments 270 and 272 
have raised the temperature of the cathodes 263 
and 264 to electron emitting temperature a dis 
charge will take place between the cathodes which 
will then flow through the space between them 
thus short circuiting the ballast 274 and the heat 
ing filament 270 and 22. 
In Fig. 30 a modified form of the invention is 

shown in which two semi-cylindrical Cathodes 
277 and 278 are mounted concentrically and 
spaced slightly apart upon two support rods 279 
and 280 which are sealed in the press 28. A pair 
of Support rods 282 and 283 are also sealed in the 
press 28 and have connected to the ends thereof 
a heating filament 284 which is properly insulated 
by a suitable coating similar to those of Figs. 
26, 27, and 28 and a pair of ballast resistances 285 
and 286 are connected respectively between sup 
port rods 279 and 282, and 283 and 280. Leading 
in wires 287 and 288 are connected respectively to 
the support rods 282 and 283 and when connected 
in a circuit the current flows through the leading 
in wire 287, the support rod 282, the heater 284, 
the support rod 283, and the lead wire 288. The 
heater raises the temperature of the cathodes 
277 and 278 to electron emitting temperature and 
a discharge occurs between the cathodes beginning 
at the edges thereof and being distributed over the 
Surface of the cathodes. Current will then flow 
from the Support rod 282 through the ballast re 
sistance 285, support rod 279, the cathode 277, the 
space between the cathodes, the cathode 278, the 
support rod 280, and other ballast resistance 286, 
and through the Support rod 283 again. In this 
Construction as in the constructions of Figs. 26, 27, 
and 28 the ballast is in the cathode circuit so 
that no localized arc can be formed to overheat 
the parts thereof. 
The dimensions of the heating coils, electrodes, 

the conductors between the units and multiple 
electrode units, the pressure and kind of the gases, 
the extent and type of coatings, and other values 
are obviously Subject to considerable variation in 
accordance with the uses and demands of the 
apparatus. I have mentioned a voltage drop of 
definite ranges over a discharge path in the con 
structions of Figs. 1 to 15 inclusive over one-eighth 
of an inch as giving a maximum light intensity at 
a stated potential for the device as used for ill 
luminating purposes. Other values might be 
mentioned, such as a diameter for the heating 
coil of approximately .04 inches. These values, 
however, may be changed considerably within lim 
its without affecting the utility of the device. Wa 
rious modifications of the arrangement of the 
unit, as well as of the arrangement of various 
units if multiple discharge devices are employed, 
may of course be readily made, and accordingly, I 
do not desire to be limited by the Specific emi 
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bodiments as shown otherwise than is required by 
the claims hereto appended. 

Having thus described my invention, what I de 
sire to claim is: 

1. An electric discharge device comprising the 
combination of adjacent elongated electrically 
conducting electrodes mounted on a common axis, 
means for heating said electrodes including a rela 
tively high resistance conductor between said elec 
trodes, an ionizable gas surrounding said elec 
trodes, said electrodes including material which 
when heated emits electrons in profusion, and a 
container for holding said gases about said elec 
trodes, said gases having a pressure preferably ex 
ceeding 150 mm. of mercury and not exceeding 200 
mm. of mercury. 
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2. An electric radiator the combination of a . 
container, a support mounted therein, two oppos 
ing and separated electrodes mounted on said sup 
port along a common axis, a coating of electron 
emitting material on the adjacent ends of said 
electrodes, means for electrically heating said elec 
trodes, said means constituting a coiled shunt 
conductor wound about said electrodes and ex 
tending in a straight line thereinbetween, and 
an inert, ionizable gas within said container. 

3. An electric radiator comprising the combina 
tion of a container, a support mounted therein, 
two opposing and separated electrodes mounted 
On Said Support, a coating of electron emitting 
material on the adjacent ends of said electrodes, 
means for electrically heating said electrodes, 
Said means constituting a coiled shunt conductor 
about said electrodes and coaxial with said elec 
trodes, and an ionizable gas within said container, 
Said electrodes being separated preferably in ex 
cess of one-eighth of an inchi and the preSSure of 
the gas not exceeding 200 mm. of mercury. 

4. An electric emitting device Comprising the 
combination of a container, a support mounted 
therein, two linearly extended electrodes mounted 
on Said Support having an end of each adjacent 
but separated from an end of the other, a coiled 
shunt heating conductor connected about said 
electrodes and coaxial therewith, an ionizable gaS 
Within the container, and a coating of electron 
emitting material on the adjacent end portions 
thereof, the resistance of said electrodes from 
their ends outwardly being sufficient to cause a 
pronounced potential gradient adjacent the dis 
charge areas of the electrodes. 

5. An electric radiating device comprising the 
combination of a container, a support therein, a 
conductor mounted on said support, said con 
ductor having a section in the form of a coiled 
Wire with a straight axis and having a less con 
ductivity than the remaining portion of the con 
ductor, a coating of electron emitting material on 
Said conductor adjacent the ends of the section of 
less conductivity, and an ionizable gas immersing 
said conductor. 

6. An electric radiating device comprising the 
combination of a container, a support therein, a 
conductor mounted on said support, said con 
ductor having a section of less conductivity than 
the remaining portion of the conductor, a coating 
of electron emitting material on said conductor 
adjacent the ends of the section of less conduc 
tivity, and an ionizable gas immersing said con 
ductors, the breakdown potential of said gas along 
a unit length of the axis of said conductor being 
less than the potential per unit length necessary 
to elevate the coating to electron emitting tem 
perature, and the pressure of said gas within the 
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container preferably exceeding 100 mm. of mer 
cury and not exceeding 200 mm. of mercury. 

7. An electric radiating device comprising the 
Combination of a transparent container, a Sup 
port therein, a plurality of standards mounted on 
said support, lead-in wires connecting said stand 
ards to points external to the container, an elec 
trode of refractory conducting metal mounted on 
each of two of said standards, said electrodes 
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having adjacent separated points adapted to sup 
port an electric discharge therebetween, a coil of 
refractory metal wire connected between two of 
said standards and surrounding the adjacent end 
portions of said electrodes and extending along a 
straight line in the space intervening, a coating 
of electron emitting material including an alka 
line oxide such as the oxides of barium, stron 
tium, or calcium, on the ends of Said electrodes, 
and an ionizable gas within said container. 

8. An electric emitting device comprising the 
combination of a container, an ionizable gas 
within the container, a support within the con 
tainer, a conductor mounted on said support, said 
conductor having connection to points external 
to said container, and coatings of electron emit 
ting material at spaced intervals on Said conduc 
tor, an electric discharge being adapted to form 
between the coated sections of the conductor 
when said sections are heated to electron emitting 
temperature by the passage of an electric cur 
rent through the conductor, the length of said 
coatings along the conductor being less than the 
length of the spaced intervals between the 
coatings. 

9. An electric emitting device comprising the 
combination of a contairier, a support mounted 
therein, an ionizable gas within the container, a 
conductor mounted on said support, said con 
ductor being in the shape of a closely wound coll 
of refractory metal, spaced intermittent sections 
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of coiled wire metal externally mounted on said 
conductor, and coatings of electron emitting ma 
terial in contact with said conductor adjacent 
said external colled sections. 

10. An electric discharge device comprising a 
pair of spaced apart electrodes, electron emitting 
material coated upon portions of said electrodes, a 
conductor shunted between said electrodes and 
adapted to heat said electrodes when an electric 
current is passed therethrough, an auxiliary elec 
trode positioned between said first mentioned 
electrodes and electrically connected to substan 
tially the mid-point of said conductor and an ion 
izable gas surrounding said electrodes said auxil 
iary electrode having electrical connection only 
with said conductor. 

11. An electric discharge device comprising a 
pair of electrodes spaced apart, electron emitting 
material coated upon portions of said electrodes, 
a conductor wound in the form of a Coll and 
shunted between said electrodes and enclosing 
them, and an auxiliary electrode within said coil 
and in contact therewith and positioned between 
said first mentioned electrodes, an electron emit 
ting material upon portions of said last mentioned 
electrode, and an ionizable gas surrounding said 
electrodes. 

12. An electric discharge device comprising a 
pair of spaced apart electrodes, a coating of elec 
tron emitting material upon portions of the Sur 
face of each of said electrodes, a coil of flamen 
tary resistance wire shunted between said elec 
trodes and enclosing them, a sleeve of metal with 
in said collat substantially the center thereof and 
providing spaced gaps between said sleeve and 
said electrodes, a coating of electron emitting 
material on the inner surface of said sleeve, and 
an ionizable gas surrounding said electrodes and 
sleeve, 
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