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This invention relates to electric discharge 
devices and Systems, and aims at improving and 
simplifying them in various ways. One ad 
vantage that can be obtained through the in 
vention is the elimination of troublesome ac 
cessories, including starting and current-limit 
ing means like ballasts, thermal cut-Out 
switches, etc. Another advantage is improve 
ment of the voltage-current characteristics of 
electric discharge devices, especially discharge 
-devices containing gas Or vapor-even to the 
extent of enabling such devices to start and 
operate with a positive voltage-current chair 
acteristic, and without resort to specially high 
voltage for starting. The invention is appli 
cable to discharge devices producing useful 
radiations for various purposes, such as germi 
cidal tubes or lamps, and lampS used indus 
trially for irradiating or treating many sub 
stances and products, and for fluorescent light 
ing. I have hereinafter explained the inven 
tion with particular reference to a device suit 
able for use as a fluorescent lamp. 

In a discharge device to Operate With a posi 
tive voltage-current characteristic in accord 
ance with my invention, a cathode is provided 
which displays such a characterictic when Op 
erating within a proper normal voltage range. 
In a positive column discharge device embody 
ing such a cathode, its positive voltage-current 
characteristic predominates over the negative 
voltage-current characteristic of the positive col 
umn portion of the discharge-provided, of 
course, the voltage on the device is not exces 
sive in relation to its length, and that this 
length is not inordinately great. Whether of 
positive column type or not, discharge devices 
with my cathode of positive voltage-current 
characteristic can be operated without ballast 
or other current limiting means, and can be 
started in any way which does not involve op 
eration, after starting, under excessive voltage. 
One convenient way of accomplishing this is to 
provide a thermionic cathode which is heated 
to render it emissive for starting, also using an 
auxiliary anode if the distance of the operating 
anode from the cathode is such that a discharge 
cannot start between the cathode and said op 
erating anode on a voltage within the proper 
operating range of the device. Naturally, the 
device may contain a gaseous or vaporous at 
mosphere during operation-consisting of any 
suitable ionizable gas or mixture of such gases, 
or any suitable vaporizable and ionizable Work 
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ing Substance or substances-or a mixed at 
mosphere comprising both gases and vapors. 
As suggested above, my invention includes a 

novel type of electrode or cathode structure for 
electric discharges in atmospheres of gas or 
vapor, which exhibits positive voltage-current 
characteristics when the voltage of the dis 
charge is not excessive. In forms described 
hereinafter, my novel electrode involves emis 
sive cathode means surrounded by what is in 
effect a barrier of negative potential for segre 
gating a region adjacent the emissive cathode 
means and preventing or limiting entry into 
this region of positive ions from outside the 
barrier, while nevertheless permitting free pas 
Sage of the discharge atmosphere of gaS Or 
Vapor. In SOme forms, the more active cathode 
means consists of the interior Surface of the 
barrier structure itself; in other forms, the 
barrier structure Surrounds a separate acti 
wated electrode. In these latter forms, these 
members of the Cathode structure (barrier and 
cathode proper) may coact with one another as 
electrodes for one (auxiliary) discharge, while 
either of them may function as cathode for an 
other (main) discharge. In the forms first 
mentioned, on the other hand, the barrier may 
serve as cathode for an auxiliary or starting 
discharge, as well as for the main discharge. 
Other features and advantages of the inven 

tion beside those already indicated will appear 
from the following description of species and 
forms of embodiment, and from the drawings. 
Indeed, all the features and combinations shown 
or described are of my invention, so far as they 
are novel. 
In the drawings, 
Fig. 1 is a tilted view of a simple form of elec 

tric discharge device conveniently embodying my 
invention; and Fig. 2 is a general view, largely 
diagrammatic, showing the current connections 
and the electrode structures of the device, on a 
larger scale than Fig. 1, one of said electrode 
structures being in vertical mid-section. 

Fig. 3 is a view similar to Fig. 2 showing a 
modification of One of the electrode structures. 

Fig. 4 is a view similar to Figs. 2 and 3 show 
ing other forms of electrode structure; and Fig. 
5 is a similar view showing the same electrode 
Structures as Fig. 4 with different electrical Con 
nections. 

Fig. 6 is a general view, largely diagrammatic, 
illustrating a device having at its two ends 
identical electrode structures like one of those 
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in Fig. 2, with electrical connections for Oper 
ation on alternating current; and Fig. 7 is a view 
similar to Fig. 6 showing a device having at its 
two ends identical electrode structures like One 
of those in Fig. 4, with electrical connections 
(different from those in Fig. 6) for operation 
on alternating current. 
The device shown in Fig. 1 comprises a tubul 

lar vitreous envelope fe with electrode struc 
tures A, C mounted in its opposite ends, and 
rather widely spaced apart. In the present in 
stance, the electrode structures A, C are dissimi 
lar in function and construction. The right-hand 
electrode structure A is shown as a simple anode 
in the form of a circular metal ring attached 
to the end of a support and current lead 2 
sealed through a stem-press 3 forming this 
end of the envelope O. The ring may be 
arranged centrally in the tube to and perpendi 
cular to its axis. The left-hand electrode struct 
ture C is shown as comprising an electrode 5 
of hollow, tubular. openwork or grid-like chair 
acter, consisting in the present instance of a 
helical wire coil, together with another electrode 
6 in relatively, close proximity to the electrode 
5, so as to assist in starting, a discharge between 

the electrodes 5 and A. As shown in Fig. 2, 
the wire coil electrode 5 is a thermionic cath 
ode that is rendered interiorly emissive by a 
coating of activating material T on the inner 
surfaces of its members or convolutions, and can 
be heated to a sufficient temperature to produce. 
such internal emission of electrons by passage of 
current through the wire. The members or con 
volutions of the tubular electrode 5 are rather 
closely spaced, and refractory flanged insulators 
f8, 8 are mounted in its ends, as barrier means 
to prevent electric discharge from passing free 
ly through the ends to the interior of the elec 
trode, or vice-versa. Thus the electrode struc 
ture is closed, and closes off the region adjacent 
the emissive cathode surfaces, against free elec 
tric discharge to the interior and the cathode 
means there. The electrode 6 is here shown as a wire ring or "hoop' coaxially surrounding the 
electrode coil 5 nearly at mid-length of the coil, 
and is attached to a supporting current lead 9 
that is sealed through a stem-press 20 forming 
this end of the envelope 0. The ends of the 
electrode coil fis are connected to supporting 
leads 2, 22 that are sealed through the stem 
press 20. As here shown, the lead 22 is bent 
around to extend axially within the coil 3, 
through axial holes in the insulators 18, 8, thus 
helping to hold the electrode 5 in shape, so 
to Speak, besides supporting it effectively. The 
electrode 5 may be arranged lengthwise of the 
envelope tube to, coaxial therewith. As here 
shown, the electrode 6 lies in a transverse plane 
a little nearer the anode A. than mid-length of 
the electrode 5: however, this electrode 6 may 
be shifted either way along the tube to rela 
tive to the electrode 5, and may very well be 
to the right of the latter. . . . . . . . 
The envelope to should contain a low-pressure 

atmosphere of suitable starting gas (such for ex 
ample as argon at an absolute pressure of about 
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at present I prefer a gas pressure near the lower 
figure of A mm. above mentioned. In Fig. 1, 
an internal coating of fluorescent material or 
phosphor 25 is indicated on the envelope 0. 

Fig. 2 shows one suitable system of current 
supply connections for the device. As here shown, 
the main power circuit 30 (which may be either 
D. C. Ör A. C.) is connected between the leads 
2, 2t across the electrodes A and 5. A heat 
ing power-circuit 3 (D. C. or A. C.) is con 
nected between the leads 21, 22 to heat the elec 
trode coil 5. The voltage in this circuit 3 
should, of course, be lower than the ionizing 
potential(s) of the atmosphere in the envelope 

5 fo to prevent arcing along the electrode coil. An 
auxiliary power circuit (D. C. or A. C.) is con 
nected across the electrodes 5 and f 6-being here 
shown as provided by one side of the circuit 30 
and by a circuit lead 32 connected from the 20 other side of the circuit 30 to the lead 9, and 
including a resistor 33, The voltage applied by 
this auxiliary power eireuit across the electrodes 
5, 6 should be relatively low as compared to 

that applied across the electrodes A and 5 from 25 
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the aain power circuit 30, though sufficient (ini 
tially, at least) to ionize the starting gas, as 
well as the vaporizable working substance. The 
polarization of the connections is made such 
that the electrode 5 is negative to the electrode 
16 when the anode A is positive in relation to 
both of said electrodes. Control switches 35, 36 
are shown interposed in the circuits 3, 32. A 
milliammeter 37 and an ammeter 38 are shown 
at suitable points in the auxiliary and main 
circuits 32 and 30 for measuring the current 
values of the auxiliary and main discharges. 
These, however, are of course unessential, and 
have no connection with my present invention. 
The device being connected and the circuits en 

ergized as above described, the cathode 5 is 
heated and rendered emissive from its inner sur 
face T, and a discharge is thus started between 
the electrodes 15, 16, ionizing the starting gas 
and, ultimately, the mercury or other vapor that 
evolves as the envelope 0 heats up. If the elec 
trode 6 is close enough to the cathode 5, and 
the voltage between them is sufficiently low, this 
discharge may have the character of a negative 
cathodic glow; otherwise, it may partake of the 
character of a positive column discharge. The 
electrode 6 acts as a starter anode in relation 
to the cathode 5, providing excitation of the 
starting gas under which the device breaks down 

... to the anode A, so that a positive column arc 
discharge is, established between the electrodes 
f5 and A. The heating of the cathode 5 by this 
main discharge soon renders heating thereof 
from the circuit 3 unnecessary, so that the 
switch 35 in this circuit may be opened. If the 
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% to 5 mm. of mercury), and may also contain 
a charge of vaporizable and ionizable working 
substance (indicated by a mercury globule 24) 
sufficient in amount to assure an excess in the 
device, so that the pressure of vapor during op 
eration will depend on the temperature of the: 

While neither the vapor pres envelope Walls. 
Sure nor that of the starting gas is critical, yet 
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power line 30 is D. C., the starting of the dis 
charge between the electrodes 5 and A also 
renders unnecessary the continued energization 
of the auxiliary power circuit between electrodes 
5 and 6 that includes the line 32, and its switch 

36 may also be opened; but if the power line 30 
is A. C., energization of this auxiliary circuit 
must be continued, to restart the arc after its 
extinction at each reversal of voltage in the main 

it power circuit 30. 
It will readily be apparent to those skilled in 

the art that the use of electrode 6 for starting, 
as above described, may be dispensed with when 
the electrodes 5 and A are arranged close 
enough to one another to allow of starting the 
discharge directly between them, on the normal 
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operating voltage. Or, to state the matter dif 
ferently, use of the electrode A for normal opera 
tion may be done away with when the location of 
the electrode 6 relative to the electrode 5 is 
such as to give an adequate volume of discharge 
in the device for the purpose in view; and the 
electrode 6 may be positioned as far from the 
electrode 5 as will allow of starting the dis 
charge between them on the normal operating 
Voltage of the device. 
Under a relatively low voltage sufficient to 

ionize the initial atmosphere in the envelope 0, 
and with the auxiliary electrode 6 sufficiently 
close to the cathode 5-e. g., at a distance of 
the order of the mean free path of the positive 
ions, more or less-the discharge between the 
electrodes 5 and 6 takes place under relatively 
low pressure between relatively large available 
electrode areas and at relatively low current den 
sity, and is largely in the nature of a negative 
cathodic glow discharge. As the activating ma 
terial 7 is on the interior of the cathode elec 
trode 5, a high negative space charge of elec 
trons accumulates inside this cathode, which lim 
its the further emission of electrons and the 
ionization of gas outside the cathode by electrons 
coming out of the cathode. Furthermore, the 
close spacing of the members or convolutions of 
the electrode 5 and the restriction of the acti 
wating material to the interior of this electrode 
results in the "capture' of a high proportion of 
the positive ions outside the cathode by its neg 
ative external Surface-which with connections 
and polarization such as described is naturally 
negative to the surrounding discharge-diminish 
ing the number that reach its interior to neu 
tralize the negative space charge there. In this 
connection, it must be appreciated that the 
highly negative OpenWork members or convolu 
tions exercise a strong attraction for the posi 
tive ions, so that any whose course takes then 
close to the members are drawn to the latter and 
captured, as well as those that spontaneously 
drive against the members. Hence an opening 
between the members that is sufficiently narrow 
is almost or virtually equivalent to no opening at 
all, so far as entrance of positive ions there 
through is concerned; while at the same time it 
permits comparatively free egress of electrons, 
which are repelled by the negative OpenWork 
members. Thus the closely Spaced barrier men 
bers or convolutions 5 limit the positive ions en 
tering the segregated region within, during dis 
charge, and the current drawn from said region 
by the anode 6 or A; though for starting, the 
anode 6 is rendered sufficiently positive to draw 
discharge-initiating current despite the barrier, 
thus bringing about discharge to anode A, as al 
ready menitioned. In sum, the usual effect of 
positive ions in augmenting cathode emission and 
total discharge in a cumulative manner is not 
produced; or, in other words, the auxiliary dis 
charge does not show the usual negative Voltage 
current characteristic of a gaseous discharge: On 
the contrary, an increase in the Voltage across 
the electrodes 5, 6 is required to increase the 
discharge. This remains true, however, Only So 
long as the voltage across the electrodes 5, 6 is 
kept reasonably low, and the other conditions in 
dicated are fulfilled. 
The restrictive influences pointed Out in the 

preceding paragraph are also effective as regards 
the discharge between the electrodes 5 and A; 
so that as long as the voltage across these elec 
trodes is not too high in relation to the distance 
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wire of 0.04 inch diameter. 
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3 
between the electrodes, this over-all discharge 
also exhibits a positive voltage-current charac 
teristic. With an atmosphere in the envelope to com 
prising both starting gas and vaporizable work 
ing substance, such as argon and mercury, the 
discharge between the electrodes 5 and 6 tends 
to exhibit a double character, depending on the 
argon pressure and the Cathode temperature, as 
well as on the voltage across the electrodes 5, 6. 
For example, with an argon pressure of 4 mm., 
and a relatively low but emissive cathode tem 
perature, the device for which illustrative dimen 
sions are given below operates with a mercury 
discharge and glow at the electrodes 5, 6 when 
the Voltage across them is about 11 volts; while 
with the same argon pressure and a higher cath 
Ode temperature, this device operates with an 
argon discharge and glow at the electrodes 5, 6 
When the voltage across them is about 18-25 
volts. Under both conditions of the discharge 
across the electrodes 5, 6 (argon glow and mer 
cury glow), the device operates with a mercury 
glow for the positive column between the more 
widely spaced electrodes 5 and A, and shows a 
positive voltage-current characteristic under a 
voltage of 25 to 50 volts across these electrodes. 
In general, the voltage for this main discharge 
between the more widely spaced electrodes 5 and 
A must be higher when the auxiliary discharge 
between the electrodes 5, 6 exhibits the argon 
glow than when it exhibits the mercury glow. 

For the device to operate with positive voltage 
Current characteristics as above described, the 
electrode structure C-or, more especially, the 
electrode 5-must be suitably proportioned, as 
already suggested. Here an important consider 
ation is that the intervals between the members 
or Wire turns of the electrode 5 should be so 
Small that the members constitute an effective 
barrier against entrance of sufficient positive ions 
into its interior to largely neutralize the negative 
Space charge there, so that electrons could be 
emitted more freely to ionize the atmosphere out 
side the electrode coil 5, to augment the dis 
charge cumulatively and produce a negative volt 
age-current characteristic. For the assistance of 
those desiring to use my invention, I will now 
give illustrative dimensions and other particulars 
of an actual device. 
A device Operating satisfactorily as above de 

Scribed and exhibiting positive voltage-current 
characteristics for both auxiliary and main dis 
charges may be built with an envelope O of hard 
glass (such as the nonex grade of Pyrex glass) of 
nominal 1 inch internal diameter; with an anode 
A formed by bending the end of a lead 2 of 0.04 
inch nickel wire into a ring of about is inch di 
ameter; with a gap of about 7% inches between 
this anode A and the adjacent end of the cath 
ode coil 5; with a coil 5 of molybdenum wire of 
0.02 inch diameter coiled 40 turns per inch to 
an internal diameter of 0.10 inch, and is inch 
long; and with an electrode ring 6 having a di 
ameter of about is inch, formed of molybdenum 

Operating with an 
auxiliary voltage of 11 volts across the electrodes 
5, 6, this device shows a current of about 10 
milliamperes for the auxiliary discharge as meas 
ured at 37, and a current of about 0.10 ampere 
for the main discharge, as measured at 38, under 
a voltage of 50 volts across the main electrodes 

75 

5, A. However, it will be understood that by 
suitably proportioning and arranging the elec 
trodes 5, 6 and suitably spacing the electrode 
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A from them, the voltages and currents for both 
discharges can be varied rather widely without 
sacrificing the positive current-voltage or resist 
ance characteristics of these discharges. 
The electrode structure C shown in Fig. 3 dif 

fers from that in Figs, 1 and 2 in having for its 
auxiliary electrode an axially arranged wire or 
rod 6a inside the cathode coil 5, which is in ef 
fect an extension of the current lead 9a; also, 
the current lead 22a from the inner end of the 
coil 5 extends outside this coil to the stem press 
20 through which it is sealed; and this inner end 
of the coil f is is closed by a disc 39 of sheet metal 
(e.g., molybdenum) welded thereto, instead of by 
an insulator f3. Moreover, the circuit connec 
tions of the leads 2a and 22a are interchanged 
as compared with the leads 2 and 22 in Figs. 1 
and 2. In other respects, this device and its con 
struction, circuit connections, and Operation may 
be essentially like those of the device shown in 
Figs. 1 and 2. Accordingly, various parts and fear 
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tures in Fig. 3 are marked with the same refer 
ence numerals as the corresponding parts and 
features in Figs. 1 and 2, as a means of dispens 
ing with repetitive description-a distinctive let 
ter being added where such distinction appears neceSSary. 

Fig. 4 illustrates a device with electrode A con 
sisting of a sheet metal anode disc b attached 
to the end of the support and current lead 12. Its. 30 electrode structure C comprises an openwork or 
grid-like electrode 5b, shown as a helical coil, 
without any special activation or provision for 
heating it, and an associated specially heated 
thermionic cathode 6b arranged inside the 
screen-like electrode 5b and externally coated 
with activating material fib over a major portion 
of its surface. While the electrode 5b serves as 
anode for auxiliary discharge between it and the 
cathode 6b, it may also function as cathode for 
the main discharge to the anode A, as explained 
hereinafter. The cathode 6b may consist of a 
hollow metal cylinder with a heating coil unit 40 
inside it. Flanged refractory insulators 8b, 8b 
are fitted around the ends of the inner electrode 
6b inside and overlapping the end convolutions 

of the coil 5b, to prevent electric discharge from 
passing freely through the ends of the coil. The 
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outer electrode 5b into the atmosphere around 
it. The outer electrode 5b acts as a starter 
anode in conjunction with the cathode 6b 
very much as described above with reference to 
Figs. 1 and 2-providing excitation of the start 
ing gas immediately adjacent the electrode 5b. 
Under this excitation, the device breaks down to 
the anode A, and a positive column arc discharge 
results between the electrodes 5b and A. As in 
the case of the devices shown in Figs. 1-3, the 
negative members or convolutions of the outer 
electrode 5b constitute an effective barrier 
against entrance of sufficient positive ions formed 
in the gas around the electrode 5b to neutralize 
the Space charge around the cathode 6b and 
being about freer emission of electrons, thus ul timately augmenting the discharge cumulatively. 
Accordingly, this Fig. 4 device exhibits positive 
voltage-current characteristics as regards both 
the auxiliary discharge between the electrodes 
5b, 6b and the main discharge between the 

electrodes 5b and A. Both discharges start 
readily on normal operating voltages. However, 
the main discharge does not maintain itself 
without the auxiliary discharge; for, as the elec 
trode 5b is but a rather poor emitter of electrons 
at the temperatures which it'attains in operation, 
electron emission from the electrode 6b is need 
ed to produce the supply of ions on which the 
main discharge depends. The spacing of the 
members or convolutions of the outer electrode 
5b is determined by the same considerations as 

in the case of the electrode 5 in Figs. 1 and 2; 
35 

but for the benefit of those who may wish to use 
this form of device, I give illustrative dimensions 
and other particulars of an actual device. 
A device Operating satisfactorily on voltages 

of 20 to 50 volts across the main gap between 
40 

current supply connections shown in Fig. 4 re 
semble those of Figs. 2 and 3 in that, the elec 
trodes A and 5b are connected across the main 
power circuit 30 and the electrodes 5b, 6b 
across the auxiliary power circuit 32b; but in 
stead of being derived from the main power cir 
cuit 30 as in Figs. 2 and 3, the auxiliary circuit is 
separately energized with A. C. by being con 
nected across the secondary of a transformer 4 
whose primary is connected across an A. C. poWer 
circuit 42, while the main circuit 30 is energized 
from any suitable D. C. source 43. The D. C. re 
sistance of the secondary of the transformer 4 
will naturally be so low as to have no appreciable 
ballasting effect. The proper polarization for 
this system of connections is such as to make the 
cathode 6b negative to the electrode 5b when 
the anode A is positive relative to said electrode 
5b. Various parts and features in Fig. 4 are 
marked with the same reference numerals as the 
corresponding parts and features in Figs. 1 and 2, 
in order to dispense with repetitive description 
a distinctive letter being added where such dis 
tinction appears necessary. 
In the operation of the device as shown in Fig. 

4, electrons emitted from the cathode 6b issue 
between the members or convolutions of the 
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inch between its adjacent convolutions. 

electrodes A and 6b and 10-11 volts across the 
auxiliary gap between electrodes 5b and f 6b 
may be built with an anode disc if b of sheet 
nickel about 9% inch in diameter; with a 7 inch 
gap between this anode and the adjacent ends 
of the electrodes 5b, 6b; with an electrode shell 
5b of nickel about is inch in diameter and 1 

inch long activated by a coating of the usual mix 
ture of barium and strontium oxides; and with 
an electrode coil 6b of molybdenum wire of 
0.02 inch diameter coiled about 30 turns per inch 
and 1% inch long, of about 0.100 inch internal 
diameter, spaced about 0.025 inch around the 
Cathode 5 and having an interval of about 0.013 

Operat 
ing with an auxiliary voltage of 11 volts across 
the electrodes 5, 6, this device shows a current 
of about 10 milliamperes for the auxiliary dis 
charge, as measured at 37; and with a voltage of 
50 volts across its electrodes A and 6, it shows a 
current of about 0.10 ampere for the main dis 
charge as measured at 38. Speaking more gen 
erally, it may be said that if the auxiliary current 
is less than 40 milliamperes and the interval or 
clearance within the coil 6b around the electrode 
5b is not over about 0.5 inch, these electrodes 5b, 
6b show positive resistance characteristics and 
the device may be operated at proper auxiliary 
voltage without any ballast of any kind in either 
of its discharge circuits. 

Fig. 5 illustrates a device such as shown in Fig. 
4 with different electrical connections: i. e., the 
main power circuit 30c is connected across the 
electrodes f6c and A, while the auxiliary power 
circuit 32c is connected across the electrodes 5c 
and 6c. Thus connected, the device shows a 
voltage-current characteristic that is positive, but 
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is much steeper than with the Fig. 4 connections. 
While the electrode 6c serves as cathode for the 
main discharge, instead of the electrode 5c 
as in Fig. 1, the electrode 5c serves as a barrier 
against entry of positive ions into its interior, 
very much as in Fig. 4; for the connections are 
made such that both of the electrodes 5c and 
6c are negative when the anode A is positive, 

though the barrier electrode 6c is less negative 
than the cathode 5c. In Fig. 5, various parts 
and features are marked with the same refer 
ence numerals as the corresponding parts and 
features in Figs. 1-4 in Order to dispense With 
repetitive description-a distinctive letter being 
added where such distinction seems necessary. 
The device shown in Fig. 6 differs from those in 

Figs. 1-4 in having electrode structures C such 
as shown in Figs. 1 and 2 at both ends, instead 
of only at one end. This device is intended for 
A. C. operation, with each electrode structure C 
functioning alternately as cathode and anode on 
the alternate current cycles. 
the main A. C. power circuit 30d is connected 
across the two electrodes 5d, 5d. and the aux 
iliary or starting electrodes 6d, 6d are cross 
connected td opposite sides of this circuit 30d by 
leads 32d, 32d, each of which has a condenser 45 
interposed therein, instead of a resistor as in Figs. 
2 and 3. In Fig. 6, various parts and features are 
marked with the same reference numerals as are 
used for corresponding parts and features in Figs. 
1-5 in order to dispense with repetitive descrip 
tion-a distinctive letter being added where such 
distinction appears necessary. 

Fig. 7 shows a device with electrodes C like that 
in Fig. 4 at both ends, for A. C. operation as in 
Fig. 6, and with electrical connections similar to 
those shown in Fig. 5. As shown in Fig. 7, an 
autotransformer 4fe is connected across the 
main A. C. power circuit 30e, as well as the elec 
trodes 6e, 6e; and the electrodes 5e, 5e are 
connected by the leads 32e, 32e to taps on Oppo 
site sides of the mid-point of the transformer 
winding. Here the thermionic electrodes f6e. 
6e serve as cathodes for the auxiliary discharge 
and as both cathodes and anodes, alternately, 
for the main discharge; while the barrier elec 
trodes 5e, 5e also serve as auxiliary anodes. To 
dispense with repetitive description, the refer 
ence numerals used in Figs. 1-5 are applied to 
corresponding parts and features in Fig. 7, a dis 
tinctive letter being added Where distinction 
appearS neceSSary. ' 
While I have described particular forms of Con 

Struction and particular circuit connections, and 
even mentioned particular materials and dimen 
sions, it is to be understood that these are given 
merely by Way of concrete illustration, and not 
as limiting or defining the invention. On the 
Contrary, the device and its circuit connections 
can be varied in many ways that will readily sug 
gest themselves to those skilled in the art: the 
design, construction, materials, and arrange 
ment of the electrode structures in the envelope 
or tube may be varied, as, for instance, the 
anode A and the coil electrode 5 may be of tan 
talum or various other metals; likewise, the 
gaseous and vaporizable substances for starting 
Or for Operation, and the pressures thereof, may 
be different; likewise, the system of connections 
may be altered. Moreover, the currents in the 
main, auxiliary, and heating circuits need not be 
of the Same kinds-as is, indeed, exemplified in 
Fig. 4 above, where the main power circuit 30 is 
D, C., as Well as the heating circuit, while the 
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auxiliary circuit 32 is A. C. The cathodes 5 and 
5d and 6b, 6c, 6e may be activated with the 
usual mixture of barium and strontium oxides, 
or with any other suitable activating material, or 
may even be without activating coatings, if they 
are heated to temperatures that render them 
Sufficiently emissive. In this latter case, the 
Outer surfaces of the coil 15 or 5d would of 
course be rendered more or less unemissive by 
any suitable means. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
l. An electrode structure for electric discharge 

in a low pressure atmosphere, said electrode struc 
ture comprising an internally activated but ex 
tel'nally unactivated openwork hollow cathode 
Structure closed against free electric discharge 
to its interior, with means for passing current 
through said cathode to heat it to a temperature 
of internal emission, the openwork members 
being so closely Spaced together that when main 
tained at negative potential relative to the sur 
rounding discharge, while said cathode is func 
tioning as such, they limit the positive ions enter 
ing the interior of the open work and the dis 
charge current to be drawn from said interior 
by coacting anode means. 

2. An electrodestructure for electric discharge 
in a low pressure atmosphere, said electrode 
structure comprising an internally activated but 
externally unactivated cathode coil, with means 
for passing current through said coil to heat 
it to a temperature of internal emission, and 
means for closing the ends of said coll against 
free electric discharge to its interior, the coil 
convolutions being so closely spaced together that 
When maintained at negative potential relative to 
the surrounding discharge, while said Cathode is 
functioning as such, they limit the positive ions 
entering the interior of the coil and the dis 
charge current to be drawn from said interior 
by coacting anode means. 

3. An electrode structure for electric discharge 
in a low pressure atmosphere, said electrode 
structure comprising electron-emissive Cathode 
means and barrier means enclosing the emissive 
Cathode means and segregating and closing off a 
region adjacent the latter against, free electric 
discharge to said cathode means, While permit 
ting free passage of the atmosphere of the de 
Vice, said barrier means comprising screen mem 
bers So closely Spaced together that when main 
tained at negative potential relative to the sur 
rounding discharge, while said cathode means is 
functioning as such, they limit the positive ions 
entering said region and the discharge current 
to be drawn from said region by Coacting anode 
means, and Screen members aforesaid having ac 
tivated internal surfaces which serve as emissive 
cathode means. 

4. An electrode structure for electric discharge 
in a low pressure atmosphere, said electrode struc. 
ture comprising an externally unactivated Open 
Work electrode structure with emissive cathode 
means in its interior closed off by said structure 
against free electric discharge to said Cathode 
means, the openwork electrode members being 
So closely Spaced together that when maintained 
at negative potential relative to the Surrounding 
discharge, While Said cathode means is function. 
ing as such, they limit the positive ions entering 
the interior of the openwork and the discharge 
current to be drawn from said interior by co 
acting anode means, and openwork electrode 
members aforesaid being activated at their inner 
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sides, and thus serving as emissive cathode 

e8.S. 
5. A low pressure atmosphere electric discharge 

device comprising a sealed envelope containing 
anode means and an Opposed electrode struce , 
ture, said electrode structure comprising elec 
tren-emissive cathode means for coacting with 
said anode means in an electric discharge and 
barrier means enclosing the emissive cathode 

said barrier means comprising screen members 
having activated internal surfaces which serve as 
emissive. Cathode means and are so closely 
spaced together that when maintained at nega 
tive.' potential relative to the surrounding dis 
charge, while said cathode means is functioning 
:as such, they limit the positive ions entering said 
region and the discharge Current to be drawn 
from said region by said anode means, whereby 

means and segregating and closing off a region 10 the voltage-current characteristic of the dis 
adjacent the latter against free electric dis 
charge to said cathode means, while permitting 
free passage of the atmosphere of the device, 

charge between said anode means and cathod 
means is positive, i . . . . - 
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