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This invention relates to an electrical gaseous 
discharge device, and more particulary to such a 
device which is adapted to operate as a rectifler. 
An object of this invention is to produce such 

a device which has an abnormally low Voltage 
drop during the conducting phase during which 
Another object is to produce Such a device 

which can withstand high or loW reverse voltage 
without any substantial chance of flashback. 
A still further object is to produce Such a 

device in Which the conduction of current can 
be controlled in both the forward and in the 
reverse direction. 
The foregoing and other objects of my inven 

tion will be best understood from the following 
description of exemplifications thereof, refer 
ence being had to the accompanying drawings, 
Wherein: 

Fig. 1 is a diagrammatic view showing a tube 
in section constituting one embodiment of my 
invention, together with an associated circuit 
with which it may be used; 

Fig. 2 is a diagrammatic view showing a tube 
in Section constituting another embodiment of 
my invention; and 

Fig. 3 is a diagrammatic view showing a tube 
in section constituting another embodiment of 
my invention in which the conduction of current 
can be more easily controlled. 
The present invention is based upon certain ob 

servations of mine dealing with mercury vapor 
in the pressure region of the Order of .001 mm. of 
mercury and lower. I have discovered that a 
ring or electrodeless discharge of considerable 
current (measured in Some cases in hundreds of 
amperes) can be passed through mercury vapor 
with Small voltage drop (5 volts more or less) 
When the Vapor pressure is in the region men 
tioned. The requirements for passing Such cur 
rent are a region of considerable Volume and a 
few electrons forinitiating the discharge to make 
a supply of ions for a current between a filament 
and a cool anode. The Supply of ions near the 
cathode needs, in SOme cases, to be only enough 
to neutralize the electronic Space charge. Near 
the anode enough ionization should be produced 
to give a random electronic current shower upon 
the anode equal to the current carried by the 
rectifier. For this reason and for purposes of 
heat radiation, the anode is Of considerable area 
and is preferably placed in a region of great 
ionization. 

Before describing the construction shown, a 

(C1. 250-27,5) 
few remarks concerning the nature of the dis 
charge used are in order. . 

It is, commonly observed that space current 
between a thermionic cathode and an anode in a 
mercury vapor device will pass readily at a pres 

. Sure of say 01 mm. in ordinary cases, which may 
be termed a “relaxed gaseous discharge”. If the 
pressure is reduced, a point is reached where the 
current begins to be limited. This may occurat 
a pressure as high as 001 mm. in some cases. 
When the pressure is decreased to zero, the volt 
age drop for conduction is that required by space 
charge limitations, and the practical current is 
measured usually in milliamperes. While the 
present tube is not limited to operation in this 
transition pressure region between a high vac 
uum and a relaxed gaseous device, it is adapted 
for Such operation. 
The device shown in Fig. 1 comprises a sealed 

envelope I of some suitable material, such as 
glass, containing a cylindrical anode 2 having 
open ends, whereby current carriers can pass 
from one side of the anode to the other. This 
anode is of considerable area as specified above, 
The envelope also contains a thermionic cathode 
3 Which is Supported on a stem 4. A Small auxi 
iary anode 5 mayalso besupported on the stem 4. 
The auxiliary anode 5 is used mainly forstarting 
purposes. The gas pressure is low and prefer 
ably of the order specified above. In each case, 
hoWever, the gas pressure is so related to the 
Spacing between the cathode and anode and the 
rest of the geometry of the device that in absence 
of any outside supply ofions, a high voltage drop 
Would eXist between the cathode 3 and anode 2 
which would tendto prevent any appreciable pas 
Sage of current between them. Thus a separate 
Source of ions, as described below, is used. 
The envelope I is provided with a bulbous en 

largement 6 in which a ring discharge of the type 
described above may be produced. En order to 

, produce Such a discharge, a coil 7 surrounds the 
enlargement 6. The coil 7 is energized from 
Some Suitable source of high frequency current; 
which may be an oscillator 8 supplied with power 
through conductors 9 and 0 from a suitable 
Source Of alternating current. The anode 2 is 
preferably slotted in order to prevent the induc 
ing of a large high frequency current therein. 

In order to maintain the desired low pressure, 
the envelope I is provided with a tubular exten 
sion il projecting away from the envelope I and 
in which the vapor filling of the tube may con 
dense. Such vapor may be, for example, mer 
cury vapor supplied from a drop of mercury 2 
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placed in the extension i l. The pressure in the 
envelope i may be controlled by controlling the 
temperature of the extension il Which may be 
artificially cooled if desired. It is to be under 
stood that other vapors or gases at the desired 
loW pressures may be utilized. The pressure, as 
indicated above, should be low and preferably of 
the Order of.001 mm. of mercury orlower. 
The cathode 3 may be heated from a heating 

transformer l3 Whose secondary 4 is connected 
to the terminals of the cathode and Whose pri 
mary 15 is connected to a source of alternating 
current. The current to be rectified may be de 
rived from an input transformer 6 Whose pri 
mary winding 7 is connected to a source of alter 
nating current. One end of the secondary 18 
of the transformer 6 has connected thereto a 

i conductor 19 which extends to one terminal of a 
load device 20 whose other terminalis connected 
to the anode 2. 
6 is connected by a conductor 2 to an inter 

i mediate point on the secondary winding 4, 
. A discharge may be maintained between the 
cathode 3 and the auxiliary anode 5 by having a 
conductor 22 extend from the conductor 9 and 
through a current-limiting resistor 23 to the aux 
iliary anode 5. In this way the secondary 8 im 
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presses a potential between the cathode 3 and 
the auxiliary anode 5, and a few electrons flow 
between these electrodes to produce a few ions 
between them. 
When the device is connected and energized 

as described above, in addition to the discharge 
between the cathode 3 and the auxiliary anode 
5, a Small current of electrons flows from the 
cathode 3 to the anode 2, also producing some 
ions. Some of the ions created by these dis 
charges Wander into the enlargement 6 and initi 
ate an electrodeless discharge under the action 
of the field of the coil 7. The current carriers 
in this discharge are caused to travel in circular 
paths of considerable length, and considerable 
amperage flows in such a discharge. This in 
tense discharge creates large numbers of posi 
tive ions and electrons, many of Which travel 
down into the region of the anode 2 and the 
cathode 3. Thereupon large currents can be 
drawn between 2 and 3 at voltage drops Which 
in many cases may even approach zero or less. 
Since the voltage is so low, it is to be noted 
that the gas pressure is high enough, under the 
conditions described, to completely neutralize 
space charge, and the discharge can propery be 
termed “arc-likeº. 

, The high frequency source 8 may be modulated 
by the potential supplied from the conductors 
9 and 0 So that a high frequency current is de 
livered to the coil 7 only during the conduct 
ing half of the Voltage cycle between the cath 
ode 3 and the anode 2. In absence of the ioniz 
ing action of the high frequency coil, it is ex 
tremely difficult to cause any conduction of cur 
rent through the discharge space. Thus, at the 
low pressures specified and particularly under 
the conditions specified above, the practical volt 
age that can be rectified is extremely high, and 
in Some cases may approach those voltages Which 
can be rectified by a high vacuum device. For 
example, voltages of the order of a thousand 
volts or more can berectified. 

Instead of an electrodeless discharge, large cir 
culating currents may be produced in the en 
largement 6 in other ways as, for example, by 
a thermionic cathode and an anode, the circu 
lation of current being produced by a constant 

The other end of the secondary 

2,197,898 
magnetic field at right angles 
tween the electrodes. 
The supply of positive ions and electrons may 

be created by a discharge located in the region 
between the main cathode and anode, as shown, 
for example, in Fig. 2. In this figure is shown 
a tube comprising a sealed envelope 24 contain 
ing a cathode 25 and an auxiliary anode 26 sup 
ported On a stem. 27, and analogous to the cath 
ode 3, an auxiliary anode 5 of Fig. 1. A main 
anode 28 is located at the opposite end of the 
envelope from the cathode 25. The anode 28 
should preferably extend substantially across the 
envelope 24 in order to have the desired area. 
The envelope 24 has a relatively large cross-sec 
tional area so that under the pressure condi 
tions specified, large circulating currents can be 
produced therein. For this purpose a coil 29 
surrounds the envelope 24 in the regionbetween 
the cathode 25 and the anode 28. This coil 29 
may be energized as is coil 7 of Fig. 1. The en 
velope 24 is also provided with a tubular exten 
sion 30 containing a source of vapor, such as a 
mercury drop 3 . The device of Fig. 2, When 
operated under the conditions and in the man 
ner as indicated for Fig. 1, produces substantially 
the same type of operation and results aside 
Scribed in connection With Fig. 1. 
The facility with Which the high frequency 

field may control the conduction of Current can 
be increased by Such an arrangement asis shown 
in Fig. 3. In this figure is shown a tube compris 
ing a sealed envelope 32 containing a thermionic 
cathode 33 which may be of the indirectly 
heated type having an interior heater 34. 
jacent the cathode 33 is supported an auxiliary 
anode 35. The cathode 33, the heater 34, and 
the anode 35 may be conveniently supported on 
a stem 36 through which lead-in Wires for the 
respective elements are Sealed. The cathode 33 
is placed in a relatively large bulbous portion 
37 Which is surrounded by a high frequency 
coil 38, Whereupon the ionizing circulating dis 
charge referred to above may be produced. The 
pressure conditions within the tube are those 
also as specified above. 
The bulbous portion 37 is provided with a re 

stricted side arm 39 at the outer end of Which 
is supported an anode 40. The anode is sup 
plied With a lead-in conductor Al sealed through 
the end of the side arm 39. The outer end of 
the side arm may be provided with an appendix 
42 in which a drop of mercury 43 may be placed. 
The temperature of the appendix 42 may be con 
trolled in any suitable manner to produce the 
desired low vapor pressure Within the envelope 
32. The diameter of the side arm 39 is so re 
stricted that a self-sustaining discharge cannot 
be maintained to the anode 40 without some ad 
ditional supply of ions other than the discharge 
between the cathode 33 and the anode 40. 
restriction of the side arm 39 produces a greater 
loss of ions on the Walls of Said side arm So that 
the discharge itself between the cathode 33 and 
the anode 40 does not create a sufficient num 
ber of ions within the side arm39 to compensate 
for the rate at which these ions are lost. How 
ever, the ionizing circulating discharge which is 
produced by the high frequency coil 38 Within 
the bulbous portion 3 creates a large number of 
ions Which are showered down upon the open 
end of the side arm 39, and at the low pressure 
Specified penetrate into the side arm in suffi 
ciently great numbers so that the loss of ions 
on the side Walls of Said side arm is compen 

to the path be 
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sated for and relatively great discharges at low 
voltages may easily be maintained under these 
conditions. Of course it is to be understood that 
instead of providing a side arm, such as 39, other 
means of restricting the discharge path inter 
mediate the anode 40 and the cathode 33 may be 
lutilized. 
When the cathode 33 is heated to temperature 

of thermionic emission by the heater 34, a small 
discharge will flow to the auxiliary anode 35, cre 
ating a feWions which enable the high frequency 
coil 38 to set up the intensely ionizing circulat 
ing discharge Within the bulbous portion 37. 
Thus When the proper potential is applied be 
tween the cathode 33 and the anode 40, a large . 
discharge current will flow at a relatively low 
voltage. By shutting off the high frequency in 
the coil 38 When the voltage between the cathode 
33 and the anode 40 reverses, the device can 
be made to withstand very high voltages, and 
thus rectification of Such high voltages may be 
produced Without danger of flashback. Under 
tlnese conditions the inability of a Self-Sustain 
ing discharge to be maintained in the side arm 
39 assistS in the ability of the discharge to With 
Stand Such high reverse Voltages. 

Under proper conditions, the cutting off of the 
high frequency from the coil 38 Will also prevent 
the device from conducting current in the for 
ward direction; that is, when the cathode 33 is 
negative and the anode 40 is positive. Thus, by 
impressing a direct current potential between 
the cathode 33 and the anode 40 and by starting 
and stopping the high frequency current in the 
coil 38, the tube can be made to periodically in 
terrupt the direct current and thus cause the 
device to act as an inverter. 
This invention is not limited to the particular 

details of construction or operation as described 
above, as many equivalents Will suggest them 
selves to those skilled in the art. For example, 
instead of mercury vapor, such as I have speci 
fied above, other vapors at loWpressures may be 
utilized. Also inert gases at sufficiently low 
pressures may be useful in such a device The 
exact pressure Which is to be used in each case 
may vary somewhat with the type of the tube 
and the type of gas or vapor. It is accordingly 
desired that the appended claims be given a 
broad interpretation commensurate With the 
scope of the invention Within the art. 
What is claimedis: 
1. A gaseous discharge device comprising a 

Sealed envelope containing a cathode Of the type 
from which substantial electron emission occurs 
independently of a discharge, an anode, and an 
ionizable medium at a pressure at which the cur 
rent; flow between said cathode and anode Would 
normally tend to be limited by the space charge 
created by said electron emission, said pressure 
being sufficiently high to substantially entirely 
neutralize the space charge between said cath 
ode and anode upon the occurrence of an intense 
ionizing discharge therein, and means for pro 
ducing an intense ionizing discharge floWing in a 
circular path through said medium in said en 
velope and for introducing the ions so generated 
into the Space between said cathode and anode, 
whereby a discharge at low voltage may take 
place between said cathode and anode. 

2. A gaseous discharge device comprising a 
sealed envelope containing a cathode of the type 
from Which substantially electron emission oc 
curs independently of a discharge, an anode, and 
an ionizable medium at a pressure at which the 

3 
current flow between said cathode and anode 
Would normally tend to be limited by the space 
charge created by said electron emission, sald 
pressure being sufficiently high to substantially 
entirely neutralize the space charge between said 
cathode and anode upon the occurrence of an 
intense ionizing discharge therein, and means 
for producing a periodically varyingfield in said 
medium in said envelope for producing an elec 
trodeless discharge therein and for introducing 
the ions so generated into the space between 
Said cathode and anode, whereby a discharge at 
loW voltage may take place between said cath 
Ode and anode, 

3. A gaseous discharge device comprising a 
sealed envelope containing a cathode of the type 
from Which substantial electron emission oc 
curs independently of a discharge, an anode, and 
an ionizable medium at a pressure at which the 
current floW between said cathode and anode 
Would normally tend to be limited by the space 
charge created by said electron emission, said 
pressure being sufficiently high to substantially 
entirely neutralize the space charge between said 
cathode and anode upon the occurrence of an 
intense ionizing discharge therein, means for 
producing a periodically varying field in said 
medium in Said envelope for producing an elec 
trodeless discharge therein and for introducing 
the ions so generated into the space between 
Said cathode and anode, whereby a discharge at 
low voltage may take place between said cathode 
and anode, and means for producing a fewinitial 
ions and for introducing them into said high 
frequency field for starting said electrodeless 
discharge. 

4. A gaseous discharge device comprising a 
sealedenvelope containing a cathode of the type 
from Which substantial electron emission occurs 
independently of a discharge, an anode, and an 
ionizable medium at a pressureat which the cur 
rent floW between said cathode and anode Would 
normally tend to be limited by the space charge 
created by Said electron emission, said pressure 
being sufficiently high to substantially entirely 
neutralize the space charge between said cath 
ode and anode upon the occurrence of an in 
tense ionizing discharge therein, an enlargement. 
formed on said envelope, and means for produc 
ing a periodically Varying field in said medium 
in said enlargement for producing an electrode 
less discharge therein and for introducing the 
ions so generated into the space between said 
cathode and anode, whereby a discharge at low 
Voltage may take place between said cathode 
and anOde. 

5. A gaseous discharge device comprising a 
sealed envelope containing a cathode of the type 
from Which substantial electron emission occurs 
independently of a discharge, an anode, and an 
ionizable medium at a pressure of the order of 
.001 mm. or less Whereby the current flow be 
tWeen said cathode and anode Would tend to be 
limited by space charge in absence of additional 
means, said pressure being sufficiently high to 
Substantially entirely neutralize the space charge 
between said cathode and anode upon the occur 
rence of an intense ionizing discharge therein, 
and additional means for producing an intense 
ionizing discharge through Said medium in said 
envelope and for introducing the ions so gen 
erated into the space between said cathode and 
anode, Whereby a discharge at loW voltage may 
take place between said cathode and anode. 

6. A gaseous discharge device comprising a 
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sealed envelope containing a thermionic cathode, 
an anode, and an ionizable medium at a pres 
sure of the order of .001 mm. Or less, sald pres 
sure being sufficiently high to substantially en 
tirely neutralize the space charge between said 
cathode and anode upon the occurrence of an 
intense ionizing discharge therein, and addi 
tional means for producing an intense ionizing 
discharge through Said medium in Said envelope 
and for introducing the ions so generated into 
the space between said cathode and anode, 
whereby a discharge at low voltage may take 
place between said cathode and anode. 

7. A gaseous discharge device comprising a 
sealed envelope containing a cathode of the type 
from Which substantial electron emission occurs 
independently of a discharge, an anode, and an 
ionizable medium, means for restricting the dis 
charge path intermediate the anode and the 
cathode to such an extent that cathode and 
anode Would tend to be limited by the Space 
charge created by Said electron emission under 
the normal pressure conditions in the envelope, 
Said pressure being sufficiently high to substan 
tially entirely neutralize the space charge be 
tween said cathode and anode upon the occur 
rence of an intense ionizing discharge therein, 
and additional means for producing an intense 
ionizing discharge through said medium and 
for introducing Said ions into said restricted 
path, Whereby a discharge at loW Voltage may 
take place between said cathode and anode. 

8. A gaseous discharge rectifer comprising a 
sealed envelope containing a cathode, an anode, 
and an ionizable medium, the pressure of Said 
medium being of the order of .001 mm. or less, 
said pressure being sufficiently high to substan 
tially entirely neutralize the space charge be 
tween said cathode and anode upon the Occur 
rence of an intense ionizing discharge therein, 
and additional means for producing an intense 
ionizing discharge through said medium in said 
envelope and for introducing the ions SO gen 
erated into the space between said cathode and 
anode, whereby a discharge at loW voltage may 
take place between said cathode and anode, Said 
additional means being energized during the pe 
riod when said cathode is positive with respect 
to said anode and deenergized during the period 
When said cathode is negative With respect to 
said anode, Whereby Said rectifer is enabled to 
withstand high reverse voltages. 

9. A gaseous discharge device comprising a 
sealed envelope containing a cathode of the type 
from which substantial electron emission occurs 
independently of a discharge, an anode, and an 
ionizable medium, the pressure of Said medium 
being of the order of .001 mm. or less, Said pres 
sure being sufficiently high to substantially en 
tirely neutralize the space charge between said 
cathode and anode upon the occurrence of an 
intense ionizing discharge therein, and addi 
tional means for producing an intense ionizing 
discharge through said medium in said envelope 
and for introducing the ions so generated into 
the space between said cathode and anode, 
whereby a discharge at low voltage may take 
place between said cathode and anode, said ad 
ditional means. being deenergized periodically 
during the operation of said device to prevent 
conduction of current between cathode and an 
ode during said deenergized period. 

10. A gaseous discharge device comprising a 
sealed envelope containing a cathode of the type 
from which substantial electron emission occurs 

2,197898 : - 
independenty of a discharge, an anode, and an 
ionizable medium at a pressure of the order of 

º 001 mm. Or less, said pressure being Sufficiently 
high to substantially entirely neutralize the 
space charge between said cathode and anode 
upon the occurrence of an intense ionizing dis 
charge therein, and additional means for pro 
ducing an intense ionizing discharge through 
said medium in said envelope and for introduc 
ing the ions so generated into the space between 
said cathode and anode sufficiently to produce a 
discharge between said cathode and anode at a 
voltage drop of the order of the ionization volt 
age of said medium or less. 

11. A gaseous discharge device comprising a 
sealed envelope containing a cathode of the type 
from which substantial electron emission occurs 
independently of a discharge, an anode, and an. 
ionizable medium at a pressure at Which the cur 
rent flow between said cathode and anode Would 
normally tend to be limited by the space charge 
created by said electron emission, said pressure 
being sufficiently high to substantially entirely 
neutralize the space charge between Said cathode 
and anode upon the occurrence of an intense 
ionizing discharge therein, and means for pro 
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ducing in said medium an electrodeless discharge W 
and for introducing the ions so generated into 
the space between Said cathode and anode, 
Whereby a discharge at loW Voltage may take 
place between said cathode and anode. 

12. The method of operation of a gaseOus dis 
charge device comprising a sealed envelope con 
taining a cathode of the type from Which sub 
stantial electron emission occurs independently 
of a discharge, an anode, and an ionizable medi 
um at a pressure at Which current flow between 
said cathode and anode Would normally tend to 
be limited by the space charge created by said 
electron emission, said pressure being sufficiently 
high to substantially entirely neutralize the 
space charge between said cathode and anode 
upon the occurrence of an intense ionizing dis 
charge therein which comprises impressing the 
voltage between said cathode and anode tending 
to cause a discharge to pass between said elec 
trodes, producing an intense ionizing discharge 
through said medium by additional means, and 
introducing the ions so generated into the Space 
between said cathode and anode to Such an ex 
tent as to produce a loW voltage discharge be 
tween said cathode and anode. 

13. The method of operation of a gaseous dis 
charge device comprising a sealed envelope con 
taining a cathode of the type from Which sub 
stantial electron emission occurs independently 
of a discharge, an anode, and an ionizable medi 
um at a pressure at which current flow between 

30 

35 

40 

45 

50 

55 

said cathode and anode Would normally tend to 
be limited by the space charge created by Said 
electron emission, said pressure being sufficiently 
high to substantially entirely neutralize the 
space charge between said cathode and anode 
upOn the occurrence of an intense ionizing dis 
charge therein Which comprises impressing the 
voltage between said cathode and anode tending 
to cause a discharge to pass between Said elec 
“trodes, producing an intense ionizing electrode 
less discharge through said medium by addi 
tional means, and introducing the ions so gen 
erated into the space between said cathode and 
anode tosuch an extentasto produce a low volt 
age discharge between Said cathode and anode. 

14. The method of operation of a gaseous dis 
charge device comprising a sealed envelope con 
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2,197,898 
taining a cathode of the type from which sub 
stantial electron emission occurs independently 
of a discharge, an anode, and anionizable medi 
um at a pressure at Which current floW between 
said cathode and anode Would normally tend to 
be limited by the space charge created by said 
electron emission, said pressure being sufficiently 
high to substantially entirely neutralize the 
space charge between said cathode and anode 
upon the occurrence of an intense ionizing dis 
charge therein which comprises impressing the 
voltage between said cathode and anode tending 
to cause a discharge to pass between said elec 
trodes, producing an intense ionizing electrode 
less discharge through said medium by impress 
ing a periodically-varying magnetic field On said 
medium, and introducing the ions so generated 
into the space between said cathode and anode 
to such an extent as to produce a low voltage 
discharge between said cathode and anode. 

5. The method of operation of a gaseOus dis 
charge device comprising a sealed envelope con 
taining a cathode of the type from Which. sub 
stantial electron emission occurs independently 
of a discharge, an anode, and an ionizable medi 
um at a pressure at which current flow between 
Said cathode and anode Would normally tend 
to be limited by the space charge created by Said 
electron emission, said pressure being sufficiently 
high to substantially entirely neutralize the 
space charge between said cathode and anode 
upon the occurrence of an intense ionizing dis 
charge therein which comprises impressing the 
voltage between said cathode and anode tending 
to cause a discharge to pass between said elec 
trodes, producing an intense ionizing discharge 
through said medium by additional means, and 
introducing the ions so generated into the space 
between said cathode and anode to such an ex 
tent as to produce a low voltage discharge be 
tween said cathode and anode, and interrupting 
said intense ionizing discharge produced by said 
additional means to interrupt saidi discharge 
between Said cathode and anode, 

16. A gaseous discharge device comprising a 
sealed envelope containing a cathode of the type 
from which substantial electron emission occurs 
independently of a discharge, an anode, and an 

ionizable medium at a pressure of the Order of 
.001 mm. or less, Whereby the current flow be 
tween said cathode and anode Would normally. 
tend to be limited by space charge in absence of 
additional means, and additional means for pro 
ducing an intense ionizing discharge flowing in a 
circular path through said medium in said en 
velope and for introducing the ions so generated 
into the space between said cathode and anode, 
Whereby a discharge at low voltage may take 
place between said cathode and anode. 

l'7. A gaseous discharge device comprising a 
sealed envelope containing a cathode of the type 
from Which substantial electron emission occurs 
independently of a discharge, an anode, and an 
ionizable medium at a pressure of the order of 
.001 mm, or less, whereby the current flow be 
tween said cathode and anode Would normally 
tend to be limited by space charge in absence of 
additional means, and additional means for pro 
ducing a periodically Varyingfield in said medi 
um in said envelope for producing an electrode 
less discharge therein and for introducing the 
ions so generated into the space between said 
cathode and anode, whereby a discharge at low 
voltage. may take place between said cathode 
and anode. 

18. A gaseous discharge device comprising a 
sealed envelope containing a cathode of the type 
from which substantial electron emission occurs 
independently of a discharge, an anode, and an 
ionizable medium at a pressure at which the 
current floW between said cathode and anode 
would normally tend to be limited by the space 
charge created by said electron emission, said 
pressure being sufficiently high to substantially 
entirely neutralize the Space charge between said 
cathode and anode upon the Occurrence of an 
intense ionizing discharge therein, and addi 
tional means for producing an intense ionizing 
discharge through said medium in said envelope 
and for introducing the ions so generated into 
the space between said cathode and anode suffi 
ciently to produce a discharge between said cath 

i ode and anode at a voltage drop of the order 
of the ionization voltage of said medium or less. 

CEIARLES G. SMITH. 
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